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Appendix A: Graphical interpretation of Table 4.2
in Mathlab software

Table 4.2: Percentage of deration Vs percentage of humidity at constant atmospheric

temperatures [30]

Atmospheric Percentage Humidity
Temperature | 10 [ 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 [ 100
Percentage Derating
85 05 | 10 | 15 | 20 | 24
90 0.4 1.0 | 16 | 22 | 2.7 | 33
95 0.2 0.9 16 | 22 | 29 | 36 | 4.2
100 0.7 1.5 22 | 30 | 38 | 46 | 53
105 03 | 12 2.1 30 | 39 | 48 | 57 | 6.6
110 07 | 18 2.8 38 | 49 | 59 | 69 | 80
115 12 | 24 3.6 48 | 6.0 | 7.2 | 84 | 96
120 0.4 1.7 3.1 4.5 5.9 7.3 8.6 | 10.0 | 114
125 08 | 23 | 39 5.5 71 | 87 | 10.2 | 11.8 | 134

80 80 8§ 80 180,:.80..80, 80 180.,80
85 85  #fomk 85 85 85 85 85 85 85
90 90 % H0 Log-Cop01ey- | 6B-568 (90
95 95 @ 95 95vy951195mrosic 9k 95
100 100 100 100 100 100 100 100 100 100
105 105 105 105 105 105 105 105 105 105
110 110 110 110 110 110 110 110 110 110
115 115 115 115 115 115 115 115 115 115
120 120 120 120 120 120 120 120 120 120

125 125 125 125 125 125 125 125 125 125

10 20 30 40 50 60 70 80 90 100
10 20 30 40 50 60 70 80 90 100
10 20 30 40 50 60 70 80 90 100
10 20 30 40 50 60 70 80 90 100
10 20 30 40 50 60 70 80 90 100
10 20 30 40 50 60 70 80 90 100
10 20 30 40 50 60 70 80 90 100
10 20 30 40 50 60 70 80 90 100
10 20 30 40 50 60 70 80 90 100
10 20 30 40 50 60 70 80 90 100
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>> stem3(x,y,z,'MarkerFaceColor','g')
>> grid on
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Appendix B: Calculations of the model

When the temperature is maintaining at 90°F,

Fitted Line Plot
Y=-5.5556x10-6 X3+0.0012262 X2- 0.03004X- 0.42381

3.5 s 0.0487950
R-Sq 99.9%
3.0 R-Sq(adj) 99.8%

2.5

2.0

1.5

1.0 4

0.5

0.0

40 50 60 70 80 9% 100

X
Y=-5.5556x10-6 X3+0.0012262 X?- 0.03004X- 0.42381------------ >T90

Fitted Line Plot
Y=-8.5859x10-6 X3+0.0018409X2-0.059455X+0.30714
S 0.0855970
R-Sq 99.8%
44 R-5q(adj) 99.7%
3]
> 2
[)
1
( ]
0 4
30 40 50 6 70 8 90 100
X
Y=-8.5859x10-6 X3+0.0018409X?-0.059455X+0.30714------------ >T95

Regression Analysis is S = 0.0855970 R?=99.8% R? (adj) =99.7% P=0.000
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When the temperature is maintaining at 100°F,

Fitted Line Plot
Y=-2.2727x10-6 X3+0.00047294X2+0.045974X-1.7405
6 S 0.0321489
R-Sq 100.0%
R-Sq(adj) 100.0%
5 4
4 4
> 37
2]
1
04
30 40 50 60 70 8 9 100
X
Y=-2.2727x10-6 X3+0.00047294X2+0.045974X-1.7405---------- >T100

Regression Analysis is S = 0.0321489 R2=100.0% R? (adj) =100.0% P=0.000

When the temperature is maintaining at 408°F,

b4 Fitted'Line Plot
R
Y=—7.0707x;1§’f6, X3+0.0014545%2-D+0038384%+0.53333

s 0.100905
R-Sq 99.9%
R-Sq(adj) 99.8%

10 20 30 40 50 60 70 8 90 100
X

Y=-7.0707x10-6 X3+0.0014545X2-0.0038384X-0.53333--------- >T105
Regression Analysis is S = 0.100905 R2=99.9% R? (adj) =99.8% P=0.000
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When the temperature is maintaining at 110°F,

