PROJECT: Single Speed

TOWER TECH ENERGY ANALYSIS REPORT

6/13/2004

—
-

LOCATION DATA

CITY:

Anytown, USA

ALTITUDE (ft.):

887

AVERAGE WET BULB TEMPERATURE (F): 48.4
PHYSICAL DETAILS
TOWER TECH
NUMBER OF CELLS: 6
CELL LENGTH (ft.): 30
CELL WIDTH (ft.): 12
TOWER LENGTH (ft.): 72
TOWER WIDTH (ft.): 30
SUBSTRUCTURE HEIGHT (ft.): 6
MOTOR TYPE: Single-Speed
MOTOR BHP: 7.5
TOTAL TOWER BHP: 450
TRANSMISSION EFFIECIENCY: 100%
NUMBER OF FANS PER CELL: 10
FAN DIAMETER (ft.): 4.75
HUB DIAMETER (ft.): 1
FAN EFFIECIENCY(%): 70
FAN MOTOR EFFICIENCY (%): 82.5
PUMP EFFICIENCY(%): 80
PUMP MOTOR EFFICIENCY(%): 90
CYCLES OF CONCENTRATION: 4.5
FILL TYPE: CF1900
FILL DEPTH (ft.): 5
TOTAL SYSTEM PUMP HEAD (ft.): 41.39
COMPETITOR
NUMBER OF CELLS: 6
CELL LENGTH (ft.): 18.97
CELL WIDTH (ft.): 18.97
TOWER LENGTH (ft.): 113.84
TOWER WIDTH (ft.): 18.97
MOTOR TYPE: Single-Speed
MOTOR BHP: 75
TOTAL TOWER BHP: 450
TRANSMISSION EFFIECIENCY: 96%
NUMBER OF FANS PER CELL: 1
FAN DIAMETER (ft.): 15.02
HUB DIAMETER (ft.): 3.16
FAN EFFIECIENCY (%): 70
FAN MOTOR EFFICIENCY (%): 82.5
PUMP EFFICIENCY(%): 80

PUMP MOTOR EFFICIENCY(%):

90

CYCLES OF CONCENTRATION:

3

TOTAL SYSTEM PUMP HEAD (ft.):

50
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PROJECT: Single Speed

6/13/2004

DESIGN CONDITIONS
FLOW RATE (gpm): 15690
NOZZLE FLOW RATE (gpm): 261.5
HOT WATER TEMPERATURE (F): 97
DESIGN COLD WATER TEMPERATURE (F): 85
MINIMUM COLD WATER TEMPERATURE (F): 78
WET BULB TEMPERATURE (F): 78

RANGE (F):

12

APPROACH (F):

7

RELATIVE HUMIDITY:

70%

TOWER TECH DESIGN-POINT THERMAL DATA

HEAT LOAD (million Btu/hr): 94.1
WATER LOADING (gpm/ft"2): 7
BHP: 7.51
LIQUID TO GAS RATIO (L/G): 1.28
EVAPORATION RATE (%): 110%
INLET VELOCITY (fpm): 1306.6
FAN VELOCITY (fpm): 1416.5
FILL VELOCITY (fpm): 683.3
CELL AIR FLOW (cfm): 239804.3
TOWER AIR FLOW (cfm): 1438826
AIR DENSITY (Ip/ft*3): 0.07
DYNAMIC PRESSURE (wig): 0.116
STATIC PRESSURE (wig): 1.15
EXIT WET BULB TEMPERATURE (F): 90.85
DESIGN SAFETY FACTOR (%): 0%
UNIT COST
ELECTRICITY ($/kW-hr): 0.06
WATER PURCHASE ($/1000-gal): 1.54
WATER DISPOSAL ($/1000-gal): 2.14
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PROJECT: Single Speed

