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ABSTRACT: The objective of this study is to develop optimal alternative selection model for
renewing building equipments system. Cost Breakdown Structure of LCC in HVAC systems
are deduced from resonable data and factors. As for Cost Breakdown Structure of LCC in
HVAC system, pertinent level, title, CBS number, and block number are determined efficiently.
Especially, in addition to current cost factor, it is possible to make Cost Breakdown Structure
using present worth method more clear. A model of POWER LCC ver 1.0 used to analyze
primary cooling system, heating system, and air conditioning system are POWER LCC ver
1.0-system = C1+ C2—C3+ C4+ C5+ C6+ C7T+C8+ C3—C10-,+Cl0_,+ Cl10_3, and is

implemented with consideration of Cost Breakdown Structure and their summation using pre-
sent-worth method. It is programmed with one of scientific languages, MATLAB 5.3.

Key words: Cost breakdown structure(¥]-# ¥ F A7), Present-worth method(87}4), Life
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Table 1 Survey on CB.S. of LCC
CB.S. of LCC (frequency / percentage) The sub-category of C.B.S. (frequency / percentage)

1. Plan - Design cost (23/63.9%) % g‘:;g?it()s(tlz{;’;’/'g;/"l)%)

2. Initial investment cost (36/100%)

@ Price of machine (36/100%)

® Cost for setting equipment (20/55.6%)

@ Cost for pre-operation (10/27.8%)

@ transportation cost (7/19.4%)

® Substation cost (8/22.2%)

® Construction cost of pipe - duct (24/66.7%)

3. Support cost (16/44.4%)

@ Responsibility cost (14/38.9%)

® tax benefit (2/5.6%)

® Low rate financing for equipment (5/13.9%)
@ Compensation or damages (1/2.8%)

4. Energy cost (34/94.4%) @ Energy cost<electricity, gas, oil> (34/94.4%)

D Water service cost (20/55.6%)

5. Water service and Drainage cost (20/55.6%) @ Drainage cost (17/47.2%)

® Water clean cost (2/5.6%)

@ Cost for repairing and changing accessories (30/83.3%)

: 9
6. Maintenance cost (32/88.9%) ’ @ Cleaning + Checking cost (29/80.6%)

@ Property tax (7/19.4%)
@ City plan tax (1/2.8%)
@ Estate acquisition tax at first year (2/5.6%)

(¢}
Tax (9/25%) @ Registration tax at first year (2/5.6%)

7. General management ® Public facility tax (4/11.1%)

cost

® Education tax (0/0%)

@ Machine insurance bill (1/2.8%6)
® Fire insurance bill (7/19.4%)

Labor cost (23/63.9%) | @ Labor cost for operation (23/63.9%)

Insurance cost (7/19.4%)

8. Salvage cost (15/41.7%)

@ Removal cost (14/38.9%)
@ Cost on sell (1/2.8%)

9. Renewal cost (19/52.8%)

@ Construction cost for renewal (19/52.8%)
@ Labor cost for renewal construction (18/50%)

D Value to remain (17/47.2%)

10. Other cost (22/61.1%) @ Increased interest for initial investment (2/5.6%)

® Cost of space used (10/27.8%)
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Fig. 1 CB.S. of LCC in HVAC systems.
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LCC-nvac
LCC-nvac = C1+C2-C3+C4+C5+C6+C7+C8-1~C8-,+C9-C10-1.C10-,+C10-3
Plan Design cost Initial investment Support cost Energy cost Water service
c1 cost C3 C4 and Drainage cost
Ci=C1-r+Clze c2 C3=C3.1+C3.2+C3.9 C4=C41+Ch-, c5
C2=C2.1+C2.+C2 C5=C5-1+C5-2+C5.3
Plan cost Price of machine Responsibility Energy cost Water service
C14 C2- cost <electricity, gas,oil> cost
t l C3, Cd Chy
I | ]
Design cost Substation cost Tax benefit Energy cost Drainage cost
Cl.z C2., C3 <eglectricity, gas,oil> C5.
| C4,
Construction cost Low rate Water clean cost
of pipe & duct financing for Ch3
C24 equipment
C3a
Maintenance cost General Salvage cost Renewal cost Other cost
Cc6 Management cost [¢] C9 C10
C6=C6.1+C6-2 c7 ©8-C8.-C82 €9=C9.1+C9-2 C10=-C10-1
CT=CT-+CT-1+CT *C“TC'%
Cost for repairing Tax Removal cost Construction cost Value to remain
and changing C7-1 C8. for renewal ci0,
accessories ] I 9. |
C6-1 Insurance cost Cost on sell I
C7- C8-, Labor cost for Increased interest
renewal for initial
construction investment
€9 C10-2
Cleaning Checking Labor cost ;
g‘:‘ C7- Cost of space
2 used
C103
Fig. 2 Model of LCC evaluation.
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Table 3 Equipment of alternate system

