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7:03
1:33
8:02

:35
9:00
9:36
10:02
10:30
11:00
11:30
11:45
12:01
12:15
12:33
12:45

c02

(ppm)

454
492
538
623
720
837
892
930
943
888
877
815
761
698
661

2

30
50
93
113
148
138
136
151
129
103
44
3l
49
ol

2540

13:00
13:20
13:40
13:46
14:00
14:32
15:32
15:35
16:02
16:30
17:00
17:15
17:30
18:00

114
124
137
130
140
142
136
142
119
84
10
58
42

112



7:00
1:32
8.01
8:32
9:00
9:36
10:04
10:32
11:02
11:33
11:45
12:00
12:15

€02

(ppm)

439
483
521
588
655
758
862
793
832
821
793
82
707

()

22
60
97
134
144
135
126
149
122
104
54
33

3 2540

12:30
13:05
13:33
13:43
14:02
14:30
15:00
15:40
16:00
16:35
17:00
17:31
18:00

(ppm)

598
662
187
19
809
853
870
852
829
826
753
595
668

()
49

108
127
133
138
133
130
120
126
100
1

61

34

113



7:00
1:32
8:05
8:35
9:00
9:35
10:00
10:34
11:.01
11:35
11:45
12:03
12:19

02
(ppm)
440
478
h24
578
637
121
117
820
841
874
866
865
808

3l

16
17
33
48
ol
54
5/
47
62
50
48

10

2540

12:34
12:45
13:00
13:15
13:35
13:50
14:05
14:30
15:08
15:30
16:00
16:20

02
(ppm)
803
803
813
808
801
807
818
863
913
970
956
828

26
46
62
56
62
74
80
87
93
94
5
52

114



115

A4
7 1 2540
02 02

(ppm) () (ppm) ()
7:00 473 9 12:00 822 23
7:30 500 17 12:15 789 19
8:00 537 34 12:30 770 35
8:35 595 58 12:45 168 40
9:00 630 62 13:00 748 44
9:30 700 83 13:30 *749 67
10:00 167 18 14:00 182 17
10:30 717 1 14:30 793 8l
11:05 840 12 15:00 870 i
11:33 858 55 16:00 874 55

11:45 838 45 16:30 857 43



750
8:30
9:00
9:28
10:02
10:30
11:00
11:30
11:50
12:00
12:15
12:29

12

C02
(ppm)
548
614
112
823
933
978
997
977
968
962
848
813

14

34
ol
I
93
93
92
93
1
40
41
19
21

2540

12:50
13:00
13:30
14:10
14:30
15:00
15:33
16:07
16:28
16:43
17:00
17:20

C02
(ppm)
152
138
136
168
816
846
866
860
868
845
833
823

116



1:25
7:40
8:00
8:30
9:00
9:40
10:32
11:00
11:30
11:45
12:00
12:18
12:37

<2

(ppm)
499
532
550
629
741
852
963
988
976
945
898
849
788

12

15

15
A
40
66
1
85
84
95
74
43
18
18

2540

13:04
13:17
13:34
14:05
14:30
15:05
15:30
16:00
16:30
17:02
17:38
17:45
18:00

02
(ppm)
124
125
148
113
819
840
861
859
832
837
181
652
640

43
62
5
82
87
80
76
66
63

30
30
21

117



112
7:30
8:00
8:35
9:03
9:27
10:00
10:31
11:00
11:38
11:46
12:01
12:13
12:30

C02
(ppm)
458
411
510
578
672
748
838
886
903
924
881
829
800
753

12

()

13
29
55
5
83
85
87
5
69
60
23
18
20

16

12:45
13:03
13:26
13:35
14:04
14:30
14:55
15:43
16:15
16:30
17:00
17:35
18:00

23
45
ol
61
83
12
12
5
69
56
43
3l
19

118



1:15
7:30
8:05
8:30
9:06
9:30
10:00
10:34
11:00
11:36
11:45
12:01
12:15

02
(ppm)
419
438
491
YAl
612
673
703
713
632
663
642
614
597

15

8

()
23

30
44
55
66
18
87
84
84
64
66
45
32

2540

12:30
12:48
13:00
13:30
14:00
14:15
15:00
15:31
16:00
16:30
17:00
17:30
17:55

<
(ppm)
569
564
548
572
590
503
59
609
606
597
560
546
514

()
13

24
24
5/
63
69
12
12
12
50
43
29
21

119



1:20
143
8:00
:30
9:02
9:31
10:06
10:33
11:03
11:32
11:46
12:03
12:15

02
(ppm)
436
465
490
519
593
616
645
638
650
624
612
586
555

15

9

13
26
34
5/
5
61
60
61
5/
47
2A

13

2540

12:30
12:45
13:00
13:15
13:30
14:05
14:40
15:00
15:30
16:02
16:30
1701
17:25

02
(ppm)
531
540
546
558
568
591
632
647
648
662
573
505
477

20
45
50
53
55
54
56
56
5/
5/
34
34
24
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7:30
1:36
.00
831
9:02
9:28
10:00
10:30
11:00
11:30
11:40
12:00
12:23

