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ABSTRACT Small hydropower (SHP) has recently been attracting attention as an environmentally friendly renewable energy
resource that can cope with the problem of greenhouse gases. In addition, it can supply energy stably due to its lower price of power
generation and longer lifetime than other renewable technologies. Despite these advantages, the growth rates of SHP have been rather
disappointing. This is due to its poor economic viability, resulting from its high initial investment cost and low power generation
capacity. In this study, we conduct not only an economic feasibility study for the SHP candidates with optimized hydraulic turbine
model under consideration by the Korea Water Resources Corporation (K-Water) but also give priority to the introduction of SHP.
Furthermore, a sensitivity analysis is conducted to reveal the effects of 3 factors, namely the discount rate, power generation price and
maintenance cost ratio.
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Table 1. Candidate Sites List

Location Caggédsate Type
Goyang Purification Plant
Wabu Purification Plant
Nachon Distributing reservoir
Gyeonggi—do

Siheung Purification Plant
Banwol Purification Plant

Uijeongbu Booster Station

Sejong—si Jeondong Booster Station
Incheon—si Susan Purification Plant

Chungcheongnam—do | Hongsung Booster Station
Gyeongsangnam—do Miryang Purification Plant
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Table 2. Candidate Sites status
Classfication Banwol | Siheung | Goyang | Susan Wabu | Nachon | Uijeongbu | Jeondong | Hongsung | Miryang
Turbin Type Kaplan | Kaplan | Kaplan | Francis | Francis | Pump Pump Pump Pump Pump
Capacity (MW) 0.092 | 0.205 0.612 0.420 0.138 0.271 0.070 1,231 0.417 0,113
Efficiency (%) 83 83 83 85 85 83 83 83 83 83
Rated flow (m*/s) 1,53 1.50 2.70 4,10 0.88 1,22 111 6.30 2.20 0.59
Effective head (m) 7.42 16,77 27.86 12,29 18,87 27.29 7.76 24,02 23.29 23,48
Total head (m) 7.83 17.60 28.35 12,40 19.00 28.60 7.80 25.20 23,45 23,50
Annual power
generation (MWh), 809,13 | 1,791,96 | 5,360.24 | 3,677.52 | 1,211,79 | 2,371,838 | 613,44 | 10,783.46 | 3,650.59 | 987.26
rated output
Annual power
generation (MWh), 539.67 | 1,302,71 | 3,540,40 | 2,149.42 | 921,61 | 1,310,10 | 294,02 7,556.25 | 2,171,97 | 677.62
operation
Utilization rate (%) 66.7% | 72.7% 66.0% 58.4% | 76.1% | 55.2% 47.9% 70.1% 59.5% 68.6%
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Table 3. Social Interest rate

Year | Version | General sector | Water resources sector
2001 | Ver,3 7.5% 6.0%

2004 | Ver.4 6.5% 6.5%

2008 | Ver,5 5.5%

Table 4. Depreciation rate & duration period by asset type

Asset type Duratic(;;r)period Depreczat’i)on rate
Generation 45 2.00
Agriculture water 55 1,82
Flood Control 80 1.25
ir]?ilzl;l;ngizr 45 2.00
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Fig. 1. SMP Progress (2007~2016)
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Table 5. Domestic Carbon Emission Value

Factors KAU15 KAU16
Avg. Price (Won) 13,648 19,300
21,000 96,500

Max. Price (Wi . :

. Price (Won) (2016.5.19) (2017.2.7)
Annual trading 1,586 4,372
quantity (10° t)

Period 2015.7.1 ~ 2016,7.1 ~
ero 9016.6.30 92017.4.13
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Table 6. Factor of economic analysis

Factor Value
Interest rate (%) 3.0/5.5/8.0
Duration period (yr) 45
Depreciation rate (%) 2.0
Rate of maintenance cost (%) 3.0
SMP (Won/kWh) 118,74
Reducing of GHGs (tCOy/MWh) 0.41812
Carbon emission value (Won/tCOy) 19,300
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Table 7. cost—benefit classification

Classification Subdivision
facilities
Direct . .
) generating unit
investment — —
Cost Cost (Ex}1)) transmission & distribution
design
operating and maintenance
sell electric power
Benefit greenhouse gas reduction

residual value
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Table 8, Economic analysis result under discount rate 5.5%
(Unit: Million KRW, %)
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Table 9, Economic analysis result under discount rate 3.0%
(Unit: Million KRW, %)
Classification Cost | Benefit B/C NPV IRR
Banwol 1,899 1,663 | 0.88 —236 | —0.68
Siheung 2,258 3,973 | 1.76 1,715 3.64
Goyang 2,878 | 10,739 | 3.73 7,861 | 11,77

Susan 2,839 | 6,539| 2.30 | 3,700 | 597
Wabu 2,022 | 2818| 1.39 796 | 1.97
Nachon 2,398 | 3998| 167 | 1,59 | 323
Uljeongbu | 2,254 928 | 041 | -1,326| —3.79

Jeondong | 6,045 | 22,918 | 379 | 16,873 | 12.01
Hongsung | 3,331 | 6,616 199 | 3286 | 4.63
Miryang 1,405 | 2,073 | 1.48 668 | 2.35

Table 10, Economic analysis result under discount rate 8.0%
(Unit: Million KRW, %)

Classification cost benefit B/C NPV IRR Classification cost benefit B/C NPV IRR

Banwol 1,640 1,085 | 0.66 =555 | —2.42 Banwol 1,531 771 | 0.50 =760 | —4.45
Siheung 1,950 2,605 | 1.34 655 2.16 Siheung 1,821 1,857 | 1,02 36 0.16
Goyang 2,485 7,059 | 284 4,574 | 11.00 Goyang 2,320 5,039 | 217 2,719 9.17
Susan 2,452 4,292 | 1.75 1,840 4,67 Susan 2,289 3,062 | 1.34 772 2.7
Wabu 1,746 1,845 | 1.06 99 0.38 Wabu 1,630 1,314 | 0.81 -316 | -1.63
Nachon 2,071 2,620 | 1,26 549 1.7 Nachon 1,934 1,867 | 0.97 —66 | —0.28
Uijeongbu 1,946 598 | 0,31 | —1,348 | -5.63 Uijeongbu 1,817 423 | 0,23 | 1,394 | -7.65
Jeondong 5,221 | 15,065 | 2.89 9,845 11,27 Jeondong 4,874 | 10,755 | 2.21 5,881 9,44
Hongsung | 2,876 | 4,340 | 1.51 1,464 3.22 Hongsung 2,685 | 3,095| 115 410 1.24
Miryang 1,249 1,357 | 1.09 109 0,57 Miryang 1,189 967 | 0.81 —222 | -1.58
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Table 11, Economic Priority
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Table 12, Variable range of sensitivity analysis

Variable Reference min, max.,
Discout rate (%) 55 0.0 10.0
SMP (KRW) 118,74 70 180
O&M Cost (%) 3.0 0.0 5.0

Order of | Candidate B/C (Under Discount rate)
Priority Sites 3.0% 5.5% 8.0%
Jeondong 3.79 2.89 2.21
1st Goyang 3.73 2.84 2.17
Susan 2.30 1.75 1.34
Hongsung 1.99 1.51 1.15
2nd Siheung 1,76 1,34 1,02
Nachon 1.67 1.26 0.97
ard Miryang 1,48 1.09 0.81
Wabu 1.39 1,06 0.81
Lack of Banwol 0.88 0.66 0.50
economic | Uijeongbu 0.41 0.31 0.23
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