alternative . -
. system A system B
equipment
1. Refrigeration machine O O
2. Cooling tower O O
3. Chilled water pump O O
4. Cooling water pump @] O
substation,
5. etc. substation ga.ls-meter,
static pressure
controller

et HATNAY. Wdd Axge Frrigd
YE29 Wdw, Wdse g9=E ye g2 7E
59 RE7I7I7F Edduig A d AsdTF
et Al2wle] Aul A& Table 3% 2t
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250l H§ B FEVAE Z o] T
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Table 4 Assumptions to cost item variable of

CBS.
rate
variable rate
®-Interest rate (Discount rate) 12%
(®-Maintenance cost rate as to price rate | 10%
(©-Energy cost rate 9%
@-Water service and drainage cost rate 9%
(®-Fire insurance bill rate 3%
®-Tax rate 3%

Table 5 LCCis calculation for different cooling
system (unit: 1000 won)

* Turbo-refrigeration machine.
™ Direct-fired two-stage absorption chiller-heater.

alternative | System|system
item of cost A B

235,050]2563,350

(D-Initial investment cost

@-Plan cost 3,427 | 3,638
®-Design cost 10,530 | 11,164
@-Tax benefit 0 -11,443

®-Low rate financing for equipmen| 0 -22,275
®-Energy cost 395,998 281,890
(M-Water service and drainage cost| 56,147 | 78,077

®-Maintenance cost 42,542 | 59,619
®@-Fire insurance bill 682 714
@@-Tax 9,828 | 10,276

®-Inter§:s.,t o.f the increased amount 27,000 0
of Initial investment cost

LCCss 781,2041665,010
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Table 6 LCCis sensitivity analysis for different
of energy cost (unit: 1000won)

cost system A system B

rate ® LCCis ® LCCys
4% 284,184 | 669,389 | 202,296 | 585416
5% 303,085 | 683291 | 215,750 | 598,871
6% 323566 | 708,772 | 230,330 | 613,450
7% 345771 | 730,977 | 246,136 | 629,257
8% 369,858 | 755,063 | 263,282 | 646,403
9% 395,998 | 781,204 | 281,890 | 665,011
10% 424,379 | 809,584 | 302,093 | 685214
11% 455,205 | 840,410 | 324,036 | 707,157
12% 488,698 | 873,904 | 347,879 | 731,000
13% 525,103 | 910,309 | 373,794 | 756,914
14% 564,683 | 949,889 | 401,968 | 785,089

Table 7 LCCis sensitivity analysis as water
service * drainage cost (unit: 1000 won)

cost system A system B
rate @ LCCis @ LCCss
4% 40,293 765,350 56,031 642,965
5% 42,973 768,030 59,758 | 646,692
66 45,877 770,934 63,796 | 650,730
7% 49,025 774,082 68,174 | 655,108
8% 52,440 717497 | 72923 | 659,857
9% 56,147 781,204 78,077 | 665,011
10% 60,171 785,228 83,673 670,607
11% 64,541 789,598 89,751 676,685
12% 69,290 794,347 96,355 | 683,288
13% 74,452 799,509 | 103533 | 690,466
14% 80,064 805,121 | 111,336 | 698270
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Table 8 LCCis sensitivity analysis for different
price rate of maintenance cost (unit:

