


Program Implementation Plan Template

Program Overview Template[footnoteRef:1] [1:  This cover page “Program Overview Template” shall be completed consistently by all IOUs for statewide programs. ] 


1) Program Name: Multifamily Heat Pump Optimizer Program  

2) Program Description: The Multi-Family Heat Pump Optimizer Program (Program) will implement a full service turnkey program that applies to all San Diego Gas and Electric (SDG&E) residential multi-family customers who have heat pumps with an electric resistance back-up heat source. The Program will provide a system efficiency screening, installation of a Western Cooling Control™ and installation of a Hairrell Heat Pump Control™. The Program is available to qualifying SDG&E customers throughout all of SDG&E’s service territory.
The Program delivers both cooling and heating season kWh savings and cooling season kW demand reduction. The Program will also address heat pumps that have been incorrectly wired so that the electric resistance back-up heat is engaged whenever there is a thermostat call for heat. The program will provide services to the underserved multi-family market segment. This program compliments SDG&E’s current residential portfolio and does not compete with any of SDG&E’s current programs.  

3) Total Projected Program Budget and Savings 

Table 1: Total Projected Program Budget 
	Subprogram
	Admin ($)
	Marketing ($)
	Direct Implementation ($)
	Total

	HP Optimizer
	$37,917.00
	$87,500.00
	$227,500.00
	$352,917.00



Table 2: Total Projected Program Savings 
	Subprogram 
	Kwh
	KW
	Therms

	HP Optimizer
	953,415
	275
	0




Sub-Program 
Program Implementation Plan Template[footnoteRef:2][footnoteRef:3] [2:   Subprogram descriptions shall be provided for all subprograms, by all IOUs implementing the subprogram.  Narrative text shall in general be identical across these submissions. For any unique IOU-specific deviations from the agreed statewide subprogram, each IOU shall indicate narrative text unique to their IOU by bolding or underscoring the relevant text. Unless otherwise indicated, budget and other tables may be unique to each IOU..  ]  [3:  Suggested page limit for subprogram PIPs: 15 pages for each resource acquisition and non-resource sub-program, and 20 pages for each market transformation-oriented subprogram.  A “sub-program” of a statewide program has: a specific name, targets a specific market sub-segment or uses a unique delivery or marketing approach not used across the entire program; has a specific budget; and, for resource programs, has specific estimated savings and demand impacts.  ] 


1) Sub-Program Name: Multifamily Heat Pump Program
2) Sub-Program ID number:
3) Type of Sub-Program: __Core    _x_Third Party   _Partnership 
4) Market sector or segment that this sub-program is designed to serve[footnoteRef:4]: [4:  Check all that apply] 


a. __ Residential  
i. Including Low Income?  __ Yes   _x_ No
ii. Including Moderate Income? __ Yes _x_  No. 
iii. Including or specifically Multifamily buildings __x Yes __ No. 
iv. Including or specifically Rental units? _x_ Yes __ No. 
b. __ Commercial  (List applicable NAIC codes: _________________)
c. __ Industrial (List applicable NAIC codes: ____________________)
d. __ Agricultural (List applicable NAIC codes: __________________)


5) Is this sub-program primarily a:
a. Non-resource program  ___ Yes__ No
b. Resource acquisition program _x__ Yes ___ No
c. Market Transformation Program ___ Yes ___ No 

6) Indicate the primary intervention strategies:

a. Upstream	 ___ Yes __x_ No
b. Midstream 	___ Yes _x__No
c. Downstream 	___ Yes _x__  No
d. Direct Install    __x Yes __ No.
e. Non Resource    __ Yes _x_ No.

7) Projected Sub-program Total Resource Cost (TRC) and Program Administrator Cost (PAC)  TRC _N/A__ PAC _N/A__ 

8) Projected Sub-Program Budget: $352,917

Table 1. Projected Sub-Program Budget, by Calendar Year[footnoteRef:5] [5:  Individual utility specific information to be provided in this table] 


	

	Sub-Program 
	2015
	    Total

	Admin ($)
	 $37,917
	$37,917

	General overhead ($)
	 
	

	Incentives ($)
	 $140,000
	$140,000

	Direct Install Non-Incentives ($) 
	$87,500
	$87,500

	Marketing & Outreach ($)
	 $87,500
	$87,500

	Education & Training 
	
	

	Total Budget
	 
	$352,917



9) Sub-Program Description, Objectives and Theory

a) Sub-Program Description and Theory: The Program delivers a combination of emerging technologies that address both cooling and heating energy use in the same HVAC system. Neither the Western Cooling Control™ nor the Hairrell Heat Pump Control™ are currently available to customers in the SDG&E service territory. The Program is designed to increase market penetration of these controls with both HVAC contractors and customers. This program will demonstrate the energy savings associated with these controls and also demonstrate customer acceptance.

b) Sub-Program Energy and Demand Objectives-  If this sub-program has energy and demand objective, please complete Table 2.  

Table 2. Projected Sub-Program Net Energy and Demand Impacts, by Calendar Year[footnoteRef:6] [6:  Individual utility specific information to be provided in this table] 


	Program Name
	Program Year

	HP Optimizer
	2015

	GWh
	953,415

	Peak KW
	275

	Therms (millions)
	 0



c) Program Non-Energy Objectives: 

N/A

d) Cost Effectiveness/Market Need: What methods will be or have been used to determine whether this program is cost-effective?[footnoteRef:7]  If this is a non-resource program, describe the literature, market assessments or other sources that indicate a need for this program.  [7:  If the program has energy and demand objectives, simply state that the methods contained in the Standard Practice Manual will be used. If the program does not have energy and demand objective, propose an approach to assess cost-effectiveness.] 


e) Measure Savings/ Work Papers: Work Papers



[bookmark: _MON_1464676792]    


Table 4 – Work paper Status
	
	
	 
	 
	 

	#
	Workpaper Number/Measure Name
	Approved 
	Pending Approval
	Submitted but Awaiting Review

	1
	 
	x
	 
	 

	2
	 
	x
	 
	 

	3
	 
	 
	x
	 

	4
	 
	 
	x
	 

	5
	 
	 
	 
	x

	6
	 
	 
	 
	x



10) Program Implementation Details

a) Timelines:  List the key program milestones and dates. An example is included below.

Table 5:. Sub-Program Milestones and Timeline 
	Milestone
	Date

	Project Initiation Meeting
	2/2015

	RFP Issued 
	[bookmark: _GoBack]N/A 

	Training completed
	3/2015

	Marketing materials completed 
	3/2015

	Installations completed
	9/2015

	Conclude Pilot Program
	N/A

	Quarterly Progress Reports
	10/2015



b) Geographic Scope: List the geographic regions (e.g., CEC weather zones) where the program will operate

Table 6:  Geographic Regions Where the Program Will Operate

	Geographic Region
	[Insert Program/Sub-Program Name]

	CEC Climate Zone 1
	 

	CEC Climate Zone 2
	

	CEC Climate Zone 3
	

	CEC Climate Zone 4
	

	CEC Climate Zone 5
	

	CEC Climate Zone 6
	x

	CEC Climate Zone 7
	x

	CEC Climate Zone 8
	x

	CEC Climate Zone 9
	

	CEC Climate Zone 10
	x

	CEC Climate Zone 11
	

	CEC Climate Zone 12
	

	CEC Climate Zone 13
	

	CEC Climate Zone 14
	x

	CEC Climate Zone 15
	

	CEC Climate Zone 16
	


			

c) Program Administration 

Table 7:  Program Administration of Program Components
	Program Name
	Program Component
	Implemented by contractors to be selected by competitive bid process (if Yes then enter type of contractor/other market actor possibly used)
	Implemented by contractors NOT selected by competitive bid process (list prime contractor and sub-contractor names)

	MF HP Optimizer
	Western Cooling Control™
	HVAC
	 

	MF HP Optimizer
	Hairrell Heat Pump Control™
	HVAC
	 

	MF HP Optimizer
	Wiring Repair
	HVAC
	 

	 
	Component #4
	 
	 

	 
	Component #5
	 
	 






d) Program Eligibility Requirements: Residential Multifamily customers must have heat pumps with an electric resistance back-up heat source.

i. Customers: 
Table 8:  Customer Eligibility Requirements (Joint Utility Table)

N/A


ii. Contractors/Participants: List any contractor (and/or developer, manufacturer, retailer or other “participant”) eligibility requirements (e.g. specific IOU required trainings; specific contractor accreditations; and/or, specific technician certifications required). 


Table 9:  Contractor/Participant Eligibility Requirements (Joint Utility Table)

N/A


e) Program Partners: 

a. Manufacturer/Retailer/Distributor partners:  For upstream or midstream incentive and/or buy down programs indicate[footnoteRef:8]: [8:  Provide in a consistent format for all IOUs. Indicate program partners across all IOU territories in one table or spreadsheet. Append to end of PIP. ] 


Table 10:  Manufacturer/Retailer/Distributor Partners

N/A


b. Other key program partners: Indicate any research or other key program partners: 

f) Measures and incentive levels: E3 calculators will provide the list of measures and incentive levels to be provided via the program.  In this section the utilities should provide a summary table of measures and incentive levels.

Table 11:  Summary Table of Measures, Incentive Levels and Verification Rates

N/A
Direct Install Program


a. Use a single excel spreadsheet to indicate the eligible measures for the program across all IOUs. Indicate the expected incentive level by measure or measure grouping for each IOU, making clear where these vary. 
b. For each incented or rebated measure, indicate the market actor to whom this will be provided. 

g) Additional Services: List additional services that the sub-program will provide, to which market actors.  

a. For each service provided, indicate any expected charges to market actors of the services, and/or the level at which any such services will be incented or funded. 

Table 12: Additional Services

N/A


h) Sub-Program Specific Marketing and Outreach: Please describe, providing timelines (suggested word limit: 300 words)

i) Sub-Program Specific Training: Please describe, providing timelines (suggested word limit: 300 words)

j) Sub-Program Software and/or Additional Tools: 

a. List all eligible software or similar tools required for sub-program participation. 
b. Indicate if pre and/or post implementation audits will be required for the sub-program.  
Pre-implementation audit required _x__ Yes ___ No
Post-implementation audit required _x__ Yes ___ No
c. As applicable, indicate levels at which such audits shall be rebated or funded, and to whom such rebates/funding will be provided (i.e. to customer or contractor). 

Table  13:  Post-implementation Audits

  Will use CheckMe!® software


k) Sub-Program Quality Assurance Provisions:  Please list quality assurance, quality control, including accreditations/certification or other credentials

Table 14:  Quality Assurance Provisions

  [Table 14 Quality Assurance Provisions  to be provided as an Excel Attachment to this PIP.  Please see file “AppendixC_2013-2014_PIPTemplate_NEWPrograms_V05Attachment.xlsx” for table formats]


l) Sub-program Delivery Method and Measure Installation /Marketing or Training:  Briefly describe any additional sub-program delivery and measure installation and/or marketing & outreach, training and/or other services provided, if not yet described above. 

m) Sub-program Process Flow Chart: Provide a sub-program process flow chart that describes the administrative and procedural components of the sub-program. For example, the flow chart might describe a customer’s submittal of an application, the screening of the application, the approval/disapproval of an application, verification of purchase or installation, the processing and payment of incentives, and any quality control activities. 

n) Cross-cutting Sub-program and Non-IOU Partner Coordination:  Indicate other IOU EE, DR or DG sub-programs with which this sub-program will regularly coordinate.  Indicate also key non-IOU coordination partners.  Indicate expected coordination mechanisms[footnoteRef:9] and frequency[footnoteRef:10]: [9:   “Mechanisms” refers to communication methods (i.e. quarterly meetings; internal list serves; monthly calls, etc.) and/or any cross-program review methods (i.e., feedback on program plans; sign off on policies, etc). or harmonization techniques (i.e. consistent certification requirements across programs, program participant required cross trainings, etc). ]  [10:  This does not mean there would be mutual understanding of the on the mechanism or a known frequency of coordination; rather, just provide enough information to give a general sense of the coordinate efforts.] 


Table 15:  Cross-cutting Sub-program and Non-IOU Partner Coordination

  [Table 15 Cross-cutting Sub-program and Non-IOU Partner Coordination to be provided as an Excel Attachment to this PIP.  Please see file “AppendixC_2013-2014_PIPTemplate_NEWPrograms_V05Attachment.xlsx” for table formats]


o) Logic Model:  Please append the logic model for this sub-program to the end of this PIP.  Describe here any additional underlying theory supporting the sub-program intervention approach, referring as needed to the relevant literature (e.g., past evaluations, best practices documents, journal articles, books, etc.). 

11)  Additional Sub-Program Information

a) Advancing Strategic Plan Goals and Objectives: Describe how sub-program advances the goals, strategies and objectives of the California Long Term Energy Efficiency Strategic Plan (word limit: 150 words)

b) Integration

i. Integrated/coordinated Demand Side Management: As applicable, describe how sub-program will promote customer education and sub-program participation across all DSM options. Provide budget information of non-EE sub-programs where applicable.

Table 16:  Non-EE Sub-Program Information

  [Table 16 Non-EE Sub-Program Information to be provided as an Excel Attachment to this PIP.  Please see file “AppendixC_2013-2014_PIPTemplate_NEWPrograms_V05Attachment.xlsx” for table formats]


ii. Integration across resource types (energy, water, air quality, etc):  If sub-program aims to integrate across resources types, please provide rationale and general approach.

[This information can be found in Table 16 Non-EE Sub-Program Information to be provided as an Excel Attachment to this PIP.  Please see file “AppendixC_2013-2014_PIPTemplate_NEWPrograms_V05Attachment.xlsx” for table formats]


c) Leveraging of Resources: Please describe if the subprogram will leverage additional investments by market actors or other state, local or federal agencies. 

d) Trials/ Pilots: Please describe any trials or pilot projects planned for this sub-program

e) Knowledge Transfer: Describe the strategy that will be used to identify and disseminate best practices and lessons learned from this sub-program 

12) Market Transformation Information: For programs identified as market transformation programs, include the following (suggested page limit- five pages):

i. A summary of the market transformation objectives of the program. 
ii. A description of the market, including identification of the relevant market actors and the relationships among them;
iii. A market characterization and assessment of the relationships/dynamics among market actors, including identification of the key barriers and opportunities to advance demand side management technologies and strategies;
iv. A description of the proposed intervention(s) and its/their intended results, and specify which barriers the intervention is intended to address;
v. A coherent program, or “market,” logic model that ensures a solid causal relationship between the proposed intervention(s) and its/their intended results[footnoteRef:11]; [11:   If this logic model is the same as that requested in #10.(O), only provide once.  As needed, provide a more detailed logic model emphasizing the market transformation elements of the program and/or how such elements integrate with resource acquisition elements. ] 

vi. Appropriate evaluation plans and corresponding Market Transformation indicators and Program Performance Metrics based on the program logic model.

13) Additional information as required by Commission decision or ruling or as needed:  Include here additional information as required by Commission decision or ruling (As applicable. Indicate decision or ruling and page numbers):


ATTACHMENT 1

Program Non-Energy Objectives

For New or Substantially changed programs and sub-programs, provide the following information for Program Non-Energy Objectives and follow the format used for the previous cycle Program Performance Metrics found in Resolution E-4385.

i. List the primary SMART[footnoteRef:12] non-energy objectives of the program. These should correspond to key methods identified above to overcome the market barriers, areas of concern or gaps, and to the outputs and short, mid- and long-term non-energy outcomes identified in the logic model requested below.  [12:  A SMART objective is one that is Specific (i.e. quantitative and quantifiable generally, in terms of the results to be achieved), Measurable, Ambitious, Realistic, and Time-bound. For example, for a vender training component of an innovative commercial program, two SMART mid-term objectives and one long-term objective might be:
During the period 2013-2014, the number of HVAC installers in the SCE service territory who are able to perform quality installations of energy efficient packaged air conditioners will increase by 20%. 
During the period 2013-2014, the number of installations of energy efficient packaged air conditions in the SCE service territory that are considered quality installations will increase by 25%.
By 2020, installations of energy efficient packaged air conditions in the SCE service territory that are considered quality installations will increase by 75%.] 


ii. For each SMART objective, identify the quantitative targets, direction or percent of change that you hope to achieve during the program cycle.[footnoteRef:13] . [13:  Please also add any new program objectives and quantitative targets for statewide programs to the portfolio PPM/MTI reporting template. ] 


iii. For each proposed SMART objective, describe any relevant baseline data on current market conditions that you have assembled or plan to assemble and the sources.

iv. Quantitative program targets (PPMs): If not already provided above, indicate estimates of the number of measure units, buildings, etc. projected to be treated by the sub-program. 

Table 3. Quantitative Program Targets (PPMs)

[Table 3 Quantitative Program Targets (PPMs) to be provided as an Excel Attachment to this PIP.  Please see file “AppendixC_2013-2014_PIPTemplate_NEWPrograms_V05Attachment.xlsx” for table formats]
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[bookmark: _Toc304800192][bookmark: _Toc324318330][bookmark: _Toc324340474][bookmark: _Toc363218410]At-a-Glance Summary

		Applicable Measure Codes:

		XXXX 

		

		



		Measure Description: 

		Electric resistance heat controls upgrade and repair for heat pump systems



		Energy Impact Common Units: 

		Per Heat Pump System



		Base Case Description:

		Existing heat pump system with electric resistance auxiliary heat, without outdoor thermostatic controls



		Base Case Energy Consumption: 

		Source: US Department of Energy / US Environmental Protection Agency Air Source Heat Pump Life Cycle Cost Calculator, equivalent full load operating hours for San Diego



		Measure Energy Consumption:



		Source: [Savings over base case] 



		Energy Savings 

(Base Case – Measure):

		Source: Measured savings on monitored heat pump systems (see Reference 1)



		Costs Common Units: 

		Per Heat Pump System



		Base Case Equipment Cost ($/unit):



		$0



		Measure Equipment Cost ($/unit): 

		Source: [Part Supplier] 

$28 Material Cost



		Gross Measure Cost ($/unit)

		$28 Material



$99.69 Labor 



$127.69 Total 



		Measure Incremental Cost ($/unit): 

		$127.69



		Effective Useful Life (years): 

		Source: [DEER2011] 10



		Measure Application Type:

		Retrofit 



		Net-to-Gross Ratios: 

		0.8 per instructions. 

Actual is above 0.90



		Important Comments:
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Measure Units: per Heat Pump





		

		

		

		

		

		

		

		

		1st Baseline

		2nd Baseline

		

		

		

		

		

		



		Measure Code

		Version Source

		Measure 
Description

		Measure Application Type

		Building Type

		Building Vintage

		Climate Zone

		Unit Definition

		KW
Peak Electric Demand Reduction

		KWh
Electric Savings

		THM
Gas Savings

		(EUL) LIFE CYCLE

		Base Case Cost ($/unit)

		Measure Cost ($/unit)

		Labor Cost ($/unit)

		IMC
Incremental 
Measure
Cost ($/unit)

		KW Peak Electric Demand Reduction

		KWh
Electric Savings

		THM
Gas Savings

		LIFE CYCLE

		Base Case Cost ($/unit)

		Measure Cost ($/unit)

		Labor Cost ($/unit)

		IMC
Incremental 
Measure
Cost ($/unit)

		GRR_kW

		GRR_kWh

		GRR_thm

		NTG

		Implementation Method
 [DI, DD, I]

		ISR



		XXX1

		 

		Heat Pump Strip Heat Control

		RET

		SFM

		AV

		ALL

		Heat Pump

		0.000

		971.8

		0

		10

		0

		127.69

		99.69

		127.69

		0

		0

		0

		0

		0

		0

		0

		0

		0.000

		971.8

		0

		0.8

		DI

		1



		XXX2

		 

		Heat Pump Strip Heat Control

		RET

		MFM

		AV

		ALL

		Heat Pump

		0.000

		618.4

		0

		10

		0

		127.69

		99.69

		127.69

		0

		0

		0

		0

		0

		0

		0

		0

		0.000

		618.4

		0

		0.8

		DI

		1



		XXX3

		 

		Heat Pump Strip Heat Control

		RET

		DMO

		AV

		ALL

		Heat Pump

		0.000

		1030.7

		0

		10

		0

		127.69

		99.69

		127.69

		0

		0

		0

		0

		0

		0

		0

		0

		0.000

		1030.7

		0

		0.8

		DI

		1



		XXX4

		 

		Heat Pump Strip Heat Control

		RET

		COM

		AV

		ALL

		Heat Pump

		0.000

		1030.7

		0

		10

		0

		127.69

		99.69

		127.69

		0

		0

		0

		0

		0

		0

		0

		0

		0.000

		1030.7

		0

		0.8

		DI

		1
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[bookmark: _Toc304800202][bookmark: _Toc324318338][bookmark: _Toc324340482][bookmark: _Toc363218418]1.1 Product Measure Description & Background

Measure Description 



This work paper documents the E3 calculator input values used to forecast the impacts of retrofitting heat pump systems with outdoor thermostatic controls for the electric resistance auxiliary heat.  This measure also includes verification of proper heating control sequencing and correcting systems with improper sequencing causing unnecessary operation of electric resistance auxiliary heat.



Program Restrictions and Guidelines



This measure applies to any unitary heat pump system with electric resistance auxiliary heat, where the electric resistance auxiliary heat is not controlled by an outdoor thermostatic control. 



Market Applicability: 



This measure is applicable to the residential and small commercial sectors.





[bookmark: _Toc363218419]1.2 Product Technical Description

[bookmark: _Toc304800203][bookmark: _Toc324318339][bookmark: _Toc324340483]Heat pump systems are typically equipped with a supplemental heat source to provide additional heating capacity during cold weather when compressor based heating is unable to meet demand.  The most common form of auxiliary heat is electric resistance strip heaters located in the indoor section of the heat pump.  These electric resistance heaters produce heat at significantly lower efficiency than the compressor based system.



Studies of heat pumps have shown that thermostat setpoint adjustments often activate the electric resistance auxiliary heaters in heat pump systems, even when outdoor temperatures are mild and the heating demand could be met by the heat pump alone.  This causes heat to be supplied at the electric resistance COP of 1 instead of the higher COP of the heat pump.   



The simplest and most effective solution is the installation of an outdoor thermostat to control activation of the auxiliary strip heat. The outdoor thermostat “locks out” the electric resistance heaters when the outdoor temperatures are warmer than the outdoor thermostat set point and the heat pump can easily meet the heating load of the structure. A PG&E study[footnoteRef:1] monitored heat pump systems in the field and found average heating season energy savings of 10% for outdoor thermostat installation. [1:  Pacific Gas and Electric Heat Pump Efficiency and Super Weatherization Pilot Project, relevant excerpts attached as Ref 1] 




A related problem occurs when the heat pump control sequencing is improperly configured to activate the auxiliary heat continuously during all heating calls.  Correcting the control sequencing results in even larger savings since it applies to a larger number of run hours.



[bookmark: _Toc363218420]1.3 Measure Application Type 



The Heat Pump Strip Heat Control is a retrofit measure.



The control is installed into existing heat pump systems.  It is an additional control component, not a replacement of any existing component.



[bookmark: _Toc304800204][bookmark: _Toc324318340][bookmark: _Toc324340484]

[bookmark: _Toc363218421]1.4 Product Base Case and Measure Case Data

[bookmark: _Toc304800205][bookmark: _Toc324318341][bookmark: _Toc324340485][bookmark: _Toc363218422]1.4.1 Base Case and Measure Case Information 



The DEER data do not contain the appropriate information for this measure.



Base case energy use assumptions were derived from the US Department of Energy / US Environmental Protection Agency assumptions for air source heat pump full load operating hours in San Diego, included in Reference 2.



EFLH Heating, San Diego = 1467



The following additional assumptions were used to develop base case energy use:



Average HSPF of existing heat pump systems served under the program = 7



Average nominal capacity in tons is derived from the 2008 version of DEER (this information is not available in DEER 2011):

Tons = 3.3 (Single Family)

Tons = 2.1 (Multi Family) 

Tons = 3.5 (Mobile Home, Small Commercial)



[bookmark: _Toc363218423]1.4.1.1 Measure electric and gas savings

Measure electric savings are tabulated below.  There are no gas savings.



[bookmark: _Toc363218444]Table 1: Measure Electric Energy Savings

		Building type

		Bldg Vintage

		Climate Zone

		Electric Savings kWh/yr

		Units



		SFM

		All

		All

		972

		Per Heat Pump



		MFM

		All

		All

		618

		Per Heat Pump



		DMO

		All

		All

		1031

		Per Heat Pump



		COM (small commercial)

		All

		All

		1031

		Per Heat Pump










[bookmark: _Toc363218424]1.4.1.2 Base Case Costs and Measure Case Costs



The base case cost is zero.

The measure case cost is $127.69



Typical hardware cost is $28.



Typical installation time is 45 minutes for the strip heat control.  Labor cost for a typical HVAC technician is estimated at $125 per hour.

$125 * 45/60 = $93.75.



Typical repair time for correcting the strip heat control sequencing is 15 minutes.  Labor cost for a typical HVAC technician is estimated at $125 per hour.

$125 * 15/60 = $31.25.



The strip heat control applies to 100% of systems served.

The control sequencing repair applies to 19% of systems served.



Average labor cost is:

$93.75 * 100% + $31.25 * 19% = $99.69



Total cost is:

$28 + $99.69 = $127.69



[bookmark: _Toc363218425][bookmark: Net_to_Gross]1.4.1.3 Net to Gross Assumption



A net to gross of 0.80 was used as instructed. 



We believe that the actual net to gross for this hardwired installation is at least. 0.90.  Since these retrofits are not implemented outside of the program the free ridership is 0%.



[bookmark: _Toc363218426]1.4.1.4 Effective Useful Life / Remaining Useful Life



These measures are retrofit into existing heat pump systems.  The measure life is equal to the remaining life of the heat pump.  



The mean life of a residential heat pump is 20.5 years according to ASHRAE Transactions ResearchRef 3. As noted in that paper the average replacement age matches the mean life for a mature population. 



The median age of air conditioners/heat pumps is 8 years according to the 2010 RASS survey. On average then, the average heat pump will be in place for another 12.5 years. 



However we have used a more conservative measure life of 10 years derived from the DEER 2011:

· EUL_ID HV-RefChrg:  is "Typical Refrigerant Charge Adjustment". 

Since the heat pump strip heat control is a hardwired modification as opposed to an adjustment, it is more durable than HV-RefChrg. To be conservative, the 10 year Effective Useful Life value was obtained directly from DEER2011 without alteration.  

[bookmark: _Toc363218427]1.4.1.5 In-service rate / first year installation rate



The in-service/first year installation rate is 100%.  These measures are reported to the program from the jobsite, at the time of installation.  



[bookmark: _Toc304800206][bookmark: _Toc324318342][bookmark: _Toc324340486][bookmark: _Toc363218428]1.4.2 Codes & Standards Requirements Base Case and Measure Information

Title 20: These measures do not fall under Title 20 of the California Energy Regulations. 

Title 24: These measures do not fall under Title 24 of the California Energy Regulations. 

Federal Standards: These measures do not fall under Federal DOE or EPA Energy Regulations. 



There is no code or standard addressing this measure. 



The measure is a potential retrofit to any unit that isn’t already equipped with outdoor thermostatic controls for the auxiliary electric resistance heat.

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

[bookmark: _Toc363218429]1.4.3 EM&V, Market Potential, and Other Studies 

The savings for this measure are derived from US Department of Energy and US Environmental Protection Agency assumptions for equivalent full load operating hours for air source heat pumps in San Diego, and percent savings documented in a heat pump field study in California.



		[bookmark: _Toc210466853][bookmark: _Toc226799156][bookmark: _Toc363218445]Table 2: Heat Pump Strip Heat Controls Savings



		Outdoor thermostatic control

		10%



		Rewire strip heat from stage 1

		10%







[bookmark: _Toc363218430]1.4.3.1 Study #1,  Pacific Gas & Electric Technical Report “Heat Pump Efficiency and Weatherization Pilot Project”



Reference 1 is a field study conducted for PG&E to investigate heat pump energy use and improvement opportunities.  The study documented a high incidence of unnecessary electric resistance auxiliary heat operation.  The most common cause was indoor thermostat setpoint adjustments causing the strip heat to activate.  In addition, several units were found with the strip heat wired to activate on all heating calls.



Large energy savings were documented when these problems were corrected.  The study found average savings of 10% from the use of an outdoor thermostat to prevent the electric resistance heat from being needlessly activated at warm outdoor temperatures.



Study Findings:

		Electric Savings

		Study units

		Specific study reference



		10% average

		HVAC System

		Ref 1







[bookmark: _Toc304800208][bookmark: _Toc324318344][bookmark: _Toc324340488]

[bookmark: _Toc363218431]1.4.4 Assumptions and Calculations from other Sources



[bookmark: _Toc363218432]1.4.4.1 Measure Applicability as Documented in other Heat Pump Programs



This section presents findings from large scale heat pump improvement programs in other states.  



Proctor Engineering operates HVAC improvement programs in other states.  When heat pump systems are addressed under these programs, the measure mix includes installing outdoor thermostat controls and correcting the wiring on systems where the strip heat is wired to stage 1.  Of the more than 10,000 heat pump units served under these programs, more than half were able to be retrofitted with outdoor thermostat controls and 19% were rewired to remove strip heat from stage 1 (Source:  CheckMe!® database).



Measure applicability: 

		Measure

		Applicability (% of all units)



		Outdoor Thermostat Control

		50% of general population (100% of units served under this program since only units that receive the measure will be eligible)



		Rewire Electric Resistance Heat from Stage 1

		19%







[bookmark: _Toc363218433]1.4.4.2 Equivalent Full Load Operating Hours Assumptions



The US Department of Energy / US Environmental Protection Agency air source heat pump life cycle cost calculator includes assumptions for heat pump equivalent full load run hours for a number of US cities.  The savings estimates documented in this work paper assume the DOE/EPA equivalent full load hour estimate for San Diego.  The DOE/EPA document is attached as Reference 2.



Annual heat pump equivalent full load operating hours: 

		Location

		Heating Hours



		San Diego

		1467











1.4.5 Time-of-Use Adjustment Factor



The time of use adjustment factor for these measures is zero.



[bookmark: _Toc304800209]


1.5 Summary of Inputs for Savings Calculations 





[bookmark: _Toc363218446]Table 3: References for Calculation Inputs

		Input Variable

		Base Case 1 

		Base Case 2 

		Measure Case Value

		Reference Section



		Electric Savings Outdoor Thermostat Control 



		Average existing unit HSPF of 7

		

		10% heating energy use reduction

		Section 1.4.3.1 





		Electric Savings Rewire Strip Heat from Stage 1

		Average existing unit HSPF of 7

		

		10% heating energy use reduction, applicable to 19% of units

		Section 1.4.3.1

Section 1.4.4.1



		

		

		

		

		



		Hours of operation

		DOE/EPA EFLH for San Diego

		

		

		



		Full Cost 

		

		

		$127.69

		Section 1.4.1.2



		Incremental Cost

		

		

		$127.69

		Section 1.4.1.2



		EUL /RUL

		

		

		10

		Section 1.4.1.4



		NTG

		

		

		

		Section 1.4.1.3



		ISR

		

		

		

		



		TOU Factor

		

		

		

		Section 1.4.5





[bookmark: _Toc304800210][bookmark: _Toc324340489][bookmark: _Toc363218434]
Section 2. Calculation Methods

[bookmark: _Toc304800211][bookmark: _Toc324318365][bookmark: _Toc324340494][bookmark: _Toc363218435]2.1 Electric Energy Savings Estimation Methodologies

[bookmark: _Toc304800212][bookmark: _Toc324318366][bookmark: _Toc324340495]

Energy savings for the outdoor thermostat measure were taken directly from the PG&E study (Ref 1).  The study found 10% reduction in annual heating electrical use.  This measure applies to 100% of heat pump systems serviced under the program.