Fitted Line Plot
Y=-3.0303x10-6 X3+0.00063961X2+0.06105X-1.5071

91 S 0.0722550
R-Sq 100.0%
8 - R-Sq(adj) 99.9%

10 20 30 40 50 60 70 80 90 100
X

Y=-3.0303x10-6 X3+0.00063961X2+0.06105X-1.5071----------- >T110

Regression Analysis is S = 0.0722550 R2=100.0% R? (adj) =99.9% P=0.000

When the temperature [is sriaintadpingeat 265k,

Jamt
=)
ot Fitted Line Plot
Y=-5.050851821 X3 MRl i 2.4
104 . 5
R-Sq 100.0%
R-Sq(adj)  100.0%
8.
64
>
4]
2.
0.
10 20 30 40 50 60 70 80 90 100
X
Y=-5.0564x10-21 X3+1.3582 x10-18 X2?+0.12X-2.4-----m--mmemmmv >T115

Regression AnalysisisS=0 R?=100.0% R? (adj)=100.0% P=0.000
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When the temperature is maintaining at 120°F,

Fitted Line Plot
Y = -0.7433 +0.04170 X
+0.001645 X**2 - 0.000009 X**3

124 S 0.169155

R-Sq 99.9%

10 R-Sq(adj) 99.8%
84
> 67
4_
24
04

0 20 40 60 80 100
X
Y=-8.5664x10-6 X3+0.0016445X?+0.041696X-0.74333-----—---- >T120

Regression Analysis is S = 0.169155 R2 =09.0% R? (adj) = 99.8% P=0.000

When the teﬁﬁ%ﬁture isimaintainiag lal 28,

- Fitted Line Plot
Y = - 1.063 + 0.08020 X
+0.001330 X**2 - 0.000007 X**3

144 S 0.135729

R-Sq 99.9%

124 R-Sq(adj) 99.9%
104
8

>
64
44
24
0-
0 20 40 60 80 100
X
Y=-6.9347x10-6 X3+0.0013298X2+0.080204X-1.0633------------ >T125

Regression Analysis is S = 0.135729 R?=99.9% R? (adj) =99.9% P=0.000
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Appendix C: Scatter plot of measured temperature and RH points

using Matlab software
X =
Columns 1 through 15
82.0400 81.6800 81.5000 81.1400 81.1400 80.9600 81.3200 84.3800 86.3600
89.7800 93.5600 93.5600 93.9200 96.6200 94.8200
Columns 16 through 30
93.2000 90.6800 87.4400 85.1000 84.3800 83.6600 82.9400 82.5800 82.0400
81.8600 81.3200 81.3200 81.1400 80.9600 81.1400
Columns 31 through 45
81.3200 84.2000 89.2400 89.2400 89.7800 90.3200 90.8600 90.8600 93.7400
93.7400 90.5000 88.1600 85.2800 83.8400 83.3000
Columns 46 through 48

82.7600 82.4000 82.2200
Columns 1 thréirg

70.4000 78.8000 80.1000 81.1000 79.1000 81.1000 80.2000 73.6000 69.4000
61.6000 54.6000 54.6000 53.5000 44.5000 46.8000

Columns 16 through 30

50.7000 59.8000 65.4000 72.3000 69.9000 72.7000 74.4000 75.7000 77.5000
80.0000 80.6000 80.6000 81.1000 80.2000 81.9000

Columns 31 through 45

82.2000 75.2000 64.3000 64.2000 59.7000 58.4000 51.6000 50.0000 44.5000
47.1000 59.3000 66.2000 69.4000 72.3000 75.5000

Columns 46 through 48

77.2000 77.8000 78.6000

>> scatter (X,y,'+','r)
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p=
Columns 1 through 15
82.4000 82.0400 81.8600
90.1400 93.9200 93.9200
Columns 16 through 30
93.5600 91.0400 87.8000
82.2200 81.6800 81.6800
Columns 31 through 45
81.6800 84.5600 89.4200
94.1000 90.8600 88.5200
Columns 46 through 48
83.1200 82.7600 82.5800

q=
Columns 1 through 15
725000 804000 | 82,2000
63.6000 56.6@0 56:6Q00
Columns 16 through 30
52.7000 61.8000 67.4000
82.0000 82.6000 82.6000
Columns 31 through 45
84.2000 77.2000 66.3000
49.1000 61.3000 68.2000
Columns 46 through 48
79.2000 79.8000 80.6000

