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	Measure Codes
	HV314, HV315, HV316, HV317, HV318, HV319, HV320, HV321, HV322, HV323, HV324, HV325, HV330, HV331, HV332, HV333

	Measure Description
	Adjust refrigerant charge to meet manufacturer specifications

	Base Case Description
	Refrigerant charge does not meet manufacturer specifications

	Units
	Per ton cooling capacity, Cap-Tons.

	Energy Savings
	Refer to Excel Calculation Attachment

	Full Measure Cost ($/unit)
	$36.70 / ton

	Incremental Measure Cost ($/unit)
	$36.70 / ton

	Effective Useful Life
	10 years (DEER EUL ID: HVAC-RefChg)

	Measure Installation Type
	Retrofit Add-on (REA)

	Net-to-Gross Ratio
	0.73 (DEER NTGR ID: NonRes-sAll-mHVAC-RCA)

	Important Comments
	This work paper has a complementary Ex Ante Database data set that will be provided in a separate submission to the California Public Utilities Commission (CPUC).
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Section 1. General Measure & Baseline Data
[bookmark: _Toc214003083]1.1 Measure Description & Background 
This statewide work paper details refrigerant charge adjustment on existing nonresidential split-system and unitary HVAC equipment. This is one of eight work papers that cover specific HVAC Quality Maintenance (QM) treatments formerly combined into the measures described in the Revision 0 version of the June 26, 2012 Work Paper PGECOHVC138 Nonresidential HVAC RTU Quality Maintenance[endnoteRef:1] and the Revision 3 version of the December 26, 2014 Work Paper SCE13HC037 Comprehensive Commercial HVAC Rooftop Unit Quality Maintenance[endnoteRef:2]. All  HVAC QM treatments are now covered by the following work papers:  [1:  Judith Jennings, et al, Pacific Gas and Electric Company (2012,06,26). Work Paper PGECOHVC138 Nonresidential HVAC RTU Quality Maintenance,.]  [2:  Andres Fergadiotti, Southern California Edison (2014,12,26). Work Paper SCE13HC037 Comprehensive Commercial HVAC Rooftop Unit Quality Maintenance] 

· Airflow Adjustment (To be completed in 2016)
· Condenser Coil Cleaning (PGE3PHVC156R2)
· Economizer Controls (PGE3PHVC152R3)
· Economizer Repair (PGE3PHVC151R2)
· Evaporator Coil Cleaning (PGE3PHVC158R2)
· Refrigerant Charge Adjustment (PGE3PHVC160R2)
· Unoccupied Fan Control (PGE3PHVC157R2)
· Programmable Thermostat (PGE3PHVC153R3)

[bookmark: _Ref431377758]Separation of this HVAC QM treatment into a statewide set of measures in this work paper was performed using guidance from the document WORKPAPER DISPOSITION FOR Non-Residential HVAC Rooftop Quality Maintenance[endnoteRef:3] and supplementary spreadsheet: 20132014-CommercialHVACMaintenance-SavingsValues-April2013-v1-2.xlsx[endnoteRef:4]. Both are referenced in more detail later in this document. [3:  California Public Utilities Commission, Energy Division, WORKPAPER DISPOSITION FOR Non-Residential HVAC Rooftop Quality Maintenance, 5-2-2013.]  [4:  California Public Utilities Commission, Energy Division, Spreadsheet: 20132014-CommercialHVACMaintenance-SavingsValues-April2013-v1-2.xlsx,submitted as addendum to WORKPAPER DISPOSITION FOR Non-Residential HVAC Rooftop Quality Maintenance. ] 


[bookmark: _Ref430147896]Table 1 Base, Standard, and Measure Cases
	Case
	Description of Typical Scenario

	Measure
	Adjust refrigerant charge to meet manufacturer specifications

	Existing Condition
	Refrigerant charge does not meet manufacturer specifications

	Code/Standard
	N/A

	Industry Standard Practice
	[bookmark: _Ref431983860]Standard 180-2008, Standard Practice for Inspection and Maintenance of Commercial Building HVAC Systems[endnoteRef:5] [5:  American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. and Air Conditioning Contractors of America. (© ASHRAE and ACCA, 2008). Standard 180-2008, Standard Practice for Inspection and Maintenance of Commercial Building HVAC Systems.] 






Table 2 Measures and Codes
	Measure Codes
	Measure Name

	SCG
	SDG&E
	SCE
	PG&E
	

	
	
	
	HV314
	Refrigerant Charge Adjustment on Single Stage AC Unit with Gas Heat

	
	
	
	HV315
	Refrigerant Charge Adjustment on First Stage of Multi-Stage AC Unit with Gas Heat

	
	
	
	HV316
	Refrigerant Charge Adjustment on Second or Higher Stage of Multi-Stage AC Unit with Gas Heat

	
	
	
	HV330
	Refrigerant Charge Adjustment on First Stage and Second or Higher Stage of Multi-Stage AC Unit with Gas Heat

	
	
	
	HV317
	Refrigerant Charge Adjustment on Single Stage AC Only Unit

	
	
	
	HV318
	Refrigerant Charge Adjustment on First Stage of Multi-Stage AC Only Unit

	
	
	
	HV319
	Refrigerant Charge Adjustment on Second or Higher Stage of Multi-Stage AC Only Unit

	
	
	
	HV331
	Refrigerant Charge Adjustment on First Stage and Second or Higher Stage of Multi-Stage AC Only Unit

	
	
	
	HV320
	Refrigerant Charge Adjustment on Single Stage Heat Pump

	
	
	
	HV321
	Refrigerant Charge Adjustment on First Stage of Multi-Stage Heat Pump

	
	
	
	HV322
	Refrigerant Charge Adjustment on Second or Higher Stage of Multi-Stage Heat Pump

	
	
	
	HV332
	Refrigerant Charge Adjustment on First Stage and Second or Higher Stage of Multi-Stage Heat Pump

	
	
	
	HV323
	Refrigerant Charge Adjustment on First Stage of Multi-Stage Variable Volume AC Unit with Gas Heat

	
	
	
	HV324
	Refrigerant Charge Adjustment on Single Stage Variable Volume AC Unit with Gas Heat

	
	
	
	HV325
	Refrigerant Charge Adjustment on Second or Higher Stage of Multi-Stage Variable Volume AC Unit with Gas Heat

	
	
	
	HV333
	Refrigerant Charge Adjustment on First Stage and Second or Higher Stage of Multi-Stage Variable Volume AC Unit with Gas Heat



This statewide work paper supports HVAC QM programs as well as HVAC tune-up programs in multiple programs and service territories. Refer to programs that offer the measure for specific restrictions and guidelines in addition to those described herein. 

The target market for this measure is nonresidential buildings served by unitary DX and split systems that do not serve process or refrigeration loads. The measure is defined for all nonresidential building types and all 16 California climate zones. Savings are calculated for a weighted average of seven Database for Energy Efficient Resources (DEER15[endnoteRef:6]) vintages using utility-specific weightings. [6:  Database for Energy Efficient Resources, http://www.deeresources.com/index.php/deer-versions/deer2015-code-update] 


Participating contractors must ensure the customer facility is physically located within the service territory of the Investor Owned Utility (IOU) administering the program and that the customer receives electric services from that IOU. Other terms and conditions are set by individual programs. 

This measure requires field documentation of the existing conditions that verify the measure was necessary and that the measure was successfully applied. 
1.2 Technical Description
This measure involves refrigerant charge correction to nonresidential direct expansion (DX) air-cooled HVAC units. When an HVAC unit’s refrigerant charge does not meet the manufacturer recommended levels it results in a decrease in the unit’s energy efficiency ratio (EER).

Some units may be undercharged, which can result in decreased power draw but potentially longer run times.  Other units may be overcharged, which can result in increased power draw but potentially shorter run times. In either case, energy savings can be achieved by correcting refrigerant charge to optimum levels based on the manufacturers’ specifications.
1.3 Installation Types and Delivery Mechanisms
The installation type describes the program scenario in which the measure is applied, thus guiding energy savings and measure cost methodology. These are summarized below in Table 3. The installation type for this measure is Retrofit Add-On (REA) since the baseline is the existing unit.

Table 3 Installation Type Descriptions
	Installation Type
	Savings
	Life

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

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

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

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

	Retrofit First Baseline Only (REF)
	Above Customer Existing
	N/A
	EUL
	N/A

	Retrofit Add-on (REA)
	Above Customer Existing
	N/A
	EUL
	N/A



A delivery mechanism is a delivery method paired with an incentive method. Delivery mechanisms are used by programs to obtain program participation and energy savings. See Table 4 and Table 5 below for descriptions of available delivery methods and incentive methods, respectively.

SCE Delivery Mechanism: Financial Support paired with Direct Install, Down-Stream Incentive – Deemed, or Mid-Stream Incentive

PG&E Delivery Mechanism: Financial Support paired with Direct Install or Mid-Stream Incentive

Table 4 Delivery Method Descriptions
	Delivery Method
	Description

	Appliance Turn-in and Recycling
	The program motivates customers, through financial incentives, to recycle appliances that are functional but inefficient. This prevents the continued use of those appliances, by both the current owner and potential future owners.

	Audit/Information/Testing Services
	The program performs a free assessment of a customer’s facility and provides the customer with information and guidance on energy efficiency opportunities.

	Commissioning and Retrocommissioning
	The program modifies or repairs existing equipment to ensure that it works as intended.

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

	Innovative Design
	The program funds new ideas that meet reasonable scientific scrutiny for potential energy savings. These innovative measures typically have small market penetration (less than 5%) or are targeted toward relatively unreached market segments.

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

	Partnership
	The program implements projects through a partnership between the utility and an institutional, government, or community-based organization.

	Performance Based
	The program offers financial incentives that vary based on the energy efficiency performance of specific projects.

	Up-Stream Programs
	See Up-Stream Incentive and Up-Stream Buy Down in the Incentive Method table.



Table 5 Incentive Method Descriptions
	Incentive Method
	Description

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

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

	Mid-Stream Incentive
	The program gives a financial incentive to a midstream market actor, such as a retailer or contractor, to encourage the promotion of efficient measures. The incentive may or may not be passed on to the end-use customer.

	Up-Stream Incentive

	The program gives a financial incentive to an upstream market actor, such as a manufacturer or distributor, to encourage the manufacture, provision, or distribution of an efficient measure. The incentive may or may not be passed on to the end-use customer.

	Up-Stream Buy Down
	The program gives a financial incentive to an upstream market actor, such as a manufacturer or distributor, with specific requirements to pass down the incentive to the end use customer. Such an incentive buys-down the cost of an efficient measure for the end-use customer by at least the amount of the financial incentive.

	Giveaway
	The program provides customers with energy efficiency equipment or services for free.

	Exchange/Replacement
	The utility program holds events where customers can trade functional equipment for similar but more energy efficient equipment, free of charge.

	On-bill Finance/Loan
	The program offers financing for the cost an efficient measure as part of the utility bill. This can be an add-on option to an existing program or can serve as an organizing principle for its own program.



[bookmark: _Toc214003084]1.4 Measure Parameters
1.4.1 DEER Data
The Database for Energy Efficient Resources (DEER) was referenced on November 19, 2015 for any 2016 updates that would impact this measure. No relevant updates were noted and a full Code Update for 2016 has not yet been presented on deeresources.com. This Measure is included in the Database for Energy Efficient Resources (DEER15). This work paper establishes new RCA unit energy savings (UES) values using existing DEER RCA savings methodology. Rationale for the change and updated modeling assumptions are described in Sections 2 and 2.1.

[bookmark: _Toc385592671][bookmark: _Toc214003087]Table 6 DEER Difference Summary
	DEER Item
	Used for Work Paper?

	Modified DEER methodology
	Yes

	Scaled DEER measure
	No

	DEER Base Case
	No

	DEER Measure Case
	No

	DEER Building Types
	Yes

	DEER Operating Hours
	Yes

	DEER eQUEST Prototypes
	Yes, with modifications; see Section 2

	DEER Version
	DEER 2015, READI v2.2.0

	Reason for Deviation from DEER
	DEER does not contain this type of measure. DEER assumes single stage cooling and this measure includes multiple stages of cooling.

	DEER Measure IDs Used
	N/A


Net-to-Gross Ratio
The Net-to-Gross Ratio (NTGR) was obtained using the DEER READI tool[endnoteRef:7]. The relevant NTGR for the measures in this work paper is shown in Table 7.  [7:  James J. Hirsch & Associates. READi tool, V2.0.2. Developed for California Energy Commission. ] 


[bookmark: _Ref430148013]Table 7 Measure Net-to-Gross Ratios
	NTGR ID
	Description
	Sector
	BldgType
	Measure Delivery
	NTGR

	NonRes-sAll-mHVAC-RCA
	HVAC Maintenance: Refrigerant Charge Adjustment (RCA)
	Com
	Any
	NonUpStrm 
	0.73



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

Installation Rate
The installation rate (IR) values were obtained using the DEER READI tool. The relevant IR values for the measures in this work paper are in Table 8 below. .

[bookmark: _Ref430148115]Table 8 Installation Rates
	GSIA ID
	Description
	Sector
	BldgType
	ProgDelivID
	GSIAValue

	Com-RCA-All
	Commercial Refrigerant Charge & Airflow Adjustment; Annual Installation Rate
	Com
	Any
	NonUpStrm
	0.638

	Com-RCA-PGE
	Commercial Refrigerant Charge & Airflow Adjustment; Annual Installation Rate
	Com
	Any
	NonUpStrm
	0.575

	Com-RCA-SCE
	Commercial Refrigerant Charge & Airflow Adjustment; Annual Installation Rate
	Com
	Any
	NonUpStrm
	0.67

	Com-RCA-SDG
	Commercial Refrigerant Charge & Airflow Adjustment; Annual Installation Rate
	Com
	Any
	NonUpStrm
	0.67



Effective and Remaining Useful Life
The EUL and RUL values were obtained using the DEER READI tool. DEER defines the RUL as 1/3 of the EUL value. The RUL value is only applicable to the first baseline period for an REA measure with an applicable code baseline. The relevant EUL and RUL values for the measures in this work paper are shown in Table 9 below. 

[bookmark: _Ref430148206]Table 9 EUL and RUL
	EUL ID
	Description
	Sector
	UseCategory
	EUL (Years)
	RUL (Years)

	HVAC-RefChg
	Refrigerant Charge - Commercial
	Com
	HVAC
	10
	3.3


1.4.2 Codes and Standards Analysis 
These maintenance measures are not governed by either state or federal codes and standards. The document Standard 180-2008, Standard Practice for Inspection and Maintenance of Commercial Building HVAC Systems5 may be used by QM programs as a guide for measure implementation. Only licensed California contractors will participate in the program.  As required by the California State Licensing Board, contractors will be responsible for meeting all applicable codes. In general, maintenance and repairs do not require permits.
[bookmark: _Toc304800207][bookmark: _Toc324318343][bookmark: _Toc324340487][bookmark: _Toc383441992][bookmark: _Toc214003090]1.5 EM&V, Market Potential, and Other Studies – Base Case and Measure Case Information
Two studies of significant importance to the measure development in this work paper are described in the following section.
1.5.1 WORKPAPER DISPOSITION FOR Non-Residential HVAC Rooftop Quality Maintenance3

Completion date: 	5-2-2013
Author:			California Public Utilities Commission, Energy Division

This Disposition outlines revision requirements to the existing work papers that cover discrete rooftop unit (RTU) QM service tasks and suites of service tasks for nonresidential QM programs. Three general directives outlined in the Disposition are:

1. Revise ex ante claims process to  be based on actual service tasks completed as part of the QM process,
2. Revise All UES values to use staff recommended values, and
3. All IOUs should establish consistent savings estimate approach, preferably using eQuest.

The Disposition assumes use of DEER RCA UES values and does not direct any changes to RCA methodology. See §2.1 for reasoning behind re-modeling of RCA savings performed in this work paper.
[bookmark: _Ref431988173]1.5.2 HVAC Impact Evaluation FINAL Report WO32 HVAC – Volume 1: Report[endnoteRef:8] [8:  DNV GL, HVAC Impact Evaluation FINAL Report WO32 HVAC – Volume 1: Report, Prepared for California Public Utilities Commission, Energy Division, 1-28-2014] 


Completion date: 	1-28-2014
Author:			DNV GL

This document (WO32) is a study of statewide, third-party, and local programs targeting unitary HVAC systems during the 2010-2012 program cycle, including Commercial Quality Maintenance (CQM). WO32 study evaluated gross energy savings and installation rates through activities including on-site field evaluations, sampling and monitoring the performance and energy use of units enrolled in the programs before and after CQM maintenance, and additional laboratory testing of existing HVAC units. The study highlights findings for key quality maintenance treatments (and parameters) including, but not limited to, recognition of typical damper leakage characteristics, non-functional economizer conditions and performance, and adjusting refrigerant charge. 

The economizer damper leakage observed during laboratory testing suggests that existing economizers are generally allowing 15% outdoor airflow with closed dampers, 20% outdoor airflow with the commonly applied “finger open” methodology for minimum ventilation, and 62% outdoor airflow with dampers completely open. The damper leakage findings can greatly vary energy savings results and have been incorporated into building energy modeling methodology as described in §2.1.