Energy savings for correcting improper control sequencing are higher than the outdoor thermostat savings due to the significantly larger number of applicable run hours, but are conservatively set to 10%.  This repair is estimated to apply to 19%[footnoteRef:2] of heat pump systems serviced under the program.   [2:  Source:  Proctor Engineering Group CheckMe!® database, similar heat pump programs in other states have found 19% of residential systems and 24% of nonresidential systems with incorrect strip heat control sequencing (more than 10,000 total heat pump systems serviced)] 




Average energy savings were calculated as follows:







Where:

 is the program average interacted energy savings as a % of annual heating electric energy use







Where:



 is the average outdoor thermostat energy savings as a % of annual heating energy use, weighted by the fraction of program participants receiving the measure as follows:

	

	



	 is the average sequencing control repair energy savings as a % of annual heating energy use, weighted by the fraction of program participants receiving the measure as follows:



	














And:	

 is the average annual baseline heating electrical energy use for systems served under the program







Where:

EFLH is the equivalent full load heating hours, which is taken from the DOE/Energy Star air source heat pump calculator (Ref 2), for the San Diego area

EFLH = 1467



Tons is the average capacity in tons of existing systems, taken from the 2008 version of DEER for the SDG&E service area (This information is not available in DEER 2011).  Average capacity of multi family units was taken from the Proctor Engineering Group CheckMe!® database (average of 13,000 multi family units in California)

Tons = 3.3 (Single Family)

Tons = 2.1 (Multi Family) 

Tons = 3.5 (Mobile Home, Small Commercial)



HSPF is the estimated average heating seasonal performance factor of existing heat pump systems served under the program

HSPF = 7



 



= 972 kWh (Single Family)





 



		= 618 kWh (Multi Family)





 



		= 1031 kWh (Mobile Home, Small Commercial)








[bookmark: _Toc363218436]2.2. Demand Reduction Estimation Methodologies



These measures produce heating savings only.  Peak demand reduction is set to zero.



[bookmark: _Toc304800213][bookmark: _Toc324318367][bookmark: _Toc324340496][bookmark: _Toc363218437]2.3. Gas Energy Savings Estimation Methodologies

[bookmark: _Toc304800214][bookmark: _Toc324318368][bookmark: _Toc324340497]

This measure does not produce gas savings or interact with the HVAC system during heating operation.



[bookmark: _Toc363218438]Section 3. Load Shapes 

[bookmark: _Toc173742996][bookmark: _Toc304800215][bookmark: _Toc324318369][bookmark: _Toc324340498][bookmark: _Toc363218439]3.1 Base Case Load Shapes

[bookmark: _Toc173742997]

The base case load shape would be expected to follow a typical heat pump end use load shape for a particular building type.  The appropriate base case load shape would represent existing HVAC equipment types and performance levels.

Load shapes that represent code base HVAC performance are not appropriate for this measure because the program addresses existing systems with the performance degradations that are typical to existing HVAC systems in California.

[bookmark: _Toc304800216][bookmark: _Toc324318370][bookmark: _Toc324340499][bookmark: _Toc363218440]3.2 Measure Load Shapes



The closest load shapes chosen for this measure are the res:DEER:HVAC_Eff_HP and NON_res:DEER:HVAC_Split-Package_HP load shapes.  



[bookmark: _Toc363218447]Table 4: Base Case Building Types and Load Shapes

		Building Type

		E3 Alt. Building Type

		Load Shape



		SFM

		RES

		res:DEER:HVAC_Eff_HP



		MFM

		RES

		res:DEER:HVAC_Eff_HP



		DMO

		RES

		res:DEER:HVAC_Eff_HP



		COM

		COM

		NON_res:DEER:HVAC_Split-Package_HP





[bookmark: _Toc304800217][bookmark: _Toc324318371][bookmark: _Toc324340500]

[bookmark: _MON_1382719630][bookmark: _Toc304800221][bookmark: _Toc324340506][bookmark: _Toc324318377][bookmark: _Toc324340404]




[bookmark: _Toc324318378][bookmark: _Toc324340508][bookmark: _Toc363218441][bookmark: _Toc304800222]Input Appendices



[bookmark: _Toc324318379][bookmark: _Toc324340509][bookmark: _Toc363218442]A. Savings Calculations 



[bookmark: _Toc324318383][bookmark: _Toc324340513]The savings calculations are provided in the embedded spreadsheet:
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						2.1			Multi Family Average Tons			CheckMe! database, average of 13,000 multi family units in CA
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						3.5			Small Commercial Average Tons			CheckMe! database
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			Measure savings and installation rates:


						10%			Heating Savings Outdoor Tstat			Install outdoor thermostat for strip heat cutout


						100%			Installation Rate Outdoor Tstat			% of participants receiving measure


						10%			Heating Savings Strip Heat Control Repair			Remove strip heat from first stage


						19%			Installation Rate Strip Heat Control Repair			% of participants receiving measure





						11.7%			Interacted Heating Savings





			Savings Calculation:





			Annual Heating kWh Savings:


						972			kWh Single Family


						618			kWh Multi Family


						1031			kWh Mobile Home


						1031			kWh Small Commercial





			Costs:





			Measure Incremental Cost:


						$28.00			Hardware Cost Outdoor Tstat


						$93.75			Labor Cost Outdoor Tstat


						$0.00			Hardware Cost Strip Heat Control Repair


						$31.25			Labor Cost Strip Heat Control Repair





						$127.69			Average Incremental Cost
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Executive Summary 



INTRODUCTION



The Heat Pump Efficiency and Super Weatherization Pilot Project was initiated to address 



the problem of a high level of complaints from homeowners with heat pumps in PG&E’s 



Drum Division (near Auburn, California). 



OBJECTIVES



There were two major components of the project.  These were to: 



(1) identify the major problems with existing residential heat pump installations; and 



(2) design a system to correct those problems.



The objective of the identification component was to determine the range and frequency of 



problems at selected heat pump sites.  These sites were selected from a pool made up of 



customers who had complained to PG&E about high electricity bills. 



The objectives of the design component were to create a program that would: 



(1) result in improved homeowner comfort, increased efficiency of mechanical



systems, and enhanced customer satisfaction; 



(2) save ten to twenty percent of the space heating energy for the selected customers;



(3) be able to be implemented at a cost to PG&E of less than $400 per site; and 



(4) facilitate increased customer acceptance of high efficiency heat pumps in both 



retrofit and new construction. 



METHODOLOGY



Fifty-one heat pumps, at forty-eight house sites, were selected by PG&E for the pilot project.



Each of the locations was visited by a heat pump technician, who used specially designed 



forms to test, record, and repair each unit.  These forms were reviewed by the program



manager to determine if the proper work had been done and if the desired results were 



achieved.  If the review determined that the unit needed additional work the technician 



returned to complete the assignment.  To quantify problems with the ductwork and the 



building shell, each of the sites was inspected and tested using a blower door. 



i











Site 366



This unit used very little setback, but still used strip heat. 



SITE 366 



In the pretest condition, this heat pump had: 



• Strip Heat Wired to Compressor Stage 



• Refrigerant Leak



• Inadequate Charge



The work completed on this unit included: 



• Rewired Strip Heat to Stage Two Only 



• Repaired Leak



• Installed Correct Charge 



• Installed a Digital Ramp up Thermostat 



• Installed a Outdoor Cutout on the Strip Heat 



The result was:



• A Balance Point of 34°F 



• Measured Compressor Savings of  62%



• Monitored Energy Savings of 44.2%



Figure 11 shows the heat pump operation at site #366.  Before the retrofit, 40 amps of strip 



heat were wired to the first stage heating.  The system operated with many short cycles, 



usually less than 5 minutes long.  The occupants had a small child and usually kept the 



indoor temperature constant during the night and set back the temperature during the day 



when everyone was at work.  The evening setup would cause the addition of 20 amps of strip 



heat to operate as second stage heat.  After retrofit the building is heated with longer cycles 



of compressor operation and without strip heat. 
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Thermostat Control and Strip Heat Use



The majority of strip heat use occurred because of manual adjustment of the 



thermostat by the occupant.  The use of strip heat when the outside temperature was below 



the balance temperature was almost nil.  Consequently even though how a person adjusts the 



thermostat has little influence on strip heat use, strip heat use is highly interconnected with if



a person adjusts the thermostat



Estimate of Energy Savings Due to Outdoor Cutout Control



In order to predict the savings from the use of an outdoor cutout an energy use model was 



constructed.  The model uses parameters measured in the field monitoring including: load 



(kW/°F), cooldown time constant (hours), thermal mass (kWh/°F) and average solar gain 



(kW),  In addition the operation of the defrost, compressor and strip heat were determined.



The model relies on actual field parameters thus minimizing potentially inaccurate 



assumptions.



Weather data was obtained from BSG Software. The hourly data file was used to simulate



building performance in Grass Valley, CA.  (The actual data is 1962 data from Sacramento



which was been mathematically modified to correspond to Grass Valley.) 



The daily heat pump operation was divided into four segments: Day, Cooldown, Night, and 



Warmup.  The Day and Night segments are constant indoor temperature operations with the 



heat pump just supplying the load each hour.  During the cooldown segment no energy is 



used by the heat pump and the building temperature drifts down.  The Warmup period occurs 



when the thermostat setting is again raised.  It is during the Warmup period that the majority



of unnecessary strip heat operation occurs. 



Table K. demonstrates the savings from various cutout settings.
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Table K.  Effect of Strip Heat Cutout 



Cutout



Temp.



Defrost kWh 



seasonal



Strip



kWh



seasonal



Compressor



kWh



seasonal



TOTAL



kWh



seasonal



Energy



Savings



w/o 36.1 4364.2 3964.2 8364.5 base case



35 °F 45.2 1008.3 5199.2 6252.7 25.25%



40 °F 41.6 2229 4720.3 6990.9 16.42%



45 °F 39 3184.5 4368.3 7591.8 9.24%



Heat Pump Operation—Run Time vs. COP



Figure 12 provides a detailed description of the operation of the heat pump during a cycle, 



and illustrates the effect of run time on COP.  This data was obtained with the 12 second scan 



attended mode at site #366.  The cumulative COP for the full cycle is significantly reduced 



with cycles less than 4 minutes in length. 



The data was collected with the indoor fan continuously running.  By running the indoor fan 



after the compressor has turned off, additional heat can be obtained from the warm indoor 



coil.  This will raise the effective cycle COP.  The optimal fan off delay is between two and 



three minutes, which raises the full cycle COP by about 4 percent.
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Table N.  Heating Energy Savings and Cost Estimates 



for Individual Retrofit Measures



Retrofit Measure



Average



Heating



Energy



Savings



Est. Cost



per Site 



Percent



Utility



Contribu-



tion



Net Owner 



Lifecycle



Benefit



Net Utility



Lifecycle



Benefit



Duct and House Diagnostics $60 100%



Heat Pump Diagnostics $30 100%



Repair Disconnected Ducts 15.0% $35 100% $1,638 $562



Repair Diffuse Duct Leaks 7.5% $150 100% $952 $147



Install Thermostat Cutout 10.0% $100 25% $462 $82



Correct Low Air Flow 5.6% $50 50% $312 $52



Install Fan Off Time Delay 3.6% $50 50% $167 $23



Repair Leaks and Correct 
Refrigerant Charge 
(approx. 30% of units) 



18.4% $200 25% $777 $215



House Medic (alone) 15% $530 25% $1,281 $470



House Medic (after duct repairs 
are already done) 



7.5% $430 25% $612 $194
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Air Source Heat Pump Calc


			


			Life Cycle Cost Estimate for


			1 ENERGY STAR Qualified Air Source Heat Pump(s)


			This simple energy savings calculator was developed by the U.S. EPA and U.S. DOE and is provided for estimating purposes only. Actual energy savings may vary based on use and other factors. For a more sophisticated estimate, use the ENERGY STAR HVAC Investor software or a bin-hour tool.


			Enter your own values in the gray boxes or use our default values.


												4


			Number of units						1


			Electric Rate ($/kWh)						$0.115


						City


						ENERGY STAR Qualified Unit												Conventional Unit


			Initial Cost per Unit (estimated retail price)						$6,700												$5,700


			Heating Seasonal Performance Factor (HSPF) rating						8.2												7.7


			Seasonal Energy Efficiency Ratio (SEER) rating						15												13


			Heat Pump Capacity (Btu/hr)						36,000												36,000


			Use with programmable thermostat (Yes/No)


			Annual and Life Cycle Costs and Savings for 1 Air Source Heat Pump(s)


						1 ENERGY STAR Qualified Units												1 Conventional Units												Savings with ENERGY STAR


			Annual Operating Costs*


			Energy cost						$1,183												$1,530												$347


			Energy consumption (kWh)						10,279												13,291												3,012


			Maintenance cost						$0												$0												$0


			Total						$1,183												$1,530												$347


			Life Cycle Costs*


			Operating costs (energy and maintenance)						$11,104												$14,357												$3,253


			Energy costs						$11,104												$14,357												$3,253


			Energy consumption (kWh)						123,354												159,495												36,141


			Maintenance costs						$0												$0												$0


			Purchase price for 1 unit(s)						$6,700												$5,700												-$1,000


			Total						$17,804												$20,057												$2,253


																														Simple payback of initial additional cost (years)†			2.9


			*  Annual costs exclude the initial purchase price. All costs, except initial cost, are discounted over the products' lifetime using a real discount rate of 4%. See "Assumptions" to change factors including the discount rate.


			†  A simple payback period of zero years means that the payback is immediate.


			Summary of Benefits for 1 Air Source Heat Pump(s)


			Initial cost difference																														$1,000


			Life cycle savings																														$3,253


			Net life cycle savings (life cycle savings - additional cost)																														$2,253


			Simple payback of additional cost (years)																														2.9


			Life cycle energy saved (kWh)																														36,141


			Life cycle air pollution reduction (lbs of CO2)																														55,657


			Air pollution reduction equivalence (number of cars removed from the road for a year)																														5


			Air pollution reduction equivalence (acres of forest)																														5


			Savings as a percent of retail price																														34%





Choose your city from the drop-down menu





Assumptions


						Assumptions for Air Source Heat Pumps


						Category			Value						Data Source


						Power


						ENERGY STAR Qualified Unit


						Initial Cost Per Unit			$6,700						Industry Data 2008


						Heating Seasonal Performance Factor (HSPF) rating			8.2						The HSPF criteria for ENERGY STAR qualified residential air-source heat pumps are ≥ 8.2 for split systems and ≥ 8.0 for single package equipment.


						Seasonal Energy Efficiency Ratio (SEER) rating			14.5						ENERGY STAR Specification: The SEER criteria for ENERGY STAR qualified residential air-source heat pumps is ≥ 14.5


						Heating Capacity of Air Source Heat Pump (Btu/hr)			36,000			Btu/hr			Assumption


						Lifetime			12			years			LBNL 2007


						Conventional Unit


						Initial Cost Per Unit			$5,700						Industry Data 2008			1			Yes			ENERGY STAR


						Heating Seasonal Performance Factor (HSPF) rating			7.7						NAECA			2			No			Conventional


						Seasonal Energy Efficiency Ratio (SEER) rating			13						NAECA


						Heating Capacity of Air Source Heat Pump (Btu/hr)			36,000			Btu/hr			Assumption


						Lifetime			12			years			LBNL 2007


						Maintenance


						Labor cost (per hour)			$20						EPA 2004


						Labor time (hours)			0						EPA 2004


						Usage			Cooling			Heating


			31			Full-Load Cooling/Heating Hours for Selected Location			1,320			2,061			EPA 2002


			1			AK-Anchorage			0			3128			EPA 2002


			2			AK-Barrow			0			4612			EPA 2002


			3			AK-Fairbanks			129			3059			EPA 2002


			4			AK-Juneau			0			3414			EPA 2002


			5			AK-Nome			0			3749			EPA 2002


			6			AL-Birmingham			1557			1562			EPA 2002


			7			AL-Huntsville			1464			1606			EPA 2002


			8			AL-Mobile			2265			1130			EPA 2002


			9			AL-Montgomery			1819			1366			EPA 2002


			10			AR-Fort Smith			1432			1738			EPA 2002


			11			AR-Little Rock			1583			1681			EPA 2002


			12			AZ-Flagstaff			179			2854			EPA 2002


			13			AZ-Phoenix			2141			1116			EPA 2002


			14			AZ-Tucson			1842			1261			EPA 2002


			15			AZ-Winslow			950			2112			EPA 2002


			16			AZ-Yuma			2315			907			EPA 2002


			17			CA-Beverly Hills			1166			1277			EPA 2002


			18			CA-Los Angeles			1530			1070			EPA 2002


			19			CA-Palm Springs			2092			630			EPA 2002


			20			CA-Sacramento			871			2016			EPA 2002


			21			CA-San Diego			1347			1467			EPA 2002


			22			CA-San Francisco			224			2948			EPA 2002


			23			CA-Stockton			1158			1834			EPA 2002


			24			CO-Alamosa			97			2947			EPA 2002


			25			CO-Colorado Springs			523			2418			EPA 2002


			26			CO-Denver			628			2255			EPA 2002


			27			CO-Grand Junction			997			2352			EPA 2002


			28			CO-Pueblo			834			2018			EPA 2002


			29			CT-Bridgeport			942			2358			EPA 2002


			30			CT-Hartford			695			2555			EPA 2002


			31			DC-Washington			1320			2061			EPA 2002


			32			DE-Wilmington			1015			2346			EPA 2002


			33			FL-Daytona Beach			2763			720			EPA 2002


			34			FL-Fort Myers			3288			504			EPA 2002


			35			FL-Gainesville			2228			889			EPA 2002


			36			FL-Jacksonville			2086			1020			EPA 2002


			37			FL-Key West			4566			342			EPA 2002


			38			FL-Miami			3931			265			EPA 2002


			39			FL-Orlando			2915			583			EPA 2002


			40			FL-Pensacola			2297			1047			EPA 2002


			41			FL-Tallahassee			2215			1133			EPA 2002


			42			FL-Tampa			3068			709			EPA 2002


			43			FL-W. Palm Beach			3479			314			EPA 2002


			44			GA-Athens			1493			1655			EPA 2002


			45			GA-Atlanta			1484			1686			EPA 2002


			46			GA-Augusta			1548			1467			EPA 2002


			47			GA-Columbus			1845			1379			EPA 2002


			48			GA-Macon			1900			1367			EPA 2002


			49			GA-Savannah			1963			1213			EPA 2002


			50			HI-Hilo			4179			0			EPA 2002


			51			HI-Honolulu			5016			0			EPA 2002


			52			IA-Des Moines			941			2247			EPA 2002


			53			IA-Dubuque			605			2458			EPA 2002


			54			IA-Sioux City			836			2316			EPA 2002


			55			IA-Waterloo			667			2412			EPA 2002


			56			ID-Boise			614			2532			EPA 2002


			57			ID-Lewiston			636			2208			EPA 2002


			58			ID-Pocatello			411			2590			EPA 2002


			59			IL-Chicago			683			2459			EPA 2002


			60			IL-Moline			830			2260			EPA 2002


			61			IL-Peoria			948			2166			EPA 2002


			62			IL-Rockford			714			2418			EPA 2002


			63			IL-Springfield			1036			2154			EPA 2002


			64			IN-Evansville			1181			2027			EPA 2002


			65			IN-Fort Wayne			786			2370			EPA 2002


			66			IN-Indianapolis			948			2152			EPA 2002


			67			IN-South Bend			710			2391			EPA 2002


			68			KS-Dodge City			1109			2024			EPA 2002


			69			KS-Goodland			723			2252			EPA 2002


			70			KS-Topeka			1068			2093			EPA 2002


			71			KS-Wichita			1225			1981			EPA 2002


			72			KY-Lexington			1080			2027			EPA 2002


			73			KY-Louisville			1150			1975			EPA 2002


			74			KY-Paducah			1193			1939			EPA 2002


			75			LA-Baton Rouge			2233			1115			EPA 2002


			76			LA-Lake Charles			2299			1115			EPA 2002


			77			LA-New Orleans			2388			1118			EPA 2002


			78			LA-Shreveport			1892			1361			EPA 2002


			79			MA-Boston			729			2397			EPA 2002


			80			MA-Worcester			453			2734			EPA 2002


			81			MD-Baltimore			1050			2172			EPA 2002


			82			ME-Caribou			220			2959			EPA 2002


			83			ME-Portland			321			2728			EPA 2002


			84			MI-Alpena			216			2843			EPA 2002


			85			MI-Detroit			642			2670			EPA 2002


			86			MI-Flint			497			2650			EPA 2002


			87			MI-Grand Rapids			595			2771			EPA 2002


			88			MI-Lansing			578			2620			EPA 2002


			89			MI-Marquette			222			3130			EPA 2002


			90			MI-Muskegon			570			2817			EPA 2002


			91			MI-Sault St Marie			196			3059			EPA 2002


			92			MN-Duluth			212			2934			EPA 2002


			93			MN-International Falls			288			2828			EPA 2002


			94			MN-Minneapolis			662			2496			EPA 2002


			95			MN-Rochester			523			2580			EPA 2002


			96			MN-St. Cloud			414			2831			EPA 2002


			97			MO-Columbia			1050			2048			EPA 2002


			98			MO-Kansas City			1032			2149			EPA 2002


			99			MO-Springfield			1178			1997			EPA 2002


			100			MO-St. Louis			1215			2009			EPA 2002


			101			MS-Jackson			1832			1433			EPA 2002


			102			MS-Meridian			1726			1417			EPA 2002


			103			MS-Tupelo			1623			1611			EPA 2002


			104			MT-Billings			510			2308			EPA 2002


			105			MT-Glasgow			465			2585			EPA 2002


			106			MT-Great Falls			408			2330			EPA 2002


			107			MT-Havre			403			2735			EPA 2002


			108			MT-Helena			307			2423			EPA 2002


			109			MT-Kalispell			193			2787			EPA 2002


			110			MT-Miles city			621			2367			EPA 2002


			111			MT-Missoula			225			2650			EPA 2002


			112			NC-Asheville			919			2021			EPA 2002


			113			NC-Charlotte			1325			1865			EPA 2002


			114			NC-Greensboro			1203			1978			EPA 2002


			115			NC-Raleigh			1239			1883			EPA 2002


			116			NC-Wilmington			1758			1519			EPA 2002


			117			ND-Bismarck			437			2593			EPA 2002


			118			ND-Fargo			476			2702			EPA 2002


			119			ND-Williston			459			2579			EPA 2002


			120			NE-Grand Island			851			2288			EPA 2002


			121			NE-Lincoln			899			2284			EPA 2002


			122			NE-Norfolk			801			2437			EPA 2002


			123			NE-North Platte			640			2403			EPA 2002


			124			NE-Omaha			890			2327			EPA 2002


			125			NE-Scottsbluff			647			2365			EPA 2002


			126			NH-Concord			385			2641			EPA 2002


			127			NJ-Atlantic City			832			2198			EPA 2002


			128			NJ-Newark			1007			2340			EPA 2002


			129			NM-Albuquerque			1038			2162			EPA 2002


			130			NM-Roswell			1355			1596			EPA 2002


			131			NV-Elko			361			2596			EPA 2002


			132			NV-Ely			209			2678			EPA 2002


			133			NV-Las Vegas			1773			1642			EPA 2002


			134			NV-Reno			317			2631			EPA 2002


			135			NV-Winnemucca			418			2481			EPA 2002


			136			NY-Albany			515			2598			EPA 2002


			137			NY-Binghamton			440			2754			EPA 2002


			138			NY-Buffalo			571			2765			EPA 2002


			139			NY-New York			1089			2337			EPA 2002


			140			NY-Rochester			554			2685			EPA 2002


			141			NY-Syracuse			552			2586			EPA 2002


			142			OH-Akron			714			2539			EPA 2002


			143			OH-Cincinnati			996			2134			EPA 2002


			144			OH-Cleveland			639			2471			EPA 2002


			145			OH-Columbus			828			2274			EPA 2002


			146			OH-Dayton			947			2238			EPA 2002


			147			OH-Mansfield			711			2500			EPA 2002


			148			OH-Toledo			649			2464			EPA 2002


			149			OH-Youngstown			554			2581			EPA 2002


			150			OK-Oklahoma City			1436			1724			EPA 2002


			151			OK-Tulsa			1486			1722			EPA 2002


			152			OR-Astoria			56			3499			EPA 2002


			153			OR-Eugene			261			2679			EPA 2002


			154			OR-Medford			534			2742			EPA 2002


			155			OR-Pendleton			622			2105			EPA 2002


			156			OR-Portland			379			2681			EPA 2002


			157			OR-Salem			248			2842			EPA 2002


			158			PA-Allentown			784			2492			EPA 2002


			159			PA-Erie			482			2901			EPA 2002


			160			PA-Harrisburg			929			2371			EPA 2002


			161			PA-Philadelphia			1032			2328			EPA 2002


			162			PA-Pittsburgh			737			2380			EPA 2002


			163			PA-Scranton			621			2532			EPA 2002


			164			PA-Williamsport			659			2502			EPA 2002


			165			RI-Providence			656			2532			EPA 2002


			166			SC-Charleston			2127			1212			EPA 2002


			167			SC-Columbia			1626			1539			EPA 2002


			168			SC-Greenville			1386			1808			EPA 2002


			169			SD-Aberdeen			544			2571			EPA 2002


			170			SD-Huron			633			2462			EPA 2002


			171			SD-Rapid City			593			2434			EPA 2002


			172			SD-Sioux Falls			691			2490			EPA 2002


			173			TN-Bristol			1066			2050			EPA 2002


			174			TN-Chattanooga			1353			1830			EPA 2002


			175			TN-Knoxville			1288			1909			EPA 2002


			176			TN-Memphis			1654			1638			EPA 2002


			177			TN-Nashville			1375			1768			EPA 2002


			178			TX-Abilene			1741			1398			EPA 2002


			179			TX-Amarillo			1142			1880			EPA 2002


			180			TX-Austin			2412			1142			EPA 2002


			181			TX-Brownsville			3233			562			EPA 2002


			182			TX-Corpus Christi			2958			776			EPA 2002


			183			TX-Dallas			1926			1343			EPA 2002


			184			TX-Del Rio			2380			1098			EPA 2002


			185			TX-El Paso			1524			1559			EPA 2002


			186			TX-Galveston			2967			1037			EPA 2002


			187			TX-Houston			2209			1127			EPA 2002


			188			TX-Lubbock			1298			1688			EPA 2002


			189			TX-Midland			1546			1450			EPA 2002


			190			TX-Port Arthur			2452			1043			EPA 2002


			191			TX-San Angelo			2225			1291			EPA 2002


			192			TX-San Antonio			2237			1101			EPA 2002


			193			TX-Victoria			2465			926			EPA 2002


			194			TX-Waco			2041			1308			EPA 2002


			195			TX-Wichita Falls			1671			1538			EPA 2002


			196			UT-Salt Lake City			785			2443			EPA 2002


			197			VA-Lynchburg			1031			2117			EPA 2002


			198			VA-Norfolk			1346			1923			EPA 2002


			199			VA-Richmond			1188			1980			EPA 2002


			200			VA-Roanoke			1002			2113			EPA 2002


			201			VT-Burlington			455			2651			EPA 2002


			202			WA-Olympia			125			3186			EPA 2002


			203			WA-Seattle			282			2956			EPA 2002


			204			WA-Spokane			395			2622			EPA 2002


			205			WA-Walla Walla			714			1989			EPA 2002


			206			WA-Yakima			415			2412			EPA 2002


			207			WI-Green Bay			457			2641			EPA 2002


			208			WI-La Crosse			713			2445			EPA 2002


			209			WI-Madison			487			2547			EPA 2002


			210			WI-Milwaukee			513			2548			EPA 2002


			211			WV-Beckley			699			2194			EPA 2002


			212			WV-Charleston			967			2088			EPA 2002


			213			WV-Elkins			477			2459			EPA 2002


			214			WV-Huntington			1035			2040			EPA 2002


			215			WY-Casper			439			2620			EPA 2002


			216			WY-Cheyenne			353			2658			EPA 2002


			217			WY-Lander			455			2496			EPA 2002


			218			WY-Sheridan			387			2578			EPA 2002


						Discount Rate


						Commercial and Residential Discount Rate (real)			4%						A real discount rate of 4 percent is assumed, which is roughly equivalent to the nominal discount rate of 7 percent (4 percent real discount rate + 3 percent inflation rate).


						Programable Thermostat Discount Rate			17%						LBNL 2007 (Based on minimum estimated savings)


						Energy and Water Prices


						Commercial Electricity Price			$0.0997			$/kWh			US Department of Energy, Annual Energy Outlook 2012 (Early Release), (converted from 2010 to 2011 dollars), http://www.eia.gov/forecasts/aeo/er/


						Residential Electricity Price			$0.1151			$/kWh


						Carbon Dioxide Emissions Factors


						Electricity CO2 Emission Factor			1.54			lbs CO2/kWh			EPA 2012


						CO2 Equivalents


						Annual CO2 sequestration per forested acre			10,347			lbs CO2/yr			EPA’s Greenhouse Gas Equivalencies Calculator, http://www.epa.gov/cleanenergy/energy-resources/calculator.html


						Annual CO2 emissions per average passenger car			11,244			lbs CO2/yr


						If you have questions, comments or suggestions, please write to calculators@energystar.gov


						Calculator last updated April 2009, utility and emission rates updated May 2012








Products that earn the ENERGY STAR prevent greenhouse gas emissions by

meeting strict energy efficiency guidelines set by the U.S. Environmental
Profneﬁon Agency and the U.S. Department of Energy.
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ABSTRACT



A series of studies of heat pump service life were
performed in the early- to mid-1980s, beginning with a survey
in Alabama in 1984 (Lovvorn and Hiller 1985; Pientka 1987;
Bucher et al. 1990; Lovvorn and Hiller 1987). The current
paper describes results of a follow-up heat pump life survey
performed in Alabama in 1997, some 13 years after the orig-
inal study. This follow-up survey was performed more than ten
years after the original work, so equipment survival curves
could be reexamined after a greater number of units had been
replaced. Major findings of the current study include the
following:



1. Median heat pump service life in Alabama is approximately
20.5 years, which is nearly the same as in the 1984 study.



2. Average age at replacement of units that had been replaced
increased to 18.2 years, up from 13.5 years in the 1984
study—this increase was expected because a greater
number of units have now been replaced and the survey
population age has increased.



3. Approximately 63% of units removed from service were still
operational, up from slightly less than 50% in the 1984
study.



4. Approximately 90% of sites still had heat pumps.



INTRODUCTION



While the original heat pump life studies performed in the
1980s provided the first scientifically verifiable information
on heat pump service life, it was clear that the heat pump
industry was still maturing because of the great increase in the
number of heat pumps installed during the 1970s and 1980s



compared to prior years. A follow-up heat pump life study in
Alabama was performed in 1997 to reexamine heat pump
service life after a greater number of units had been replaced
(Lovvorn et al. 2001).



METHODOLOGY



A telephone survey was performed of locations where
records indicated that heat pumps had once been installed.
Similar to all the earlier heat pump life studies, a telephone
survey was deemed to be the most cost-effective method of
gathering the needed information in a timely manner. The
survey questionnaire was developed based on experience
gained with the previous heat pump life studies. An indepen-
dent market research firm performed the actual survey. The
survey was structured as a general heating and cooling survey
to avoid biasing results, and the sponsor was not identified.



