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Significant energy consumption in buildings mainly for heating and cooling
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Energy Efficient Buildings

GEO-
THERMAL
ENERGY PILES

@ VirginiaTech

SOLAR STUDIES

NATURAL VENTILATION

GREEN. ROOF

—_~ THERMAL MASS

!l _GREEN HOUSE

COURT YARD

ENERGY
STORAGE

E 00

LONG-TERM RAIN/GREY

SMART GRID

e

WATER
COLLECTION

DISTRICT
HEATING PHOTOVOLTAIC
BUS SHELTER

Courtesy J. Wheeler / Virginia Tech



Ground Temperature Profile

Mean ground
temperature
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Ground Source Heat Pump Systems
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Ground Source Heat Pump Systems

Primary circuit Secondary circuit
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Utilize the relatively constant temperature of the ground and use it for
heating in the winter and cooling in the summer
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i Geothermal Resources and GSHP Systems
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Geothermal Boreholes

= 4-6 inch diameter borehole
= 100 ft - 500 ft deep

= Small residential to
large commercial

Major cost is drilling and materials
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Geothermal Boreholes
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Geothermal Boreholes — Design Considerations

Spacing
___Backfill Material
(Thermal Grout)

— Single U-bend or
Double U-bend

Ground properties:
e Temperature
* Thermal conductivity

* Thermal diffusivity

Ground water Long-term effects

@ VirginiaTech



Horizontal Loops
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Energy Piles — Dual Purpose Elements

Deep Foundation Geothermal Loops Energy Pile
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(micropile, drilled shaft, CFA) (PEX, HDPE) heating/cooling
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Energy Piles

Air conditioning (heating and cooling)
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Geothermal
Heat Pump

Developed in 1980°s in Austria
Piles, shafts, or caissons
Diameter: 1 to 5 ft typical
Lengths: 40 to 90 ft typical

Energy Piles

@ VirginiaTech



Frankfurt Main Tower
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Performance of GSHP Systems

Geothermal Boreholes  Horizontal Loops Energy Piles
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Poor ground quality 8 W/ft 1 WIft2
Average ground quality 15 W/ft 2.5 Witz 15 W/ft
Excellent ground quality 25 W/ft 4 WIft2 25 W/ft

1W ~ 3.4Btu/hr
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Design of Energy Piles

= Ground Source Heat Pump
Association — Thermal Pile Standard

= Check thermally induced pile Thermal Pile
stresses Design, Installation &

= Pile performance under repeated Malgrias Stantants
cyclic loading (annual heating and fsueto
cooling) 7T

= Estimate pile settlement due to
temperature cycles gsﬁ:!;!iﬁ

Published & Copyright by

Ground Scurce Heat Pump Assoclation
National Energy Canre,

http://www.gshp.org.uk/GSHPA_Thermal_Pile_Standard.html
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Thank Youl!

Guney Olgun
colgun@vt.edu
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