It was also stated in the Report that refrigerant charge testing methods (Fault detection & diagnostics (FDD), Title 24 testing protocol) that rely on temperature and pressure measurements “proved inaccurate based on field and laboratory findings” and are not a reliable testing method for calculating savings. It is recommended in the Report that using the weigh-in, weigh-out protocol should be used by program administrators for EM&V.
1.6 Data Quality and Future Data Needs
Additional study of the impacts of refrigerant charge testing and adjustment protocols may be warranted. The improvements that RCA can bestow on HVAC system efficiency are highly dependent on the existing condition of the refrigeration system and determining the most accurate testing protocol would allow for a higher confidence in achieved savings.
Section 2. Calculation Methodology
Energy savings and demand reduction for non-refrigeration models were estimated using eQUEST version 3.64.7130 energy modeling software and DOE-2.2R version 52h energy modeling simulation engine for refrigeration models. The DEER 2014 prototypes for the customer average (CAv) case of the Tech IDs shown in Table 10 were used with some modification (as described in §2.1) to develop base and measure case energy use and demand estimates. 

DEER prototypes were generated using MASControl v3.00.27[endnoteRef:9] for all prototypes applicable to the DEER 2015 Code Update and MASControl v3.00.20[endnoteRef:10] for the remaining DEER 2014 Code Update prototypes. All modeling was performed using default DEER hours and used the CZ2010 weather files[endnoteRef:11].  [9:  James J. Hirsch & Associates. (2014, October 31). MASControl 3.00.27. Retrieved from deeresources.com: http://www.deeresources.com/files/DEER2015/download/SetupMASControlX32_3_00_27.msi]  [10:  James J. Hirsch & Associates. (2013, September 9). MASControl 3.00.20. Retrieved from deeresources.com: http://deeresources.com/files/DEER2013codeUpdate/download/SetupMASControlX32_3_00_19.ms]  [11:  White Box Technologies, Inc. CZ2010 Weather Data. Developed for California Energy Commission. http://weather.whiteboxtechnologies.com/wd-CZ2010] 


The two lowest available cooling capacity size ranges for each system type were determined to be an adequate representation of single stage or multi-stage in all applicable system size ranges. In addition, larger systems generally operate less efficiently than systems in the selected size range. Savings for larger units of these types are therefore slightly conservative. Variable Volume AC units were not available in the “55to64kBtuh” or “110to134kBtuh” ranges and were created using “240to759kBtuh” and “gte760kBtuh” ranges.

With the exception of motel building type and education relocatable classroom building type with heat pumps, DEER prototypes for AC and heat pump measures were created using the “55to64kBtuh” and “110to134kBtuh” cooling capacity range. These capacity ranges allowed us to simulate single and multiple stage HVAC systems for the widest range of building types. 


[bookmark: _Ref418106339]Table 10 DEER Prototype Tech ID by Measure
	Measure
	DEER Prototype Tech ID

	RCA on Single Stage AC Unit with Gas Heat
	Single Stage, Non-Motel: D08-NE-HVAC-airAC-PkgEcono-55to64kBtuh-15p0seer-8p2hspf
MASControl v3.00.27 

Single Stage, Motel: D08-NE-ILtg-Power-Exit-60pct
MASControl v3.00.20

	RCA on First Stage of Multi-Stage AC Unit with Gas Heat
	Multi-Stage, Non-Motel: D08-NE-HVAC-airAC-SpltPkg-110to134kBtuh-11p5eer-3p4cop
MASControl v3.00.27

Multi-Stage, Motel: D08-NE-ILtg-Power-Exit-60pct
MASControl v3.00.20

	RCA on Second or Higher Stage of Multi-Stage AC Unit with Gas Heat
	

	RCA on First Stage and Second or Higher Stage of Multi-Stage AC Unit with Gas Heat
	

	RCA on Single Stage AC Only Unit
	Single Stage, Non-Motel: D08-NE-HVAC-airAC-PkgEcono-55to64kBtuh-15p0seer-8p2hspf
MASControl v3.00.27 

Single Stage, Motel: D08-NE-ILtg-Power-Exit-60pct
MASControl v3.00.20

	RCA on First Stage of Multi-Stage AC Only Unit
	Multi-Stage, Non-Motel: D08-NE-HVAC-airAC-SpltPkg-110to134kBtuh-11p5eer-3p4cop
MASControl v3.00.27

Multi-Stage, Motel: D08-NE-ILtg-Power-Exit-60pct
MASControl v3.00.20

	RCA on Second or Higher Stage of Multi-Stage AC Only Unit
	

	RCA on First Stage and Second or Higher Stage of Multi-Stage AC Only Unit
	

	RCA on Single Stage Heat Pump
	Single Stage: D08-NE-HVAC-airHP-PkgEcono-55to64kBtuh-15p0seer-8p2hspf
MASControl v3.00.27

	RCA on First Stage of Multi-Stage Heat Pump
	Multi-Stage, Non-Education Relocatable Classroom: D08-NE-HVAC-airHP-SpltPkg-110to134kBtuh-11p5eer-3p4cop
MASControl v3.00.20

Multi-Stage, Education Relocatable Classroom: D08-NE-HVAC-airHP-PkgEcono-55to64kBtuh-15p0seer-8p2hspf
MASControl v3.00.27

	RCA on Second or Higher Stage of Multi-Stage Heat Pump
	

	RCA on First Stage and Second or Higher Stage of Multi-Stage Heat Pump
	

	RCA on Single Stage Variable Volume AC Unit with Gas Heat
	All: D08-NE-HVAC-airAC-PVAV-240to759kBtuh-10p8eer 
MASControl v3.00.27

	RCA on First Stage of Multi-Stage Variable Volume AC Unit with Gas Heat
	All: D08-NE-HVAC-airAC-PVAV-gte760kBtuh-10p8eer
MASControl v3.00.27

	RCA on Second or Higher Stage of Multi-Stage Variable Volume AC Unit with Gas Heat
	

	RCA on First Stage and Second or Higher Stage of Multi-Stage Variable Volume AC Unit with Gas Heat
	


2.1 DEER Prototype Modifications: Damper Leakage
Modifications were made to the DEER prototypes to simulate outside air damper leakage and return air damper leakage and exhaust re-entrainment. These modified DEER prototypes were then used to develop the Base and Measure case eQUEST models as described in §2.2 and §2.3 below. Rationale for the damper leakage modifications is described below.

In the course of developing Demand Controlled Ventilation for Single Zone Packaged HVAC,[endnoteRef:12] work paper authors met with a consultant (Kevin Madison) from the Energy Division Ex-Ante Review Team to develop appropriate baseline assumptions and resulting modifications to the DEER prototypes. The following modifications were agreed upon. [12:  Sherry Hu  et al, Work Paper PGECOHVC168 Demand Controlled Ventilation for Single Zone Packaged HVAC, Pacific Gas and Electric Company, 04/09/2014.] 


1. A minimum outside air fraction of 20% was used instead of 0% due to emerging research (not yet published at the time of the meeting) that indicates closed damper leakage for packaged HVAC systems are higher than previously thought.
2. A maximum outside air fraction of 70% was used instead of 100% due to emerging research (was not yet published) that indicates return air damper leakage and exhaust air re-entrainment for packaged HVAC systems are higher than previously thought, leading to inability of most systems to provide 100% outside air.

[bookmark: _Ref428371693]Review of WO328 confirmed that these outside air assumptions are consistent with the best available laboratory data, and were therefore used to adjust baseline assumptions for this work paper as well. To implement these modifications to the DEER prototypes the specific modifications to eQUEST keywords shown in Table 11 were performed. 

[bookmark: _Ref384648793][bookmark: _Toc386811746]Table 11 Baseline Modifications to eQUEST Keywords
	eQUEST Keyword
	DEER Value
	Modified Baseline Value

	SYSTEM:MIN-OUTSIDE-AIR
	Varies
	0.2

	SYSTEM:MAX-OA-FRACTION
	1.0
	0.7

	ZONE:OA/FLOW-PER
	Varies
	Set such that ZONE:OA-FLOW/PER x Peak Occupancy # of People is between:
1. 0.2 x Supply Air Flow Rate
2. 0.7 x Supply Air Flow Rate

This modification ensures the first two keywords are not overwritten.

	DAY-SCHEDULE:VALUES[#]

Only in daily schedules being used for SYSTEM:MIN-AIR-SCH
	0.001 for unoccupied periods, -999 for occupied periods
	Modify 0.001 to 0.2 during unoccupied periods.

This modification ensures that unit operation during scheduled unoccupied periods will properly simulate damper leakage.

	SYSTEM:OA-CONTROL


	FIXED
	OA-TEMP

Only in “v75” prototypes where some systems were not affected by DEER 2015 Code Update and could not be created with default economizer baseline.



The SYSTEM modifications were applied to every DX-cooling HVAC system in the model except for packaged terminal air conditioners (PTACs), which are unlikely to have economizers and thus economizer damper leakage. The ZONE modification was applied to each conditioned zone served by the affected HVAC systems. The DAY-SCHEDULE modification was only applied to schedules being assigned to SYSTEM:MIN-AIR-SCH and avoids affecting PTAC units assigned to the same schedule by duplicating the DAY-SCHEDULE, renaming and assigning them to the PTAC systems, and only modifying original applicable DAY-SCHEDULE values. Hourly reports were verified to ensure that the keyword changes properly simulated the desired effects of damper leakage for both the occupied and unoccupied periods. The only three building types affected by the omission of PTACs were hospitals (Hsp), hotels (Htl), and universities (EUn).

These modified DEER prototype models are referred to as the “Damper Leakage” prototypes in the remainder of this Work Paper.
2.2 Base Case
The base case methodology begins with Damper Leakage prototypes and alters the models to simulate faults representing HVAC units in an as-found condition. Table 12 describes the modeled faults covered by the Refrigerant Charge Adjustment Measure. 

[bookmark: _Ref431561003]Table 12 Modeled and Represented As-Found Conditions
	Modeled Faults
	Represented As-Found Conditions

	Refrigeration System Undercharged by 0-20%
	Packaged HVAC system found with refrigerant charge 0-20% below manufacture specifications

	Refrigeration System Undercharged by >20%
	Packaged HVAC system found with refrigerant charge greater than 20% below manufacture specifications



DEER RCA methodology modifies the cooling system electric input ratio (EIR), or 1/(Coefficient of Performance), for the cooling unit at ARI rated conditions. For this analysis  EIR adjustment factors were used to model the efficiency degradation associated with refrigerant undercharging as two faults: RCA 0-20% and RCA >20%.  To implement the fault simulations listed in Table 12 in the Damper Leakage prototypes, specific modifications to eQUEST keywords shown in Table 13 were performed on all system types in accordance with existing DEER RCA calculation methodologies.  The EIR adjustment factor were obtained from the 2008 DEER Update document “RCA_DataForRefrigerantChange-CoolingOnly_081004.xls” (included as Attachment 1). The values obtained in this document are the only EIR adjustment factors currently available from DEER. The DEER EIR adjustment factors are based on the level of refrigerant charge adjustment (0%-20% & 20+%) required to meet manufacturer specifications. These EIR adjustment factors are available for both residential and commercial units; our analysis utilized the EIR adjustment factors for commercial units.


[bookmark: _Ref435194335][bookmark: _Ref435194306]Table 13 Baseline Modifications to eQUEST Keywords
	Modeled Faults
	eQUEST Keyword
	DEER Value
	Modified Baseline Value

	RCA 0-20%
	SYSTEM:COOLING-EIR
	Varies
	Existing COOLING-EIR * 1.152 

Where 1.152 is the DEER RCA EIR adjustment factor

	RCA > 20%
	SYSTEM:COOLING-EIR
	Varies
	Existing COOLING-EIR * 1.358 

Where 1.358 is the DEER RCA EIR adjustment factor



To verify the modified baseline assumptions, the DEER 2008 EIR adjustment values were compared to  lab and field testing results given by Robert Mowris during a December 9, 2014 CPUC presentation titled “Overview of Field Observations and Laboratory Testing of Commercial HVAC Maintenance Faults” (included as Attachment 2 -CPUC-Presentation-CQM-20141209-RMA-DNVGL-1st-v11.ppt).  The comparison revealed that the 2008 DEER EIR adjustment values for undercharged units were in line with current research and applying them in the base case modeling would result in accurate results. 
Once the modeling was completed, a weighted comparison of the Single-Stage AC Unit with Gas Heat modeled savings versus the existing DEER and Non-DEER Ex Ante data for the 2013-14 Cycle values reported in the READI v.2.1.0 database was performed. The weighting assumptions shown in Table 14 for both of the modeled RCA faults (RCA 0-20% & RCA >20%) were used to consolidate the modeled savings into a single savings value that was comparable with the existing DEER savings values. 

For the majority of building types, the resulting modeled savings values are comparable with existing DEER savings values. There are noticeable differences in the Hotel (Htl) building type energy savings for all HVAC system types (Figure 1).  Further analysis revealed that nearly 60% of the Htl’s HVAC system capacity is for the PTAC system type compared with 23% for Health/Medical - Hospital & 10% for Education – University. Exclusion of PTAC savings from this analysis brings the savings results back in line with existing DEER values. However, because this particular detail of DEER and Non-DEER Ex Ante RCA calculation methodology is unavailable, it is unknown if PTAC systems are included in existing DEER savings.  For this work paper all of the building types are modeled using the same methodology and it is assumed the modeled energy savings for building types that contain PTACs are accurate.


[bookmark: _Ref432058203]Figure 1 – Energy Savings Comparison for Climate Zone 11


The savings analysis assumes the savings for the first, second and higher stages of multi-stage systems are a proportion of the total savings for a multi-stage system model. eQUEST’s hourly reporting function was used to find the proportion of runtime attributable to each stage of operation. Specifically, the part-load cooling ratio (Var 61) and cooling output (Btu/hr) (Var 156) variables for the Office – Small building type were used to determine that the first stage operated 80% of the total runtime hours and the remaining 20% used a higher stage of cooling. The resulting proportion is applied during energy savings calculations in §2.4 and §2.5. 
Measure Case
The Damper Leakage prototypes used as the reference models for the measure case buildings are unmodified.
2.4 Electric Energy Savings Estimation Methodologies
Because RCA is a Retrofit Add-on measure only a single baseline calculation is required. The electric energy savings from the first baseline are represented in the calculations below. 

Equation 1: Annual Energy Savings


Where:
kWh per ton savings = annual unit energy savings
Weighted baseline kWh = annual building energy consumption from each modeled fault weighted by the frequency distribution the corresponding as-found condition, see Table 14
Measure kWh = annual building energy consumption of measure 
Cooling tons = design cooling capacity of base case non-PTAC systems
Proportional savings factor (PSF) = Adjusts savings values based on unit type and stage, see Table 15 Proportional Savings Factors

[bookmark: _Ref431564432]Table 14 Weightings for Savings Calculations 
	Fault Distribution
	Fault Weight

	RCA 0-20%
	0.95

	RCA > 20%
	0.05



[bookmark: _Ref432080680][bookmark: _Ref432080662]Table 15 Proportional Savings Factors
	System
	Proportional Savings Factor

	Single Stage HVAC Unit
	1

	First Stage of Multi-Stage HVAC Unit
	0.8

	Second or Higher Stage of Multi-Stage HVAC Unit
	0.2

	First Stage and Second or Higher Stage of Multi-Stage HVAC Unit
	1



The fault weighting assumptions were determined from comparison between actual modeled energy savings using the DEER RCA calculation methodology and the DEER and Non-DEER Ex Ante data for the 2013-14 Cycle values reported in the READIv.2.1.0 database. A sample calculation using a 1996 vintage Office - Small (OfS) single-stage prototype with AC and Gas Heat located in climate zone 1 is provided. Table 16 below displays modeling results for building energy use and cooling system tonnage. For building types that have PTAC systems, the cooling tonnage was calculated as the sum of all systems’ individual tonnages.

[bookmark: _Ref432080970]Table 16 OfS-w01-v96-airAC-55to64kBtus - Prototype Electric Energy Use and Cooling Capacity Data
	
	RCA 0-20%
	RCA >20%
	Measure

	Whole building energy use (kWh/yr)
	105,470
	105,764
	105,251

	System cooling capacity (Btu/h)
	271,019
	271,019
	271,019





2.5 Demand Reduction Estimation Methodologies
Demand reduction estimates must consider the DEER peak demand period. The peak period is defined as 2:00 PM to 5:00 PM on three specific weekdays and varies by climate zone as shown in the following table[endnoteRef:13]: [13:  James J. Hirsch & Associates. (2014, February 11). DEER2014 — Codes and Standards Update. Retrieved from deeresources.com: http://deeresources.com/files/DEER2013codeUpdate/download/DEER2014UpdateDocumentation_2-12-2014.pdf.] 



Table 17 DEER Peak Demand Periods
	Climate Zone
	3-Weekday Period
	Climate Zone
	3-Weekday Period

	1
	Sep 16 – Sep 18
	9
	Sep 1 – Sep 3

	2
	July 8 – July 10
	10
	Sep 1 – Sep 3

	3
	July 8 – July 10
	11
	July 8 – July 10

	4
	Sep 1 – Sep 3
	12
	July 8 – July 10

	5
	Sep 8 – Sep 10
	13
	July 8 – July 10

	6
	Sep 1 – Sep 3
	14
	Aug 26 – Aug 28

	7
	Sep 1 – Sep 3
	15
	Aug 25 – Aug 27

	8
	Sep 1 – Sep 3
	16
	July 8 – July 10



Demand reduction is calculated similar to electric energy savings, however DEER demand reduction estimation protocol requires using the average hourly peak demand for the 9-hours of the DEER peak period.  The following equation is then used to determine demand reduction per ton of cooling capacity.