A heat pump extended maintenance contract program had
been in operation in Alabama from the 1960s until 1995. This
maintenance contract program provided researchers with a list
of known locations where heat pumps had once been installed
and confirmed their installation dates. While participants were
allowed to remain under the maintenance contract program for
up to ten years, not all did. This study drew its survey sample
from the complete list of former maintenance program homes,
whether or not they remained under the program for the full ten
years. Additionally, the program stopped accepting new
participants in 1985. All heat pumps in the survey installed
after 1985 had never been under the maintenance contract
program, although the home had once had a heat pump that
had been under the program.
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Survey Sample



The survey sample pool was divided into five groups. The
first four groups corresponded to the same installation time
frames as in the 1984 survey. The fifth group consisted of heat
pumps installed after 1985—the date when no new units were
accepted under the maintenance contract program.



A total potential survey population of 12,566 heat pumps
was identified for units in the first four groups. Table 1 summa-
rizes the numbers of target and actual successfully completed
heat pump surveys.



To ensure a high level of randomness, the listing of home-
owner names was reordered to be alphabetical before selecting
the subsets. However, the small number of the earliest instal-
lation date locations that could be successfully contacted
limited the ability to randomly subdivide the sample of those
units, and attempts were made to contact most of that group.



Beginning in 1972, some brands of heat pumps were
excluded from participation in the maintenance contract
program based on observed maintenance history. Some of the
brands gained reinstatement in the program after making
design improvements. No exclusions of brands were made
after 1985 since units installed after that date could not partic-
ipate in the maintenance contract program because it was
being phased out.



Data Processing and Analysis



Each interview form was first examined to ensure that the
correct interview procedure had been followed and to edit the
information as necessary to clarify it for later database entry.
Coded information was also entered on the survey forms to
allow later correlation and verification with the maintenance
program records.



Next, the data were entered into a computerized database
for further processing. Several computer routines were devel-
oped to identify interviewer errors, internal inconsistencies,
and make comparisons with acceptance standards. Once an
interview form had passed the validation checks, it was
accepted as part of the permanent database. Rejected inter-



views were checked to determine if the problem could be
resolved. Some follow-up contacts were made to clarify
responses.



Actuarial analysis techniques were used to determine
study results (Nelson 1982).



RESULTS



System Types



Information on a total of 2026 heating and cooling
systems was obtained, of which 1818 (89.7%) were heat
pumps. Of the remainder, 172 (8.5%) were central gas
systems, 19 (0.9%) were “central electric,” and 17 (0.8%)
were “other,” such as wood, oil, etc.



The majority (95.9%) of respondents had only one central
heating system. Only 4.1% had an additional heating system,
and 85.5% of those were also heat pumps. The remainder of
“additional heating systems” were 8.4% gas, 2.4% central
electric, and 3.6% other.



Total System Service Life



The parameter that is most correctly used to represent
equipment service life is referred to as “median service life”
and is the age at which 50% of units remain in service and 50%
have been removed from service (Nelson 1982). A discussion
of how median service life is determined and how it relates to
the equipment service life table in ASHRAE handbooks (1999
ASHRAE Handbook—HVAC Applications, Chapter 35) is
given in an ASHRAE Journal article (Hiller 2000).



Figure 1 shows the total heat pump system service life
distribution (percent survival vs. age) for all brands as a group.
The median service life (the age at which 50% of units have
been removed from service and 50% remain in use) for all heat
pumps as a group was found to be approximately 20.5 years.
This result is very similar to the findings of the 1984 study.
However, Figure 1 is valid to much greater total age than in the



TABLE 1  
Survey Population



Group
Year



Installed
Total



Population
Target Number 



of Surveys



Number of
Successfully 
Completed



Surveys



1 1964-1967 663 50 71



2 1967-1971 3449 361 183



3 1972-1974 1943 201 108



4 1974-1985 6511 989 660



5 1986 and 
later



796



Total 12566 1601 1818 Figure 1 Total heat pump system survival vs. age—all
brands.
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1984 study because of the greater number of older heat pumps
now available in the sample. 



No significant differences in service life distribution were
observed for units of different vintages (installed in different
time periods). This is most likely due to the kinds of factors
that were found to most heavily influence heat pump replace-
ment decisions (see later discussion).



Heat Pump Service Life by Brand



More than 20 different heat pump brands are represented
in the data; however, five manufacturers dominate the data-
base. Figures 2 through 7 show the survival curves for different
manufacturers, identified as A, B, C, D, E, and O, where all
heat pumps other than A through E are included in O. The
manufacturer identifiers used here are intentionally different
from those used in the 1984 work.



Manufacturer D heat pumps showed the longest median
service life at between 24 and 25 years. Manufacturers A, B,
C, and E all had median service lives in the 19 to 21 year range.
The median service life of all other brands as a group (shown
as manufacturer O) was around 18 years.



All the equipment life curves have been truncated when
remaining sample size becomes small, typically with less than
25 to 30 units remaining in use in the sample.



Replaced at Failure Heat Pump Service Life



Results of the 1984 study in Alabama showed that nearly
50% of heat pumps that had been removed from service were
still operational when removed. The current study shows that
the number of units still operational when removed has
increased to 63%. More insight on this difference is given later
in the discussion on reasons found for replacing units.



Figure 8 shows the total heat pump system survival curve
that results if we eliminate from the sample units that had been
still operational when removed, thus producing a “replaced
only due to failure” equipment service life distribution. The
observed median service life of heat pumps if only removed
due to failure was approximately 26 years. See the section on
reasons for replacement for more discussion of this result.



Average Age At Replacement



When a comprehensive equipment life study is
performed, it is possible to determine percent survival vs. age,
as well as the average age at which units have been removed
from service (usually a small percentage of the total number of
units). It can be shown mathematically that average age at
replacement is always less than median service life, and that it
asymptotically approaches median service life as the age of
the sample increases.



Figure 2 Manufacturer A heat pump system survival vs.
age. Median = 20.8 years.



Figure 3 Manufacturer B heat pump system survival vs.
age. Median = 19.1 years.



Figure 4 Manufacturer C heat pump system survival vs.
age. Median = 21.1 years.



Figure 5 Manufacturer D heat pump system survival vs.
age. Median = 24.5 years.
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Average age at replacement of total heat pump systems
found in the 1984 study was approximately 13.5 years. Aver-
age age at replacement found in the current study was 18.2
years. This increase was expected, since the average age of the
sample had increased and more units have now been replaced.
Note that in 1984, average age at replacement was less than
70% of the median service life. This percentage has now
increased to almost 90%.



Compressor Life



A compressor life study was performed in the 1980s
(Lovvorn and Hiller 1987), using information from the heat
pump maintenance contract program database. While only ten
years of information was present in the database, a reasonable
projection showed that the median service life of original
factory-installed compressors was approximately 13.5 years.



The current study attempted to collect information on
compressor replacements directly from homeowners. An
analysis of the results showed that due to many of the homes
having changed ownership, information on component
replacements was not reliably obtained from many of the earli-
est units installed and, thus, compressor service life could not
be definitively determined. It was possible to determine that
compressor service life was at least 13.5 years, but how much
more could not be determined. Compressor replacements
were relatively rare in newer vintage units.



Factors Affecting Heat Pump
Replacement Decisions



Between 88% and 92% of removed heat pumps were
replaced with new heat pumps in this study. Figure 9 shows the
most frequently cited reasons for heat pump replacements.
Note that since respondents could give more than one reason,
the results are shown in terms of percentage of responses
rather than percentage of units. The most frequently cited
reason for replacing units was that the unit was simply getting
old in the view of the owner (33% of responses). Unit failure



was the second most cited reason, at 31% of responses. All
other reasons were cited considerably less frequently. When
analyzed in terms of number of units, failure was a factor in
only 38% of replacements, and, when combined with opera-
tional problems, still totaled less than 50%.



Comments on Homeowner Perceptions



Since more than 50% of units were still operational when
replaced and the foremost reason for replacement was the
homeowner’s perception that a unit was “getting old,” survey
results suggest that many replacements are done proactively in
anticipation of a failure that may or may not occur in the near
future.



Respondent comments clearly indicated that mainte-
nance requirements were down for newer vintage units, while
satisfaction was up. This suggests that equipment improve-
ments have improved heat pump performance and reliability
but have not yet increased service life. The reason little service
life increase has been observed is probably because replace-
ments are mostly not failure induced but, rather, are due to
perceptions of anticipated life on the part of the owner. This
means that heat pump median service life would increase if



Figure 6 Manufacturer E heat pump system survival vs.
age. Median = 20.5 years.



Figure 7 Manufacturer O heat pump system survival vs.
age. Median = 18 years.



Figure 8 Heat pump system survival-to-failure vs. age.
Median = 26 years.
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owners simply let units that had nothing wrong continue to
operate instead of replacing them.



Customer Attitudes Toward Heat Pumps



Respondents were given the opportunity at the end of the
survey to provide additional unstructured comments. Both
positive and negative comments about their satisfaction with
their heat pump were received. However, neutral-to-positive
comments outnumbered negative comments by a 4-to-1
margin (79% positive to 21% negative). Table 2 gives a sample
of the types of neutral and positive comments received, while
Table 3 summarizes negative comments. The “other/general
negative” comments were mostly general statements, such as
“I don’t like heat pumps,” or statements indicating replace-



ment of a heat pump with an alternative heating system with
no comment given.



As Table 2 shows, many heat pump owners were very
enthusiastic about their heat pump. As Table 3 shows, the lead-
ing cause of dissatisfaction with heat pumps is cool discharge
temperatures during heating, though this represents only a
small portion of total responses, and most owners did not voice
this complaint.



CONCLUSIONS



1. Total heat pump system median service life was found to be
20.5 years—similar to results of the 1984 study. Median
service lives of various brands ranged from 18 to approxi-
mately 25 years.



2. Average age at replacement for that subset of the population
that had been replaced was 18.2 years, up from 13.5 years
in the 1984 study. This increase was anticipated because
more heat pumps have now been replaced and the average
age of the survey population has increased. 



3. Approximately 63% of the heat pumps that were replaced
were still operational when replaced, up from slightly less
than 50% in the 1984 study. 



4. The most frequently cited reason for heat pump replace-
ment was that the unit was simply getting old. This indicates
that owner perception of how long their unit will last is a
major factor in determining when units get replaced, and
many units are apparently replaced proactively. Failure was
the second most often cited replacement reason, with
around 38% of units replaced due to failure.



Reason Categories
1. Unit getting old
2. Unit failed
3. Unit having operational problems
4. Wanted efficiency or comfort upgrade
5. Repair costs becoming excessive
6. Advertising and promotion
7. Natural disaster
8. Other
9. Don’t know/none



Figure 9 Heat pump replacement reasons.



TABLE 3  
Negative Comments About Heat Pumps



Issue Percent of Negative Comments



Cool-blow during heating 27%



Excessive heat pump maintenance 10%



Cooling problems 9%



High operating costs 2%



Odor 1%



Other/general negative comment 51%



TABLE 2  
Neutral and Positive Comments About Heat Pumps



Very good Great Fantastic Exceptional Wonderful



Excellent Content Less expensive Crazy about it Comfortable



Best Nice Economical Cleaner Like it



Love it Pleased Perfect Satisfied Delighted



Dependable Happy with it Effective Efficient Sold on it



Fine Wouldn’t trade it for anything Everybody should have one


4560 5











5. There were no apparent differences in service life for differ-
ent vintage heat pumps.



6. Estimated service life if units were only replaced at time of
failure was 26 years.



7. Compressor service life could not be definitively deter-
mined, but it was determined to be at least 13. 5 years.



8. The majority of heat pumps were replaced with new heat
pumps—only 8% had switched to an alternative fuel
source.



9. Heat pump owners were generally pleased with their units,
with positive comments outweighing negative by a 4-to1
margin.
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		Applicable Measure Codes:

		XXX 

		

		



		Measure Description: 

		Western Cooling ControlTM (WCC) Enhanced Fan Time Delay for Dry Climate Air Conditioning – Retrofit - Residential



		Energy Impact Common Units: 

		Per Air Conditioner 



		Base Case Description:

		Existing central HVAC system with less than 2 minute fan off time delay during cooling



		Base Case Energy Consumption: 

		Source: [DEER 2008] HVAC end use for appropriate climate zone and building type, SDG&E existing vintage weighted



		Measure Energy Consumption:



		Source: [Savings over DEER 2008 base end use] Building type, climate zone, fan usage dependent



		Energy Savings 

(Base Case – Measure):

		Source: [Multiple.  See section 1.4] Building type and climate zone dependent



		Costs Common Units: 

		Per Air Conditioning System



		Base Case Equipment Cost ($/unit):



		$0



		Measure Equipment Cost ($/unit): 

		Source: [Contractor Reported] 

$48.50 Material Cost



		Gross Measure Cost ($/unit)

		$48.50 Material



$50 Labor for SFM and DMO

$30 Labor for MFM



$98.50 Total for SFM and DMO

$78.50 Total for MFM



		Measure Incremental Cost ($/unit): 

		Source: [See section 1.4.1.2]

$98.50 SFM,DMO

$78.50 MFM



		Effective Useful Life (years): 

		Source: [DEER2011] 10



		Measure Application Type:

		Retrofit 



		Net-to-Gross Ratios: 

		Source: [DEER2011] 0.8 per instructions. 

Actual is above 0.90



		Important Comments:
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Measure Units: per Air Conditioner



[bookmark: _MON_1401868864]Select measures are tabulated below.  The complete measure list is provided in the attached spreadsheet: 



		

		

		

		

		

		

		

		

		1st Baseline

		2nd Baseline

		

		

		

		

		

		



		Measure Code

		Version Source

		Measure 
Description

		Measure Application Type

		Building Type

		Building Vintage

		Climate Zone

		Unit Definition

		KW
Peak Electric Demand Reduction

		KWh
Electric Savings

		THM
Gas Savings

		(EUL) LIFE CYCLE

		Base Case Cost ($/unit)

		Measure Cost ($/unit)

		Labor Cost ($/unit)

		IMC
Incremental 
Measure
Cost ($/unit)

		KW Peak Electric Demand Reduction

		KWh
Electric Savings

		THM
Gas Savings

		LIFE CYCLE

		Base Case Cost ($/unit)

		Measure Cost ($/unit)

		Labor Cost ($/unit)

		IMC
Incremental 
Measure
Cost ($/unit)

		GRR_kW

		GRR_kWh

		GRR_thm

		NTG

		Implementation Method
 [DI, DD, I]

		ISR



		XXX

		DEER2008

		Western Cooling Control

		RET

		SFM

		AV

		SDG&E Weighted

		Air Conditioner

		0.304

		126.5

		0

		10

		0

		98.5

		50

		98.5

		0

		0

		0

		0

		0

		0

		0

		0

		0.304

		126.5

		0

		0.8

		I

		1



		XXX

		DEER2008

		Western Cooling Control

		RET

		MFM

		AV

		SDG&E Weighted

		Air Conditioner

		0.196

		81.6

		0

		10

		0

		78.5

		30

		78.5

		0

		0

		0

		0

		0

		0

		0

		0

		0.196

		81.6

		0

		0.8

		I

		1



		XXX

		DEER2008

		Western Cooling Control

		RET

		DMO

		AV

		SDG&E Weighted

		Air Conditioner

		0.323

		451.2

		0

		10

		0

		98.5

		50

		98.5

		0

		0

		0

		0

		0

		0

		0

		0

		0.323

		451.2

		0

		0.8

		I

		1



		XXX

		DEER2008

		Western Cooling Control

		RET

		SFM

		AV

		Z08

		Air Conditioner

		0.318

		153.2

		0

		10

		0

		98.5

		50

		98.5

		0

		0

		0

		0

		0

		0

		0

		0

		0.318

		153.2

		0

		0.8

		I

		1



		XXX

		DEER2008

		Western Cooling Control

		RET

		SFM

		AV

		Z10

		Air Conditioner

		0.333

		167.7

		0

		10

		0

		98.5

		50

		98.5

		0

		0

		0

		0

		0

		0

		0

		0

		0.333

		167.7

		0

		0.8

		I

		1



		XXX

		DEER2008

		Western Cooling Control

		RET

		SFM

		AV

		Z14

		Air Conditioner

		0.446

		357.6

		0

		10

		0

		98.5

		50

		98.5

		0

		0

		0

		0

		0

		0

		0

		0

		0.446

		357.6

		0

		0.8

		I

		1



		[bookmark: RANGE!A21]XXX

		DEER2008

		Western Cooling Control

		RET

		MFM

		AV

		Z08

		Air Conditioner

		0.196

		94.4

		0

		10

		0

		78.5

		30

		78.5

		0

		0

		0

		0

		0

		0

		0

		0

		0.196

		94.4

		0

		0.8

		I

		1



		XXX

		DEER2008

		Western Cooling Control

		RET

		MFM

		AV

		Z10

		Air Conditioner

		0.196

		98.6

		0

		10

		0

		78.5

		30

		78.5

		0

		0

		0

		0

		0

		0

		0

		0

		0.196

		98.6

		0

		0.8

		I

		1



		XXX

		DEER2008

		Western Cooling Control

		RET

		MFM

		AV

		Z14

		Air Conditioner

		0.196

		157.1

		0

		10

		0

		78.5

		30

		78.5

		0

		0

		0

		0

		0

		0

		0

		0

		0.196

		157.1

		0

		0.8

		I

		1
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Catalog Description – 



Measure Code XXX – Install Western Cooling Control™ (WCC) enhanced fan time delay relay for dry climates into central HVAC system furnace/air handler.



Program Restrictions and Guidelines



This measure applies to any unitary air conditioner that has a fan off time delay of less than 2 minutes. This measure applies to both standard efficiency and high efficiency models. When an air conditioner includes a high efficiency BPM fan motor, the savings are higher due to the lower watt draw of the fan motor during the time delay.



Market Applicability: 



This measure is cross cutting for use the residential market sector and available for use in the small commercial sector.



This measure installs into the furnace or air handler control system in existing central HVAC systems.  The measure is installed by licensed and specially trained HVAC contractors.  



[bookmark: _Toc390934029]1.2 Product Technical Description

[bookmark: _Toc304800203][bookmark: _Toc324318339][bookmark: _Toc324340483]The Western Cooling Control™ (WCC) enhanced fan time delay dynamically adjusts the indoor fan run time to improve air conditioner cooling performance in dry climate regions.  



Air conditioners both reduce the temperature of and remove water from the air they are cooling.  The amount of moisture removal needed varies by US climate region, but air conditioning equipment types do not.  The same air conditioner models are sold and installed in the dry western US region as in the humid southeastern US region.  As a result, air conditioners in the dry western region remove more water from the air than is necessary.  



This excess water removal represents an opportunity to reduce the energy cost of cooling homes in dry climate regions such as California.  It has long been known that water can be evaporated to produce cooler air, as in an evaporative cooler.  The WCC control is based on this concept but differs from traditional direct evaporative coolers in that no new moisture is added to the air.  Rather, moisture that condensed on the indoor heat exchange coil when the air conditioner compressor was running is returned to the air to produce additional cooling following each compressor cycle.



The WCC continues to run the indoor fan after the compressor turns off, using the temperature and mass of the evaporator coil as well as the potential cooling energy stored as liquid water on the coil to deliver additional sensible cooling capacity to the building. In essence the indoor coil functions as an evaporative cooler under these conditions. The energy cost is low since the fan draws much less power than the compressor.  



[image: ]The major air conditioner manufacturers sometimes use the temperature and mass of the evaporator coil to increase the SEER of the air conditioner, but do not attempt to recover the energy stored as moisture. This is because the SEER cycling test is run with a completely dry evaporator coilRef 1, so there is no moisture to recover.  However virtually all the time, even in California’s climates, the air conditioner is condensing moisture on the coil. This makes a tuned fan time delay potentially more effective than it is in the SEER cycling tests.



In field installations, the majority of units are not configured with even the short fixed length fan time delays the manufacturers specify on the SEER test.  Of over 20,000 existing systems serviced in a California residential HVAC program from 2006 – 2011, 86% had either no existing fan delay or a very short delay of 30 seconds or less.  





[bookmark: _Toc306281136][bookmark: _Toc390934077]Figure 1. SEER Cycling Test with TDR





WCC uses a proprietary algorithm to dynamically adjust the fan run time to maximize sensible efficiency of the cooling cycle.  The fan-off time delay is recalculated during every air conditioner cycle as a function of the available cooling capacity remaining on the indoor coil.  



Tests performed in certified psychrometric testing facilities have demonstrated potential energy savings greater than 30% resulting from the use of the WCC control.



Monitored field installations have demonstrated cooling energy use reductions averaging 16%.



[bookmark: _Toc390934030]1.3 Measure Application Type 



The WCC is a retrofit measure.



The WCC control is installed into existing furnaces and air handlers.  It is an additional control component, not a replacement of any existing component.



[bookmark: _Toc304800204][bookmark: _Toc324318340][bookmark: _Toc324340484]

[bookmark: _Toc390934031]1.4 Product Base Case and Measure Case Data

[bookmark: _Toc304800205][bookmark: _Toc324318341][bookmark: _Toc324340485][bookmark: _Toc390934032]1.4.1 DEER Base Case and Measure Case Information 



The DEER data do not contain the appropriate information for this measure. Baseline use information was taken from DEER2008 for the Use Category and Technology Group shown in Table 1.



[bookmark: _Toc390934063]Table 1: DEER Use and Technology Table

		Use Category Description

		Use Category

		Use Sub Category Description

		Use Sub Category



		HVAC

		HVAC

		Space Heating and Cooling

		HVAC-HtCl



		Technology Groups Description

		Technology Groups

		Technology Types Descriptions

		Technology Types



		dX AC Equipment

		dxAC_equip

		SEER Rated Split System AC

		spltSEER







DEER does not have this measure. The DEER 2008 MISER tool provides baseline annual end use kWh and Therms for the HVAC end uses that are addressed by this measure.  These baseline end uses are not provided in the DEER 2011 READI v0.99.7.  Therefore the baseline consumption for air conditioners and furnaces used in this workpaper are based on the DEER 2008 Impact IDs listed in Table 2 and Table 3. 



[bookmark: _Toc226781709][bookmark: _Toc226799157][bookmark: _Toc390934064]Table 2: Baselines for Energy Savings SFM

		DEER2008 Impact ID

		Zone

		Vintage

		End Use 
(kWh/air conditioner)

		End Use 
(therms/furnace)



		SFM-w06-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		6

		SDGE Existing

		571.816

		207.162



		SFM-w07-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		7

		SDGE Existing

		545.165

		148.138



		SFM-w08-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		8

		SDGE Existing

		1094.21

		186.465



		SFM-w10-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		10

		SDGE Existing

		1198.14

		228.718



		SFM-w14-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		14

		SDGE Existing

		2554.26

		290.983



		SFM-w15-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		15

		SDGE Existing

		3643.8

		133.717



		SFM-wSDGE-vEx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		SDG&E Weighted

		SDGE Existing

		903.343

		192.624









[bookmark: _Toc390934065]Table 3: Baselines for Energy Savings DMO

		DEER2008 Impact ID

		Zone

		Vintage

		End Use 
(kWh/air conditioner)

		End Use 
(therms/furnace)



		DMO-w07-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		7

		SDGE Existing

		2189.06

		139.083



		DMO-w08-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		8

		SDGE Existing

		4458.97

		136.488



		DMO-w10-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		10

		SDGE Existing

		3403.91

		215.239



		DMO-w14-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		14

		SDGE Existing

		5594.36

		310.485



		DMO-wSDGE-vEx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S

		SDG&E Weighted

		SDGE Existing

		3223.12

		196.425







Deer 2008 does not include HVAC measures for multi-family (MFM) building types.  This workpaper calculates the MFM baseline as a function of the single family (SFM) baseline and the average cooling capacity for MFM and SFM air conditioning units as follows:

BASELINEMFM = BASELINESFM x TONSMFM / TONSSFM



Where:

TONSMFM is the average air conditioner nominal tons for the 13,000 multi-family units served in California in the past 5 years.  

TONSSFM is the DEER2008 baseline tonnage for single family units

BASELINESFM is the DEER2008 baseline energy use for single family units



This analysis assumes that the DEER2008 annual cooling energy consumption is an average for all units with correct refrigerant charge. In other words, this analysis makes the conservative assumption that the base case air conditioners are not degraded in any way. The known degradation of existing units below their rated efficiency increases the base consumption and increases the savings (both kWh and kW) beyond the figures in this document.



[bookmark: _Toc390934033]1.4.1.1 Measure electric and gas savings

The energy savings and DEER2008 sources are listed in the tables below.  Savings for the climate zones primarily targeted by the program are shown in the following tables.  Savings calculations and detailed DEER2008 information for all SDG&E climate zones are included in Appendix A.



[bookmark: _Toc390934066]Table 4: Measure Electric Energy Savings

		Building type 

		Bldg Vintage 

		Climate Zone 

		Electric Savings kWh/yr 

		Units

		DEER Version

		DEER Baseline Impact IDs



		SFM

		SDGE Existing



		SDG&E Weighted

		126.5

		Per Air Conditioner

		2008

		SFM-wSDGE-vEx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S



		MFM

		SDGE Existing



		SDG&E Weighted

		81.6

		Per Air Conditioner

		2008

		SFM-wSDGE-vEx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S



		DMO

		SDGE Existing



		SDG&E Weighted

		451.2

		Per Air Conditioner

		2008

		DMO-wSDGE-vEx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S



		SFM

		SDGE Existing



		Z08

		153.2

		Per Air Conditioner

		2008

		SFM-w08-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S



		SFM

		SDGE Existing



		Z10

		167.7

		Per Air Conditioner

		2008

		SFM-w10-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S



		SFM

		SDGE Existing



		Z14

		357.6

		Per Air Conditioner

		2008

		SFM-w14-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S



		MFM

		SDGE Existing



		Z08

		94.4

		Per Air Conditioner

		2008

		SFM-w08-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S



		MFM

		SDGE Existing



		Z10

		59

		Per Air Conditioner

		2008

		SFM-w10-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S



		MFM

		SDGE Existing



		Z14

		94

		Per Air Conditioner

		2008

		SFM-w14-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S





[bookmark: _Toc390934034]1.4.1.2 Base Case Costs and Measure Case Costs



The base case cost is zero.

The measure case cost is $98.50 for SFM and DMO building types.

The measure case cost is $78.50 for MFM building type.



Typical hardware cost to the customer is $48.50.



Typical installation time is 15 minutes.  The DEER2008 Costs and Values Summary documentation lists the base rate labor cost for residential HVAC at $67.88 per hour.

$67.88 * 15/60 = $16.97.

The actual installation cost is higher than indicated by the installation time and DEER2008 base labor rate.  Estimates provided by participating contractors indicate the cost is closer to $50 for building types where a single measure is installed per location, such as SFM and DMO building types.  Contractor costs are lower when multiple measures are installed at the same location, such as for MFM building types.  For MFM installations the participating contractors estimate $30 per measure.



Total cost for SFM and DMO building types is:

$48.50 + $50 = $98.50



Total cost for MFM building types is:

$48.50 + $30 = $78.50

[bookmark: _Toc390934035][bookmark: Net_to_Gross]1.4.1.3 Net to Gross Assumption



A net to gross of 0.80 was used per instructions. 



We believe that the actual net to gross for this hardwired installation is at least. 0.90. Since these retrofits are not implemented outside of the program the free ridership is 0%.



[bookmark: _Toc390934036]1.4.1.4 Effective Useful Life / Remaining Useful Life



These measures are retrofit into existing furnaces and air handlers.  The measure life is equal to the remaining life of the furnace/air handler.  



The mean life of a residential central air conditioner is 20.5 years according to ASHRAE Transactions ResearchRef 2. As noted in that paper the average replacement age matches the mean life for a mature population. 



The median age of air conditioners is 8 years according to the 2010 RASS survey. On average then, the average air conditioner will be in place for another 12.5 years. What is more, a large percentage of the air conditioner replacements do not include replacement of the furnace (which is the AC indoor air handler where the measures addressed by this workpaper are installed). 



However we have used a more conservative measure life of 10 years derived from the DEER 2011:

· EUL_ID HV-RefChrg:  is "Typical Refrigerant Charge Adjustment". 

Since the WCC enhanced time delay is a hardwired modification as opposed to an adjustment, it is more durable than HV-RefChrg. To be conservative, the 10 year Effective Useful Life value was obtained directly from DEER2011 without alteration.  



[bookmark: _Toc390934037]1.4.1.5 In-service rate / first year installation rate



The in-service/first year installation rate is 100%.  These measures are reported to the program from the jobsite, at the time of installation.  



[bookmark: _Toc304800206][bookmark: _Toc324318342][bookmark: _Toc324340486][bookmark: _Toc390934038]1.4.2 Codes & Standards Requirements Base Case and Measure Information

Title 20: These measures do not fall under Title 20 of the California Energy Regulations. 

Title 24: These measures do not fall under Title 24 of the California Energy Regulations. 

Federal Standards: These measures do not fall under Federal DOE or EPA Energy Regulations. 



There is no code or standard addressing the residential furnace/AC air handler fan time delay. 



The measure is a potential retrofit to any unit with standard 24V controls that does not operate the indoor fan continuously. 

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


[bookmark: _Toc390934039]1.4.3 EM&V, Market Potential, and Other Studies – Base Case and Measure Case Information

The savings for this measure are derived from the DEER2008 baseline annual end use for cooling and assumed savings of:



		[bookmark: _Toc210466853][bookmark: _Toc226799156][bookmark: _Toc390934067]Table 5: Enhanced Time Delay Annual Savings



		Average cooling savings

		14%



		Savings for units with high efficiency BPM fan motor

		20%







Studies and data supporting these savings levels are presented in sections 1.4.3 - 1.4.4 and in the calculations section of this workpaper.

[bookmark: _Toc390934040]1.4.3.1 Study #1,  California Energy Commission EISG PIER Independent Assessment Report “Proportional Time Delay Relay for Air Conditioner Latent Capacity Recovery”



This section presents the measured energy savings resulting from installing the WCC enhanced fan time delay in California homes within the climate zones served by this program.



This studyRef 3 installed enhanced fan time delay devices into 10 homes in the central valley of California and monitored the pre/post installation cooling energy consumption.  Seven of the homes received a device with control characteristics identical to the WCC device that is installed under this program.  The results from these 7 sites are tabulated below:



[bookmark: _Toc390934068]Table 6: Field Monitored Energy Savings

		Site

		Lemoore

		Fresno #1

		Stockton #1

		Tracy

		Clovis #1

		Clovis #2

		Bakersfield



		Rated Capacity (Btu/h)

		36,000

		36,000

		60,000

		36,000

		42,000

		48,000

		48,000



		Nominal Tons of Cooling Capacity

		3

		3

		5

		3

		3.5

		4

		4



		Refrigerant

		R-22

		R-22

		R-22

		R-410A

		R-22

		R-22

		R-22



		A/C Vintage

		1980

		1990

		1992

		2009

		2000

		2001

		2001



		A/C Type 

		Package

		Package

		Split

		Split

		Split

		Package

		Split



		Fan Motor Type

		PSC

		PSC

		PSC

		PSC

		PSC

		BPM

		PSC



		Existing Fan Delay Time (min)

		0

		1.2

		0

		1.5

		0

		1.5

		1



		Air Flow (CFM)

		690

		1013

		1417

		815

		1270

		1178

		1425



		Air Handler Location

		Rooftop

		Rooftop

		Garage

		Garage

		Attic

		Rooftop

		Attic



		Duct Leakage (CFM @ 25Pa)

		249

		175

		868

		179

		148

		230

		73



		% Cooling Energy Use Reduction

		14%

		14%

		14%

		18%

		9%

		25%

		N/A*





* Insufficient data available to compare energy use at this site



The study included a variety of HVAC equipment types, ages, and performance characteristics.



The study included 3 sites with no pre-existing fan time delay, and 4 sites with an existing time delay of 1.2 to 1.5 minutes.



The average reduction in cooling energy use across all sites was 16%.

