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Cost Allocation among Local Governments for Environmental Infrastructure:
A Case Study of Sewage Treatment Plant
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Abstract

This study explores methods of allocating costs incurring from construction of environmental infrastructure
among local governments involved in the project. Principles for equitable cost-allocation are reviewed, and
pros/cons associated with different methods are examined. Proportional Allocation method, Shapley Value
method, SCRB (Separable Cost-Remaining Benefits) method are applied to a case of swage treatment plant
in Gyeongnam province region, Korea. It is found that the SCRB method produces the most equitable result,
followed by Shapley method. The Proportional Allocation method, although easy to understand and simple
to calculate, is found to be skewed in favor of small town.
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Table 1. Results of Cost Function of Sewage Treat-
ment Plant

Variables Parameter

Constant 9.253+ (306)

LOG (CAP) 0.562x (50.3)
R*: 0.84

x Significant at 1% level
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Fig. 1. Location Map of Sewage Plants
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), AHEL 31305M el 2 F4E Serg o)eg Bkl 2 AL BAA 0 A5t
oA olafellAli= Al ARAT} 5 o= srAEds 1 T AAS AT o] u]-gH) ol Bhe ot} T
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Table 2. Situations of Sewage Plants
Sewage Plant . Capacity Treatment Population Weizer Umelilyy @i Wiz Creliy
Name Location (m/day) | Area (hector) (1.000) Influent of Effluent
’ (BOD, mg/L) (BOD, mg/L)
Uiryeong Uiryeong 4,000 225 134 97.76 2.9
County
Gunbuk Haman County 700 68 3.12 132.3 15
Sabong Jinju City 2,400 47 5.96 37.8 1.5

Table 3. Cost of Facilities

Sewage Plant Name Capacity (m/day) Cost (million won) Unit Cost per m’(million won)
A B B/A
Uiryeong 4,000 22,739 5.7
Gunbuk 700 8,536 12.2
Sabong 2,400 17,063 71
Table 4. Facilities Combination and Cost
Combination T Individual Cost and Expense of Total Cost
0 E Cooperation (million won) (million won)
Uiryeong+Gunbuk+Sabong 22,739+8,536+17,063 48,338
Uiryeong +{Gunbuk, Sabong}
(Joint facility of Gunbuk and Sabong) 22,739+19,703 42,442
{Uiryeong, Gunbuk}+Sabong
(Joint facility of Uiryeong and Gunbuk) 24,897+17,063 41,960
{Uiryeong, Sabong}+Gunbuk
(Joint facility of Uiryeong and Sabong) 29,615+85536 38,151
{Uiryeong, Gunbuk, Sabong}
(Joint facility of all)) 31, 3% 31, 3%
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Table 5. Cost Allocation by Proportional Method

v 77 =k ghAIH] -8 (marginal cost)ell 5
o g A, B T+ XAA7F FEAEE At @

J
AR

dl, CARFA 7} o] Abjfell et gt CAARA=

2o golz goltl &
243 ks 2o] TS
gl v

A9 7+ X

F

Artet=tf, BoA-C £A42 AN &S

AN g0 Z7HE
Zolt}

AAA 7} Hol ek ZEAA 7AMAL
|27 A7) AR RS A9 ‘AT
TA R A E =) whe) dEpivhE FA7F
S0} A, B, C Al AAA7} ZEAA A4S 913 o
2 pAsita 3w, A-BC SAR SANSS

, = A

Alrkshi=upel]

w2} A%} Be] #A] o] BebAT. el A7 gl

o] 3} %
R

A7
Ag 2a] A3 Felerie) wE

Figkas V}Zﬂ
Al

& Table 67} 2]
e AR 88 ool 16296Hu

of vzl

ek ARA LSS AAN S

Bl S, ARIL 3l
[e))]

deks

Horw de 2171 ol th

& ool wet @] o Hekx

mnukw

o]:‘%

= g A AL 5

735-e) ol o

Bt ol

), %ow;

r)o] 42389kl 5N (AHs)7F 10,861 Rl o]t} H]

