


National and Local Attention 

• Energy Use and Water Use 
• DOE -  Building Performance Database 

– Location 
– Type of building 
– Size and function 
– SYSTEM 

• Energy Star – Portfolio Manager 
• Measurement and Verification 



Fundamental Change! 
If nothing changes – how can you get new results? 

• Release Creativity 
– Application knowledge 
– Code 
– Contracts 

• Team versus – “low bid!” 
– Buy everyone’s mistakes 
– Projects too complex to maintain 

•Artificial efficiency 
•Modeling accuracy 
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EER vs. SEER vs. IEER 
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Know what you want 

 

EER IEER 

12.1  versus 21.3 



IEER 

• Room air at 80/67 
 

• 2% at 100% unit capacity 
• Plus part load conditions, OA temp and load 

– 61.7% at 75% 
– 23.8% at 50% 
– 12.5% at 25% 

• Do Not use this in combination with Bin Data 



Fundamental Change! 
If nothing changes – how can you get new results? 

• Release Creativity 
– Application knowledge 
– Code 
– Contracts 

• Team versus – “low bid!” 
– Buy everyone’s mistakes 

–Projects too complex to 
maintain 
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ASHRAE Journal - & Part Series on GSHP 
Steve Kavanaugh, Ph. D, Fellow and Lisa Meline, P.E. Member 

One-Pipe advantage – discovered 

F e b r u a r y  2 0 1 3 



Systems with heat 
pumps circuited to 
individual ground 
loops, small central, 
or multiple common 
loop circuits out-
performed systems 
with large central  
loop circuits 
by a significant 
margin. 

Why are we going to talk 1x4-pipe? 



All of these Schools expanded the One-Pipe concept to GeoExchange 

System 
$/sq. ft. 

8.82 
 to 

19.45 
 

Loop 
$/sq. ft. 

4.41 
To 

6.64 
Or 

$/ton 
2178 
Avg. 



How did this Concept Get Started 
WSHP (Net Energy Loop) Schematic  
  

Most common because it is lower cost, BUT… 

Parallel Piping - Direct Return Piping 



But… – what? 

• Detail design; at least 2 x 4-Pipe 
– Transitions – stepped pipe 

• Must know Unitary GPM and pressure drop 

• Control Valves – Pressure ratings and close off 
• Flow Controls 

– Stop too much flow only 
– Cleanable - Strainers to protect them 
– Cost and pressure drop – Maintenance points 

• Pump sizing – VFD’s and control logic 

Balancing and commissioning 



WSHP Basics – System Schematic  

Parallel Piping - Reverse Return Piping 

Not 
Both 

Boiler Cooling Tower 

Intent was to be self-balancing 

We will now discuss 
one-pipe distribution. 
Note:  Rarely is there a 
universal solution, 
which is why we need 
designers and teams 
with options! 



WSHP Basics – System Schematic  

LoadMatch; One-pipe; 1x4-pipe - Reverse Return MAIN Piping 

Not 
Both 

Boiler Cooling Tower 

In the old days there was MONOFLOW heating 

Circulator Matches Unit 



Since 1991 – Where has it been?  Applied to coils not WSHP’s 



0 
G

PM
0 

FT
P-

1

Flow in the main piping – typically - reverse return mains 

Thermostat signal 
To Circulator 
Instead of two-way valve 

Compressor 
Activated 
in “heat” or “cool” 

EWT to next unit is slightly higher or lower? 

Moving Btu primary secondary pumping – One-pipe distribution (1x4-Pipe system) 



ASHRAE Journal, October 2009 



“Current benchmarks for distribution loop pumping 
power in vertical closed-loop systems (two-pipe 
design) call for a target of 7.5 hp per 100 tons (5.6 
kW per 352 kW) of peak block cooling load. 
 
Because the head loss through a one-pipe network 
is low, primary pumping requirements often are 
held to less than 
2 hp/100 tons (1.5 kW/352 kW).” 

Why did we talk about this? 



One-Pipe Advantages 
Reduced First Cost 
 
In a two-pipe network system, additional pipe and pipe 
fittings are required over the one-pipe arrangement.  
 
Multiple one-pipe installations in schools and office 
buildings have shown a piping installation cost savings of 
$0.50 to $1.50/ft2  ($5.38 to $16.15/m2). 
 
These (following 4 slides) systems are in the range of 50 
to 200 tons (176 to 703 kW) and are located in Illinois. 



