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PREFACE

In response to the request of the Government of the Republic of Korea, the
Government of Japan decided to conduct a Master Plan and Feasibility Study on
Seoul Municipal Solid Waste Management System Project and entrusted the Study
to the Japan International Cooperation Agency (JICA).

JICA sent to Korea a preliminary survey team headed by Dr. Masao SAGO,

Professor of Science University of Tokyo, from October to November, 1923,

‘The team had a series of discussions on the Project with the officials
~concérned of the Government of Korea, in particular with those of the Ministry of
Science and Technology (MOST), and the Korea Advanced Institute of Science and
Technology (KAIST), and has agreed on the Scope of Work for the Study.

Adfter a preliminary survey was conducted, JICA dispatched to Korea a Study
team led by Mr. Fusao NODE, Nippon Jogesuido Sekkei Co., Ltd., and made full-
scaled survey based upon the Scope of Work, from June 1984 to October 1985, and

the present report has been prepared.

I hope that this report will serve for the development of the Project and

contribute to the promotion of friendly relations between our two countries.

I wish to express my deep appreciation to the officials concerned of the

Government of Korea for their close cooperation extended to the team.

October, 1985

Kl At

Keisuke ARITA
President

Japan International Cooperation Agency
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PART, I

-1

- GENERAL
Background of Study

In response to the requesr from the Government of the Republlc of

" Korea, the, Government of Japan has decided to carry out a Master Plan

. and Fea51b111ty Study on Seoul Mun1c1pa1 Solid Waste Management

System in. the Republlc of Korea (hereafter referred to as "the
Study"), in accordance with the 1aws and regulat1ons in force in

Japan. The Japan, Interuat1enal Cooperation Agency (hereafter

‘referred to as "JICA") the eff;c1al agency responsible for the

implementation of technical cooperation programes of the Government of

Japan, performed the Study in close cooperatlon with the authorites

_concerned of the Government of the Repub11c of Korea, in particular

with the Mlnlstry of Sc1ence and.: Technology (hereafter referred to as
"MOST") and the. Korea Advanced Institute of Science and Technology

(herelnafter referred to as "KAIST").

With the fepid’increase of urban pppulation'and-variation in socio-
economical conditions, the establishment of an appropriate management

system for the increasing output of selid waste has become an urgent

:eeédifor the City of Seouls The background to the Study is described

as;

1) From the'envifonmental and energy-saving point of view, Seoul

mun1c1pa11ty is anxlous to establish an approprlate ‘management
: system for solld waste which is character1zed by certain

'Vpropertles.

. 2)  The prevailing solid waste management system in Seoul is

represented by a;mieed cellection system ueing hand carts, the
transfer of. coliected waste ‘and simplified iandfill. This system
_'_br1ngs 1nev1tab1e problems of pollut1on, labor efficiency and
'11m1tat10n_of landf;ll sites ‘and, as a result, the urgent
~establishment -of an'abpropriateealtefnaeive system involving the

flow from waste generation to disposal is needed.
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3)

4)

5) .

'6)

Under the Sth Five Year Plan for Economic and Soczal Development
Plan (1982 1986), balanced development and_utllxzat;qn_of national -
land and -environmental presérvhtion are.raised és a'principal

poliey of the Government.  Under thié situation,'the appropriate a

management of the mun1c1pa1 solld waste in the cap1tal city of

the Republic of Korea is consxdered of great 1mportance.-j

The’ A51an Games w111 be held in Seoul 1n 1986 and the Olymplc
Games in 1988. Wlth th:s 1ncent1ve, the estab11shment of the
ratlcnal waste management system has become an urgent and .

1mportant 1ssue for 1mprov1ng the living env1ronment and to 5

promote the modern city plannxng of Seoul.

In Korea, various surveys and studies have been'made regaf&iﬁg.
‘the municipal solid waste management system by governmentai' |
organzzat1ons and unxvers1tles and some pro;ects are belng
1mp1emented. In the course of the Study, documents ‘on these'
ex1st1ng progects are. consulted for piannlng ‘the comprehensxve

solid waste management system for - the-future.

The Government of Korea desires that_thé execution of this .

project will become_the}modeltcase for improvements in solid

waste management systems in other municipalities.

Preliminary survey was carr1ed out in October-November, 1983 and

again in February*March 1984 when agreement on the Scope of Works

were made and conflrmed between the Japanese_Mlss1on and the Steerlng

Commlttee.

Scope of Study

This document contalns two studles. A Phase I Study estab11shes a

Master Plan for the" year 2005, and a Phase 1T Study carrles out a

Feasibility Study on a Short Term Improvement Progect,



The Master Plan phase has been performed to promote the establishment
of an effective'municipal solid waste managewent system for impfoved
ub11c sanitation and also resource ‘conservation, env1ronmental

preservatlon and the socio- ~economical’ aspects of a total system from

generation to final disposal.

Basic field surveys to supplement existing data and identify the
problems of the existing system are used as basic material for the

Master Plan and the Short Term Improvement Project.

jThe FeaéibilityTStudy'is condueted'on a Short Term.Improvemént
Prdject targeted for the year 1988. This includes the basic design
of transfer and processing facilities, and final disposal facilities,

as well as ‘economic/financial evaluation and environmenital assessment.

The Study area covers, in pr]nc1ple, the entxre Seoul mun1c1pal1ty.
However, further extensive area was cons1dered for the transportation,
*dlsposal ‘and 1andf111 stud1es. Since this Study area is extremely

wide; it has been divided into five zones according to Gu's.
The'Study covers municipal solid waste of Seoul City which consists
of domestlc and commerc1a1 waste including sludge from public waste
treatment fac1]1t1es (nlght soil and sewage treatment facilities).
The-components of this waste are combustibles such as paper,.
plaefics, textiles and wood, and non-combustibles such as metal,
glass, ceramics and briquet ash.

PART II MASTER PLAN

II-1 Strategy for Iﬁplementation

.The basic strategy for iﬁplemenfation_of the Master Plan is listed below,

~  Introduction of separate collection at source

- -'Improvemeﬁt of collection and transportation
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Collection

- Adoptlon of 1ntermed1&te proce331ng

- Establlshment of 1andf111 plannlng
~  Gooperation of residents

- _Personnel and institutional relnfarcement

Each subsystem of the proposéd Master Plan is described:

Three component separation of waste into
briquet ash, combustibles and :
noh*combustibles

On~gite Storage.