The average reduction in cooling energy use for sites with a PSC indoor fan motor was 14%.

One site had a BPM indoor fan motor and experienced a cooling energy use reduction of 25%.



Study Findings:

		Building type 

		Bldg Vintage 

		Climate Zone 

		Electric Savings

		Study units

		Specific study reference



		Residential

		All

		12, 13

		16% average

		HVAC System

		Ref 3



		Residential

		All

		12, 13

		14% for sites with PSC indoor fan motor 

		HVAC System

		Ref 3



		Residential

		All

		12, 13

		25% for site with BPM indoor fan motor

		HVAC System

		Ref 3







[bookmark: _Toc390934041]1.4.3.2 Study #2, 2013 California Building Energy Efficiency Standards Case Report



This section presents laboratory measured data documenting the effect on sensible efficiency of indoor fan time delay controls such as the WCC enhanced fan time delay.



As part of research for the 2013 Title 24 standards, air conditioner testing was performed in a psychrometric facility certified for SEER rating performance testingRef 4.  The tests included a cycling test following the SEER test sequence, but at indoor and outdoor conditions typical for California homes.  These cycling tests included a variety of fan delay lengths and airflows during the fan delay.



The typical existing HVAC system in California has a Permanent Split Capacitor (PSC) indoor fan motor and 350 cfm of airflow per nominal ton of cooling capacity.  The laboratory cycling test results for this scenario are shown in Figure 2 and Table 7.  



Shown are results measured at the unit and the corresponding result if duct losses equivalent to 20% of capacity when the system is operating at full capacity are assumed.  Duct losses limit the maximum length of the fan time delay, but do not diminish the energy savings percentage at moderate time delay lengths as are provided by WCC because the losses that occur during the fan time delay also occur during the compressor cycle.




[bookmark: _Toc390934078]Figure 2: Laboratory Cycling Test Results, 350 CFM/ton, PSC Fan Motor

[image: ]



[bookmark: _Toc390934069]Table 7: Laboratory Cycling Test Results, 350 CFM/ton, PSC Fan Motor

		[bookmark: _Hlk305071621]Cycle

		Condition

		Max Sensible EER

		Time Delay at Max Sensible EER (sec)

		% Energy Savings over No Delay



		No fan delay

		At Unit

		4.51

		0

		-



		

		With Duct Losses

		2.52

		0

		-



		105 sec fan delay 

		At Unit

		6.01

		100

		25%



		[bookmark: _Hlk305069414]

		With Duct Losses

		3.59

		100

		30%



		200 sec fan delay

		At Unit

		6.26

		195

		28%



		

		With Duct Losses

		3.7

		195

		32%



		300 sec fan delay 

		At Unit

		6.98

		300

		35%



		

		With Duct Losses

		3.89

		300

		35%



		610 sec fan delay 

		At Unit

		7.3

		610

		38%



		

		With Duct Losses

		3.75

		360

		33%







Study Findings:

		Building type 

		Bldg Vintage 

		Climate Zone 

		Cooling Savings (%)

		Study units

		Specific study reference



		N/A

		N/A

		N/A

		25% - 38% at unit



30% - 35% with duct losses

		HVAC System

		Ref 4





[bookmark: _Toc390934042]1.4.3.3 Study #3 CEC PIER Study “Energy Performance of Hot Dry Optimized Air Conditioning Systems”



This section presents laboratory measured data documenting the effect on sensible efficiency of indoor fan time delay controls such as the WCC enhanced fan time delay.



Previous dry climate air conditioning research for the California Energy CommissionRef 5 included laboratory testing of indoor fan delays following compressor cycles of various lengths.



[bookmark: _Toc306281137]Figure 3 and Table 8 show Southern California Edison test data contained in the embedded Excel workbookRef 5  in tab "SCE Lab Data", Column O is Sensible EER. For a five-minute time delay, the energy savings range from 29% for a 5-minute cycle to 15% for a 15-minute compressor cycle. This illustrates the relationship between compressor cycle length, fan cycle length, and latent recovery savings opportunity.

[bookmark: _Toc390934079]Figure 3: Sensible EER in enhanced time delay tests at Southern California Edison

[image: ]Sensible EER through 5 minute delay

Sensible EER through 10 minute delay









The calculation to derive Sensible EER is:





Sensible EER =  / Average Watt Draw 

Where: SensibleCapacityRate is in Btus per hour

x is the number of 1 minute time intervals from compressor on






[bookmark: _Toc306281131][bookmark: _Toc390934070]Table 8: Laboratory Results (Southern California Edison)

		Compressor Cycle Length

		End of Compressor Cycle Sensible EER

		Sensible EER after 5 minute fan delay

		Savings



		5 minutes

		6.0

		8.5

		29%



		10 minutes

		6.3

		8.0

		21%



		15 minutes

		6.6

		7.75

		15%











Study Findings:

		Building type 

		Bldg Vintage 

		Climate Zone 

		Cooling Energy Savings (%)

		Study units

		Specific study reference



		N/A

		N/A

		N/A

		15% - 29%

		HVAC System

		Ref 5









[bookmark: _Toc390934043]1.4.3.4 Study #4 FSEC Report “Understanding the Dehumidification Performance of Air-Conditioner Equipment at Part-Load Conditions”



This section presents data reported by the Florida Solar Energy Center dealing with the re-evaporation of air conditioner condensate when the indoor fan continues running after the compressor cycle, and the resulting sensible efficiencies.  



A published report by Henderson et al. Ref 6 details the effect of continuing the airflow through the evaporator after the compressor ends its cycle. A portion of this report is embedded in the Reference Section. Figure 4 (Figure 1-1 on page 1-1 of that study) shows the stored latent capacity during the 12 minutes the compressor is on. When the compressor ends its cycle at 14 minutes on the time scale below the stored capacity is delivered through evaporation as the fan continues to run.

[image: FSEC Dehumidification Study_files\image002.gif]

[bookmark: _Toc306281140][bookmark: _Toc390934080]Figure 4: Stored Latent Capacity and Delivered Sensible Capacity in Fan only Mode (tail) in tests at Florida Solar Energy Center



As shown in Figure 4, the moisture stored on the coil can almost completely be recovered as sensible capacity when the fan is run at an appropriate speed and for an appropriate time. This report details many of the experiments in Florida that identify the measured effect of latent storage and latent recovery. One example is the test by Khattar Ref 7 detailed in Appendix D of the Henderson report. In that test of a three ton unit, the Sensible EER with the compressor on for ten minutes was 5.417. This was followed by a continuing fan run that averaged a Sensible EER of 9.17 over the next five minutes. Combining the compressor on time period and the fan only time period, the Sensible EER averaged 6.67 for a savings of 18.8% with a permanent split capacitor (PSC) motor. 





Study Findings:

		Building type 

		Bldg Vintage 

		Climate Zone 

		Cooling Energy Savings (%)

		Study units

		Specific study reference



		N/A

		N/A

		N/A

		18%

		HVAC System

		Ref 6 and 7









[bookmark: _Toc304800208][bookmark: _Toc324318344][bookmark: _Toc324340488]


[bookmark: _Toc390934044]1.4.4 Assumptions and Calculations from other sources—Base and Measure Cases



[bookmark: _Toc390934045]1.4.4.1 Calculations from Laboratory Measured Data



This section presents calculations based the laboratory results documented in section 1.4.3.2 to forecast the savings that occur when more efficient and variable speed indoor fan motors are used during the fan delay.



The laboratory data from the California Title 24 research shows the following sensible capacity characteristics during the air conditioner compressor cycle and subsequent fan cycle:

[bookmark: _Toc390934081]Figure 5: Gross Sensible Cooling Capacity through Complete Cycle

Compressor Cycle

Fan Cycle

Maximum compressor cycle gross sensible capacity







Two data sets are shown in Figure 5.  In one (red O), the indoor fan is operating at 350 CFM/ton during the fan delay as would be the case for a standard PSC fan motor.  In the other (blue triangle), the indoor fan is operating at 216 CFM/ton during the indoor fan delay as would be the case for a variable speed BPM motor which runs at low speed when only the fan is on.  The high speed delay runs for 5 minutes, while the low speed delay runs for 10 minutes.






Normalizing both data sets against the maximum gross sensible capacity measured during the compressor portion of the cycle as shown by the arrow in Figure 5 yields the following characterization of fan cycle sensible capacity relative to the sensible capacity delivered by the compressor:

[bookmark: _Toc390934082]Figure 6: Fan Cycle Sensible Capacity vs. Fan Run Time



[image: ]





From related workpaper SDGE3PMOT102 section 1.4.4.2 and 1.4.3.2, PSC and BPM fan motors in a typical central HVAC system in CA can be characterized as follows:

· PSC motor watt draw during cooling and fan delay = 632W

· BPM motor watt draw during cooling and high speed fan delay = 348W

· BPM motor watt draw during low speed fan delay = 100W






The embedded Excel workbook in Ref 4 shows calculations applying the above fan power characteristics and the fan delay capacity curves in figure 6 to an air conditioning system with the following characteristics:

· 3 tons of cooling capacity

· 350 cfm of airflow per ton of cooling capacity

· Compressor cycle operating EER of 10.0

· Sensible heat ratio (sensible capacity / total capacity) of 0.80

· Compressor cycle duration of 10 minutes



These calculations are conservative for the following reasons:

1. Henderson et al. Ref 6 measured the time from the beginning of the compressor cycle to the advent of condensate draining from the pan.  The time ranged from 11.5 minutes to 34 minutes (Page 3.14, Table 3-7).  This is the time it takes for the coil to be fully saturated with water.  Since the compressor cycles preceding the fan delays in Figure 6 were 6 minutes long, the evaporator coil probably has not reached its maximum water storage capacity.  The capacity available to be recovered as sensible cooling during the fan delay increases as the coil becomes more saturated with water.

2. The calculations below use the conservative assumption that the compressor cycle sensible capacity is a constant.  Since the sensible capacity ramps up from near zero at the beginning of the cycle, the average sensible capacity across the compressor cycle is actually lower.  With a lower average compressor cycle sensible capacity the fan cycle sensible capacity would represent a larger portion of the total, resulting in higher percentage energy savings.

3. These calculations are based on an actual EER of 10.  The average air conditioner in the field actually performs below its rated efficiency.  Lower sensible efficiency during the compressor cycle would result in the very high sensible efficiency fan cycle having a larger impact on cycle average sensible efficiency.



The calculations are as follows:



Compressor Cycle Power = Total Capacity / EER

	= 36,000 BTU/h / 10.0 BTU/W*h

	= 3600 W



Gross Capacity = Total Capacity + Nominal Fan Motor Heat

	= 36,000 BTU/h + 1250 BTU/h per 1000 CFM x 1050/1000 CFM

	= 37,312 BTU/h



Sensible Capacity = Total Capacity x Sensible Heat Ratio

	= 36,000 BTU/h x 0.80

	= 28,800 BTU/h



Gross Sensible Capacity = Gross Capacity * Sensible Heat Ratio

	= 37,312 BTU/h x 0.80

	= 29,850 BTU/h






Fan Cycle Gross Sensible Capacityi = Gross Sensible Capacity x Fi x i

	Where 

Fi is the Normalized fan cycle gross sensible capacity at time i shown in Figure 6

i is the time interval in hours



Fan Cycle Sensible Capacityi = Fan Cycle Gross Sensible Capacityi – Fan Heat

	Where

	Fan Heat = Fan W x 3.412 BTU/W*h x (5/60/60) hours

= 632 W x 3.412 BTU/W*h x (5/60/60) hours 

= 2.995 BTU per 5 second interval for the PSC motor

= 348 W x 3.412 BTU/W*h x (5/60/60) hours 

= 1.647 BTU per 5 second interval for the high speed BPM motor

= 100 W x 3.412 BTU/W*h x (5/60/60) hours 

= 0.474 BTU per 5 second interval for the low speed BPM motor





Fan Cycle Sensible Capacity = 

Where

tmax = the length of the fan time delay

	

	= 1547 BTU for the 5 minute PSC motor fan delay

	= 1626 BTU for the 5 minute high speed BPM fan delay

= 1923 BTU for the 10 minute low speed BPM fan delay





Fan Cycle Energyi = Fan Power x i

	Where

	i is the time interval in hours

	= 632 W x (5/60/60) hours 

	= 0.878 W*h per 5 second interval for the PSC motor

= 348 W x (5/60/60) hours 

	= 0.483 W*h per 5 second interval for the high speed BPM motor

= 100 W x (5/60/60) hours 

= 0.139 W*h per 5 second interval for the low speed BPM motor





Fan Cycle Energy = 

Where

tmax = the length of the fan time delay

	= 51.8 W*h for the 5 minute PSC motor fan delay

	= 28.5 W*h for the 5 minute high speed BPM fan delay

= 16.5 W*h for the 10 minute low speed BPM fan delay



Compressor Cycle Sensible Capacity = Sensible Capacity x Cycle Duration

	= 28,800 BTU/h x (10/60)hours

	= 4800 BTU for a 10 minute compressor cycle



Compressor Cycle Energy = Compressor Cycle Power x Cycle Duration

	= 3600 W x (10/60)hours

	= 600 W*h for a 10 minute compressor cycle






Full Cycle Sensible Capacity = Compressor Cycle Sensible Capacity + Fan Cycle Sensible Capacity

	= 4800 BTU + 1547 BTU

	= 6347 BTU for the full cycle with 5 minute PSC fan delay

	= 4800 BTU = 1626 BTU

	= 6424 BTU for the full cycle with 5 minute high speed BPM fan delay

	= 4800 BTU + 1923 BTU

	= 6723 BTU for the full cycle with 10 minute low speed BPM fan delay



Full Cycle Energy = Compressor Cycle Energy + Fan Cycle Energy

	= 600 W*h + 51.8 W*h

	= 651.8 W*h for the full cycle with 5 minute PSC fan delay

	= 600 W*h + 28.5 W*h

	= 628.5 W*h for the full cycle with 5 minute high speed BPM fan delay

	= 600 W*h + 16.5 W*h

	= 616.5 W*h for the full cycle with 10 minute low speed BPM fan delay



Full Cycle Net Sensible EER = Full Cycle Sensible Capacity / Full Cycle Energy

	= 4800 BTU / 600 W*h

= 8.00 BTU/W*h for the compressor cycle with no fan delay

= 6347 BTU / 651.8 W*h

	= 9.74 BTU/W*h for the full cycle with 5 minute PSC fan delay

	= 6424 BTU / 628.5 W*h

	= 10.23 BTU/W*h for the full cycle with 5 minute high speed BPM fan delay

	= 6723 BTU / 616.5 W*h

	= 10.90 BTU/W*h for the full cycle with 10 minute low speed BPM fan delay



Energy Savings Percentage = 

where:

subscript 1 = initial condition

subscript 2 = final condition



= (9.74 – 8.00) / 9.74 =18% savings for the 5 minute PSC fan delay

= (10.23 – 8.00) / 10.23 =22% savings for the 5 minute high speed BPM fan delay

= (10.90 – 8.00) / 10.90 =27% savings for the 10 minute low speed BPM fan delay



[bookmark: _Toc390934071]Table 9: Calculated Savings by Fan Motor and Delay Type

		

		No

fan delay

		PSC

5 min delay

		BPM hi spd

5 min delay

		BPM lo spd 10 min delay



		Fan Cycle Net Sensible Capacity (BTU)

		0

		1547

		1626

		1923



		Full Cycle Net Sensible Capacity (BTU)

		4800

		6347

		6426

		6723



		Fan Cycle W*h

		0

		51.8

		28.5

		16.5



		Full Cycle W*h

		600

		651.8

		628.5

		616.5



		Fan Cycle Net Sensible EER (BTU/W*h)

		-

		29.9

		57.1

		116.3



		Full Cycle Net Sensible EER (BTU/W*h)

		8

		9.74

		10.23

		10.90



		Cooling Energy Savings

		-

		18%

		22%

		27%










Calculated Energy Savings: 

		Building type 

		Bldg Vintage 

		Climate Zone 

		Cooling Energy Savings (%)

		Study units

		Specific study reference



		N/A

		N/A

		N/A

		PSC: 18%



BPM:  22% - 27%

		HVAC System

		Ref 4









[bookmark: _Toc390934046]1.4.4.2 Air Conditioning Peak Population Characteristics



Within the residential population there are three significant modes of air conditioner peak

demand as follows:

· Residences where the air conditioners run continuously for some or all of the peak hours. The continuously running AC group consists of air conditioners that cannot meet the load either because they are small or the load is excessive (such as is caused by a thermostat adjustment to a lower temperature).  

· The BPM measure peak demand reduction for these units is the reduction in fan motor watt draw.

· Residences that have air conditioners that are cycling during these hours.  

· The BPM measure peak demand reduction for these units is a function of the cooling efficiency improvement resulting from the higher efficiency BPM motor and dry climate fan control.

· Residences where the air conditioners are off during the peak hours.



Research performed by Proctor Engineering for PG&E Contract #4400000873 included a compilation of air conditioning peak operation characteristics from studies in five cities. (ref 9).



Among the cities studied, the Fresno, CA population found the lowest fraction of operating units cycling at peak.  Of the Fresno units that were operating at peak, 55% were cycling.



Of all units in the Fresno study, 36% were running continuously at peak.





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. This measure has a DEER2008 load shape, i.e. the load shape starts with “DEER:” the TOU adjustment factor assigned to that measure should be zero.



If a non-DEER load shape is used, the applicable TOU correction factor is calculated as:





where 

kWAC is the kW savings associated with the A/C unit, and 

kWTotal is the total kW savings for the sum of kW measures. 



100% of the savings for this measure are associated with the A/C unit.

The TOU factor is 100%.

[bookmark: _Toc304800209]1.5 Summary of Inputs for Savings Calculations 



For the general population of units served by this program, it is assumed that the majority of units are equipped with standard efficiency PSC fan motors.  Historically, greater than 95% of the units serviced under the program have had PSC motors.  For these PSC units:

· Section 1.4.3.1 found 14% average savings in the field

· Section 1.4.3.2 found lab measured savings exceeding 25%, even with assumed duct losses

· Section 1.4.3.4 found 18% savings

· Section 1.4.4.1 shows 18% savings

The PSC savings are set at 14%, which is taken directly from the independent assessment in section 1.4.3.1.



Associated workpaper SDGE3PMOT102 addresses measures which retrofit BPM fan motors into PSC furnaces and air handlers.  For these BPM units:

· Section 1.4.3.1 found measured savings of 25% in the field

· Section 1.4.3.3 found savings of 15% to 29% depending on compressor cycle length

· Section 1.4.4.1 shows savings of 22% to 27% for a 10 minute compressor cycle

The BPM savings are estimated at 20%, which is conservative relative to the field measured savings from the independent assessment in section 1.4.3.1.



The following table provides references to sections that document the inputs for calculation:



[bookmark: _Toc390934072]Table 10: References for Calculation Inputs

		Input Variable

		Variations

		Base Case 1 

		Base Case 2 

		Measure Case Value

		Reference Section



		Electric Savings 



		CZ, BT

		DEER2008 Existing

		

		14% cooling energy use reduction

		Section 1.4.3.1 





		Electric Savings BPM

		CZ, BT

		DEER2008 Existing

		

		20% cooling energy use reduction

		Section 1.4.3.1

Section 1.4.4.1



		

		

		

		

		

		



		Hours of operation

		CZ, BT

		DEER2008 Existing

		

		

		



		Full Cost 

		ER

		

		

		$100

		Section 1.4.1.2



		Incremental Cost

		ER

		

		

		$100

		Section 1.4.1.2



		EUL /RUL

		ER

		

		

		10

		Section 1.4.1.4



		NTG

		.7

		

		

		

		Section 1.4.1.3



		ISR

		Applies -- Yes / No 

		

		

		

		



		TOU Factor

		A/C projects only

		

		

		

		Section 1.4.5





[bookmark: _Toc304800210][bookmark: _Toc324340489][bookmark: _Toc390934047]
Section 2. Calculation Methods

[bookmark: _Toc304800211][bookmark: _Toc324318365][bookmark: _Toc324340494][bookmark: _Toc390934048]2.1 Electric Energy Savings Estimation Methodologies

[bookmark: _Toc304800212][bookmark: _Toc324318366][bookmark: _Toc324340495]

The Annual Energy Savings and Peak Reductions were calculated in the embedded workbook in Appendix A using the following calculations:









where,



	is the Baseline Annual Energy Consumption from:
Technology ID D08-RE-HV-ResAC-14S for Residential Installation weighted by vintage and climate zone for SDG&E, The DEER2008 Impact IDs used are listed in Table 2 and Table 3.



	is 14% Energy Savings from Section 1.5. 



[bookmark: _Toc390934049]2.2. Demand Reduction Estimation Methodologies



The Demand Reduction values were calculated as:









where,





 = 





	is the Baseline Average Tonnage from: Technology ID D08-RE-HV-ResAC-14S for Residential Installation weighted by vintage and climate zone for SDG&E, The DEER2008 Run IDs used are listed in Table 2 and Table 3.



	is the Peak EER of 7



	is the Percentage Energy Savings from Table 10



	is 55% is the percentage of units assumed to be cycling at peak (section 1.4.4.2)




[bookmark: _Toc304800213][bookmark: _Toc324318367][bookmark: _Toc324340496][bookmark: _Toc390934050]2.3. Gas Energy Savings Estimation Methodologies

[bookmark: _Toc304800214][bookmark: _Toc324318368][bookmark: _Toc324340497]

This measure does not produce gas savings or interact with the HVAC system during heating operation.



[bookmark: _Toc390934051]Section 3. Load Shapes 

[bookmark: _Toc173742996][bookmark: _Toc304800215][bookmark: _Toc324318369][bookmark: _Toc324340498][bookmark: _Toc390934052]3.1 Base Case Load Shapes

[bookmark: _Toc173742997]

The base case load shape would be expected to follow a typical residential HVAC end use load shape for a particular building type (single family, multi-family, mobile home).  The appropriate base case load shape would represent existing HVAC equipment types and performance levels.

Load shapes that represent code base HVAC performance are not appropriate for this measure because the program addresses existing systems with the performance degradations that are typical to existing HVAC systems in California.

[bookmark: _Toc304800216][bookmark: _Toc324318370][bookmark: _Toc324340499][bookmark: _Toc390934053]3.2 Measure Load Shapes



The closest load shape chosen for this measure is the DEER:HVAC_Refrig_Charge load shape.  The DEER:HVAC_Refrig_Charge load shape was selected because it represents existing air conditioning systems.



Alternatively, this measure is represented by non-DEER load shape 26 = Res. Central Air Conditioning.  If load shape 26 is use, the applicable TOU factor is 100%.



[bookmark: _Toc390934073]Table 11: Base Case Building Types and Load Shapes

		Building Type

		E3 Alt. Building Type

		Load Shape



		SFM

		RES

		DEER:HVAC_Refrig_Charge



		MFM

		RES

		DEER:HVAC_Refrig_Charge



		DMO

		RES

		DEER:HVAC_Refrig_Charge





[bookmark: _Toc304800217][bookmark: _Toc324318371][bookmark: _Toc324340500]

[bookmark: _Toc390934054]Section 4. Base Case & Measure Costs

[bookmark: _Toc304800218][bookmark: _Toc324318372][bookmark: _Toc324340501]

[bookmark: _Toc390934055]4.1 Base Case(s) Costs

The base case cost is zero. 



[bookmark: _Toc304800219][bookmark: _Toc324318373][bookmark: _Toc324340502]


[bookmark: _Toc390934056]4.2 Measure Case Costs 

The Measure Case Costs are:



[bookmark: _Toc390934074]Table 12:  Measure Case Costs

		Measure Code

		Measure Application Type

		Baseline

		Equipment Cost

		Labor / Installation Cost

		Maintenance / Other Cost

		Total Measure Case Cost



		XXX – SFM, DMO

		ER

		Existing

		$48.50

		$50

		$0

		$98.50



		XXX - MFM

		ER

		Existing

		$48.50

		$30

		$0

		$78.50





All costs are noted as $ per measure unit



Measure costs were calculated as described in section 1.4.1.2.



[bookmark: _Toc304800220][bookmark: _Toc324318374][bookmark: _Toc324340503][bookmark: _Toc390934057]4.3 Incremental & Full Measure Costs



Typical hardware cost to the customer is $48.50.



Typical installation time is 15 minutes.  The DEER2008 Costs and Values Summary documentation lists the base rate labor cost for residential HVAC at $67.88 per hour.

$67.88 * 15/60 = $16.97.

The actual installation cost is higher than indicated by the installation time and DEER2008 base labor rate.  Estimates provided by participating contractors indicate the cost is closer to $50 for building types where a single measure is installed per location, such as SFM and DMO building types.  Contractor costs are lower when multiple measures are installed at the same location, such as for MFM building types.  For MFM installations the participating contractors estimate $30 per measure.



Total cost for SFM and DMO building types is:

$48.50 + $50 = $98.50



Total cost for MFM building types is:

$48.50 + $30 = $78.50





[bookmark: _Toc326911410][bookmark: _Toc390934075]Table 13: Total Measure Cost

		Measure Description

		Labor

		Material

		Total Unit Cost



		HVAC Install Enhanced Time Delay, Building Types SFM, DMO

		$50

		$48.50

		$98.50



		HVAC Install Enhanced Time Delay, Building Types MFM

		$30

		$48.50

		$78.50







[bookmark: _Toc324318375][bookmark: _Toc324340504][bookmark: _Toc390934058]4.3.1 Gross Measure Cost

Gross 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 Measure Application Type(s) is(are) ER for the First baseline period only (RUL) or NC for a single baseline period, so the Gross Measure Cost (GMC) is represented by the equation below:



GMC = Measure Equipment Cost + Measure Labor Cost



GMC = $48.50         per (unit) + $50        per (unit) =  $98.50         per(unit) for SFM, DMO

GMC = $48.50         per (unit) + $30        per (unit) =  $78.50         per(unit) for MFM







[bookmark: _Toc324318376][bookmark: _Toc324340505][bookmark: _Toc390934059][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 Types is ER. There is no base case to which to compare the measure, so the Incremental Measure Cost (IMC) is represented by the equation below:



IMC = Measure Equipment Cost + Measure Labor Cost



IMC = $48.50         per (unit) + $50        per (unit) =  $98.50         per(unit) for SFM, DMO

IMC = $48.50         per (unit) + $30        per (unit) =  $78.50         per(unit) for MFM





[bookmark: _Toc390934076]Table 14:  Measure Total and Incremental Costs

		Measure ID

		Measure Application Types

		Base Case Total Cost

		Measure Case Total Cost

		Gross Measure Case Cost

		Incremental Measure Cost



		XXX – 

SFM, DMO

		ER

		0

		98.50

		98.50

		98.50



		XXX – 

MFM

		ER

		0

		78.50

		78.50

		78.50









[bookmark: _MON_1382719630][bookmark: _Toc324340506][bookmark: _Toc324318377][bookmark: _Toc324340404]




[bookmark: _Toc324318378][bookmark: _Toc324340508][bookmark: _Toc390934060][bookmark: _Toc304800222]Input Appendices



[bookmark: _Toc324318379][bookmark: _Toc324340509][bookmark: _Toc390934061]A. (1.4.1) DEER Base Case and Measure Case Information 



[bookmark: _Toc324318383][bookmark: _Toc324340513]The DEER2008 baseline records and savings calculations are provided in the embedded spreadsheet:
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Drop down


			Drop Down Selections																		UNIT (currently in MDSS)


			Measure Application Type			Building Type			Building Vintage			Climate Zone			Unit Definition						ACRE


			ER			ALC			OTR			ALL									AERATOR


			ROB			ASM			03			OTR									APARTMENT


			NC			BCR			05			Z01									CASE DOOR


						DMO			75			Z02									CERTIFICATE


						ECC			85			Z03									CLOSER


						EPR			96			Z04									CLOTHES WASHER


						ERC			AV			Z05									CONTROLLER


						ESE			M1			Z06									DESKTOP


						EUN			M2			Z07									DISH WASHER


						FRM			M3			Z08									DOOR


						GRO			M4			Z09									DWELLING UNIT


						GST			NW			Z10									EXIT SIGN


						HSP						Z11									FIXTURE


						HTB						Z12									FIXTURE HEAD


						HTL						Z13									FOOT


						MBT						Z14									FURNACE


						MFM						Z15									GRIDDLE


						MLI						Z16									HORSEPOWER


						MTL						ZCO									HOUSEHOLD


						NRS						ZVA									HP


						OFL															HPWH


						OFS															ICE MACHINE


						OTI															KW CONTROLLED


						OTR															CONNECTED KW REDUCED


						RES															KW REDUCED


						RFF															KW REDUCTION


						RSD															KWH


						RT3															LAMP


						RTL															LETTER


						RTS															LIN. FT.


						S20															LINEAR FEET


						S26															LINEAR FT


						S28															MACHINE


						S29															MBTUH


						S33															MBTUH INPUT


						SCN															MEASURE


						SFM															MONITOR


						SMO															MOTOR


						SUN															NOZZLE


						WRF															OVEN


																					PER FIXTURE


																					PER SENSOR


																					PHOTOCELL


																					POUNDS


																					POWER SUPPLY


																					PUMP


																					REFRIGERATOR


																					SENSOR


																					SHOWERHEAD


																					SIGN


																					SINGLE OVEN


																					SOFTWARE


																					SQ FT


																					SQ FT


																					SQ. FT.


																					SQ. FT.


