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Analysis of Construction Cost and Influence Factors
on Horizontal Ground Heat Exchangers

Seok Yoon* and Seungrae Lee**

olJiF-I @ This paper presents a computational study of thermal performance and construction cost of horizontal ground

heat exchangers (GHEs). GLD (ground loop design) simulations of various type of GHEs were carried out. Construction costs were
also calculated based on standard estimating, and compared with vertical type GHE system. Besides that, dummy regression
analysis was conducted to study the influence of design parameters on the simulation results in horizontal ground heat exchanger
system.
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Nomenclature SE : standard error

t : BSE

p . significant probability
VIF: variance inflation factor
SS : sum of square

As : ground thermal conductivity, W/m -K

SubSCI‘ip DF : degree of freedom
MS' : mean square
B : unstandardized coefficient D : dummy

L . standardized coefficient
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Table 1. Input parameters in GLD simulation

Classification Properties

Annual Equivalent

Full-Load Hour (hr) " Cooling : 332

® Heating : 390

= COP : 2.9 (Cooling), 3.8 (Heating)

Heat Pump » Flow Rate : 11.4 (L/min)/3,5 KW

Unit Inlet (C) = Cooling : 32.2 " Heating : 4.4

® Fluid Type : Ethanol, 20%
® Specific Heat : 4124 J/K-kg
= Density : 969.1 kg/m3

Solution Properties

® Ground Temperature : 15C
® Thermal Conductivity @ 1.1 W/m-K
® Thermal Diffusivity : 0,058 m?/day

Ground Condition

® Trench Number : 4
Trench configuration | ® Trench Separation : 1.8 m
" Trench Width © 1 m

Pipe types ® 3U line, horizontal slinkyk, vertical slinky

® Pipe Type : SDR 11

= Flow Type : Turbulent

® Pipe Size : 25 mm

® Quter Diameter : 33.3 mm
" nner Diameter : 27.2 mm

Pipe Parameters
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Table 3. Trench length versus excavation depth

Excavation U Horizontal Vertical
depth slinky slinky
Table 2. Trench length vs pitch interval 1 m 1260 m 816 m 1167 m
Pitch Horizontal slinky Vertical slinky 1.5 m 878 m 635 m 794 m
25 cm 282 m 286 m 2m 695 m 532 m 623 m
50 cm 381 m 386 m 25m 584 m 486 m 526 m
100 cm 515 m 521 m 3m 540 m 508 m 488 m
142 cm 595 m 602 m 5m 606 m 551 m 547 m
T T T T T T T T 1400 T T T T T
n
15000000 o - 1200+ A 1
[ ] °
[ ] 2 u 1000 - o
g E p
= 10000000 . = 804 ® a4 b
S 2 * A . I
£ ®  Hor slinky § N . |
= 5000000 ® \Verslinky| | = 4004 E
= 3U
200 ® Horslinky| |
A Ver slinky
0 T T T T T T T T O T T T T T
02 04 06 08 10 12 14 16 1 2 3 4 5
Pitch/diameter Depth (m)

Fig. 2 Construction cost versus pitch/diameter
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Fig. 3 trench length versus excavation depth




Table 4. Construction cost

Excavation depth 1 1.5 2 25 3 5)
Excavation & back filling 6,186,375 6,420,375 6,776,250 7,117,500 7,897,500 14,771,250
Compaction 3,172,500 2,195,000 1,737,500 1,460,000 1,350,000 1,515,000
u Pipe 4,949,100 3,424,200 2,710,500 2,281,500 2,106,000 2,363,400
Total 14,307,975 12,039,575 11,224,250 10,873,688 11,353,500 18,649,650
Excavation & back filling 3,978,000 4,643,438 5,187,000 5,923,125 7,429,500 13,430,625
Hor— Compaction 2,040,000 1,687,500 1,330,000 1,215,000 1,270,000 1,377,500
Slinky Pipe 12,585,000 9,795,000 8,211,000 7,497,000 7,827,000 8,490,000
Total 18,603,000 16,025,938 14,728,000 14,635,125 16,526,500 23,298,125
Excavation & back filling 5,689,125 5,806,125 6,074,250 6,410,625 7,137,000 13,333,125
Ver— Compaction 2,917,500 1,985,000 1,557,500 1,315,000 1,220,000 1,367,500
Slinky Pipe 18,003,000 12,249,000 9,612,000 8,106,000 7,527,000 8,427,000
Total 26,609,625 20,040,125 17,243,750 15,831,625 15,884,000 23,127,625