-

Ma1n1y adpotlon of- mechanlcal
collection, container box collection for '
briquet ash and station or curbside
collection for the other waste

. Transfer/Transportation : Mechanical transfer stations and large

size transportation vehicles
Intermediate Processing : Incineration for combustibles and
' _-meterial recovery for non—combustibles_

Final Disposal _ : Nanjldo mounds, Incheon coastal 1andf111-
: ' and sub51d1ary landfills in Seoul

Proposed Faciliﬁy Allocation and Implementation Schedule

Derlved from the 1east cost method in prlnclple Iocatlon for the
incinerating fac111tles and mechanlcal transfer statlons is proposed
as shown 1n_Flg. §-1. The schedule recommended for 1mplementat10n of
the Master Plan is shown in Fig; S—i; The 1nvestment program to

attaln the Master Plan is 1nd1cated in Table S-1.
Economic and Financial Evaluation

Projections of the total capitélﬂavail#bility duriﬁg the ﬁlanned'
period in Seoul City range from H985 billion.down to W530 billion.
Taking into accounk the gconomic:development of Korea and_Japénese'
gxpefience,'the likely cépitél availability is expected to be of .the
order of W700 billion. This'scale of investment will make it |
possible to incinerate 50 to 60 percent of combust1bles to be .

generated in Seoul Clty in the year 2005.
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As shown in Fig. S~2; however, a comparison of the annual daﬁitél
requiremeﬁts with the 0.2 percent allocétibn.of gross=investmeht
reveals a possible capital shortfall in seven years out of the whole
' period of the Master Plam. On the other hand, cumulative capital
requirements will be covered by the cumulative avaiiability:of
capital from 1986 tili'1993,.5ut a cumulative‘shprtfall will occur

_ from'1994:when.the investment on Incheon landfill will start.

Thése cap1tal reqguirements from 1994 1nc1ude about W80 billion for
Incheon-landflll. The 1nvestment dost of the landf111 w111 take omne
third and 48-percent of the total capital requ1rements for the Master

Plén'in 1994 and 1995, respectively.

The se‘f-sustalnlng degree drops sharply to 27.0 percent in 1996 when
the operatlon of the Incheon 1andf111 starts. However, if the
_collectlon feé is raised by around 10 percent, a 30—percent self-
sustaining w111 be attalned, This ralse 1n collectlon fee may not be
'hnféalisfic.wheh considering ;ncrease of family income in the
:future. .On the confrary, Eﬁé;ability of rate payers will be high
encugh to attain more than 30-percent self-sustaining in solid waste

management under - the proposed systeme(Table $-2).

Table $-2  Estimated SeifvSustaining Degree

1988 1991 1996 2001 2005
Unit Cost  (W/t) 8,013 8,227 12,322 12,530 13,002
Collection Fee (W/t) 3,070 3,130 3,330 3,500 3,640
Self-Sustaining Degree(%) 38.3  37.5  27.0 27.9 28.0
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"PART I1I -

FEASTBILITY STUDY

I1I~1 Project Identification

'A_pfojéct.ﬁb improve the existing solid waste managemént system of

Séoul;IWhich is urgently needed in the short term by 1988, is the

subject_of.the-feasibiiity study. ;The.feasibility study encompasses

basic planning of facilities and evaluation of financial watters and

‘environmental aspects.

_ Evaluation of the candidate sites were made with respect to transport

effect régardiné the indexes such as ton-km and truck-hours, -and

gquantitative evaluation by the least cost method was made for final

screening of project area before performing the comprehensive

evaluation as shown in Tablé 5-3. .

Table S-3  Comparison of Cost of Each Model

Cost Gﬁi,OOO/year)

fItem
| Model-1 * Model~2 **
Vehicle Collection 4,501,711 4,524,351
' Bxisting Collection 5,650,928 6,639,934
Large Scale Tramsfer Station | 240,324 224,830
Igéinerdting Center 2,269,490 2,269,496
' Total 12,662,453 13,658,605

% '1ﬁcineiation piéﬂt 1slconstructed_in Gangdong Gu,
%% Incineration plant is constructed in Dobong Gu.




Comparison of the total indicates that Mbdelwllis:about one billion
(w/year) less expensive than Model-2. Additiénally by considering
the fblloﬁing factors, Model-1, ihproVement of_é&Ste management

system in Gandong Gu, is recommended for the short térm projects

i.' Gangdong Gu has a high potentlal for urban1zat10n in the near
future. ‘

2. Gangdong Gu has excellent roéd cdﬁditién.

1. ngh heatlng value is expected by waste from central heated
apartments. ' _ ' '

4. TIntermediate proceSSLng site has been already dec1ded by Seoul

. Clty. ‘

5. Olympic games.wili be Eeid in“1988.

111-2 Basic Planning

Basic planning on this_system flow was carried out and the basic
specifications are ‘compiled in Table S-4, and the mass balance of the

waste is explained in Fig. S§-3.

IT1-3 - Project Schedule for Implementation

The proposed 1mp1ementat10n schedule for Gangdong Gu is shown 1n
Table S§-5. Thls proposal covers the perlod from 1985 up to ‘the year -
1988, This is in accordance_w1th the 1mplementat10n schedule of the

master plan,

Table $-5 reveals the extremely tight schedule of the -
pre-construction phase. Therefore, it is necessary:to-téke quick

action based on the proposed implementation schedule.
The ‘investment Schedule'is propoéed to correlate. to the implementa—J

tion schedule. The investment schedules for Gangdong Gu are

presented in Table 5-6.
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Table S-4 Basic Specificatlons for Short Term projects

Item

Specification

Specification Components

'On—SiEe Storage
Collection Hethod

GCollection Vehicles
Transfér

Transportation

Processing

Disposal

1,
2.