Where:
kW per ton demand reduction = annual unit demand reduction
Weighted baseline kW = average demand for DEER peak period of customer average from each modeled fault weighted by the frequency distribution the corresponding as-found condition, see Table 14
Measure kW = average demand for DEER peak period of measure
Cooling tons = design cooling capacity of all base case systems
Proportional savings factor (PSF) = Adjusts savings values based on unit type and stage, see Table 15 Proportional Savings Factors

A sample calculation using a 1996 vintage Office - Small (OfS) single-stage prototype located in climate zone 1 is provided here.
Table 18 provides electric demand and cooling capacity data for the baseline and measure case on the OfS prototype approximating a building constructed in 1996 in climate zone 1.

[bookmark: _Ref431895978]Table 18 OfS-w01-v96-airAC-55to64kBtus - Prototype Electric Demand Use and Cooling Capacity Data
	
	RCA 0-20%
	RCA >20%
	Measure

	9/16  2-3pm demand (kW)
	32.00
	33.01
	31.24

	9/16  3-4pm demand (kW)
	31.66
	32.74
	30.86

	9/16  4-5pm demand (kW)
	23.86
	24.39
	23.46

	9/17  2-3pm demand (kW)
	29.79
	30.41
	29.33

	9/17  3-4pm demand (kW)
	29.75
	30.48
	29.20

	9/17  4-5pm demand (kW)
	23.00
	23.37
	22.71

	9/18  2-3pm demand (kW)
	44.60
	47.85
	42.17

	9/18  3-4pm demand (kW)
	42.90
	45.98
	40.61

	9/18  4-5pm demand (kW)
	37.09
	39.98
	34.94

	DEER Demand Average (kW)
	32.74
	34.25
	31.62

	System cooling capacity (Btu/h)
	271,019
	271,019
	271,019




2.6 Gas Energy Savings Estimation Methodologies
There are no natural gas energy savings associated with this measure. 
2.7 Vintage Weighted Average
Baseline and measure simulations used the seven DEER building vintages[endnoteRef:14] described in Table 19 for both customer average and code prototypes. [14:  James J. Hirsch & Associates. (2014, March 18). DEER2014 Energy Impact Weights Tables v2. Retrieved from deeresources.com: http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EnergyImpact-Weights-Tables-v2.xlsx.] 


[bookmark: _Ref418244607][bookmark: _Ref431896035]Table 19 DEER Building Vintage Codes and Descriptions
	DEER Vintage Code
	Description

	v75
	Before 1978

	v85
	1978 - 1992

	v96
	1993 - 2001

	v03
	2002 - 2005

	v07
	2006 - 2009

	v11
	2010 - 2013

	v14
	2014 - 2015



DEER 2014 vintage weighting tables and procedures were used to appropriately weight all measure electric and demand reduction savings according to each vintage per IOU, building type, and climate zone. The following equation describes the DEER 2014 weighting methodology.

Where: 
final weighted value = reported UES value (kWh/ton, kW/ton, or therms/ton)
i = vintage 75, 85, 96, 03, 07, 11, 14
W = Weight for a given vintage
V = UES Value for a given vintage (kWh/ton, kW/ton, or therms/ton)

Table 20 contains sample measure savings for a customer average Office - Small building in climate zone 4 and PG&E territory. The sample measure savings are shown by vintage and the resulting final weighted savings values after applying the DEER 2014 weighting methodology.


[bookmark: _Ref431896098][bookmark: _Ref432054424]Table 20 Vintage Weighting Sample for PG&E OfS CZ04
	WtSet
	Vintage
	DEER Weight
	Savings
kWh/Ton
	Demand Reduction
kW/Ton

	PGEOfSCZ04
	v75
	9.2826
	6.4
	0.04

	PGEOfSCZ04
	v85
	8.2469
	6.4
	0.04

	PGEOfSCZ04
	v96
	3.6064
	6.7
	0.04

	PGEOfSCZ04
	v03
	1.4606
	6.0
	0.04

	PGEOfSCZ04
	v07
	0.9704
	6.1
	0.04

	PGEOfSCZ04
	v11
	0.9704
	5.0
	0.04

	PGEOfSCZ04
	v14
	0.4852
	6.4
	0.04

	Final Weighted Savings
	Existing
	
	6.3
	0.04


[bookmark: _Toc214003093]Section 3. Load Shapes
Load shapes are used for portfolio lifecycle cost analysis. A load shape indicates the distribution of a measure’s energy savings over one year. A load shape is a set of fractions summing to unity, with one fraction per hour (or other time period). Multiplying a savings value by the load shape value for any particular hour yields the energy savings for that particular hour. 

The ideal load shape for net benefits estimates would represent the difference between the base case and measure case. The closest load shapes that are applicable to the measures in this work paper are listed in Table 21 Building Types and Load Shapes.
[bookmark: _Ref431897001][bookmark: _Ref432054429]Table 21 Building Types and Load Shapes
	Building Type
	Load Shape
	E3 Alternate Building Type

	Assembly
	DEER:HVAC_Split-Package_AC, DEER:HVAC_Split-Package_HP
	NON_RES

	Education - Primary School
	
	

	Education - Secondary School
	
	

	Education - Relocatable Classroom
	
	

	Education - Community College
	
	

	Education - University
	
	

	Grocery
	
	

	Health/Medical - Nursing Home
	
	

	Health/Medical - Hospital
	
	

	Lodging – Hotel
	
	

	Lodging - Motel
	
	

	Manufacturing – Bio/Tech
	
	

	Manufacturing – Light Industrial
	
	

	
	
	

	Office - Large
	
	

	Office - Small
	
	

	Restaurant - Fast-Food
	
	

	Restaurant - Sit-Down
	
	

	Retail - Multistory Large
	
	

	Retail - Single-Story Large
	
	

	Retail - Small
	
	

	Storage - Conditioned
	
	

	Warehouse - Refrigerated
	
	


Section 4. Costs
The 2010-2012 WO17 Ex Ante Measure Cost Study[endnoteRef:15] (Cost Study) provides refrigerant charge adjustment per-ton costs by leveraging a sample size of ten direct install (DI) primary price data points from utilities over the past two program cycles (2010-2012 and 2013-2014). The Cost Study does not specify how many of the ten DI costs in the sample are multiple stage or single stage RTUs. It is assumed that the per-ton costs should be applied to the combined capacity of all compressor stages in RTUs to which the measure is being applied. The DEER Measure Cost Data Users Guide[endnoteRef:16] was also referenced. As a Retrofit Add-on measure, the incremental cost for RCA is equal to the gross measure cost. [15:  Itron. 2010-2012 WO017 Ex Ante Measure Cost Study Final Report. San Francisco, CA (2014, May 27). Retrieved 8/26/2015 at http://www.energydataweb.com/cpucFiles/pdaDocs/1100/2010-2012%20WO017%20Ex%20Ante%20Measure%20Cost%20Study%20-%20Final%20Report.pdf.]  [16:  DEER Measure Cost Data Users Guide found on www.deeresources.com under DEER2011 Database Format hyperlink, DEER2011 for 13-14, spreadsheet SPTdata_format-V0.97.xls.

] 

[bookmark: _MON_1399297811][bookmark: _Toc214003097]4.1 Base Case Cost
The base case is the customer’s existing equipment; therefore the base case cost is $0.00.
[bookmark: _Toc214003098]4.2 Measure Case Cost
The Cost Study provides costs per ton cooling for RCA of $9.92 for materials and $26.78 for labor for a total cost of $36.70/ton. 
4.3 Full and Incremental Measure Cost

Table 22 Full and Incremental Measure Cost Equations
	Installation Type
	Incremental Measure Cost
	Full Measure Cost

	
	
	1st Baseline
	2nd Baseline

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

	NEW/NC
	
	
	

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

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

	REA
	MEC + MLC
	MEC + MLC
	N/A


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

Table 23 Full and Incremental Costs
	Installation Type
	Incremental Measure Cost
	Full Measure Cost

	
	
	1st Baseline
	2nd Baseline

	REA
	$9.92 + $26.78 = $36.70
	$9.92 + $26.78 = $36.70
	N/A


[bookmark: _Toc214003099]

Attachments
Attachment 1 – DEER RCA Analysis & Calculation Methodology- EIR Fac Values - RCA_DataForRefrigerantChange-CoolingOnly_081004.xls





Attachment 2 – CPUC Presentation - Robert Mowris – 12/9/2014 - Overview of Field Observations and Laboratory Testing of Commercial HVAC Maintenance Faults
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		2008 DEER Update

		Refrigerant Charge Adjustments

		October 4, 2008 - kjm

		Table Description

				RCA Data: Raw data from field measurements

						Note that only six commercial rooftop units are included in the sample

				Graph TXV vs non-TXV: Graphs of AC performance change for units with and without TXVs

				DOE-2.2 Performance Inputs: Graphs and resolution of all units into DOE-2.2 performance inputs

						Includes tables of modifiers for DOE-2 keywords

						See implementation notes for DEER calculation/simulation procedure





RCA Data

																								Comp-kw/ Overall-kW		CF-kW/ Overall-kW

																								0.920		0.080

		1		2		3		4		5		6		7		8		9		10		11						12		13		14		15		16		17		18		19		20		21		22		23		24				25		26		27		28		29		30		31		32		33		34		35				36		37				38		39		40		41		42		43		44		45		46		47

		Site		Status		Tons		Factory Oz.		Refrig. Adj. Oz.		% Adjust				EER		Airflow CFM		Comp&Cond kW		Fan kW		Comp kW		Cond kW		Sup. DB		Sup. WB		Ret. DB		Ret. WB		ODBT		Tot. kBtuh		Sens. kBtuh		Lat. kBtuh		Vintage		Exp Device		Refrig.		Supply RH		Return RH		CF W/Btuh		d Comp Kw fraction		d Cap fraction		d Sen Cap fraction		d Charge fraction		d net Comp fraction		new run fraction		new total kw for same load		% overall energy impact		Cooling-Capacity base fraction		Cool-sh-cap base fraction		Clg-eir - base fraction (comp&cond fan combined)		Clg-eir - base fraction (compressor only)		Eff fraction based on EER		EIR (Based on comp&cond fan energy combined)		EIR (Compressor energy only)		Eff Fraction based on EER		Diffference				Residential		Site		d Charge fraction		d Cap fraction		d Sen Cap fraction		% overall energy impact		Clg-eir - base fraction (comp&cond fan combined)		Clg-eir - base fraction (compressor only)

		1		Pre		4		140		-56		40.00%		-40.00%		10.216		1250		3.300		0.660		3.057		0.243		52.45		49.34		78.60		62.98		80		40.45		34.21		6.25		New		TXV		R410a		80.71%		41.81%		0.0060		0.0855		-0.1735		-0.0882		0.4000		-0.0088		0.9189		3.4001		-15.13%		0.8265		0.9118		1.3133		1.3223		0.7649		0.2637288129		0.2442927985		0.7648872601		41.8%				0		1		-0.400		0.827		0.912		-0.151		1.313		1.322

				Post										0.00%		13.356		1250		3.040		0.660		2.797		0.243		49.58		46.46		78.43		63.20		80		49.42		37.73		11.68				TXV		R410a		79.59%		42.93%		0.0049				0.2215		0.1031																		0.0000				0.200808758		0.1847440574								2		2		0.180		0.869		0.936		-0.047		1.132		1.131

		2		Pre		3		100		18		18.00%		18.00%		10.542		872		2.520		0.540		2.315		0.205		49.60		47.13		77.32		62.81		82		32.26		25.35		6.91		New		TXV		R22		83.76%		44.49%		0.0063		-0.0156		-0.1306		-0.0638		0.1800		0.0011		0.9400		2.9141		-4.71%		0.8694		0.9362		1.1322		1.1307		0.8743		0.2522009814		0.2317046477		0.8742580555		22.8%				4		5		0.160		0.874		0.885		-0.094		1.131		1.130

				Post										0.00%		12.059		872		2.560		0.540		2.355		0.205		47.38		44.88		77.13		63.10		82		37.38		27.21		10.18				TXV		R22		82.82%		45.97%		0.0055																								0.0000				0.222747862		0.204928033								6		6		-0.780		0.880		0.924		-0.364		1.538		1.573

		5		Pre		3.5		100		16		16.00%		16.00%		10.424		1190		2.629		0.581		2.416		0.213		61.35		51.69		74.59		62.73		79		33.46		16.59		16.87		New		TXV		R410a		51.57%		51.85%		0.0064		-0.0113		-0.1258		-0.1152		0.1600		0.0016		0.8967		2.9054		-9.40%		0.8742		0.8848		1.1309		1.1298		0.8759		0.2531534439		0.232670066		0.8758917191		22.6%				8		7		0.110		0.917		0.944		-0.042		1.076		1.075

				Post										0.00%		11.901		1190		2.659		0.581		2.446		0.213		59.14		49.48		74.30		62.44		79		38.56		19.01		19.55				TXV		R410a		49.79%		51.67%		0.0055																								0.0000				0.2238445332		0.2059369705								10		9		0.150		0.896		0.924		-0.138		1.220		1.229

		6		Pre		2.5		96		-74.9		78.02%		-78.02%		7.858		910		3.220		0.480		3.030		0.190		58.72		53.42		78.64		65.81		90		29.08		18.91		10.16		New		TXV		R410a		71.12%		50.89%		0.0065		0.3529		-0.1203		-0.0756		0.7802		-0.0314		0.9297		2.6590		-36.40%		0.8797		0.9244		1.5379		1.5728		0.6754		0.3578143054		0.3366565899		0.6754156952		56.1%				12		10		0.086		0.911		0.943		-0.028		1.063		1.060

				Post										0.00%		11.635		910		2.380		0.480		2.190		0.190		56.91		51.60		78.60		65.88		90		33.28		20.59		12.68				TXV		R410a		70.18%		51.23%		0.0057																								0.0000				0.2326586168		0.2140459275								14		11		0.340		0.713		0.806		-0.112		1.316		1.308

		7		Pre		5		176		19.4		11.02%		11.02%		10.805		1750		4.390		0.960		4.034		0.356		46.91		45.31		69.84		59.64		88		57.80		42.70		15.11		New		TXV		R22		88.81%		55.17%		0.0062		-0.0135		-0.0834		-0.0561		0.1102		0.0009		0.9469		5.1228		-4.20%		0.9166		0.9439		1.0763		1.0750		0.9225		0.2452968084		0.2254048577		0.9225221389		14.3%				16		15		-0.310		0.896		0.941		-0.269		1.398		1.423

				Post										0.00%		11.712		1750		4.450		0.960		4.094		0.356		45.33		43.73		69.72		59.56		88		63.36		45.43		17.93				TXV		R22		88.45%		55.26%		0.0056																								0.0000				0.227912846		0.2096798183								18		16		-0.302		0.872		0.900		-0.197		1.293		1.306

		9		Pre		4		170		25.5		15.00%		15.00%		10.311		1350		3.394		1.140		3.146		0.249		51.09		49.46		74.63		63.61		86		46.75		33.44		13.31		New		TXV		R22		89.55%		54.88%		0.0053		0.0924		-0.1044		-0.0759		0.1500		-0.0085		0.9295		3.9476		-13.81%		0.8956		0.9241		1.2197		1.2287		0.8317		0.2287453735		0.2119938184		0.8316939891		31.8%				20		14		-0.070		0.953		0.964		-0.067		1.089		1.092

				Post										0.00%		12.398		1350		3.107		1.140		2.859		0.249		48.63		47.00		74.31		63.20		86		52.66		36.50		16.15				TXV		R22		89.02%		54.38%		0.0047																								0.0000				0.187541057		0.1725377725								22		20		0.380		0.819		0.884		-0.046		1.142		1.135

		10		Pre		5		200		17.2		8.60%		8.60%		10.429		1451		4.020		0.900		3.688		0.332		53.20		50.90		77.90		65.10		95		51.31		37.46		13.85		New		TXV		R22		85.82%		50.55%		0.0065		-0.0313		-0.0889		-0.0567		0.0860		0.0020		0.9463		4.7790		-2.79%		0.9111		0.9433		1.0632		1.0602		0.9302		0.2522947121		0.2314584324		0.9302185585		12.5%				24		19		-0.150		0.929		0.954		-0.099		1.151		1.158

				Post										0.00%		11.211		1451		4.150		0.900		3.818		0.332		51.50		49.20		77.80		65.00		95		56.62		39.90		16.72				TXV		R22		85.37%		50.49%		0.0059																								0.0000				0.2372980796		0.2183142332								26		16		0.070		0.935		0.953		-0.049		1.074		1.075

		11		Pre		3		150		51		34.00%		34.00%		9.044		1050		2.400		0.600		2.195		0.205		62.40		60.00		79.40		69.30		95		27.13		18.53		8.61		New		TXV		R22		87.31%		60.61%		0.0075		-0.0625		-0.2874		-0.1936		0.3400		0.0167		0.8378		2.6475		-11.15%		0.7126		0.8064		1.3156		1.3080		0.7347		0.2807105685		0.2567565999		0.7346671494		44.2%				28		17		-0.140		0.930		0.958		-0.043		1.079		1.079

				Post										0.00%		12.311		1050		2.560		0.600		2.355		0.205		57.40		55.00		78.90		68.70		95		38.90		23.46		15.44				TXV		R22		86.26%		60.03%		0.0053																								0.0000				0.2133693535		0.1962998052								30		21		-0.130		0.912		0.934		-0.080		1.121		1.123

		15		Pre		4		103		-31.9		30.97%		-30.97%		7.121		1164		5.029		0.815		4.708		0.321		53.80		53.70		79.90		67.50		87		41.61		30.36		11.25		Old		TXV		R22		93.33%		53.02%		0.0077		0.2544		-0.1036		-0.0586		0.3097		-0.0173		0.9447		4.5473		-26.93%		0.8964		0.9414		1.3984		1.4231		0.7333		0.3866102641		0.3619539611		0.7333287479		47.6%				32		22		0.170		0.887		0.969		0.048		1.030		1.022