CHEMICAL TREATMENT AND PUMP ENERGY COSTS
WET BULB # LOAD LOAD FLOW (GPM) CHEMICAL $ PUMP $
Low Hi HOURS TONS Mbtu/hr | COMP TTECH COMP TTECH COMP TTECH

-22 -20 0.1 875 13.1 5230 5230 0 0 0 0)
-20 -18 0.2 875 13.1 5230 5230 0 0 1 1
-18 -16 0.3 875 13.1 5230 5230 0 0 1 1
-16 -14 0.5 875 13.1 5230 5230 0 0 2 2
-14 -12 0.8 875 13.1 5230 5230 0 0 3 3
-12 -10 1.2 875 13.1 5230 5230 1 1 5 4
-10 -8 2 875 13.1 5230 5230 1 1 8 7
-8 -6 3.1 875 13.1 5230 5230 2 1 13 11
-6 -4 4.7 875 13.1 5230 5230 3 2 19 16
-4 -2 7.1 875 13.1 5230 5230 4 3 29 24
-2 0 10.3 875 13.1 5230 5230 6 5 42 35
0 2 14.7 875 13.1 5230 5230 9 7 60 50
2 4 20.5 875 13.1 5230 5230 12 10 84 70
4 6 27.8 875 13.1 5230 5230 17 13 114 95
6 8 37 875 13.1 5230 5230 22 18 152 126
8 10 48.1 875 13.1 5230 5230 29 23 198 164
10 12 61.2 875 13.1 5230 5230 37 29 252 208
12 14 76.3 875 13.1 5230 5230 46 37 314 260
14 16 93.1 875 13.1 5230 5230 56 45 383 317
16 18 111.3 875 13.1 5230 5230 67 53 457 379
18 20 130.6 875 13.1 5230 5230 78 63 537 444
20 22 150.5 875 13.1 5230 5230 90 72 619 512
22 24 170.3 875 13.1 5230 5230 102 82 700 579
24 26 189.5 875 13.1 5230 5230 113 91 779 645
26 28 207.6 875 13.1 5230 5230 124 99 853 706
28 30 224.2 875 13.1 5230 5230 134 107 921 763
30 32 238.9 875 13.1 5230 5230 143 114 982 813
32 34 251.5 875 13.1 5230 5230 151 121 1034 856
34 36 261.8 875 13.1 5230 5230 157 125 1076 891
36 38 270.1 875 13.1 5230 5230 162 129 1110 919
38 40 276.4 875 13.1 5230 5230 166 132 1136 940
40 42 281.2 1017 15.3 7845 7845 196 157 1734 1435
42 44 284.7 1301 19.5 7845 7845 254 203 1755 1453
44 46 287.4 1586 23.8 7845 7845 312 250 1772 1467
46 48 289.5 1870 28 7845 7845 371 296 1785 1477
48 50 291.6 2154 32.3 7845 7845 430 344 1798 1488
50 52 294.3 2438 36.6 10460 10460 491 393 2419 2002
52 54 298.4 2723 40.8 10460 10460 556 445 2453 2030
54 56 305.5 3007 45.1 10460 10460 629 503 2511 2079
56 58 317.1 3291 494 10460 10460 714 571 2607 2157
58 60 334.1 3576 53.6 10460 10460 818 654 2746 2273
60 62 355.7 3860 57.9 13075 13075 940 752 3655 3025
62 64 378.4 4144 62.2 13075 13075 1073 859 3888 3218
64 66 395 4428 66.4 13075 13075 1197 958 4059 3359
66 68 396.3 4713 70.7 13075 13075 1278 1023 4072 3370
68 70 374.1 4997 75 15690 15690 1280 1024 4613 3818
70 72 325.7 5281 79.2 15690 15690 1177 942 4016 3324
72 74 257.1 5565 83.5 15690 15690 979 784 3170 2624
