








OR 









0" 50" 100" 150" 200"

District"Chilled"Water"
Central"Chilled"Water"

Variable"Air"Volume"System"
Energy"Mgmt/Control"System"

Packaged"Heat"Pumps"
Packaged"AirDCondiEoners"

Individual"Room"Heat"Pumps"
Individual"Room"AirDCondiEoners"

Central"(ResidenEal"Type)"ACs"
Split"System"Heat"Pumps"

Commercial"Building"Energy"ConsumpEon"Survey"
(kBtu/M2Dyr)""



EPRI, the Southern Co. and TVA permitted results to be 
published in the ASHRAE Journal  in a series of articles that 
appeared from June 2012 through February 2013 

For non-ASHRAE members pdf files can be found on 
www.geokiss.com 
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Energy Star Ratings of GSHP Buildings* 
ES-Elem School, MS-Mid School, HS-High School, Off-Office, Htl-Hotel, MFa-Multi Family 

*Three Engineering Firms Did 92% of the 90+ Rated Buildings 

Average Building 
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Energy Star Ratings of GSHP Buildings 
Central Loop and Central Pump 

ES-Elem School, MS-Mid School, HS-High School, Off-Office, Htl-Hotel, MFa-Multi 
Family 

Variable Speed Drives 
Constant 
 Speed 

CWS-VAV 
GSHPs 
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Energy Star Ratings of GSHP Buildings 
One-Pipe Central Loop, On-Off Pumps 

ES-Elem School, MS-Mid School   

School Built 
in 1938 
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CePk-HS CeRg-MS StRa-ES Cox-ES 

Energy Star Ratings of GSHP Buildings 
Unitary - Single Loop for Each Heat Pump, On-Off Pump 

ES-Elem School, MS-Mid School HS-High School,  

School district has 31 Energy Star rated schools, four rating 100 in 2011. 
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ARE-Off Dem-MS WeS-ES USJ-ES Pla-HS 

Energy Star Ratings of GSHP Buildings 
Central Loop, On-Off Pump on Each Heat Pump 

ES-Elem School, MS-Mid School, HS-High School, Off-Office 

29% of  Building 
Served by GSHP 

45% of  Building 
Served by GSHP 

69% of  Building 
Served by GSHP 



Rearrange Eqn. to find Lb/ton= Lb /ton (Nor)* (90-tgavg)/(90-tg) 
For SE TN: Lb/ton ≈ 210 ft/ton * (90-63)/(90-60) ≈ 190 ft/ton of capacity 

Lb/ton ≈ 210 ft/ton to 240 ft/ton of cooling load 
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Normalized Bore Length (Feet/Ton) 

Energy Star vs. Normalized Bore Length per Ton 
Lb/ton (Nor) = Lb/ton * [(90-tg)/(90-tgavg*)] 

*tgavg for all sites = 63°F (17°C) 
50 W/m 60 W/m 70 W/m 
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GSHP Energy Star Rating 
 Building Automation System 

 vs. Thermostat Control 

GSHPs with BAS Control 
Average Energy Star = 61 

GSHPs with T-stat Control 
Average Energy Star = 80 
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September 7, 2010 (Installed 2003) 

Ground Loop EWT & LWT, VSD Frequency 
E-Star = 83, High Air Temp  = 93⁰F"

"GA"Elem."School,"Lbore"="214"M/ton,"tgrn"="60°F 
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July 13, 2011 (Installed  1999 & 2001) 

Ground Loop EWT and LWT 
E-Star = 32, High Air Temp = 96 °F 

Florida Office, Lbore = 270 ft/ton, tgrn = 
72°F 
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September 2, 2011 (Installed 2002) 

Ground Loop EWT and LWT 
E-Star = 11, High Air Temp = 95°F 

TN Office, Lbore = 119 ft/ton, tgrn = 59°F 
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September 2, 2010 (Installed 2006) 

Ground Loop EWT and LWT 
E-Star = 93, High Air Temp = 97�F 

TN Elem. School, Lbore = 197 ft/ton, tgrn = 
61°F," 

LWT 

EWT 
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 Years of Operation 

Maximum Approach Temperature vs. 
Years of Operation 

Field data indicates otherwise when systems properly sized and 
installed!  Problems occur if loops too short, too close together, 

or improperly grouted.  More data needed to establish limits. 



