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Abstract

This study aims to analyze the differences in performance according to various operation methods (direct management, public consignment,
and private agency) of public sewage treatment facilities and derive the most efficient and high level of sewage treatment services to the
public based on the research results. To this end, economic performance indicators (sewage treatment cost, sewerage rate) and social
performance indicators (water quality, number of civil complaints) were selected, and cross-sectional analysis and longitudinal analysis
were used to verify the difference between the averages of three or more groups through one-way ANOVA. As a result of the analysis,
cross-sectional analysis, there was no difference in economic performance dimension according to the operating method, but in terms
of social performance dimension, it was found that there was a difference according to the operating method. In the case of water quality
indicators, the results were superior to those directly managed by public consignment and private agencies in the number of civil
complaints. In the longitudinal analysis examining the improvement of performance indicators, there was no significant difference by
operation method in most performance indicators. In order to improve the efficiency of public services and improve the service level,
various approaches suitable for the characteristics of each service are required in addition to the logic of public consignment or introduction
of private agency. In the future, when local governments promote public consignment or private agency, it is necessary to understand
and promote the nature of the service, the specificity of each local government, and the needs of service users.
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Table 1. Number of facilities by operation method!7)

Operation method 2006 2010 2014
Direct management 110 152 140
Public consignment 50 71 99

Private agency 140 246 348
Sum 300 469 587
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Table 2. Data to be analyzed by variable

Division Variable name Analysis target Note
Independent Classification of the operation method of the public
val: iable Sewage treatment facility operation method sewerage facility management service guidelines By facility
provided by the Ministry of Environment
Data on the analysis result of the operation and
Economic Sewage treatment cost management of the public sewage treatment facility By facility
performance provided by the Ministry of Environment
Dependent dimension Sewerage rates by year or local government for sewage By local
Sewerage rate . . . .
variable statistics provided by the Ministry of Environment government
. Sewerage Water quality | Water quality data provided by the Ministry of Environment | By facility
Social performance — - —
dimension Number of Data on civil complaints from the Ministry of By local
civil complaints Environment’s sewage statistics government

3.2 | W

2 A7 HA2 A E = Stk AP AE 2G4
of| wht 78 =7t o 2fo 7} Qli=A] whefsl B Zolrk.
£5] A AFRHHER o] Hodge (2000)7F AIA R E 757
7|EE18)S 7|50 2 ZA|Z(Economic) 2, A8 & (Social)
A+ 0] 2] F(Indicator)E 4-8-5Fof =A4]5Fa A} 5FGI T

ZAAIA A3t 22 st e vl ol 87 27 A1 E
AR B = At o™, AR Aut 2F o) A F= sk
5-219), 71 Y 440 2712 = 2% 470 9] 2| %5 A5t
At 12|11 2 FHAE 4712] 2] 7ol ol A HE
2t E4(Cross-section analysis) 4] 0 2 H| W5} =
dl, 20149 S B2 2 47H2] iR mE0] 2 P4
2 210]7} QLA YRAHEA(ANOVA)S 55l A5

18) Hodge (2000)= 3757 7152 A& et ALe] 4 k=
ERote] 4o gests E oot

Performance area / Category | Specific performance indicators

|Economic dimension| Input and cost, Sales, Price for
Economics, Economic service and quality level, Total
efficiency, Finance, Increased | factor productivity, Profit rate,
competition, Private capital |Number of market competitors,
market development, Private Capital market size,
sector improvement, etc. Private sector size, etc.

[Social dimension] Consumer
interest (High service,
low price, increased selection),
Social consequences and
influences (equity, desire), etc.

Customer service quality
level survey, Service price,
Number of service
providers, etc.

Table 3. Changes by type of operation method

% Refer to Hodge (2000)
19) Hodge (2000)= AF] 4 742 & Z sht AJH| A F(Quality)
S 2 59, = A Ao = A& Sl A B
2 OE 7ot 2 AToA <422 Asl A Akl ol
232 g5k

Operational change Number of s

treatment facility
Maintaining direct management 124
Maintaining public consignmen 70
Maintaining private agency 237
Change of operation method 38
New facility construction 118
Total 587

t}. o] & Foll A Ak o g g fA] ol A Zfo]
7} UpehtA] At mgrer

I3t F B4 (Longitudinal analysis)2] 5= 2010
o] 5 S1eF & NIzt tiai o] G HMAlS Bt Al w21
Al 9] 2] 7} of w gt 2po| & Hol=2] A H gkt o}
2b4 201087 201418 Afo] -4 o] HRlSFH AL, A=
AV A& Al 2fokal 415 ST Table 33+ 20] 587
N A F 43170 A& A sFAT