				Post										0.00%		9.711		1164		4.009		0.805		3.688		0.321		53.00		51.90		79.80		67.50		87		46.74		32.42		14.32				TXV		R22		93.12%		53.30%		0.0069																								0.0000				0.2764638974		0.2543467856								34		23		-0.090		0.908		0.906		-0.107		1.128		1.131

		16		Pre		3		53		-16		30.19%		-30.19%		6.376		1077		4.441		0.794		4.126		0.315		46.40		45.15		65.20		58.50		70		33.38		21.72		11.65		Old		TXV		R22		91.14%		67.45%		0.0094		0.1277		-0.1280		-0.0998		0.3019		-0.0159		0.9092		4.3024		-19.71%		0.8720		0.9002		1.2933		1.3060		0.7801		0.4200239569		0.3902278868		0.7801102972		39.7%				36		24		-0.100		0.919		0.942		-0.067		1.103		1.104

				Post										0.00%		8.173		1077		3.938		0.794		3.623		0.315		43.96		42.71		65.10		58.40		70		38.67		24.43		14.24				TXV		R22		90.68%		67.40%		0.0081																								0.0000				0.3247783242		0.2987960582								38		25		0.270		0.862		0.910		-0.040		1.100		1.095

		14		Pre		3.5		130		-9.1		7.00%		-7.00%		9.569		1745		4.970		0.910		4.587		0.383		52.60		51.59		75.10		64.50		91		56.27		41.24		15.03		Old		non-TXV		R22		93.60%		56.69%		0.0068		0.0376		-0.0469		-0.0363		0.0700		-0.0015		0.9650		5.5003		-6.66%		0.9531		0.9637		1.0886		1.0920		0.9216		0.285689525		0.2636621153		0.9215808022		15.3%				40		26		-0.290		0.843		0.895		-0.148		1.257		1.263

				Post										0.00%		10.384		1745		4.790		0.910		4.407		0.383		51.56		50.55		74.96		64.24		91		59.19		42.91		16.28				non-TXV		R22		93.49%		56.17%		0.0065																								0.0000				0.26244067		0.2414454164								42		27		0.060		0.881		0.922		-0.089		1.157		1.159

		20		Pre		4		112		42.56		38.00%		38.00%		8.523		1175		4.507		0.576		4.122		0.385		55.14		52.33		81.41		66.84		90		43.32		32.02		11.30		Old		non-TXV		R22		83.32%		46.93%		0.0089		-0.0644		-0.1807		-0.1159		0.3800		0.0090		0.8961		4.8331		-4.63%		0.8193		0.8841		1.1420		1.1351		0.8622		0.3396542718		0.3106103296		0.86221599		24.5%				44		28		-0.160		0.905		0.928		-0.098		1.144		1.147

				Post										0.00%		9.885		1175		4.818		0.576		4.432		0.385		51.41		48.59		81.33		66.76		90		53.31		36.48		16.83				non-TXV		R22		82.09%		46.88%		0.0072																								0.0000				0.2974291871		0.2736348521								46		29		-0.320		0.728		0.848		-0.185		1.454		1.461

		19		Pre		5		158		-23.7		15.00%		-15.00%		8.622		1550		4.226		1.102		3.910		0.316		54.79		52.72		74.72		64.45		81		45.94		32.46		13.48		Old		non-TXV		R22		87.54%		57.70%		0.0069		0.0695		-0.0710		-0.0462		0.1500		-0.0038		0.9558		4.8300		-9.86%		0.9290		0.9538		1.1513		1.1578		0.8760		0.2902009578		0.2684937909		0.8759951877		23.9%				48		30		-0.400		0.763		0.826		-0.278		1.499		1.515

				Post										0.00%		9.843		1550		3.951		1.102		3.635		0.316		53.54		51.46		74.54		64.25		81		49.74		34.22		15.52				non-TXV		R22		87.20%		57.55%		0.0064																								0.0000				0.2520687381		0.2319032391								50		31		-0.380		0.748		0.848		-0.194		1.429		1.437

		16		Pre		3.5		82		5.74		7.00%		7.00%		9.100		1070		3.595		0.710		3.309		0.286		54.38		51.70		75.89		65.91		84		39.17		24.11		15.06		Old		non-TXV		R22		83.91%		59.38%		0.0073		0.0042		-0.0651		-0.0473		0.0700		-0.0002		0.9548		4.0963		-4.87%		0.9349		0.9527		1.0741		1.0745		0.9279		0.2949599708		0.2714616298		0.9278850293		13.6%				52		32		-0.180		0.922		0.952		-0.114		1.173		1.181

				Post										0.00%		9.807		1070		3.580		0.710		3.294		0.286		53.13		50.45		75.82		65.83		84		42.07		25.43		16.65				non-TXV		R22		83.51%		59.32%		0.0068																								0.0000				0.2746016365		0.2526335056								54		33		-0.230		0.886		0.937		-0.113		1.196		1.202

		17		Pre		3		69		-9.66		14.00%		-14.00%		8.199		1073		3.269		0.593		3.009		0.261		56.86		47.31		82.40		60.40		90		31.67		28.59		3.07		Old		non-TXV		R22		48.36%		26.28%		0.0082		0.0028		-0.0702		-0.0424		0.1400		-0.0001		0.9593		3.6961		-4.31%		0.9298		0.9576		1.0785		1.0788		0.9235		0.3312303625		0.3048048768		0.9234550934		14.4%				56		34		-0.170		0.858		0.878		-0.129		1.194		1.197

				Post										0.00%		8.879		1073		3.260		0.593		3.000		0.261		55.64		46.04		82.39		60.26		90		34.21		29.95		4.26				non-TXV		R22		46.99%		25.93%		0.0076																								0.0000				0.3071183064		0.2825488419								58		35		-0.140		0.924		0.990		-0.039		1.119		1.122

		21		Pre		3		78		-10.14		13.00%		-13.00%		9.592		1015		2.516		0.610		2.319		0.197		41.63		39.79		61.71		53.62		64		29.99		22.08		7.90		Old		non-TXV		R22		85.63%		59.08%		0.0066		0.0225		-0.0878		-0.0664		0.1300		-0.0017		0.9378		2.8796		-8.02%		0.9122		0.9336		1.1209		1.1230		0.8906		0.267780247		0.2468282581		0.8906348979		20.5%				60		36		-0.220		0.739		0.851		-0.196		1.466		1.476

				Post										0.00%		10.770		1015		2.461		0.610		2.264		0.197		40.02		38.07		61.66		53.47		64		33.07		23.80		9.27				non-TXV		R22		84.18%		58.58%		0.0060																								0.0000				0.2389018249		0.2197896789								62		37		-0.080		0.756		0.870		-0.123		1.335		1.336

		22		Pre		3.5		164		27.88		17.00%		17.00%		11.251		1004		3.557		0.422		3.246		0.311		56.76		55.45		85.09		71.68		94		44.76		29.19		15.58		Old		non-TXV		R22		92.34%		52.49%		0.0070		-0.0857		-0.1125		-0.0306		0.1700		0.0028		0.9703		4.1841		4.76%		0.8875		0.9694		1.0302		1.0218		0.9584		0.2627505553		0.239759895		0.958376936		7.0%				64		39		0.040		0.965		0.972		-0.040		1.051		1.052

				Post										0.00%		11.739		1004		3.890		0.422		3.579		0.311		54.96		53.65		84.21		71.98		94		50.62		30.16		20.47				non-TXV		R22		92.10%		55.76%		0.0061																								0.0000				0.2550427305		0.2346393121								66		40		0.290		0.844		0.920		-0.072		1.182		1.182

		23		Pre		4		113		-10.17		9.00%		-9.00%		7.513		1266		4.245		0.636		3.914		0.331		54.15		51.49		79.23		63.58		99		36.67		33.18		3.50		Old		non-TXV		R22		83.93%		42.15%		0.0090		0.0248		-0.0917		-0.0938		0.0900		-0.0027		0.9143		4.3684		-10.73%		0.9083		0.9062		1.1283		1.1307		0.8843		0.3729916197		0.3438751816		0.8843162327		21.6%				68		41		-0.480		0.698		0.809		-0.226		1.539		1.548

				Post										0.00%		8.496		1266		4.142		0.636		3.811		0.331		52.04		49.61		79.90		63.21		99		40.60		36.83		3.76				non-TXV		R22		84.71%		39.41%		0.0082																								0.0000				0.3305643603		0.3041192115								70		42		0.090		0.892		0.925		-0.071		1.123		1.123

		24		Pre		4		103		-10.3		10.00%		-10.00%		8.869		1062		3.703		0.531		3.411		0.292		52.75		49.01		79.69		63.76		82		37.56		29.87		7.68		Old		non-TXV		R22		77.11%		41.58%		0.0078		0.0134		-0.0812		-0.0584		0.1000		-0.0009		0.9449		3.9546		-6.68%		0.9188		0.9416		1.1029		1.1042		0.9046		0.3210671715		0.2957213841		0.9046467803		18.0%				72		43		-0.200		0.708		0.842		-0.172		1.469		1.474

				Post										0.00%		9.804		1062		3.655		0.531		3.362		0.292		51.02		47.59		79.74		63.80		82		41.04		31.84		9.20				non-TXV		R22		78.22%		41.59%		0.0071																								0.0000				0.29110103		0.2678129476								74		44		-0.100		0.761		0.934		-0.081		1.343		1.346

		25		Pre		3.5		67		18.09		27.00%		27.00%		8.394		1160		3.360		0.741		3.077		0.283		54.99		53.22		77.19		65.04		88		34.42		26.95		7.47		Old		non-TXV		R22		89.40%		52.36%		0.0082		-0.0517		-0.1382		-0.0904		0.2700		0.0056		0.9171		3.9292		-4.01%		0.8618		0.9096		1.1004		1.0952		0.8912		0.3103266205		0.2841473652		0.8912354394		19.0%				76		45		-0.060		0.963		0.976		-0.042		1.062		1.064

				Post										0.00%		9.418		1160		3.543		0.741		3.260		0.283		52.36		50.93		76.97		64.92		88		40.35		29.88		10.47				non-TXV		R22		90.96%		52.57%		0.0070																								0.0000				0.2820173311		0.2594559446								78		46		-0.130		0.908		0.989		-0.039		1.135		1.138

		26		Pre		4		76		-22.04		29.00%		-29.00%		6.799		880		5.008		0.387		4.630		0.378		56.13		54.80		81.43		70.13		91		36.68		23.01		13.67		Old		non-TXV		R22		92.11%		57.46%		0.0103		0.0589		-0.1571		-0.1052		0.2900		-0.0073		0.9048		4.6366		-14.80%		0.8429		0.8948		1.2569		1.2630		0.7962		0.4497625251		0.4157817787		0.7961531529		36.7%				80		47		0.140		0.686		0.732		-0.164		1.378		1.371

				Post										0.00%		8.540		880		4.730		0.395		4.351		0.378		52.76		51.34		81.19		69.99		91		43.76		25.87		17.89				non-TXV		R22		91.09%		57.69%		0.0086																								0.0000				0.3578231302		0.3291972798								82		49		0.190		0.884		0.874		-0.087		1.097		1.094

		27		Pre		3.5		66		3.96		6.00%		6.00%		6.427		1030		3.853		0.747		3.551		0.302		57.95		56.51		76.40		67.25		96		29.57		19.86		9.70		Old		non-TXV		R22		91.80%		62.67%		0.0102		0.0200		-0.1187		-0.0777		0.0600		-0.0019		0.9279		4.1989		-8.87%		0.8813		0.9223		1.1574		1.1594		0.8580		0.4095267206		0.3774064806		0.8580185274		25.9%				84		50		0.190		0.931		0.901		-0.084		1.066		1.066

				Post										0.00%		7.490		1030		3.778		0.747		3.476		0.302		56.10		54.65		76.30		67.08		96		33.89		21.75		12.14				non-TXV		R22		91.42%		62.34%		0.0089																								0.0000				0.3538311253		0.3255246353								86		51		-0.340		0.919		0.945		-0.096		1.143		1.147

		28		Pre		4		62		-9.92		16.00%		-16.00%		8.317		1027		3.949		0.511		3.643		0.305		42.01		40.71		67.25		57.15		71		37.09		27.77		9.32		Old		non-TXV		R22		89.90%		53.92%		0.0082		0.0353		-0.0948		-0.0715		0.1600		-0.0029		0.9332		4.0362		-9.79%		0.9052		0.9285		1.1438		1.1472		0.8739		0.3470266538		0.3202111547		0.8739438976		23.6%				88		52		-0.220		0.852		0.960		-0.056		1.198		1.201

				Post										0.00%		9.517		1027		3.814		0.511		3.509		0.305		39.71		38.41		67.01		56.91		71		41.16		30.04		11.12				non-TXV		R22		89.37%		53.76%		0.0074																								0.0000				0.3034068981		0.2791343463								90		53		-0.220		0.930		0.915		-0.208		1.242		1.256

		29		Pre		3.5		115		-36.8		32.00%		-32.00%		6.711		1048		4.795		0.436		4.432		0.363		61.34		59.87		87.31		71.99		86		35.10		27.82		7.28		Old		non-TXV		R22		92.05%		48.00%		0.0103		0.0578		-0.2723		-0.1518		0.3200		-0.0109		0.8682		4.3133		-18.45%		0.7277		0.8482		1.4536		1.4605		0.6834		0.4472569993		0.4134317977		0.6833600573		53.0%				92		54		-0.100		0.897		0.943		-0.083		1.150		1.154

				Post										0.00%		9.821		1048		4.532		0.436		4.170		0.363		56.70		55.13		87.58		72.16		86		48.79		33.07		15.72				non-TXV		R22		90.85%		47.86%		0.0074																								0.0000				0.3076816782		0.2830671439								94		55		0.130		0.886		0.882		-0.009		1.006		0.995

		30		Pre		4		106		-42.4		40.00%		-40.00%		5.540		1051		5.021		0.449		4.670		0.351		48.10		45.59		69.06		58.28		71		30.31		23.50		6.81		Old		non-TXV		R22		82.97%		52.39%		0.0116		0.1430		-0.2373		-0.1737		0.4000		-0.0320		0.8520		4.1255		-27.78%		0.7627		0.8263		1.4987		1.5150		0.6671		0.5382035806		0.5005347546		0.6670915221		55.5%				96		57		-0.090		0.930		0.993		-0.012		1.081		1.082

				Post										0.00%		8.305		1051		4.393		0.449		4.041		0.351		44.13		42.07		69.83		59.05		71		40.22		28.76		11.46				non-TXV		R22		84.79%		52.89%		0.0087																								0.0000				0.3591232747		0.3303934127								98		58		-0.330		0.851		0.889		-0.169		1.270		1.279

		31		Pre		3.5		115		-43.7		38.00%		-38.00%		7.110		1032		4.837		0.483		4.475		0.362		53.89		52.67		84.49		67.33		90		37.82		32.60		5.23		Old		non-TXV		R22		92.48%		41.11%		0.0096		0.0687		-0.2521		-0.1521		0.3800		-0.0130		0.8680		4.3476		-19.41%		0.7479		0.8479		1.4290		1.4370		0.6965		0.4182602464		0.3869513984		0.6964981393		51.3%				100		59		-0.060		0.835		0.962		-0.080		1.253		1.258

				Post										0.00%		10.208		1032		4.526		0.483		4.164		0.362		48.59		47.37		84.99		67.53		90		51.13		38.74		12.39				non-TXV		R22		91.70%		40.58%		0.0071																								0.0000				0.2926912202		0.2692759226								102		60		0.240		0.960		1.014		0.002		1.056		1.058

		32		Pre		3		69		-12.42		18.00%		-18.00%		8.181		1204		3.050		0.559		2.824		0.226		57.77		50.90		75.31		61.13		75		29.52		22.25		7.27		Old		non-TXV		R22		62.49%		44.20%		0.0076		0.0813		-0.0782		-0.0482		0.1800		-0.0045		0.9540		3.2238		-11.39%		0.9218		0.9518		1.1730		1.1807		0.8589		0.3311573646		0.306657685		0.8588908831		26.8%				104		61		-0.090		0.829		0.976		-0.046		1.235		1.238

				Post										0.00%		9.525		1204		2.820		0.559		2.595		0.226		56.77		49.89		75.27		61.09		75		32.19		23.47		8.71				non-TXV		R22		61.84%		44.17%		0.0070																								0.0000				0.2823073979		0.259722806								106		62		-0.120		0.935		0.976		-0.077		1.134		1.140

		33		Pre		4		122		-28.06		23.00%		-23.00%		6.439		1118		5.153		0.483		4.764		0.389		52.83		51.00		78.24		64.31		80		36.29		29.70		6.59		Old		non-TXV		R22		88.58%		46.99%		0.0107		0.0595		-0.1142		-0.0629		0.2300		-0.0042		0.9409		5.0309		-11.32%		0.8858		0.9371		1.1961		1.2019		0.8360		0.4635558539		0.4285526582		0.8359952468		30.1%				108		64		-0.230		0.896		0.862		-0.186		1.200		1.207

				Post										0.00%		7.702		1118		4.864		0.483		4.475		0.389		51.02		49.11		78.23		64.29		80		41.18		31.81		9.38				non-TXV		R22		87.69%		46.98%		0.0094																								0.0000				0.3875661983		0.3565609024								110		65		-0.170		0.911		0.925		-0.113		1.153		1.157