10

02
(ppm)
448
451
497
530
588
632
653
632
614
609
575
558
534

18

17

()

13
3l
46
52
5/
62
60
53
46
21

2540

12:37
12:45
13:00
13:15
13:30
14:00
14:40
15:00
15:32
16:10
16:30
17:05
17:30

13
25
33
38
40
52
49
50
4
37
21
12

121



1:20
8:00
8:34
9:00
9:30
10:02
10:30
11:00
11:32
11:47
12:00
12:15
12:30

11

€02
(ppm)
419
486
531
572
576
567
538
494
528
496
497
483
477

18

(

21

13
26
34
o/
5
6l
60
6l
o/
iy
A

13

)

2540

12:45
13:00
13:22
13:30
13:45
14:00
14:36
15:00
15:30
16:00
16:37
16:52

€02
(ppm)
450
451
457
448
458
475
477
436
451
461
451
481

(

20
45
50
53
55
54
56
56
5/
5/
34
24

)

122



191

7:30
8:18
8:30
9.01
9:32
10:05
10:45
11:02
11:30
11:45
12:00
12:15
12:30

T 20

€02
(ppm)
423
441
441
468
492
516
540
507
549
550
553
521
501

Zzl'

(

13
16
23
25
35
29
3l
37
33
21
17
15

)

'02%

12:45
13:10
13:20
13:30
13:45
14:00
14:25
15:00
15:30
16:00
16:30
16:50

€02
(ppm)
508
471
470
474
468
472
484
488
474
504
489
478

(

12
20
20
17
16
29
20
23
25
23
18
16

)

123



1:05
155
8:39
10:00
11:10
12:25
13:20
14:15
15:20

1

2540
(°c)
215
01
324
348
358
386
376
376

2

1:20
8:15
9:25
11:15
13:15
14:20
15:10
16:05
17:00

124



14

55

10
9:15
10:15
11:15
12:00
13:20
14:05
15:00
16:00
17:07

2540
(C)
211
301
301
34.8
34.9
336
345
38.2
36.8
35.3
31

4

1:15
8:00
9:15
10:40
13:00
14:05
15:00
16:15

2540
(‘c)
30.3
298
3456
35.0
365
36.0
349
333

8

1:04
8:03
9:05
10:10
11:10
12:00
13:10
14:00
15:20
16:05
17:01

125

2540
(<)
28.7
28.8
299
308
35.7
348
35.7
36.2
34.0
305
301



126

15
9 2540
(C)
735 B3
9:15 293
1035 283
145 273
1330 273
1510 31

16:45 30.6



8:20
9:25
10:15
11:20
12:30
14:00
15:15
16:25

16

14
C02

433
458
411
417
404
423
411
451

2540
(ppm)

8:20
9:30
10:45
12:40
13:40
14:40
15:52
17:45

15
C02

2540

532
503
458
423
a1
397
400
420

(pprm)

.24
8:15
9:20
10:20
11:25
12:20
13:18
14:03
15:14
16:20
17:05

16
C02

127

2540

407
418
455
439
428
383
404
436
414
414
414

(ppm)



AURLIU WUITIARNE



1:20
8:15
10:15
11:20
13:00
14:20
16:00

18

1
C02

2540

428
415
398
391
383
401
393

(pprm)

1:20
8:15
9:25
11:15
13:15
14:20
15:10
16:05
17:00

2
C02

2540

398
423
393
394
381
361
397
397
412

(pprm)

6:55
8:10
9:15
10:15
11:15
12:00
13:20
14:05
15:00
16:00
17:07

3
C02

2540

432
433
413
392
390
391
367
396
400
402
392

(ppm)



1:15
8:00
9:15
10:40
13:00
14:05
15:00
16:15

19

4
<(2

2540

378
388
392
368
376
384
376
373

(ppm)

1:04
8:03
9:05
10:10
11:10
12:00
13:10
14:00
15:20
16:05
17:01

8
C02

2540

388
402
91
403
392
375
387
378
378
390
386

(ppm)