74 76 181.5 5850 87.7 15690 15690 727 581 2238 1852
76 78 113.4 6134 92 15690 15690 476 381 1398 1157
78 80 62.4 6276 94.1 15690 15690 268 214 769 637
80 82 30.2 6276 94.1 15690 15690 130 104 372 308
82 84 12.9 6276 94.1 15690 15690 55 44 159 132
84 86 5 6276 94.1 15690 15690 21 17 62 51
86 88 1.7 6276 94.1 15690 15690 7 6 21 17
88 90 0.6 6276 94.1 15690 15690 3 2 7 6)
90 92 0.2 6276 94.1 15690 15690 1 1 2 2
TOTALS 8766 16100 12900 66000 54600
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PROJECT: Single Speed
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TOWER TECH FAN ENERGY AND WATER USAGE
WET BULB # SHORT # # HP FAN $ EVAP. WATER [[WATER $|| CHEM $
Low Hi HOURS HOURS PUMP TOWER (%) (M gal) WASTE || WASTE
=22 -20 0.1 0 2 5 7.5 0 0.281 0 0 0
20 18 0.2 0 2 5 75 0 0.283 0 0 0
-18 -16 0.3 0 2 5 7.5 0 0.285 0 1 0
16 14 0.5 0 2 5 75 0 0.287 0.001 1 1
-14 -12 0.8 0 2 5 7.5 0 0.289 0.001 2 1
12 10 12 0 2 5 75 0 0.291 0.001 3 1
-10 -8 2 0 2 5 7.5 1 0.293 0.002 5 2
3 6 3.1 0 2 5 75 1 0.29 0.004 7 3
-6 -4 4.7 0 2 5 7.5 2 0.298 0.006 11 5
4 2 7.1 0 2 5 75 3 0.3 0.009 17 8
-2 0 10.3 0 2 5 7.5 4 0.303 0.013 25 11
0 2 14.7 0 2 5 75 6 0.305 0.018 37 16
2 4 20.5 0 2 5 7.5 8 0.308 0.026 51 23
4 6 27.8 0 2 5 75 11 031 0.035 70 31
6 8 37 0 2 5 7.5 15 0.313 0.047 94 42
8 10 48.1 0 2 5 75 20 0315 0.061 124 54
10 12 61.2 0 2 5 7.5 25 0.318 0.079 159 70
12 14 76.3 0 2 5 75 31 0.32 0.099 199 88
14 16 93.1 0 2 5 7.5 38 0.323 0.122 245 108
16 18 1113 0 2 5 75 45 0326 0.147 296 130
18 20 130.6 0 2 5 7.5 53 0.329 0.174 350 154
20 22 150.5 0 2 5 75 61 0331 0.202 406 179
22 24 170.3 0 2 5 7.5 69 0.334 0.23 464 204
24 26 189.5 0 2 5 75 77 0.337 0.258 521 229
26 28 207.6 0 2 5 7.5 84 0.34 0.286 575 253
28 30 2242 0 2 5 75 91 0.343 0311 627 276
30 32 238.9 0 2 5 7.5 97 0.346 0.335 674 296
32 34 2515 0 2 5 75 102 0.349 0355 715 315
34 36 261.8 0 2 5 7.5 106 0.352 0.373 751 331
36 38 270.1 0 2 5 75 110 0.356 0.389 784 345
38 40 276.4 0 2 5 7.5 112 0.359 0.402 809 356
40 12 2812 0 3 6 75 114 0.28 0.478 963 424
42 44 284.7 0 3 6 7.5 116 0.362 0.626 1260 554
44 16 2874 0 3 6 75 117 0.447 0.779 1570 691
46 48 289.5 0 3 6 7.5 118 0.533 0.936 1885 830
48 50 291.6 0 3 6 75 119 0.621 1.098 2102 974
50 52 2943 0 4 6 7.5 120 0.53 1.261 2541 1119
52 54 2984 0 4 6 75 121 0.599 1.445 2911 1282
54 56 305.5 0 4 6 7.5 124 0.669 1.652 3328 1466