		34		Pre		4		100		-17		17.00%		-17.00%		7.332		1276		3.569		0.748		3.290		0.279		51.62		47.07		69.18		57.90		76		31.65		23.91		7.74		Old		non-TXV		R22		71.71%		50.49%		0.0088		0.0247		-0.1420		-0.1219		0.1700		-0.0038		0.8913		3.7710		-12.90%		0.8580		0.8781		1.1942		1.1967		0.8314		0.3561343068		0.3283299678		0.8314198871		30.4%				Commerical

				Post										0.00%		8.819		1276		3.483		0.748		3.204		0.279		48.83		44.62		69.08		57.60		76		37.31		27.59		9.73				non-TXV		R22		72.32%		49.62%		0.0075																								0.0000				0.2982113561		0.2743544476								114		C33		-0.071		0.755		0.839		-0.457		1.807		1.849		Outlying datapoint eliminated  - DJR 1/17/08

		35		Pre		3		52		-7.28		14.00%		-14.00%		8.518		961		2.973		0.525		2.743		0.230		55.27		52.09		80.44		64.75		88		29.79		25.20		4.60		Old		non-TXV		R22		81.26%		42.83%		0.0077		0.0341		-0.0762		-0.0103		0.1400		-0.0004		0.9898		3.3650		-3.89%		0.9238		0.9897		1.1193		1.1225		0.8939		0.3212452846		0.2963920201		0.8938932937		20.1%				116		C37		-0.035		1.005		1.001		-0.025		1.024		1.027

				Post										0.00%		9.530		961		2.875		0.525		2.645		0.230		54.33		51.21		79.76		64.90		88		32.40		25.48		6.92				non-TXV		R22		81.28%		44.98%		0.0071																								0.0000				0.2870071909		0.2640466156								118		C55		-0.094		0.961		0.962		-0.076		1.088		1.092

		36		Pre		3.5		99		-21.78		22.00%		-22.00%		6.800		1062		2.789		0.650		2.583		0.206		53.19		52.05		71.43		61.27		72		23.38		20.53		2.85		Old		non-TXV		R22		92.94%		56.27%		0.0088		0.0838		-0.2606		-0.1486		0.2200		-0.0162		0.8706		2.8059		-19.63%		0.7394		0.8514		1.4658		1.4757		0.6763		0.3718504474		0.3444023833		0.6763092012		53.9%				120		C59		0.092		0.882		0.931		-0.056		1.123		1.122

				Post										0.00%		10.054		1062		2.573		0.650		2.367		0.206		49.43		48.29		71.19		61.15		72		32.40		24.50		7.90				non-TXV		R22		92.37%		56.60%		0.0064																								0.0000				0.2536848671		0.2333900777								122		C60		0.137		0.858		0.909		-0.087		1.170		1.170

		37		Pre		3		63		-5.04		8.00%		-8.00%		5.727		866		3.418		0.663		3.147		0.271		52.95		51.81		78.15		63.19		88		23.37		22.85		0.52		Old		non-TXV		R22		92.85%		43.61%		0.0116		0.0096		-0.2437		-0.1297		0.0800		-0.0016		0.8852		3.5836		-12.28%		0.7563		0.8703		1.3348		1.3359		0.7330		0.4551049449		0.4190409639		0.7330402278		45.1%				124		C34		0.135		0.879		0.899		-0.076		1.118		1.116

				Post										0.00%		7.813		866		3.386		0.663		3.115		0.271		48.78		47.63		78.10		63.14		88		31.63		26.59		5.04				non-TXV		R22		92.27%		43.57%		0.0086																								0.0000				0.3409506118		0.3136745628

		39		Pre		4		105		4.2		4.00%		4.00%		8.013		1160		4.411		0.703		4.063		0.348		53.96		51.26		77.61		65.31		84		40.98		28.68		12.29		Old		non-TXV		R22		83.64%		52.08%		0.0085		0.0148		-0.0346		-0.0284		0.0400		-0.0005		0.9724		4.9096		-4.04%		0.9654		0.9716		1.0512		1.0525		0.9513		0.3471099705		0.3197465843		0.9513448696		9.5%

				Post										0.00%		8.423		1160		4.347		0.703		3.999		0.348		53.18		50.64		77.58		65.28		84		42.53		29.59		12.94				non-TXV		R22		84.37%		52.06%		0.0082																								0.0000				0.3302171992		0.3037998233

		40		Pre		4		87		25.23		29.00%		29.00%		6.808		1180		4.255		0.506		3.914		0.341		51.56		49.98		79.25		61.98		90		32.42		34.19		-1.78		Old		non-TXV		R22		89.90%		37.18%		0.0105		-0.0024		-0.1560		-0.0796		0.2900		0.0002		0.9263		4.4197		-7.16%		0.8440		0.9204		1.1820		1.1818		0.8388		0.4253412809		0.3912328713		0.8388035662		29.0%

				Post										0.00%		8.117		1180		4.265		0.506		3.924		0.341		48.83		47.25		79.01		61.67		90		38.73		37.30		1.43				non-TXV		R22		89.36%		36.78%		0.0088																								0.0000				0.3598348123		0.3310480273

		41		Pre		4		103		-49.44		48.00%		-48.00%		5.007		1028		4.783		0.606		4.427		0.356		63.60		54.58		87.53		65.33		94		26.99		25.35		1.64		Old		non-TXV		R22		56.08%		29.76%		0.0132		0.0743		-0.3020		-0.1909		0.4800		-0.0190		0.8397		4.2476		-22.57%		0.6980		0.8091		1.5392		1.5484		0.6403		0.5618250944		0.5199895047		0.6403009244		58.4%

				Post										0.00%		7.820		1028		4.452		0.606		4.096		0.356		57.27		49.18		87.29		65.19		94		39.56		31.81		7.75				non-TXV		R22		55.98%		29.84%		0.0090																								0.0000				0.3650149804		0.335813782

		42		Pre		3		87		7.83		9.00%		9.00%		5.417		941		3.637		0.573		3.347		0.290		53.93		50.54		77.00		61.07		94		22.81		22.82		-0.01		Old		non-TXV		R22		79.58%		39.66%		0.0127		0.0022		-0.1077		-0.0747		0.0900		-0.0002		0.9305		3.9106		-7.13%		0.8923		0.9253		1.1232		1.1234		0.8825		0.5012911575		0.4612747308		0.8824553079		21.4%

				Post										0.00%		6.138		941		3.629		0.573		3.339		0.290		51.85		48.86		76.93		60.84		94		25.80		24.82		0.98				non-TXV		R22		81.19%		39.11%		0.0113																								0.0000				0.4463230101		0.4106171693

		43		Pre		4		151		-30.2		20.00%		-20.00%		6.786		1048		4.936		0.627		4.556		0.380		56.87		53.37		89.03		67.86		102		37.75		34.55		3.20		Old		non-TXV		R22		80.02%		33.37%		0.0101		0.0395		-0.2923		-0.1585		0.2000		-0.0079		0.8632		4.6405		-17.16%		0.7077		0.8415		1.4687		1.4736		0.6727		0.4223321895		0.3898285029		0.6727378253		54.2%

				Post										0.00%		10.087		1048		4.749		0.627		4.369		0.380		51.18		47.72		89.86		68.67		102		54.22		41.46		12.77				non-TXV		R22		78.10%		33.87%		0.0070																								0.0000				0.2875472109		0.2645434341

		44		Pre		3		61		-6.1		10.00%		-10.00%		5.732		765		4.036		0.563		3.720		0.316		59.01		54.86		88.63		68.44		100		26.36		23.23		3.14		Old		non-TXV		R22		77.25%		35.56%		0.0120		0.0220		-0.2391		-0.0658		0.1000		-0.0017		0.9383		4.2343		-8.10%		0.7609		0.9342		1.3431		1.3456		0.7338		0.4870159536		0.4488926278		0.7337730358		45.4%

				Post										0.00%		7.811		765		3.950		0.563		3.634		0.316		55.48		48.39		87.24		67.06		100		35.25		25.00		10.25				non-TXV		R22		59.85%		34.66%		0.0090																								0.0000				0.3626133642		0.3336042951

		45		Pre		3		71		-4.26		6.00%		-6.00%		6.713		903		3.210		0.705		2.959		0.251		56.73		54.37		74.41		65.51		84		26.29		16.77		9.51		Old		non-TXV		R22		86.30%		62.69%		0.0096		0.0231		-0.0368		-0.0237		0.0600		-0.0006		0.9769		3.7539		-4.20%		0.9632		0.9763		1.0622		1.0643		0.9422		0.3819037994		0.3520417559		0.9421722691		11.3%

				Post										0.00%		7.126		903		3.138		0.705		2.887		0.251		56.12		53.73		74.29		65.39		84		27.38		17.24		10.15				non-TXV		R22		86.00%		62.63%		0.0092																								0.0000				0.359535233		0.3307724143

		46		Pre		3		84		-10.92		13.00%		-13.00%		6.518		943		4.827		0.605		4.452		0.375		54.15		51.56		82.82		66.60		97		35.41		28.00		7.40		Old		non-TXV		R22		84.34%		42.77%		0.0106		0.0310		-0.0920		-0.0114		0.1300		-0.0004		0.9887		5.2274		-3.87%		0.9080		0.9886		1.1355		1.1384		0.8790		0.4396215097		0.4055087061		0.8790129837		22.6%

				Post										0.00%		7.415		943		4.682		0.605		4.307		0.375		52.98		50.16		81.97		66.75		97		39.20		28.35		10.85				non-TXV		R22		82.64%		45.24%		0.0096																								0.0000				0.3871712839		0.3561975812

		47		Pre		4		87		12.18		14.00%		14.00%		7.316		1091		3.819		0.703		3.496		0.323		56.57		51.06		78.49		63.48		83		33.08		25.02		8.06		Old		non-TXV		R22		68.94%		43.66%		0.0098		-0.0550		-0.3141		-0.2676		0.1400		0.0220		0.7889		3.7423		-16.43%		0.6859		0.7324		1.3779		1.3709		0.7035		0.3673685046		0.3362700907		0.7035419691		48.9%

				Post										0.00%		10.399		1091		4.041		0.703		3.718		0.323		47.30		44.43		77.98		63.60		83		49.33		35.04		14.29				non-TXV		R22		80.35%		45.36%		0.0066																								0.0000				0.2666212809		0.2452915784

		49		Pre		3.5		88		16.72		19.00%		19.00%		6.116		934		3.561		0.735		3.268		0.294		56.91		51.95		78.44		63.48		83		26.28		21.03		5.24		Old		non-TXV		R22		72.02%		43.79%		0.0112		-0.0297		-0.1157		-0.1255		0.1900		0.0048		0.8885		3.9140		-8.68%		0.8843		0.8745		1.0972		1.0943		0.8969		0.4222294829		0.3874167584		0.8968845842		18.3%

				Post										0.00%		6.819		934		3.670		0.735		3.377		0.294		52.99		49.96		77.95		63.34		83		30.04		24.41		5.63				non-TXV		R22		81.39%		44.60%		0.0098																								0.0000				0.3848301448		0.3540437332

		50		Pre		4		124		23.56		19.00%		19.00%		8.672		932		3.655		0.735		3.360		0.295		58.92		54.26		89.25		69.89		101		38.07		28.90		9.18		Old		non-TXV		R22		74.54%		38.10%		0.0077		-0.0075		-0.0693		-0.0990		0.1900		0.0009		0.9099		4.0198		-8.38%		0.9307		0.9010		1.0664		1.0657		0.9323		0.3073805373		0.2826036626		0.9322664065		12.6%

				Post										0.00%		9.303		932		3.683		0.735		3.388		0.295		55.52		52.51		89.48		69.69		101		41.10		32.35		8.75				non-TXV		R22		82.32%		37.15%		0.0072																								0.0000				0.288233426		0.2651747519

		51		Pre		4		82		-27.88		34.00%		-34.00%		8.246		1159		4.480		0.626		4.138		0.341		56.30		53.25		86.19		67.68		102		42.10		35.66		6.44		Old		non-TXV		R22		82.29%		38.43%		0.0081		0.0496		-0.0814		-0.0553		0.3400		-0.0031		0.9476		4.6377		-9.57%		0.9186		0.9447		1.1426		1.1473		0.8769		0.3455957471		0.3192537061		0.8769259022		23.2%

				Post										0.00%		9.403		1159		4.268		0.626		3.927		0.341		54.18		51.86		85.92		67.71		102		46.02		37.88		8.14				non-TXV		R22		85.91%		39.07%		0.0074																								0.0000				0.3024753037		0.2782772794

		52		Pre		4		100		-22		22.00%		-22.00%		7.171		1053		4.078		0.711		3.759		0.320		49.63		48.05		78.99		62.20		89		34.34		32.36		1.98		Old		non-TXV		R22		89.50%		38.44%		0.0093		0.0207		-0.1482		-0.0396		0.2200		-0.0009		0.9620		4.5269		-5.57%		0.8518		0.9604		1.1984		1.2005		0.8283		0.3785991977		0.3489269264		0.8283353175		30.9%

				Post										0.00%		8.657		1053		3.995		0.711		3.676		0.320		48.78		47.43		79.52		63.78		89		40.74		33.79		6.95				non-TXV		R22		90.83%		42.08%		0.0078																								0.0000				0.3159178953		0.2906444637

		53		Pre		4		122		-26.84		22.00%		-22.00%		6.911		1144		4.987		0.817		4.642		0.345		59.20		54.26		84.30		67.82		95		40.11		29.64		10.48		Old		non-TXV		R22		73.22%		42.92%		0.0086		0.1549		-0.0699		-0.0845		0.2200		-0.0157		0.9221		4.7350		-20.82%		0.9301		0.9155		1.2418		1.2563		0.8189		0.3967359843		0.3692547174		0.8188768839		34.1%

				Post										0.00%		8.440		1144		4.318		0.817		3.973		0.345		56.55		52.93		84.18		67.74		95		43.34		32.63		10.71				non-TXV		R22		79.22%		42.99%		0.0080																								0.0000				0.3194895546		0.2939303902

		54		Pre		3.5		79		-7.9		10.00%		-10.00%		5.907		870		3.897		0.448		3.595		0.302		55.43		52.63		84.23		64.98		92		25.67		25.95		-0.29		Old		non-TXV		R22		83.48%		35.07%		0.0118		0.0325		-0.1026		-0.0566		0.1000		-0.0021		0.9465		3.9963		-8.26%		0.8974		0.9434		1.1505		1.1536		0.8668		0.4890045771		0.4511146343		0.8668165725		24.7%

				Post										0.00%		6.815		870		3.774		0.448		3.472		0.302		53.62		50.81		84.25		64.74		92		28.78		27.60		1.17				non-TXV		R22		82.90%		34.38%		0.0105																								0.0000				0.4250446788		0.3910411045

		55		Pre		4		93		12.09		13.00%		13.00%		7.993		1212		4.578		0.660		4.167		0.411		55.74		53.80		78.62		67.07		78		41.87		28.89		12.98		Old		non-TXV		R22		88.55%		55.22%		0.0098		-0.1093		-0.1143		-0.1180		0.1300		0.0158		0.8944		5.1871		-0.87%		0.8857		0.8820		1.0057		0.9950		0.9746		0.3541420805		0.3223358518		0.9746028625		3.1%

				Post										0.00%		8.201		1212		5.139		0.660		4.728		0.411		51.96		50.42		78.09		66.01		78		47.56		33.06		14.50				non-TXV		R22		90.22%		53.10%		0.0086																								0.0000				0.3521178463		0.3239484186

		57		Pre		2.5		53		-4.77		9.00%		-9.00%		7.962		770		2.610		0.563		2.403		0.208		47.46		45.89		70.69		60.06		73		25.26		19.00		6.26		Old		non-TXV		R22		89.14%		54.01%		0.0082		0.0053		-0.0702		-0.0075		0.0900		-0.0000		0.9926		3.1361		-1.18%		0.9298		0.9925		1.0811		1.0816		0.9209		0.3277142973		0.301634748		0.9208991637		14.8%

				Post										0.00%		8.646		770		2.597		0.563		2.389		0.208		46.86		45.36		70.28		60.55		73		27.32		19.16		8.16				non-TXV		R22		89.49%		57.30%		0.0076																								0.0000				0.3031185435		0.27886906

		58		Pre		3		120		-39.6		33.00%		-33.00%		6.804		968		3.632		0.526		3.363		0.269		51.06		49.90		70.49		61.90		72		28.28		19.96		8.33		Old		non-TXV		R22		92.51%		61.97%		0.0095		0.0804		-0.1495		-0.1108		0.3300		-0.0109		0.9003		3.4992		-16.93%		0.8505		0.8892		1.2703		1.2785		0.7878		0.4120924344		0.3815792136		0.7877503978		38.0%

				Post										0.00%		8.637		968		3.361		0.526		3.092		0.269		46.64		45.96		68.63		60.64		72		33.57		22.67		10.90				non-TXV		R22		95.17%		63.54%		0.0080																								0.0000				0.3244046621		0.2984522891

		59		Pre		4		134		-8.04		6.00%		-6.00%		4.121		1032		7.336		0.630		6.776		0.561		64.09		62.12		82.15		72.85		100		32.83		19.17		13.66		Old		non-TXV		R22		89.81%		64.55%		0.0171		0.0471		-0.1646		-0.0377		0.0600		-0.0021		0.9637		7.3588		-7.96%		0.8354		0.9623		1.2534		1.2583		0.7923		0.7157922061		0.6611054442		0.7922929505		36.8%

				Post										0.00%		5.202		1032		7.006		0.630		6.446		0.561		62.68		60.09		81.51		73.03		100		39.72		20.01		19.71				non-TXV		R22		86.39%		67.16%		0.0141																								0.0000				0.5711001082		0.5254120995