1000 won)
cost system A system B
rate LCCss LCCss
5% 30,383 769,044 | 42579 | 647,971
6% 32,436 771,097 | 45456 | 650,848
7% 34,662 773,323 | 48576 | 653,968
8% 37,077 775,738 | 51,960 | 657,352
9% 39,697 778,359 55632 | 661,024
10% 42,542 781,204 | 59619 | 665,011
11% 45,632 784,294 | 63950 | 669,342
12% 48,990 787,651 68,745 | 674,137
13% 52,639 791,301 73,769 | 679,161
14% 56,607 795269 | 79330 | 684,722
15% 60,922 799,583 85,377 | 690,769

Table 9 LCCis sensitivity analysis for different
fire insurance bill (unit: 1000 won)

cost system A system B
rate ® LCCis ® LCCys
1% 603 781,124 631 664,928
2% 641 781,162 670 664,968
3% 682 781,204 714 665,011
4% 727 781,248 760 665,058
5% 776 781,297 811 665,108

Table 10 LCCis sensitivity analysis for dif-
ferent tax rate (unit: 1000 won)

cost system A system B

tax

rate ) LCCss @ LCCis5
1% 9,241 780,617 9,663 664,398
2% 9,523 780,899 9,958 664,692
3% 9,828 781,204 10,276 665,011
4% 10,158 781,533 10,621 665,356
5% 10,515 781,890 10,994 665,729
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Table 11 LCCis sensitivity analysis for different discount rate (unit: 1000 won)
rate Discount rate
item -
of cost 7% 8% 9% 10% 11% 12% 13% 14% 15% 16% 17%
@D 235,050 | 235,050 | 235,050 | 235,050 | 235,050 | 235,050 | 235,050 | 235,050 | 235,050 | 235,050 | 235,050
® 3,427 3,427 3,427 3,427 3427 3,427 3,427 3,427 3,427 3,427 3,427
©) 10,530 | 10,530 | 10,530 | 10,530 | 10,530 | 10,530 | 10,530 | 10,530 | 10,530 | 10,530 | 10,530
® |568,554 |526,511 | 488,698 | 454,621 | 423,846 | 395,998 | 370,747 | 347,806 | 326,924 | 307,879 | 290,476
system| @ | 80613 | 74651 | 69,290 | 64,458 | 60,095 | 56,147 | 52,566 | 49,314 | 46,353 | 43,653 | 41,185
A 61,556 | 56,914 | 52,744 | 48,990 | 45603 | 42542 | 39,770 | 37,254 | 34,966 | 32,882 | 30,980
® 934 874 819 769 724 682 645 610 579 549 523
@ 11,680 | 11,241 | 10,836 | 10,468 | 10,133 | 9,828 9,549 9,294 9,060 8,845 8,648
) 15,750 | 18,000 | 20,250 | 22,500 | 24750 | 27,000 | 29,250 | 31,500 | 33,750 | 36,000 | 38,250
LCCs | 988,103 | 937,198 | 891,644 | 850,813 | 814,158 | 781,204 | 751,534 | 724,785 | 700,639 | 678,815 | 659,069
@ | 253,350 | 253,350 | 253,350 | 253,350 | 253,350 | 253,350 | 253,350 | 253,350 | 253,350 | 253,350 | 253,350
@ 3,638 3,638 3,638 3,638 3,638 3,638 3,638 3,638 3,638 3,638 3,638
® 11,164 | 11,164 | 11,164 | 11,164 | 11164 | 11,164 | 11,164 | 11,164 | 11,164 | 11,164 | 11,164
@ |-11,443|-11,443|-11,443|-11,443 | -11,443 | -11,443 | -11,443 | -11,443 | -11,443 | -11,443 | -11,443
® | -22275|-22,275{ -22.275 | -22,275 | -22,275 | -22,275 | 22,275 | -22,275 | -22,275 | -22,275 | -22,275