56 58 317.1 0 4 6 75 129 0.74 1.896 3821 1683
58 60 334.1 0 4 6 7.5 136 0.812 2.192 4417 1946
60 62 355.7 0 5 6 15 289 0.708 2.544 5126 2258
62 64 378.4 0 5 6 22.5 462 0.769 2.939 5922 2609
64 66 395 0 5 6 30 643 0.832 3319 6688 2947
66 68 396.3 0 5 6 37.5 806 0.896 3.586 7226 3184
68 70 374.1 0 6 6 67.5 1370 0.804 3.646 7345 3236
70 72 325.7 0 6 6 97.5 1722 0.863 3.407 6864 3024
72 74 257.1 0 6 6 142.5 1987 0.924 2.879 5801 2556
74 76 181.5 0 6 6 217.5 2141 0.99 2.177 4387 1933
76 78 113.4 0 6 6 352.5 2168 1.063 1.461 2943 1297
78 80 62.4 62.4 6 6 450 1523 1.122 0.848 1709 753
80 82 302 302 6 6 450 737 1.178 0.431 869 383
82 84 12.9 12.9 6 6 450 315 1.295 0.202 408 180
84 86 5 5 6 6 450 122 1295 0.078 158 70
86 88 1.7 1.7 6 6 450 41 1.295 0.027 54 24
88 90 0.6 0.6 6 6 450 15 1295 0.009 19 8
90 92 0.2 0.2 6 6 450 5 1.295 0.003 6 3
TOTALS 8766 113 16700 43.9]  88500] 39000
AVERAGE EVAPORATION RATE (%): 0.676904
FAN AND PUMP ENERGY RATIO (kW/ton): 0.050498
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PROJECT: Single Speed
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COMPETITOR FAN ENERGY AND WATER USAGE
WET BULB # SHORT # # HP FAN $ EVAP. WATER [[WATER $|| CHEM $
Low Hi HOURS HOURS PUMP TOWER (%) (M gal) WASTE || WASTE
=22 -20 0.1 0 2 2 75 0 0.278 0 0 0
20 18 0.2 0 2 2 75 1 0.28 0 1 0
-18 -16 0.3 0 2 2 75 1 0.282 0 1 1
16 14 0.5 0 2 2 75 2 0.284 0.001 2 1
-14 -12 0.8 0 2 2 75 3 0.287 0.001 2 1
12 10 12 0 2 2 75 5 0.289 0.002 4 2
-10 -8 2 0 2 2 75 8 0.291 0.003 6 4
3 6 3.1 0 2 2 75 13 0.293 0.004 10 6
-6 -4 4.7 0 2 2 75 19 0.296 0.007 15 9
4 2 7.1 0 2 2 75 29 0.298 0.01 23 13
-2 0 10.3 0 2 2 75 42 0.3 0.015 34 19
0 2 14.7 0 2 2 75 60 0303 0.022 48 28
2 4 20.5 0 2 2 75 83 0.305 0.03 68 39
4 6 27.8 0 2 2 75 113 0.308 0.042 93 54
6 8 37 0 2 2 75 151 0.31 0.056 124 72
8 10 48.1 0 2 2 75 196 0313 0.073 163 94
10 12 61.2 0 2 2 75 249 0.316 0.094 210 121
12 14 76.3 0 2 2 75 310 0318 0.118 263 152
14 16 93.1 0 2 2 75 379 0.321 0.145 324 188
16 18 1113 0 2 2 75 453 0.324 0.175 391 226
18 20 130.6 0 2 2 75 531 0.327 0.207 463 268
20 22 150.5 0 2 2 75 612 033 0.241 538 312
22 24 170.3 0 2 2 75 693 0.333 0.275 614 356
24 26 189.5 0 2 2 75 771 0335 0.308 687 398
26 28 207.6 0 2 2 75 844 0.338 0.34 760 440
28 30 2242 0 2 2 75 912 0.341 0371 828 430
30 32 238.9 0 2 2 75 972 0.345 0.4 892 517
