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ASUHS2 ROIA2 2|22 ZAHOIZZISIRAS0l) 2-1.

COOLING / HEATING LOAD ANALYSIS

2008-07-11 15:23

People 169 p 3,596 7.775 8,702 9,284 9,655 9.918 10,120
Lighting 7.5 KN 2,533 5,597 6.456 6,992 7,338 7,581 7,767
Equipent 1.4 KN 508 1,053 1,112 1,148 1,174 1,189 1,202
Glass 2.3 69 142 232 310 353 351 311
SH| Roof 1,119.2 o -804 -801 -364 490 1,694 3,134 4,679
Wall 489 w -180 -174 -143 -g8 -13 81 202
Partition 4273 w 3,556 3,556 3,556 3,556 3,556 3,55 3,55
Infiltration 445  /h 728 -496 -228 77 364 578 722
Sub-Total 8,50 16,652 19,323 21769 24,121 26,388 28,550
| People 169 p 5780 11,55 11,565 11,565 11,565 11,565 11,565
LH| Infiltration M5 th 1,672 2,225 2,598 2,598 2,508 2,598 2,598
| sub-Total 7 7,452 13,790 14,163 14,163 14,163 14,163 14,163
AA Lighting Load 0.0 Ki 0 0o o 0 o0 0
Grand Total 16,002 30,442 33,486 35,932 38,284 40,551 42,722
Description
l People 2 3,333 10.472
[ Lighting - - 2,058 3,080 8,087 8,033 7.982 7,902
Equipment - Lo- 142 213 1,025 1,221 1,218 1,212
Glass 23 m 341 4 67 12 171 216 257
SH| Roof 1,119.2 21,402 9.245 9,502 9,291 8.614 7,540 6,186
Wall 8.9 1,608 736 792 760 654 508 350
Partition 273 w 22,600 3,556 3,556 3,556 3,556 3,556 3,556
Infiltration 1,007 mw/h 11,502 -65 167 308 505 720 772
sub-Total | 17,943 20,710 33,901 33,258 32,094 30,500
People | - 1 - 0 0 11565 11,565 11,565 11,565
WH| Infiltration, - = 2,598 2,598 2,598 2,598 2,598 2,508
| sub-Total 7 | 2.5 2,598 14,163 14,163 14,163 14,163
RA Lighting Load, - - } 0 o 0 o o 0
Grand Total | 57.543{ 20,541 23,308 48,064 47,421 46,257 44,663
[ Building Summary
Room Quantity : 19 16.0 g
CL Area (m') 550.6 14.0 LR :
HT Area (m') 550.6 12.0 o
O Cooling Load Analysis by 0.8 7
People (p/m'): 031 £ 22 fecs = : .é o
Light'g (W/m'): 13.57 o 1 L
Eauip.  (W/m): 208 2.0 . " —.
TG R LI | R . H i 1 i
0 C/H Load Summary 8 9 10 11 12 13 14 15 1 17 18 19 20
Cooling (W/m"): 87.29
Heating (W/m): 104.50 Internal E=fxternal S Infiltr. —Gr. Total I
Load-Sum 2-1 AISFATILIONE
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H2H2e folala 2|2 22 SAHOHEZE|IHAS0]) 2-2. COOLING / HEATING LOAD SUMMARY
2008-07-11 15:23

LH& 1
1F02 LH&2 1 95 410 582 792 1,009 1,146 678 1,602
1F03 LHA!3 1 477 897 988 1,061 1,117 1,145 450( 1,487
1F04 LHA4 1 436 875 969 1,045 1,102 1,127 412) 1,200
1F05 LH&S5 1 1,211 2,595 3,016 3,232 3,326 3,313 1,307 3,870
1FO6 LHAIG 1 324 598 665 727 778 802 361 1,249
1F07 LH&7 1 256 527 502 654 702 725 288 790
1F08 LHA!8 1 368 560 610 657 692 710 405| 1,825
1F09 LHAI9 1 436 809 902 986 1,049 1,080 492 1,737
1F10 LH&10 1 436 806 896 979 1,042 1,072 485/ 1,716
1F1 LA 1 368 565 618 668 705 723 417) 1,844
1F12 a2 1 252 422 460 493 518 531 2521 1,041
1F13 LHAH3 1 509 978 1,096 1,208 1,291 1,331 590, 1,948
1F14 LH&H14 1 283 549 610 664 707 726 297 956
1F15 LH&15 1 222 412 459 506 539 555 257 887
1F16 LH&16 1 225 422 475 525 561 579 274 931
1F17 AU AIAA 1 2,077 4,319 4,927 5,506 5957 6,181 2,656 7,525
1F18 ALHEAI&-2,3 1 4,119 8,591 9,806 10,958 11,857 12,301 5,263 14,792
1F19 2HEER 1 3,495 8,347 9,670 10,947 11,973 12,509  4,747] 9,437