																					SQUARE FOOT


																					SQUARE FOOT


																					STEAMER


																					SYSTEM


																					TELEVISION


																					TEST


																					THERM


																					TIME CLOCK


																					TIMER


																					TON


																					TRAP


																					UNIT


																					VAT


																					VENDING MACHINE


																					VFD


																					WATER HEATER


																					WORKSTATION








WP Planning Template


			File Name						WP_Planning_Template_SDGE3PHVC150v0.xlsx


			Revision 						0


			Revision Date						11/21/12


			WP Title: 						SDGE3PHVC150


			Author Name, Company						Abram Conant, Proctor Engineering Group


			Delivery Channel						Downstream


			Residential or Non-Res						Residential





																											1st Baseline																								2nd Baseline


			Measure Code			VersionSource			Measure 
Description			Measure Application Type			Building Type			Building Vintage			Climate Zone			Unit Definition			KW
Peak Electric Demand Reduction			KWh
Electric Savings			THM
Gas Savings			(EUL) LIFE CYCLE			Base Case Cost ($/unit)			Measure Cost ($/unit)			Labor Cost ($/unit)			IMC
Incremental 
Measure
Cost ($/unit)			KW
Peak Electric Demand Reduction			KWh
Electric Savings			THM
Gas Savings			LIFE CYCLE			Base Case Cost ($/unit)			Measure Cost ($/unit)			Labor Cost ($/unit)			IMC
Incremental 
Measure
Cost ($/unit)			GRR_kW			GRR_kWh			GRR_thm			NTG			Implementation Method
 [DI, DD, I]			ISR


			XXX			DEER2008			Western Cooling Control			RET			SFM			AV			Z06			Air Conditioner			0.338			80.1			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.338			80.1			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			SFM			AV			Z07			Air Conditioner			0.252			76.3			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.252			76.3			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			SFM			AV			Z08			Air Conditioner			0.318			153.2			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.318			153.2			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			SFM			AV			Z10			Air Conditioner			0.333			167.7			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.333			167.7			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			SFM			AV			Z14			Air Conditioner			0.446			357.6			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.446			357.6			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			SFM			AV			Z15			Air Conditioner			0.548			510.1			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.548			510.1			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			SFM			AV			SDG&E Weighted			Air Conditioner			0.304			126.5			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.304			126.5			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			MFM			AV			Z06			Air Conditioner			0.196			46.4			0			10			0			78.5			30			78.5			0			0			0			0			0			0			0			0			0.196			46.4			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			MFM			AV			Z07			Air Conditioner			0.196			59.4			0			10			0			78.5			30			78.5			0			0			0			0			0			0			0			0			0.196			59.4			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			MFM			AV			Z08			Air Conditioner			0.196			94.4			0			10			0			78.5			30			78.5			0			0			0			0			0			0			0			0			0.196			94.4			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			MFM			AV			Z10			Air Conditioner			0.196			98.6			0			10			0			78.5			30			78.5			0			0			0			0			0			0			0			0			0.196			98.6			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			MFM			AV			Z14			Air Conditioner			0.196			157.1			0			10			0			78.5			30			78.5			0			0			0			0			0			0			0			0			0.196			157.1			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			MFM			AV			Z15			Air Conditioner			0.196			182.4			0			10			0			78.5			30			78.5			0			0			0			0			0			0			0			0			0.196			182.4			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			MFM			AV			SDG&E Weighted			Air Conditioner			0.196			81.6			0			10			0			78.5			30			78.5			0			0			0			0			0			0			0			0			0.196			81.6			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			DMO			AV			Z07			Air Conditioner			0.323			306.5			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.323			306.5			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			DMO			AV			Z08			Air Conditioner			0.323			624.3			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.323			624.3			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			DMO			AV			Z10			Air Conditioner			0.323			476.5			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.323			476.5			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			DMO			AV			Z14			Air Conditioner			0.323			783.2			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.323			783.2			0			0.8			I			1


			XXX			DEER2008			Western Cooling Control			RET			DMO			AV			SDG&E Weighted			Air Conditioner			0.323			451.2			0			10			0			98.5			50			98.5			0			0			0			0			0			0			0			0			0.323			451.2			0			0.8			I			1








Calculations








Unit definitions


			SPTdb NormUnits


			Code			Description


			Area-ft2			area (ft2)


			Building			building


			Cap-kBTUh			input capacity (kBTUh)


			Cap-kW			input capacity (kW)


			Cap-MBTUh			input capacity (MBTUh)


			Cap-Tons			tons cooling capacity


			Each			appliance


			Fixture			fixture


			Flow-CFM			CFM air flow


			Flow-GPM			gallons per minute


			Household			house or household


			Installation			equipment count


			Lamp			lamp


			Len-ft			length (feet)


			Ctrl-kW			kW Controlled


			Rated-HP			nameplate HP


			SurfArea-ft2			surface area (ft2)


			kWh			per annual kWh consumption


			therm			per annual therm consumption


			tbd			tbd


			Area-Acre			per Acre


			Area-1kFP			1,000 sqft footprint


			Area-1kH			1,000 sqft house


			Area-1kR			1,000 sqft roof


			Area-1kW			1,000 sqft wall (exc. windows)


			Area-100win			100 sqft window
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1 Introduction

Data from a linuted number of field studies (Khattar et al. 1985; Henderson and Rengarajan
1996; Henderson 1998) have demonstated that the maisnre removalcapacityof 3 cooling coil
degradesat artoad conditions — especially when the upply an opesaes coniuonsly.
Degradation ocurs becavse maisteetht condeses onth col sufices ding th cooling
el cvaporates back no i sieam when the coil s of e Fguwe 1-1), As 3 el  cooling
ol thatcycleson an offinresoase to3 hermostat sigaal will aveIess et mostse remofal.
35 the system spends mre time withthe cofl deacivated.

Measured Cooing CollPeromance @ Fated Condions

‘supply i Fan
Opersed Cominsousty

Lttty (0B

ol

e i)

Figure 1-1. On-Cycle Condensation and Off-Cycle Evaporation of Moisture from a
Cooling Coil (Henderson 1990)

Understanding the moisture-removal performance of coolng equipment over the range of
expected operating conditions s critical o predicting the indoor humnidiy levels that result when
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Savings Calculation WCC Enhanced Time Delay.xlsx

Sheet1


			ImpactID			 LoadShapeID			 DEER Measure			 Base case			 Efficiency Case			 Building Type			 Climate			 Vintage			 HVAC System			 Technology ID			 Technology Index			 Base: Technology Description			 Energy Common Units 1 description			 Energy Common Units 2 description			 Number Energy Common Units 1			 Number Energy Common Units 2			 Total area (sqft)			 Base : Annual End-Use: Elec Cooling (kWh)			 Base : Annual End-Use: Elec Ventilation (kWh)			 Base : Annual End-Use: Elec Cooling (kW)			 Base : Annual End-Use: Elec Ventilation (kW)			 Base : Annual End-Use: Gas Heating (therm)			 Base : Whole building cooling EFLH (peak load base) (hours)			 Base : Whole building cooling EFLH (capacity base) (hours)			 Base : Furnace EFLH (peak load base) (hours)			 Base : Furnace EFLH (capacity base) (hours)			 


			SFM-w06-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			SFM-w06-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Single Family			Los Angeles Area (CZ06)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			3.65872			1			2187.77			571.816			181.35			1.89239			0.262061			207.162			256.581			155.46			699.892			189.244


			SFM-w07-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			SFM-w07-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Single Family			San Diego Area (CZ07)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			2.72589			1			1949.08			545.165			148.726			1.83882			0.255176			148.138			264.804			202.208			514.217			188.877


			SFM-w08-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			SFM-w08-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Single Family			El Toro Area (CZ08)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			3.43963			1			2115.52			1094.21			237.83			2.59069			0.343592			186.465			425.825			302.347			647.182			184.105


			SFM-w10-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			SFM-w10-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Single Family			San Bernardino Area (CZ10)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			3.60767			1			1827.68			1198.14			265.78			2.62011			0.327355			228.718			470.932			301.966			758.123			222.255


			SFM-w14-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			SFM-w14-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Single Family			China Lake Area (CZ14)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			4.82693			1			1644.59			2554.26			488.578			3.83335			0.483053			290.983			713.523			437.246			813.903			233.838


			SFM-w15-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			SFM-w15-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Single Family			Blythe Area (CZ15)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			5.92795			1			1595.91			3643.8			498.341			4.38737			0.505481			133.717			928.895			472.864			435.175			92.9142


			SFM-wSDGE-vEx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			SFM-wSDGE-vEx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Single Family			SDG&E Territory (Weighted)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			3.28589			1			1917.43			903.343			213.649			2.25595			0.295171			192.624			370.328			249.151			647.626			203.316


			DMO-w07-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			DMO-w07-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Double-Wide Mobile			San Diego Area (CZ07)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			3.49755			1			1210.16			2189.06			292.315			3.88436			0.374038			139.083			501.846			445.957			450.962			155.214


			DMO-w08-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			DMO-w08-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Double-Wide Mobile			El Toro Area (CZ08)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			3.49708			1			1196			4458.97			485.76			5.41889			0.471286			136.488			723.332			814.302			437.457			154.549


			DMO-w10-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			DMO-w10-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Double-Wide Mobile			San Bernardino Area (CZ10)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			3.49786			1			1219.79			3403.91			442.387			5.16191			0.452142			215.239			729.646			613.903			562.033			255.274


			DMO-w14-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			DMO-w14-vSDx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Double-Wide Mobile			China Lake Area (CZ14)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			10 SEER (9.31 EER) Split System Air Conditioner			tons served cooling cap			household			3.49708			1			1196			5594.36			680.45			6.18176			0.504853			310.485			958.087			873.329			542.987			382.805


			DMO-wSDGE-vEx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			DMO-wSDGE-vEx-hAC-tWt-bCA-eMS-mRE-HV-ResAC-14S			1			Customer Average			Measure			Residential - Double-Wide Mobile			SDG&E Territory (Weighted)			SDGE Existing			RAC			D08-RE-HV-ResAC-14S			0			multiple base efficiency levels used, example: 13 SEER (11.09 EER) Split System Air Conditioner			tons served cooling cap			household			3.49775			1			1216.5			3223.12			415.519			4.92153			0.43756			196.425			684.464			591.368			533.157			230.706











			Peak Assumptions


			55%			Percent of operating units cycling at peak





			Savings Assumptions


			14%			Cooling savings





			2.12			Average AC tonnage MFM (average of multi family units served in California over the past 5 years)








						Vintage			Climate Zone			Building Type			kWh Savings/AC			kW Reduction/AC


						SDG&E Weighted			6			SFM			80			0.34


						SDG&E Weighted			7			SFM			76			0.25


						SDG&E Weighted			8			SFM			153			0.32


						SDG&E Weighted			10			SFM			168			0.33


						SDG&E Weighted			14			SFM			358			0.45


						SDG&E Weighted			15			SFM			510			0.55


						SDG&E Weighted			SDG&E Weighted			SFM			126			0.30


						SDG&E Weighted			6			MFM			46			0.20			where multi family baseline use is scaled according to the relative tonnage of the air conditioner


						SDG&E Weighted			7			MFM			59			0.20


						SDG&E Weighted			8			MFM			94			0.20


						SDG&E Weighted			10			MFM			99			0.20


						SDG&E Weighted			14			MFM			157			0.20


						SDG&E Weighted			15			MFM			182			0.20


						SDG&E Weighted			SDG&E Weighted			MFM			82			0.20


						SDG&E Weighted			7			DMO			306			0.32


						SDG&E Weighted			8			DMO			624			0.32


						SDG&E Weighted			10			DMO			477			0.32


						SDG&E Weighted			14			DMO			783			0.32


						SDG&E Weighted			SDG&E Weighted			DMO			451			0.32
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ARI STANDARD 210/240-2003             
 
 



Table 3.  Conditions for Standard Rating Tests and Operating Requirement Tests for Air-
cooled Equipment Using Appendix C  



 
INDOOR UNIT 



 
OUTDOOR UNIT 



 
Air Entering 



 
Air Entering 



 
 
 
 



TEST  
Dry-Bulb 



°F °C 



 
Wet-Bulb 



°F °C 



 
Dry-Bulb 



°F °C 



 
Wet-Bulb 



°F °C 



 
Standard Rating Conditions 
"A" Cooling Steady State 1 



 
80.0 26.7 



 
67.0 19.4 



 
95.0 35.0 
 



 
75.0 2 23.9 
 



 
"B" Cooling Steady State 



 
80.0 26.7 



 
67.0 19.4 



 
82.0 27.8 



 
65.0 2 18.3 



 
"C" Cooling Steady State Dry Coil 



 
80.0 26.7 



 
57.0 5 13.9 



 
82.0 27.8 



 
65.0 2 18.3 



 
"D" Cooling Cyclic Dry Coil 



 
80.0 26.7 



 
57.0 5 13.9 



 
82.0 27.8 



 
65.0 2 18.3 



 
Low Temperature Operation 
Cooling 



 
67.0 19.4 
 



 
57.0 13.9 



 
67.0 19.4 



 
57.0 2 13.9 



 
Insulation Efficiency 



 
80.0 26.7 
 



 
75.0 23.9 



 
80.0 26.7 



 
75.0 2 23.9 



 
Condensate Disposal 



 
80.0 26.7 



 
75.0 23.9 



 
80.0 26.7 



 
75.0 2 23.9 



 
C



O
O



LI
N



G
 



 
Maximum Operating Conditions 



 
80.0 26.7 



 
67.0 19.4 



 
115.0 46.1 



 
75.0 2 23.9 



 
Standard Rating Conditions 
High Temperature Heating 3 
Steady State 



 
70.0 21.1 



 
60.0 15.6 
(max) 
 



 
47.0 8.3 



 
43.0 6.1 



 
High Temperature Heating Cyclic 



 
70.0 21.1 



 
60.0 15.6 
(max) 



 
47.0 8.3 



 
43.0 6.1 



 
High Temperature Heating4 
Steady State 



 
70.0 21.1 



 
60.0 15.6 
(max) 



 
62.0 16.7 



 
56.5 13.6 



 
Low Temperature Heating 
Steady State 



 
70.0 21.1 
 



 
60.0 15.6 
(max) 



 
17.0 -8.3 



 
15.0 -9.4 



 
Frost Accumulation 



 
70.0 21.1 



 
60.0 15.6 
(max) 



 
35.0 1.7 



 
33.0 0.6 



 
H



EA
TI



N
G



 



 
Maximum Operating Conditions 



 
80.0 26.7 



 
  - - 



 
75.0 23.9 



 
65.0 18.3 



 
Notes: 
1 Same conditions used for Voltage Tolerance Tests. 
2 The wet-bulb temperature condition is not required when testing air-cooled condensers which do not evaporate 



condensate. 
3 Same conditions used for Voltage Tolerance Tests (Heating-only units). 
4 For two speed, two compressor or units with compressor unloading capability. 
5 Wet-bulb temperature sufficiently low that no condensate forms on evaporator. 
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ABSTRACT



A series of studies of heat pump service life were
performed in the early- to mid-1980s, beginning with a survey
in Alabama in 1984 (Lovvorn and Hiller 1985; Pientka 1987;
Bucher et al. 1990; Lovvorn and Hiller 1987). The current
paper describes results of a follow-up heat pump life survey
performed in Alabama in 1997, some 13 years after the orig-
inal study. This follow-up survey was performed more than ten
years after the original work, so equipment survival curves
could be reexamined after a greater number of units had been
replaced. Major findings of the current study include the
following:



1. Median heat pump service life in Alabama is approximately
20.5 years, which is nearly the same as in the 1984 study.



2. Average age at replacement of units that had been replaced
increased to 18.2 years, up from 13.5 years in the 1984
study—this increase was expected because a greater
number of units have now been replaced and the survey
population age has increased.



3. Approximately 63% of units removed from service were still
operational, up from slightly less than 50% in the 1984
study.



4. Approximately 90% of sites still had heat pumps.



INTRODUCTION



While the original heat pump life studies performed in the
1980s provided the first scientifically verifiable information
on heat pump service life, it was clear that the heat pump
industry was still maturing because of the great increase in the
number of heat pumps installed during the 1970s and 1980s



compared to prior years. A follow-up heat pump life study in
Alabama was performed in 1997 to reexamine heat pump
service life after a greater number of units had been replaced
(Lovvorn et al. 2001).



METHODOLOGY



A telephone survey was performed of locations where
records indicated that heat pumps had once been installed.
Similar to all the earlier heat pump life studies, a telephone
survey was deemed to be the most cost-effective method of
gathering the needed information in a timely manner. The
survey questionnaire was developed based on experience
gained with the previous heat pump life studies. An indepen-
dent market research firm performed the actual survey. The
survey was structured as a general heating and cooling survey
to avoid biasing results, and the sponsor was not identified.



A heat pump extended maintenance contract program had
been in operation in Alabama from the 1960s until 1995. This
maintenance contract program provided researchers with a list
of known locations where heat pumps had once been installed
and confirmed their installation dates. While participants were
allowed to remain under the maintenance contract program for
up to ten years, not all did. This study drew its survey sample
from the complete list of former maintenance program homes,
whether or not they remained under the program for the full ten
years. Additionally, the program stopped accepting new
participants in 1985. All heat pumps in the survey installed
after 1985 had never been under the maintenance contract
program, although the home had once had a heat pump that
had been under the program.


THIS PREPRINT IS FOR DISCUSSION PURPOSES ONLY, FOR INCLUSION IN ASHRAE TRANSACTIONS 2002, V. 108, Pt. 2. Not to be reprinted in whole or in
part without written permission of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329.
Opinions, findings, conclusions, or recommendations expressed in this paper are those of the author(s) and do not necessarily reflect the views of ASHRAE. Written
questions and comments regarding this paper should be received at ASHRAE no later than July 5, 2002.
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Survey Sample



The survey sample pool was divided into five groups. The
first four groups corresponded to the same installation time
frames as in the 1984 survey. The fifth group consisted of heat
pumps installed after 1985—the date when no new units were
accepted under the maintenance contract program.



A total potential survey population of 12,566 heat pumps
was identified for units in the first four groups. Table 1 summa-
rizes the numbers of target and actual successfully completed
heat pump surveys.



To ensure a high level of randomness, the listing of home-
owner names was reordered to be alphabetical before selecting
the subsets. However, the small number of the earliest instal-
lation date locations that could be successfully contacted
limited the ability to randomly subdivide the sample of those
units, and attempts were made to contact most of that group.



Beginning in 1972, some brands of heat pumps were
excluded from participation in the maintenance contract
program based on observed maintenance history. Some of the
brands gained reinstatement in the program after making
design improvements. No exclusions of brands were made
after 1985 since units installed after that date could not partic-
ipate in the maintenance contract program because it was
being phased out.



Data Processing and Analysis



Each interview form was first examined to ensure that the
correct interview procedure had been followed and to edit the
information as necessary to clarify it for later database entry.
Coded information was also entered on the survey forms to
allow later correlation and verification with the maintenance
program records.



Next, the data were entered into a computerized database
for further processing. Several computer routines were devel-
oped to identify interviewer errors, internal inconsistencies,
and make comparisons with acceptance standards. Once an
interview form had passed the validation checks, it was
accepted as part of the permanent database. Rejected inter-



views were checked to determine if the problem could be
resolved. Some follow-up contacts were made to clarify
responses.



Actuarial analysis techniques were used to determine
study results (Nelson 1982).



RESULTS



System Types



Information on a total of 2026 heating and cooling
systems was obtained, of which 1818 (89.7%) were heat
pumps. Of the remainder, 172 (8.5%) were central gas
systems, 19 (0.9%) were “central electric,” and 17 (0.8%)
were “other,” such as wood, oil, etc.



The majority (95.9%) of respondents had only one central
heating system. Only 4.1% had an additional heating system,
and 85.5% of those were also heat pumps. The remainder of
“additional heating systems” were 8.4% gas, 2.4% central
electric, and 3.6% other.



Total System Service Life



The parameter that is most correctly used to represent
equipment service life is referred to as “median service life”
and is the age at which 50% of units remain in service and 50%
have been removed from service (Nelson 1982). A discussion
of how median service life is determined and how it relates to
the equipment service life table in ASHRAE handbooks (1999
ASHRAE Handbook—HVAC Applications, Chapter 35) is
given in an ASHRAE Journal article (Hiller 2000).



Figure 1 shows the total heat pump system service life
distribution (percent survival vs. age) for all brands as a group.
The median service life (the age at which 50% of units have
been removed from service and 50% remain in use) for all heat
pumps as a group was found to be approximately 20.5 years.
This result is very similar to the findings of the 1984 study.
However, Figure 1 is valid to much greater total age than in the



TABLE 1  
Survey Population



Group
Year



Installed
Total



Population
Target Number 



of Surveys



Number of
Successfully 
Completed



Surveys



1 1964-1967 663 50 71



2 1967-1971 3449 361 183



3 1972-1974 1943 201 108



4 1974-1985 6511 989 660



5 1986 and 
later



796



Total 12566 1601 1818 Figure 1 Total heat pump system survival vs. age—all
brands.
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1984 study because of the greater number of older heat pumps
now available in the sample. 



No significant differences in service life distribution were
observed for units of different vintages (installed in different
time periods). This is most likely due to the kinds of factors
that were found to most heavily influence heat pump replace-
ment decisions (see later discussion).



Heat Pump Service Life by Brand



More than 20 different heat pump brands are represented
in the data; however, five manufacturers dominate the data-
base. Figures 2 through 7 show the survival curves for different
manufacturers, identified as A, B, C, D, E, and O, where all
heat pumps other than A through E are included in O. The
manufacturer identifiers used here are intentionally different
from those used in the 1984 work.



Manufacturer D heat pumps showed the longest median
service life at between 24 and 25 years. Manufacturers A, B,
C, and E all had median service lives in the 19 to 21 year range.
The median service life of all other brands as a group (shown
as manufacturer O) was around 18 years.



All the equipment life curves have been truncated when
remaining sample size becomes small, typically with less than
25 to 30 units remaining in use in the sample.



Replaced at Failure Heat Pump Service Life



Results of the 1984 study in Alabama showed that nearly
50% of heat pumps that had been removed from service were
still operational when removed. The current study shows that
the number of units still operational when removed has
increased to 63%. More insight on this difference is given later
in the discussion on reasons found for replacing units.



Figure 8 shows the total heat pump system survival curve
that results if we eliminate from the sample units that had been
still operational when removed, thus producing a “replaced
only due to failure” equipment service life distribution. The
observed median service life of heat pumps if only removed
due to failure was approximately 26 years. See the section on
reasons for replacement for more discussion of this result.



Average Age At Replacement



When a comprehensive equipment life study is
performed, it is possible to determine percent survival vs. age,
as well as the average age at which units have been removed
from service (usually a small percentage of the total number of
units). It can be shown mathematically that average age at
replacement is always less than median service life, and that it
asymptotically approaches median service life as the age of
the sample increases.



Figure 2 Manufacturer A heat pump system survival vs.
age. Median = 20.8 years.



Figure 3 Manufacturer B heat pump system survival vs.
age. Median = 19.1 years.



Figure 4 Manufacturer C heat pump system survival vs.
age. Median = 21.1 years.



Figure 5 Manufacturer D heat pump system survival vs.
age. Median = 24.5 years.
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Average age at replacement of total heat pump systems
found in the 1984 study was approximately 13.5 years. Aver-
age age at replacement found in the current study was 18.2
years. This increase was expected, since the average age of the
sample had increased and more units have now been replaced.
Note that in 1984, average age at replacement was less than
70% of the median service life. This percentage has now
increased to almost 90%.



Compressor Life



A compressor life study was performed in the 1980s
(Lovvorn and Hiller 1987), using information from the heat
pump maintenance contract program database. While only ten
years of information was present in the database, a reasonable
projection showed that the median service life of original
factory-installed compressors was approximately 13.5 years.



The current study attempted to collect information on
compressor replacements directly from homeowners. An
analysis of the results showed that due to many of the homes
having changed ownership, information on component
replacements was not reliably obtained from many of the earli-
est units installed and, thus, compressor service life could not
be definitively determined. It was possible to determine that
compressor service life was at least 13.5 years, but how much
more could not be determined. Compressor replacements
were relatively rare in newer vintage units.



Factors Affecting Heat Pump
Replacement Decisions



Between 88% and 92% of removed heat pumps were
replaced with new heat pumps in this study. Figure 9 shows the
most frequently cited reasons for heat pump replacements.
Note that since respondents could give more than one reason,
the results are shown in terms of percentage of responses
rather than percentage of units. The most frequently cited
reason for replacing units was that the unit was simply getting
old in the view of the owner (33% of responses). Unit failure



was the second most cited reason, at 31% of responses. All
other reasons were cited considerably less frequently. When
analyzed in terms of number of units, failure was a factor in
only 38% of replacements, and, when combined with opera-
tional problems, still totaled less than 50%.



Comments on Homeowner Perceptions



Since more than 50% of units were still operational when
replaced and the foremost reason for replacement was the
homeowner’s perception that a unit was “getting old,” survey
results suggest that many replacements are done proactively in
anticipation of a failure that may or may not occur in the near
future.



Respondent comments clearly indicated that mainte-
nance requirements were down for newer vintage units, while
satisfaction was up. This suggests that equipment improve-
ments have improved heat pump performance and reliability
but have not yet increased service life. The reason little service
life increase has been observed is probably because replace-
ments are mostly not failure induced but, rather, are due to
perceptions of anticipated life on the part of the owner. This
means that heat pump median service life would increase if



Figure 6 Manufacturer E heat pump system survival vs.
age. Median = 20.5 years.



Figure 7 Manufacturer O heat pump system survival vs.
age. Median = 18 years.



Figure 8 Heat pump system survival-to-failure vs. age.
Median = 26 years.


4 4560











owners simply let units that had nothing wrong continue to
operate instead of replacing them.



Customer Attitudes Toward Heat Pumps



Respondents were given the opportunity at the end of the
survey to provide additional unstructured comments. Both
positive and negative comments about their satisfaction with
their heat pump were received. However, neutral-to-positive
comments outnumbered negative comments by a 4-to-1
margin (79% positive to 21% negative). Table 2 gives a sample
of the types of neutral and positive comments received, while
Table 3 summarizes negative comments. The “other/general
negative” comments were mostly general statements, such as
“I don’t like heat pumps,” or statements indicating replace-



ment of a heat pump with an alternative heating system with
no comment given.



As Table 2 shows, many heat pump owners were very
enthusiastic about their heat pump. As Table 3 shows, the lead-
ing cause of dissatisfaction with heat pumps is cool discharge
temperatures during heating, though this represents only a
small portion of total responses, and most owners did not voice
this complaint.



CONCLUSIONS



1. Total heat pump system median service life was found to be
20.5 years—similar to results of the 1984 study. Median
service lives of various brands ranged from 18 to approxi-
mately 25 years.



2. Average age at replacement for that subset of the population
that had been replaced was 18.2 years, up from 13.5 years
in the 1984 study. This increase was anticipated because
more heat pumps have now been replaced and the average
age of the survey population has increased. 



3. Approximately 63% of the heat pumps that were replaced
were still operational when replaced, up from slightly less
than 50% in the 1984 study. 



4. The most frequently cited reason for heat pump replace-
ment was that the unit was simply getting old. This indicates
that owner perception of how long their unit will last is a
major factor in determining when units get replaced, and
many units are apparently replaced proactively. Failure was
the second most often cited replacement reason, with
around 38% of units replaced due to failure.



Reason Categories
1. Unit getting old
2. Unit failed
3. Unit having operational problems
4. Wanted efficiency or comfort upgrade
5. Repair costs becoming excessive
6. Advertising and promotion
7. Natural disaster
8. Other
9. Don’t know/none



Figure 9 Heat pump replacement reasons.



TABLE 3  
Negative Comments About Heat Pumps



Issue Percent of Negative Comments



Cool-blow during heating 27%



Excessive heat pump maintenance 10%



Cooling problems 9%



High operating costs 2%



Odor 1%



Other/general negative comment 51%



TABLE 2  
Neutral and Positive Comments About Heat Pumps



Very good Great Fantastic Exceptional Wonderful



Excellent Content Less expensive Crazy about it Comfortable



Best Nice Economical Cleaner Like it



Love it Pleased Perfect Satisfied Delighted



Dependable Happy with it Effective Efficient Sold on it



Fine Wouldn’t trade it for anything Everybody should have one
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5. There were no apparent differences in service life for differ-
ent vintage heat pumps.



6. Estimated service life if units were only replaced at time of
failure was 26 years.



7. Compressor service life could not be definitively deter-
mined, but it was determined to be at least 13. 5 years.



8. The majority of heat pumps were replaced with new heat
pumps—only 8% had switched to an alternative fuel
source.



9. Heat pump owners were generally pleased with their units,
with positive comments outweighing negative by a 4-to1
margin.
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Preface 



 



The Public Interest Energy Research (PIER) Program supports public interest energy research and 



development that will help improve the quality of life in California by bringing environmentally safe, 



affordable, and reliable energy services and products to the marketplace. PIER funding efforts focus on 



the following research, development, and demonstration (RD&D) program areas: 



 



• Building End-Use Energy Efficiency 



• Industrial/Agricultural/Water End-Use Energy Efficiency 



• Renewable Energy Technologies 



• Environmentally Preferred Advanced Generation 



• Energy-Related Environmental Research 



• Energy Systems Integration 



• Transportation 



• Energy Innovations Small Grant Program 



 



The PIER Program, managed by the California Energy Commission (Energy Commission), annually 



awards up to $62 million, five percent of which is allocated to the Energy Innovation Small Grant (EISG) 



Program.  The EISG Program is administered by the San Diego State University Research Foundation 



through the California State University, under contract with the California Energy Commission. 



 



The EISG Program conducts up to six solicitations a year and awards grants for promising proof-of-



concept energy research. 



 



The EISG Program Administrator prepares an Independent Assessment Report (IAR) on all completed 



grant projects. The IAR provides a concise summary and independent assessment of the grant project to 



provide the California Energy Commission and the general public with information that would assist in 



making subsequent funding decisions. The IAR is organized into the following sections: 



• Introduction 



• Project Objectives 



• Project Outcomes (relative to objectives) 



• Conclusions 



• Recommendations 



• Benefits to California 



• Overall Technology Assessment 



• Attachments 



o Attachment A: Final Report (under separate cover) 



o Attachment B: Grantee Comments to Independent Assessment (grantee option) 



 



For more information on the EISG Program or to download a copy of the IAR, please visit the EISG 



program page on the California Energy Commission’s website at: 



http://www.energy.ca.gov/research/innovations or contact the EISG Program Administrator at (619) 594-



1049, or e-mail at: eisgp@energy.state.ca.us. 



 



For more information on the overall PIER Program, please visit the California Energy Commission’s 



website at http://www.energy.ca.gov/research/index.html.  
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Abstract 



 



Residential central air conditioners reduce interior moisture through condensation during the 



cooling cycle. Condensed water is largely removed through a drain, although some is re-



evaporated as the unit’s fan runs for a pre-determined period at the end of each cycle. The 



length of this period is set on a nationwide basis, and in the case of dry climates, it is often not 



long enough to allow evaporation of most condensed moisture, losing the opportunity to 



further cool the coil and increase efficiency. Since moisture reduction is not necessary in dry 



climates, this presents an opportunity to increase fan run times in such locations and gain 



efficiency. 



 



Researchers in this project successfully demonstrated an extended fan delay (enhanced time 



delay or ETD) proportional to the length of compressor run time in ten single family residences 



in California’s warmer and drier climate zones. They analyzed data collected over four to six 



months for operation with and without the ETD device, which is a simple relay in the fan 



control circuit. Results from this demonstration, supported by extensive laboratory testing, 



confirmed energy savings averaging 16 percent. Installation time for the ETD was less than 15 



minutes, and total installed cost was estimated to be roughly $81.   



 



Keywords: Air conditioner efficiency, latent capacity recovery, dry climate air conditioner, ETD 
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Introduction 



 



Residential central air conditioning accounts for a significant portion of California’s residential 



peak load and total energy consumption. Neither the existing stock of such air conditioning 



units nor the new units offered in California have been optimized for operation in dryer 



climates where little if any moisture removal is required. As a consequence, most moisture that 



has condensed on the evaporator coil is drained away, missing the opportunity to provide 



additional cooling through its evaporation at the end of each cooling cycle. 



 



If a cost effective and simple to install device to tailor fan run time for optimal efficiency could 



be added to residential central air conditioners in California’s dryer climate zones, overall peak 



and energy demands could be reduced, saving customers money and reducing emissions. 



 



The researchers proposed to develop and demonstrate such a device, termed enhanced time 



delay (ETD) that would extend the period of evaporator fan run time at the end of each cycle.  



Present run times are set by the manufacturer on a nationwide basis, whereas the ETD duration 



would be proportional to the length of the compressor run time. Expected energy savings were 



at least 7% from this approach and were to be demonstrated in field trials at ten residences. 



 



 



Objectives 



 



The goal of this project was to determine the feasibility of using a time delay relay (enhanced 



time delay or ETD) retrofitted to the indoor fan motor in existing air conditioners to recover 



otherwise wasted cooling capacity in hot, dry climates. The researchers proposed to 



demonstrate the benefits of using an extended run time for this fan to capture added cooling by 



evaporating condensed moisture on the coil in a variety of air conditioners and their connected 



duct systems in California. They established the following project objectives: 



1. Demonstrate a control method that results in electrical energy savings of more than 7% 



in the laboratory. Evaluate two methods for determining the duration of recapture:  



proportional, where the length of the condenser’s run time determines the period, and 



temperature dependent, where the temperature differential between the return register 



and a supply duct determines the period. 



2. Confirm the enhanced time delay design is applicable to air handling equipment 



commonly used in central air conditioning systems and installed ETD cost is under $100. 



3. Confirm properly functioning ETD and data logging equipment ready for installation at 



ten sites. 



4. Confirm agreement from the homeowners to participate in the project. 



5. Confirm the feasibility of ETD installation on air conditioning systems of various makes, 



models, and vintages found at the selected test sites. 