Monthly Energy profile – kBtu 
 Illinois Average for schools 
 2005 – NO central air conditioning  
 2006 – energy measures in operation 
 2007 and 2008 – one-pipe Geothermal 



One year data for One-pipe Geothermal 



Different School another one year comparison 



Fourth School – Two years of One-pipe 
First two years – Old Boiler – No Air Conditioning 



“Field-Measured Results 
These systems have produced exceptional 
maintenance and operational histories.  
 
Without physical modification to the 
buildings, one-pipe GCHP systems have 
placed buildings in the top 10% of all 
schools in the ENERGY STAR performance 
measurement program, designated within 
the climate zone for Illinois.” 



Simple Boiler Tower 
The pipe is sized for the load 

 at a velocity and a design maximum Delta-T 



www.taco-hvac.com 

This wizard shows operation at a 10 degree delta-T 
BUT it may never Happen! 



www.taco-hvac.com 

One unit is “OFF” – the middle one 
Therefore third unit entering conditions are what the second shows above 

Remember 
WSHP systems do not have low Delta-t syndrome! 



www.taco-hvac.com 

One unit Heating and two units are Cooling =  Net Energy Loop 
 

Remember 
WSHP systems do not have low Delta-t syndrome! 



www.taco-hvac.com 

Why Design Delta-T does not CASCADE with WSHP 
Units do not operate at design day conditions 
Run fraction – “off” vs. “on” plus Heat vs. Cool 

Demand Controlled Diversity 

360 FPM – per minute   what is happening simultaneously? 



Why is the WSHP Energy Profile positive? 
Demand Controlled Diversity to Net Energy 
 
System Energy Consumption is moving Btu to provide the Comfort Condition 
 Based on Owner Requirements for zones of control 
 Designer innovation and analysis of the energy template 
 
Pump horsepower is demand controlled with circulators that ensure flow 
 Btu’s move in water at 10% of cost to move in Air 
Compressor horsepower is demand controlled and water–cooled 
 The Net Energy loop avoids Peaks – high or low vs. Outside Air 
Blower horsepower is demand controlled and ducted as required. 
 ECM blowers allow units flexibility and improved performance 
The Design is to Net Energy, use it or lose it! 
 

The first step to Net Zero is reduce the loads 
The second step is to net the loads against each other 

The third step is do it efficiently based on Owners Budget 
 
 



Can it really be this simple? 

Pipe is sized like a coil – Start with Maximum flow per your requirements 
Do it ahead based on your limits. 
I chose:  Max head loss of 10 feet/100 ft. 
And 6 FPS velocity 



Can it really be this simple? 

So from the chart above: 
1” Pipe = 12.5 GPM, it is your rules so you can adjust 
1 ¼”     = 22.5 GPM 
1 ½”     = 33.0 GPM 
2”         = 60 GPM; 2 ½” = 90 GPM; 3” = 130; 4” = 250, etc. 



Can it really be this simple? 

So from the chart above: 
1” Pipe = 12.5 GPM, or divided by 2 GPM/ton (12⁰F Delta-T) = 6.25 tons 
1 ¼”     = 22.5 GPM = 11.25 tons 
1 ½”     = 33.0 GPM = 16.5 tons of load served by a 1 ½” pipe 
2”         = 60 GPM; 2 ½” = 90 GPM; 3” = 130; 4” = 250, etc. 



Floor plan – Customer does not know zoning – what do you do? 

Pipe size Flow - GPM Rated tons 

1” 12.5 6+ 

1 ¼” 22.5 11+ 

1 ½” 33 16+ 

2” 60 30 

2 ½” 90 45 

3” 130 65 maybe + 

A Simple chart – allows you to layout a piping schematic 

Select the most economical pipe size 
Mains are reverse return 



Floor plan – Simple answer could be - based on square footage and use = 30 tons 

2 ” Pipe 

20 feet 

10 feet more? 



The shape really is the challenge 
 1. economical pipe size 
 2. location location location 

S 

S R 

R 



Stepped supply 

Stepped return Stepped return 

Sized for tons 
May be all the same 
Each run is constant diameter? 

I actually saw this done on a napkin! 



1x4-pipe; It’s an option 

• Save labor and components 
• Communicate Design to the field 
• Demand Control 

– Unit compressor and blower HP 
– Now pump Horsepower 

• Remove 50% of BHP requirement (head and $) 
• Self-Balancing and Commissioning 
• Flexible for budget and future 





The lowest possible operating cost for your budget 

40 Thank you 
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