Building Occupant Comfort and Satisfaction Survey  
 ???☺ " #??? 

$ Check the box that reflects your level of satisfaction with the summer indoor temperature and 
humidity 
! Very Dissatisfied   ! Dissatisfied   ! Acceptable    ! Satisfied    ! Very Satisfied  
$ Check the box that reflects your level of satisfaction with the winter indoor temperature  
! Very Dissatisfied   ! Dissatisfied   ! Acceptable    ! Satisfied    ! Very Satisfied  
$ Check the box that reflects your level of satisfaction with the air quality (odors, stuffiness, air 
“freshness”)  
! Very Dissatisfied   ! Dissatisfied   ! Acceptable    ! Satisfied    ! Very Satisfied  
$ Check the box that reflects your level of satisfaction with the acoustics  (noise levels related to 
heating and cooling equipment)  
! Very Dissatisfied   ! Dissatisfied   ! Acceptable    ! Satisfied    ! Very Satisfied  
$ Check the box that reflects your level of satisfaction with the lighting level  
! Very Dissatisfied   ! Dissatisfied   ! Acceptable    ! Satisfied    ! Very Satisfied  
If are Dissatisfied or very dissatisfied, was the lighting level ! Too Low or ! Too High 
$ Check the box that reflects your level of satisfaction with the responsiveness and 
ease of reporting building maintenance problems   
! Very Dissatisfied  ! Dissatisfied    ! Acceptable    ! Satisfied    ! Very Satisfied  
$ Check the box that reflects your ability to adjust the thermostat settings in your space 
! Very Dissatisfied  ! Dissatisfied    ! Acceptable    ! Satisfied     ! Very Satisfied  
Other Comments: 
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Energy Star Rating 

Occupant Temperature Satisfaction  
5 = Very Satisfied, 4 = Satisfied, 3 = Acceptable, 

2 = Dissatisfied, and 1 = Very Dissatisfied 

Cool Comfort 

Heat Temp 



1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

0 20 40 60 80 100 

En
vi

ro
nm

en
ta

l S
at

is
fa

ct
io

n 
R

at
in

g 

Energy Star Rating 

Occupant Environmental Satisfaction  
5 = Very Satisfied, 4 = Satisfied, 3 = Acceptable, 

2 = Dissatisfied, and 1 = Very Dissatisfied 

IAQ 
Lighting 
Acoustics 
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Energy Star Rating 

Maintenance and Control Satisfaction 
5 = Very Satisfied, 4 = Satisfied, 3 = Acceptable, 

2 = Dissatisfied, and 1 = Very Dissatisfied 

Maintenance 

Controllability 









Indoor  Air = 27°C 15°C 
25°C 
20°C 

COP=15.6 COP=12 Part-Load Air Flow 
same as Full-Load 



 Water-to-Air Heat Pump Full-Load TC(kBtu/h), EER, HC(kBtu/h) & COP 
Cooling: 86°F EWT & 80.6/66.2°F  EAT - Heating: 50°F EWT & 68°F EAT 

Model/Capacity Cfm TC  EER  Cfm HC  COP 
NS-036/Single 

1200 
34.5 19.6 

1200 
30.3 5.2 

NS-048/Single 
1500 

47.0 17.5 
1500 

45.1 4.8 

NS-060/Single 
1800 

64.3 17.2 
1800 

55.1 4.7 

Average EER 18.1 4.9 
ND-038/Dual 1200 39.0 17.2 1200 34.8 5.0 
ND-049/Dual 

1500 
48.3 15.8 

1500 
47.2 4.7 

ND-064/Dual 
1800 

64.5 16.2 
1800 

56.8 4.6 
Average EER 16.4 4.8 

NV-036/Variable 
1300 

32.0 18.0 
1500 

41.0 4.6 

NV-048/Variable 
1500 

41.0 17.6 
1800 

55.0 4.3 

NV-060/Variable 
1800 

50.0 16.3 
2200 

65.0 4.3 

Average EER 17.3 4.4 

30°C 10°C 

COP=5.3 

COP=4.8 

COP=5.1 

10 kWt 

14 kWt 

18 kWt 
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