32 34 2515 0 2 2 75 1023 0.348 0.424 947 549
34 36 261.8 0 2 2 75 1065 0.351 0.445 994 577
36 38 270.1 0 2 2 75 1099 0354 0.463 1034 600
38 40 276.4 0 2 2 75 1124 0.358 0.479 1070 621
40 12 2812 0 3 3 75 1144 0.279 0.574 1280 739
42 44 284.7 0 3 3 75 1158 0.361 0.746 1667 968
44 16 2874 0 3 3 75 1169 0.445 0.924 2067 1204
46 48 289.5 0 3 3 75 1178 0.531 1.106 2478 1447
48 50 291.6 0 3 3 75 1186 0.619 1.296 2904 1699
50 52 2943 0 4 4 75 1197 0.53 1.497 3353 1958
52 54 2984 0 4 4 75 1214 0.598 1.709 3830 2240
54 56 305.5 0 4 4 75 1243 0.668 1.951 4375 2562
56 58 317.1 0 4 4 75 1290 0.739 2.237 5018 2941
58 60 334.1 0 4 4 75 1359 0.812 2.586 5805 3405
60 62 355.7 0 5 5 75 1447 0.708 3.007 6744 3951
62 64 378.4 0 5 5 75 1539 0.769 3.47 7787 4566
64 66 395 0 5 5 75 1607 0.832 3915 8788 5157
66 68 396.3 0 5 5 75 1612 0.896 4.226 9490 5571
68 70 374.1 0 6 6 75 1522 0.804 4302 9654 5663
70 72 325.7 0 6 6 150 2650 0.863 4.016 9017 5292
72 74 257.1 0 6 6 150 2092 0.924 3.392 7617 4473
74 76 181.5 0 6 6 225 2215 0.99 2.564 5758 3383
76 78 113.4 0 6 6 375 2306 1.063 1.719 3861 2270
78 80 62.4 62.4 6 6 450 1523 1.122 0.998 2242 1318
80 82 302 302 6 6 450 737 1.178 0.507 1139 670
82 84 12.9 12.9 6 6 450 315 1.295 0.238 534 315
84 86 5 5 6 6 450 122 1295 0.092 207 122
86 88 1.7 1.7 6 6 450 41 1.295 0.031 70 41
88 90 0.6 0.6 6 6 450 15 1295 0.011 25 15
90 92 0.2 0.2 6 6 450 5 1.295 0.004 8 5
TOTALS 8766 113 43600 51.9] 116300] 68100
AVERAGE EVAPORATION RATE (%): 0.587013
FAN AND PUMP ENERGY RATIO (kW/ton): 0.077592
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PROJECT: Single Speed
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COST SUMMARY
COMPETITOR TOWER TECH

INITIAL COST
TOWER COST: $ 360,000.00 $ 440,000.00
HEAD DIFFERENTIAL PUMP COST: $ 9,200.00
NUMBER DIFFERENTIAL PUMP COST: | $ -
TOTAL $ 369,200.00 $ 440,000.00
ANNUAL COST
PUMP ENERGY: $ 66,000.00 $ 54,600.00
WATER TREATMENT: $ 84,200.00 $ 51,900.00
FAN ENERGY: $ 43,600.00 $ 16,700.00
WATER PURCHASE AND DISPOSAL: $ 116,300.00 $ 88,500.00
TOTAL $ 310,100.00 $ 211,700.00
COST PER YEAR PER TON: | $ 115.46 | | $ 78.82
TOWER TECH BREAK EVEN MONTHS: | 9.0 |

10 YEAR TOTAL COST: | $ 3,470,200.00 | | $ 2,557,000.00

10 YEAR COST SAVINGS: | $ 913,200.00 |
% SAVINGS (base=competitor's initial cost): I 247 |
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