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A Study on the Development of Optimal Renewal Planning Model

in Water Supply Facilities Connected to Future Financial Plan of
Water Providers

ol

UME- M4 MAIY- LTI RS

Sanghyun Lim-Hwisu Shin-Jeewon Seo-Kibum Kim-Jayong Koo’

MESAlEetu etEgett

Department of Environmental Engineering, University of Seoul

ABSTRACT

It is considered necessary to renewal a considerable number of water supply facilities in Korea because they began to be
intensively buried in the period of rapid economic growth. Accordingly, local water providers are required to take measures
against this situation, but they have currently been caught in a vicious circle of the lack of budget spent in renewing water
supply facilities because county-based small-scale local water supply cannot afford to cover annual expenditures with their
revenues from water rates. Therefore, this study developed an optimal renewal planning model capable of achieving a
balance of financial revenue and expenditure in local water supply using nonlinear programming and furthermore of minimizing
the total cost incurred during the analysis. To this end, this study selected the water supply area located in County Y as
a research area to build the financial revenue and expenditure and used Solver function provided by Microsoft Excel to
use nonlinear programming. As a result, this study developed an optimal renewal planning model minimizing incurred costs
in consideration of 6 items in the financial revenue and expenditure. The optimal renewal plan was modeled according
to the available annual budget. As a result, this study proposed SICD, a scenario to minimize total costs from the perspective
of water suppliers, and SITS, a scenario to minimize the increase in water rates from the perspective of consumers. It can
be said that the method proposed in this study is the core of the optimal financial and renewal plans as a final stage
of asset management for water supply facilities. Therefore, it is considered possible for local water providers to use the
method proposed in this study according to circumstances for the asset management of water supply facilities.
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Where, WRI; = water rate income in j year (KRW)
Qi = amount of water production in j year
(m’/year)
WR; = water rate in j year (KRW/m’)
So = standard subsidy (KRW)
S = subsidy in j year (KRW)
B; = borrowings in j year (KRW)

RC;j = renewal cost in j year (KRW)
MC; = management cost in j year (KRW)
RCx = replacement cost for K asset (KRW)

AACk = asset acquisition cost for K asset (KRW)
SRk = standard service life of K asset (yr)

Y1; = amount of revenue water in j year (nr)

Y, = revenue water ratio in j year (%)

Y; = hydrant density in j year (hydrant/km®)

Y4 = pipeline ratio over 21 year-old in j
year (%)

Ysi = unit cost of pipeline management in
j year (1,000 KRW/m)

Ysj = purification plant personnel expenses
(million KRW)

BC;j = borrowings cashin in j year (KRW)

RWR( = standard revenue water ratio (%)
RWR = revenue water ratio (%)

IE; = interest expenses in j year (KRW)
r = consumer prices inflation (%)= 2.0 %)
R = interest ratio (%)= 5.5 %)

m = analysis period (years) (=30 years)
j =1,2, =, m
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Table 1. Explanation of scenario 239 A3 A 2 A AYS SHe A
Scenario | Water rate condition | Subsidy condition L Table 31} Z+c}
CICD Constant Increase Constant Decrease A7F AFRIFSEE dlAl Wol7t RS AR Skl 3
CITS Constant Increase Total Subsidy ob 5 = 3 = =
F & 3ol 54 7|3t &= &L, FEeHE|
SICD Stepped Increase Constant Decrease Dol ol £ = uleo zolslxl oFo
SITS Stepped Increase Total Subsidy dzel @Al 2 HEE Aot ot Ak whet
A AT ool oiF AT TS o
Table 2. Water rate and subsidy of study area F ARE7RERE At WS7E ASa s Al e
QI Ho Jo A 2ok
Study area | Unit water rate Standard subsidy Wb, A7F ARET s oAt M Ae s = o
Y city 1,086(KRW/m?) | 1,500(million KRW) o] ojdE]o] E7VI5ECl ol S7EE FEuE £%
A3t HE BEORRA 11890 F7HsHe R0 ekt
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n .
3. gz BeUlEE St A0 Uehdth Ao CICD g
- - A 2 CITSQ] zJo| Ao 211K ZTo] Az E9Q)
31 TCHRIO] AlLfalow B e 4 gt C TS AT TS Hee e e T
2710) hgo me} S ey Holsh Wtk
Bajo) ool | Ao le) At Ho) gl = ol Rurxa AW TaAYIE AuEle
P2 2R ALY EASTF09YS TR FEAL o ujs) 30 Bk FuRET A9 B G Aol
AR} A [FFAME HES Slsl ARTRs R AlAke] AP R Altol| | ik 2 A PFHS ARREl=
9] Ul B 304zke] AAABE 2T o7l Aupe]est AulH ARl SEa T elAkio] Ao
A, ARE7FS R cllike] WR Qlstel 247]7ko] 30de]  Alye|eehe At =&E Y
At o] o] ZHTFo] sl A7k TYE = k. ofe} thS Table 5= AlUE]Q SICD(HE 879 whA &
e A7 AR, FUT 20A AUEles B 27 9 Furzo] 93 7k 270)9 AF AY
M3 4 g7 whEol, A7k NSRS oAk] S A & 2at AnkE Uepaic
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Table 3. Result of financial profit and loss for scenario CICD