H W AEE20109 0 2 77 o]-§4=20104 0] % 2 2]
A 32 47 R
At -2gH410] 20104 o] & A&H) A G2 ==

paw}

FAE L Q= A, 9?1 A 2] 20101372014 Ad 7]
BN J=E 3] g
J39) 35 1=k} 7 o sy -5 2
A2 o2 Jehr] digo] e
A
4

kU
[T
%
[T
T
filo
o
:Oé
jarcy
N
Jel)
2
)

TTEas
A EdF A 7IEe R

Asteet



364 H. Ko and D. Ha / Journal of Korea Water Resources Association 55(5) 357-370

Table 4. Definition of performance indicators

Performance indicators

Calculation process Note

Sewage treatment cost

Sewage treatment unit price by facility
- Calculate the treatment unit cost (ton/won) by dividing the sewage treatment
amount (tons) of the facility by the sewage treatment cost (won)

Sewerage rate . . .
& statistics are applied to each facility

Sewage rates for each local government in the Ministry of Environment’s sewage | The same applies to facilities

within local governments

Sewerage Water quality Removal rate = (A-B) / A

- A = Influent water quality BOD, B = Discharged water quality BOD)

BOD water quality

Number of civil complaints | Apply the number of civil complaints by each local government to each facility

Excluding water rate and
other complaints.

Performance indicator
improvement

The degree to which the four performance indicators improved from 2010 to 2014
- Indicators for 2014 - Indicators for 2010

3.3 A

g FONA A== HolH 524 i 1Y A2 8%
0] 500 o/dolHA T 670 Lt 7Hs =P = AL Y= Al
2 ZJ5t3irh20 o213t 7|52 F3 20148 71 587719] Al
o] 74 diifol At slig A E = 2010137200613 ] &
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o] %< ANOVAS 53 shetstsict. S QA2 471
A 5 201090014 20141 AJo] Biaket A E7HF01g)
A] B} R.1, ol w3t YA B 5 LGN ke
o1 glA] Lobrgict

4, 24 Zat

4.1 7| = EA|(Descriptive Statistics)

2 AT FHHSE E-8H dolE=2014E 7|9
Skrte 22 A 2G4 20101 of| 4] 20141 Abo] S
T - FHAS §3l glo] AR Al o] g HA] Wigto|tt
A 2014 SHIe A2 A O] S FHAE EAS A HE

w ket 2t

Table 5. Increase or decrease by operation method

Operation method 2010 | 2014 | Increase or decrease
Direct management 152 140 -12
Public consignment 71 99 +18
Private agency 246 348 +102
Sum 469 587 +118

Table 6. Characteristics of change by operation method (2010~2014)

. Newly

Row label Maintenance | Change established Sum

Direct 124 - 16 140
management

Public 70 10 19 99

consignment

Private agency 237 28 83 348

Sum 431 38 118 587
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Table 7. Sewage treatment cost ANOVA results by operation method in 2014

Standard Standard 95% Confidence interval
Sewage treatment cost N Mean .. Minimum | Maximum
deviation error Lower limit | Upper limit
Direct management 140 662.9 756.4 63.9 536.5 789.3 44.7 7368.4
Public consignment 99 677.7 639.4 64.3 550.2 805.3 79.4 4446.9
Private agency 348 730.3 1005.8 53.9 624.2 836.3 74.0 16656.2
Sum 587 705.4 896.7 37.0 632.7 778.0 44.7 16656.2
ANOVA Sum of squares Df Mean square F Significance Probability
Intergroup 544008.3 2 272004.2 338 714
Within the group 470651636.1 584 805910.3
Sum 471195644.4 586