		60		Pre		3		85		20.4		24.00%		24.00%		8.199		906		3.735		0.548		3.440		0.295		55.85		54.00		81.15		68.66		98		35.11		23.75		11.37		Old		non-TXV		R22		89.05%		53.39%		0.0084		0.0137		-0.0404		0.0140		0.2400		0.0002		1.0142		4.2922		0.23%		0.9596		1.0140		1.0564		1.0576		0.9463		0.3446581762		0.3174586377		0.9462622419		10.4%

				Post										0.00%		8.665		906		3.684		0.548		3.389		0.295		56.93		54.58		81.91		69.61		98		36.67		23.39		13.28				non-TXV		R22		86.43%		54.40%		0.0080																								0.0000				0.3262657174		0.30016446

		61		Pre		4		142		-12.78		9.00%		-9.00%		6.317		904		5.278		0.488		4.866		0.412		57.72		54.42		85.73		69.66		103		36.42		26.03		10.40		Old		non-TXV		R22		81.37%		44.97%		0.0113		0.0240		-0.1710		-0.0242		0.0900		-0.0006		0.9763		5.5086		-4.56%		0.8290		0.9758		1.2352		1.2377		0.8049		0.4729363854		0.4359893473		0.8049292284		34.8%

				Post										0.00%		7.848		904		5.154		0.488		4.742		0.412		54.51		51.48		83.17		69.94		103		44.28		26.72		17.56				non-TXV		R22		81.84%		52.07%		0.0093																								0.0000				0.3828781279		0.3522478776

		62		Pre		3.5		82		-9.84		12.00%		-12.00%		6.920		842		4.247		0.485		3.927		0.321		59.97		59.07		83.40		72.62		91		32.75		20.27		12.48		Old		non-TXV		R22		94.99%		60.06%		0.0098		0.0601		-0.0653		-0.0237		0.1200		-0.0016		0.9769		4.3879		-7.67%		0.9347		0.9763		1.1342		1.1398		0.8842		0.4213140223		0.3895188973		0.8842036641		22.0%

				Post										0.00%		7.827		842		4.007		0.485		3.686		0.321		58.87		57.92		82.90		72.52		91		35.16		20.80		14.35				non-TXV		R22		94.59%		61.18%		0.0091																								0.0000				0.3714702182		0.3417526007

		64		Pre		4		109		-25.07		23.00%		-23.00%		9.031		1050		4.001		0.648		3.703		0.298		49.15		45.22		78.53		62.43		91		41.98		32.31		9.67		Old		non-TXV		R22		74.24%		40.23%		0.0071		0.0757		-0.1036		-0.1380		0.2300		-0.0130		0.8787		3.8373		-18.58%		0.8964		0.8620		1.2001		1.2074		0.8375		0.3090111019		0.2860303709		0.8375020111		30.2%

				Post										0.00%		10.783		1050		3.719		0.648		3.422		0.298		44.94		42.81		79.39		62.49		91		47.09		37.84		9.25				non-TXV		R22		84.62%		38.40%		0.0063																								0.0000				0.257493032		0.2368935894

		65		Pre		4		97		-16.49		17.00%		-17.00%		7.514		956		4.176		0.588		3.858		0.318		55.50		48.60		83.00		64.20		92		35.80		27.30		8.50		Old		non-TXV		R22		60.86%		35.46%		0.0089		0.0498		-0.0892		-0.0746		0.1700		-0.0043		0.9306		4.2494		-11.28%		0.9108		0.9254		1.1526		1.1573		0.8686		0.3770200718		0.3482895974		0.8686076425		24.6%

				Post										0.00%		8.651		956		3.978		0.588		3.660		0.318		52.85		46.83		82.72		64.20		92		39.50		29.66		9.84				non-TXV		R22		63.86%		36.05%		0.0081																								0.0000				0.3271084599		0.3009397831

																																																				All:				0.0365		-0.1294		-0.0811		0.2012		-0.0034		0.9255		4.1662		-10.54%		0.8666		0.9170		1.2052

		Commercial Units

		C33		Pre		10.1		200		-14.1		7.05%		-7.05%		5.611		3831		12.960		1.398		12.200		0.760		52.08		50.99		65.41		58.94		80		72.72		54.77				New		non-TXV		R22		93.06%		68.57%		0.0105		0.3642		-0.2449		-0.1615		0.0705		-0.0763		0.8610		9.3830		-45.65%		0.7551		0.8385		1.8067		1.8486		0.5447		0.57080119		0.5373282807		0.544745436		69.8%

				Post										0.00%		10.300		3831		9.500		1.398		8.740		0.760		48.99		47.91		65.11		58.73				97.85		66.24						non-TXV		R22		92.72%		68.86%		0.0078																								0.0000				0.315939065		0.2906639398

		C37		Pre		2		85		-3		3.53%		-3.53%		8.921		818		2.198		0.299		2.027		0.171		54.25		52.22		70.63		61.94		95		19.60		14.21				New		non-TXV		R22		87.70%		61.64%		0.0087		0.0292		0.0047		0.0010		0.0353		0.0000		1.0010		2.4364		-2.46%		1.0047		1.0010		1.0243		1.0269		0.9765		0.3636867801		0.3354166136		0.9764876477		4.7%

				Post										0.00%		9.136		818		2.135		0.299		1.964		0.171		53.88		52.03		70.23		61.73				19.51		14.19						non-TXV		R22		88.68%		62.21%		0.0088																								0.0000				0.3550483424		0.326644475

		C55		Pre		4		166		-15.6		9.40%		-9.40%		8.584		1020		3.500		0.372		3.232		0.268		49.12		46.66		67.18		59.19		69		30.04		19.70				New		non-TXV		R22		83.65%		62.74%		0.0089		0.0448		-0.0393		-0.0376		0.0940		-0.0019		0.9638		3.5876		-7.65%		0.9607		0.9624		1.0876		1.0916		0.9180		0.3814827148		0.3522720383		0.9179641986		15.6%

				Post										0.00%		9.351		1020		3.350		0.372		3.082		0.268		47.60		46.60		66.40		59.60				31.32		20.51						non-TXV		R22		93.07%		67.57%		0.0086																								0.0000				0.3507701077		0.3227084991

		C59		Pre		5		126		11.6		9.21%		9.21%		6.187		1445		5.885		0.527		5.410		0.475		49.19		42.69		72.52		54.72		78		36.41		35.89				Old		non-TXV		R22		58.38%		29.87%		0.0131		-0.0093		-0.1176		-0.0688		0.0921		0.0007		0.9357		6.0514		-5.58%		0.8824		0.9312		1.1228		1.1219		0.8855		0.5256783838		0.4832310825		0.8854705254		21.1%

				Post										0.00%		6.987		1445		5.940		0.527		5.465		0.475		47.80		41.34		72.96		55.04				41.50		38.67						non-TXV		R22		57.46%		29.89%		0.0115																								0.0000				0.4681797356		0.4307253567

		C60		Pre		10		250		34.3		13.72%		13.72%		5.583		3655		14.645		1.334		13.478		1.167		59.05		48.75		73.98		58.38		78		81.76		57.80				Old		non-TXV		R22		46.71%		38.44%		0.0143		0.0039		-0.1417		-0.0908		0.1372		-0.0004		0.9168		14.5977		-8.68%		0.8583		0.9092		1.1696		1.1700		0.8483		0.5790966977		0.5329488994		0.848308579		27.5%

				Post										0.00%		6.581		3655		14.589		1.334		13.421		1.167		58.06		47.76		74.63		59.03				96.01		64.02						non-TXV		R22		45.81%		38.95%		0.0122																								0.0000				0.4951282389		0.4555179798

		C34		Pre		5		192		26		13.54%		13.54%		9.035		1325		5.6284444444		0.483625		5.1703511111		0.4580933333		55.8444444444		47.7055555556		76.7666666667		63.35		95		50.85		29.08				New		TXV		R410		54.63%		47.78%		0.0090		-0.0171		-0.1206		-0.1006		0.1354		0.0020		0.9086		5.6420		-7.57%		0.8794		0.8994		1.1177		1.1160		0.8912		0.365864831		0.3360874668		0.8912245018		20.3%

				Post										0.00%		10.138		1325		5.7261666667		0.483625		5.2680733333		0.4580933333		53.4166666667		45.32		76.8166666667		63.43				58.05		32.52						TXV		R410		52.81%		47.91%		0.0079																								0.0000				0.3273435946		0.301156107

																																																				TXV:				0.0779		-0.1124		-0.0780		0.2818		-0.0060		0.9200		3.7225		-14.42%		0.8654		0.9117		1.2481

																																																				non-TXV:				0.0275		-0.1331		-0.0818		0.1837		-0.0029		0.9267		4.2627		-9.70%		0.8669		0.9182		1.1958

				full charge:				103.00																												size:		35.2827														dChange >= 20%:				0.0801		-0.1658		-0.1031		0.3253		-0.0101		0.9083		4.1794		-16.0160%		0.8342		0.8969		1.3040

								102.63																																												d charge <20%:				0.0104		-0.1076		-0.0679		0.1267		0.0006		0.9359		4.1583		-7.2621%		0.8861		0.9291		1.1458

																																																		OLD		TXV:				-0.0600		0.1719		0.1091		0.2818		-0.0557		0.9040		3.6624		14.39%		0.8580		0.9040		1.0779

																																																				non-TXV:				-0.0245		0.1738		0.1009		0.1837		-0.0220		0.9125		4.1964		10.70%		0.8601		0.9125		1.0275

																																																				dChange >= 20%:				-0.0681		0.2211		0.1270		0.3253		-0.0593		0.8902		4.0956		16.2677%		0.8265		0.8902		1.0801

																																																				d charge <20%:				-0.0084		0.1448		0.0876		0.1267		-0.0092		0.9234		4.1043		8.4149%		0.8796		0.9234		1.0104





Graph TXV vs non-TXV

				Residential

		Site		d Charge fraction		d Cap fraction		d Sen Cap fraction		eir fraction		% overall energy savings

		1		-0.40		0.8265		0.9118		1.3133		-0.1513

		2		0.18		0.8694		0.9362		1.1322		-0.0471

		5		0.16		0.8742		0.8848		1.1309		-0.0940

		6		-0.78		0.8797		0.9244		1.5379		-0.3640

		7		0.11		0.9166		0.9439		1.0763		-0.0420

		9		0.15		0.8956		0.9241		1.2197		-0.1381

		10		0.09		0.9111		0.9433		1.0632		-0.0279

		11		0.34		0.7126		0.8064		1.3156		-0.1115

		15		-0.31		0.8964		0.9414		1.3984		-0.2693

		16		-0.30		0.8720		0.9002		1.2933		-0.1971

		14		-0.07		0.9531		0.9637		1.0886		-0.0666

		20		0.38		0.8193		0.8841		1.1420		-0.0463

		19		-0.15		0.9290		0.9538		1.1513		-0.0986

		16		0.07		0.9349		0.9527		1.0741		-0.0487

		17		-0.14		0.9298		0.9576		1.0785		-0.0431

		21		-0.13		0.9122		0.9336		1.1209		-0.0802

		22		0.17		0.8875		0.9694		1.0302		0.0476

		23		-0.09		0.9083		0.9062		1.1283		-0.1073

		24		-0.10		0.9188		0.9416		1.1029		-0.0668

		25		0.27		0.8618		0.9096		1.1004		-0.0401

		26		-0.29		0.8429		0.8948		1.2569		-0.1480

		27		0.06		0.8813		0.9223		1.1574		-0.0887

		28		-0.16		0.9052		0.9285		1.1438		-0.0979

		29		-0.32		0.7277		0.8482		1.4536		-0.1845

		30		-0.40		0.7627		0.8263		1.4987		-0.2778

		31		-0.38		0.7479		0.8479		1.4290		-0.1941

		32		-0.18		0.9218		0.9518		1.1730		-0.1139

		33		-0.23		0.8858		0.9371		1.1961		-0.1132

		34		-0.17		0.8580		0.8781		1.1942		-0.1290

		35		-0.14		0.9238		0.9897		1.1193		-0.0389

		36		-0.22		0.7394		0.8514		1.4658		-0.1963

		37		-0.08		0.7563		0.8703		1.3348		-0.1228

		39		0.04		0.9654		0.9716		1.0512		-0.0404

		40		0.29		0.8440		0.9204		1.1820		-0.0716

		41		-0.48		0.6980		0.8091		1.5392		-0.2257

		42		0.09		0.8923		0.9253		1.1232		-0.0713

		43		-0.20		0.7077		0.8415		1.4687		-0.1716

		44		-0.10		0.7609		0.9342		1.3431		-0.0810

		45		-0.06		0.9632		0.9763		1.0622		-0.0420

		46		-0.13		0.9080		0.9886		1.1355		-0.0387

		47		0.14		0.6859		0.7324		1.3779		-0.1643

		49		0.19		0.8843		0.8745		1.0972		-0.0868

		50		0.19		0.9307		0.9010		1.0664		-0.0838

		51		-0.34		0.9186		0.9447		1.1426		-0.0957

		52		-0.22		0.8518		0.9604		1.1984		-0.0557

		53		-0.22		0.9301		0.9155		1.2418		-0.2082

		54		-0.10		0.8974		0.9434		1.1505		-0.0826

		55		0.13		0.8857		0.8820		1.0057		-0.0087

		57		-0.09		0.9298		0.9925		1.0811		-0.0118

		58		-0.33		0.8505		0.8892		1.2703		-0.1693

		59		-0.06		0.8354		0.9623		1.2534		-0.0796

		60		0.24		0.9596		1.0140		1.0564		0.0023

		61		-0.09		0.8290		0.9758		1.2352		-0.0456

		62		-0.12		0.9347		0.9763		1.1342		-0.0767

		64		-0.23		0.8964		0.8620		1.2001		-0.1858

		65		-0.17		0.9108		0.9254		1.1526		-0.1128

				Commerical

		C37		-0.04		1.0047		1.0010		1.0243		-0.0246

		C55		-0.09		0.9607		0.9624		1.0876		-0.0765

		C59		0.09		0.8824		0.9312		1.1228		-0.0558

		C60		0.14		0.8583		0.9092		1.1696		-0.0868

		C34		0.14		0.8794		0.8994		1.1177		-0.0757

								Residential				Commerical
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Graph TXV vs non-TXV
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DOE-2.2 Performance Inputs
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RES Sensible Capacity TXV

RES Sensible Capacity non-TXV

COM Sensible Capacity non-TXV

COM Sensible Capacity TXV

Charge Fractional Change (CFC)

Sensible Cap Fractional Change



		1		1



Residential Units

Commerical Units

Range of Charge Fractions

Frequency



																								Nonresidential Units								Residential Units (<=5 tons)

		Site		Charge adjustment		Cap fraction		Sen Cap fraction		EIR fraction (comp&cond fan combined)		EIR fraction (compressor only)		% overall energy savings								N		Cap Frac		Sens Cap Frac		EIR Frac (comp and cond fan)		EIR Frac (comp only)		Cap Frac		Sens Cap Frac		EIR Frac (comp and cond fan)		EIR Frac (comp only)

		6		-0.78		0.8797		0.9244		1.5379		1.5728		-0.3640						dCharge >= -20%:		17		0.826		0.889		1.347		1.358		0.826		0.889		1.347		1.358

		41		-0.48		0.6980		0.8091		1.5392		1.5484		-0.2257						dCharge 0 to -20%:		22		0.902		0.951		1.150		1.153		0.894		0.947		1.159		1.162

		1		-0.40		0.8265		0.9118		1.3133		1.3223		-0.1513						dCharge 0 to +20%:		17		0.884		0.912		1.119		1.117		0.887		0.912		1.115		1.113

		30		-0.40		0.7627		0.8263		1.4987		1.5150		-0.2778						dCharge >= +20%:		5		0.839		0.907		1.159		1.156		0.839		0.907		1.159		1.156

		31		-0.38		0.7479		0.8479		1.4290		1.4370		-0.1941

		51		-0.34		0.9186		0.9447		1.1426		1.1473		-0.0957				Nonresidential Implementation Notes ("CA" means Customer Average)

		58		-0.33		0.8505		0.8892		1.2703		1.2785		-0.1693				COOLING-CAPACITY(CA) = COOLING-CAPACITY(szg) * <Cap Frac>, OUTSIDE-FAN-ELEC(CA) = OUTSIDE-FAN-ELEC(dxDetails) / <Cap Frac>

		29		-0.32		0.7277		0.8482		1.4536		1.4605		-0.1845						(Nonres units are simulated with separate condenser fan)

		15		-0.31		0.8964		0.9414		1.3984		1.4231		-0.2693				COOL-SH-CAP(CA) = COOL-SH-CAP(szg) * <Sens Cap Frac>

		16		-0.30		0.8720		0.9002		1.2933		1.3060		-0.1971				COOLING-EIR(CA) = COOLING-EIR(dxDetails & adjusted) * <EIR Frac (comp only)>; adjusted COOLING-EIR is the value of COOLING-EIR after adjustment for difference in referenc EER => dxDetails EER

		26		-0.29		0.8429		0.8948		1.2569		1.2630		-0.1480						(Nonres units are simulated with separate condenser fan therefore, EIR includes only the compressor energy)

		64		-0.23		0.8964		0.8620		1.2001		1.2074		-0.1858

		33		-0.23		0.8858		0.9371		1.1961		1.2019		-0.1132				Residential Implementation Notes ("CA" means Customer Average)