>> scatter (p,g,'+','9’)

81.5000
94.2800

85.4600
81.5000

89.6000
85.6400

83,2006
58,000

74.3000
83.1000

66.2000
71.4000

81.5000
96.9800

84.7400
81.5000

90.1400
84.2000

81.2000
46.5000

71.9000
82.2000

61.7000
74.3000

96

81.3200
95.1800

84.0200
81.5000

90.6800
83.6600

83:2000
48.8000

74.7000
83.9000

60.4000
77.5000

81.6800 84.7400 86.7200

83.3000 82.9400 82.4000

91.2200 91.2200 94.1000

52,3000 75.6000 71.4000

76.4000 77.7000 79.5000

53.6000 52.0000 46.5000
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Appendix D: Psychrometric chart enthalpy calculations
(For 28°C and 72.5 % RH)
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Appendix E: Psychrometric chart cooling load calculations
(For 25°C and 30 % RH and 34.4°C and 56.6 % RH)

abd

é‘
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Appendix F: Hot water chiller performance data

NOTE: Extracted from Model Selection and Design manual of Broad Central Air
Conditioning (Absorption LiBr+H20), Broad X Non- Electric Chiller

Packaged Single-stage Steam/Hot W . /Exhaust Chiller
Performance Data BDSY/BDHY/BDEY: steam/hot water/exhaust
([pumpset, enclosure data are the same as steam chiller)

Code |Model|Cooling |Chiled W Cooling W Steam Hot Exhaust| Exhaust| Solution |Unit - Main Chiller
capacity A Pressure |7 Precsure consump|water (consu- |consu- |wi. ship. shpll op::emﬁon
drop drop consu-|mp. mp. wt.  ship. weight
mp. wi.
kW mifh  kPa mih  kPa kg/h mih  |kg/h kW t + ot ¢
Single- |20 233 2846 30 647 50 454 / / 25 07 35 4
stage |30 |349 429 20 571 50 488 / ! 2.5 0.3 45 f 5]
steam |50 552 714 20 162 50 1148 ! / 25 1.7 45 |/ 7
chiler |75 a7z 07 a0 243 40 1714 / / 53 22 85 | 95
BDS oo |nsa 143 30 24 &0 2288 |/ / 57 24 05/ 15
g‘;ﬁ;‘a 125  |1454 179 20 405 &0 7863 ! / 57 3z 125 f 14
: 150 |1745 214 40 486 4D 3435 / / 57 35 4 14
284 40 547 4D 45581 / / 8.6 55 0/ 22
357 50 807 70 5728 / / 10,1 50 235 /24
423 50 371 70 437 3.2 2B /) W
7 =0 §29 i 39 { , 2 23 iy I B v
14 40 88 90 1483 1378 7 /7 44
5 21 1177 [ e S BT K5 45 |4 2% 49
Single- 252 25 595  5C / 24 4 2.5 7 35 /4
stage TEWWEH si¥IIT.ad ¥ 2 2.5 3 45 f 5]
hot 29 25 144 5C / . 2.5 7 45 |/ 7
waler |75 767 742 25 218 80 / 90 { 53 22 85 [/ 95
chilsr 1100|1023 125 25 291 80 / 120 |/ 57 2.4 105 / 1.5
ﬁg” 125 1279|157 25 364 60 |/ 150 |/ 57 a2 125 / 14
water | 1590|1538 188 20 437 4D ! 180 |/ 57 3.5 4/ 14
smc 200 |2046 251 a0 582 70 / 240 |/ 8.6 55 0/ 22
250 |2558 313 40 728 70 / w0 |/ 10.1 50 235 /2%
00 |306% | 378 40 873 70 ! a8l |/ 10,1 8.2 2 /3
400 |4082 |503 40 1164 70 ! 48 |/ 135 |a¢9 3 4 a7
500 |s115 428 50 1455 %0 / s01 |/ 138 |17 /28 44
400 |&138 754 50 1746 90 / 722 |/ 17.5 145 |/ 30 50
Single- |20 233 284 30 647 50 { / 5471 |25 08 4 /44
stage  |3p 249 429 30 F71 50 f / 8474 (25 1.2 5 5.5
exhaust
chiler 50 582 714 30 142 50 / / 14128 |2.5 21 75 T4
BCE |75 a7z 07 30 243 &0 / / 21128 |53 25 s/ 10
exhaust
sooec 100 (1183 143 30 324 40 ! / 28218 (57 28 nmoof 125
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Appendix G: Steam chiller performance data