Aol o)ak Herols) v wu, olale] B9 17,637
Mol A 1620600 2 Zo] 1301Mele @ Rt

S ) e S

238t o s F

EEEEE
ou A]%—EVM
1 o

Current Facility| Cost of Separate Cost saving by Proportional Method
C . C . Non-separable - -
Name apacity gn§tmctlon cost Saving Cost Saving Rate
(myday) (million won) C (million won) (%)
A B B-C (B-C)/B
Uiryeong 4,000 22,739 17,687 5,052 22.2
Gunbuk 700 8,536 3,095 5,441 63.7
Sabong 2,400 17,063 10,612 6,451 37.8
Total 7,100 48,338 31,395 16,943 35.1
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Table 6. Cost Allocation of Shapley Method

urhe AREE el § @9 2nE Yenn A,
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(Unit: million won)

Order of cooperation Marginal Contribution to Total Cost

Uiryeong Gunbuk Sabong

Uiryeong—Gunbuk—Sabong 22,739 2,158 6,498
Uiryeong—Sabong—Gunbuk 22,739 1,780 6,876
Gunbuk—Uiryeong—Sabong 16,361 8,536 6,498
Gunbuk—Sabong—Uiryeong 11,692 8,536 11,167
Sabong—Uiryeong—Gunbuk 12,552 1,780 17,063
Sabong—Gunbuk—Uiryeong 11,692 2,640 17,063
Sum of column 97,775 25,430 65,165
Shapley value 16,296 4238 10,861

Table 7. Cost Saving Effects by Shapley Method

. Cost of Separate Cost Saving by Shapley
Conaraii faciliny construction Non-separable i i
Name Capacity (m/day) o L Sa'V1'ng Cost Saving rate

A (million won) cost (million won) (%)

B @ B-C (B-C)/B
Uiryeong 4,000 22,739 16,296 6,443 28.3
Gunbuk 700 8,536 4,238 4,298 50.4
Sabong 2,400 17,063 10,861 6,202 36.3
Total 7,100 48,338 31,395 16,943 35.1
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Table 8. Cost Allocation by SCRB Method
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(Unit: million won)

Separable Remain Non-separable Allofaiclilc:r?el? ar;lzloe ocr(t)iztn to Share Allocation
Name Cost Benefit Cost . o by SCRB
A B C Remain Benefits AD
D=(B/28,368)x11,425

Uiryeong 11,692 11,047 4,449 16,141
Gunbuk 1,780 6,756 11,425 2,721 4,501

Sabong 6,498 10,565 4,255 10,753

Total 19,970 28,368 11,425 11,425 31,395

Table 9. Cost Saving Effects by SCRB Method

Current Facility |Cost of Separate| Share of Cost Cost Saving by SCRB

Capacity Construction by SCRB Saving Cost Saving Rate

Name ; e e
(m/day) (million won) (million won) (million won) (%)
A B C B-C (B-C)/B

Uiryeong 4,000 22,739 16,141 6,598 29.0
Gunbuk 700 8,536 4,501 4,035 47.3
Sabong 2,400 17,063 10,753 6,310 36.9
Total 7,100 48,338 31,395 16,943 35.1
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Proportional method Shapley method SCRB method
Name Share Rate of Share Share Rate of share Share Rate of share
(million won) (%) (million won) (%) (million won) (%)
Uiryeong 17,687 56.3 16,296 519 16,141 51.4
Gunbuk 3,095 9.9 4,238 135 4,501 14.3
Sabong 10,612 33.8 10,861 34.6 10,753 34.3
Total 31,395 100.0 31,395 100.0 31,395 100.0

Table 11. Cost Saving Effects by Method

Proportional Method Shapley Method SCRB Method
Name Amount of Rate of Amount of Rate of Amount of Rate of
Saving Savings by Saving Savings by Saving Savings by

(million won) City (%) (million won) City (%) (million won) City (%)
Uiryeong 5,052 22.2 6,443 28.3 6,598 29.0
Gunbuk 5,441 63.7 4,298 50.4 4,035 473
Sabong 6,451 37.8 6,202 36.3 6,310 36.9
Total 16,943 35.1 16,943 35.1 16,943 35.1

Table 12. Unit Cost by Cost Allocation Method

Capacity Lt o Shapley Method | SCRB Method |Individual Operation
Name ; Method o , . ) e s
(m/day) . . (million won/m) | (million won/m’) | (million won/m’)
(million won/m)
Uiryeong 4,000 4.4 4.1 4.0 5.7
Gunbuk 700 4.4 6.1 6.4 12.2
Sabong 2,400 4.4 45 4.5 7.1
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