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ABSTRACT

Limited landfill area and finance as well as a huge generation of waste, have called for
systematic approaches towards potential cost savings. In this study, the management system of
food wastes generated from the residential and commercial sources was considered in three
cities: Changwon, Masan, and Jinhae city. Total thirteen alternatives were established and
compared by applying the WRAP (Waste Resource Allocation Program). The following results
were obtained:

1. While relatively small amounts were generated from the commercial sources such as cafeteria,
restaurants, and market facilities, almost 80% of food wastes were generated from the
residential sources.

2. Unit costs for food waste management in three cities were different according to their
present situation, and the highest cost appeared in Jinhae city due to the most expensive
construction of coastal landfill site,

3. Considering proper revenue, the whole conversion of food waste into animal feed was selected
as the optimal alternative and represented 60% to 74% of the management cost of the whole
landfill alternative in all cities. Comparing the other alternatives, composting of food waste
was more economical than the landfill alternative and the incineration was the most expensive

alternative.
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Fig. 1. Network modeling of WRAP
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Table 1. WRAP as mathematical expressions

Obiective function
MIN ( Transportation cost + Processing cost )
= ¥ ( GTy + CikT + CiTj + CaTix )
+ 22 (ViPy + Fié 3 + VP + Fub w )

Constraints
(Eq.1) Source Balance Equation
T+ 2 Tw = for each i-source
(Eq.2) Processing and Disposal Input Balance Equation
STi+XTi=2ZhH for each j-site
ZTk+ 2Tk = ZPu for each k-site
(Eq.3) Processing Output Balance Equation
ST+ X Tj=1b 2P for each j-site
(Eq.4) Processing and Disposal Capacity Equation
Sh<L for each j-site
2 Pu < Lk for each k-site
(Eq5) Non-negativity Constraint
All of decision variables > 0.0

(Eq.6) Integer Constraint
d =0ifP =0
& =1ifPRP>0

where, C's = Transportation unit cost (¥/ton-min.)
T's = Transportation acitivity (ton-min./year)
V's = Variable cost of process (¥/ton)
F's = Fixed cost of process (¥/year)
P's = Processing activity (ton/year)
L's = Maximum processing activity (ton/year)
b Output coefficient
1 Piecewise linear segment of processing

cost curve

1) EX&r4= (Objective function)
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Table 2. Municipal solid waste generation in Kyungnam and three cities
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Table 3. Location data of food waste generation sources
4 = 2 =
T i = = ! = 2
7 %‘ a & 35 16.6 128 414
Ao e A [ - 35 129 128 422
s N m |5 Z 5 3% 15.0 128 38.5
N S Sla $ 3 35 14.0 128 403
X
dat kA ) & 5 35 15.1 128 369
FEAEANR | EFEAEEGAA 35 138 128 38.8
#FFERAY | B g 35 13.2 128 407
7} A2 E il 35 06.7 128 29.4
FaF Y a2 FEF(HEAS) 35 118 128 339 |
< A Ay A B 35 147 128 315
ohAbA LR EIETEIEEED 35 132 128 35.1
= TN EEZTRA 35 11.9 128 345
X 2 Al 2 OA] %} [ = o T % R %
sTHEAR sz n 35 120 128 3438
TR EED) 35 12.4 128 3.7
Z 3 L= ) A A .
FTERANL 5 2(5dF) 35 138 128 34.7
7} B % = 5 35 085 128 308
R AgFHda A 3t £ 35 09.2 128 414
= < 4 3|9 At = 35 08.7 128 421
g JFEIAE|E 1 F 35 07.4 128 471
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Table 4. Location data of food waste management facilities

o A
T € = . - i = = 2
23524721 3 7] ($8) 35 12.3 128 391
4 9 Al A5 Hushd (A1) 35 123 128 39.1
AEE AEFF (HAE) 35 123 128 391
AXE g ($8) 35 105 128 422
7NEE 27 A9) 35 09.7 128 32.2
o 2 A AAA FHugAd ($8) 35 06.3 128 242
7NEE AR (HE) 35 09.7 128 322
He d8% (88) 35 08.0 128 352
YiAg azt3 (HE) 35 083 128 413
2 8 A Yibs Hulshg (HE) 35 083 128 413
YAE Alg3y (HE) 35 083 128 413
HiE g (&8) 35 083 128 413
Table 5. Major component distributions of residential solid wastes
T ¥ T 2 S & VA I EdA A
S ?lf/aozﬂ %f 0159 0103 0,030 0.202
TAH](%) 54.45 35.27 10.28 100
FEFY EE/E‘;T%%? 0.175 0,099 0023 0297
(o}54E)
F2391(%) 58.92 3333 7.75 100
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Table 6. Residential solid waste generation quantity in three cities
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9 = BEFe AFAT B 28/1E8F 2579 AFAT 2 271943 |
=4 EX] AFQ+ %ﬂ%—’&a]ﬂ 7]5}‘&31]7] HFQ) %/_&]%éﬁgﬂﬂ 7VEr2 g 7) !
() (RE/D) (REND) () (RE/) (RE/)