RM-Load0 2-2 AIStATILIONE




2-1. COOLING / HEATING LOAD ANALYSIS

2008-07-11 15:29

People 180 p 3,793
Lighting 8.3 kW 2,938
Equipment 2.2 kW 986
Glass 2.3 m 69
SH| Roof 1,218.4 o -1,440
Wall 152.6 o -528
Partition 193.8 o 1,605
Infiltration 369 m'/h -602
Sub-Total 6,821
People 180 p 6.164
LH| Infiltration 369 m/h 1,387
Sub- Total_ 7 B 7§51 .
RALighting Load 0.0 KN| 0
Grand Total ! 14,372

8.215
6.425
2,044
142
1,429
-480
1,605
-410
12,339
1,845
14,184
0

30,296

16,112

9,861 10,267

10,555 10,772

9,230
7.311 7,870 8,226 8,475 8,666
2,158 2,230 2,277 2,308 2.33
232 310 353 351 31
649 867 3.012 5576 8,324
369 -188 41 321 668
1,605 1,605 1,605 1,605 1,605
-191 65 304 478 505
19,327 22,620 26,085 29,669 33,276
12,330 12,339 12,339 12,339 12,339
2.152 2,152 2452 2,152 2,152
14,491 14,491 14,491 14,491 14,491
) o0 0 0
33,818 37,111 40,576 44,160 = . 47,767

People i = = 2,429 3,628 11,156 11,096 11,033 10,935
Lighting | - - 2,129 3,181 8,999 8,948 8,891 8,806
Equipment = - 277 414 2,377 2,370 2,362 2,352
Glass 2.3 m 341 40 67 112 171 216 257
SH| Roof 1,218.4 m 38,088 16,448 16,912 16,526 15,328 13,426 11,012
Wall 152.6 m | 5,054 2,089 2,252 2,174 1,897 1,507 1,078
| Partition 193.8 o | 10,247 1,605 1,605 1,605 1,605 1,605 1,605
Infiltration 906 m’/h) 9,499 -58 143 331 492 595 643
Sub- Tﬂa[ e . 24,959 28,2(7)2” 43, 2897 7417907 ) 39,63? o 736.685
People - = | 0 0 12,339 12,339 12,339 12,339
LH| Infiltration ~ ‘[ - i 2,152 2,152 2,152 2,152 2,162 2,152
1
Sub thal N | j B 2.152 21&2 o 14,491 14,491 14,491 14,491
RALighting Load - | - | 0 0 o0 o0
Grand Total : 63,229: 27,111 30,354 57, Tl 56,398 54,126 51,179
[0 Building Summary
Room Quantity : 22 18.0 =
CL Area (') 579.4 :ig e ;./K’i‘\““—“
HT Area (m) - _579.4 | 2.0 A e \
[ Cooling Load Analysns . 10.0 il / . . - -
People (p/m): 0.31 § 8.0 i H ’;‘ ikl
Light'o (W/m):  14.34 6.0 - iy
Equip. (W/m"): 3.76 ;:g §= gg |
Infil(m/h/m): 0.64 0.0 £ B8
[J C/H Load Summary -2.0 8 9 to——t+ 15 16 17 18 t5—20
Cooling (W/m"): 99.70
Heating (W/n'): 109.12 l B2 |nternal S=VExternal =infiltr. —Gr. Total l
Load-Sum 2-1 AISUTILIOIE

A gms@:&@@:am&:&&m:{ 13 E




ASUS2 Ro032 2(RA2 DSA(ROI]H)

