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3 Categories of Geothermal 

Systems 

Å  High Temperature Electric Power Production     

 

Å  Low Temperature Direct Use Applications 

 

Å  Ground Source Heat Pump Applications (this 

presentation) 
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What You Should Learn: 

ÅBetter understanding of the technology 

ÅClear up misconceptions, confusion with ñhot 

rockò geothermal  

ÅPros and cons 

ÅHow ground source differs from PV and wind 

ÅCosts and incentives 

ÅLocal operating systems 

ÅOpportunities for job growth with the variety 

of trades and professions involved 
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ÁTechnically, means ñearth heatò  

ÁSeveral varieties of ñgeothermalò 

ÁLocal variety is used for space heating and 

cooling 

ÁIn our area, average earth temps. are 50-55 

degrees F 

ÁLimitless amount of heat energy contained in 

earth materials beneath us for heating 

ÁFor cooling, these same earth materials serve 

as a ñsinkò to reject and store excess heat 

 

What is ñGeothermalò? 



Geothermal (NOT Ground-

Source Heat Pumps) 

Geothermal Power Plants, 
Northern CA  

Yosemite National Park  
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Geothermal vs. Ground Source 

ñGeothermalò taps into 
magma and hydrothermal 

fluids generated from 
tectonic activity within the 

Crust  
----------------------  

ñGround Sourceò taps 
into the moderate 

ambient earth 
temperatures in the 

shallow Crustéunrelated 
to tectonic activity and 
NO MAGMA REQUIRED  
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The earth is like a solar battery absorbing nearly half of the sunõs energy. 

The ground stays a relatively constant temperature through the seasons, 

providing a warm source in winter & a cool heat sink in summer. 

4% absorbed 

by clouds. 

17% reflected 

by clouds. 

6% reflected 

by surface. 

19% absorbed  by 

water vapor, dust 

46% absorbed  

by ground 

Space 

Atmosphere 

Earth 

100% 

U.S. Dept. of Energy 



Why Isnôt Ground Source More 

Widely Used on LI  

 
ÅGeneral higher first cost than other HVAC systems 

ÅGets overlookedéitôs underground and a dirty drilling rig 

makes a lousy photo op 

Å Current focus on solar, wind, CHP, etc.  

Å General lack of knowledge of technology 

ÅMisinformation and hearsay about ñproblemò systemséthat it 

doesnôt work  

ÅShortage of infrastructureétrained, experienced 

installers, drillers, designers, architects and engineers.   

ÅActual or perceived subsurface risks/issues 

Å Actual or perceived regulatory hurdles 
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THE FACTS 

ÅCan be used anywhere people live, from the Arctic to the 

Equator 

ÅCan supply all the heating and cooling needs of a building  

Å A single mechanical system replaces the two separate 

systems  

Å USEPA has concluded that ground source heat pumps are 

the cleanest, most energy-efficient heating and cooling 

systems on the market. 

Å Fully endorsed by USDOE and Energy Star 

Å All electric-powered system; eliminates on-site fossil fuel use 

Å Can provide simultaneous heating and cooling 
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THE FACTS (contôd)  

ÅCan be suited for any type or size building, religious facilities, 

schools, and private homes  

Å Demonstrated lowest life-cycle cost of all other HVAC 

systems    

Å SIMPLY PUT, THE EARTH SERVES AS YOUR BOILER 

FOR HEATING, AND AS THE COOLING TOWER, 

CHILLER, OR CENTRAL AIR CONDITIONING SYSTEM 

FOR COOLING 

ÅMay not be a good fit at every site; conduct appropriate due 

diligence 

ÅEach system is an engineered solutionéno cookie cutter 

approach   
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How does Ground Source 

Compare to Solar and Wind 

 
ÅPVôs and wind are used to generate electricity and heat 

water   

ÅGround Source is used exclusively for indoor space 

heating and cooling, and domestic hot water production   

ÅHowever, designated in same category as ñenergy 

propertyò under US Tax law in the bailout bill (Oct. 2008) 

ÅIdeal goal to integrate with PV/wind towards zero energy 

buildings 
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Basic System Layout and 

Operation 
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Conventional Boiler/Tower System 

Å Two independent 

mechanical systems, 

one for heating, one for 

cooling 

 

Å Two separate piping 

and/or duct systems 

 

Å Two separate 

fuel/energy sources 



Basic System Layout 

Heat 

Pump 

Heat 

Pump 

Heat 

Pump 

Circulation Pump 

Geothermal 

Heat Exchanger 
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Conventional vs Geothermal 



