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ABSTRACT

For economic evaluation of integrated operation to sewage facilities, benefit-cost analysis was performed to watershed
sewage works project in 7 watershed areas, 156 facilities. In this study, the cost before and after integrated operation
was compared and benefits are calculated from the reduction of operators, increasement treated pollution loads, reduction
cost through operation convenience, reduction water consumption through effluent reuse, and improvement of life benefit.
The result showed that cost was 8,500million won and benefit was 16,747million won, so benefit was 49% higher
than cost. B/C analysis result showed that B/C ratio was 1.97 and it is similar to other researches. The benefits of integrated
operation included convenience of data management, increase of emergency response, decrease of complains with sewage
which was not reflected numerically, so the benefits of integrated operation were expected much greater than this
result.
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Fig 1. Schematics of ONSEMIRO system
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Table 1. Summary of sewage treatment plants in study area
Capacity of treatment plants
Region A 500m*/day over 500m*/day under
Sum New Improved Sum New Improved
Facilities Facilities Facilities Facilities
Total 445 47 24 23 398 265 133
Soyanggang Dam 91 9 5 4 82 33 49
Chungju Dam 112 15 8 7 97 58 39
Andong-Imha Dam 40 3 - 37 26 11
Daechung Dam 103 8 2 6 95 75 20
Hapcheon-Namgang Dam 99 12 6 6 87 73 14
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Fig. 2. Flowchart of cost calculation procedure
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Table 2. Inspection interval of sewage treatment plants
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Number of .. Inspection Inspection quantity
Items Inspection interval
treatment plants operator per day
Before integrated 2times/week,
operation 8times/month .
- 133 - 2operators/time 5
After integrated 1time/week,
operation 4times/month
Table 3. Standard of reuse water quality
T & Urban Landscape | Recreation | River maintain | Agriculture | Wetland Industry
BOD <5 <5 <3 <5 <8 <5 <6
Concentration | SS - - - <6 - <6 -
(mg/L) T-N - - <10 <10 - <10 -
T-P - - < 0.5 < 0.5 - < 0.5 -

35) Ministry of Environment(2014)
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tH(Korea Environment Corporation, 2010). 121} 7]& g 7k dlens denlg Al Alelsteltt
Ao E2E R EoAfle 20104 7]Zo 2 APHE BAE H7tel AgEH= I Y VleEe At
Aolmg @A 201499 | FEo.R At Hge yayp  Table Sop
Table 4. Conversion of willing-to-pay(WTP)
Region Willing-to-pay (won, W) Tl
Previous study This study
Soyanggang Dam 2,309 2,106
Chungju Dam 2,857 2,606 ) )
Andong-Imha Dam 2,638 2,406 A(‘;e;;i? ;ggit;?ln
Daechung Dam 2,326 2,121
Hapcheon-Namgang Dam 1,842 1,680

57 Previous study(Korea Environment Corporation, 2010)

Table 5. Items of benefit-cost analysis

Items Contents

Application factor

Cost estimation

« Change of operational costs between integrated operation before and after
- Comparison of operational costs between 2007 and 2014

Operational costs

* Reduction of labor costs compare to Ministry of Environment standard
o . . , Labor costs
- Application of labor costs reduction due to integrated operation
* Increase of reduction loads due to improvement removal efficiency .
. . Costs of reduction
after integrated operation loads
Direct - Application of increase treatment costs
Benefit benefit |« Reduction of inspection interval and increase of operational convenience
o about treatment plants Cost-cutting
estimation . . . .
- Estimation of costs due to operational convenience
* Benefit due to reuse of effluent water
- Reduction of water consumption due to reuse consumption
. * Benefit due to environmental improvement Contingent
Indirect o . - .
benefit - Estimation of benefit to apply WTP (willing-to-pay) Valuation
i
- Benefit = WTP X households X recreation frequency Method(CVM)
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Table 6. The customer price index

3.1 HIE Y

H|-§- AP flsto] $3e o]xQl 200793} 53
o]l 2014 2] -FH| 2}olE Ay Table 72}
570 A9 ks A S o) d iy S
0] 10,572,1834 0] $-odu)7} Z7bE Ao g et o
o, E7MIEE(2.8%)S WHdshd 8,500,035 0= B
=9lck B olF 27t S AL 71E AHE
o] A AA HeF E P EYE T ToE QI
Agu] 9 FAE7E S7HE AL S8R oEA R 5 FoijE]
|% HAgetel7] fE o2 TetEqlok 5] 57) H9 <
500m7/ oA} 7|2 FEslrA Al 2370 A 9 500m)/
o m]qk 1337 Aldo] A=A FH O & TlekEo] Sk
ol wet 20079 500m/Y oW FElEA A o] Heu]
9} &R o]dA]2|n]7} 1,478,674 1 565,928 2o A]
2014 3,844,082 2 326434 02 OF 260% L 577%
S7F=E 9.0, 500/ v|ek AMER-GH]| 7T 1,430,120% 0]l
A 2,155248 Q0.2 oF 151% A4E Aoz AL