2-2. COOLING / HEATING LOAD SUMMARY

= 1 893 2,085 2,346 2,564 2,725 2,803 858 1,494
1F02 254 1 707 1,691 1,966 2,226 2,432 2,532 991 2,088
1F03 Xgal 1 1,668 3,623 4,049 4,408 4,672 4,804 1,620 3,782
1F04 =eld 1 644 1,300 1,438 1,553 1,640 1,686 587 1,601
1F05 AR 1 273 794 1,241 1,619 1,891 1,981 1,397| 4,082
1F06  LHAMT 1 286 586 687 812 97 1,098 641 1,793
1F07  LH&l2 1 414 806 940 1,104 1,306 1,465 865 2,588
1F08 2EE= 1 3,703 8,885 10,284 11,650 12,737 13,288 4,946 10,382
1F09 & H-1 1 859 2,064 2,380 2,688 2,934 3,054 1,079 2,075
1F10 2H-2 1 569 1,395 1,631 1,800 2,166 2,365 1,004| 1,847
1F11 2E-3 1 829 2,026 2,337 2,661 2,98 3,210 1,253 2,281
1F12 2E-4 1 796 2,002 2,356 2,748 3,161 3,457 1,499 2,799
1F13 QEREHHA-5 1 172 366 475 612 736 809 5171 1,407
1F14 QS LEHNA-4 1 174 363 467 596 713 782 493 1,343
IF15 Q@2EHHAI-3 1 239 517 665 847 1,015 1,110 683 1,809
1F16 Qet2EUHa-2 1 225 507 663 8% 1,032 1,133 702| 1,805
1F17 QL LEHA-1 1 238 520 676 868 1,045 1,146 715/ 1,889
1F18 BHIIa-3 1 239 528 715 953 1,175 1,303 872/ 2,306
1F19 SEXILA-2 1 236 541 731 969 1,188 1,314 863 2,235
1F20 HEXILHA-1 1 486 1,094 1,477 1,955 2,394 2,652 - 1,749] 4,562
1F21 DEetHa-1 1 317 702 925 1,202 1,45 1,603 1,020/ 2,670
1F22 NEetfal-2 1 415 1,423 2,127 2,987 3,752 4,176 2,757| 6,391
AM-Load0 =2 MEATILI0fE
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o <Xt AW oy FaEF AL
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=9l keal/hr
Azt 19 2¥ 38 48 E g 74 | |9¥ 128
1 80,802 76,850 57,827 38,392 19,760 8,418 - - 10,627 71,488
2 71,521 67,657 52,213 32,861 16,559 7,012 - - 8.845 63,753
3 71,605 68,246 52,184 32,422 16,044 6,786 - - 8,401 63,168
4 90,739 87,764 67,715 43,224 21,555 8,199 - - 9,657 78,591
5 112,288 111,420 91,025 60,298 30,553 11,039 - - 13,192 96,988
6 118,540 116,597 94.904 61,576 31,888 13,649 - - 16,051 102,386
7 120,517 117,369 98,842 64,758 35,273 16,656 - - 19,563 105,444
8 133,928 137,349 113,771 68,541 37,122 - - - - 119,211
9 146,904 145,536 113,561 62,839 33,395 - - - - 126,676
10 138,583 134,229 98,987 54.609 30,080 - - - - 117,213
11 145,079 138,462 98,722 54 348 30,342 - - - - 119,775
12 140,203 129 871 92,329 49 073 27,383 - - - - 116,096
13 111,534 100,345 71,918 40,488 23,515 - - - - 92,683
14 103,332 94,460 68,708 39,364 23,103 - - - - 88,819
15 99,532 91,049 66,181 37,670 22,033 - - - - 85,693
16 98,160 89,286 65,745 37,242 21,774 - - - - 84,868
17 106,334 96,939 72,251 41,003 23,483 - - - - 92,170
18 144 582 135,304 104,685 62,309 34,003 - - - - 126,099
19 186,942 179,499 146,942 94 443 51,200 - - - - 162,457
20 204,000 192,886 163,064 108,768 61,987 - - - - 179,645
21 193,341 179,881 153,166 103,115 61,820 31,583 - - 33,722 172,205
22 174 581 162,713 138,342 92,733 55,111 28,044 - - 30,686 156,081
23 143,101 134,168 113,031 74 565 43,152 20,960 - - 23,947 127,302
24 102,174 96,724 78,684 50,232 27,819 12,607 - - 15,317 89,943
AU 3,038,321 2,884,606 2,274,798 1,404 874 778,953 164,954 - - 190,009 2,638,755
22YF 31 28 31 30 31 30 31 31 30 31
il 94 187,947 80,768,955 70,518,740 42 146,231 24,147 534 4 948,630 - - 5,700,271 81,801,405
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1 - 49,717 47 174 - 96,892