Basic Operation - Heating Mode 
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Basic Operation - Cooling Mode 
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Benefits 
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GHP Benefits 
 
Å Energy efficiency - 25-40% lower energy costs  

Å Simplicity 

Å Low maintenance - 1/3 to 1/2 of Conventional Costs  

Å Enhanced safety, security ï no oil storage tanks, oil 

deliveries, source of combustion 

Å No auxiliary heat (in most cases) 

Å No outdoor equipment 

Å Simultaneous heating & cooling (diversification) 

Å Educational opportunities for students and the public 

Å Lowers peak demand 

Å Low life-cycle cost 

Å Allows more architectural freedoms 

Å Better zone comfort control 



GHP Disadvantages 

 

ÅFirst (capital) cost 

ÅHowever, incentives, energy-

savings mortgages or loop-leasing 

are some ways of off-setting costs 

ÅLimited qualified designers 

ÅGeographically-limited contractors 

ÅSupply/demand => higher vendor 

markups 

 



The ñGround Couplingò 
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We Tap the Resource Using a Variety 

of òGround Couplingsò 
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Source: US Dept. of Energy  

The Type of Ground Couplings 
Depends on Site Conditions 



Vertical Closed Loop Systems 
 

ÅRule of Thumb: 150-200 linear ft. of loop 

per ton of cooling/heating load. 

ÅEach bore 150 - 400 ft deep. 

ÅTyp. 20 ft. spacing in grid layout. 

ÅĲò, 1ò, 1-1/4ò HDPE loops. 

ÅFluid filled with water or water with 

biodegradable, non-toxic antifreeze 

(ethanol, propylene glycol). 

ÅThermal grout annulus fill 

ÅLoop piping is heat-fused to headers by 

IGSHPA-certified technicians 

Conductive thermal exchange 

from circulating fluid to 

earth materials, through the 

HDPE and grout backfill 



Vertical Closed Loop 
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Vertical Closed Loop Installation 



27 

Loop Pressure Test  



Slinky® Heat Exchanger Field 





Slinky Heat  

exchanger in 6-inch 

wide trench  



Engineered for flexibility and 

performanceÓ  |   
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Ground Water ñOpen Loopò 

Å Entering groundwater 

temperature on LI ranges from 50 

to 55 degrees F 

 

Å Poor water quality can increase 

maintenance costs; can be 

project killer (iron, pollutants, 

TOC) 

 

Å NYSDEC requires extract and 

return to same aquifer 

 

Å Plate-frame heat exchanger 

advisable between well loop and 

building loop 
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Open Loop 
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Open Loop 



ÁSubsurface Geologic Conditions--The earth 

is not a BLACK BOX! 

ÁWhich ground couples are suited for site? 

ÁWhatôs the depth to groundwater? 

ÁWhat are the heating/cooling loads?  

ÁIs there enough land area to drill to meet 

building peak demand? 

ÁIs site large enough to separate wells and 

avoid thermal short-circuiting. 

ÁAny environmentally bad neighbors?  

 

 

Due Diligence and Feasibility Analysis 
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Ranking Ground Heat Exchangers 

45 

Considerations 

Geothermal System Type 

Vertical Closed Loop Open Loop Standing Column Well 

Efficiency LOWEST HIGHEST INTERMEDIATE 

Reliability HIGHEST INTERMEDIATE LOWEST 

Drilling Cost INTERMEDIATE LOWEST HIGHEST 

Amount of Trenching HIGHEST LOWEST INTERMEDIATE 

Land Area Affected HIGHEST LOWEST INTERMEDIATE 

Amount of Field Testing LOWEST HIGHEST INTERMEDIATE 

Soft Costs LOWEST HIGHEST INTERMEDIATE 

Maintenance LOWEST HIGHEST INTERMEDIATE 

Effected by Ground Water 

Quality 
NO YES YES 
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Pond Loops 



Slim Jim 

HDPE Pipe 

Copper Pipe 

Pond Loops 



Copper Spiral Pond Loop 



The Heat Pump 
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30-Ton Geothermal Heat Pump 

 



Water-Air Heat Pump  

 

Compressor 

Water-to-

refrigerant 

coil (Source) 

Air-to-

refrigerant coil 

Expansion 

valve 

Fan 

Air filter 

Air inlet 

(Return 

+ OA) 

Conditioned air 

(Supply) 

Heat recovery 

coil (domestic 

water) 

Reversing 

valve 
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