		36		-0.22		0.7394		0.8514		1.4658		1.4757		-0.1963				COOLING-CAPACITY(CA) = COOLING-CAPACITY(szg) * <Cap Frac>

		52		-0.22		0.8518		0.9604		1.1984		1.2005		-0.0557				COOL-SH-CAP(CA) = COOL-SH-CAP(szg) * <Sens Cap Frac>

		53		-0.22		0.9301		0.9155		1.2418		1.2563		-0.2082				COOLING-EIR(CA) = COOLING-EIR(dxDetails & adjusted) * <EIR Frac>; adjusted COOLING-EIR is the value of COOLING-EIR after adjustment for difference in referenc EER => dxDetails EER

		43		-0.20		0.7077		0.8415		1.4687		1.4736		-0.1716

		32		-0.18		0.9218		0.9518		1.1730		1.1807		-0.1139

		34		-0.17		0.8580		0.8781		1.1942		1.1967		-0.1290

		65		-0.17		0.9108		0.9254		1.1526		1.1573		-0.1128				Refrigerant Adjustment Needed				N		Capacity Multiplier				EIR Multiplier

		28		-0.16		0.9052		0.9285		1.1438		1.1472		-0.0979										Total		Sensible

		19		-0.15		0.9290		0.9538		1.1513		1.1578		-0.0986				All units

		17		-0.14		0.9298		0.9576		1.0785		1.0788		-0.0431				Typical (< ±20%)				39		0.893		0.931		1.134

		35		-0.14		0.9238		0.9897		1.1193		1.1225		-0.0389				High (> ±20%)				22		0.832		0.898		1.253

		21		-0.13		0.9122		0.9336		1.1209		1.1230		-0.0802				Residential (<= 5 tons)

		46		-0.13		0.9080		0.9886		1.1355		1.1384		-0.0387				Typical (< ±20%)				37		0.891		0.930		1.137

		62		-0.12		0.9347		0.9763		1.1342		1.1398		-0.0767				High (> ±20%)				19		0.832		0.898		1.253

		24		-0.10		0.9188		0.9416		1.1029		1.1042		-0.0668

		54		-0.10		0.8974		0.9434		1.1505		1.1536		-0.0826

		44		-0.10		0.7609		0.9342		1.3431		1.3456		-0.0810

		C55		-0.09		0.9607		0.9624		1.0876		1.0916		-0.0765

		23		-0.09		0.9083		0.9062		1.1283		1.1307		-0.1073

		57		-0.09		0.9298		0.9925		1.0811		1.0816		-0.0118

		61		-0.09		0.8290		0.9758		1.2352		1.2377		-0.0456

		37		-0.08		0.7563		0.8703		1.3348		1.3359		-0.1228

		14		-0.07		0.9531		0.9637		1.0886		1.0920		-0.0666

		45		-0.06		0.9632		0.9763		1.0622		1.0643		-0.0420

		59		-0.06		0.8354		0.9623		1.2534		1.2583		-0.0796

		C37		-0.04		1.0047		1.0010		1.0243		1.0269		-0.0246

		39		0.04		0.9654		0.9716		1.0512		1.0525		-0.0404

		27		0.06		0.8813		0.9223		1.1574		1.1594		-0.0887

		16		0.07		0.9349		0.9527		1.0741		1.0745		-0.0487

		10		0.09		0.9111		0.9433		1.0632		1.0602		-0.0279

		42		0.09		0.8923		0.9253		1.1232		1.1234		-0.0713

		C59		0.09		0.8824		0.9312		1.1228		1.1219		-0.0558

		7		0.11		0.9166		0.9439		1.0763		1.0750		-0.0420

		55		0.13		0.8857		0.8820		1.0057		0.9950		-0.0087

		C34		0.14		0.8794		0.8994		1.1177		1.1160		-0.0757

		C60		0.14		0.8583		0.9092		1.1696		1.1700		-0.0868

		47		0.14		0.6859		0.7324		1.3779		1.3709		-0.1643

		9		0.15		0.8956		0.9241		1.2197		1.2287		-0.1381

		5		0.16		0.8742		0.8848		1.1309		1.1298		-0.0940

		22		0.17		0.8875		0.9694		1.0302		1.0218		0.0476

		2		0.18		0.8694		0.9362		1.1322		1.1307		-0.0471

		49		0.19		0.8843		0.8745		1.0972		1.0943		-0.0868

		50		0.19		0.9307		0.9010		1.0664		1.0657		-0.0838

		60		0.24		0.9596		1.0140		1.0564		1.0576		0.0023

		25		0.27		0.8618		0.9096		1.1004		1.0952		-0.0401

		40		0.29		0.8440		0.9204		1.1820		1.1818		-0.0716

		11		0.34		0.7126		0.8064		1.3156		1.3080		-0.1115

		20		0.38		0.8193		0.8841		1.1420		1.1351		-0.0463
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HVAC Industry Plans for Future
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Why Laboratory Measurements?

Outdoor and indoor conditions and cooling loads cannot be controlled in the field

Units are tested at AHRI conditions, airflow, and static pressure to verify non-fault performance

Laboratory tests provide measurements of individual faults that cannot be separated in field

Faults are isolated and emulated incrementally to identify magnitude and impacts on power, capacity and efficiency to inform EM&V field measurements

External static pressure cannot be controlled in field

Laboratory tests support EM&V and DEER







Swan, Eric (ES) - Isn't the main reason that lab measurements are more precise and more defensible than field measurements?

It would be helpful to say why all of these are important.

Lab Tests Support QM Impact

2013-14 impacts based on eQuest simulations using DEER prototypes in each IOU territory with capacity, efficiency, airflow parameters

2013-14 will include field measurements and laboratory tests are required to adjust capacity and efficiency to annual savings

For condenser coil cleaning pre/post field measurements of discharge pressure and power will be used with lab data to determine change in EER, power, and capacity for various conditions
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We need to translate the effect of each of the measures into EER and capacity changes pre/post 

Need EER and capacity at standard conditions

Can’t assume that coil cleaning effect is linear across temperature conditions. Need to vary the conditions in lab to see the relationship with temperature. 

5
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DEER Use of Laboratory Tests

DEER update no longer “forces” packaged unit performance maps to match AHRI EER ratings based on out-of-box laboratory tests indicating 20 to 30% lower EER levels than previously assumed at field conditions with cabinet/economizer damper leakage, factory fan speeds/pulleys

DEER update improved part-load performance maps for larger EER-rated units (>65,000 Btuh cooling capacity) based on laboratory test results
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DEER Use of Laboratory Tests

Cycling-loss tests of two 7.5-ton 2-stage TXV and non-TXV units found degradation coefficient (CD) 2 to 3 times greater than previously assumed

Measured cycling losses were approximately twice that assumed in IEER rating formulae

New DEER part-load performance maps based on higher lab-measured cycling losses have been incorporated into most recent code-update

Revised part-load maps affect both code-compliant and Tier level units equally
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Future DEER Use of Lab Tests

DEER will develop air leakage model of packaged unit performance based on lab tests showing 5-8% leakage out-of-box w/o economizer and 13-30% leakage with economizer and dampers closed

Field leakage might be higher due to loose panels and missing or stripped fasteners (to be tested)

DEER will revise cooling system maintenance workpaper and economizer operating assumptions based on laboratory tests of five economizers showing 66 to 75% outdoor air rather than 100% required by California Title 24 building code
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Field Observations

Field observation protocols follow the statewide or local program data collection protocols 

The study includes 4 types of field observations:

1) Pre-observations of 44 participating units (75 circuits) with data loggers installed

2) Ride-along observations of maintenance performed by participants on 44 units and 72 circuits

3) Post-maintenance observations after program services were performed of 83 units and 127 circuits

4) Observations of 22 non-participant units









CPUC Presentation December 9, 2014, San Ramon, CA

10

Field Observed Faults



67% evaporators cleaned with water only and 59% had suction pressure outside manufacturer

87% condensers cleaned with water only and 55% had discharge pressure above manufacturer

74% pre-observation panels loose with missing or stripped screws and 46% post had same problem

72% fan belts misaligned and loose

53% airflow failed diagnoses and 0% adjusted

85% economizers non-functional and not repaired

51% economizer/fresh-air dampers stuck open







CPUC Presentation December 9, 2014, San Ramon, CA

11

EM&V Field Observation Findings

ACCA 180 requires inventory per manufacturer specifications

Frequency per manufacturer or ACCA 180

1) Air Filters (ACCA 180 quarterly) EM&V indicates air filters not changed for 4 to 9 months

2) HX Coils (ACCA 180 semi-annual or manufacturers monthly) EM&V indicates coils not cleaned properly first time and not cleaned for 3 to 9 months

3) Belt tension/alignment (ACCA 180 semi-annual) EM&V observations indicate not being performed

4) Economizers few repairs or not performed properly, dampers stuck open with significant OA leakage

5) Charge not tested per manufacturer specifications
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EM&V Pilot Study



2013-14 pilot funding for field measurement of refrigerant recovery, weigh-out/in on 10 circuits

Lab findings indicated unit-specific manufacturer protocols performed better than generic protocols

Findings relative to quantifying RCA installation rate were included in WO32 revisions

WO32 does not report capacity and EER* impacts due to uncertainty with field measurements

Laboratory testing is needed to accurately quantify impacts, especially for impacts in 5-10% range
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EM&V Pilot Study Findings



Refrigerant was recovered and carefully weighed out of 10 circuits at 7 sites in SCE and SDG&E

Each circuit was evacuated to 500 microns Hg held at below 1000 microns for 20 minutes

Factory charge was weighed into each circuit

EM&V as-found average refrigerant charge was within 97 ± 8% of factory charge

Pre-existing average charge was 81 ± 9% of factory charge based on program reported charge adjustments
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EM&V Pilot Study Findings



Airflow was corrected and measured on each unit, and final average airflow was 391 ± 29 cfm/ton

Refrigerant system FDD parameters were measured with factory charge in each circuit

CEC T24 protocol with factory charge: 30% pass, 70% false alarms

Generic program protocol with factory charge: 20% pass, 30% partial pass, 50% false alarms

Unit-specific manufacturer protocol with factory charge: 50% pass, 40% partial pass, 10% false alarms







CPUC Presentation December 9, 2014, San Ramon, CA

15

EM&V Pilot Study Findings
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Recommended CQM Inspections



Cabinet panels/fasteners,  evaporator/economizer filters, HX coils/fans, contactors, capacitors, wiring 

Economizer damper position, leakage, controller, sensor, actuator, functionality (cold spray)

Blower fan speed, belt tension and alignment

TXV sensing bulb position, straps, and insulation 

Evaporator temperature split using accurate instruments with target of 20 +/-6F

Filter drier condition and temperature drop

Recommend sight glass to check charge
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Sight Glass Refrigerant Charge FDD





*CK1 90% of factory charge (bubbles), CK2 100% factory charge
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Commercial HVAC Programs

WO32 evaluated 5 HVAC maintenance programs

3 statewide programs required ACCA 180 and 3-year maintenance agreements and paid customer incentives up to $3836/unit, contractor inventory incentives of $75/unit plus $2230/unit for repairs

2 local programs did not require ACCA 180 or 3-yr agreements and paid contractor incentives up to $775/unit (8x less than statewide)

Measures: coil cleaning, refrigerant charge, airflow, economizers, thermostats, and notched v-belts
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ACCA 180 Check List

Note: ACCA 180 includes 30 tasks, but only seven (7) tasks impact energy efficiency for most units.
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ACCA 180 Check List

Note: Blue and yellow highlighted tasks impact energy efficiency for most units. Blue are already performed by technicians and yellow are not.
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Programs assume technicians know how to properly perform all ACCA 180 tasks to bring a unit up to discretionary performance “baseline”

According to one program bringing a unit to “baseline” means the “contractor has completed all tasks, required repairs, and maintenance to make the unit operate efficiently”

ACCA 180 doesn’t provide procedures for technicians to follow to properly diagnose and perform repairs for the unit to operate efficiently

ACCA 180 Check List
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Manufacturers provide unit-specific “Installation, Start-Up and Service Instructions” for  airflow (fan speed/belt tension/alignment), coil cleaning, economizer setup/maintenance, refrigerant charge

Non-TXV specifications: suction temperature as a function of OAT and suction pressure or SP, DP, and SH as function of OAT and RWB

TXV specifications: LP and LT or SP, DP, and SH or approach as function of OAT and RWB and very few provide LP valve or subcooling target

Manufacturer Performance Baseline
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Mfgr Coil Cleaning Instructions







Swan, Eric (ES) - I suggest deleting or skipping over slides 21-29 or, at least using them only for reference if helpful
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Mfgr Economizer Instructions
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Mfgr Fan-Pulley/Belt Instructions
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Manufacturer Charging Charts

Non-TXV Suction Line Temperature

TXV Liquid Line Temperature





TO USE COOLING CHARGING CHARTS – Non-TXV - Measure outdoor temperature, suction pressure and temperature. TXV - Measure liquid pressure and temperature. Refer to charts for targets. Add refrigerant if high and recover charge if low. Tolerance is +/-5F. 
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Manufacturer Charging Charts

TXV Cooling Cycle Pressure Curves (Based on Indoor Airflow of 400 CFM/ton)

Check Operating Pressures: 1. Start unit and allow pressures to stabilize.  2. Measure indoor DB/WB temperature entering indoor coil. 3. Measure outdoor air dry bulb temperature. 4. Take discharge and suction pressure readings. 5. Plot outdoor dry bulb and indoor DB/WB temperature onto chart. 6. At point of intersection, read down for suction pressure and left for discharge pressure.
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Manufacturer Charging Charts

Non-TXV Target Suction Temp

Check Charge: 1. Start unit, energize all circuits, and allow pressures to stabilize for at least 15 minutes. 2. Measure outdoor air dry bulb temperature ad suction pressure. 3. Lookup outdoor temperature and suction pressure on chart. 4. At point of intersection, read down for suction temperature (tolerance is +/-5F).
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Manufacturer Charging Example

Refrigerant Charge and Check WARNING − Do not exceed nameplate charge under any condition. Unit is factory charged and should not require adjustment. If system requires charge, reclaim, evacuate system, and add required nameplate charge. If weighing facilities are unavailable, use following procedure. IMPORTANT − Check unit in cooling mode with all stages operating and make sure outdoor air dampers are closed.

1−Attach gauge manifolds and operate unit in cooling mode at full CFM until system stabilizes. 

2−Accurately measure outdoor temperature and find normal operating pressures in tables 23-33.

3−Compare pressures in tables 23-33 to pressures obtained from gauges. Minor variations can be expected due to installation differences. Significant differences can mean that system is not properly charged or other system problems exist. Correct any system problems before proceeding.

4−If discharge pressure is high, remove refrigerant, and if discharge pressure is low, add refrigerant.

5−Use the approach method to confirm readings.





TXV Charging Pressure Method Step #1
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Manufacturer Charging Example

TXV Charging Approach Method Step #2

Charge Verification After Checking Normal Operating Pressures − Approach Method 

1.	Measure approach temperature defined as liquid minus outdoor temperature.

2.	Approach temperature should match values in table 34 within +/-1F. If measured approach temperature is greater than value shown, then unit is undercharged. If measured approach temperature is less than value shown then unit is overcharged.