T = 30,854 1.79 1.50 13,719 0.88 0.62
% | 7HER% 35722 2.07 173 120,375 7.69 5.36
1 | 95 F 82.204 477 399 22,046 141 0.99
A g E 75,746 440 3.68 77,065 4.92 343
| 24835 11,438 0.66 0.56 33,104 2.11 148
a AFH 20154 1.17 0.98 2,191 0.14 0.10
A g x7 134,760 7.82 6.55 48,279 3.15 219
,‘{] WA 5540 0.32 0.27 22,170 145 1.01
34+ 58457 339 2.84 31,783 2.03 1.42
4 TIE 11,823 0.69 057 11,733 0.75 052
éﬁ 33 % 37,653 219 1.83 11,106 0.71 049
N 943 21,651 1.26 1.05 24,398 1.56 1.08
| 35 1% 13,900 0.81 0.67 1,079 0.07 005
Z A 539,902 31.34 26.22 420941 26.87 18.74
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Table 7. Food waste generation quantity from commercial facilities

=9 = AdF A4 = 4 3 23X B FEEA A
A2 gar ] waw | dar | wan | dar | sz | das | 10T 9as | wa
3 - 10 0.240 63 0.431 0 0
2 | HEAT 61 1.467 62 0.424 10 0.220
4| 235 0 0.00 58 0.396 1 0.018 1 0.156 4 0.085
A w S 5 30 0.721 193 1318 8 0.190
¥ &5 54 1.298 40 0.273 3 0.156
it I FH 9 0.209 38 0.239 0 0
2 gz —ZL 24 0.455 187 0.824 6 0.190 5 24 4 012
A U A & 7 0.133 12 0,053 0 0
397 43 0.816 122 0.538 2 0.023
A 535 3 0.015 37 0.105 1 0.090
éﬁ 335 4 0,019 7 0.020 0 0 0 0 0 0
2 q 33 5 0.024 17 0.048 0 0
+%5 15 8 0.039 13 0.037 0 0
i A 258 5.435 836 4,669 31 0.887 3 2.556 8 0.205
* Wb
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Table 8. Distribution of food waste generation quantity in three cities

2 " ZAE wiEdd 74 (%) I ZAl EAFE A
" 29X hatA) As) Al (AE/Q) (%)
g = 35.60 51.92 58.67 31.34 4392
A 3T % 4423 27.68 36.62 26,87 37.65
& A 79.83 79.60 95.29 58.21 8157
1 % F 4 =2 9.69 6.60 115 5436 7.62
& 2] 3 7.34 6.76 249 4706 6.59
W o# =2 oA = 153 0.83 1.07 0.876 1.23
R I 1.38 572 - 1928 2.70
BEEEEEREER 023 049 - 0.205 029
@ A 1000 100.0 100.0 71361 100.0
(ST (RE/Q) 38.465 24.459 8437 71.361
(%) 53.90 3428 11.82 100.0
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Table 9. Simulation set of food waste management alternatives

9 < Aol Be gz 7
5 - - W 3
* B ¥ v 3 A 8 8 & = U
et 1 - - - s
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Z
B 2 &3 N - vyolA) 2287
| Y& R
yet 3 | - RN - ’ * A
ECEEREE
! - - -
giet 4 2 E=
gt 5 - 4 B2 1A -
yt6 | Awelvsig - -
waq | AEERRANY ] ] , 2013}
L Fg%9 + 4
ERNE=IRE - -
_]
ek 9 . e 2 G 27 AE
EEUEEERE gk 2 27 - s w
AR &2 E2E 7] ARz >
HHL e g g M2 (123, #9%) A
ERE - et 3 71 287] -
ERE gk 6 - 7Y% 7]