Combusfibles
Non-combustibles

3. Briquat ash

H

~

?lastic:buckets with lid.
Plastic and paper bags

Station or curbSLde
Collection of briquet ash with container boxes

tand 4 t trucks

.Compactor trucks for combustibles

Dump trucks for non-combustibles and brlquet_
ash

Mechanical transfer station for
not~combustibles, brlquet ash and
non-incinerated combustibles with capac;tles of:

Gandgong Gu -~- 1, 250 t/day

10 & contalner.trucks

Stocker type incineration of combustibles
with power recovery and capacity of 600 t/day
Simple material gsorting of non-combustibles
at - transfer stat1on' -

Landfilling at Nanjido of residues from both
incineration and recovery of
non-combustibles, and of nen—incinerated
combustibles

Use of briquet ash as cover material for
sanitary 1and£1111ng

Cembugtibles

-
884 {t/d

fion-Conbustibles

165 (£/d)

Briquat Ash

Total 1,737 (e/d)

600

Belsture 270 (t/d)

Volatile 2340 (t/d)
Hatter

Incine~
tation
Plant

Cover
HMaterial

708 (t/d)

Landfill
502 (t/d)

Fig. 5-3 Flow of Separated Waste in Gangdong Gu (1988)
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Table S~ 6

Inve'_stir_lent Schedule for Short Term Project

2,393,360

{Unit thousend Hon)
1386 1987 L1988 89 %0 -9 92 93 94 95 . 9% 97 98 99 2000 . 01 01 03 04
Locat - Ypreign  Subtoral  local Yoraign Subtotal - Local Poreign  Subratal . " L L L T . L L L L L L L v v
Land Acquisition © 1a843,000 ~ 1,345,000 - - - - e = - - - - - - - - - - - . - . . .
Eaginsarioy Sarvice B19,160 447,440 - 366,600 116,200 © 271,470 387,750 43,360 185,990 231,350 - - - - - - - - - - . - - . ) }
Dotail Design 119,160 A&7 ,440 566,600 W7,940 191760 239,700 - - e - - - - - - - - - - - - - - - -
Supsreision - - - 68,340 . 79,7107 148,050 - 43,560 - ' 185,930 231,350 - - - - - - . - - - - - . . . -
ConsEruction - - ~ 5,961,750 2,235,800 8,176,530 * 5,176,750 - io“s;n.zuo 13,726,930 - - - ~ - M - - - 205,200 - 96,600 - - . -
4. Inzinarator - - - 5.439,330 2,134,800 7,694,150 4,803,630 10,330,209 15,335,650 - - - - - T - - - - - - - - - - .
= Civil aed Building - - -~ 5,128,750 - 5,219,750° k,M3,2%0 & 1,753,250 - - - - - - - - - : - - - - - - - -
- Hachsnical Bquipsent - - - 229,600 1,234,800 2,464,400 918,800 8,939,200 - 9,857,600 e - - - - - - - - - - - - - - .
~ #iping - - - - - - 16,000 - - 176,000 - - - - - - - - - - - - - i R .
- Electrical Equipsent - - - - - - 1,368,000 1,611,000 2,979,000 - - - - . .- - - - - - - - - - -
b."l‘rni.\:flr Stetion = - = 4B1,k00 R ‘631..‘!00 3%3,100: - 371,100 - - = - - ijﬁ.aoo - - - 205,200 - 96,600 - - - _
- Civil and Building . - . 541,360 - 441,360 110,340 - 110,340 = . - - - - - - - - - - - - . - .
- Equipeent - - - 41,040 - 41,040 280,760 - - - 260,760 - - - - - 9,600 . - - - - 205,200 - 56,600 - - - -
Operation Veniclee - - - - - S siameeon C < 3,338,000 - - - - - 5,348,000 },147,500 - - - - 5,388,000 1,147,500 - - -
a. Dollection - - - -~ - = 2,893,500 - 2,893,500 - - - - - 2,893,500 . - - - - - 2,893,5000 . - - R -
b. Transisr - - - - - - 2,454,500 - 2,694,300 - - - = - 2,4%,500 1,147,500 - - - - 5,494,500 1,147,500 - ~ -
Lw,'ﬁ'u ,;9;' 320 - . 198,320 - 15‘,010' - 13,010 . 75,010 - 73010 74,950 50,310 ' 50,320 13,680 190,020 967,030 2,359,420 53,280 53,220 138,130 53,120 (33,220 602,300 53,170 53,210 56,660
2. Hanjide 198,320 - 198,320 © 75,010 - 75,010 75,010 - 25,010 14,950 50920 30,320 23,580 13,680 23,680 - - C- S - - - - - -
b." Incheon § - - - - - - - - - T - - = 266,346 91,150 1,339,420 53,280 53,420 138,230 $3,220 53,220 602,300 53,220 53,270 66,666
<. Incheon IE - - - - - - - _ - - - - - e .- s : - RS - - - = . < - - -
Subtotel 2,162,480 47,440 2,608,920 6,133,040 2,306,210 _a,sn;;io '-m._a'as.n'o 10,736,190 21,421,510 74,950 30,320 50,320 13,680 290,020 6,451,630 3,506,920 53,280 3,220 ':m'.uq £3,220 - 5,537,820 1,749,800 53,120 53,220 65,660
Physical Coatingency 215,250 AG7AG 260,990 - 603,300 250,630 563,930 ‘i,oégs.siso. S1.013,620 2,142,1% 7,500 5,00 's.om_ 2,370 29,000 645,160 350,690 5,330 5,370 34,340 5,310 1 553,780 174,980 5,320 5,320 6,670
Total 2,378,730 492,180 2,870,910 6,746, M0 2,756,900 9,503,340 11,753,850 11,809,310 _?3.563.660 - 82,430 55,330 55,130 26,050 = 319,020 7,096,730 3,857,610 58,610 38,50 377,770 58,540 6,091,600 1,924,780 58,540 58,540 .93
) 05 07 08 Total
L "L L L . local Foreign - | ' Totni R
Land Acquisition - - - - l,us, : L 1,845,000
’ . . o = Remsrks =
Enginearing Service - - - - 2!1,000 904,900 1,185 9¢0 :
Detail Pesign ) B N - 1”'1?0 639,200 60&.301:.! (1) Incinerstor {3) Operation Vehiclae
. Suparvisicn - - - - © 11}, 900 265,100 379,400 :
Coustruction - 96,600 - - 11,613 505 12,785,000 24 393390 1) Of the investment coat of civil and building, 75T is disbursed 1} ‘Zconomic lite is & yesra,
— V] 2 '} Xk a L . .
a. Incinsrator - - - = 10,265,600 12,785,000 23,050,000 in 1987 and 252 in 1908,
- Civii and Rilding _ - - - 6. 973.000 _ 6.973.000" 2) Of the invumnt cost of mechanical equlp-nnts. 20T ie (4) Llandfill
- Machanical Rquipmant - - - - 1,148,000 11,174,000 12,327,000 .lhlbu"td in 1987 snd 80X in 1988. . ‘ : .
- Piping - - - _ 176. 006 _ 176,000 3} Investmant cosl of piping and eleccricsl equipments are 1) [Investment toats and dissursement schedule of landfill both
+ : : + : :
- Elactrical Equipwent - - R - 1. 168,000 1,611,000 2.979.000 disbursed in 1988. Manjido ‘and Tncheon complised with Seoul side etudies,
. . o i ’ “4) Economic life ie 20 years. 7} Project cost to be invested ia shared in proportion te
b. Transfer Sl‘tlon ) - 6,600 - - .1,31.3_500 o .1_346.50.0 - : ) : landfill volume of the projects.
- Civil and Boilding - - - - 51,700 - - 31,700 . (2) Transter ?t.ti_on . ) .
- Equipsent - 96,600 - - 796,800 - : 795 800 : (5} Ranewal costs for vehicias and equipment except incinerator are
o r . i
. ST 1) Of the investwant coet of civil .nd building, 80X is dishureed diabureed at the intarval of their econcmic life.
Oparetion Vehicles - 3,388,000 1,147,300 - B 14,‘99&,500 - :u. 994,500 “in 1987 and 201 in 1988. ) ) C )
=. Collection’ - 2,893,500 - - 11,574,000 R TH 574, 000 2). _of the (investaent cont of equlmnu axcluding wheel toader, (6) . Oparation/maintensnce sud depracistion cost is excluded in thie
b. Treosfsr - 2,494,500 1,147,500 - 11,420,500 - 13,420,500 20% i disversnd in 1987 and 801 in 1988, Table.
" - - ] ] 3 Whect la'adat is-purchased in 1988 ‘end thicfo-t (96,000 x
Lendfill 2,120 266‘.340 ‘843,330 2&9“2_0 8,312,380 7 c3,212,560 _?12 98_'0 ' . 10 \ion) u invalqu in-the cost of aquxp-ente.
&, Hanjida - - - - 394,970 T _' 394,970 &) E«:onanu 1its of cuul ‘and building ie 30 yéere. 10 years for
b-"Inchaon 1 33.220 . - - v 4,148,900 o SRl Hn! 900 - Iquipﬂent and & yaars [for wvheel loader. .
c. Incheon II - 266,340 943,350 2,339,410 3,56%,110 - “3,569, ne - ’
Bubtotal 33,220 5,250,940 1,090,850 2,358,420 - 47,666,980 13,689,900 =61,316,a.n_0_
Physical Contingency 5,326 373,050 209,090 333,340 4,764,700 1,388,990 6,133,670
- Tatal 38,540 6,326,030 2,259,940 ‘52,411,680 15,058,890 67,470,550