System| @ | 404,724 | 374,796 | 347,238 | 323,621 | 301,714 | 281,890 | 263,915 | 247,585 | 232,720 | 219,163 | 206,775
B @ 112,100 | 103,810 | 96,473 | 89,636 | 83568 | 78,077 | 73,099 | 68,576 | 64,458 | 60,703 | 57,272
86,266 | 79,760 | 73916 | 68,655 | 63909 | 59,619 | 55,734 | 52,208 | 495,001 | 46,081 | 43416
® 977 914 856 804 757 714 674 638 605 574 546
() 12,222 | 11,754 | 11,330 | 10,945 | 10595 | 10,276 | 9,985 9,718 9,473 9,249 9,042
LCCis | 850,723 | 805,468 | 764,247 | 728,095 | 694,977 | 665,010 | 637,841 | 613,159 | 590,691 | 570,204 | 551,485
Table 12 LCCio-2 sensitivity analysis for different of service life (unit: 1000 won)
sl o | @ | @ @ | ® | @ | @ @ | ® | ® [LCCoax
system A
10 235,050 | 3,427 | 10,530 0 0 281,460 | 39,907 | 29,618 541 8,785 | 18,000 }627,318
11 235,050 | 3,427 | 10,530 0 0 305,628 | 43,333 | 32,297 574 9,030 (| 19,800 | 659,669
12 235,060 | 3,427 | 10,530 0 0 329,149 | 46,668 | 34,928 605 9,255 | 21,600 | 691,212
13 235,050 | 3,427 | 10,530 0 0 352,039 | 49,914 | 37512 633 9,462 | 23,400 | 721,967
14 235,050 | 3,427 | 10,530 0 0 374,317 | 53,073 | 40,050 659 9,653 | 25,200 | 751,959
15 235,050 [ 3,427 | 10,530 0 0 395,998 | 56,147 | 42,542 682 9,828 | 27,000 {781,204
16 235,050 | 3,427 | 10,530 0 0 417,098 | 59,138 | 44,990 704 9,989 | 28,800 | 809,726
17 235,050 | 3,427 | 10,530 0 0 437633 | 62,050 | 47,394 724 10,137 | 30,600 | 837,545
18 235,050 | 3,427 10,530 0 0 457,618 | 64,833 | 49,756 743 10,274 | 32,400 | 864,681
19 235,050 | 3,427 | 10530 0 0 477067 | 67,641 | 52,075 760 10,399 | 34,200 | 891,149
20 235,050 3,427 | 10,530 0 0 495,996 | 70,325 | 54,353 775 10,514 | 36,000 | 916,970
system B
10 253,350 | 3,638 | 11,164 | -11,443|-22,275 (200,356 | 55,494 | 41,507 566 9,185 0 541,542
11 253,350 | 3,638 11,164 | -11,443 | -22,275| 217,561 | 60,259 | 45,261 601 9,442 0 567,558
12 253,350 { 3,638 | 11,164 [-11,443|-22,275 | 234,304 | 64,897 | 48,948 632 9,677 0 592,892
13 253,350 | 3,638 | 11,164 |-11,443}-22275 | 250,598 | 69,410 | 52,569 662 9,394 0 617,567
14 253,350 | 3,638 | 11,164 |-11,443|-22,275 | 266,457 | 73,803 | 56,126 689 10,093 0 641,602
15 253,350 [ 3,638 | 11,164 | -11,443|-22,275| 281,890 | 78,077 | 59,619 714 10,276 0 665,010
16 253,350 | 3,638 | 11,164 |-11,443|-22,275 (296,910 | 82,238 | 63,050 736 10,445 0 687,813
17 253,350 | 3,638 | 11,164 | -11,443|-22,275 | 311,528 | 86,286 | 66,419 757 10,600 0 710,024
18 253,350 | 3,638 | 11,164 |-11,443|-22,275| 325,754 | 90,227 | 69,728 7 10,742 0 731,662
19 253,350 | 3,638 | 11,164 | -11,443|-22,275 339,599 | 94,062 | 72,978 794 10,873 0 752,740
20 253,350 | 3,638 | 11,164 |-11,443|-22275| 353,074 | 97,794 | 76,170 811 10,994 0 773,277
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