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Life—Cycle Cost Analysis of Solution Transportation Absorption System
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ABSTRACT: The objective of this paper is to evaluate the economic performance of latent
and sensible energy transportation systems. LCC (Life-Cycle Cost) analysis is a practical
method and a guideline for evaluating the economic performance of considered systems during
the Life-Cycle Period. By comparing the LCC of alternatives, The most ideal alternative is
determined which has the lowest LCC. It is concluded that the cost of STA (Solution Trans-
portation Absorption system) can be reduced by 67% to that of sensible energy transportation
for study period with 10 km transportation distance.

Key words: STA(2 dix+48 T4 WY%71), Long distance solution transportation(-$
& AA 8 $4), Life-cycle cost analysis( o} F7) v]-&H2])

Zladd az|A 22X}
COP  : A5A%, Quayl Qi e :ue ¥9ALY [m)
D 37 [m]
f L mpR A5 .M 2
LoooEa e A2 AAT AuAe 23 AL R Aok
;” ;%jg: g\g}ﬁ 2 BYE AR Yeh Aol TESFF T
= ALY N2ge FFFYes Frsn
Re Reynolds %, oVD/ gom, AEste Axde dquAdste 2E A
14 D &5 [m/s] doll A BHeZ Woam givh wA o
w P HEAE kW] yUxlel AAHeln E&2AQ ALEo] 7ted 9y
A Fy Axdde] ML o S8 AAZ Q
+ Corresponding author A= Q)
Tel.: +82-31-201-2990; fax: +82-31-202-8106 2 A7 E duAe 583 AHEY F89

E-mail address: ytkang@khu.ackr 249 JdquAFSEed #FHY AL dUAFEE



LCC #49) &g 42 AUz

E 4524 8% (Solution Transportation Absorp-

tion system, STA)"'E A& dct. STAE 71&
o] HEFSHAH gy 42 quUAE £99
FEEAE o] L FEHIBE JUAFEFA &
ST HEE HA2H5E F Utk o) QU H
oy Axde] JL& F FE Fe4dE et
71 93 AelF71vl8 BEA7)H(Life-cycle cost

analysis)? ¥ Abg3tgch AleFrH] 4 247
He 54 4717 %°} WA He AMHEE
ol 27157, &9 2 #XHY, ATHA A&

ozt RE HE&S Lesd AAY AN &
Aei, o8 F R AAAA v wao}
= %%sm] SARIAIR

A9 -y A]
STA9] A e
om, ARFIN§ BA7EE o

M8e 2

Fig. 12 2=tol 23 P54, b) R 5%

Aol g FErF() HdE& Uedo Fig 1
qA ()9 Y Afe V& e
24 d5 £ ¥5E 2 580 o)
A FEesdel s #FFol TUhsn
g g2 A7t dastA g oo Hls] (o)

e FEA AT FIdFFogA AUew

hot water
tranportation

strong solution
tranportation

chilled water
tranportation

(A:absorber, G:desorber, C:condenser, E:evaporator)
(a) Sensible heat (b) Sensible heat (c) Latent heat

transportation transportation transportation
of chilled water of hot water
Fig. 1 Concept of STA.

8 F5

4 WE7HSTA)S AAA #H7 507

9 52 2N duAFFo] o Fofznt”
ged 8B5S 92 gaAst 2gasa 5

fgo) ZastA Hol BEFNE 2Y +
DR

3. dordd

STAS AAEHNE 1"4311 2 Adxes
el Hg=Hol 253 3
g deg dugf 33%3@?1 H - &
3 A LCCE e dds =&dux
Fig.2< A9 9 - ¢ Hdu]E veue Nz
Zolth, X9 o - i A2 E(District Heating &
Cooling Systemn, DHCS)2 7F2E{¥l& o] &3 |
ab d ¥ dAsts g 2dejolA Aadd
(535T), °J(101kg/cm2)91 F712 F71H
At 23 FHI)AA AEE YAt
AN d& i "}% 2719 gl dAg F
o $%4e THE 7] T2
IHFAEY B F7] Rl 58
f29s 5o olEWX, duy BE ‘3
dHEg FFEA HH, d5Ad e 124E
Fite HO/MLiBr 44 Wi 715AA &
2 AFELE A Yug A T3
Fig.3¥ STA Az€& velie Fzolrh
STA A£=¥& DHCSE 7|&eZ stq &AM
v, -t ’S v, $£544), 281 £aA A
W2 Uy dHduy Aee XY 9 -9

o T
dHlg U =4

< S = oo o

i

szH_-%_&:Um{N'_VErEH

Q
o2 MdAdAY. STA® ¢d

Power plam

Ganeralor
lurblm

Focus on
Transportation
system.

| Retumed Temp, Dermand

| heating45C | [ reat =
i purp L OOGTET | || Xchena |
| Boiler 7 HO/UB'S?oollm

2.
SYS.
:_ BT i ]
“Heatng — s ot e b

lacllltles
Fig. 2 Schematic diagram of district heating
& cooling system (DHCS).