366

Table 8. Sewage rate ANOVA results by operation method in 2014

H. Ko and D. Ha / Journal of Korea Water Resources Association 55(5) 357-370

Standard Standard 95% Confidence interval
Sewerage rate N Mean .. Minimum | Maximum
deviation error Lower limit | Upper limit
Direct management 131 271.6 87.5 7.6 256.5 286.8 133.9 516.7
Public consignment 61 248.2 87.8 11.2 225.7 270.7 103.7 406.4
Private agency 333 281.1 111.8 6.1 269.1 293.2 67.1 608.3
Sum 52523) 274.9 103.96 4.5 266.0 283.9 67.1 608.3
ANOVA Sum of squares Df Mean square F Significance Probability
Intergroup 57880.8 2 28940.4 2.695 .068
Within the group 5605811.6 522 10739.1
Sum 5663692.4 524
Table 9. Sewage water quality ANOVA results by operation method in 2014
Water quality N Mean Star?dailrd Standard 9% Confidence interval Minimum | Maximum
deviation error Lower limit | Upper limit
Direct management 140 9731 .0233 .0020 .9693 9770 7797 9952
Public consignment 99 .9847 .0126 .0013 9822 9872 9188 9978
Private agency 348 9817 .0137 .0007 .9802 9831 .8990 1.0000
Sum 587 .9802 .0168 .0007 .9788 9815 7797 1.0000
ANOVA Sum of squares Df Mean square F Significance Probability
Intergroup .010 2 .005 18.209 .000
Within the group 156 584 .000
Sum .166 586
Table 10. Number of civil complaints ANOVA results by operation method in 2014
Number Standard Standard 95% Confidence interval . .
of civil complaints N Mean deviation error Lower limit Upper limit Minimum | Maximum
Direct management 114 50.38 101.930 9.547 31.46 69.29 0 727
Public consignment 59 250.76 433.995 56.501 137.66 363.86 0 1409
Private agency 324 25.97 101.595 5.644 14.87 37.07 0 1409
Sum 497 58.25 190.307 8.536 41.48 75.03 0 1409
ANOVA Sum of squares Df Mean square F Significance Probability
Intergroup 2531298.9 2 1265649.5 40.514 .000
Within the group 15432291.2 494 31239.5
Sum 17963590.1 496
T8 9 A A5 A EE, fofu]Rt ol 7t Qle O] A, ArelA] Ak Ab e Aol B vt Z A
A0 & YEHTE Table 10014 & 4= 150] 35 S5l 7 A= @A R 2jo) & HolA] ¢l eS¢ = 3l
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T2 RS d g At ole M 112 7143l ou, 7k Ak AR, AL F-5 SEFA AGET T2 A0S 2
125 438 Ao2 24T 4 ek
20144 5]__/'\_5 ﬂ E]/q/g %7:"% HjEro 2 5611:/]__ _E_&]]Oﬂk‘ 23) 5877l Sl AR A F 627] A2 A1S E PR A E=

SSEaF BA Gl 92 A=A Al2l= el
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432 M At 22l

BAR A} 220109014 20141747 LG A1
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Table 11. Sewage treatment cost improvement ANOVA results by operation method in 2014

Standard Standard 95% Confidence interval
Sewage treatment cost N Mean .. Minimum | Maximum
deviation error Lower limit | Upper limit
Direct management 124 216.9597 | 646.07020 58.01882 102.1150 331.8044 -1447.00 6259.00
Public consignment 70 206.2286 | 453.91288 54.25297 97.9969 314.4603 -754.00 2656.00
Private agency 237 191.8397 | 317.71901 20.63807 151.1813 232.4980 -722.00 1760.00
Sum 431 201.4037 | 456.05486 21.96739 158.2269 244.5805 -1447.00 6259.00
ANOVA Sum of squares Df Mean square F Significance Probability
Intergroup 53314.7 2 26657.4 128 .880
Within the group 89380679.0 428 208833.4
Sum 89433993.8 430
Table 12. Sewage rate improvement ANOVA results by operation method in 2014
Sewage rate N Mean Star.lda'lrd Standard 95% Confidence interval Minimum | Maximum
deviation error Lower limit | Upper limit
Direct management 116 37.974 73.429 6.818 51.479 24.470 -155.000 298.000
Public consignment 42 37.310 38.133 5.884 49.193 25.426 -13.000 86.000
Private agency 222 47.108 63.784 4.281 55.545 38.672 -106.000 210.000
Sum 380 43.237 64.705 3.319 49.763 36.710 -155.000 298.000
ANOVA Sum of squares Df Mean square F Significance Probability
Intergroup 8015.380 2 4007.690 957 385
Within the group 1578777.304 377 4187.738
Sum 1586792.684 379
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Table 13. Sewerage water quality improvement ANOVA results by operation method in 2014

95% Confidence interval
Sewerage Water quality N Mean Sta{ldgrd Standard ° — — Minimum | Maximum
deviation error Lower limit | Upper limit
Direct management 124 .0148 .03503 .00315 .0085 .0210 -.11 21
Public consignment 70 .0103 .01588 .00190 .0065 .0141 -.02 .08
Private agency 237 .0090 .02009 .00131 .0065 .0116 -.06 13
Sum 431 .0109 .02488 .00120 .0085 .0132 -.11 21
ANOVA Sum of squares Df Mean square F Significance Probability
Intergroup .003 2 .001 2.193 113
Within the group 264 428 .001
Sum 266 430
Table 14. Number of civil complaints improvement ANOVA results by operation method in 2014
Number of civil Standard Standard 95% Confidence interval .. .
. N Mean .. Minimum | Maximum
complaints deviation error Lower limit Upper limit
Direct management 73 -25.616 153.219 17.933 10.132 -61.365 -443 601
Public consignment 23 265.957 341.960 71.304 413.831 118.082 -1 683
Private agency 150 -30.387 86.473 7.061 -16.435 -44.338 -443 166
Sum 246 -1.264 171.309 10.922 20.249 -22.778 -443 683
ANOVA Sum of squares Df Mean square F Significance Probability
Intergroup 1812868.0 2.0 906434.0 41.0 0.000
Within the group 5377059.8 243.0 22127.8
Sum 7189927.8 245.0
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