3.	Do not use approach method if system pressures do not match pressures in tables 23 through 33. Approach method is invalid for grossly over or undercharged systems.
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Mfgr Restriction Instructions

Check restrictions in multiple non-TXV devices by disconnecting supply fan, start compressor, and verifying uniform frost pattern on evaporator

Check for liquid line filter drier restriction by verifying temperature drop is less than 2F

If restrictions are present, recover refrigerant, make repairs, leak test with Nitrogen for 10 minutes (repair leaks and repeat), evacuate to 500 microns held at or below 1000 microns for 20 minutes before weighing in factory charge
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Mfgr Heating Instructions

Issue: Inefficient or inadequate space heating or continuous operation of furnace

Probable cause: Dirty air filters, restricted airflow, or too much outdoor air

Remedy: Clean or replace air filters, remove airflow restrictions, or adjust economizer minimum outdoor air damper position

Analysis of laboratory data: Efficient OA damper position can improve heating efficiency and satisfy ASHRAE 62.1 for most buildings
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Manufacturer OA Damper Charts

Laboratory Tests of Outdoor Air

Damper Position for 7.5-ton RTU

(OA CFM versus Inlet Pressure)

Manufacturer Data of Outdoor Air 

Damper Position for 7.5-ton RTU

(OA CFM versus Inlet Pressure)

Dampers open ¾” to 2” reduce efficiency by 5 to 62% compared to closed dampers which provide 15%+ OA
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Manufacturer Airflow Charts

Manufacturer Airflow (cfm) vs. ESP (in H2O) and RPM



At 939 RPM (3 turns 5.75” pulley) lab-measured airflow is 2913 cfm (388 cfm/ton) with 0.61” ESP and 7.63 EER

At 862 RPM (3.5 turns 6.25” pulley) lab-measured airflow is 2916 cfm (349 cfm/ton) with 0.51” ESP and 7.99 EER (5% higher) with 4% total kW savings and 19% fan kW savings
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Laboratory Tests

Tests are performed in an AHRI-certified laboratory per AHRI 210/240 or AHRI 340/360

AHRI indoor test conditions are 80F db/67F wb and outdoor conditions are 95F and 82F

Non-AHRI indoor conditions are 75/62F outdoor conditions 95/75F, 82F/68F, and 115F/80F 

Tests results for 7.5-ton non-TXV and TXV and 3-ton non-TXV and TXV Roof Top Units (RTUs)

ASHRAE 90.1 economizers and damper positions, refrigerant charge, airflow, and other faults

Program market share of tested models is 75%
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Laboratory Schematic
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Typical Test Setup
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Verification and Baseline Tests

Verification tests are within ±5% of AHRI-rated performance

Baseline tests of application EER* are -31 to -42% less efficient than AHRI-rated performance

Reduced baseline efficiency is caused by higher fan speed and field conditions including higher static pressure compared to AHRI tests, closed economizer dampers, unintended outdoor air leakage, and 75F/62F wb indoor conditions
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Economizer Damper Tests

Tests of units from 5 manufacturers show closed dampers leak 13-29%, 1-finger 20-32%, 2-fingers 15-35%, 3-fingers 19-47%, and fully-open 66-75%

Industry assumes 2% closed and 100% open

Closed dampers are 14 to 18% less efficient than same unit without economizer

Dampers open from 10 to 30% reduces efficiency by 5 to 62% compared to closed dampers 

Fully open dampers reduce efficiency by 24 to 139% compared to closed dampers
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Economizer Perimeter Seal Tests

Tests show sealing around economizer perimeter frame with UL-approved metal tape can reduce unintended air leakage by 4 to 12% and improve sensible cooling efficiency by 3 to 14% and total efficiency by 5 to 22% depending on indoor and outdoor conditions

RTU return static pressure is -0.1 to -1.0 IWC and supply is 0.2 to 2.0 IWC or -25 to 500 Pascal

Unintended outdoor air leakage negatively impacts space cooling and heating efficiency
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7.5-ton TXV Damper Tests
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7.5-ton TXV Damper Tests















CPUC Presentation December 9, 2014, San Ramon, CA

43

3-ton non-TXV Damper Tests
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3-ton TXV Damper Tests
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Economizer Test Results

Economizer fan-only is less efficient than no economizer at 70/60F and 65/57F outdoor 

Economizer fan-only provides less cooling capacity at all outdoor temperatures

Savings approach zero as economizer damper position increases from closed to 100% open

One training video recommended 3-fingers open (30% outdoor air) which reduces efficiency by 29 to 62%, increases cooling and heating energy use, and reduces economizer savings by about 50%
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Mfgr Economizer Default MOA

		Manufacturer		Default MOA Open 		Efficiency Impact* 

		#1		0%		-13 to -30%

		#2		3%		-14 to -31%

		#3		10%		-15 to -32%

		#4		10%		-15 to 32%

		#5		10%		-15 to -32%

		#6		10%		-15 to -32%

		#7		10%		-15 to -32%

		#8		50%		-29 to 46%



*Relative to efficiency measured with no dampers installed
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Refrigerant Charge Results

Tests show factory charge is generally 2 to 65% more efficient than over/under charging

Undercharging impacts efficiency and cooling capacity by 5 to 40%

Overcharging to achieve manufacturer specs does not generally impact efficiency

For non-TXV systems, overcharging can cause liquid refrigerant to flood compressor during normal operation and start-up which dilutes oil causing inadequate bearing lubrication and premature failure
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7.5-ton Non-TXV Charge Tests
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3-ton non-TXV Refrigerant Tests
No Economizer



Cooling capacity, efficiency, and power are at AHRI 210/240 rated conditions with no economizer dampers and factory charge
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3-ton non-TXV Refrigerant Tests
Economizer Closed Damper with Tape around Perimeter

Cooling capacity and EER* are 67% of AHRI rating with factory charge and 11% outdoor air
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3-ton non-TXV Refrigerant Tests
Economizer Closed Damper No Tape

Cooling capacity and EER* are 58% of AHRI rating with factory charge and 18% outdoor air
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3-ton non-TXV Refrigerant Tests
Economizer with 1-Finger Open Damper No Tape

Cooling capacity and EER* are 45% of rating with factory charge and 32% outdoor air
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Iced Coil Fault Due to Low Airflow



*Iced coil after CQM services, but not accepted by SDG&E
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Airflow Test Results

Low airflow below 250 cfm/ton impacts refrigerant charge diagnostics and causes coil icing

Sensible EER* stays constant or decreases with increasing airflow and total EER* decreases

Sensible cooling capacity increases by 13 to 21% with a 71% increase in airflow

Total capacity and efficiency decrease as airflow increases due to greater fan W and OA leakage 

Tests of Pitot-tube arrays used in field indicate 9 to 11% greater airflow than laboratory
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Airflow Tests
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Other Fault Tests

Condenser blockage tests show 5 to 30% increased discharge pressure, 2 to 24% increased power, and 2 to 25% reduced efficiency

Evaporator blockage tests show 8 to 17% reduced airflow, and 5 to 11% reduced efficiency

Non-condensable tests (0.1 to 0.4%) show 6 to 20% increased power, and 10 to 22% reduced efficiency

Restriction tests at 28F evaporator temperature and 22 psig reduced suction pressure show 13% reduced capacity, and 9% reduced efficiency

Multiple fault tests found impacts of 5 to 35%
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7.5-ton TXV Condenser Tests
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7.5-ton TXV Non-Condensable Tests
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Refrigerant Hose Tests

When technicians attach and detach refrigerant hoses to suction and discharge pressure valves non-condensables can be accidentally added and refrigerant is released to atmosphere

Refrigerant hose tests show 0.4 to 0.5% loss of factory charge and 0.2% reduced cooling capacity and efficiency per attach/detachment 

Tests of liquid pressure attach/detachment will likely find greater impacts due to liquid refrigerant having 20 to 40 times greater density
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Refrigerant Hose Tests
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Measurement Instruments

It takes 5 to 10 minutes for sensors to accurately measure temperatures

Type-K clamp suction accuracy is 1.1  0.6°F and liquid accuracy is -0.7  0.4°F at 115°F outdoor

Other Type-K clamp suction line accuracy is 6.8  1.0°F and liquid accuracy is 1  0.5°F at 115°F

Insulated cylindrical thermistor suction accuracy is 9.7  7.1°F, and clamp thermistor suction line accuracy is 5.4  2.1°F at 115°F outdoor
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Cylindrical Thermistors



Suction line accuracy is 9.7  7.1F after 20 minutes at 115F 

Liquid line accuracy is 1  0.5F after 20 minutes at 115F 
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Type-K Clamp Probes



Suction line accuracy is 1.1  0.6F after 20 minutes at 115F 

Liquid line accuracy is 0.7  0.4F after 20 minutes at 115F 
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Fault Detection and Diagnosis

Some manufacturers provide suction and discharge pressure targets as functions of OAT or OAT/RWB

High discharge plus acceptable suction indicates condenser heat transfer issue or non-condensables 

Low suction plus acceptable discharge indicates restriction while high suction plus acceptable discharge indicates evaporator airflow issue

CEC only provides SH or SC targets and generic protocols provide fixed SH, EST, SC or CST targets

Most RTUs do not have liquid pressure valves to measure CST, COA, and SC
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Conclusions

HVAC industry plans for future recognizes CPUC EM&V studies to promote improved maintenance and commissioning guidelines and best practices

Laboratory tests improve DEER and EM&V

Field observations indicate HVAC maintenance faults impact efficiency on 50 to 85% of units

Observations and laboratory tests indicate issues with tools, procedures, protocols, and OA leakage

FDD errors and misplaced incentives cause false alarms, misdiagnoses, missed detections, and improper repairs which reduce efficiency
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Conclusions

Unit-specific manufacturer protocols provide fewer false alarms than CEC T24 or generic protocols

EM&V study found 55% of units with dampers open 10 to 30% and 9% with dampers fully-open 

Laboratory tests show 13 to 30% outdoor air leakage for closed economizer dampers and maximum of 66 to 75% for fully-open dampers

Lab/field tests and studies show open dampers increase cooling/heating energy by 8 to 50%

Tests show sealing around economizer perimeter frame improves cooling efficiency by 3 to 22%
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Conclusions

Laboratory tests show factory charge is 2 to 65% more efficient than over/under charging

Undercharging impacts efficiency and cooling capacity by 5 to 40%

Condenser coil blockage tests show 2 to 24% increased power and 2 to 25% reduced efficiency

Evaporator blockage tests show 8 to 17% reduced airflow and 5 to 11% reduced efficiency

Refrigerant hose tests show 0.4 to 0.5% loss of factory charge and 0.2% reduced cooling capacity and efficiency per attach/detachment
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Conclusions

Non-condensable tests show 6 to 20% increased power, and 10 to 22% reduced efficiency

Restriction tests show 13% reduced capacity and 9% reduced efficiency

Multiple fault tests show 5 to 35% efficiency impact due to low airflow, low charge, open dampers, coil blockage, and restrictions

Future HVAC laboratory tests include instrument tests, refrigerant charge, airflow, restrictions, non-condensables, and cabinet/damper air leakage
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Thank you!

robert@rma-energy.com
ean@rma-energy.com
bob@rma-energy.com 
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10.

1.

12.

. Disconnect power at terminals TR and TR1. Discon-

nect jumper across terminals P and PI. See Fig. 17.
Jumper terminals TR and 1.

. Connect enthalpy sensor to terminals SO and +. The

factory-installed 620-ohm resistor should be in place
on terminals SR and +.

Turn enthalpy set point to “A."

Jumper terminal T to terminal T1.

Spray a small amount of refrigerant in the upper left
vent of the enthalpy sensor to simulate low enthalpy
conditions. See Fig. 28

Connect 24-v power at terminals TR and TR1, The LED
(light-cmitting diode) will turn on and the cconomizer
motor will drive the damper full open.

. Disconnect the jumper at terminals T and T1. The econ-

omizer motor will drive the damper full closed.
Connect a jumper across terminals P and P1.

Turn minimum position potentiometer adjustment coun-
terclockwise and the economizer motor drives the damper
closed.

Tum minimum position potentiometer adjustment clock-
wise and the economizer motor drives the damper open.
Disconnect the power at terminals TR and TRI. The
cconomizer motor spring-returns the damper to closed
position.
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Evaporator-Fan Adjustment — Fan motor pulleys
are factory set for speed shown in Table 1. The 48DP020
units have fixed pulleys. Fan speed can be adjusted only by
changing the pulley

To change fan speeds on sizes 014 and 016:

1. Shut off unit power supply.

. Loosen belt by loosening fan motor mounting plate nuts.

2.
3. Loosen movable-pulley flange setscrew (see Fig. 26).
4

. Serew movable flange toward fixed flange to increase
speed and away from fixed flange to decrease speed. In-
creasing fan speed increases load on motor. Do not ex-
ceed maximum speed specified in Table 1.

Sec Table 3 for air quantity limits

5. Set movable flange at nearest keyway of pulley hub and
tighten sctscrew. (See Table 1 for speed change for each
full turn of pulley flange.)

To align fan and motor pulleys:
1. Loosen fan pulley setscrews
2. Slide fan pulley along fan shaft.

3. Make angular alignment by loosening motor from mount-
ing plate.






image11.jpeg

Fig. 26
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TABLE 27

SGA/SCA480S2V -R22 - VFD

Outdoor | Circuit 1 Circuit 2 Circuit 3 Circuit 4

Coil En- ["Dis. ['Suc. | Dis. | Suc. | Dis. | Suc. | Dis. | Suc.

tering Air | +10 | +5 | 410 | +5 | +10 | +5 | 10 | 45
Temp | psig | psig | psig | psig | psig | psig | psig | psig
65°F* | 200 | 70 |205 | 71 |[195 | 68 | 191 | 69
75°F 217 [ 72 |225| 73 [212 | 70 [ 207 | 71
85°F |[242 | 74 |250 | 75 [238 | 72 [ 233 | 73
95°F | 273 | 76 |279 | 77 | 268 | 74 | 263 | 75

105°F [ 312 | 79 [319 | 80 [305 | 77 | 300 | 78

115°F [ 360 | 82 [372 | 83 [354 | 80 | 344 | 81

*Qutdoor fans may cycle on and off at this temperature.
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TABLE 25
SGA/SCA480S2B - R22 - CAV - Std. & Humiditrol

Outdoor | Circuit 1 Circuit 2 Circuit 3 Circuit 4

Coil En- ["Dis ['Suc | Dis | Suc | DIs [Suc | Dis | Suc
tering Air | +10 | +5 | +10 | *5 | +10 | +5 | #10 | +5
Temp | psig | psig | psig | psig | psig | psig | psig | psig

65°F* | 193 | 74 |203 | 75 | 197 | 75 | 189 | 73

75°F | 217 | 75 (227 | 77 |222 | 76 | 213 | 74

85°F | 244 | 77 |255 | 79 | 249 | 78 | 240 | 76

95°F | 275 | 78 |286 | 80 |281 | 79 | 270 | 77

105°F [ 310 | 79 [322 | 81 |316 | 80 | 304 | 78

115°F | 352 | 80 | 366 | 82 |360 | 81 | 345 | 79

*Qutdoor fans may cycle on and off at this temperature.
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TABLE 34
APPROACH TEMPERATURES - LIQUID LINE TEMPERATURE MINUS AMBIENT TEMPERATURE

CONSTANT AIR VOLUME

Unit 1st Stage 2nd Stage 3rd Stage 4th Stage
420S R22, 480S R22, 480H R410A, 540 R22, "
600S R22, 600S R410A TEENBIH05)
VARIABLE AIR VOLUME
Unit 1st Stage 2nd Stage 3rd Stage 4th Stage
480S R22 7F+1(39°C+05) | 8°F +1(44°C +05) 7°F+1(3.9+0.5) 8°F+1(4.4+0.5)

420S R22, 480H R410A,
540S R22, 600S R22, 600S R410A

7°F+1(39°C+05)
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Horizontal Configuration

External Static Pressure (Inches of Water)

0.10 020 030 040 050 0.60 070 0.80 0.90 1.00
CFM__RPM_BHP RPM BHP RPM BHP RPM BHP RPM BHP RPM BHP RPM BHP RPM BHP RPM BHP RPM BHP
2 HP Std Motor & Field
Supplied Low Static Drive 2 HP Standard Motor & Drive
2400 603 052 653 063 707 075 754 088|792 099 825 100 87 119 836 130
2700 505 056 644 066 686 077 732 089 780 103 824 117 863 130 895 142 925 154
3000 605 065 644 073 684 082 726 094 106[7B06 120 840 135 891 151 920 166 962 1.80
3300 658 084 694 003 728 102 767 1.15[ 805 128 B840 140 876 155 916 171 955 1.89 991 206
3600 711 107 746 118 776 127[ 800 135 846 152 880 166 O12 180 943 195 980 213 1016 2.30

2 HP Standard Motor & Drive
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Damper % OA | EER*s | % OA | EER*s

Position no Tape |no Tape| Tape Tape
Closed 12 7.6/6.7 8 8.0/6.9
10% Open 23 6.0 20 6.3
20% Open 31 5.6 28 5.8
30% Open 39 9.2 35 54
100% Open 70 3.8 70 319
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Damper % OA | EER*s | % OA | EER*s

Position no Tape |no Tape| Tape Tape
Closed 29 5.9/5.8 17 7.2/6.2
10% Open 31 5.6 18 6.1
20% Open 34 5.6 21 6.0
30% Open 44 2.8 31 54
100% Open 75 3.8 74 3
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Vil
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Damper % OA | EER*s | % OA | EER*s

Position no Tape |no Tape| Tape Tape
Closed 18 7.6/7.0 11 8.8/7.5
10% Open 32 6.3 22 6.7
20% Open 35 5.5 30 5.6
30% Open 50 48 44 49
100% Open 70 3.6 67 3.6
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Damper % OA | EER*s | % OA | EER*s

Position no Tape | no Tape| Tape Tape
Closed 22 7.8/7.0 14 8.6/7.5
10% Open 30 6.3 25 7.2
20% Open 34 5.9 32 6.2
30% Open 40 5.5 38 57
100% Open 66 3.6 67 3:5
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Energy Efficiency Impact (%)
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High static pressure is 0.47 to 1.24 IWC, and standard static pressure is 0.27 to 0.77 IWC. All tests performed 


with economizer dampers closed.




image42.wmf

60%


70%


80%


90%


100%


110%


120%


130%


0%


10%


20%


30%


Discharge Pressure Increase from Condenser Coil Blockage (%) 


Energy Efficiency Impact (%)


Total W %


Cond Fan W %


Cool Cap %


EER*s %


EER* %


SP %




image43.emf

0%


20%


40%


60%


80%


100%


120%


140%


0.0% 0.5% 1.0%


Non-Condensable Nitrogen per Factory Charge(%) 


Energy Efficiency Impact (%)


Power %


Cool Cap %


EER*s %


EER* %




image44.emf

80%


85%


90%


95%


100%


105%


0 10 20 30 40 50 60


Number of Refrigerant Hose Attach/Detach from Discharge/Suction Valves


Energy Efficiency Impact (%)


Power %


EER*s %


EER* %


Cool Cap %




image45.emf

-20


-10


0


10


20


30


40


50


00:00 05:00 10:00 15:00


Time (minutes)


Temperature Difference (F)


K3-S1


K4-S2


K7-S3


K8-S4


K1-S5


K2-S6


K5-S7


K6-S8


K1-L1


K2-L2


K5-L3


K6-L4


K3-L5


K4-L6


K7-L7


K8-L8




image46.emf

-20


-10


0


10


20


30


40


50


00:00 05:00 10:00 15:00


Time (minutes)


Temperature Difference (F)


F3-S1


F4-S2


F7-S3


F8-S4


F1-S5


F2-S6


F5-S7


F6-S8


F1-L1


F2-L2


F5-L3


F6-L4


F3-L5


F4-L6


F7-L7


F8-L8






Overview of Field
Observations and Laboratory
Testing of Commercial HVAC

Maintenance Faults






