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A Study on Development of a Ground-Source Heat Pump System
Utilizing Pile Foundation of a Building

Suck-Ho Hwang', Ryozo Ooka’, Yu-jin Nam, Kentaro Sekine™*, Mutsumi Yokoi'", Yoshiro Shiba™"

ABSTRACT: Ground-source (Geothermal) heat pump (GSHP) systems can achieve a higher
coefficient of performance than conventional air-source heat pump (ASHP) systems.
However, GSHP systems are not widespread in Japan because of their expensive boring
costs. The authors have developed a GSHP system that employs the cast-in-place
concrete pile foundations of a building as heat exchangers in order to reduce the initial
boring cost. In this system, eight U-tubes are arranged around the surface of a
cast-in—place concrete pile foundation.

The heat exchange capability of this system, subterranean temperature changes and heat
pump performance were investigated in a full-scale experiment. As a result, the average
values for heat rejection were 186~201 W/m (per pile, 25 W/m per pair of tubes) while
cooling. The average COP of this system was 4.6 while cooling; rendering this system more
effective in energy saving terms than the typical ASHP systems. The initial cost of
construction per unit for heat extraction and rejection is ¥72/W for this system, whereas it is
¥300/W for existing standard borehole systems.

Key words: Ground-source heat pump(A|&3|EHZA|2®) Cast-in-place concrete pile
foundation(8 FE}4d 7] 22 %), Field Experiment and cost analysis(8&4 & 3}
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Fig. 1 Outline of the heat exchanger system

using cast-in-place concrete piles.
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Table 1 Period average heat rejection rate into the ground(cooling).
Jun. Jul. Aug. Aug. Sep. Total
Artificial cooling load o] 0 ©) X x
Heat generation rate[kWh] 512 1091 597 159 455 2813
Heat pump power consumption[kWh] 92 216 139 44 126 617
Pump Power consumption[kWh] 82 175 108 152 162 580
COP 5.6 5.1 43 36 3.6 4.6
S.COP 29 2.8 24 1.7 1.6 24
Table 2 Period average coefficient of performance(cooling).
Operation Looling
Period tbad Pile HP—Soil Soil—=HP At Flow rate Heat extraction rate
[l €] EQY [I./min] [W/m]
ViS~&/20 cooling load B 283 26.0 2.3 273 221.2
o Off artificial A 26.8 256 1.2 215 1195
2l~a0 cooling load B 26.8 254 14 274 1364
A 217 259 1.8 274 173.3
IE~a B 278 25.8 2.0 271.3 189.1
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Fig. 4 Outside and heat sink water temperature.
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Table 3 Period average heat rejection rate into the ground(heating).

Operation Sxdling
Period r?lghod Pile HP—Soil Soil—HP At Flow rate Heat extraction rate
[t] (] [T] [L/min] [W/m]
T = 2 pile A 15.2 159 0.7 26.5 70.0
2A~1215 | gaytime B 15.1 157 06 2%.7 525
- 2 pile A 8.6 9.8 12 26.2 114.8
12/16~1/26 | pnighttime B 85 97 12 %5 106.4
1/27~2/22 1 pile B 58 7.0 1.2 49.9 211.9
UB~N | gow i odify| B 63 85 22 A5 182.4
Table 4 Period average coefficient of performance(heating).
12/1~12/15 12/16~1/26 1/27~2/22 2/23~4/1 Total
Number of operation piles 2 2 1 1
Operation time daytime nighttime nighttime nighttime
flow rate modify X x x o
Heat generation rate[kWh] 386 2,242 597 691 3,916
Heat pump power consumption[kWh] 99 522 117 142 830
Pump Power consumption[kWh] 91 345 94 115 645
COP 39 43 5.1 49 45
S.COP 2.0 2.6 2.8 2.7 2.6
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Fig. 7 Outside and heat sink water temperature

Fig. 8 Coefficient of performance(heating).
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Table 5 Construction cost of cast-in—place
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pile foundation heat exchanger.

Unit cost Quantity Total
Cost of pipe [8 units] ¥-600/m 18m ¥ 86,400
Piping construction cost [¥/m] ¥ 2,200/ (personxhour) 16person>*hour ¥ 35,200
Incidental expenses c;rgs/{)rgtig;plggst ¥3520
Pile construction cost (increment) [¥/m] ¥91,350 /hour 1.5hour ¥ 137,025
Total cost of construction of case-in—place pile heat exchanger [¥/m] ¥ 262,145
Total cost of unit length ¥ 14,564/m

Unit price for piping construction : ¥ 2,200/(personxhour) =

X17 60Q/dav -§hour

[{mt price for pile construction : ¥91,350/hour= ¥20,300/m"“*36m"+8hour”

2005 Public construction labor cost table (Tokyo)
= Earth drill method $1500x25m(Tokyo)

Constructlon 2 pile foundation per day (36m)

** Labor time per day : 8hour

Table 6 Comparison of investment cost.

Form of heat exchange

Borehole type

Proposed system
(Cast-in—place concrete pile type)

(Single U-tube)

(8 pairs of U-tubes)

Heat extraction and rejection per unit of heat exchange [W/m] 40 200
Boring costs [¥/m] 10,000 -
Piping costs [¥/m] 2,000 =
Additional costs for foundation & piling work [¥/m] = =
Total cost [¥/m] 12,000 14,564
Total cost per extraction and rejection heat unit [¥/W] 300 72
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