TTI~4

Project Evaluation

4=1 - Fiﬁanéiai Evaiuetien
: TEe'EIRR was calculatéd for f alternative cases (Teble §~7). Case 1
to Case. 3 are fdr'the cases in which the collection fee is fixed at
the present lavel and the self~susta1n1ng degree is varied from 27 to
34 percent._ At the present 1evel of collection fee, the progect will
be f1nanc1a11y fea51b1e when the self—sustalnlng degree is 34 percent.
Case 4 to 7 are for ra131ng the present level of collection fee. If
the collectlon fee 15 raised by 30 percent, the self-sustaining
'degree rises to more ‘than 40 percent. In order to get more than
10 percent FIRR “the self_susta1n1ng degree drops to 35 percent.
Table'SF? FIRR for Short-term Project in Cangdong Gu
Case 'Cellection'Fee' Self;i::zzi?égg FIRR (%
1 At_ﬁresent level | ' 30 8.0
2 - do - . _ .34 - 5.
3 - = do - : 27 10.8
4 30% up . 35 10.9
5 Csdo~ ' 45 4.7
6 1988 ~ 1995 30% up 45 62
7 1996 - 2008 50% up 45 6.2
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Comprehensive Evaluation

Considering the results of financial, social and other impact

evaluatlons, comprehensive evaluat1on of the Project is made here

' compared w1th the existing system as shown in Table 5-8.

Table $-8 Comprehensive Evaluation of the Project
Criteria - : . Existing System _ Proposed System
Volume Reduction x o
Collection Efficiency X o
Working Conditions *® o
Recycle ' A o
Env1ronmental Conservation x _ - o

Legend: o = Superior, A='Acceptable, x = Inferior

The proposed ptoject conformgé to the 6Bj¢qtivé of thié_stﬁdy and
is evaluéted'as reasonable. The bejéct is recommended to be
1mp1emented as soon as p0351b1e since the Study revealed that'
this system is most effective and meets the financial and

env;ronmental requirements.
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PART 1V

V-1

" CONCLUSION AND.RECOMMENDATIONS
General

Through th1s study, varlous problems were 1dent1f1ed on ‘the existing

.solld waste management system in Seoul. Several alterntives for the’

" master plan were estab11shed con51der1ng the measures for these

problems. - Each alternatlve was evaluated and the optlmum master plan

was selected. The fe831b111ty study was made for Gangdoug Gu as the
first step of the master plans The results of this study are ‘as
follows. .

‘\

Collection and. Transportation
'Master Plan

Three cdmponeﬁt-separation df_combustibles, non-combustibles, briquet

ash is required for incineratiom, material recovery and preparing

covering material for landfill.

Hand'caft collection'system should be changed to vehicle collection
system in whole Seoul by 1995 to 1mprove collectlon efficiency,

sanltary conservatlon - working hours and worker s status.

_Traﬁsfer-stationé are recommended for the effective transportation of

‘waste to the disposal site.

Feésibility Studyi

.Impfdved'collection'and transportation system will be established in

whole Gangdong Gu 1n 1988. Transfer station with its capacity of

1, 150 t/day, is proposed to be constructed at the east end of -Gangnam

Gu where an incinerator is also provided..