508

| Power plant |

Focus on
Transportation system.

Fig. 29} Fig.3

[

H92 DHCS¢ = ¢

g @ solde AdASELA 9 DHCS

& FA55 4ol STA A29e FE53%
Holg. @etd LCC 24X 7 el 43 7
dEss F Axwd b 2 AR £
Hol 2he BFe) £Ystgon, a9 de 4
MEe $YxPeE nSAT 5, DHCSS

A4 BrrA aEHE =z
5000RT, #%A8 10km& 7]&
STA Al2=¥E& Table 13 Table 29

Prhetrl dal 5454

71 &

STA Aawsl A% A Ao £4 o =z

HEM IR LIRS
42 37 Mol I&A

b
e
rh
2
o
>

87 - &8
5x10° |- e Pipe cost
v = = Pump cost
; . - - - Water cost
4x10° - W — « —Pump work cost
= 1 = - -~ Totai cost
O 3x10" | A
2
S
=4 7
S 2107
=
B a0’
o X
© D
LN — vt ot ek T TR e e e
%107 s L L L . L ¢ L L
0 100 200 300 400 500 600 700 800 900 1000
Diameter [mm}
Fig. 4 Cost of DHCS.
8x10”
. Pipe cost
7x10° 1 e — pymp cost R4
7 - = = Ammonia/water cost M
6x10° M e« e pump work cost 4
= = -« =Total cost :
=4 7 H /7
g 5x10 K
7L 7
8 4x10 .
= . /
-, 3x10° - .
- 7’
8 20"t T
o .
1x107 +
of == —— - -
s 2 1 N L L L

\ )
0 100 200 300 400 500 600 700 800 900 1000
Diameter [mm]

Fig. 5 Cost of STA system.
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Table 1 Basic condition for economic estimation

System Number of pipe Number of pump Heat loss
STA 3 3 None
DHCS 2 2 Considered

Table 2 Required mass flow rate for 5000 RT
Items DHCS STA
Fluid Hot water Strong Weak Refrigerant
Concentration [%] 100 58 10 99.9
Mass flow rate [kg/s] 416.65 26.49 145 12.34
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Table 3 Conditions to calculate pumping power

Items DHCS | STA
Operation time of a year [hr] | 2,208 | 2,208
Diameter [mm] 500 125
Transportation distance [km] 10 10
Roughness [mm] 0.046 | 0.046
Ccop 0.7 0.61
Pump [EA] 2 3
Pump efficiency [%5] 85 85
Consumption of electric
power per hour [kWh] 5262 | 209
Total consumption of electric
power of operation time [MWh] 1,161.9| 4619
Total energy cost for a year
[1,000 won] 76,102 | 30,257
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Table 4 Piping work cost of both systems

Items DHCS STA
Diameter [mm)] 500 125
Distance [km] 10 10
Number of transportation lines 2 3
Material cost per length [won/m] 413,447 48194
Construction cost of sand/road [won/m] 878,575 249,401
Total Piping work cost per length [won/m] 1,292,022 297,595
Total Piping work cost [1,000 won] 12,920,219 2,975,949
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Table 5 Pump cost of both systems

Ttems DHCS STA
m (1,000 won) (1,000 won)
Pump [EA] 2 2 (Ref., Weak) |1 (Strong)
Cost/EA 90,000 20,000 40,000

Table 6 Solution cost of both systems

Ttem DHCS STA
(won/m°) (1,000 won/m°)
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Table 7 Subsidiary for energy project

Support | Interest

Period of loan
rates rates

Redemption by installment
for 7 years with a 8-year
grace period

100% | 4.00%

Table 8 Investment cost of DHCS (Unit: mil-
lion won)

Section | 1998 | 1999 | 2000 | Total | Rate(%)

Supplier | 3,743 | 8,008 | 3,743 {15,494| 36.6
Demander| 9,052 | 9,052 | 9,052 127,156 63.7

Cost 300 3,250

Total |[12,795)17,06012,795|42,650| 100.0
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Table 9 Results of life-cycle cost analysis

(Unit: 1,000 won)

Items DHCS STA
Initial cost 13,512,560 4,380,507
Energy cost 1,088,384 432,930

OM & R 2,722,223 883,573
Remaining value —439,185 — 144,105
Total LCC 16,884,482 5,552,905
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