Table 5. Construction period

Period of compaction Period of excavation and back filling
Excavation depth 3U Hor—=slinky Ver=slinky Excavation depth 3U Hor-slinky Ver=slinky
1 0.50 0.32 0.46 1 7.93 5.10 7.29
1.5 034 0.25 0.31 1.5 8.23 5.95 744
2 0.27 0.21 0.24 2 8.69 6.65 7.79
25 0.23 0.19 0.21 25 9.13 7.59 8.22
3 0.21 0.20 0.19 3 10.13 9.53 915
5 0.24 0.22 0.21 5 18.94 17.22 17.09
olx 4X FAHL Ao st w3 Y 2uB|) By AES 98 44 Uy
22 Pl ke AFolA A=tk 7kl 249 = AERE T SANILE FAR 71 e S 53]
27} Zlojiz 2~2.5mQ A0 Lpehtom 3U Bllo] % AE5cHTable 6). £HUHHY A4S 94 GLDE o]
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A B J02 YERT ol slinky@ 9| 4-¢- do]Z A Agotion dubdor AgEe Holg gl ANt 23&
2 @717} 3Ue 22 23] vjsf 2~3u) vl 22 9l o qejelxtE Argstgrh Y w3 UAg 4 WAE Qg
A BAL g PAlEch sfo|zel gre Mujulsl A WA FeiE 47 mefskglon A, B, C ERE dus))
< Hlgol 7] HEql Ao debEn AR AL 713k HolE Ujito] WA E e E3E Y £9F 4 2
3% 3U Bre] 4 EXA =2} W0l go] AgEnR 2} glofe 2me} 2,5m= A3 en G| uto]zo] ]
371 7V A debtor] £9 slinkyReh A1zl A9 A7uIE 1R ARt i AN dAEES Y
e 129l o Bo] AR AOR Uehgth EG Table A7 SA AsiFue] FApIet TS wlwskn,
33} o) 3U BRI 9| 79 < slinky E}Y) Hr} 22 dol7} Table 6042} o] Auke] ML=} 0,.8W/m K o4
o 20% ] Bo| RTE7|o] IR AATH BAWHE F o B9 £YFo| 4 WPk o 26 o FA]sE A
7kg Aok, AAF o2 ag tiH] B8 3U ERlo] 2 A AR vegeon 37l of 2014E o 285 A
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Table 6. Comparison of vertical and horizontal ground heat exchangers