' .Compactor trucks collect combustlble waste and dump trucks collect

briquet ash and non—COmbustlble wvaste.
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Iv-3

3-1

3-2

1y-4

Contalner trucks are used for transportation from: transfer stat1on
and 1ncxnerator to disposal site. Two.tqns.and_four tons of trucks
are used for collection in accordance tO'fdad width in collection
site.' Gangdong Gu 15 proposed to be d1v1ded into 7 zones for. the
purpose of the uniformity- of dally collectxon amount of waste and

daily working hours in relation to collection frequency -in each_zong,_

Intermediate Processing
Master Plan

Construction of 13 units bf.incineration plants are proposed in
master §lan where one unit, is.600 t/d.'=The amount of incinerated
waste would amount to 2,574 thousand tons 1n 2005 which is 48? of
estimated combustlble waste. Materlal recovery plants are- also

proposed in the plan. Daily process1ng rate will be 300 tons in

' 2005, which means 99 thousand tons are treated annually by the

plants. Wlth the operat1on ‘of the 1ntermed1ate processlng plants,

2 060,000 m /year of landfill vqume will be reduced in 2005.
Feasibility Study

Construction of 600 ton/day 1nc1nerat10n plant was proposed for
Gangdong Gu. The plant is expected to be 1n operatlon in. autumn
1988. in 1988, 100 days of operation 13 planned and 330 days after
1989. The reduction of landfill volume by this plant w111 amount to
157, 000 m /year. ' o

‘Final Disposal

Final dispoéal'fOr this project is proposed as'Nénjido mounding,

" Incheon coastal laﬁdfilling'and use of subsidiéfy landfills.

Sub31d1ary landfills are 51gn1f1cant if sufflClent area can be
secured within reasonable dlstances, and if adm1n1s€rat1ve
settlements can be made in the case of sites out of the

administrative boundarles.
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1v=5 ‘Institutional Arfdngement

The range of jurisdiction for the municipality and Gu's is recommended -

as described in Table §-9.

Jurisdiction

Table $-9  Recommendations on
Duty - Jurisdiction Comment
_Colléction Gu - Presently under jurisdiction of Gu
' ~ Requires close communication with
residents
'Haul to Transfer Station Gu . - Presently under jufisdicfion of Gu
' : ' ' © = Requires close communication with
residents '
:Traﬁsfegistation'aﬁd' City - Requires a unified management of
Transportation from - “trucks serving all transfer
- Transfer Statiomn to "station
Landfill Site . + One station may serve more than one
: Gu -
Intermed1ate Proce351ng City - Requires a standardized system of
Facility : operation and maintenance
- Effectiveness of construction
planning when administered by city
- Accumulation of technological know-
how
Nanjido Di$p0é31 Site City ~- Though Nahjido is preseutly managed

by Mapo Gu, the city has
responsibility for 1mplementat10n
of the mounding. plan

"5-19
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CHAPTER 1 - INTRODUCTION

1-1

" Background of Study

In response to the request from the Government of the Republic of
Korea, the Government of Japan has decided to carry out a Master Plan

and Feasibility Study on Seoul Municipal Solid Waste Management

' System in the Republic of Korea (hereinafter referred to as "the

Study™), in actordance with the laws and regulations in force in
Japan. The Japan International Cooperation Agency (hereinafter
referred to as "JICA"), the official agency responsible for the

implementation of technical cooperation programs of the Government of

"Japan;'pérformed'the Study in close cooperation with the authorities

" concerned of the Government of the Republic of Korea, in particular

with the Ministry of Science and Technology {(hereinafter referred to
as '"MOST") and the Korea Advanced Institute of Science and Technology

(hereinafter referred to as "RAIST"),

With the rapid increase of urban population and variation in socio-

eéonomiéal cohditions, the establishment of an appropriate wmanagement

'9ystem for the increasing output of solid waste has become an urgent

need for the City of Seoul. The background to the Study is described

as;

1) From the environmental and energy-saving point of view, Seoul
municipality is anxious to esatablish an appropriate management
system for solid waste which is characterized by certain

properties.

2) The brevailing solid waste management system in Secul ig
reprasented by a mixed collection system uging hand carts, the
transfer of collected waste and simplified landfill. This system
brings inevitable problems of pollution, labor efficiency and
limitation of landfill sites and, as a ‘result, the urgent
establishment of an appropriate alternmative system involving the

flow from waste generation to disposal is needed.



3) Under the 5th Five Year Plan for Economic and Spocial Development
Plan (1982-1986), balanced development and utilization of national
land and environmental preservation are raised as a principal
policy of the Government. Under this situation, the appropriate
management of the municipal solid waste in the capital city of

the Republic of Korea is considered of great importance.

4) The Asian Games will be held in Seoul in 1986 and the Olympic
Games in 1988. With this incentive, the establishment.of the
rational waste management systein has become an urgeant and
impoftant issue for improving the'living environment and to

promote the modern city planning of Seoul.

5) 1In Korea, various surveys and studies have been made regarding

the municipal solid waste management system byrgoﬁérnmental
organizations and universities and some projects are being
implemented. In the course of the Study,,doqﬁments on these
existing projects are consulted for planning the ;Qmprehensive

solid waste management system for the future.

6) The Government of Korea desires that the execution of this
project will become the model case for improvements in solid

waste management systems in other municipalities.

Preliminary survey was carried out in October-November, 1983 and
again in February-March, 1984 when agreement on the Scope of Works
were made and confirmed between the Japanese Mission and the Steering

Committee.
Conduct of the Study

On the basis of the preliminary survey, JICA organized a study team
and dispatched them to Seoul, in June-iQSA, for the full-scale study.
The Study has been accomplighed by JICA team in close cooperation
with Korean counterparts from KAIST. The Japanese consultants were
assigned by JICA, and commenced activities in June, 1984 with the

preparation of the Inception Report. The time scale of study



activities and report submissions are indicated in Fig. 1-2-1. This
Study was completed at the end of October, 1985 with the submission

of the Final Report,

The A&visory Committee (members of the Japanese Government), also
organized by JICA, held meetings in Tokyo as the need arose,
observing the Study's progress and providing technical advice. A
member of the Advisory Committee stayed in Secul with the Team, while
the other representative members of Committee made 5 separate visits
to Seoul and discussed the essential points with the Korean Steering

Committee.
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Organization of the Project Team

The Study was carried out jointly by JICA and MOST.

Committee and the Study Team were organized by JICA, while the

The Advisory

Steering Committee and the KAIST Counterpart Team were organized by

'MOST.

The organization showing the interrelationship between the Korean and

Japanese sides is shown in Fig. 1-3-1.

The list of members concerned with this Study is given on the

following pages.

