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E-1 Buro Happold Model Equipment 
 
E-1a: Scroll Chiller 
 
Scroll Chiller Operating Characteristics and Specifications 
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E-1b: Boiler   
Vessiman  Model VSB- 57 
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E-1c: Domestic Hot Water Heater  

    

Model LW-500 
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Apartment Sizing Total MBH Sizing Sensible MBH Sizing Sensible MBH Geo Unit Selection GPM Group*
2C c 13.2 10.1 5.9 18.0 4.0 18 N
3C c 13.1 10 6.0 18.0 4.0 18 N
4C c 13 9.9 5.5 18.0 4.0 18 N
5C c 14.7 11.3 7.0 18.0 4.0 18 N

2D d 14.8 11.5 5.2 18.0 4.0 18
3D d 14.3 11.1 4.8 18.0 4.0 18
4D d 14.4 11.1 4.8 18.0 4.0 18

2E e 18.3 14.2 8.7 24.0 5.0 24 N
3E e 16.6 12.8 7.8 24.0 5.0 24 N
4E e 16.9 13 8.7 24.0 5.0 24 N
5E e 16.8 13 8.5 24.0 5.0 24 N
5D d 16 12.6 6.5 24.0 5.0 24
3F f 23.1 18.4 8.3 24.0 5.0 24

2F f 26 21.1 9.1 30.0 7.5 30
4F f 24.7 19.8 9.0 30.0 7.5 30
5F f 25.3 20.4 9.1 30.0 7.5 30

2A a 32.8 26.9 12.5 18/24 9.0 18/24 N
3A a 31.5 25.7 11.6 18/24 9.0 18/24 N
4A a 31.5 25.6 11.6 18/24 9.0 18/24 N
5A a 34.1 28.1 14.9 18/24 9.0 18/24 N
6A7A a 29.3 23.7 17.3 18/24 9.0 18/24 N
6C c 24.4 19.4 13.0 18/24 9.0 18/24 N
7C c 28.9 23.4 18.1 18/24 9.0 18/24 N
2B b 35.4 29.3 13.0 18/24 9.0 18/24
3B b 35.1 29.1 12.6 18/24 9.0 18/24
4B b 33.1 27.2 11.8 18/24 9.0 18/24
5B b 36.4 30.3 15.2 18/24 9.0 18/24
6D d 28 22.2 9.8 18/24 9.0 18/24
7D d 30.1 24.9 12.9 18/24 9.0 18/24
6B7B b 49.6 42.7 26.2 24/30 12.5 24/30
Shared 30 x6 45 Basement and Shared

E-2: Domestic Geothermal Equipment E-2: Domestic Geothermal Equipment 
  
E-2a: GT Selections and Modeling Breakdown E-2a: GT Selections and Modeling Breakdown 
  
Apartment Sizing Total MBH Sizing Sensible MBH Sizing Sensible MBH Geo Unit Selection GPM Group*
2C c 13.2 10.1 5.9 18.0 4.0 18 N
3C c 13.1 10 6.0 18.0 4.0 18 N
4C c 13 9.9 5.5 18.0 4.0 18 N
5C c 14.7 11.3 7.0 18.0 4.0 18 N

2D d 14.8 11.5 5.2 18.0 4.0 18
3D d 14.3 11.1 4.8 18.0 4.0 18
4D d 14.4 11.1 4.8 18.0 4.0 18

2E e 18.3 14.2 8.7 24.0 5.0 24 N
3E e 16.6 12.8 7.8 24.0 5.0 24 N
4E e 16.9 13 8.7 24.0 5.0 24 N
5E e 16.8 13 8.5 24.0 5.0 24 N
5D d 16 12.6 6.5 24.0 5.0 24
3F f 23.1 18.4 8.3 24.0 5.0 24

2F f 26 21.1 9.1 30.0 7.5 30
4F f 24.7 19.8 9.0 30.0 7.5 30
5F f 25.3 20.4 9.1 30.0 7.5 30