1:35
9:15
10:35
11:45
13:30
15:10
16:45

9
C02

130

2540

391
398
400
426
392
392
389

(ppm)
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Ir

.6 UFAITUMIIADATINT a8 Fresh A

sun a






10

Fresh Alr

396 ppm

2
Fresh A

Fresh Air

395 ppm

137



138

| Fresh Air

02

02



8:30
8:40
8:50
9:00
9:10
9:20
9:30
9:40
9:50
10:00
10:10
10:20
10:30
10:40
10:50
11:00
11:10
11:20
11:30
11:40
11:50
12:00
12:10
12:20
12:30
12:40

390.6
380.6
391.6
387.6
389.6
395.6
393.6

400.6
396.6
398.6
3916
389.6
390.6
401.6
392.6
389.6
392.6

412.6
398.6
391.6

28

2540

347.6
3516
374.6
3756
355.6
352.6
400.6
391.6
376.6
3756
419.6
403.6
4116
405.6
419.6
423.6
375.6
395.6
3756
4116
403.6
387.6
405.6
408.6
412.6
405.6

(%)
110
76
43
31
8.7
109
1.8

6.2
-5.8

-1.3

-5.1
4.1
-1.4
-5.9
4.3
-15
4.3

10
-3.5
-3.6

139



12:50
13:00
13:10
13:20
13:30
13:40
13:50
14:00
14:10
14:20
14:30
14:40
14:50
15:00
15:10
15:20
15:30
15:40
15:50
16:00

395.6
394.6
392.6
392.6
398.6
390.6
393.6
383.6
402.6
392.6
389.6
388.6
406.6

396.6
406.6
394.6
398.6
408.6
394.8

28

395.6
420.6
406.6
400.6
402.6
398.6
403.6
405.6
400.6
394.6
397.6
400.6
405.6
398.6
399.6
397.6
399.6
398.6
402.6
401.6
395.6

2540 (

)

(%)
0.0

-6.6
-3.6
-2.0
-1.0
-2.0
-2.5
-5.1

0.5

-0.5
2.1
3.1

0.2

-0.3

L7

-1.0
-1.0

L7

-0.2
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Input

ASCOS

PIT BUILDINGAIR ROV IN BUILDING AL DOCRS A.C8D
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.65 0.13

| 2565 0.07
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10
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11

0.65 0.0

265 0.0
ZONE; ELEVATOR#2
97.0 1 24 2

1 0765 0.07

2 0.65 0.0

2 0.65 0.0

2 0.65 0.0

2 0.65 0.0

310

2 0.65 0.0

3 11

% 0.65 0.0
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PTT BUILDING-AIR FLOW IN BUILDING, ALL DOORS CLOSED

temp fixed
compartment pressure proflle flow

1 1 12313 1 0.
1 2 12313 1 0.
1 3 12315 1 0.
1 4 12315 1 o
1 5 12315 1 o,
2 1 11728 1 0.

connection to

1 compartment
2 comBartment

ompartment
8mBartment

1 compartment

compartment
compartment
compartment
ideldirection 1

PO

com Eartment

1

1 compartment
1 compartment
2 compartment

ELEVATOR
irection 2

com Eartment

3 compartment

2 compartment
i comEartment

PTT BUILDING--AIR FLOW IN BUILDING, ALL DOORS CLOSED

temp fixed
oc  compartment pressure profile flow
2 2 1172.6 1 0.
2 3 1108.1 1 -472.
2 4 1173.0 1 0.
2 5 1173.0 1 0.
3 1 1120.1 1 0.
3 2 1119.6 1 0.

connection to

floor ompar%men%
mpartmen
IS AﬁWE{L P
FREIGHT ELEVATOR
LOW ZONE ELEVATOR#L
LOW ZONE ELEVATOR#2
LOW_ZONE_ELFVATOR#3
HI" ZONE ELEVATOR#L
HI ZONE ELEVATQR#2
HI ZONE ELEVATOR#3
floor 2 compartment
floor 2 compartment
floor 2 compartment
floor 2 compartment
floor, 1 compartment
outside direction 1
¥00r 2 compartment
oor 2 comparfment
floor 2 compartment
floor 1 compartment
STAIRWEL L#1
EXECUTIVE .ELEVATOR
outside direction 2
floor i compartment
floor compartment
floor 2 compartment
floor compartment
floor cgmBartment
STAIRWELL#
FREIGHT E
LOW Z0I
LOW ZONE ELEVATOR#Z

h‘ﬂ”zé"g%&év%ﬂm
Hl R ECEVATSES

PTT BUILDING--AIR FLOW IN BUILDING, ALL DOORS CLOSED

tem fixed
L<  compartment pressure profele flow
3 3 1054.7 1 -472.
3 4 1119.6 1 -70.
3 5 1119.6 1 -70.