2 - 46,034 43,243 - 89,278

3 - 46,034 43,243 - 89,278

4 - 46,034 45,209 - 91,243

5 - 49,717 47 174 - 96,892

6 - 51,558 49,140 - 100,698

7 42,052 51,558 51,106 - 144,916

8 47,533 127,008 120,658 - 295,199

9 79,222 129,125 124 891 70,671 403,908

10 84,503 137,592 131,242 76,560 429,897

11 84,503 129,125 124 891 58,892 397,411

12 63,378 133,358 129,125 92,157 418,018

13 68,659 143,942 137,592 83,779 433,973

14 89,785 150,293 143,942 103,886 487,906

15 89,785 152,410 146,059 103,886 492 140

16 84,503 137,592 131,242 100,535 453 872

17 79,202 116,424 112,190 97,184 405,020

18 68,659 105,840 105,840 97,184 377,523

19 63,378 105,840 105,840 95,508 370,566

20 42,052 105,840 105,840 84 672 338,604

21 36,970 86,545 74,693 63,504 261,712

22 31,689 51,558 68,796 - 152,043

23 - 49,717 49,140 - 98,857

24 - 51,558 47174 - 98,733
P 1,014,041 1,913,768 1,859,156 1,128,417 5,915,382
Fady 25 25 25 25 278
=0l 25.351.026 47 844.201 46.478.890 28.210.424 147,884,542
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. Gaia Geothermal

. Ground Loop Design Version 5

7] Average Block Loads - A{2Cj2 ¢l 20090228 [7] Average Block Loads - M2tz 2l 20090228
HECH2 20090228700 '_-:‘@‘ g[g‘@( HE022_20090228.20n
~Monthly Load Data i
Cooling Heating Reference Label: ]
Update
Total Peak Total Peak sy Lot
Cancel |(awh) 0| (w) o (owh) o] (w) 9 | Design Day Loads
S 0 0 [ 109521 285 [70 Days/Week  TmeofDay  HestGans HeatLosses
0 0 93T 224 i R 5
February 0 3 37990 1% Transfer 8am.-Noon | 405 2850
March Noon-4pm. | 2460 | 1196
" 0 0 [ 49007 126 MJ 4pm.-spm. | 405 | 1196
May 0 0 28079 72 gpm.-8am | 405 | 1196
e 20478 104 5754 2% Annual Eqivaent FulLoad Hours: | 699 | [ 1999 |
July o b g g Heat Pump Specfiications at Design Temperature and Flow Rate
Mt 54045 169 0 0
{v CustomPump  Pump Name I:l
September 32803 121 6628 25 Cooling Heating
October 0 0 | 343 89 Select Capacty (kW) 3490 [ 3380
i 0 0 | 65231 161 Detas Power (kKW) ]| 86.20 }11 Grm
0 0 95118 209 cop
December F - *r | rowrateumin) | i 11000
Total: | 171959 |20 | 5posey |20 Partial Load Factor | 070 | 0
| - Hours at Peak - Hours at Peak |
Flow Rate: Flow Rate:
Unit Inlet (°C): : o
A Umnyss 0eECO: [ 27 14 (i35 EIRLC) 270 | 60
EOm
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T Borehole esign Project- o Es

Resuks Fluid |Soi|| U-Tnbel Patteml Extra le Informationl

Design Heat Pump Inlet Fluid Temperatures

Cooling: |2?_l] 9%

Design System Flow Rate

Heating: | 60 °C

Flow Rate: | M4 (Ymin)/3.5kW

Solution Properties
¥ Automatic Entry Mode

Fiuid Type: | Ethanol -

Freezing Poﬂt:|-5-57 | oC

Spedific Heat (Cp): | 4752 k/(K*kg)
Density (tho): | 9755  kg/m™3

Check Fluid Tables |

7.0% by Weght

ot

Resuksl Flid ol | U-Tubel Patteml ExtrakW| Information|
Undisturbed Ground Temperature
Ground Temperature: | 150 °C