Annul limited budget for renewing waterworks (million KRW)

Category 3,000 2,800 2,600 2,400 2,200 2,000 1,800 1,600 1,569
Water rate income 207,723 | 208,299 | 209,000 | 210,470 | 211,479 | 213,386 | 215,420 | 218,795 | 220,903
Subsidy 22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500
Borrowings 11,707 11,353 10,423 9,382 8,925 8,360 7,905 6,770 6,885
Total profit 241,931 | 242,152 | 241,923 | 242,353 | 242,904 | 244,246 | 245,825 | 248,065 | 250,289
Management cost 181,464 | 181,969 | 182,659 | 183,922 | 184,824 | 186,547 | 188,299 | 191,344 | 193,105
Renewal cost 41,723 41,758 41,868 41,941 42,028 42,214 42,327 42,636 42,690
Borrowings cashin 18,744 18,425 17,397 16,490 16,053 15,486 15,198 14,086 14,493
Total loss 241,931 | 242,152 | 241,923 | 242,353 | 242,904 | 244,246 | 245,825 | 248,065 | 250,289
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Table 4. Result of financial profit and loss for scenario CITS

Category Annul limited budget for renewing waterworks (million KRW)
3,000 2,800 2,600 2,400 2,200 2,000 1,800 1,600 1,569
Water rate income 205,291 | 205,867 | 206,568 | 208,038 | 209,046 | 210,954 & 212,987 | 216,362 | 218,471
Subsidy 22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500
Borrowings 13,835 13,464 12,348 11,071 10,367 8,454 7,570 6,282 6,227
Total profit 241,626 | 241,830 | 241,416 | 241,609 | 241,913 | 241,908 | 243,057 | 245,145 | 247,198
Management cost 181,464 | 181,969 | 182,659 | 183,922 | 184,824 | 186,547 | 188,299 | 191,344 | 193,105
Renewal cost 41,723 41,758 41,868 41,941 42,028 42,214 42,327 42,636 42,690
Borrowings cashin 18,439 18,103 16,889 15,746 15,061 13,148 12,431 11,166 11,402
Total loss 241,626 | 241,830 | 241,416 | 241,609 | 241,913 | 241,908 | 243,057 | 245,145 | 247,198

Table 5. Result of financial profit and loss for scenario SICD

Annul limited budget for renewing waterworks (million KRW)

Category
3,000 2,800 2,600 2,400 2,200 2,000 1,800 1,600 1,569
Water rate income | 203,669 | 204,226 | 204,904 | 206,326 | 207,305 | 209,155 | 211,127 | 214,401 | 216,446
Subsidy 22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500
Borrowings 11,761 11,397 10,158 9,303 8,385 7,229 5,994 4,241 4,406
Total profit 237,931 | 238,123 | 237,922 | 238,129 | 238,189 | 238,884 | 239,622 | 241,142 | 243,352
Management cost 181,464 | 181,969 | 182,659 | 183,922 | 184,824 | 186,547 | 188,299 | 191,344 | 193,105
Renewal cost 41,723 41,758 41,868 41,941 42,028 42,214 42,327 42,636 42,690
Borrowings cashin 14,744 14,396 13,396 12,266 11,338 10,123 8,995 7,163 7,557
Total loss 237,931 | 238,123 | 237,922 | 238,129 | 238,189 | 238,884 | 239,622 | 241,142 | 243,352

Table 6. Result of financial profit and loss for scenario SITS

Annul limited budget for renewing waterworks (million KRW)

Category
3,000 2,800 2,600 2,400 2,200 2,000 1,800 1,600 1,569
Water rate income 202,132 | 202,649 @ 203,292 | 204,610 | 205,526 | 207,288 | 209,129 | 212,290 | 214,247
Subsidy 22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500
Borrowings 13,537 13,173 12,143 11,167 10,160 8,666 7,180 5,057 4,879
Total profit 238,169 | 238,322 | 237,935 | 238,277 | 238,186 | 238,454 | 238,809 | 239,847 | 241,626
Management cost 181,464 | 181,969 | 182,659 | 183,922 | 184,824 | 186,547 | 188,299 | 191,344 | 193,105
Renewal cost 41,723 41,758 41,868 41,941 42,028 42,214 42,327 42,636 42,690
Borrowings cashin 14,982 14,595 13,409 12,414 11,334 9,693 8,182 5,868 5,831
Total loss 238,169 | 238,322 | 237,935 | 238,277 | 238,186 | 238,454 | 238,809 | 239,847 | 241,626
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Fig. 2. Total cost of scenarios.
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Table 7. Result of tap water rate which need to be increased

Scenario Scenario
cenari
CICD CITS SICD SITS
Current tap water rate(KRW/m®) 1,086
Increased tap water rate 38.82 37,91 291.04 286.32
(KRW/m?*/year for CICD, CITS, KRW/m®/5year for SICD, SITS) ‘ ' ’ '
tap water rate (last year of analysis) (KRW/m?) 3,235.56 3,187.41 2,832.22 2,803.93
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Fig. 3. Optimal renewal schedule of study area.
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