Korean s8i

M 0 5 T

de

Seoul

Metropolitan
Government

Steering

Committae

1-4

Counterxrpa

(KATIST

rt

Japanese sidae

JICA

Adviesosry

Cosmittee

Fig. 1-3-1 Organization

Objectives

The objectives of the Study are: i) to analyze and evaluate the

technical and economic feasibilities of an effective and rational

Jodnt

Sutrvey

Study

Tesm

for Study Implementation

solid waste management system for the future, based upon the local

conditions of Seocul City, and ii) to ensure a "clean" municipality

that is acceptable socially, economically and environmentally.




(1) ORGANIZATION OF JAPANESE SIDE

1) Advisory Committee Members

1. Dr. Masao Sago’
2. Mr. Hiroshi Miyazawa

3. Dr. Masaru Tanaka

4, Mr. Hideaki Unno
(Predecessor:

Mr. Osamu Ikeda)

5. Mr. Hiroshi Kitagawa

6. Mr. Junji Ishizuka

2) Study Team Members

1. Mr. Fusao Node

2. My. Norio Kanno

3. Mr. Kazuhiko Denda

4. Mr. Tatsuyuki Negishi
5. Mr. Shoji Fujii

6. Mr. Torao Tokozumi
7. Dr. Hidetoshi Kitawaki
8. Mr, Shigehisa Tazaki

9, Mr. Masashi Hattori

10, Mr. Kiyoshi Miyakura

Chairman of Committee
Science University of Tokyo

Solid Waste Management System
Japan Waste Management Association

San{tary Engineering

The Institute of Public Health,
Ministry of Health and Welfare
Facilities- Planning

Ministry of Health and Welfare
Basic Field Survey

Hiroshima City Office
Coordination

Japan International Cooperatlon
Agency (JICA)

1eam Leader
Legislation/Organization (NJS)

Solid Waste Analysis (NJS)

Economic and Financial Analysis
{rcI)

City Planning (PCI)
Recovery System Planning (PCI)

Colléction/Transportation System
Planning (PCI)

Intermediate Processing System
Planning (NJS)

Final Disposal System'Planning
(NJIS)

Environmental Assessment (PCI)

System Planning (PCI)



11, Mr. Yoshijiro Shimomura Facility Design {PCI)

12. Mr. Hidesumi Arai Collection/Transportation
Simulation Analysis (PCI)

13. Mr. Makoto Hasegawa Final Disposal Design (PCI)

Note: NJS = Nippon Jogesuido Sekkei Co., Ltd.
PCI Pacific Consultants International

(2) ORGANIZATION OF KOREAN SIDE
1) Steering Committee Members

l. Dr. Hoagy Kim Chairman of Committee
Chemical Research Coordinator, MOST

2. Mr. Hee Woon Choi Secretary of Committee
Principal Investigator, KAIST

3. Dr. Sook Pyo Kwon Director of Imstitute for
Envirvonmental Reserach, Yonseil
University

4, Dx. Sung Moo Lee Professor of Chemical Engineering,

Yonsei University

5. Dr. Dong Min Kim ‘Professor of Environmental
' : Engineering, Seoul City University

6. Dr. Jung Wook Kim Professor, Graduate School of
Environmental Studies, Seoul
National University

7. Mr. Jong Keon Perk Chief, Division of Solid Waste
Management, Office of the
Environment

8. Mr. Jong Kwan Ahn . Chief, Division of Solid Waste
Management, Seoul Metropolitan
Government

2) Participate in Steering Committee Meetings
1. Mr. Sun Yong Lee - Office of the Environment

2. Mr. Jong Sik Ro Chief, Sanitary Facilities Section
Waste Management Division
Bureau of Parks and Environment
Seoul Metropolitan Government



3)

4)

5)

3. Mr. In Yong Choi

4. Mr. Seoung Koo Ahn
5. Dr. Myoung Jin Yu

6. Dr. Dok Chan Kim
Counterparts

1. Mr. Hee Woon Choi

2. Mr. Young Myoung Kim
3. Mr. Soo Yeol Kim

Principal.06llaborators

1.

2.

4,

Dr.

Dr.’

Dx.

Hakze Chon

Won-Hee Park
Sekwon Kim

Jong Ok Lee

Chief, Division of Environment
Kurogu, Seoul Metr0p011tan
Government

Associate Professor

Dept., of Environmental Engineering
Seoul City University

Agsociate Professor _
Dept. of Environmental Lnglneerlng
Seoul City University

Associate Professor

Dept. of Chemical Engineering
Seoul City University

Principal. Investigator, KAIST
Senior Engineer, KAIST

Investigator, KAIST

President, KAIST

Director, Research Coordination,
KAIST

Former Chemical Besearch
Ceoordinator, MOST

Principal Inﬁestigafor, KAIST

Collaberating Institutions and Organizations

Korea Advanced Institute of Science and Technology

Seoul Metropolitan Government

Office of Environment

NEPL

Local Consﬁltant
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Scope of Study

This document contains two studies. A Phase I Study establishes a
Master Plan for the year 2005, and a Phase II Study carries out a

Feasibility Study on a Short Term Improvement Project.

The Master Plan phase has been performed to promote the establishment
of an effectiﬁe municipal solid waste management system for improved
publiq sanitation and also resource comservation, environmental
preservation and the socio-economical aspects of a total system from

generation to final disposal.

Basic field surveys to supplement existing data and identify the
problems of the existing system are used as basic material for the

Master Plan and the Short Term Improvement Project.

The Feasibility Study is conducted on a Short Term Improvement Project
targeted for the year 1988. This includes the basic design of
transfer and processing facilities, and final disposal facilities, as

well as economic/financial evaluation and environmental assessment.

The Study area covers, in principle, the entire Seoul municipality.
However, further extensive area was considereé for the transportaﬁion,
disposal and landfill studies. Since this Study ares is extremely
wide, it has been divided into five zones according to Gu's as

illustrated in Fig. 1-5~1.

The Study covers municipal solid waste of Seoul City which consists of
domestic and commercial waste including sludge from public waste
treatment facilities (night soil end sewage treatment facilities).

The components of this waste are combustibles such as paper, plastics,
textiles and wood, and non-combustibles such as metal, glass, Ceraﬁics

and briquet ash.
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Fig. 1-5-1 Five Zones of Study Area

The subjects listed below are assumed as the preliminary conditions
for implementation of this project and are not considered as study

subjects.

1. From 1988 to 1994, the final disposal site will be Najido, and

from 1995 on, Incheon.

