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ABSTRACT: It has been recognized that solar water heating systems are economically in-
ferior to conventional gas water-heaters and boilers using light oil as fuel in spite of having
practical possibilities among other alternative energy facilities in Korea. The solar system,
however, should be revaluated due to the sharp rise of oil prices recently. We have cal-
culated the energy amount and cost through a series of research projects for the system by
experiment and simulation, which lead to analyzing reliable life cycle costs. For the economic
analysis, the gas water-heater and light oil boiler were taken as base cases while the solar
systems implemented with these facilities were compared as alternatives. As a result, the
solar system using the light oil as an auxiliary fuel surpassed the light oil boiler in eco-
nomics. And a 50% government subsidy for the initial cost is needed to maintain compet-
itiveness with the gas hot-water heater. With this support, the simple payback period of the
system can approach 12.8 years under 20% additional curtailment of expenditure.

Key words: Solar thermal energy(Bl¥®¥ dlz]), Water heating system(LFFHAI2H),
LCC(A s} F 714 4), SPB(T&E23]47]7H)
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Table 1 Specifications for base cases and alternatives
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. service life
item base A | base B | alt A alt B alt C ref [year]
size [mm] 1,179x 2,228
collector - 20
unit 4 in series
storage capacity [liter] 430 430 5
tank UA [W/K) 2.0 2.0
. Ist 60 Ipm (H: 4 m), 80 W 15
pump capacity
2nd 35 Ipm (H: 3 m), 40 W 15
t LNG |light oil | LNG | light oil | storage | storage
auxiliary ype geyser | boiler geyser boiler [tank with {tank with 10,
heater - eletric | electric (159
capacity [kW] 15.09 15.09 15.09 15.09 heater heater

"service life of electric heater.
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Table 2 Standard list of LCC analysis
conditions of analysis contents
service date 2004. 1. 1
period [years] 20
nominal interest 7.94
inflation 3.37
discount 442
rates [9] | Ciectric price 1.2
LNG price
escalation 161
light oil price
escalation 417
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Table 3 Initial cost list of base cases and alternatives
. amount of cost {thousand won] omponent]
cost section base Albase Bl alt A | alt B | alt C | ref |ratio [%] remark
hei?%il; vggzi({m 2488 | 2,488 | 2,488
storage tank 550 5501 1,100 [ 1,100
LNG geyser 560 560
light oil boiler 300 300
material fabric 256 | 256 | 256
pipe 46 46 637 637 637 46
insulation 100 100 100
electricity 53 53 53 53 53 53
sub-total 659 | 399 | 4644 | 4384 | 4,634 | 1,199 @
LNG geyser 69 69
light oil boiler 69 69
fabric 446 446 446 @
labor pipe 138 138 702 702 702 138
electricity 115 115 115 115 115 115
indirect 10 10 40 40 38 8 3.0 Q=@ x3%
sub-total 332 332 1372 13721 1,301 261 @
ey | 20| 14| 120] 14| 18] 29 20| ©®=(@+@)x2%
operating| _insurance 3 3 12 12 12 2 0.9 ®=® x0.9%
the others 5 4 30 29 30 7 05| @=(D+D)*x05%
sub-total 28 21 162 155 159 39
sub-total 1018 752 6,178 | 5911 | 6,094 | 1,498 ®
general management 48 35 290 278 286 70 47 W0=0x4.7%
profit 31 30 140 139 134 28 7.7 | Q=(@+@+10) X 7.7%
sum 1,097 817 | 6609 | 6,328 | 6515 1597 ®
tax 110 82 661 633 652 160 10.0 B=0 x10%
total 1,207 899 | 7,270 | 6,961 | 7,167 | 1,757
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Table 4 Annual energy consumption of base cases and alternatives

item persons | base A | base B alt A alt B alt C ref
. 4 0 0 9,476 9,476 8,433 0
acgulrted 8 0 0| 12146 12146| 10823 0
IMT] 12 0 o 13803| 13803] 12630 0
15 0 0| 14624| 14624] 13738 0
N 4 7,891 7,891 2043 2,043 3,676 7891
auﬁgﬁw 8 15782 | 15,782 6,499 6,499 8048 | 15782
MJ] 12 236731 236731 12311 | 12311 13599 23673
15 29591 | 29591 | 17,082 | 17,182 18439| 29591
4 264 0 68 0 0 0
LNG 8 527 0 217 0 0 0
[m°] 12 791 0 411 0 0 0
15 1,055 0 574 0 0 0
4 0 272 0 70 0 0
light il 8 0 545 0 224 0 0
[liter] 12 0 817 0 425 0 0
15 0 1,021 0 593 0 0
4 12 18 303 303 1,297 2,192
electricity 8 23 35 358 358 2,566 4,384
[kWh] 12 35 53 390 390 4145 6,576
15 44 66 404 404 5,508 8,220
4 0 0 0.74 0.74 0.53 0
solar 8 0 0 0.59 0.59 0.49 0
fraction 12 0 0 0.48 0.48 0.43 0
15 0l 0 042 0.42 0.37 0
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Table 5 Annual cost savings and SPB based
on base case B

item persons | alt A | alt B | alt C

4 237 191 209

annual cost 8 455 311 489
[1.000 wonl|__ 12 657| 383| 630
15 803 420 907

4 25641 3176 2649

SPB 8 1401 | 1954 | 13.04
[year] 12 970| 1584| 873

15 795) 14.44 7.03
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Table 6 Results of life cycle cost analysis

(unit : thousand won)

cost base A | base B alt A alt B alt C ref
initial 1,207 899 7,167 6,961 7,270 1,757
auxiliary 6,206 | 16,744 3,225 8708 *1,805| 3,142
energy o 38 58 428 428 403 0
pump (121) a8 | (1344 ] (1344 | (1267)
OM&R 393 393 498 498 105 0
replacement 449 263 817 631 684 785
residual 0 0 -247 -247 -458 -526
8294 | 18357 11877 16979 *9808[ -
total LCC ®376) | (18.480) | (12803) | (17.895) | (10672) | 158

( ): residential electricity cost, ~ : discount electricity cost during night.
OM&R : Operating, Maintenance and Repair
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Fig. 6 LCC vs. LNG price escalation rate.
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Fig. 7 LCC vs. electricity price escalation rate.
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