NOTE: Extracted from Model Selection and Design manual of Broad Central Air
Conditioning (Absorption LiBr+H20), Broad X Non- Electric Chiller

Steam Chiller Performance Data
BSY: Steam from power generation or industrial waste streams

Mode BS [20 30 50 75 100 |125 150 200 250 |300 400 500 600 800 1000
Coolingcapacity kW [233 349 582 872 1163 1454 1745 2326 2908|3489 4652 5815 6978 9304 11630
10%eal/h [20 30 50 75 100 |125 150 200 250 |300 400 500 (600 800 1000
Chilled W
Flowrate m3/h |28.6 42.9 71.4 107 143 (179 214 286 357 429 571 714 (857 1143 1429
Pressure drop kPa |30 30 30 30 30 (30 40 40 50 |50 50 40 |60 60 60
cooling W
Flowrate m3/h |48.8 72.3 122 183 244 [305 366 488 410 733 977 1221 |1465 1953 2442
Pressure drop kPa |50 50 50 50 50 |50 50 50 40 |60 60 70 |70 70 70
sieamconsumption  kg/h |248 372 619 931 1240|1553 1866 2486 3112|3734 4983 6227|7473 9967 12455
Power demand kW |17 32 43 446 68 68 68 102 102|117 132 177 |20.7 259 349
Solution weight t108 11 19 26 30 41 46 67 75 |99 112 146|175 227 282
Unit ship. w t14 59 75 5 114 21 2 /|7 /I
Main shell ship. s 1 |26 ] 3 k210 15, 20 24 |28 29 30
Operationwe ]lfﬁ’f 4.5 18 24 3(] 5 4 54 |63 75 85
Packaged Steam Chiller Performance Data
Mode BSY |20 30 50 75 100|125 150 200 250 300 400 500 (600 800 1000
Cooling capacity KW 233 349 582 872 1163|1454 1745 2326 2908 3489 4652 5815 6978 9304 11630
Pumpset chilled/neating W.pump
exfernal head mMHO|22 22 22 24 24 |7 7 2 28 28 28 32 32 32 32
power demand KW|4 75 75 15 15 (22 30 37 44 (60 60 110 |10 150 180
cooling W.pump
external head mH,O[10 10 10 15 15 [15 15 15 16 (16 16 17 |17 17 17
power demand KW|3 75 75 15 15 (22 22 37 44 44 & 90 |10 150 180
total power demand KW|7 15 15 30 30 |44 52 74 88 |104 120 200 (220 300 360
operation weight t[05 07 08 33 33 (36 37 63 66 |72 88 59/86/61/88 61/98 9698
Cooling  |power demand KW|55 11 11 1 15 15 15 22 37 |37 37 555 74 74 925
fower operation weight t|25 45 51 59 76 |143 143 19 234 |234 287 351 |467 574 718
Enclosure  |ventilation powerdemand kW |03 03 03 10 15 |15 15 15 20 |20 20 20 |30 30 30
weight t{05 07 08 34 34 [39 39 52 56 (63 68 110 |15 145 155
Bectiicly | fofal power demand KW [14.5 306 30.6 466 533|673 753 1077 1372|1547 1722 2752 |317.7 4029 490.4
s  waterdemandiorcooling  #/h |06 09 15 20 30 38 45 60 75 9 122 15 18 24 30
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Appendix H: Chiller performance data and prices

NOTE: Extracted from Model Selection & Design Manual of Broad X Absorption
Chiller.