Classification SO g - Vertical type
3U Hor—slinky Ver—slinky
A,=05 1159~1379 999~1100 1159~1379 ~ U type (ABC)
(A;;a) 2,208 765~909 647~708 700~828 ~ W?ig;ﬁ%'&
A, =11 580~700 480~530 520~620 £ 530~630 m
A, =05 17~19 16~17 17
Period 2,208 1213 10~11 1 5~6 day
(day)
A, =11 8~10 6~8 8~9
A,=05 23,000~26,000 30,000~33,000 27,000~30,000
(Igtg’(') ﬁ:) 2,208 16,000~18,000 20,000~22,000 21,000~23,000 30,000~45,000
A, =11 11,000~12,000 14,000~15,000 15,000~17,000
SAH|E 2~38) A& AA AREE I, SRR GAEET} trench2 01| 57 PP & 5
0.5W/m K Q1 -, FAH] SHA AL A& o= A '
gk SAF 7]7ko] 3l o4 Ao A WS sl 4
o o BgAL e AR Bettt ueb vlg, 717 9 (o
28 WA 55 PR usto] Aol f2gt dugt - mmnﬂ“““
7| FEHE AgeljoF & Aolr}, 53] kAl AR o] E A
FA Aloks WA o XolAe 8E Fugr]of 484 3 o gucc"
= e & 4 S AR AztEd Mﬁm
3. og%rg_x} 1‘&1 * wmmme e
SrolAfel o] Y AL =2 W F ) vlas) B Fig. 4 P-P diagram
= o, A SH A= sl stk & 4= Qi
wepA Y dugr] Al vXe 9F ARES AT o Z2IYE of&ste] Hu|AEA S HASISIH, 3UR
E g9 io| gt dwdly] glel Edlx 23} Zo], z]Hlo] L 71202 £ slinky(DF4ES)QF 4] slinky(D42]8)&
QAEEE 5H W dAsiglan Io uE EdA 2 tn] W42 AAsc) Fig, 4= tu|3AEA A F4u
o5 F&HpE Asigr. 053@}7] Bl ohak sk o] Bt A5 UErY] 13 PP ol Fhus
Al 83U, 4% slinky®d 12]3L 522 slinky @ e} 2] H|7H4] F0| A4l Beof glong HpEE 7S wEtthal &
sz08 slglon Bz Zo| 1moﬂA1 sm71] 123 A 4ot} At GAEE, ARy 7, 27 Qo7 EdlA
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10 | Alxidol| LA x|




Table 7. Correlation analysis

Correlation coefficient

Classification Trench length Ay D hor=slinky D ver=slinky Excavation depth
Trench length 1.000 -.649 -.204 .036 -.433
Ay -.649 1,000 .000 .000 .000
C:frae::zn D hor—slinky ~ 204 000 1,000 ~ 500 000
D ver=slinky .036 .000 -.500 1.000 .000
Excavation depth -.433 .000 .000 .000
Trench length - .000 .069 398 .001
A .000 - 500 500 500
P-value D hor-slinky .069 500 - .000 500
D ver—slinky 398 500 .000 - 500
Excavation depth .001 500 .500 .500 -
Table 8. Dummny regression analysis
B SE Jé] t D VIF
Coefficient 2387181 152,890 15.614 {001
A ~1161.111 149562 -.649 ~7.763 {.001 1.000
D horizontal slinky —230.722 89,737 —.248 —2.571 013 1.333
D vertical slinky -81.889 89.737 -.088 -913 .366 1.333
Excavation depth —147.006 28.377 —-.433 -5.180 {,001 1.000
adj R*= 629, F'=23.476 (p <.001)
(multi—collinearity) & AE3IATE SHH;Y VIF o] 4_ 7E=| %
1.000~1,3332.2 10,0 m|gho.2 et Szt o153
ARl e Aoz st EAS AAG 2t w ;Lowb GLD ZRIE o|§3te] £:%F AT o
AgE A& (p<.001), Bslinky BuE7|(p<.05), =& W] AlLHo digh &8 3 ﬁxﬂ g2 wAston i
Z0l(p(.00D)+= trench oo FoTF P& F= ALR SRS ofgsto] ofof| mA|= Ak B4 HAISHAT
Uehgth, AEE7t S45(B=-1161.111) =2} Zlo]7} 2 2 Py Hols 250l A Aejgiths 716t JJXU
=5 5(B=—147.006) EHA] 7‘017P e ALE UEhge 22} Zlol 2~2.5mel A& UEton 3U BYo] 4
o, Q7] FF= Line PR 49 slinky(B=-230,722) slinky®} 424 slinky Bt} oF 30~40% A= A]#HV}
o) EdlA Aok Fe A0 Sefydth EdhLine H% 5 A Bt A0 UeRiT) shARE 24} 7|7k 79 3U B
2 slinky®h= frofet 2kol7t QI3lch Hm|8l A4 A E A9 A5 EdllA] 22 w0l go] 28HER F7|= 7MY
A7) Zol5 Amshs AP 62.9%000, Auk YMEE =7 Yehkon] 9 slinkyRo FA| ko] o 1~29d o
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