6. Confirm a minimum of three weeks of data collection at each site with and without ETD 



in operation. 
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7. Demonstrate actual energy savings from the ETD in the field meet or exceed 7%.  



 



Outcomes 
 



1. Laboratory tests at Proctor Engineering’s California laboratory and Intertek’s Texas 



facility1 yielded sensible EER improvements of at least 25% using the proportional 



method. The temperature dependent method did not yield measurable savings. 



2. The ETD relay design is consistent with industry standard 24 volt operation and did not 



require any specialized installation techniques. Field installation time averaged 15 



minutes, with an estimated ETD device cost of roughly $64, for a total customer cost of 



approximately $81 for the proportional method. The total estimated cost for the 



temperature dependent method was approximately $146. 



3. The researchers used commercially available data loggers and sensors to determine fan 



and compressor state, power consumption, inside and outside dry bulb temperature, 



and indoor and outside relative humidity. 



4. Owners of ten single family homes agreed to participate in the project, although four 



dropped out before the proportional method could be tested at their sites. 



5. The researchers installed ETD devices on air conditioning units of various makes, 



models, and vintages in Bakersfield, Fresno, Clovis, Stockton, Tracy, Lemoore, and 



Hughson California. Unit sizes ranged from two to five tons of cooling capacity. 



6. The researchers logged an average of six weeks of data per site, collected in three week 



intervals. 



7. Time weighted energy savings for the proportional method ranged from 9% to 25%, 



averaging 16%. The temperature dependent method did not produce savings. 



 



 



Conclusions 



 
The researchers proved the feasibility of using an enhanced time delay relay to extend the run 



time of a residential air conditioner’s internal fan and recover otherwise wasted cooling 



capacity.   



1. Only the proportional method demonstrated savings under laboratory conditions, easily 



meeting the targeted improvement. Optimum time delay for ducted systems installed 



outside the conditioned space with roughly six minute compressor cycles and airflow 



near 350 CFM per ton was roughly 300 seconds for a permanent split capacitor motor 



unit, yielding a potential increase in sensible EER from 2.45 to 3.89 assuming 20% duct 



losses. Testing similar airflow and duct losses with a more efficient brushless permanent 



magnet motor unit and a 600 second delay yielded a potential increase in sensible EER 



from 3.07 to 5.23. 



                                                           



1. Intertek offers a wide range of HVAC testing capability.  See http://www.intertek.com/news/2009/11-



09-hvac-facility/ 
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2. The assumptions used to estimate total installed cost for an ETD were reasonable and 



suggest a cost well below the target for the proportional method, but well above target 



for the temperature dependent method.  



3. The equipment used to measure and record test data was appropriate and appeared to 



function without issue throughout the project. 



4. Selection of the ten test sites provided a wide diversity of location, size, type, and 



vintage of air conditioning applications. Although only six sites were available for 



testing the proportional method due to attrition, the consistency of these results suggests 



they are sufficient to support the conclusions in the report. 



5. See Conclusion 4 above.  



6. With the exception of the four sites not available for proportional method testing, the 



researchers collected all required data for periods exceeding the original goals. 



Inspection of sample data showed consistency among readings, suggesting that 



equipment functioned reliably throughout the test period. 



7. The project confirmed the feasibility of using a proportional time delay relay to extend 



run time for the internal fan and deliver energy savings above 7%. Although researchers 



did not find savings for a temperature dependent method of extending run time, they 



identified several opportunities for further research that may lead to savings in future 



designs. 



 



Recommendations 
 



The researchers demonstrated clear savings in energy consumption for residential air 



conditioners in the dry, hot locations included in testing. This work also illuminated the 



importance of achieving optimal balance between extended fan run time and subsequent duct 



losses. The next steps that arise from this project should include: 



1. Conduct further testing of the fan delay approach in a larger number of test locations 



to increase the robustness of conclusions. 



2. Include research focused on finding the optimum balance between airflow, fan delay, 



and duct losses. 



3. Investigate further the temperature dependent approach to determine whether it has 



potential to deliver cost effective energy savings. 



4. Explore a commercial relationship with relay manufacturers to offer products for sale 



in California. 



5. Begin a dialogue with regulators, utilities, and manufacturers to explore ways to 



encourage retrofitting in existing residential units and inclusion in new central air 



conditioners offered in the California market. 



After taking into consideration (a) research findings in the grant project, (b) overall 



development status, and (c) relevance of the technology to California and the PIER program, the 



Program Administrator has determined that the proposed technology should be considered for 



subsequent funding within the PIER program.   
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Receiving subsequent funding ultimately depends upon (a) availability of funds, (b) submission 



of a proposal in response to an invitation or solicitation, and (c) successful evaluation of the 



proposal. 



 



 



Benefits to California 



 



Public benefits derived from PIER research and development projects are assessed within the 



following context: 



• Reduced environmental impacts of the California electricity supply or transmission or 



distribution system  



• Increased public safety of the California electricity system  



• Increased reliability of the California electricity system  



• Increased affordability of electricity in California  



The primary benefit to the ratepayer from this research is increased affordability of electricity in 



California. Achieving an average 16% reduction in the estimated average annual household 



central air conditioning consumption of 1290 kWh2, at an estimated rate of 30c/kWh, could save 



customers $62/year. Depending on penetration rate and generation mix during air conditioner 



operation, adding an ETD device to central air conditioners could also provide emissions 



reductions through avoided power generation.  



 



 



 



 



 



 



 



 



                                                           



2.  See page 21 of http://www.energy.ca.gov/2006publications/CEC-400-2006-009/CEC-400-2006-009.PDF, 



and also Energy Information Administration, Office of Energy Markets and End Use, Table CE3-7c of the 



1997 Residential Energy Consumption Survey, California 
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Technology Transition Assessment 



 



As the basis for this assessment, the Program Administrator reviewed the researchers’ overall 



development effort, which includes all activities related to a coordinated development effort, 



not just the work performed with EISG grant funds. 



 



Marketing/Connection to the Market   



 



The researchers have not performed a market assessment. They have stated that there has not 



been much emphasis on retrofitting existing equipment to save energy. Thus the opportunity 



exists to offer retrofitted ETD devices to owners of existing central air conditioners and possibly 



to persuade manufacturers to include them in new products intended for the California market. 



 



Engineering/Technical 



 



The researchers claim that no additional engineering work is necessary because the ETD is now 



a commercially available product.  



 



Legal/Contractual   



 



The researchers have filed a patent application.  



  



Environmental, Safety, Risk Assessments/ Quality Plans   



 



Although the addition of an ETD relay operating at 24 volts is a simple process, it will be 



important to demonstrate compliance with relevant codes and standards. The researchers also 



note that the ETD's reliability must be equivalent to that of the central air conditioner, typically 



10 to 20 years.  



    



Production Readiness/Commercialization   



The researchers indicate that a commercial ready device exists and a major player in the 



relevant marketplace has expressed interest in helping to commercialize it. Remaining steps 



include obtaining necessary patents and licenses and finalizing manufacturing and 



commercialization agreements. 



Attachment A:  Final Report (under separate cover) 



Attachment B:  Grantee Comments to Independent Assessment (none submitted) 
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Abstract 



 



Dry climates like California and the western United States need air conditioners that maximize 



indoor temperature reductions for the amount of energy used. Currently available air conditioners 



are designed to meet national performance standards that are based on “average” cooling season 



weather conditions across the entire United States.  These systems are currently not optimized to 



maximize indoor temperature reductions under dry ambient conditions. As a result, substantial 



energy is wasted by unnecessary removal of moisture (latent capacity) provided by air conditioners 



in dry climates. A portion of the moisture removed can be recovered as temperature reduction 



(sensible capacity) by re-evaporating it off of the indoor coil at the end of the air conditioner cycle.  



This is accomplished by keeping the indoor fan on for a period of time after the compressor has 



turned off.  



 



In the summer of 2010, ten single family residential houses in California were monitored with and 



without an enhanced time delay relay indoor fan control. Data was collected for 5 months at most 



demonstration sites, and were analyzed by temperature-hour bins to produce a comparison at 



similar temperature conditions and time of day. Average cooling electrical energy savings from the 



enhanced time delay relay control were 16%. The relay installs in under 15 minutes, and total 



installed cost is estimated to be $80.90. 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Key Words:  Time Delay Relay, Latent Capacity Recovery, ETD, dry climate air conditioner. 
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Executive Summary 



 
Introduction  



 



 Dry climates like California and the western United States need air conditioners that 



maximize indoor temperature reductions for the amount of energy used. 



 



 Air conditioning systems are currently not optimized to maximize indoor temperature 



reductions under hot and dry ambient conditions. 



 



 Achieving dry climate cooling optimization would reduce annual energy use and peak 



demand, reducing California’s need for extra power plants and electrical grid instability.  



 



 
Project Objectives  



 



 Demonstrate an enhanced time delay control method that results in electrical energy 



savings of at least 7% in the laboratory. 



 



 Confirm that the enhanced time delay relay is applicable to industry standard air 



handling equipment used in central air conditioners. 



 



 Confirm that the installed cost of the enhanced time delay relay is under $100. 



 



 Confirm proper functioning data logging equipment and agreement from 10 home 



owners to participate in the monitoring project. 



 



 Confirm a minimum of 3 weeks of data collected with and without the enhanced time 



delay relay functioning. 



 



 Demonstrate actual energy savings from the enhanced time delay relay at the 



demonstration sites meet or exceed 7%. 



 



 
Project Outcomes  



 



 Laboratory results yielded sensible EER improvements of at least 25%. 



 



 The current enhanced time delay relay functions on 24vac, the industry standard air 



handling equipment controls used in residential central air conditioning systems. 



 



 The estimated installed cost of the proportional enhanced time delay relay is $80.90.  
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 The estimated installed cost of the temperature dependent time delay relay is $146.46.  



 



 10 home owners agreed to participate in the monitoring project. 



 



 Data was collected for 5 months at most demonstration sites. 



 



 Average cooling electrical energy savings documented at the demonstration sites was 



16%, including all compressor, fan, and other energy use by the central HVAC system. 



 



 



 
Conclusions  



 



 Lab testing yielded efficiency improvements by holding the indoor fan on after the 



compressor has shut off using different control methodologies. 



 



 The proportional enhanced time delay relay saves electrical energy on various makes 



models and vintages of residential central air conditioning equipment. 



 



 The proportional enhanced time delay relay takes less than 15 minutes to install on an 



existing air conditioner. 



 



 The temperature dependent time delay control did not produce any measurable energy 



savings. 



 



 The temperature dependent time delay control did not meet the objectives of the project. 



 



 
Recommendations  



 



 Utility sponsored efficiency programs to install the ETD should be adopted across the 



western United States. 



 



 More research on capacity losses due to duct systems in hot dry climates need to be 



conducted in the laboratory and the field. 



 



 More research on optimal airflows in both the air conditioner cycle and fan time delay 



need to be conducted in the laboratory and the field. 



 



 Furnace and air conditioning manufacturers should adopt longer fan tail delays for units 



that are installed in hot dry climates like the western United States. 
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 The proportional enhanced time delay relay should be manufactured as a retrofit device 



for existing air conditioners in hot dry climates. 



 



 



 
Public Benefits to California  



 



 Residential customers who have central air conditioners will benefit from the estimated 



annual 207 kWh electrical energy savings per household from the proportional time 



delay relay. 



 



 Residents of California will benefit from emission reductions provided by the 



proportional time delay relay. 



 
 



 



 



 



Introduction 



 



This air conditioning efficiency research project addresses California’s need to use energy more 



efficiently as the demand for energy rapidly grows. California and much of the western United 



States need air conditioners that maximize indoor temperature reductions for the amount of energy 



used. This region is characterized by low humidity during the summer months, with much of the 



region also experiencing very hot daytime temperatures which drive high cooling costs and large 



peaks in electrical demand.  Current off the shelf air conditioners are designed to meet national 



performance standards that are based on “average” cooling season weather conditions across the 



whole United States. This design gives little or no attention to the performance of air conditioners at 



dry conditions. As a result, substantial energy is wasted by air conditioners’ removal of moisture 



when it is not needed in dry climates. 



 



All air conditioners do two things to the air: 



 



1) Reduce the air temperature  (Sensible Capacity) 



2) Remove moisture (Latent Capacity) 



 



Moisture removal is water that has condensed on the evaporator coil as the air conditioner runs. A 



portion of this moisture that has been removed can be recovered as cooler air by re-evaporating it off 



of the indoor coil at the end of the air conditioner cycle.  This is accomplished by keeping the indoor 
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fan on for a given length of time after the compressor turns off. This length of time is known as the 



fan time delay.   



 



Many new air conditioners have a built in fan time delay, but the amount of time used by the 



manufacturers is not long enough to recover all of the wasted latent capacity left on the evaporator 



coil. The fan time delay used by manufacturers is designed to raise the SEER rating of the air 



conditioner, which is the national performance standard. The SEER test is performed with a 



completely dry evaporator coil.  As a result, the fan time delay provided by manufacturers is 



designed only to take advantage of the coil’s thermal mass to increase the SEER rating, but not for 



latent recovery in dry climates.   



 



Recovering the latent capacity by using an enhanced fan time delay (ETD) will result in a higher 



sensible heat ratio and may raise indoor relative humidity slightly. In dry climates, the outdoor 



moisture content (absolute humidity) is less than the moisture content at indoor design conditions. 



The inevitable envelope infiltration of outdoor air will lower the indoor relative humidity, leading to 



no need for the air conditioner to dehumidify. These dry climates are seen in Table 1 of ACCA 



Manual J under the column “Grains Difference 50% RH”. Only in coastal locations, where air 



conditioner use is low to nonexistent, does the outside air not dry the inside air. 



 



Over 6600 residential air conditioners tested in California’s non-coastal regions had average return 



conditions of 65 grains moisture or 44% relative humidity at 80 ºF return temperature1. 



 



Typical air conditioning systems operate at evaporator saturation temperatures cold enough to 



condense water out of the indoor air even in hot dry climates. 2,023 air conditioners tested in the 



field in California with outdoor temperatures above 100 ºF had an average evaporator temperature 



of 43 ºF1, which is well below the dew point of return air at 80F and 44% RH. This illustrates that 



most of California’s air conditioners are removing moisture.  



 



Increasing the amount of airflow across the evaporator coil can increase the coil’s temperature and 



sensible heat ratio, but this approach presents challenges for increasing efficiency due to typical 



ductwork not being designed for higher airflow. If the indoor blower motor is capable of running at 



a higher speed and horsepower, the watt draw and air horsepower increase as the cube of the flow. 



This illustrates that increasing airflow in a duct system can possibly negatively affect system 



efficiency without costly repairs to accommodate higher airflow. Duct repairs and blower upgrades 



can easily cost in excess of $1000. At less than $100 installed cost, a proportional time delay relay is a 



more cost effective approach to optimizing an air conditioner for a hot dry climate. 



 



 



                                                             
1
Source: Proctor Engineering Group’s CheckMe!® database, containing data for over 250,000 air conditioners tested by 



specially trained technicians across the united states 
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Project Objectives 



 
The goal of the project was to determine the feasibility of using an Enhanced Time Delay relay retro 



fitted to existing air conditioners to recover wasted cooling capacity in hot/dry climates. We wish to 



prove this concept works on a variety of air conditioners installed in California when interacted with 



the connected duct systems.  



 



The objectives of this project were to: 



 Demonstrate a control method that results in electrical energy savings of more than 7%. 



Proctor Engineering planned to test at least two different control methods and 



compare efficiency, cost, and ease of installation. 



 Confirm the Enhanced Time Delay design is applicable to air handling equipment 



commonly used in central air conditioning systems and installed ETD cost is under $100. 



Widespread applicability increases the ETD’s impact on the existing residential air 



conditioner market.  



 Confirm properly functioning equipment prepared for installation at 10 sites. 



Properly functioning equipment accurately documents the events and electrical 



consumption of each air conditioner monitored. 



 Confirm Agreement from 10 homeowners to participate in the project. 



Consenting homeowners provide monitoring sites with comparable data. 



 Confirm the feasibility of ETD installation on air conditioning systems of various makes 



models and vintages. 



A sample of randomly selected houses verifies ease of installation and applicability in 



real world conditions. 



 Demonstrate actual energy savings from the ETD in the field meet or exceed 7%. 



Measuring electrical energy savings in the field illustrates the ETD’s benefit. 



 



Project Approach 



 



1.1 Laboratory Testing  



Various tests were conducted at the Proctor Engineering Group laboratory to find optimal time 



delay control methods.  The air conditioner used in the testing consisted of a split system 4-ton air 



conditioner connected to ductwork. Testing was done with both permanent split capacitor (PSC) and 



brushless permanent magnet (BPM) indoor fan motors. The conditioned space and ambient 
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conditions were not climate controlled. A summary of the testing instrumentation is summarized in 



Table 1. 



 



Table 1: Testing Instrumentation 



Measurement Sensor Type Sensor Location 



Supply Dry Bulb Temperature Thermopile Exiting Evaporator Coil 



Return Dry Bulb Temperature Thermopile Entering Air Handler 



Condensing Unit Power Draw Watt Transducer Line to Condensing Unit 



Air Handler Power Draw Watt Transducer Line to Air Handler 



 



The first method defined was the proportional time delay control. This control uses the amount of 



time the compressor was on to determine the fan time delay.  



 



The optimal time delay for the fan to run after the compressor shuts off depends on a number of 



variables; the watt draw of the fan, the length of the compressor on-cycle, the type of indoor fan 



motor, among other things.  If the watt draw of the fan is low, as exists for new BPM motors on low 



speed, the length of the time delay may be extended.  If the unit is running short cycles, then the 



optimum time delay is shorter because the coil is not fully loaded with condensate as it would be 



with longer cycles.  The lengths of the cycles are not fixed even for a particular air conditioner, but 



rather vary with the indoor and outdoor conditions. 



 



Another control method tested used a temperature sensor equipped microcontroller to control the 



indoor fan. Temperature sensors were located at the return grill and a supply register as illustrated 



in Figure 1. The fan was allowed to run until the measured temperature reduction reached a 



minimum set point. The optimal temperature to turn the fan off depended on a number of variables; 



the airflow of the unit, ductwork configuration; the placement of the temperature sensors, among 



other variables. 



. 



 



 



Figure 1-Diagram of Sensor Controlled Fan Time Delay  
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Psychrometric Room Testing 



Various time delay lengths were tested at Intertek in Plano Texas. This facility is regularly used by 



air conditioning manufacturers to certify their units to AHRI. The facility consists of a climate 



controlled indoor room and a climate controlled outdoor room. The facility has the ability to cover a 



wide range of climate conditions from very hot summer conditions to very cold winter conditions.  



 



The air conditioner was installed in the test rooms by the technicians of Intertek. All brazing was 



accomplished with a nitrogen bath and proper evacuation procedures were followed.  



 



The Intertek technicians equipped the air conditioner with their standard test instruments. A 



schematic of the testing instrumentation is shown in Figure 2.  



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Figure 2 – Intertek Testing Instrumentation Schematic 



 



There were three series of tests. Each series followed the standard SEER cycling test sequence: 



compressor on 6 minutes, compressor off 24 minutes, compressor on 6 minutes, compressor off 24 



minutes, etc. repeating for five cycles.  
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P- Pressure 
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The five cycles had increasingly longer fan delay times as shown in Table 2. 



.  



Table 2 – Psychrometric Room Fan Delays 



Cycle First Second Third Fourth Fifth 



Time 0 sec 105 sec 200 sec 300 sec 610 sec 



 



The airflow though the indoor coil was varied between the test series as shown in Table 3.  



 



Table 3 – Psychrometric Room Indoor Coil Airflows 



Test Series 0 A B 



Coil Flow 



Compressor on 



450 CFM per ton 350 CFM per ton 350 CFM per ton 



Coil Flow Fan Only 



(Fan Delay) 



450 CFM per ton 350 CFM per ton 216 CFM per ton 



 



The outdoor and indoor conditions were different from the standard SEER cycling test conditions in 



order to produce more realistic answers. The outdoor temperature was set at 95°F (SEER is at 82°F).  



The indoor conditions were held at 80°F dry bulb, 67°F wet bulb (50% Rh). These conditions produce 



a wet coil as is common in normal operation even in dry climates. The standard SEER test is run 



with a totally dry indoor coil, which is artificially accomplished by indoor conditions of 80°F dry 



bulb, 57°F wet bulb. 



 



1.2 ETD Design Specification 



Industry standard 24VAC controls were chosen for the ETD’s applicability to as many existing 



central air conditioning units as possible. 



 



1.3 ETD Data Logging Equipment and Hardware 



Onset Hobo data loggers were used to monitor the air conditioners at each demonstration site. The 



indoor fan motor and compressor were monitored using Onset Hobo U9 data loggers that detected 



when the fan and compressor were on. Onset Hobo U12 data loggers monitored the condensing unit 



amp draw, outside dry bulb temperature, outside relative humidity, return grill dry bulb 



temperature, return grill relative humidity, supply grill dry bulb temperature, and supply grill 



relative humidity. Data points are shown in Table 4.  



 



Table 4: Monitored Parameters 



Measurement Sensor Type Sensor Location 



Indoor Dry Bulb 



Temperature 



U12 Temperature/humidity Return Grill 



Indoor Relative Humidity U12 Temperature/humidity Return Grill 
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Outside Dry Bulb 



Temperature 



U12 Temperature/humidity Condensing Unit 



Outside Relative Humidity U12 Temperature/humidity Condensing Unit 



Condensing Unit amp draw CTVB Current Transducer Electrical Supply to 



Condensing Unit 



Indoor Fan State U9/ CSVA8 Motor On/Off Electrical lead to motor 



Compressor State U9/ CSVA8 Motor On/Off Electrical lead to motor 



 



Outside and indoor dry bulb temperatures, relative humidites and the condensing unit amp draw 



were measured every 2 minutes. The compressor and indoor fan state changes were detected 



instantaneously.  



 



Accuracy of the U12 temperature/humidity data logger’s humidity measurements are 2.5% for 



humidity measurements from 10% to 90%. The accuracy of the indoor dry bulb temperature 



measurements is +/- .63 F for temperatures from 32 F to 122 F. Accuracy of the current transducer is 



2.5 amps (+/- 5% of full scale). Airflow was measured using an Energy Conservatory True Flow  



flow-grid. The flow-grid is rated as accurate to within 8%. 



 



1.4 Demonstration Site Monitoring and Selection 



Sites were selected that had a single central air conditioner. Home owners were required to leave the 



thermostat on a single temperature set point for the duration of monitoring. These stipulations 



reduce data variability and improve confidence in the results.  A summary of the demonstration 



sites can be seen in Table 5 and 6. 



 



Table 5-Demonstration Site Air Conditioner Specifications 



Air Conditioner Specifications 



Site Bakersfield Fresno #1 Fresno #2 Clovis #1 Clovis #2 



Rated Capacity (Btuh) 48,000 36,000 30,000 42,000 48,000 



Nominal Size (Tons of Cooling) 4 3 2.5 3.5 4 



Refrigerant R-22 R-22 R-22 R-22 R-22 



Air Conditioner Vintage 2001 1990 1989 2000 2001 



Air Conditioner Type  Split Package Package Split Package 



Indoor Fan Motor Type PSC PSC PSC PSC BPM 



Orig. Fan Tail Length (min.)* 1 1.2 1.2 0 1.5 



Air Flow (CFM) 1425 1013 975 1270 1178 



Air Handler Location Attic Rooftop Rooftop Attic Rooftop 



Duct Leakage (CFM @ 25Pa) 73 175 n/a** 148 230 



*Fan tail length is defined as the time after the compressor has shut off that the indoor fan continues to operate. 



**Homeowner declined to continue monitoring before testing was performed. 
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Table 6-Demonstration Site Air Conditioner Specifications 



Air Conditioner Specifications 



Site Stockton #1 Stockton #2 Tracy Lemoore Hughson 



Rated Capacity (Btuh) 60,000 30,000 36,000 36,000 24,000 



Nominal Size (Tons of 



Cooling) 



5 2.5 3 3 2 



Refrigerant R-22 R-22 R-410A R-22 R-22 



Air Conditioner Vintage 1992 1983 2009 1980 1975 



Air Conditioner Type  Split Split Split Package Package 



Indoor Fan Motor Type PSC PSC PSC PSC PSC 



Fan Tail Length (min.)* 0 0 1.5 0 0 



Air Flow (CFM) 1417 980 815 690 730 



Air Handler Location Garage Garage Garage Rooftop Rooftop 



Duct Leakage (CFM @ 25Pa) 868 410 179 249 n/a** 



*Fan tail length is defined as the time after the compressor has shut off that the indoor fan continues to operate. 



**Homeowner declined to continue monitoring before testing was performed. 



 



Each site was initially configured with the temperature dependent time delay control and monitored 



in a flip-flop methodology with extended fan delay control toggled every four days.  An average of 9 



weeks of data per site was collected with temperature dependent fan delay control.   Each site was 



then configured with the proportional fan delay unit and monitored in a pre-post methodology.  An 



average of 6 weeks of data per site was collected with the proportional fan delay control. In both 



cases, data from the data loggers were collected in 3 week intervals.  



 



A number of one-time measurements were taken at the time of time delay installation, data 



collection, and project conclusion. Evaporator airflow and indoor blower motor watt draws were 



recorded at various settings to verify the air conditioner was operating the same throughout the 



monitoring periods.  
 



 



1.5 Data Review and Analysis 



The primary performance measure was the change in electrical energy consumption.  Pre/post 



consumption was compared by outdoor temperature and hour of day. Measured outdoor 



temperature data were grouped into 5 degree temperature bins. The hours of the day were grouped 



into 2-hour bins. Average total watt hours by temperature 2-hour bin were calculated with and 



without the ETD functioning as illustrated in Figure 3.Watt hours included the compressor, 



condenser fan motor, and evaporator fan motor run times and watt draws. Bins were weighted by 



how many data points there were in each temperature bin.  Bins were excluded from the analysis 



that had less than 1.6% the total amount of data points in that bin or had no comparable data 



between monitoring periods.  
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Figure 3-Data Comparison between Monitoring Periods 



 



 



Project Outcomes 



Control Methods 



 



Laboratory Findings  



Figure 4 below depicts one cycle of an air conditioner where a 25% improvement in sensible 



efficiency was realized using the proportional time delay control based on compressor run time. 



Figure 4 shows a 7-minute compressor cycle with a 7-minute fan time delay at low fan speed using a 



BPM indoor fan motor.  
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Figure 4-Lab Testing With Proportional Time Delay Relay 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Intertek Lab Results 



Low Fan Speed during the Fan Delay 



It has been proposed that lowering the fan speed during the fan delay combined with an electrically 



commutated motor would produce even higher Sensible EERs due to the low watt draw of the BPM. 



This hypothesis was investigated with multiple tests. Figure 5 compares two otherwise identical 



tests one with the fan speed at 350 CFM per ton and one with 216 CFM per ton during the time 



delay. 
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Figure 5 – Fan Delay Airflow Effect on Sensible EER (BPM Fan Motor) 
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Effect of Duct System Efficiency on Sensible EER Delivery  



For both the BPM and PSC motors it appears from the lab tests that a long time delay and lower 



airflow would be advantageous to produce higher Sensible EERs at the unit. This appearance may 



be correct for units that have no duct system or have very high distribution efficiencies. However, 



real ducted systems have conduction and leakage losses. These losses are important to take into 



account in determining the airflow range and length of the fan delay. Figure 5 illustrates that a 



higher airflow during the tail improves sensible efficiency when connected to a real duct system 



with associated losses. 



The laboratory test results were analyzed for connection to a duct system that had a 20% capacity 



loss at full capacity. This was modeled as: 



Capacity Loss = C x (120°F – Tsupply) while the fan is operating.  



Where C is a constant.  



 



 



Duct loss effect with a PSC fan motor 



Duct losses modify the Sensible EER results substantially. Figure 6 shows the results for a PSC motor 



and 350 CFM per ton with and without duct losses.  
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Figure 6 – Duct Loss Effect on Sensible EER (350 CFM, PSC Fan Motor) 
 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Without duct losses the peak Sensible EER in Figure 6 occurs with the longest fan time delay (610 



seconds). The Sensible EER peak occurs at the end of the time delay with a value of 7.30 BTU/watt 



hr. With duct losses the peak occurs with the shorter time delay at 3.89 BTU/watt hr. 



 



Duct loss effect with a BPM fan motor 



The duct losses have a similar effect on the unit’s Sensible EER when it is fitted with a BPM motor. 



These results are shown in Figure 7. Without duct losses the peak Sensible EER  



(9.89 BTU/watt hr.) occurs with the longest fan delay. 



With duct losses the peak Sensible EER (5.23 BTU/watt hr.) in Figure 7 occurs at a 525 second time 



delay.  
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Figure 7 – Duct Loss Effect on Sensible EER (350 CFM, BPM Fan Motor) 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



ETD Design 



 



ETD Installed Cost  



 



The average installation time of the proportional time delay relay was 15 minutes. 



 



The average installation time of the temperature dependent time delay control was 45 minutes. 



 



The average labor rate for HVAC work2 is $67.88/hr.  



 



The direct cost to the customer from 15 minutes of work to install the proportional ETD is $16.97. 



 



The direct cost to the customer from 45 minutes of work to install the temperature dependent ETD is 



$50.91. 



 



The direct cost to the HVAC contractor for the proportional time delay relay is $36.53. Assuming a 



75% markup (the actual markup will vary by contractor), the price to the customer for the relay is 



estimated at $63.93. 



 



                                                             
2
 Source: DEER Technology and  Measure Cost Data, 2008 
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The cost to the HVAC contractor for the temperature dependent time delay relay is estimated at 



$55.00. Assuming a 75% markup (the actual markup will vary by contractor), the price to the 



customer for the relay is estimated at $96.25.  



 



The total installed cost to the customer is the sum of the cost of labor to install it and the price of the 



relay itself.  



 



The total installed cost of the proportional ETD is $16.97+$63.93=$80.90 



 



The total installed cost of the temperature dependent ETD is $50.91+$96.25=$146.46 



 



Confirmation of Properly Functioning Equipment Prepared for Installation at 10 sites 



 



It was confirmed in the laboratory that all equipment for properly monitoring and controlling the 



enhanced fan time delay controls was properly functioning before installation at the 10 monitoring 



sites.  



 



Agreement of 10 Home Owners in Participation of Monitoring Project 



 



In the spring of 2010, 10 single family residential home owners agreed to participate in the project. 



Home owners were required to leave the thermostat on a single temperature set point for the 



duration of monitoring project. This requirement reduces data variability in the analysis and 



improves confidence in the results. 



 



Feasibility of ETD Installations 



 



During field monitoring, the ETD was installed on air conditioning units of various makes, models, 



and vintages. All of these units used industry standard 24VAC controls. 



 



The average time of the installation of the proportional time delay relay control was about 15 



minutes. Most of that time was verifying that the ETD was functioning properly. All occupants 



agreed to have the proportional time delay relay remain installed on their air conditioners at the 



time of project conclusion.  



 



The average time of the installation of the temperature dependent time delay control was about 45 



minutes. This method took longer to set up due to mounting the sensors in the airstream, adjusting 



system parameters, and verification that the control was functioning properly. On rooftop package 



air conditioners with ducts that were in a space that was not serviceable, placing sensors at the 



return grill and supply register was very hard to accomplish. 
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Confirmation of a Minimum of 3 weeks of Data Collection 



 



Proportional Time Delay Control 



 



An average of 6 weeks of data per site was collected with the proportional fan delay control. Data 



from the data loggers was collected in 3 week intervals.  



 



Temperature Dependent Time Delay Control 



 



An average of 9 weeks of data per monitoring site was collected with the temperature dependent fan 



delay control.    