connection to

floor 3 compartment
;oor %com artment
I G
out5|de'd|rect|on 1
floor 3 omBartment
(B 3 Eonbiinen
STAIRWE{L P

EXECUTIVE ELEVATOR
outside: direction 2

o

FNET T3¢ NC)

o

ENT NN

=t

o

differential Hu?StEd
pressure coefficient

5 51

4 I

ST

i

11 1084

1 1088

11 1088

0 58.6

L

8 fap2

0 33433

%) a%g%

) it

14 383

17 819

i) 33430

3 251

b 5?5

) ) justed

differential ?

pressure COef icient

5 836.9

§6 133?9

SO

-

-6 108.

7% 1088

64.9 58.6

5 836,

'64% %5‘?%25

: 333

i:% %3:%

i\ %Elgzg

12 397

1 219

g 2808

5 .

! é:%%

bW

: 1§ :

4 1

i 1088

. 108"

.

. 108

; 108

. ) adjusted

differential ww
pressure coefficient
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ASCOS 2.10
RUN ASCOS
L RUN ASCOS
RUN ASCOS
2.10
Input Fle RUN ASCOS
2,
2.10
(I QA\
=Cv+(CO-Cu)-g'r + A~ -
C(t) = Cv +( V)-e + Ke vJ
I : 1 .. 2540 7.00 .
.30 . 1

21
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! 464.4 ppm
(€0
473 ppm
(v
ASCOS 16168 .
V) 172,523

©)

1059 10 3¢fm’ x 17 =0.18003

(v

30
22
21 210
c{t) = 4644 +(473-464.4) x exp(-1,616.8x30/1 72,523) +
0.18003 x 106/ 1,616.8 x [L-exp(-L,616.8x30/1 72,523)]
= 4644 +6.49 +27.29
= 4982 pom

730 .
498.2 ppm
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Simple Pay-back Period
Demand  Cortrol
Ventilation(DCV) Constant Volume
DCV  On-off 1,000 cfm
- Fresh Ar 600 800
ppm Simple Pay-back Period DCV
DCV
DCV
Simple Pay-back Period DCV
300 cfm 44 13504.40 315823  594,193.60 138962.12  733,155.72
1500 ¢fm 22 4172720 928519 91799840 204274.18 1,122,272.58
1,855,428.30
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C 02 sensor

31

TON-hr

*%

164

DCV
DCV
44 28,588.90 6,236.13 1,257,911, 274,389.72  1,532,301.32
22 80,000. 5.0 . 1,7 ,0 . 110,0 . 1,870,0 .
3,402,301.32
(Fresh Air)
3,291,901 kw 12.54
15 kWa
1,404,324.97 KW
! =1,404324.97 KWx 1 .

=1,404,324.97 kW-h/
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=1,404,324.97 x 2.732 |

= 3,836,615.8 /
3.2
= 114.63 watt* « 3,393 . .« 44 +
4839 watt*, 3,393 . . X22
=53,234.5 kW-h/
=53,234.5x 2.732 /
= 145,436.8 /
3.3
1 =2400 | | <66
=158400 /
4140,452.6
4, Demand Control Ventilation
DCV
41 (fresh air)
2,460579.8 kw 9.37
TON-hr
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15 kiAa
1,049,683.34 kW

=1,049,683.34 kW
=1,049,683.34 kWX1 . .
=1,049,683.34 KW-h/

=1,049,683.34 X2.732 /
=2,867,734.9 I

4.2 fresh air
fresh arr =226.48* watt X37,766 . . +
226.48* watt X8,225 . .
= 10,416 kW-h/

=10,416 x 2.732 /
=28,456.5 |

4.3 C02sensor

C02sensor =100 [ | X22
=22,000 |

44

[EEEN
I

2400 /| X44
=105600 |
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45 (Qy sensor

< 2 Sensor = 9 watt/ X201 X13 .. X22
=672 KW-h/

=672 X2.732 /
=1,8359 I

DCV 3,025,627.3

5. Simply Pay-back Period DCV

Simply Pay-back Period DCV

Simple Pay-back Period Incremental Investment Cost
Incremental Operating Cost

Incremental Investment Cost [ DCV]-
[ ]
3,402,301.32-1,855,428.3
1,546,873.02

Incremental Operating Cost [

|-
DCY]
4,140452.6 - 3,025,627.3
11148253

Simple Pay-hack Period 1,546,873.02
1114,8253
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Simple Pay-back Period 14
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