2. The refuse derived fuel (RDF) and compost plant under construction
and the Mok Dong incineration plant to be constructed in Seoul

City.

3. Both the Nanjido mounding and Incheon coastal landfilling.
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CHAPTER 2 PRESENT SITUATION

2-1 Existing System

2-1-1 General

Solid waste managemeunt in Seoul in relation to administrative
aspects, waste generation mechanism, collection and transportation

system, final disposal system and recycling system is presented here

to identify existing problems.

The existing solid waste management system in Seoul is illustrated in
Fig' 2=-1-1.

. sl Existing [low

§p Seoul

~ = = —a Recycling

i ¥

=
-

e e % L
e.“: "’_1’.-"{-:1 e e S F

Fig. 2-1-1 Flow Diagram of the Existing Solid Waste Managemént



2-1-2 Administration

: 2 o . . ..
Seoul covers an area of about 627 km . The municipality is divided

into the administrative units listed below.

Table 2-1-1 Administrative Levels of Seoul'City

Unit Number Governing System
City . i Administrative
Gu 17 'Administrative
Legal 474
Dong _ : Administrative
Administrative 417
Tong 12,361 ' Autonomous
Ban 95,439 Autonomous

The legislation most relevant to this Study is the Refuse Cleansing
Law. The objectives of the present Refuse Cleansing Law, revised in
1983, are specified in Article 1 as follows: "This Law aims at
contributing to improve national health and environmental

preservation through maintenance of the natural and living environment

and cleanliness, by means of processing waste in a sapitary manner."

Urban areas where population and industries concentraﬁe are sﬁecified
as special cleansing areas, and therefore, appropriate cleansing
operations should be cérried out. In case of Seoul, the entire
administrative area is considered as a special cleansing area, but
the mayor has authority to exclude the following areas from its

designaticn.

1. Dongs where the population density is less than 1,000 persons per

square kilometer.

2. Dongs surrounded by mountains, hills and fields.



The administrative structure in the special cleansing area is shown in
Fig. 2-1-2, The installation and maintenance of refuse receptacles at the
waste sources along with the operation critevia of solid waste management

for municipalities are defined in the regulation.

Refuse Cleansing Law

“ Self-
Office of Disposal Large Amount
Environment Sources 1)

Allocation of Waste Receptacles

Installed
Receptacles 2)
Reporting

; Commereial Cooperation

Residents 1Establish- > HMunicipalities
iment

b

Collection, Transportation,
Processing, Disposal

Note: 1) A large amount scurce is defined as a single
source generating over 300 kg per day and
must comply with specified criteria.

2)'§Mnic1palities should report to 0.0.E. on the
following matters.
I. Projected collection and disposal rate
Landfill situation
Personnel, facilities and equipment
4. Expansion plan for facilities

5. Problems and countermeasures

Fig., 2-1-2 Schematic Administrative Structure
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Fig, 2-1~3 Organization Chart of

Seoul Metropolitan Government



Cleansing operations such as collection, transportation and disposal
are carried out not only by municipalities, but private companies as
‘well. Private coﬁpanies collect solid wastes in the desipgnated areas
based on the contract with the city mayor and under the jurisdiction
of the Cleansing Division of Gu. They use vehicles and facilities in
compliance with the regulations associated with solid waste cleansing
law. According to the regulétioas, private companies report the
collected amount 6f'waste and charges to the city government. The
ofganization of Seoul Metropolitan Government is shown in Fig. 2-1-3.
.Under the Bureau of Parks and Environwment, the Cleansing Division has
administyative rvesponsibilities for management of domestic solid
waste. The organization of the Bureau of Parks and Environment is
depicted in Fig. 2-1-4., The Cleansing Division of the city comprises

of four sections, responsibilities of which are given in Appendix.

Collectien and transportation of wastes are conducted by the
Cleansing Division of Gu. The organization of a Gu is shown in Fig.
2-1-5 and responsibilities of the Cleansing Division in the Bureau of

Citizens are given in Appendix.

Cleansing Administration Section

Firat Work MNenagemenbt Section

———— Second Work Hanagement Section

Cleasnaing
Division '
i Sanitary Facllities Seccion
1
L r=—- West Hightsoil Treatment Plant
- -4 .
-- - = HNorth Mightsoil Treatment Plant
— Parks Development Section
——— Parks Division ’—""—'T_‘E.
| Parks Management Secelon
: r—== Sepul Park Office
1
Director —— " b - e --- Oring Park Office
'
t -~ —~ Hamsan Park Office

Environmental Administration Section
Enviconmental Protection

Diviston First Envirenment Sectfon

b Second Environment Section

Afforestatfon Administration Section

L Afforestation Divisfon —-p—f——— Green Protection Seciion

Landscaping Sectlon

¢
|

: Management Section
E e - — — AfPorestation Offfce A<‘: Operation Section

Research Section

Fig. 2-1~4 Organization Chart of Bureau of Parks and Environment
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. ' — Quarantine Division
— Health Office “u-+¢‘. ' .
: ' — Health Counseling Division

~— Waterworks Construction Division
B Cohstrﬁction L~ Waterworks Management Division
Bureau : — Engineering Division

' Construction Management Division

— Parks Division

City Adjustment {7 Building Divisign
Bureau — Urban Adjustment Division

'— Housing Division

— Cleansing Division
- " Environment Division
Chief of Gu '*—*"‘giiizﬁns' Affairs Industries Division
— Sanitation Division

Social Welfare Division

— Levy Guidance Division

. [~ First Tax Administration Division

- Bureau of Finance - L.
I Second Tax Administration Division

— Accounting Division

F" Civil Defense Division

| Bureau of — Saemaul Division

Administration ~= Planning and Investingation Division

L Administration Division

S citizens' Service Office

Fig. 2-1-5 Organization Chart of Gu



2~1-3 Collection and Transportation

(1)

(2)

General Situation

The flow of the existing waste collection and transportation system
taken.by Seoﬁl City is indicated in Fig. 2-1-6. Collection is carried
out manually mainly by two methods: 1. placing collected waste into
hand carts and transferring onto trucks, and 2. transferring directly

onto trucks. Then the loaded trucks are hauled to the disposal site.

The total cost of collection and transportation is estimated by

Seoul City Authority about five to six thousand won per ton.

