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A Study on Optimized Design Decision of
Building Service Systems Based on a Life-Cycle Cost Analysis
— A Case Study on Community Center and Congress Hall of a Local Government —
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ABSTRACT: LCC (Life-Cycle Cost) analysis is a practical method and a guideline for evalua-
ting the economic performance of building service systems. By using the LCC analysis, the most
cost-effective design decision can be made, which has the lowest LCC during the project study
period among the various design alternatives. The present case shows an example of appro-
priate use of the LCC analysis, by demonstrating the procedures of decision making among al-
ternative building HVAC systems at community center and congress hall of a local government.

Key words: Life-cycle cost analysis(#3c}5718] 8 £4) HVAC system(ZF71Z2&A2%), BLCC
(building life-cycle cost), Sensitivity analysis(%1Z4% ¥4]), Cash flow diagram(&
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Fig. 1 Perspective of case study building.

Table 1 Synopsis of the building

Synopsis Contents
Site area 4,959m' (1500.09 py.)

. Typelll general residential area
Zoning

/ expected general aesthetic zone
Ground floor area | 2,478.40m' (749.72 py.)
Total floor area 18,444 86m’

Ground floor/site_area | 43.98%

Total floor/site area | 176.84%

Stories B1~3, 1~-6F
Parking 135

Table 2 Allocation of HVAC systems

Systems Space Floor Alr Co;il:mmg
AHU-1 | Dining room Bl 493 (m')
AHU-2 | Sports center Bl 1611 (m)
AHU-3 | Office room (Community Center) | 1-4F 2987 (m')
AHU-4 | Standing/ Special display room | 1F 740 (m')
AHU-5 | Smail auditorium (200 seats) 1IF 400 (m')
AHU-6 | Large auditorium (485 seats) 2-4F 1,006 (m')
AHU-7 | Large auditorium stage 2F 410 (m)
AHU-8 | Congress Hall 5-6F 1,728 (m')
HVU-1 | Swimming pool Bl 1,003 (m")

Sum 10,378 (m')
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Table 3 Alternatives for plant equipments

Plant equipments
Basecase ALT 1 ALT 2
+Ice thermal storage
system 50%
(1971RT-H)

»Ice thermal storagd
system 40%

(L617RT-H) * Hot & Cold water
. unit * Hot & cold water

* Screw type chiller | (250RTx2t) unit

(120RT*2t) (250RT>2tH)

» Steamn boiler

+ Steam boiler (ITONx2tH) « Steam boiler

(LSTONx2t}) (1L5TONx2tH)

(ITON=2t) (0.6TONx11l)
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Table 4 Alternatives for HVAC systems

Table 6 Energy

consumption of ALT 1 (palnts)

HVAC systems Cooling Heating ete. .
Floor Flectrici —— Electricity
Basecase ALT 1 energy ecmc‘fy LNG |Electricity| LNG Electricity| 1AL
Bl PAC PAC source| day [night (night)
— unit | kWh |kWh| w | kWh | w | kWh [ kwh
Bl CAV ceiling FCU+CAV Tan | 10073] 0 749 3107] 7516] 3L4%4| 44774
1-4F FCU+CAV Convector+CAV Feb | 8452] o] 558 31661 8157 28503[ 40211
IF FCU+CAV Convector+CAV Mar | 9391 0 71 1583| 3266 31,028| 42,002
1F PAC PAC Apr | 23476 0] 3,184 263 606{ 29914] 53653
- May | 33650] o 9420 0 0| 30865| 64515
: t : CAV d ; ' :
seat (CbAV Sowing] sea N _ Jun | 38259 0} 13,759 0 0| 29894| 68153
24k ottom blowing (ceiling blowing) Ju | 39511 0/ 18915 0] 0 308%| 70401
hall : FCU+CAV hall : Convector+CAV Aug | 39772 0] 20,495 0 0| 30984| 70,756
2F CAV CAV Sep | 348681 0] 11,313 0 o 0014] 64782
5-6F FCU+VAV Convector+VAV Oct | 14712 0] 1,923 493 981 30.865| 46,070
. — Heating & Cooling Nov | 11269] 0 950 1478] 2903 30021| 42768
B1 Heating +Ventilation Ventilati Dec | 12,062 of 82 2877| 68%5| 31452 46381
entilation Total | 2755851 0] 82,8811 12,967 30,373] 365914 654,466
H} Al o 20 o H] = .
WA FLgA e 71Ed(Basecase) 22 WFE Table 7 Energy consumption of ALT 2 (plants)
40%+237% B/ +F715dE AP o
5 Cooli Heati tc.
o Mg e Ytez Yk HALT De &5 o ,w“g M hectricity
) a ° - - energy C1 L Electricity
A desr] #UE, Ak 2ALT 2% 354 Souree | day | migne | LN [Flecricity| LNG %oy 7| TOTAL
50%+ &4 Werrl FUE+ZVIRYHE A unit |kWh| kWh | w | kWh | w | kWh | kWh
ARttt 714 U] 370ete] LCC BEA & Jan 0Of 1189 38 910 5359| 31494| 33593
N . Feb o] sl 2 o8| 5757 28593| 30,408
3 Q. = o) g} A .. ] ; )y
T A (D =E, 2 S A Mar | 0] 1158] 451 64| 2278 3L0%8| 32650
43 FxgA 270ehE AAstdq AF LCC# Apr 0] 393] 179 77| 443] 29914 33924
NO 2alE _ May | 0| 32218] 498 o o] 30865| 63083
4E TR Jun | 0] 67640] 1,239 o] o] 2984 9153
Jul 0l s7a42|1811 o] o] 308%0][ 118332
33 ooty ofi{x] AT ALY Aug 0] 110,185] 1,923 o] o] 30984[ 141,169
Sep 0| 82640|1576 o] o] 20014] 112554
Oct 0| 20268]1,183 144] 672] 3085| 51277
Trace 7003} System AnalyzerZ& o]83l9 Z+ Nov o] 19615 114 433} 2063] 30021] 50,069
et oux] AEFE 4AAHF AHE Table 5, Dec 0] 3185| 42 843] 4940( 31452| 35480
Total | 0] 43036018671] 3799] 21511] 365914] 800,073