HTG Enlorged Models Performc:nce DO'I'O & Price Fuels: natural gas, biogas, diesel or gas/oil

Model BYZ [20 50 75 100 125 150 200 250 300 400 500 400 800 1000
chiller cooling capacity kW 233 582 872 1163 1454 1745 2326 2908 3489 4452 5815 6978 9304 11630
10%cal/h |20 50 75 100 125 150 200 250 300 400 500 600 800 1000
heating capacity kKW (179 449 472 897 1121 1349 1791 2245 2487 3582 4489 5385 7176 8967
hotwaier capacity kW |80 200 300 400 500 600 800 1000 1200 1600 / / / /
chilled water
flow rate m’/h |28.571.3 107 142 178 214 285 356 427 570 712 854 1139 1429
pressure drop kPa [30 30 30 30 30 40 40 50 50 50 40 60 60 60
cooling water
flow rate m’/h |48 120 180 240 300 360 480 600 720 960 1200 1440 1920 2400
pressure drop kPa [50 50 50 50 50 50 50 60 &0 &0 /0 /0 /0 /0
chiled/heatfing water
fliow rate m*/h |15.3 385 579 771 964 116 154 193 231 309 386 463 617 771
pressure drop kPa |20 20 20 20 20 20 30 30 40 40 50 50 &0 60
hot water
flow rate m’/h |34 86 129 172 215 258 344 430 516 688 / / ! /
pressure drop kPa |20 20 20 20 20 20 30 30 40 40 / / !/ /
nature gas consumption
cooling m*/h |171 427 641 855 107 128 171 214 257 513 684 855
heating m’/h |19.4 485 72.4 97 121 146 194 243 290 582 /76 970
hot water m/h |88 22 33 44 55 66 88 110 132 / / /
erde{?‘-:-'-sj EW 12558 64 W28 . 284 116,160 167 2.7 40.7 499 633
leT33" :igjt LRl W e P i mn e i s 7 .7 21.6 287 347
u 4 é\%y 114 74 E 2138 10 §1 dR2 133001 § / / /
ma né};ﬁ "“p. wi. v/ 54 7 83 92 12 145 16.3 299 383 375
operd B SPOIBIITTR8116.0] K194 220 299 355 424 76.5 971 113.2
pump set p
external head mH,O |1? 1?9 20 20 22 22 22 2 22 22 26 26 26 26
power demand kW |4 11 15 15 22 30 37 44 &0 80 110 10 150 180
cooling water pump
external head mH,O0 (10 10 10 10 10 10 10 10 100 10 10 10 10 10
power demand kW |3 75 15 15 22 22 ¥ 44 44 40 90 10 150 180
hot water pump
external head mH,0 (10 10 12 12 12 12 12 12 12 12 f / / /
power demand kW |0.39 058 2.2 3 3 44 44 44 6 6 / / !/ /
operation weight (9 143 3.8 38 42 43 71 74 81 97 59/86 61/8.6 61/98 9.6/98
pump set power
demand kW 732 1908 32233 47 564 784 924 110 126 200 220 300 360
cooling cooling fower power
fower demand kW (55 1 m 15 15 15 2 37 3/ 44 555 /4 88 110
operation weight |/ 21 57 73 123 123 146 202 202 242 303 404 484 604
machine lighting, ventilation power
room demand kW |03 03 10 15 15 15 15 20 20 20 20 30 30 30
weight v/ / 56 56 65 65 86 94 105 114 184 192 242 3258

electricity  |total power demand kKW 1157 362 50.3 59.3 73.3 84.5 118.6 148.1 170.7 197.2 289.4 3377 4409 536.3
consumption| eleciiicity consumplion

of water |forcoding KW 153 35.6 49.6 563 721 818 118.8 1483 1678 195.6 291.6 3439 449 540

distibution | geciricty consumption

system  lrheding KW |5 128 19 195 283 38 485 56 74 762 126 137 182 212
gocdvoomumein W |14 24 62 75 93 124 159 64 20 22/ [ [ ]
waleconsumpionjooing) Vh 10g 15 2 3 38 45 6 75 9 12 15 18 24 30

price chiller Eol000[76 153 189 221 258 286 356 410 469 576 670 758 964 1164
pump set Fuol000(19 26 44 60 71 81 108 128 144 170 203 238 295 345
cooling tower EuolOOOl® 15 4 /[ [ / / / / / / / /
mochineroom  Ewol000|3 4 11 11 15 15 18 23 23 23 35 35 45 5|
fotal Eurol000[107 198 244 292 344 382 482 561 636 769 908 1031 1304 1560
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