2A a 32.8 26.9 12.5 18/24 9.0 18/24 N
3A a 31.5 25.7 11.6 18/24 9.0 18/24 N
4A a 31.5 25.6 11.6 18/24 9.0 18/24 N
5A a 34.1 28.1 14.9 18/24 9.0 18/24 N
6A7A a 29.3 23.7 17.3 18/24 9.0 18/24 N
6C c 24.4 19.4 13.0 18/24 9.0 18/24 N
7C c 28.9 23.4 18.1 18/24 9.0 18/24 N
2B b 35.4 29.3 13.0 18/24 9.0 18/24
3B b 35.1 29.1 12.6 18/24 9.0 18/24
4B b 33.1 27.2 11.8 18/24 9.0 18/24
5B b 36.4 30.3 15.2 18/24 9.0 18/24
6D d 28 22.2 9.8 18/24 9.0 18/24
7D d 30.1 24.9 12.9 18/24 9.0 18/24
6B7B b 49.6 42.7 26.2 24/30 12.5 24/30
Shared 30 x6 45 Basement and Shared

total gpm: 255

Design Cooling Capacity Design Heating Capacity

 
 
 
 
 
 
 
 

* To simplify the TRACE model and still maintain the 
correct utility costs per apartment, apartments were 
modeled in groups that have the most similar load 
profiles.  If the group label is indicated in this document 
as such, it represents all the apartments in that group. 
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# of units in group Group Cooling EER COP Heating COP
3 18 48.333 18.78 5.50 43.038 4.14
4 18 N 64.444 18.78 5.50 57.384 4.14
2 24 46.962 17.03 4.99 46.48 3.75
4 24 N 93.924 17.03 4.99 92.96 3.75
3 30 81.279 19.11 5.60 79.26 4.43
6 18/24 237.552 18.1 5.30 225.516 4.0
7 18/24 N 277.144 18.1 5.30 263.102 4.0
1 24/30 50.574 18.0 5.27 49.66 4.1
6 30 B H 162.558 19.11 5.60 158.52 4.43  

 
 
 
 
 
E-2b: GT operating Characteristics 
 

GT Unit Unloading Curve
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Unit cfm
18 720

clg 16.111 Mbtuh
eer 18.78
htg 14.346 Mbtuh
cop 4.14

24 715
clg 23.481 Mbtuh
eer 17.03
htg 23.24 Mbtuh
cop 3.75

30 970
clg 27.093 Mbtuh
eer 19.11
htg 26.42 Mbtuh
cop 4.43

fan: high med low

cool 16.08 15.885 15.254

18.72 18.91 19.14 eer

heat 14.316 14.004 13.386
4.12 4.09 3.98 cop  

Calculated from Florida Heat pump software 
for .5 in wg, 3 fan speed, 60 deg source water 
cooling, 50 deg source heating 75, deg inlet air 
cooling,  70 air inlet heating  
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E-2d: Rooftop Unit 
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E-2e: Brazed Plate Heat Exchanger 
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Log Mean Temp Difference of Heat 
Exchanger used to calculate pump 

energy 
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E-3 – Central Geothermal System Equipment 
E-3a – Water to Water HP 

Water Furnace Water-to-Water EW-540 Geothermal Characteristics
Interpolation Calculation