Although this value is very low compared with that of foreign
municipalities, it is expected to increase in proporiion to the
escalation of personnel expenses in future, because a large portion
of this cost consits of personnel expense for a present hand cart

Sys tenm.
Collection Situation

In 1983, of the total coilected rate of about eight million tons of
waste, about 62% was by Seoul City personnel and the remainder 38%
was commissioned to private firms. The main served sources of the
public collectors are independent houses, while the private companies

collect from commercial establishments and apartments. Though

" sources generating more. than 300 kg/day are to self-dispose of their

own waste, these are primarily contracted to private firms. The non-—

collected population is less than 0.1% of the total.



The number of city workers in 1983 in Seoul was 7,633, 0f which 5,156
.were coliection workers and the remainder were road sweepers.
Private companies employed 2,180. The city owned 8,390 hand cartes in
1983 and private firms owned 1,819 carts. 7The duty area of the |
collection workers covers from 110 to 140 houses. The average amount
of waé;e collected by the workers is 2,600 kg per person per day for

public workers and 4,700 kg/per/day for private collectors.

Concrete dust boxes, Plastic
Storage Area e

containers, Metal cans,

Wooden boxes and Drum cans.
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hand carts.
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At the present times, three kinds of collection methods are applied

(Fig. 2-1-7).

-~ Door-to-door collection by hand carts

(for independent houses)

-~ Bell ringing collection by hand carts
(for independent houses in weak collection areas which have very

steep topography or very narrow alleys)

- Truck collection

(for apartment houses, office, hotels and markets)

The on—site storage methods used by independent houses include the
traditional COncrete:dust boxes, plastic containers, wooden crates,
metal cans, drum cans and bags. Almost all of the apartments possess
dust chutes for waste storage, and in a few cases, waste is brought

directly to refuse containers stationed along streets.

The waste storage rooms (dust chute pits) used by apartments are
generally located below the ground level without considering the
method of collection. Therefore, the storage area becomes unsanitary
due to leachate formation propelled by rain water and the odors
generated. Furthermore storage rooms become nesting places for rats
and insects. Collection workers have to transfer these wastes from
these small outlets into baskets and carry them to hand carts and

collection trucks; hence operation efficiency is very low.

In principle, collecktions should take place everyday, but actually,

over 50% of the collections are perfofmed three times a week.
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(3)

(4)

Transportation Situation

There are 696 small scale transfer stations for unloading solid waste
from hand carts into dump trucks or containers. These transfer
stations are located along streets, rivers and open areas, and are

enclosed with simple metal fences. However citizens complain about

'the'dus; and odors generated, and unaesthetic appearances and

unsanitary conditions.

Manual unloading methods are used in most cases. Stations without

ramps . are especially dangerous when collection workers unload solid

waste from hand carts into dump trucks using two wooden planks.
Seoul authorities use only 9 1oaderé for the unloading operation at a
few transfer stations. In April, 1984, the municipality owned 512

transportation vehicles. The average round~trip distance travelled

by these vehicles was 32 km.
Collection Fee and Tips

The collection fee paid by waste generators depends on the house type

and floor area. The fees based on source types are listed below.

Table 2-1-2 - Base Collection Fee

Source Type Floor Space (m2) Fee (W/mon)
Independent House ' 33 130
Apartment 33 : 400
Commercial Establishment 16.5 800
Large Amount Generator 1 4,000

According to results of a questionnaire survey, tips received by
collection workars,from waste generators ranged from 500 to

5,000 wbns:per-mqnth with an a?erage of ¥W2,000/mon. The survey
also indicated that almost 60% of the residents thought that the tip

they pay was reasonable.
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2-]1~4 TFinal Disposal

(1)

(2)

Background of Landfilling

Landfilling is defined as a final disposal method and is treated in a
similar manner as incineration, recycling and composting in the Refuse
Cleansing Law. - A legal landfill site is specified to be an area of

2 with a landfilling volume of over 10,000 m3. In

over 3,300 m
addition, the Seoul refuse cleansing regulation states that the mayor
has the power to give permission for landfilling when owners intend

to fill refuse into their land'only'for the following reasons.

l. Ground levelling for residential use.
2. Conversion of wasteland into cultivated land.
3. Refilling of gravel borrow pité and other excavated areas.

4. Soil conditioning of cultivated land.

However, since most landfillings in the past were carried out by
filling open trenches and swamplands, insufficient records and data
on disposal were kept. Furthermore, these were not recognized as

final disposal methods, but rather as land reclamation measures.
Nanjido Landfill Site

Nanjido disposal site is located at the western side of Seoul in Mapo
Gu. The filling operation started in 1974 and was legally authorized
by the City Plahning Law in 1978. With an area of 294.1 ha, this is
recognized as the only major disposal site for Seoul. However, in

1984, about 907% of the site was filled.

The dumping site at Nanjido is divided into four sections, of which
three are for public trucks and one for private vehicles. The
dieposal rates in 1983 are presented in Table 2-1-3. ' The average
truck loading density is about 0.5 t/m3, which implies a loading

rate of about 70% to nominal capacity.
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Table 2-1-3 Disposal Rate at Nanjido (1983)

No. of Trucks Disposal Rate :
Lategory Daily Annual Daily Annual Area
Average Total Average Total
(ton) (1,000 ton)
Public 1,359 495,974 9,500 3,467
Private 931 339,749 4,542 1,658
Adnnual
Industrial 6,079 ha
Waste 35 13,086 194 71
Others 300 109,500 1,350 493
Total 2,625 958,309 15,586 5,689

The landfill method is an open dump system with final cover. Whenever

a solid waste layer becomes approximately 7 m, a 60 cm layer of soil

is covered.

ared.

Then, the filling procedure is repeated at the next fill

Consequently, the interior of the fill becomes anaerobic,

resulting in production of methane gas, highly organic leachate,

offensive odor and other environmentally unacceptable matter.

The

water quality of samples taken around Nanjido is indicated in Table

2-1-4,
Table 2-1-4  Annual Average Water Quality
. Leachate Taken Water Sample from

Igd1cator at Nanjido nearby Stream
pH 7.7 7.7
BOD (mg/%) 10,000 46
COD (mg/ L) 2,100 23
$5  {(mg/4) 230 60
T-P {(mg/4L) 20 7
NH,—N (mg/2) 1,400 30
NO.,~N (mg/2) 0.1 0.5
NO3-N (mg/R) 3.2 0.5
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