 



 



Demonstration of Actual Energy Savings 



 



Energy savings from the enhanced time delay control can be seen in Table 7 below. These values are 



the weighted temperature bin average energy savings over the whole monitoring period. 



 



Table 7-Air Conditioner Energy Savings with Enhanced Time Delay Control During Monitoring 



Period 



 



 



Site Energy Savings 



Stockton #1 14% 



Fresno #1 14% 



Clovis #1 9% 



Clovis #2 25% 



Lemoore 14% 



Tracy 18% 



Stockton #2 -1%* 



Fresno #2 -3%* 



Hughson -7%* 



Bakersfield N/A** 



Average 16% 



*Temperature dependent time delay control.  



** Results indicated that the thermostat was not on one temperature set point or program during monitoring. 



The resulting air conditioner run times were too inconsistent to produce a meaningful comparison. 



 



Both Fresno site #1 and the Hughson site declined to continue monitoring before a proportional time 



delay relay could be monitored at each site. 
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Figure 13: Efficiency Degradation from Non-Condensables in System 



The results of the scenario 1 tests as shown in Figure 13 shows failure to evacuate the inside coil and 



lineset produces a 7.5% reduction in Sensible EER (difference between the green bar and first red bar 



in Figure 13). This occurred with the manufacturer’s nominal (shipped in the unit) refrigerant charge 



and produced the manufacturer’s specified subcooling without any addition or removal of refrigerant 



(in spite of a 50 foot lineset).  



For scenario 2, failure to fully evacuate the nitrogen used for leak testing, required only 4 lbs. and 1 



ounce of refrigerant to achieve the manufacturer’s specified 7°F subcooling (based on the high side 



pressure and the assumption of pure refrigerant). This weight of refrigerant is less than half the 



amount needed to obtain the manufacturer’s specified subcooling with this indoor coil and a 50 foot 



lineset. The hidden lack of refrigerant accounts for the 42% reduction in Sensible EER (difference 



between the blue bar and second red bar in Figure 13).  



4.3.5 Improved Air Conditioner Cycling Test Procedure Accounting for Climate 
Differences 



California utilities are summer peaking with air conditioning causing the increased electric loads at 



peak demand periods. Peak electric demand dominates the need for additional power plants, 



transmission infrastructure and causes a variety of environmental problems. Even high-performance 



air conditioning systems are not optimized to reduce peak electric demand and energy under dry 



ambient conditions.   



Previous research has shown that the cycling test used for establishing SEER is not representative of 



installed conditions and produces results that are less than optimum for both dry climates and wet 



climates. In 2008 a coalition of energy advocates and experts had begun an open process to update the 



Federal Standards. That group had almost universally agreed that there were two fatal flaws in the 
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current air conditioner test procedure. 1) The fan energy consumption and test conditions were totally 



unrealistic; resulting in inflated ratings. 2) The test did not distinguish between air conditioners that 



provided good dehumidification for wet climates and superior cooling for hot dry climates. (Buntine, 



Proctor, and Knight 2008; Energy Solutions 2008; Henderson, Shirey and Raustad 2006; NRDC, 



NCLC and Enterprise Community Partners 2008; NRDC 2008; Parker et al. 1997; Proctor and Parker 



1997; Proctor and Pira 2005; Proctor Engineering Group 2008; Proctor et al. 2008; Sachs 2008) 



Previous research including field tests, laboratory tests, and modeling have shown that much of the 



latent capacity (moisture removal) from air conditioners is actually in storage on the inside coil when 



the compressor cycle ends. This research has shown that continuing to run the air circulation fan after 



the compressor stops evaporates the moisture on the coil and delivers it to the building as sensible 



cooling and rehumidification.  



The prior research proved the potential of recovering the stored latent capacity as sensible capacity at 



low energy cost. There remained a number of questions that these tests and analyses were designed to 



determine: 



w Can certification laboratories provide accurate data for cycle testing at realistic indoor 



conditions such that the SEER tests could be modified? 



w What relationships exist between the rate of airflow, the available stored latent capacity, and 



latent recovery? 



w What are the limitations of latent recovery within the confines of normal duct systems in hot 



dry climates? 



The purpose of this section of the CASE project is to determine how to provide high net sensible EER 



(defined as sensible capacity with fan heat divided by power with fan watt draw) at high outdoor 



temperatures, normal dry climate indoor conditions, and typical installation (typical duct system 



restriction). 



Test Description 



There were three series of tests covering variations in the evaporator airflow. Each series followed the 



standard SEER cycling test sequence: compressor on 6 minutes, compressor off 24 minutes, 



compressor on 6 minutes, compressor off 24 minutes, etc. repeating for five cycles.  



The five cycles had increasingly longer fan delays as shown in Figure 14. Figure 15 illustrates the fan 



delay with the fan running after the compressor powers down. 



Cycle First Second Third Fourth Fifth 



Time 0 sec 105 sec 200 sec 300 sec 610 sec 



Figure 14: Fan Delay Setting for Testing 
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Figure 15: Fan Time Delay Illustration 



The airflow through the indoor coil was varied between the test series as shown in  



Figure 16.  



Test Series 0 A B 



Coil Flow 



Compressor on 



450 350 350 



Coil Flow Fan Only 



(Fan Delay) 



450 350 216 



Figure 16: Indoor Coil Airflow Settings for Tests (CFM per Ton) 



Finally, the outdoor and indoor conditions were different from the standard SEER cycling test in order 



to produce more realistic answers. The outdoor temperature was set at 95°F (SEER is at 82°F).  The 



indoor conditions were held at 80°F dry bulb, 67°F wet bulb (50% Rh). These conditions produce a 



wet coil as is common in normal operation even in dry climates. The standard SEER test is run with a 



totally dry indoor coil, which is artificially accomplished by indoor conditions of 80°F dry bulb, 57°F 



wet bulb. 
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Calculation 



The metric of interest in this research is the performance of the air conditioners at conditions as seen 



in most of California, Nevada, Arizona, and West Texas. These areas have low outdoor humidity 



under summer conditions. In these areas the introduction of outdoor air into the building dries the 



indoor air below 65 grains of moisture (dew point 55 ºF, 0.0093 lb. of water per lb. dry air). 



The metric is the Sensible EER.  



The Sensible EER is calculated in this manner: 



Sensible EER = Net Sensible Capacity / Total Watt Draw 



Net Sensible Capacity = Gross Sensible Capacity – Fan Heat 



Gross Sensible Capacity = Air Heat Capacity x (Tevapin – Tevapout)  



 Where: 



 Air Heat Capacity = CFM x density x specific heat capacity 



  (using appropriate values and conversions) 



 Tevapin = Temperature entering the evaporator 



 Tevapout = Temperature leaving the evaporator 



Fan Heat = Evap. Fan Watts x 3.412 



Total Watt Draw = Compressor Watts + Cond. Fan Watts + Evap. Fan Watts 



The following are measured with the laboratory instrumentation: Compressor Watts, Cond. Fan 



Watts, Tevapin, Tevapout, and CFM. The air density and air specific heat capacity are calculated based 



on measured parameters in the test rooms. 



The test procedure does not include a standard indoor fan, so simulated values are taken for the 



Evaporator Fan Watts. The following equations were used to simulate the Evap. Fan Watts: 



For a Permanent Split Capacitor Motor Fan 



Evap. Fan Watts = 0.51 x CFM 



For a Brushless Permanent Magnet Motor Fan 



Evap. Fan Watts = 0.000000380682 x CFM^3 - 0.000115317571 x CFM^2 + 0.063091358424* CFM 



Cycle Cumulative Sensible EER 



The testing produced instantaneous Net Sensible Capacities and instantaneous Total Watt Draw. 



When these instantaneous figures are summed over the whole cycle the result is the Cycle Cumulative 



Sensible EER.  



The calculation of Cycle Cumulative Sensible EER is: 



CyCumSenEERi =  



Where i = seconds from the start of the cycle. 
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The results for a single cycle from i=0 to i = 660 are shown in Figure 17. 



 



Figure 17: Cumulative Sensible EER vs. Time 



Certification Laboratories and Alternative SEER Cycling Tests 



The testing at the Intertek laboratory showed that running SEER cycling tests with a wet coil is within 



their capabilities.  



Relationships between Airflow and Latent Recovery 



Effect of Airflow on Sensible EER 



The first indication of the relationship between airflow and stored latent capacity is the sensible EER 



of the unit at different airflows. Generally latent capacity is reduced and sensible capacity is increased 



at higher airflows.  These tests confirmed what prior tests have shown. Higher airflow produced 



higher sensible capacity.  



The downside of higher airflows has always been the increase in fan watt draw necessary to obtain the 



higher airflows. These tests showed that, within the tested range of airflow, the Sensible EER 



increased in spite of the higher fan watt draws. 



Figure 18 shows the increased Sensible EER due to airflow in two identical tests with a 100 second 



fan delay.  
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Figure 18: Airflow Effect on Sensible EER (PSC Fan Motor) 



In Figure 18 the Sensible EER for the 450 CFM scenario is higher during the compressor part of the 



cycle. The higher efficiency is due to a larger sensible capacity. When the higher airflows are 



accomplished, there is less moisture on the coil at the end of the cycle (less latent storage) and the 



length of the fan delay is limited by the amount of moisture on the coil.  



When the performance of the unit is limited by the combination of the duct system and the equipment 



to 350 CFM per ton (as is most common in field studies) there is more moisture on the coil and the 



fan delay can be lengthened to achieve higher Sensible EER.  



Moisture on the Coil at Start 



The length of the previous cycle, the length of the previous fan delay, and the airflow rate all effect 



the amount of moisture on the coil at the start of the cycle. In all cases with 450 CFM per ton the coil 



was nearly dry at the beginning of the cycle. This results in a negative Sensible EER during the start-



up period. This is shown as the characteristic dip below 0 Sensible EER in Figure 18.  



Low Fan Speed during the Fan Delay 



It has been proposed that lowering the fan speed during the fan delay combined with a Brushless 



Permanent Magnet (BPM) motor would produce even higher Sensible EERs due to the low watt draw 



of the BPM. This hypothesis was investigated with multiple tests. Figure 19 compares two otherwise 



identical tests; one with the fan speed at 350 CFM per ton and one with 216 CFM per ton during the 



fan delay. 
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Figure 19: Fan Delay Airflow Effect on Sensible EER (BPM Fan Motor) 



Effect of Duct System Efficiency on Sensible EER Delivery  



For the BPM motor the lab tests indicate that a long fan delay and lower airflow would be 



advantageous to produce higher Sensible EERs
3
 at the unit. This appearance may be correct for units 



that have no duct system or have very high distribution efficiencies. However, real ducted systems 



have conduction and leakage losses. These losses are important to take into account in determining 



the airflow range and fan delay length.  



The laboratory test results were analyzed for connection to a duct system that had a 20% capacity loss 



at full capacity. This was modeled as: 



Capacity Loss = C x (120°F – Tsupply) while the fan is operating.  



Where C is a constant.  



Duct losses modify the Sensible EER results substantially. Figure 20 shows the results for a PSC 



motor and 350 CFM per ton with and without duct losses.  



                                                 



 



 



3 See Figure 23. 



Elapsed Seconds
200 400 600 800 1000



0



2



4



6



8



10 350 CFM per ton 



216 CFM per ton 



Maximum Sen. 



EER 9.89 



Maximum Sen. 



EER 9.59 



350 CFM per ton 











Residential Refrigerant Charge Testing and Related Issues Page 33 



 



 



2013 California Building Energy Efficiency Standards December 2011 



 



Duct loss effect with a PSC fan motor 



Without duct losses the peak Sensible EER in Figure 20 occurs with the longest fan time delay (610 



seconds). The Sensible EER peak occurs at the end of the time delay with a value of 7.30 BTU/watt 



hr.  



With duct losses the peak occurs with the shorter time delay at 3.89 BTU/watt hr. 



 



Figure 20: Duct Loss Effect on Sensible EER (350 CFM, PSC Fan Motor) 



Duct loss effect with a BPM fan motor 



The duct losses have a similar effect on the unit’s Sensible EER when it is fitted with a BPM motor. 



These results are shown in Figure 21. Without duct losses the peak Sensible EER (9.89 BTU/watt hr.) 



occurs with the longest fan delay. 



With duct losses the peak Sensible EER (5.23 BTU/watt hr.) in Figure 21 occurs at a 525 second time 



delay.  
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Figure 21: Duct Loss Effect on Sensible EER (350 CFM, BPM Fan Motor) 



Duct loss effect with a BPM fan motor at 450 CFM per ton 



When the system can attain a 450 CFM per ton airflow, the duct loss effect does not significantly 



affect the optimum fan delay; however it has an obviously detrimental effect on the Sensible EER 



delivered. The peak Sensible EER is 8.92 without duct losses and 6.58 with the assumed duct losses.  



 



Figure 22: Duct Loss Effect on Sensible EER (450 CFM, BPM Fan Motor) 
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Summary 



Figure 23 summarizes the maximum Sensible EERs for PSC units and the time delay at which that 



maximum occurs.  



Cycle Flow 350 CFM/ton 450 CFM/ton 
350 - 216 



CFM/ton 



Second 



(105 sec 



cycle fan 



delay) 



Maximum Sensible EER  no 



ducts 
6.01 8.07 4.82 



Fan delay at Maximum 100 100 105 



Maximum Sensible EER  



with ducts 
3.59 5.91 2.41 



Fan delay at Maximum 100 80 105 



 Third 



(200 sec 



cycle fan 



delay) 



Maximum Sensible EER  no 



ducts 
6.26 7.65 5.49 



Fan delay at Maximum 195 100 190 



Maximum Sensible EER  



with ducts 
3.70 5.48 2.66 



Fan delay at Maximum 195 80 185 



 Fourth 



(300 sec 



cycle fan 



delay) 



Maximum Sensible EER  no 



ducts 
6.98 7.40 6.04 



Fan delay at Maximum 300 105 315 



Maximum Sensible EER  



with ducts 
3.89 5.23 2.78 



Fan delay at Maximum 300 85 240 



 Fifth 



(610 sec 



cycle fan 



delay) 



Maximum Sensible EER  no 



ducts 
7.30 7.30 6.86 



Fan delay at Maximum 610 105 610 



Maximum Sensible EER  



with ducts 
3.75 5.13 2.89 



Fan delay at Maximum 360 80 250 



 



Figure 23: Sensible EER Summary for PSC Unit 
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Figure 24 summarizes the maximum Sensible EERs for BPM unit and the time delay at which that 



maximum occurs.  



Cycle Flow 350 CFM/ton 450 CFM/ton 
350 - 216 



CFM/ton 



Second 



(105 sec 



cycle fan 



delay) 



Maximum Sensible EER  no 



ducts 
7.25 8.92 5.90 



Fan delay at Maximum 100 100 105 



Maximum Sensible EER  



with ducts 
4.50 6.58 3.18 



Fan delay at Maximum 100 85 105 



 Third 



(200 sec 



cycle fan 



delay) 



Maximum Sensible EER  no 



ducts 
7.63 8.47 6.90 



Fan delay at Maximum 195 115 190 



Maximum Sensible EER  



with ducts 
4.71 6.12 3.62 



Fan delay at Maximum 195 85 190 



 
Fourth 



(300 sec 



cycle fan 



delay) 



Maximum Sensible EER  no 



ducts 
8.85 8.20 7.84 



Fan delay at Maximum 300 120 315 



Maximum Sensible EER  



with ducts 
5.21 5.85 3.94 



Fan delay at Maximum 300 90 315 



 
Fifth 



(610 sec 



cycle fan 



delay) 



Maximum Sensible EER  no 



ducts 
9.89 8.10 9.59 



Fan delay at Maximum 610 115 610 



Maximum Sensible EER  



with ducts 
5.23 5.74 4.24 



Fan delay at Maximum 525 85 590 



 



Figure 24: Sensible EER Summary for BPM Unit 
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FanDelaySavingsCalculation.xlsx

FanDelaySavingsCalculation


						36000			Compressor Cycle Total Capacity (BTU/h)																		10			Compressor Cycle Duration (minutes)


						10			Compressor Cycle EER (BTU/W*h)																		4800			Compressor Cycle Delivered Sensible Capacity (BTU)


						0.8			Compressor Cycle Sensible Heat Ratio																		600			Compressor Cycle W*h


						28800			Compressor Cycle Sensible Capacity (BTU/h)																		8			Compressor Cycle Sensible EER


						3600			Compressor Cycle Power (W)


						29850			Compressor Cycle Gross Sensible Capacity (BTU/h) assumes nominal fan heat of 1250 BTU/h per 1000cfm @ installed airflow of 1050 cfm





						632			PSC Fan Motor W


						348			BPM Fan Motor W


						100			BPM LO Fan Motor W


			PSC fan motor 																					BPM fan motor 																					BPM fan motor 


			350 CFM/ton for 5 minute fan delay																					350 CFM/ton for 5 minute fan delay																					216 CFM/ton for 10 minute fan delay


			1547			Fan Cycle Net Sensible Capacity (BTU)																		1626			Fan Cycle Net Sensible Capacity (BTU)																		1923			Fan Cycle Net Sensible Capacity (BTU)


			6347			Full Cycle Net Sensible Capacity (BTU)																		6426			Full Cycle Net Sensible Capacity (BTU)																		6723			Full Cycle Net Sensible Capacity (BTU)


			51.8			Fan Cycle W*h																		28.5			Fan Cycle W*h																		16.5			Fan Cycle W*h


			651.8			Full Cycle W*h																		628.5			Full Cycle W*h																		616.5			Full Cycle W*h


			29.9			Fan Cycle Net Sensible EER (BTU/W*h)																		57.1			Fan Cycle Net Sensible EER (BTU/W*h)																		116.3			Fan Cycle Net Sensible EER (BTU/W*h)


			9.74			Full Cycle Net Sensible EER (BTU/W*h)																		10.23			Full Cycle Net Sensible EER (BTU/W*h)																		10.90			Full Cycle Net Sensible EER (BTU/W*h)


			18%			Savings over Compressor Cycle without Fan Delay																		22%			Savings over Compressor Cycle without Fan Delay																		27%			Savings over Compressor Cycle without Fan Delay


			Elapsed fan delay time (seconds)			Gross Sensible Capacity (Normalized to the maximum gross sensible capacity measured during the compressor cycle)			Fan W*h			Fan heat (BTU)			Net Sensible Capacity (BTU)									Elapsed fan delay time (seconds)			Gross Sensible Capacity (Normalized to the maximum gross sensible capacity measured during the compressor cycle)			Fan W*h			Fan heat (BTU)			Net Sensible Capacity (BTU)									Elapsed fan delay time (seconds)			Gross Sensible Capacity (Normalized to the maximum gross sensible capacity measured during the compressor cycle)			Fan W*h			Fan heat (BTU)			Net Sensible Capacity (BTU)


			5			1.00352			0.8777777778			2.9949777778			38.6092888889									5			1.00352			0.4827777778			1.6472377778			39.9570288889									5			1.000177			0.1388888889			0.4738888889			40.9917825694


			10			1.004827			0.8777777778			2.9949777778			38.6634749306									10			1.004827			0.4827777778			1.6472377778			40.0112149306									10			1.002472			0.1388888889			0.4738888889			41.0869294444


			15			1.007673			0.8777777778			2.9949777778			38.7814653472									15			1.007673			0.4827777778			1.6472377778			40.1292053472									15			0.9463196			0.1388888889			0.4738888889			38.7589445278


			20			1.005594			0.8777777778			2.9949777778			38.6952734722									20			1.005594			0.4827777778			1.6472377778			40.0430134722									20			0.8532979			0.1388888889			0.4738888889			34.9024198819


			25			1.001104			0.8777777778			2.9949777778			38.5091255556									25			1.001104			0.4827777778			1.6472377778			39.8568655556									25			0.7553787			0.1388888889			0.4738888889			30.8428530486


			30			0.9944368			0.8777777778			2.9949777778			38.2327145556									30			0.9944368			0.4827777778			1.6472377778			39.5804545556									30			0.7109113			0.1388888889			0.4738888889			28.9993087569


			35			0.9796143			0.8777777778			2.9949777778			37.6181984097									35			0.9796143			0.4827777778			1.6472377778			38.9659384097									35			0.6657354			0.1388888889			0.4738888889			27.1263912361


			40			0.9674684			0.8777777778			2.9949777778			37.1146496389									40			0.9674684			0.4827777778			1.6472377778			38.4623896389									40			0.643389			0.1388888889			0.4738888889			26.1999467361


			45			0.94811			0.8777777778			2.9949777778			36.3120826389									45			0.94811			0.4827777778			1.6472377778			37.6598226389									45			0.6174614			0.1388888889			0.4738888889			25.1250316528


			50			0.932331			0.8777777778			2.9949777778			35.6579115972									50			0.932331			0.4827777778			1.6472377778			37.0056515972									50			0.6037773			0.1388888889			0.4738888889			24.5577116736


			55			0.9081939			0.8777777778			2.9949777778			34.6572276597									55			0.9081939			0.4827777778			1.6472377778			36.0049676597									55			0.5852358			0.1388888889			0.4738888889			23.7890119861


			60			0.8925502			0.8777777778			2.9949777778			34.0086659306									60			0.8925502			0.4827777778			1.6472377778			35.3564059306									60			0.5752582			0.1388888889			0.4738888889			23.3753573194


			65			0.8710141			0.8777777778			2.9949777778			33.1158151181									65			0.8710141			0.4827777778			1.6472377778			34.4635551181									65			0.5598259			0.1388888889			0.4738888889			22.7355598819


			70			0.857377			0.8777777778			2.9949777778			32.5504436806									70			0.857377			0.4827777778			1.6472377778			33.8981836806									70			0.5503855			0.1388888889			0.4738888889			22.3441766319


			75			0.8367933			0.8777777778			2.9949777778			31.6970777847									75			0.8367933			0.4827777778			1.6472377778			33.0448177847									75			0.5359749			0.1388888889			0.4738888889			21.7467371736


			80			0.826015			0.8777777778			2.9949777778			31.2502274306									80			0.826015			0.4827777778			1.6472377778			32.5979674306									80			0.5284955			0.1388888889			0.4738888889			21.4366537153


			85			0.8077846			0.8777777778			2.9949777778			30.4944254306									85			0.8077846			0.4827777778			1.6472377778			31.8421654306									85			0.5176534			0.1388888889			0.4738888889			20.9871583194


			90			0.7962836			0.8777777778			2.9949777778			30.0176131389									90			0.7962836			0.4827777778			1.6472377778			31.3653531389									90			0.5106841			0.1388888889			0.4738888889			20.6982227569


			95			0.779829			0.8777777778			2.9949777778			29.3354328472									95			0.779829			0.4827777778			1.6472377778			30.6831728472									95			0.5002065			0.1388888889			0.4738888889			20.2638389236


			100			0.7679825			0.8777777778			2.9949777778			28.8442967014									100			0.7679825			0.4827777778			1.6472377778			30.1920367014									100			0.4940573			0.1388888889			0.4738888889			20.0089033403


			105			0.7509456			0.8777777778			2.9949777778			28.1379752222									105			0.7509456			0.4827777778			1.6472377778			29.4857152222									105			0.4859543			0.1388888889			0.4738888889			19.6729664653


			110			0.7416868			0.8777777778			2.9949777778			27.7541208056									110			0.7416868			0.4827777778			1.6472377778			29.1018608056									110			0.4788496			0.1388888889			0.4738888889			19.3784174444


			115			0.7268441			0.8777777778			2.9949777778			27.1387672014									115			0.7268441			0.4827777778			1.6472377778			28.4865072014									115			0.4715395			0.1388888889			0.4738888889			19.0753528819


			120			0.71885			0.8777777778			2.9949777778			26.8073451389									120			0.71885			0.4827777778			1.6472377778			28.1550851389									120			0.4670834			0.1388888889			0.4738888889			18.8906104028


			125			0.705563			0.8777777778			2.9949777778			26.2564882639									125			0.705563			0.4827777778			1.6472377778			27.6042282639									125			0.459009			0.1388888889			0.4738888889			18.5558592361


			130			0.6979967			0.8777777778			2.9949777778			25.9428020764									130			0.6979967			0.4827777778			1.6472377778			27.2905420764									130			0.4545641			0.1388888889			0.4738888889			18.3715810903


			135			0.6868526			0.8777777778			2.9949777778			25.4807862639									135			0.6868526			0.4827777778			1.6472377778			26.8285262639									135			0.4476142			0.1388888889			0.4738888889			18.0834498194


			140			0.6800463			0.8777777778			2.9949777778			25.1986084097									140			0.6800463			0.4827777778			1.6472377778			26.5463484097									140			0.4433057			0.1388888889			0.4738888889			17.9048265903


			145			0.6694394			0.8777777778			2.9949777778			24.7588640139									145			0.6694394			0.4827777778			1.6472377778			26.1066040139									145			0.4371707			0.1388888889			0.4738888889			17.6504797153


			150			0.6629879			0.8777777778			2.9949777778			24.4913955764									150			0.6629879			0.4827777778			1.6472377778			25.8391355764									150			0.433727			0.1388888889			0.4738888889			17.5077096528


			155			0.6518903			0.8777777778			2.9949777778			24.0313075764									155			0.6518903			0.4827777778			1.6472377778			25.3790475764									155			0.4277808			0.1388888889			0.4738888889			17.2611901111


			160			0.6457505			0.8777777778			2.9949777778			23.7767617014									160			0.6457505			0.4827777778			1.6472377778			25.1245017014									160			0.4239397			0.1388888889			0.4738888889			17.1019445069


			165			0.635888			0.8777777778			2.9949777778			23.3678788889									165			0.635888			0.4827777778			1.6472377778			24.7156188889									165			0.4187734			0.1388888889			0.4738888889			16.8877583194


			170			0.6314849			0.8777777778			2.9949777778			23.1853337014									170			0.6314849			0.4827777778			1.6472377778			24.5330737014									170			0.4153862			0.1388888889			0.4738888889			16.7473306528


			175			0.6211869			0.8777777778			2.9949777778			22.7583957847									175			0.6211869			0.4827777778			1.6472377778			24.1061357847									175			0.411485			0.1388888889			0.4738888889			16.5855934028


			180			0.6159863			0.8777777778			2.9949777778			22.5427875764									180			0.6159863			0.4827777778			1.6472377778			23.8905275764									180			0.4083735			0.1388888889			0.4738888889			16.4565957986


			185			0.6083836			0.8777777778			2.9949777778			22.2275923056									185			0.6083836			0.4827777778			1.6472377778			23.5753323056									185			0.4049049			0.1388888889			0.4738888889			16.3127934236


			190			0.6023561			0.8777777778			2.9949777778			21.9777022014									190			0.6023561			0.4827777778			1.6472377778			23.3254422014									190			0.4023627			0.1388888889			0.4738888889			16.2073980486


			195			0.5950282			0.8777777778			2.9949777778			21.6738996806									195			0.5950282			0.4827777778			1.6472377778			23.0216396806									195			0.3987966			0.1388888889			0.4738888889			16.0595534861


			200			0.5902444			0.8777777778			2.9949777778			21.4755713056									200			0.5902444			0.4827777778			1.6472377778			22.8233113056									200			0.3963934			0.1388888889			0.4738888889			15.9599208194


			205			0.5827942			0.8777777778			2.9949777778			21.1666984306									205			0.5827942			0.4827777778			1.6472377778			22.5144384306									205			0.3919737			0.1388888889			0.4738888889			15.7766874236


			210			0.5781248			0.8777777778			2.9949777778			20.9731128889									210			0.5781248			0.4827777778			1.6472377778			22.3208528889									210			0.3898581			0.1388888889			0.4738888889			15.6889781736


			215			0.5705243			0.8777777778			2.9949777778			20.6580088264									215			0.5705243			0.4827777778			1.6472377778			22.0057488264									215			0.3859721			0.1388888889			0.4738888889			15.5278710903


			220			0.5653885			0.8777777778			2.9949777778			20.4450871181									220			0.5653885			0.4827777778			1.6472377778			21.7928271181									220			0.3838616			0.1388888889			0.4738888889			15.4403732778


			225			0.5586364			0.8777777778			2.9949777778			20.1651563056									225			0.5586364			0.4827777778			1.6472377778			21.5128963056									225			0.3814975			0.1388888889			0.4738888889			15.3423616319


			230			0.5538625			0.8777777778			2.9949777778			19.9672383681									230			0.5538625			0.4827777778			1.6472377778			21.3149783681									230			0.3798354			0.1388888889			0.4738888889			15.2734537361


			235			0.5473984			0.8777777778			2.9949777778			19.6992475556									235			0.5473984			0.4827777778			1.6472377778			21.0469875556									235			0.37706			0.1388888889			0.4738888889			15.1583902778


			240			0.5437251			0.8777777778			2.9949777778			19.5469586597									240			0.5437251			0.4827777778			1.6472377778			20.8946986597									240			0.3756063			0.1388888889			0.4738888889			15.0981222986


			245			0.5381037			0.8777777778			2.9949777778			19.3139047847									245			0.5381037			0.4827777778			1.6472377778			20.6616447847									245			0.3728674			0.1388888889			0.4738888889			14.9845720694


			250			0.5340124			0.8777777778			2.9949777778			19.1442863056									250			0.5340124			0.4827777778			1.6472377778			20.4920263056									250			0.3718135			0.1388888889			0.4738888889			14.9408791319


			255			0.5281134			0.8777777778			2.9949777778			18.8997235972									255			0.5281134			0.4827777778			1.6472377778			20.2474635972									255			0.3690141			0.1388888889			0.4738888889			14.8248206736


			260			0.5225415			0.8777777778			2.9949777778			18.6687219097									260			0.5225415			0.4827777778			1.6472377778			20.0164619097									260			0.3677965			0.1388888889			0.4738888889			14.7743410069


			265			0.5175749			0.8777777778			2.9949777778			18.4628149514									265			0.5175749			0.4827777778			1.6472377778			19.8105549514									265			0.3652572			0.1388888889			0.4738888889			14.6690658611


			270			0.5125176			0.8777777778			2.9949777778			18.2531477222									270			0.5125176			0.4827777778			1.6472377778			19.6008877222									270			0.3634887			0.1388888889			0.4738888889			14.5957467986


			275			0.5066219			0.8777777778			2.9949777778			18.0087218264									275			0.5066219			0.4827777778			1.6472377778			19.3564618264									275			0.3609223			0.1388888889			0.4738888889			14.4893481319


			280			0.5031594			0.8777777778			2.9949777778			17.8651723472									280			0.5031594			0.4827777778			1.6472377778			19.2129123472									280			0.3594741			0.1388888889			0.4738888889			14.4293081736


			285			0.4978877			0.8777777778			2.9949777778			17.6466164514									285			0.4978877			0.4827777778			1.6472377778			18.9943564514									285			0.3571733			0.1388888889			0.4738888889			14.3339208403


			290			0.4936121			0.8777777778			2.9949777778			17.4693572014									290			0.4936121			0.4827777778			1.6472377778			18.8170972014									290			0.3556653			0.1388888889			0.4738888889			14.2714016736


			295			0.4878794			0.8777777778			2.9949777778			17.2316890139									295			0.4878794			0.4827777778			1.6472377778			18.5794290139									295			0.3540554			0.1388888889			0.4738888889			14.2046579028