6, 7, 8, 99 el wieh P

Table 5 Energy consumption of Basecase (plants)

Table 8 Energy consumption of Basecase (HVAC systems)

Cooling Heating etc. .. Cooling Heating ete. L.
energy | Electricity Blectrici Electricity E’i:e&h;;}tly energy | Electricity . Electricity ?S:Kf
source | day | night LNG/Electricity} LNG (mght) source | day | night LNG|Blectricity| LNG (l‘ljght)

unit {kWh] kWh | m' | kWh i kWh kWh unit [kWh| kWh | m' | kWh o kWh kWh
__Jan 0 7575] 0 3107( 7046] 31494 42176 Jan 0 75761 0 31074 7046( 31494 42176
Feb 0} 6281 0 3,166| 7647| 28593 38040 Feb 0] 6281 0 3166 7647 28593| 38040
Mar 0] 7413 0 1583| 3062| 31028 40024 Mar 0] 7413 © 1,583 | 30624 31,028| 40024
Apr 0 20052 0 263| 615 29914 50,229 Apr 0} 20052| 0 263 615§ 29914| 50229
May 0] 38901 0 0 0| 30869 69,766 May 0] 38901 0 0 0] 30865[ 69766
Jun 0] 60297 0 0 0] 29834 90191 Jun 0f 60297 0O 0 0| 29834( 90191
Jul 0] 73838 0 0 0] 30890 104728 Jul 0] 1388| 0 0 0} 30890 104728
Aug 0] 8212 0 0 0] 30984 113196 Aug 0| 82212| 0O 0 0] 30984] 113196
Sep 0] 65315 0 0 0] 29914 95229 Sep 0 65315| O 0 0] 29914 95229
Oct 0] 14074 0 493 920 308694 45432 Oct 0} 14074 0 493 920 30865[ 45432
Nov 0f 11,166] 0 1478) 2,722] 30021 42665 Nov 0 11166 0O 1478 | 27221 30021 | 42665
Dec ol on7{ o 2877| 64641 31453 43446 Dec 0 9117( 0 2877 6464 | 31452 43446
Total 01 396241 0] 12967]28475{ 365914 775122 Total 0| 396,241 0| 12967]28475| 365914] 775122




138 A3 - AYF

Table 9 Energy consumption of ALT 1(HVAC systems)

AR - ol 5E

Table 10 Initial investment cost (unit : 1,000 won)

Cooling Heatiig | | pieticty
Energy Electmfty LNG| Electricity] LNG Elegmaty TOTAL
source| day | night (night)
unit | kWh{ kWh [ m' | kWh m kWh kWh
Jan 0| 8283 0 3,041| 6991 38223| 49547
Feb 0] 6332 0 3166] 76000 34762 44,260
Mar 0] 798| 0 1583] 3045 37542 47111
Apr 0| 20174 0 263] 611 36,108 56545
May 0 41998 0 0| 0] 37,266 79,264
Jun 0] 70614 0O 0 0 36117} 106,731
Jul 0] 92471 O 0 0] 373271 129798
Aug 0] 975021 0O 0 0] 37415 134917
Sep 0] 838 0 0 0] 36108{ 12249%
Oct 0f 159971 0 4931 911f 37,266| 53,756
Nov 0 13426 0 1478 27041 36296| 51200
Dec 0] 9175 0 2,877 6415 38150 50,202
Total 0| 470,346] Of 12901]| 28277 442,580 | 925827

o EM71E9= 2001 8.

