
APPENDIX A 
 
Information on the SEER, EER, and HSPF of residential air conditioners and heat pumps 
was obtained from the California Energy Commission databases.i  The information is for 
units under 65,000 BTU/h, (5.4 tons).  Plots of EER vs. SEER for residential split system 
and packaged air conditioners and heat pumps and of SEER vs. HSPF and EER vs. HSPF 
for residential split system and packaged heat pumps are shown in Figures 1, 2, and 3. 
 

 
 
 

Figure 1:  SEER versus EER for Residential Packaged and Split Systems ≤≤≤≤ 65,000 Btu/h 

Source:  California Energy Commission Appliance Database, Central Air. URL:  
http://www.energy.ca.gov/appliances/appliance/excel_based_files/central_air/.  February 23, 2004. 



 

 
 

 

Figure 2:  SEER versus HSPF for Residential Packaged and Split System Heat Pumps ≤≤≤≤ 65,000 Btu/h 

Source:  California Energy Commission Appliance Database, Central Air. URL:  
http://www.energy.ca.gov/appliances/appliance/excel_based_files/central_air/.  February 23, 2004. 
 

 
 

Figure 3:  EER versus HSPF for Residential Packaged and Split System Heat Pumps ≤≤≤≤ 65,000 Btu/h 

Source:  California Energy Commission Appliance Database, Central Air. URL:  
http://www.energy.ca.gov/appliances/appliance/excel_based_files/central_air/.  February 23, 2004 



Though there is a cost impact of using TXVs, their use has benefits that result in 
better field performance, as discussed in the commercial unitary AC and HP TSD.ii  
Better control of the refrigerant at part load or off-load operating conditions is one 
such benefit.  The TXV has no EER benefit in a properly designed and charged A/C 
unit, but experience with residential split systems has shown that 62% of units are 
improperly charged in the field.iii  According to a CEC reportiv, improperly charged 
refrigerant and low airflow cause a seasonal efficiency reduction of  9% and 8%, 
respectively.  Performance in a system with a TXV is less affected by this 
undercharging and low airflow than in a fixed orifice or capillary tube system, where 
the SEER will degrade by 16% with the combination of these problems.  Without 
fixing these problems, using a TXV will increase the SEER by 11%.  Though a TXV 
has no immediate benefit in systems with proper refrigerant charge and airflow, these 
systems will develop charge and airflow problems eventually because of small leaks 
and dirt buildup in the fan and coil systems.  Over the lifetime of a system, a TXV 
will alleviate these problems. 
 
As shown in Figure 4, nearly all systems with a SEER of 15 or higher use a TXV and 
it is quite common for 13 and 14 SEER systems.  Therefore, mandating the use of a 
TXV seems to offer some modest benefits in an Energy Star Specification. 

 

 
 

Figure 4:  Characteristics of  Expansion Devices for Split System Air Conditioners ≤≤≤≤ 65,000 Btu/h 
(1998) 

 
                                                 
i California Energy Commission Appliance Database, Central Air. URL:  
http://www.energy.ca.gov/appliances/appliance/excel_based_files/central_air/.  February 23, 2004. 
ii ibid. 



                                                                                                                                                 
iii Proctor Engineering Group, LTD. April 6, 2003. AC Performance Associated with AB970 [Online]. 
Presentation in file 2000-11-28_PROCTOR.PPT in URL:  
http://www.energy.ca.gov/ab970_standards/documents/presentations/ 
iviv California Energy Commission.  March 20, 2001.  Split System Space Cooling Refrigerant Charge and 
Airflow Measurement.  Document number P400-01-014.l 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                                                 
Appendix B 