. Year
- &= Average
2008 2009 2010 2011 2012 2013 2014
Customer price index (%) 2.8 4.7 2.8 3.0 4.0 2.2 1.3 1.3

) Statistics Korea(2015)

Table 7. Cost comparison of before and after integrated operation

Yearly operational costs(thousand won/year)
Fisism Before integrated After integrated Increase of Increase of
operation operation operatonal costs operatonal costs
(2007) (2014) (inflation not applied) | (inflation applied)
Soyanggang Dam 2,028,783 4,740,236 2,711,453 2,180,008
Chungju Dam 2,585,880 4,535,940 1,950,060 1,567,848
Andong-Imha Dam 93,569 135,303 41,734 33,554
Daechung Dam 5,638,437 8,861,115 3,222,678 2,591,033
Hapcheon-Namgang 2,286,319 4,932,577 2,646,258 2,127,591
Dam
Total 12,632,988 23,205,171 10,572,183 8,500,035
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20079 2FE7E T A FUAEol THE FolER  din|ste] Wl +Eo R fHadshe AR YENT o
T-P Folef Agdou] g2 285t 2985 =&t & AdEe vEeR Eibshd 1729930y ol &
% th(Table 9). =3+ HAFA A 7| WA ol gt Hofof Hhg3}tATH(Table 10).
Table 8. Comparison of the number of operators
Reduction i
Items Standard Actual Reduction of labor costs N
New&Improve Improve (thousand won/year) S
[30]
Operators (person) 154 120 34 25 926,191 8
g
Table 9. Estimation of treatment cost in reducing T-P loads
i Reduction loads(kg/year) .
Unit cost Bef Af ¢ Reduction costs
(won/kg/year) . clore . . ter . Incrt.aase 0 (thousand won/year)
integrated operation integrated operation reduction loads
163,150 73,329 147,570 74,241 12,112,419
35) Reduction costs = unit cost(163,150won/kg/year) x increase of reduction loads(74,241kg/year)
Table 10. Estimation of inspection cost
Inspection times & days Reduction costs
Bef Af
T & int: 0;; d | inte tzl;e d | Tncrease Distance | Gas costs | Reduction gas costs
8t . 8t . (km/day) | (won/L) | (thousand won/year)
operation | operation
Inspection days per time (days/time) 26.6 26.6 -
Yearly inspection times (times/year) 96 48 A48 100 1,246.5 17,299
Total inspection days (days) 2,554 1,277 AN1,277
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Table 11. Estimation of cost to water reuse (Sewage treatment plant effluent)

_19,

[
ZJSLD% A& oAl 1,6809~2,606
39,8097}to) A5t Axf
Pyske Ao bt

| 2
240 Hgstsict
I 371 5

Items

Costs of reduction
loads for reuse
water quality
satisfaction

Costs of water
consumption

Results
Items Effluent quatity | Standard of T-P | Effluent loads Reuse loads
(m3/day) (mg/L) (kg/day) (kg/day)
Before i
efore intograted 110,202 0.894 98.5 9.85
operation
Application of reuse
110,202 0.5 55.1 5.51
standard
Estimation of 1) loads : 9.85 — 5.51 = 4.34
reduction costs 2) costs : 4.34 X 365 X 163,150 = 258,562 thousand won
Reuse water quantity | Reuse water quantity water costs Total costs
(m*/day) (m®/year) (won/m?) (thousand won)
11,020 4,022,373 660.4 2,656,375

Table 12. Estimation of life improvement benefit

Region WTP(won) the number of households Benefit (thousand won)
Total - 39,809 1,034,543
Soyanggang Dam 2,106 6,684 168,899
Chungju Dam 2,606 10,384 324,681
Andong-Imha Dam 2,406 1,435 41,428
Daechung Dam 2,121 13,221 336,547
Hapcheon-Namgang Dam 1,680 8,085 162,988

Table 13. Summary of estimated benefit (unit : million won)

Total Labors Reduction loads | Convenience Reuse Environmental Improvement
16,746.8 926.2 12,112.4 17.3 2,656.4 1,034.5
100.0% 5.5% 72.3% 0.1% 15.9% 6.2%
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Table 14. Result of benefit-cost analysis
Present value of Present value of NPV .
. - — " B/C ratio
total benefit (million won) | total costs (million won) (million won)
227,595 115,518 801,585 1.9702
Table 15. Comparison of B/C ratio
B/C ratio
. Yoon et al. Ministry of Environment Korea Environment Corporation
This study
(2012) (2008) (2010)
1.749 1.561 3.968
1.970
(1.475~2.023) (1.066~2.093) (3.369~4.461)
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