Cooling part load

ELT EST  LGPM   PSI   FT HD   LLT   TC   KW   HR   EER   LST   PSI  FT HD  LLT  TC  KW  HR  EER  LST  PSI  FT HD  

50 108 3.4 7.9 25.8 217.4 12.5 259.9 17.4 55 3.2 7.4 25.8 219 12.2 260.5 18 54 4.7 11 Four Units, 50 Tons Each
50 135 5 11.5 26.6 222.7 12.5 265.5 17.8 55.1 3.2 7.4 26.6 224.8 12.2 266.4 18.4 54.1 4.7 11 Full Cooling Load
70 108 3.4 7.9 26.3 196.2 15.4 248.9 12.7 74.8 3 6.9 26.2 197.6 15.1 249.1 13.1 73.8 4.5 10.3 19.7 EER
70 135 5 11.5 26.9 200.9 15.5 253.9 12.9 74.8 3 6.9 26.9 202.8 15.1 254.4 13.4 73.9 4.5 10.3 Part Cooling Load
80 108 3.4 7.9 26.7 170.9 18.6 234.3 9.2 94.5 2.8 6.4 26.7 172.1 18.2 234.1 9.5 93.6 4.2 9.8 19.9 EER
80 135 5 11.5 27.3 175 18.7 238.8 9.4 94.6 2.8 6.4 27.3 176.6 18.2 238.8 9.7 93.6 4.2 9.8
50 108 3.2 7.4 44.3 300.5 13.7 347.2 21.9 56.6 3.2 7.4 44.2 302.7 13.4 348.3 22.6 55.3 4.7 11 Tons Mbtuh kW Cons Load
50 135 4.7 11 45.3 307.8 13.8 354.8 22.3 56.8 3.2 7.4 45.3 310.6 13.4 356.4 23.1 55.4 4.7 11 24.2931 291.51725 14.80307 12.08% 12.21%
70 108 3.2 7.4 44.7 276.2 16.7 333.2 16.5 76.4 3 6.9 44.7 278.2 16.3 333.9 17 75.1 4.5 10.3 49.75294 597.03527 30.63173 25.00% 25.00%
70 135 4.7 11 45.7 282.9 16.8 340.3 16.8 76.5 3 6.9 45.6 285.5 16.4 341.4 17.4 75.2 4.5 10.3 74.04604 888.55252 45.4348 37.08% 37.21%
80 108 3.2 7.4 45.3 248.8 19.9 316.8 12.5 96 2.8 6.4 45.2 250.6 19.5 317.1 12.9 94.8 4.2 9.8 99.50588 1194.0705 61.26346 50.00% 50.00%
80 135 4.7 11 46.1 254.9 20 323.3 12.7 96.2 2.8 6.4 46.1 257.2 19.5 323.9 13.2 94.9 4.2 9.8 123.799 1485.5878 76.06653 62.08% 62.21%

149.2588 1791.1058 91.89518 75.00% 75.00%
30 60 135 5 11.5 26.75 211.8 14 259.7 15.35 64.95 3.1 7.15 26.75 213.8 13.65 260.4 15.9 64 4.6 10.65 173.5519 2082.6231 106.6983 87.08% 87.21%
50 60 135 4.7 11 45.5 295.35 15.3 347.55 19.55 66.65 3.1 7.15 45.45 298.05 14.9 348.9 20.25 65.3 4.6 10.65 199.0118 2388.1411 122.5269 100.00% 100.00%

48.4492 60 135 4.723262 11.03877 44.04612 288.8715 15.1992 340.7381 19.22433 66.51818 3.1 7.15 44 291.5172 14.80307 342.0377 19.9127 65.1992 4.6 10.65

Cooling full load
50 108 3.2 7.4 39 577.8 27.8 672.6 20.8 62.8 3.2 7.4 38.9 582.1 27.1 674.7 21.4 60.3 4.7 11
50 135 4.7 11 41 591.9 27.9 687.2 21.2 63.1 3.2 7.4 40.9 597.3 27.2 690.3 21.9 60.5 4.7 11
70 108 3.2 7.4 39.9 531.1 33.9 646.8 15.7 82.3 3 6.9 39.8 535 33.1 648.1 16.1 79.9 4.5 10.3
70 135 4.7 11 41.7 544 34.1 660.4 15.9 82.6 3 6.9 41.6 549 33.3 662.5 16.5 80.1 4.5 10.3
80 108 3.2 7.4 40.9 478.5 40.4 616.5 11.8 101.8 2.8 6.4 40.8 482 39.5 616.8 12.2 99.4 4.2 9.8
80 135 4.7 11 42.5 490.1 40.7 628.9 12.1 102 2.8 6.4 42.4 494.6 39.7 629.9 12.5 99.6 4.2 9.8
50 108 3 6.9 56.1 725.5 30.2 828.6 24 65.8 3.2 7.4 56 730.9 29.5 831.6 24.8 62.7 4.7 11
50 135 4.5 10.3 58.6 743.2 30.4 846.8 24.5 66.2 3.2 7.4 58.5 750 29.6 851.1 25.3 63 4.7 11
70 108 3 6.9 57 680 36.5 804.6 18.6 85.4 3 6.9 56.9 685 35.7 806.7 19.2 82.3 4.5 10.3
70 135 4.5 10.3 59.4 696.5 36.7 821.8 19 85.7 3 6.9 59.3 702.9 35.8 825.1 19.6 82.6 4.5 10.3
80 108 3 6.9 58.1 621.4 42.7 767.1 14.6 104.6 2.8 6.4 58 626 41.7 768.3 15 101.7 4.2 9.8
80 135 4.5 10.3 60.3 636.5 42.9 783 14.8 104.9 2.8 6.4 60.2 642.4 41.9 785.2 15.3 102 4.2 9.8