 
Table B1 Papers Investigating System Sizing 
 

Study State 

New / 
Existing 

Sample 
Size 

Avg. % 
Oversized 

Avg. Tons 
Oversized 

% 
Savings 
Potential 

Min 

% 
Savings 
Potential 

Max 
Blasnik et al 
1995a Nevada New 30 33   2 10 
Blasnik et al 
1996 Arizona New 22 48 1.21 2 10 
Giolma et al 
1985 Texas Both   64   2 10 
James at al 
1997 Florida New 368 23 0.61 2 10 
Katz 1997 Carolinas New 50   0.81 2 10 
Kemper 1994 Iowa New 125 56 0.98 2 10 
Lucas 1992 Pacific NW Existing 60 44 0.68 2 10 
Neme et al 
1997 Maryland New 46 59 1.11 2 10 
Sherman & 
Hildebrandt 
1998 California Existing 40 16 0.3 2 10 
VEIC/PEG 
1997 New Jersey New 52 60 1.58 2 10 
XENERGY 
1998 New Jersey Existing 45 70   2 10 
    Total 838         
    Average   47.3 0.91 2 10 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                                                 
 
Table B2 Papers Investigating Refrigerant Charge 
 
 

Study State 

New / 
Existing 

Sample 
Size 

% 
Overcharge 

% 
Undercharge 

% 
Energy 
Savings 

Blasnik et al 1995a Nevada New 30 5 59 17 
Blasnik et al 1995a California New 10     8 
Blasnik et al 1996 Arizona New 22 4 78 21 
Farzad & O'Neal 
1993           5 
Farzad & O'Neal 
1994           17 
Hammarlund et al 
1992 California New 12     12 
Hammarlund et al 
1992 California New 66 61 8 12 
Katz 1997 Maryland New 22 64 23   
Proctor & Pernick 
1992 California Existing 175 33 23   
Proctor 1991 California Existing 15       
Proctor et al 1995a California New 30 33 56   

Proctor et al 1997a 
New 
Jersey New 52     13 

Rodriguez et al 1995           5 
Rodriguez et al 1995           15 
    Total 43.4       
    Average   33.3 41.2 12.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                                                 
Table B3 Papers Investigating Evaporator Coil Airflow 
 

Study State 

New / 
Existing 

Sample 
Size 

Avg. 
Airflow 

% 
Energy 
Savings 

Blasnik et al 1995a Nevada New 30 345 8 
Blasnik et al 1995a California New 10 319   
Blasnik et al 1996 Arizona New 22 344 10 
Hammarlund et al 1992 California New 12   10 
Hammarlund et al 1992 California New 66   12 
Neme et al 1997 Maryland New 25 340   
Palani et al 1992         4 
Parker et al 1997 Florida Both 27 270 10 
Proctor & Pernick 1992 California Existing 175     
Proctor 1991 California Existing 15     
Proctor et al 1995a California Existing 30 300   
Rodriguez et al 1995         2 
Rodriguez et al 1995         10 

VEIC/PEG 1997 
New 
Jersey New 52 372 7 

    Total 464.0     
    Average   327.1 8.1 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                                                 
Table B4 Papers Investigating Duct Leakage 
 

Study State 

New / 
Existing 

Sample 
Size 

Duct Leakage 
to outside @ 

cfm  

% Energy 
Savings 

Blasnik et al 1995a Nevada New 30 253 26 
Blasnik et al 1995a California New 10 292 25 
Blasnik et al 1996 Arizona New 22 193 11 
Cummings et al 1990 Florida Existing 24  18 
Hammarlund et al 1992 California New 12  24 
Hammarlund et al 1992 California New 66  6 
Jump et al 1996 California Existing 24  18 
Katz 1997 Carolinas New 96 360  
Modera & Jump 1995 California Existing 3  19 
Neme et al 1997 Maryland New 25 204 12 
Pamiter & Francisco 
1994 Northwest Existing 22 287 16 
Penn 1993 Florida Existing 10620  17 
Proctor & Pernick 1992 California Existing 1000 246 18 
Proctor 1991 California Existing 15 276 18 
Proctor et al 1995a  Existing 30 397  
Proctor et al 1997a New Jersey New 52 299 20 
Siegel et al 1996 Oregon Existing 8 241 16 
Treidler & Modera 1996 Maryland  4  9 

Vigil 1993 
North 
Carolina Existing 82 188 13 

  Total 
      
12,145      

  Average   269.7 16.8 
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