B AH7]7E 1 2001. 8.~2024. 8.(23d7h)
o A & 7] zt:2003. 4.~2004. 3.
o SAANZAR : 2004. 8.
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Plant equipments HVAC systems
Basecase| ALT 1 | ALT 2 |Basecase|ALT 1

Planning 2200 22000 22000 22000 2200
cost

Classification

C°“Sct;;‘t°t‘°“ 471,900| 274,680| 568,320| 899,057 | 955914
Support by| _ ~

KEpCO- | ~117.000 o| -99500 0 0
Deduction

o e | ~18330| 20938 -64919 0 0

Total 308,770 246,942(406,101.2| 901,257 [ 958,114
Planning/construction 2002.4 ~ 2004.3
Service system installation 20034 ~ 2004.3
Investment date yr 2003

Investment
period

* Korea Electric Power Corporation

Table 11 Operation, Maintenance and Repair
cost (unit : 1,000 won)

Plant equipments HVAC systems
Basecase| ALT 1 | ALT 2 |Basecase] ALT 1
Wages 15,000 | 15,000 | 15,000 | 15000} 15,000
OM & R 5,122 5,870 4935 | 5122 5870
Total 20,122 [ 20,870 { 19,935 | 20,122 | 20,870

Classification

Table 12 Capital replacement cost (unit : 1,000 won)

Plant equipments HVAC systems
Basecase| ALT 1 | ALT 2 {Basecase| ALT 1

Classification

C°“Sctg§t°“°" 471,900 | 274,680 | 568,320 899,057 | 955,914
Investment | 519 g {2014, 8 2019, 8

date
Expected life| 15 yrs | 10 yrs 15 yrs
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Table 13 Utility rates

Classification Calculated costs

demand | contracted power(1,800kW)
charge | x 6,780(won/kKW)

Electricity

(public consumption(kWh) x

. 96.5(won/kWh) : summer(7, 8)
option 1) | charge | go'gwon/kWh) : spring/fall(4~6, 9)
67.2(won/kWh) : winter(10~12, 1~3)

contracted power(kW)
demand | x 6,210(won/kW)

charge | x daytime consumption
Electricity / total consumption(month)

(night) night time consumption(kWh)
x 26.2(won/kWh)
+ (daytime consumption(kWh)
x_76.8(won/kWh))

charge

used for | consumption(m’) x 195.26(won/m')
cooling | (in Seoul)

LNG
used for | consumption(m’) x 499.84(won/m')
heating | (in Seoul, commercial)
A4E A9y AdELE, AR/
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Fig. 4 Interest rates on bank loan.
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Fig. 7 Comparison of total LCC for plant
equipments.

Table 14 Total LCC for plant equipments (unit : 1,000won)

Classification Basecase ALT 1 ALT 2
Initial investment costs 291,854 233,414 383,853

Energy costs 386,829 1,525,947 364,166
OM &R 278774 289,137 276,183
Replacement costs 285,529 191,975 343,598
Residual values 166,170 0 199,964

Total LCC 1,076,815 2,240,472 1,167,835

A4 - ol

Cost -y
(mition won) e Basecase -m-ALT | —& ALT 2 /.,r"*

S
.,/ AN
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% Total cost swing upward rapidly at the
point of capital replacement occurred.

Fig. 8 Accumulation costs in present value for
plant equipments.
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Table 15 Sensitivity analysis (plants)

Total LCC escalation rate
Basecase| ALT 1 | ALT 2
Price escalation |5% — 2.5% | V¥ 10.6% | ¥ 6.1% |'¥ 10.6%

rate 5% — 75% |4 134%| & 82% | & 132%
8% — 5% | A 315%| & 389%| & 29.2%
8% — 10% | ¥ 152%|V¥ 180% |V 14.3%
Energy price [4% — 4%+
escalation rate [0.05% yearly
+ 10% A 34% | & 37% | & 31%
— 10% | V¥ 34% (V¥ 37% |V 31%
Initial investment | + 10% A 27% | & 1.0% | & 33%

costs - 10% |VW27% |V 10% |V 33%

Classification

Discount rate

A 11% | & 25% | & 1.0%

Energy usage
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Fig. 9 Comparison of total LCC for HVAC
systems.

Table 16 Total LCC for HVAC systems (unit : 1,000 won)

Classification Basecase ALT 1
Initial investment costs 851,883 905,625
Energy costs 386,829 432,076

OM & R 830,590 869,98
Replacement costs 544,110 578,353
Residual values 316,657 336,585
TOTAL LCC 2,296,763 2,449,455
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Fig. 10 Accumulation of costs in present value
for HVAC systems.
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Fig. 11 Cash flow diagram for basecase HVAC
systems (unit : 1000 won).
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Fig. 12 Cash flow diagram for ALT1 HVAC
systems (unit : 1000 won).

Table 17 Supplementary measures

Net Savings from
Alternative 'ALT 1’ compared to Basecase 'Basecase’

Net Savings = P.V. of Future Cost Savings 98,950,000
- Increased Initial Investment - 53,742,000

Net Savings : 152,692,000

Savings-to-Investment Ratio (SIR) For
Alternative ‘ALT 1’ compared to Basecase 'Basecase’

___P.V. of Future Cost Savings
Increased Capital Investment

Estimated Years to Payback
(from beginning of Service Period)

SIR = = 1149

payback never reached during study period
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