44
50 60 135 4.7 11 41.35 567.95 31 673.8 18.55 72.85 3.1 7.15 41.25 573.15 30.25 676.4 19.2 70.3 4.6 10.65
70 60 135 4.5 10.3 59 719.85 33.55 834.3 21.75 75.95 3.1 7.15 58.9 726.45 32.7 838.1 22.45 72.8 4.6 10.65

53.11615 60 135 4.668839 10.89093 44.1 591.6171 31.39731 698.8071 19.04858 73.333 3.1 7.15 44 597.0353 30.63173 701.5941 19.70637 70.68952 4.6 10.65

Heating full load

ELT EST  LGPM   PSI   FT HD   LLT   HC   KW   HE   COP   LST   PSI  FT HD  LLT  HC  KW  HE  COP  LST  PSI  FT HD  Four Units, 50 Tons Each
100 50 108 2.7 6.2 111.2 584.1 47 423.6 3.6 41.9 3.2 7.4 111.2 588.4 45.9 431.8 3.8 43.4 4.8 11 Full Heating Load
100 50 135 4.1 9.5 109.1 598.3 47.3 437 3.7 41.7 3.2 7.4 109.2 603.8 46.2 446.1 3.8 43.2 4.8 11 3.76 COP
120 50 108 2.5 5.8 130.5 548.5 57.8 351.4 2.8 43.3 3.2 7.4 130.5 552.6 56.4 360.2 2.9 44.5 4.8 11 Part Heating Load
120 50 135 3.8 8.9 128.6 561.9 58.1 363.7 2.8 43.1 3.2 7.4 128.7 567.1 56.8 373.3 2.9 44.3 4.8 11 3.84 COP

100.8205 50 135 4.087692 9.475385 109.9 596.8067 47.74308 433.9928 3.663077 41.75744 3.2 7.4 110 602.2944 46.63487 443.1133 3.763077 43.24513 4.8 11

Heating part load Tons Mbtuh kW Cons Load
25.50926 306.11117 23.54619 12.62% 12.71%

100 50 108 2.7 6.2 105.7 301 22.6 223.9 3.9 45.7 3.2 7.4 105.8 303.2 22 228 4 46.5 4.8 11 50.1912 602.29436 46.63487 25.00% 25.00%
100 50 135 4.1 9.5 104.7 308.3 22.7 230.9 4 45.6 3.2 7.4 104.8 311.1 22.2 235.4 4.1 46.4 4.8 11 75.70046 908.40553 70.18106 37.62% 37.71%
120 50 108 2.5 5.8 125.4 282.7 27.7 188 3 46.4 3.2 7.4 125.4 284.8 27.1 192.4 3.1 47.1 4.8 11 100.3824 1204.5887 93.26974 50.00% 50.00%
120 50 135 3.8 8.9 124.4 289.6 27.9 194.4 3 46.3 3.2 7.4 124.5 292.2 27.3 199.2 3.1 47 4.8 11 125.8917 1510.6999 116.8159 62.62% 62.71%

150.5736 1806.8831 139.9046 75.00% 75.00%
110 176.0829 2112.9942 163.4508 87.62% 87.71%

105.2792 50 135 4.020812 9.341624 109.9 303.364 24.07259 221.2655 3.736041 45.78477 3.2 7.4 110 306.1112 23.54619 225.8447 3.836041 46.55838 4.8 11 200.7648 2409.1774 186.5395 100.00% 100.00%

swpdLWPD Source 108 gpm swpd source 135 gpm

swpdsource 135 gpmswpdSource 108 gpmLWPD

30

50

50

70

 



                     H O B O K E N  R E S I D E N T I A L 

                                                               EEE333   
   

 
E-3b –  Domestic hot Water Heater, same as E-1c 
E-3c – Heat Exchanger, same as E-2e 



H O B O K E N  R E S I D E N T I A L 

                                                         EEE222   
   

E-4: Base Case Model Equipment 
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