2) MelAld H|IBXE

WRAPE oA 87 A4gad 2408
3 fABeEIES Anuge Ushis M43

Table 10, Formulas of processing cost curve

ANE B237) Sdste] HZ AFM AYHT
Qe x2Yse AP v gAY
Z43gon, Table 113 Zo] M &IHAE &
Fato] oS¢ viehd W&t ol &g,

8344 FA B u) 8-S BRCRL

5 2 7he e 8 7hHul L

A 2 i 6 g el ey
AR s ey | 2R e | 23R )
e 1 7912 50.011 8542 261.830 A3k
o8 3 A 4 1 2.720 0.003 1.446 31333 A7t
1 5133 1323 27.236 43.026 10.0°]5
A B g A4 ki
2 1.685 35.890 18415 106.850 10.001/¢
srel g (23) 1 40.455 0.000 3.270 0.000 A7z
& 2 W "] 1 2.580 123930 3195 31.159 A7z
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Table 11. The cost estimation results in case of Changwon City .
SHEXY 7 BPu| &
:_"L ¥ [ AmEasaEe | AR@lsuAd ARRE AT 7N )| g 2
(/) | ddwig | (Q/8) | 2dulE | AlESE | "y | &z | o] g
etk 1 16.000 100.0 16,000 100.0 - - - 1000 | 718
ek 2 | 16902 105.6 18,913 1182 8.0 45 - 875
et 3 | 16526 1033 19,686 1230 125 - - 875 | g3
et 4 13117 82,0 23,254 1453 401 - - 509 | ¢ A
et 5 9912 62.0 25.712 160.7 625 - - 375
et 6 | 15949 97 15,949 9.7 - 125 - 875
ek 7 | 15056 94.1 15,056 941 - 401 - 59.9 f’ﬂli}
et 8 | 13945 87.2 13945 87.2 - 62.5 - 35 |
et 9 | 30,446 1903 32450 2028 8.0 - 92.1 124 |
oo | 30335 1896 32,339 202.1 8.0 45 875 118
theH1 23535 1471 25540 159.6 8.0 545 377 5.1 i 3
gigH2 | 29.960 1873 33110 206.9 125 - 875 118
tHeH3 | 29385 1837 29,385 1837 - 125 875 118
Table 12. The cost estimation results in case of Masan City
I ea22Y7] Balu g
3% [(Aewazasa | aseasoas AR AT TN )|y 5
(A/8) | duvg | (/8) | Zd¥lg | A8st | #9893 | & Z+ | 9 ¥
et 1 17.986 100.0 17.986 100.0 - - - 1000 | 71&2k
et 2 | 20191 1123 22,855 127.1 105 40 - 855
tiek 3 | 19021 1058 22677 126.1 145 - - 855 | Algst
thet 4 17.420 9.9 25.289 1406 311 - - 689 | ¢+ A
it 5 | 13344 742 29,082 1617 62.3 - - 377
et 6 | 20322 1130 20,322 1130 - 145 - 855 ]
et 7 | 21964 1221 21.964 1221 - 311 - 68.9 ?le
ot 8 | 25074 1394 25074 1394 - 62.3 - 377
2 35449 197.1 38,113 2119 105 - 895 121
eHo | 36199 2013 38.863 216.1 105 40 855 115
thsH1 36,283 2017 38,947 2165 105 51.7 377 51 fr 3
o2 | 35029 1948 38.685 2151 145 - 855 115
theH3 | 36,330 202.0 36,330 202.0 - 145 855 115
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Table 13. The cost estimation results in case of Jinhae City

9 e SARSAN BRE HewE AAF 74 (%)
e -E‘: ALE T 4 e AtE ol =91 A H 3
(/8) | Zodle | (J/8) | Boulg | Atgst | gt | & 4 | i ¥
gkl 46,495 100.0 46,495 1000 - - - 100.0 71E<t
oiet 2 51.190 1101 51,364 1105 0.7 0.7 - 98.6
ik 3 49,049 105.5 49,398 106.2 14 - - 98.6 Alg s
Coisb4 | 40963 | 881 | 46891 | 1009 | 234 - - 766 | % A
itk 5 28,008 60.2 42,653 579 - - 421
it 6 48,111 1035 48111 1035 - 14 - 98.6
gk 7 39,381 84.7 39,381 - 234 - 76.6 ?E]ﬁ
ot 8 25,740 55.4 25,740 - 579 - 421 T
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