																																													300			0.3531236			0.1388888889			0.4738888889			14.1660270278


																																													305			0.3516848			0.1388888889			0.4738888889			14.1063767778


																																													310			0.3506604			0.1388888889			0.4738888889			14.0639068611


																																													315			0.34793			0.1388888889			0.4738888889			13.9507090278


																																													320			0.3458974			0.1388888889			0.4738888889			13.8664408194


																																													325			0.344866			0.1388888889			0.4738888889			13.8236806944


																																													330			0.3439992			0.1388888889			0.4738888889			13.7877446111


																																													335			0.3424927			0.1388888889			0.4738888889			13.7252876319


																																													340			0.341124			0.1388888889			0.4738888889			13.6685436111


																																													345			0.3399872			0.1388888889			0.4738888889			13.6214137778


																																													350			0.3382802			0.1388888889			0.4738888889			13.5506444028


																																													355			0.3367958			0.1388888889			0.4738888889			13.4891036528


																																													360			0.3358109			0.1388888889			0.4738888889			13.4482713403


																																													365			0.3332328			0.1388888889			0.4738888889			13.3413876111


																																													370			0.3334178			0.1388888889			0.4738888889			13.3490574028


																																													375			0.331479			0.1388888889			0.4738888889			13.2686779861


																																													380			0.3302298			0.1388888889			0.4738888889			13.2168882361


																																													385			0.3287056			0.1388888889			0.4738888889			13.1536974444


																																													390			0.3278999			0.1388888889			0.4738888889			13.1202944653


																																													395			0.3265568			0.1388888889			0.4738888889			13.0646117778


																																													400			0.325313			0.1388888889			0.4738888889			13.0130459028


																																													405			0.3228303			0.1388888889			0.4738888889			12.9101172986


																																													410			0.322635			0.1388888889			0.4738888889			12.9020204861


																																													415			0.3207871			0.1388888889			0.4738888889			12.8254096319


																																													420			0.3192608			0.1388888889			0.4738888889			12.7621317778


																																													425			0.318387			0.1388888889			0.4738888889			12.7259054861


																																													430			0.3176738			0.1388888889			0.4738888889			12.6963374028


																																													435			0.3156331			0.1388888889			0.4738888889			12.6117333819


																																													440			0.3144531			0.1388888889			0.4738888889			12.5628125486


																																													445			0.3131187			0.1388888889			0.4738888889			12.5074905486


																																													450			0.3116179			0.1388888889			0.4738888889			12.4452698819


																																													455			0.3104756			0.1388888889			0.4738888889			12.3979120278


																																													460			0.3089812			0.1388888889			0.4738888889			12.3359566944


																																													465			0.3075685			0.1388888889			0.4738888889			12.2773885069


																																													470			0.3065774			0.1388888889			0.4738888889			12.2362991528


																																													475			0.3049987			0.1388888889			0.4738888889			12.1708488819


																																													480			0.3039093			0.1388888889			0.4738888889			12.1256841736


																																													485			0.3033776			0.1388888889			0.4738888889			12.1036407778


																																													490			0.3025325			0.1388888889			0.4738888889			12.0686043403


																																													495			0.3015328			0.1388888889			0.4738888889			12.0271584444


																																													500			0.3018469			0.1388888889			0.4738888889			12.0401805069


																																													505			0.2998172			0.1388888889			0.4738888889			11.9560325278


																																													510			0.297945			0.1388888889			0.4738888889			11.8784142361


																																													515			0.2970183			0.1388888889			0.4738888889			11.8399947986


																																													520			0.2968717			0.1388888889			0.4738888889			11.8339170069


																																													525			0.2951478			0.1388888889			0.4738888889			11.7624469861


																																													530			0.2939007			0.1388888889			0.4738888889			11.7107442986


																																													535			0.2921979			0.1388888889			0.4738888889			11.6401490486


																																													540			0.2917305			0.1388888889			0.4738888889			11.6207714236


																																													545			0.2898634			0.1388888889			0.4738888889			11.5433645694


																																													550			0.2890861			0.1388888889			0.4738888889			11.5111390069


																																													555			0.2883075			0.1388888889			0.4738888889			11.4788595486


																																													560			0.2876165			0.1388888889			0.4738888889			11.4502118403


																																													565			0.2861969			0.1388888889			0.4738888889			11.3913575903


																																													570			0.2845821			0.1388888889			0.4738888889			11.3244106736


																																													575			0.2842483			0.1388888889			0.4738888889			11.3105718819


																																													580			0.2823257			0.1388888889			0.4738888889			11.2308640903


																																													585			0.2808531			0.1388888889			0.4738888889			11.1698125486


																																													590			0.2800089			0.1388888889			0.4738888889			11.1348134236


																																													595			0.2790713			0.1388888889			0.4738888889			11.0959420903








CapacityChart


			Fan Delay Elapsed Seconds			350 CFM/ton Gross Sens Cap			216 CFM/ton Gross Sens Cap


			5			1.00352			1.000177


			10			1.004827			1.002472


			15			1.007673			0.9463196


			20			1.005594			0.8532979


			25			1.001104			0.7553787


			30			0.9944368			0.7109113


			35			0.9796143			0.6657354


			40			0.9674684			0.643389


			45			0.94811			0.6174614


			50			0.932331			0.6037773


			55			0.9081939			0.5852358


			60			0.8925502			0.5752582


			65			0.8710141			0.5598259


			70			0.857377			0.5503855


			75			0.8367933			0.5359749


			80			0.826015			0.5284955


			85			0.8077846			0.5176534


			90			0.7962836			0.5106841


			95			0.779829			0.5002065


			100			0.7679825			0.4940573


			105			0.7509456			0.4859543


			110			0.7416868			0.4788496


			115			0.7268441			0.4715395


			120			0.71885			0.4670834


			125			0.705563			0.459009


			130			0.6979967			0.4545641


			135			0.6868526			0.4476142												Source: CEC laboratory testing performed at Intertek, Plano TX


			140			0.6800463			0.4433057


			145			0.6694394			0.4371707												Chart shows gross sensible capacity during the fan delay cycle normalized to the maximum gross sensible capacity measured during the compressor cycle


			150			0.6629879			0.433727												As shown below


			155			0.6518903			0.4277808


			160			0.6457505			0.4239397


			165			0.635888			0.4187734


			170			0.6314849			0.4153862


			175			0.6211869			0.411485


			180			0.6159863			0.4083735


			185			0.6083836			0.4049049


			190			0.6023561			0.4023627


			195			0.5950282			0.3987966


			200			0.5902444			0.3963934


			205			0.5827942			0.3919737


			210			0.5781248			0.3898581


			215			0.5705243			0.3859721


			220			0.5653885			0.3838616


			225			0.5586364			0.3814975


			230			0.5538625			0.3798354


			235			0.5473984			0.37706


			240			0.5437251			0.3756063


			245			0.5381037			0.3728674


			250			0.5340124			0.3718135


			255			0.5281134			0.3690141


			260			0.5225415			0.3677965


			265			0.5175749			0.3652572


			270			0.5125176			0.3634887


			275			0.5066219			0.3609223


			280			0.5031594			0.3594741


			285			0.4978877			0.3571733


			290			0.4936121			0.3556653


			295			0.4878794			0.3540554
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			410						0.322635
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			425						0.318387


			430						0.3176738


			435						0.3156331
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			455						0.3104756
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			485						0.3033776
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Figure 48. Package Unit Latent Recovery Laboratory Tests 



Source: Southern California Edison 



Figure 48 Notes:



As elapse time proceeds (X axis) the unit is running at steady state with a sensible EER



of 7.4. At 30 minutes the compressor shuts off (the watt draw drops from 5.9 kW to the



indoor fan only power). From the 30 minute mark, the indoor fan continues to run for 10



minutes evaporating water off the coil and delivering sensible capacity. At the end of the



“tail” the overall sensible EER has risen to 8.1.



At the 40 minute mark, the compressor comes on and runs for 5 minutes. At the end of



that 5 minute compressor cycle, the cumulative sensible EER is less than 6. From the 45



minute mark, the indoor fan continues to run for 10 minutes delivering sensible



capacity. At the end of the “tail” the over sensible EER has risen to 9.6.



At the 55 minute mark, the compressor comes on and runs for 10 minutes. At the end of



that 10 minute compressor cycle, the cumulative sensible EER is delivering sensible



capacity. At the end of the “tail” the overall sensible EER has risen to 8.6. It is evident



that the longer compressor on cycle would require a longer “tail” to approach the



efficiency achieved by the 5 minute compressor on cycle within a 10 minute “tail.”



At the 75 minute mark, the compressor comes on and runs for 15 minutes. At the end of



that 15 minute compressor cycle, the cumulative sensible EER is 6.6. From the 90 minute



mark, the indoor fan continues to run for 20 minutes delivering sensible capacity. At the



end of the “tail,” the overall sensible EER has risen 8.7.



3.1.6. Unit Tests 3-Ton Split (PG&E) 



The primary test results are summarized in this section.
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Monitored Madera Data


						Sensible EER by Temperature Bin and Fan Only Tail Length												Extrapolation by Linear Regression


						Temp Out			1 min			11 min						Ext. 1 min			Ext. 11 min			Savings


						60												8.18			10.89			24.9%


						65			7.76			10.09						7.90			10.50			24.8%


						70			7.45			10.34						7.62			10.11			24.6%


						75			7.36			9.90						7.34			9.71			24.5%


						80			7.23			9.43						7.05			9.32			24.3%


						85			6.95			9.11						6.77			8.93			24.1%


						90			6.57			8.41						6.49			8.53			23.9%


						95			6.25			7.97						6.21			8.14			23.7%


						100			6.00									5.93			7.74			23.4%


						105			5.51									5.65			7.35			23.2%


						110			5.24									5.37			6.96			22.9%








Monitored Madera Data


			





1 minute Tail


11 minute Tail


1 minute Tail Fit


11 minute Tail Fit


Outside Temperature


Sensible EER





SCE Lab Test


						Compressor and Fan on


						Fan only on


																								Based on DP Measurements


			MInutes			Hours			Compressor Power			Condenser Fan Power			Evaporator Fan Power			Total Power			Sensible Cooling			Latent Load			Gross Cooling Capacity			Net Cooling Capacity			EER			SHR			Net 
Sensible
Capacity			Net
Sensible 
EER			Cycle Sensible EER			Stored Latent			Delivered from Storage


									(kW)			(kW)			(kW)			(kW)			(Btu/hr)			(Btu/hr)			(Btu/hr)			(Btu/hr)			(Btu/hr/watt)			(-)			(Btu/hr)			(Btu/hr/watt)


									Ch 3 - 2 - 8			Ch 3 - 2 - 7			Ch 3 - 2 - 6			Ch 3 - 3 - 6			Calcs 66			Calcs 67			Calcs 64			Calcs 90			Calcs 69			Calcs 70


			0			13:01			5.00			0.30			0.61			5.94			43434.8			15105.9			60203.7			58108.3			9.8			0.7			41935			7.06			7.31			15105.9


			1			13:02			5.01			0.30			0.61			5.95			43939.4			14155.6			58009.7			55920.3			9.4			0.8			42369			7.12			7.35			29261.5


			2			13:03			4.98			0.30			0.61			5.91			43530.3			12379.8			58137.4			56048.3			9.5			0.7			41980			7.10			7.35			41641.4


			2			13:03			4.98			0.30			0.61			5.91			41657.1			15288.0			58095.9			56004.3			9.5			0.7			40174			6.80			7.28			56929.3


			3			13:04			5.00			0.30			0.62			5.92			42500.9			13673.0			57207.8			55108.6			9.3			0.7			40927			6.91			7.26			70602.3


			4			13:05			5.00			0.30			0.61			5.93			44525.2			14503.2			60887.2			58798.2			9.9			0.7			43001			7.25			7.30			85105.5


			5			13:06			5.00			0.30			0.61			5.93			43765.6			14368.2			58341.0			56257.8			9.5			0.8			42212			7.12			7.31			99473.8


			6			13:07			5.01			0.30			0.60			5.92			42786.4			12425.7			56946.0			54882.2			9.3			0.8			41253			6.97			7.30			111899.5


			7			13:08			4.99			0.30			0.62			5.91			42073.8			14961.7			58843.1			56742.8			9.6			0.7			40571			6.87			7.28			126861.2


			8			13:09			4.98			0.30			0.61			5.90			43831.3			14805.7			59014.5			56926.9			9.6			0.7			42278			7.16			7.29			141666.9


			9			13:10			5.00			0.30			0.61			5.93			45295.0			13085.6			60122.7			58034.3			9.8			0.8			43719			7.38			7.33			154752.5


			10			13:11			4.99			0.30			0.61			5.92			43430.6			14668.8			59216.0			57133.8			9.7			0.7			41917			7.08			7.33			169421.3


			11			13:12			4.99			0.30			0.61			5.90			42473.2			13441.0			57302.0			55213.7			9.4			0.7			40932			6.94			7.32			182862.3


			12			13:13			5.00			0.30			0.61			5.92			43016.6			14663.0			59103.9			57027.5			9.6			0.7			41516			7.02			7.31			197525.3


			13			13:14			5.00			0.30			0.61			5.92			43885.2			15249.4			60082.3			58002.8			9.8			0.7			42361			7.15			7.32			212774.6


			14			13:15			4.98			0.30			0.61			5.90			43664.2			12714.0			56829.9			54736.6			9.3			0.8			42074			7.13			7.33			225488.7


			15			13:16			4.99			0.30			0.61			5.91			42921.1			13007.7			58283.0			56212.1			9.5			0.7			41410			7.00			7.32			238496.4


			16			13:17			5.01			0.30			0.62			5.93			42023.2			15325.1			58880.6			56780.1			9.6			0.7			40522			6.84			7.31			253821.5


			17			13:18			5.00			0.30			0.61			5.91			43990.7			14446.1			58411.8			56320.4			9.5			0.8			42428			7.18			7.32			268267.5


			18			13:19			4.99			0.30			0.61			5.92			45727.9			12563.1			60344.0			58260.6			9.8			0.8			44162			7.47			7.34			280830.7


			19			13:20			4.99			0.30			0.61			5.91			45460.1			14360.5			60806.0			58731.9			9.9			0.7			43912			7.43			7.35			295191.2


			20			13:21			5.00			0.30			0.62			5.93			46079.7			12380.5			59590.6			57491.6			9.7			0.8			44460			7.50			7.37			307571.7


			21			13:22			5.00			0.30			0.61			5.93			45603.9			13436.2			60543.5			58458.2			9.9			0.8			44038			7.43			7.39			321007.9


			22			13:23			4.98			0.30			0.61			5.92			44045.9			12321.7			57105.2			55013.0			9.3			0.8			42452			7.17			7.39			333329.6


			23			13:24			4.99			0.30			0.61			5.91			43256.8			12984.1			58343.8			56256.1			9.5			0.7			41723			7.06			7.39			346313.7


			24			13:25			5.00			0.30			0.61			5.92			41921.9			15210.8			59113.4			57025.5			9.6			0.7			40450			6.84			7.37			361524.5


			25			13:26			5.00			0.30			0.61			5.92			42271.8			16135.8			58789.3			56705.1			9.6			0.7			40790			6.89			7.37			377660.3


			26			13:27			4.98			0.30			0.61			5.90			45192.8			13021.3			59368.5			57284.3			9.7			0.8			43612			7.39			7.38			390681.6


			27			13:28			4.99			0.30			0.61			5.92			45015.1			14297.0			61111.4			59029.8			10.0			0.7			43485			7.35			7.38			404978.6


			28			13:29			5.01			0.30			0.61			5.93			42957.0			15146.4			58838.5			56755.9			9.6			0.7			41432			6.99			7.38			420125.0


			29			13:30			1.66			0.10			0.61			2.38			41001.7			14045.6			52025.7			49947.2			54.3			0.8			40207			43.69			7.51			434170.6


			30			13:31			0.00			0.00			0.61			0.62			26026.1			-9895.8			9625.6			7555.2			12.3			3.1			23781			38.73			7.63						26026.1


			31			13:32			0.00			0.00			0.61			0.61			22183.0			-20236.1			859.2			-1214.9			-2.0			9.5			-11500			-18.75			7.73						48209.1


			32			13:33			0.00			0.00			0.60			0.61			19090.1			-21539.4			-2411.9			-4475.0			-7.3			-8.6			38552			62.94			7.80						67299.2


			33			13:34			-0.00			0.00			0.60			0.61			16463.1			-20854.9			-4108.9			-6160.6			-10.1			-4.0			24790			40.65			7.87						83762.3


			34			13:35			0.00			0.00			0.60			0.61			14501.3			-19611.6			-4945.6			-7000.8			-11.5			-2.9			20566			33.80			7.92						98263.6


			35			13:36			0.00			0.00			0.60			0.61			13536.7			-18351.5			-4610.9			-6675.4			-10.9			-3.0			19722			32.19			7.97						111800.4


			36			13:37			0.00			0.00			0.61			0.61			14376.6			-17893.7			-4015.8			-6082.1			-9.9			-3.6			21899			35.75			8.02						126177.0


			37			13:38			0.00			0.00			0.60			0.61			13620.8			-19213.9			-6062.0			-8121.8			-13.3			-2.3			18380			30.07			8.07						139797.8


			38			13:39			0.00			0.00			0.60			0.61			12641.3			-19691.9			-7171.3			-9222.3			-15.2			-1.8			16277			26.74			8.11						152439.1


			39			13:40			3.30			0.20			0.60			4.08			12546.9			-19205.2			-1285.2			-3323.5			-5.2			-0.7			2222			3.49			3.08			-19205.2


			40			13:41			5.08			0.30			0.60			5.99			25674.3			13864.3			49615.4			47577.3			7.9			0.5			24486			4.09			3.80			-5340.8


			41			13:42			5.02			0.30			0.60			5.92			32363.5			21163.6			53181.0			51143.2			8.6			0.6			31112			5.26			4.42			15822.8


			42			13:43			5.00			0.30			0.60			5.90			37056.0			16619.0			53979.7			51934.7			8.8			0.7			35627			6.04			4.92			32441.8


			43			13:44			5.01			0.30			0.60			5.91			40547.9			14285.4			55500.4			53459.2			9.0			0.7			39061			6.61			5.33			46727.2


			44			13:45			1.66			0.10			0.60			2.37			40580.1			12270.3			50480.4			48440.9			53.9			0.8			39366			43.84			6.26			58997.5


			45			13:46			0.00			0.00			0.60			0.61			26069.5			-11259.7			7038.3			4997.2			8.3			6.9			34694			57.36			6.98						26069.5


			46			13:47			0.00			0.00			0.60			0.61			22083.5			-20469.7			1886.3			-161.5			-0.3			12.1			-1956			-3.21			7.55						48152.9


			47			13:48			0.00			0.00			0.60			0.61			20330.9			-20374.2			-319.9			-2367.0			-3.9			-9.5			22450			36.91			8.04						68483.8


			48			13:49			0.00			0.00			0.60			0.61			17579.0			-20628.8			-3139.9			-5179.9			-8.5			-6.3			32716			54.00			8.43						86062.8


			49			13:50			-0.00			0.00			0.60			0.61			15190.4			-20373.3			-5016.6			-7054.0			-11.7			-3.1			21538			35.60			8.74						101253.2


			50			13:51			0.00			0.00			0.60			0.61			13589.3			-19270.0			-5540.7			-7576.5			-12.5			-2.5			18628			30.80			8.98						114842.6


			51			13:52			-0.00			0.00			0.60			0.61			12846.5			-18392.4			-5922.9			-7964.3			-13.2			-2.2			17301			28.60			9.20						127689.0


			53			13:54			0.00			0.00			0.60			0.61			13345.7			-19719.9			-7148.9			-9190.0			-15.2			-1.9			17458			28.81			9.42						141034.8


			54			13:55			0.00			0.00			0.60			0.61			12040.8			-20704.9			-8927.5			-10958.3			-18.1			-1.4			14812			24.49			9.60						153075.6


			55			13:56			4.93			0.30			0.59			5.83			15084.5			-14683.2			13543.0			11524.9			1.9			0.2			1913			0.32			2.59						168160.1


			56			13:57			5.06			0.30			0.59			5.96			29314.0			19313.2			50535.3			48521.1			8.1			0.6			28126			4.72			3.77			19313.2


			57			13:58			4.96			0.30			0.59			5.86			34219.7			18170.0			52769.6			50751.9			8.7			0.6			32904			5.61			4.45			37483.3


			58			13:59			4.97			0.30			0.59			5.89			38334.9			15171.5			53680.1			51654.0			8.8			0.7			36881			6.27			4.97			52654.8


			59			14:00			4.98			0.30			0.59			5.89			41607.4			12970.3			55662.0			53639.0			9.1			0.7			40104			6.81			5.39			65625.1


			60			14:01			4.97			0.30			0.59			5.88			41889.83			11685.24			53954.51			51943.98			8.84			0.78			40343			6.87			5.68			77310.4


			61			14:02			4.97			0.30			0.59			5.87			41718.79			9630.23			52703.64			50677.37			8.64			0.79			40120			6.84			5.88			86940.6


			62			14:03			4.99			0.30			0.59			5.89			41779.75			11742.91			55260.67			53236.48			9.04			0.76			40247			6.84			6.03			98683.5


			63			14:04			4.98			0.30			0.59			5.89			42695.24			13488.87			58183.85			56155.08			9.53			0.73			41218			7.00			6.17			112172.4


			64			14:05			4.99			0.30			0.59			5.90			43380.49			13800.33			57642.38			55613.94			9.43			0.75			41877			7.10			6.29			125972.7


			65			14:06			-0.00			0.00			0.60			0.61			39777.89			9959.36			42918.45			40885.04			67.60			1.02			41771			69.06			6.89						39777.9


			66			14:07			0.00			0.00			0.60			0.60			23913.00			-15965.74			5555.06			3523.36			5.85			4.59			16179			26.86			7.22						63690.9


			67			14:08			0.00			0.00			0.60			0.61			20528.04			-18771.10			1089.74			-952.48			-1.57			61.09			-58185			-95.79			7.49						84218.9


			68			14:09			0.00			0.00			0.60			0.61			19351.49			-20417.02			-1435.86			-3478.25			-5.71			-17.95			62420			102.55			7.73						103570.4


			69			14:10			0.00			0.00			0.60			0.61			17188.40			-20221.27			-2843.37			-4877.99			-8.06			-6.40			31219			51.61			7.93						120758.8


			70			14:11			-0.00			0.00			0.60			0.61			15131.98			-19618.55			-4429.12			-6467.81			-10.69			-3.48			22508			37.21			8.10						135890.8


			71			14:12			0.00			0.00			0.60			0.61			13422.60			-19105.25			-5753.14			-7788.01			-12.88			-2.34			18201			30.10			8.23						149313.4


			72			14:13			0.00			0.00			0.60			0.61			12440.78			-18646.56			-6155.60			-8186.02			-13.54			-2.02			16549			27.37			8.35						161754.2


			73			14:14			-0.00			0.00			0.60			0.61			12978.37			-18286.77			-6062.82			-8102.04			-13.39			-2.15			17457			28.85			8.47						174732.6


			74			14:15			-0.00			0.00			0.60			0.60			12370.93			-20046.13			-8207.17			-10244.75			-16.98			-1.52			15524			25.73			8.58						187103.5


			75			14:16			3.31			0.18			0.59			4.06			12034.34			-20298.27			-3283.00			-5293.93			-6.36			-0.30			1609			1.93			2.96			-20298.3


			76			14:17			5.02			0.30			0.59			5.92			24809.31			11237.33			46397.89			44401.06			7.51			0.53			23651			4.00			3.69			-9060.9


			77			14:18			5.01			0.30			0.59			5.90			31950.45			20424.39			52217.01			50217.93			8.52			0.61			30733			5.21			4.33			11363.4


			78			14:19			4.99			0.30			0.59			5.88			35995.25			16288.16			52625.47			50618.58			8.61			0.68			34606			5.88			4.82			27651.6


			79			14:20			4.99			0.30			0.59			5.90			40224.27			13846.36			54867.68			52866.01			8.96			0.73			38751			6.57			5.24			41498.0


			80			14:21			4.98			0.30			0.59			5.88			41572.16			12510.15			54781.62			52768.22			8.98			0.76			40051			6.81			5.56			54008.1


			81			14:22			4.98			0.30			0.59			5.88			41630.76			11022.73			53293.17			51285.76			8.72			0.78			40071			6.81			5.79			65030.8


			82			14:23			4.99			0.30			0.59			5.88			41814.83			10712.22			54474.09			52453.37			8.92			0.77			40267			6.84			5.96			75743.1


			83			14:24			5.01			0.30			0.60			5.92			42533.71			13017.54			57231.62			55196.49			9.32			0.74			41029			6.93			6.10			88760.6


			84			14:25			4.99			0.30			0.59			5.90			43180.52			13046.73			57215.44			55193.50			9.35			0.75			41653			7.06			6.23			101807.3


			85			14:26			5.00			0.30			0.59			5.89			42756.83			12752.79			56744.91			54724.67			9.29			0.75			41226			7.00			6.32			114560.1


			86			14:27			4.98			0.30			0.59			5.88			42679.87			12801.70			53231.45			51204.09			8.71			0.81			41441			7.05			6.40			127361.8


			87			14:28			4.98			0.30			0.60			5.88			44009.51			7052.37			55037.70			53006.43			9.01			0.80			42423			7.21			6.49			134414.2


			88			14:29			5.01			0.30			0.60			5.92			44529.20			12465.31			59029.52			56999.17			9.63			0.75			42996			7.26			6.56			146879.5


			89			14:30			4.99			0.30			0.59			5.91			42534.89			13973.84			57834.34			55805.40			9.45			0.74			41054			6.95			6.61			160853.3


			90			14:31			-0.00			0.00			0.60			0.61			37631.25			11048.25			41816.85			39771.83			65.52			1.00			39666			65.34			6.99						37631.3


			91			14:32			0.00			0.00			0.60			0.61			24012.20			-14483.23			6611.76			4559.61			7.49			3.81			17390			28.57			7.22						61643.4


			92			14:33			0.01			0.00			0.60			0.61			21534.69			-19523.25			1191.25			-856.73			-1.41			2285.38			-1957964			-3217.82			7.41						83178.1


			93			14:34			0.00			0.00			0.60			0.61			18823.88			-20301.57			-1360.34			-3400.06			-5.61			-19.94			67798			111.91			7.57						102002.0


			94			14:35			0.00			0.00			0.60			0.61			16176.98			-19629.27			-3340.12			-5377.46			-8.89			-5.06			27233			45.02			7.70						118179.0


			95			14:36			0.00			0.00			0.60			0.61			14132.42			-18976.85			-4682.01			-6716.15			-11.11			-3.03			20319			33.60			7.81						132311.4


			96			14:37			-0.00			0.00			0.60			0.61			13279.61			-17938.12			-4612.98			-6652.86			-10.98			-2.90			19309			31.86			7.90						145591.0


			97			14:38			-0.00			0.00			0.60			0.61			13937.04			-18007.44			-4672.18			-6712.57			-11.10			-3.02			20290			33.55			8.00						159528.1


			98			14:39			0.00			0.00			0.59			0.60			12955.52			-19125.38			-6465.21			-8494.03			-14.11			-2.02			17121			28.44			8.09						172483.6


			99			14:40			0.00			0.00			0.59			0.60			11765.76			-19189.03			-7520.36			-9541.16			-15.88			-1.56			14926			24.84			8.16						184249.3


			100			14:41			-0.01			0.00			0.59			0.60			10929.30			-18829.26			-8168.80			-10190.55			-16.96			-1.34			13659			22.73			8.23						195178.6


			101			14:42			0.00			0.00			0.59			0.60			10501.74			-18741.01			-8400.34			-10427.53			-17.35			-1.25			13038			21.70			8.29						205680.4


			102			14:43			0.00			0.00			0.60			0.60			10428.97			-18702.50			-8649.19			-10681.09			-17.70			-1.21			12903			21.38			8.35						216109.3


			103			14:44			0.00			0.00			0.60			0.61			11382.43			-19425.43			-8923.32			-10954.34			-18.10			-1.28			14033			23.19			8.41						227491.8


			104			14:45			0.00			0.00			0.59			0.60			10664.05			-20833.70			-10491.86			-12514.10			-20.82			-1.02			12723			21.17			8.47						238155.8


			105			14:46			0.00			0.00			0.59			0.60			9852.51			-20525.62			-11012.77			-13032.27			-21.69			-0.90			11673			19.42			8.52						248008.3


			106			14:47			0.00			0.00			0.59			0.60			9276.26			-20467.97			-11444.70			-13457.81			-22.44			-0.81			10905			18.18			8.56						257284.6


			107			14:48			0.00			0.00			0.59			0.60			8641.20			-20259.00			-12000.88			-14013.96			-23.47			-0.72			10095			16.90			8.60						265925.8


			108			14:49			0.00			0.00			0.59			0.60			8269.29			-20414.34			-12659.76			-14670.38			-24.58			-0.65			9580			16.05			8.63						274195.1


			109			14:50			0.01			0.00			0.59			0.60			8637.17			-20962.49			-13221.31			-15236.55			-25.46			-0.65			9955			16.64			8.67						282832.3


			110			14:51			0.00			0.00			0.59			0.60			8370.06			-21961.63			-14865.03			-16871.11			-28.26			-0.56			9498			15.91			8.70						291202.3


						Daily Avg.			2.7			0.2			0.6			3.5			29424.8			-1004.9			28908.8			26861.3			2.1			20.7			11796			-11.21


						St. Dev.			2.46			0.15			0.01			2.61			13952.14			16563.63			30576.85			30565.69			16.17			217.02			189374			307.96


						Max.			5.1			0.3			0.6			6.0			46079.7			21163.6			61111.4			59029.8			67.6			2285.4			67798			111.91


						Min.			-0.0			0.0			0.6			0.6			8269.3			-21961.6			-14865.0			-16871.1			-28.3			-19.9			-1957964			-3217.82
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Steady State and Cycling Peak Performance 



PEERs defines the steady state performance of air conditioners that are operating every minute of 
the peak4 hour. These continuously running units have 100% coincidence with peak.  



Within the residential population there are three significant modes of air conditioner peak 
demand as follows: 



• Residences where the air conditioners run continuously for some or all of the peak hours. 
The continuously running AC group consists of air conditioners that cannot meet the 
load either because they are small or the load is excessive (such as is caused by a 
thermostat adjustment to a lower temperature).  



• Residences that have air conditioners that are cycling during these hours.  



• Residences where the air conditioners are off during the peak hours.  



The percentages in these peak modes found in studies of air conditioner submetered data are 
shown in Table 6.  



Table 6. Documented Peak Group Populations 



Location Fresno 
Coachella 
Valley 



Nevada 
Power 1 



Nevada 
Power 2 



EPRI Hot 
4 PM 



EPRI Hot 
6 PM 



Phoenix 



AC Off 20% 28% 2% 18% 19% 21% 1% 



AC Cycling 44% 60% 68% 52% 47% 50% 85% 



AC Continuous 36% 22% 30% 30% 34% 29% 14% 



Operating ACs 
Cycling 



55% 73% 69% 63% 58% 63% 86% 



n 100 340 236 269 406 406 72 



As shown in Table 6 the minimum percentage of operating units cycling on peak was 55% in the 
Fresno California sample. 



CYCLING PEAK PERFORMANCE 



The behavior of occupants, their thermostat settings, and the sizing of air conditioners influence 
the available peak reduction. At least 55% of the operating units will be cycling during the 
electrical peak. These units provide additional opportunities for peak reductions over the steady 
state reductions captured in PEERs.  



At the beginning of an air conditioner cycle moisture begins to condense on the evaporator coil. 
The moisture thus removed from the inside air stream represents potential dehumidification that 
is not needed or desirable in the dry west. At the end of the cycle the moisture on the coil can be 
evaporated to provide additional sensible cooling to a residence, reducing the electrical peak 
demand. The length of time the evaporator fan can run and efficiently reduce peak is dependent 
on a number of factors. Two critical factors are the length of time the compressor has run loading 
the coil with moisture and the watt draw of the evaporator fan motor. The energy savings from a 



                                                           
4 The CPUC defines peak as the hours between 2PM and 5PM. 
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