Soil Thermal Properties

Thermal Conductiviy: | 346 wj(m*K)

Thermal Diffusivity: [0223 m*~2/day

Diffusivey Calcuator | Check Sol Tables

Modeling Time Period

Prediction Time: | 150 vyears

Resu}tsl Fk:id| Sol U—Tubel Patteml Extra le Infurmafjonl
Calculated Borehole Equivalent Thermal Resistance

Borehole Thermal Resistance: | 0123 m*/w

Check Pipe Tables

Pipe Parameters
Pipe Resistance: |6.[161 mEK/W
v

" Close Together
& Average
@ " Along Outer Wal

Pipe Size:
Quter Diameter: | 422 mm Y ebe Captiatnn
Inner Diameter: | 345 mm @ Singk
Pipe Type: SOR1L v C Doubk
Fiow Type: =

—Radial Ppe Placement—— ~Borehole Diameter:

Borehole Diameter; | 150.1 mm

—Backfil (Grout) Information
Thermal Conductivity: | 199 W/(m*K)

Resuksl Fluidl 50i| U-Tube Pattem' Extra le Inﬁ)mation'

Vertical Grid Arrangement
Borehole Number: 30
Rows Across: ,T
Rows Down: ,1_
Borehole Separation: ,T m

Select | Clear

[ Use External File

Flename: No Fle

Boreholes per Parallel Circuit

Bores Per Circuit

Jam

1
Fixed Length Mode
[~ Onjoff Borehole Length | 1688 m

A aﬂs@:@@gmgw:(ﬁ



ok ARk 3+

= Borehole Design Project - A SCiZ &l 20090228 E=EEaR X
Lengths | Temperatures
COOLING HEATING COOLING HEATING
Total Length (m): 4417.8 5050.1 Unit Inlet (°C): 27.0 6.0
Borehole Length (m): 147.3 168.3 Unit Qutlet (°C): 32.6 3.0
Results | FIuidl Soill U—Tubei Pattern! Extra kW | Information
Calculate | COOLING  HEATING
Monthhy Dat
onthly Dta | Total Length (m): 4417.8 5050.1
Prediction Time: | 15.0 years Borehole Number: 30 30
o Borehole Length (m): 147.3 168.3
Design Met
et Ground Temperature Change (°C): -0.7 -0.6
& Fixed Temperature _
(" Fixed Length Unit Tnlet (°C): 27.0 6.0
; o
Inlet Temperatures Unit Outlet (°C): 32.6 3.0
| 27.0 oC I EQoC Total Unit Capacity (kW): 349.0 338.0
rr Peak Load (KW): 246.0 285.0
rehole Le _zh:I Bl i
i Ml Peak Demand (kW): 65.6 101.8
| Grid Layout | Heat Pump COP: 4.0 2.9
[ ie Ertanid B System COP: 3.8 2.8
Borehole Number: 30 System Flow Rate (L/min): 794.3 920.2
R Ac : I
S S0 —Optional Cooling Tower/Boiler
Rows Down: I 1 P g ) e Cooﬁng Tower
Separation rﬁ_{‘]" m Condenser Capacity (kW): 0.0 = 0 %
Coolng Tower Flow Rate (L/min): 0.0 = J N
Cooling Tower/Boiler Cooling Range (°C): 5.5 :ij Boiler
J— 0 % Annual Operating Hours (hr/yr): 0 ,!—- 0 %
Ji - Boier Capacity (KW): 0.0 fii b
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Project Name: Soeul Grand Zoo
Designer Name: Shin
Date: 2005-02-28
Client Name: 4 =1 29
Address Line 1: A =4 8 227 T4ih4-E 3241
Address Line 2:

Project Start Date: 2009-03-01

City: Phone: 02 393 5959
State: Fax: 02 393 858%
Zip: Email: vkshin@joeunenergy.com
Calculation Results
COOLING HEATING
Total Length (m): 4417.8 5050.1
Borehole Number: 30 30
Borehole Length (m): 147.3 168.3
Ground Temperature Change (°C): -0.7 -0.6
Uit Inlet (°C): 27.0 6.0
Unit Outlet (°C): 326 3.0
Total Unit Capacity (kW): 349.0 338.0
Peak Load (KW 246.0 285.0
Peak Demand (KW 65.6 101.8
Heat Pump COP: 4.0 29
System COP: 3.8 2.8
System Flow Rate (L/min}: 704.3 920.2
Input Parameters
Fluid Soil
Flow Rate: 11.4 (Limin)/3 5kW Ground Temperature: 15.0°C
Fluid: 7% Ethanol Thermal Conductivity: 3.46 Wim*K)
Specific Heat (Cp): 4252 kI/(K*kg) Thermal Diffusivity: 0.223 m"2/day
Density (tho): 573.5 kg/'m™3
Piping
Pipe Tvpe: 114 {32mm)-SDRI1
Flow Type: Turbulent
Pipe Resistance: 0.061 m*K/'W
U-Tube Configuration: Single
Radial Pipe Placement: Average
Borehole Diameter: 150.1 mm
Grout Thermal Conductivity: 1.99 Wim*K)
Borehole Thermal Resistance: 0.123 m*K/'W
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Input Parameters (Cont.)

Pattern Modeling Time Period
Wertical Grid Arrangement: 0=xl
Borehole Number: 30 Prediction Time: 15.0 years
Borehole Separation: 3.0m Long Term Soil Temperatures:
Boreholes per Parallel Circuit: 1 Cooling: 143 °C
Fixed Length Mode Off Heating: 144 °C
Grid File None
File:
Heat Pumps Optional Boiler/Cooling Tower
Manufacturer: Florida Heat Pump Tower Boiler
Series: WP Series (Water to Water) Load Balance 0% 0%
Design Heat Pump Inlet Load Temperatures: Capacity (kW) 0.0 0.0
Cooling (WB) Heating (DB) Cooling Tower Flow Rate (L/min). 0.0
Water to Air: 19.4°C 2119c Cooling Range (°C): 35
Water to Water: 12.8°C 37.8°C Anmual Operating Hours (hr/yr): ]
Extra KW Loads File
Pump Power: 48 kW
Cooh:ng Tower Pump: 0.0 kW AL 2= 2] 20090228.zom
Cooling Tower Fan: 0.0 kW e
Additional Power: 0.0 kW
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(11kw)

15.0 HP

7,187.7W
9.5 HP

(HIZ 2 (r ,kg/Litre) X L™ (H,m) X F2(Qv,Litre/Min)) X 9.8 + ( 60sec/min)
5,031.4 W
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6. 3P
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P,=Py+ Pp
A, Pt BFRARRE B Au A7) ol e e
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® i Alz=gle] HAA ¥ (kg/onG) ———mm—————mm s P
Pf = Pi + Al:)max
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VE =V X (Vf-Vi)

o] 1A, V£, Vi : tf, tio|A¢] E¢] 8] %

@ Fa&EAS(AF ‘Acceptance factor)E -3t}

AF = 1-((1.033+ P1)/(1.033+ Pf))

BRI EFHV)S ALk
Vt = VE / AF

2) A= vl AlzEle] YR

@ AT v A=) Al Bk

Pt E R B 9.3 [m]
- A2 wskr) e A 0 2.0 [m]
C AR W A 0 0.7 [m']
7 1 12,000 [e]

@ AT A =Ee] HA 2=t 4 [T

@ A= HjTA)AEe] HT &% tf : 40 [C]

® AF wh Az Ao e

Pi = 0.2+0.3 = 0.5 [kg/cnrG]

GELLECIEREZE

Pf = 0.5+1.9 = 2.4 [kg/anG]

©® VETHVE)= T3
VE = 12,000 X (1.00786-1.0000) = 94.3 [¢]



@ FraddAs

AF = (1-((1.033+0.5)/(1.033+ 2.4)) = 0.68

BRI ALt 8%
Vt = 94.3/ 0.68 = 139 [¢]

o WA HA

B a8 #F (Lit) 200
& g 5 (H 45
3 7] g X H
A (KG)
w o T (9) 15
%1iif% 33 B (o) 25
AL (9) 125
4 A 71 A4
Lo =9 wWE HAA
T 4 10 30 60 70 80 90
i/kg 1 1.00027 1.0044 1.01701 1.0228 1.029 1.0359
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