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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 S5AGO,

Professor of Science University of Tokyo, from October to November, 1983.

The team had a series of discussions on the Project with the oificials
concerned 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.

Alfter a prélifninary survey was conducted, JICA dispatched to Korea a Study
téam led by Mr. Fusao NODE, Nippon Jogesuido Sekkei Co., Ltd., and made fuli-
scaled survey based upon the Scope of Work, from June 1984 to October 198%, and

the present report has been prepared.

1 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

(4 v . 7T ‘

Keisuke ARITA
President

Japan International Cooperation Agency
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PART I

I-1

GENERAL

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 (hereafter referred to as '"the
Study"), in accordance with the laws and regulations in force in
Japan. The Japan International Cooperation Agency (hercafter
referred to as "JICAM™), the official agency responsible for the
implementation of techmical cooperation programs of the Government of
Japan, performed the Study in close cooperation with the authorites
concerned of the Government of the Republic of Korea, in particular
with the Ministry of Science and Technology (hereafter referred to as
"MOST") and the Korea Advanced Institute of Science and Technology
(hereinafter referred to as "KAIST").

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

economical conditions, the establishment of an appropriate management
system 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
muni¢ipality is anxious to establish an appropriate management
system for solid waste which is characterized by certain

properties.

2) The prevailing solid waste management system in Seoul is
represented by a mixed collection system using 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 alternative system involving the

flow from waste generation to disposal is needed.
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3) Under the 5th Five Year Plan for Economic and Social Development
Plan (1982-1986), balanced development and wtilization 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 comsidered of great importance.

4) The Asian Games will be held in Seoul in 1986 and the Olympic
Games in 1988. With this inceﬁtive, the establishment of the
rational waste management system has become an urgent and
important issue for improving the living enviroument and to

promote the modern city planning of Seoul.

$) In Korea, various surveys and studies have been made regarding
the municipal solid waste management system by governmental
organizations and universities and some projects are being
implemented. In the courée of the Study, documents on these
existing projects are consulted for plamning the comprehensive

so0lid 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.
Objectives

The objectives of the Study are: 1) to analyze and evaluate the
technical and economic feasibilities of an effective and rational
s0lid waste management system for the future, based upon the local
conditions of Seoul City, and ii) to ensure a '"clean" municipality

that is acceptable socially, economically and environmentally.
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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 Pian phase has been performed to promote the establishment
of an effective municipal solid waste management system for improved
public sanitation and also resource comservation, envirommental

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 primciple, the entire Seoul municipality.
However, further extensive area was considered for the transportation,
disposal and landfill studies. Since this Study area is extremely
wide, it has been divided into five zones according to Gu's as

illustrated in Fig. 8-1.

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

The components of this waste are combustibles such as paper, plastics,
textiles and wood, aﬁd non~combustibles such as metal, glass, ceramics

and briguet ash.
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Study Framework

The problems of the existing

and their countermeasures are jdentified in Table S-1.

used as bases for forwing the Master Plan.

Five Zones of Study Area

solid waste management system in Seoul
These will be

Those requiring immediate

improvement will be analyzed and considered in the decision

alternatives for proposal of

the short term improvement project.

From studies on existing population forecasts, and based upon the

assumption that the government's population control policy will be

promoted continuwously, a conclusion is made that the future population

in Seoul City will be 10.3 million in 1988 and 12,5 million in 2005.

These projections into Gu's and zones are indicated in Table 5-2.

A peculiar'characteristic of
large amount of briquet ash.
of waste components as shown

generation rate is predicted

about 2.1 kg/cap/day in 2005.

l1isted in Table S5~4&.

solid waste in Seoul is the exceedingly
This is also reflected in the férecast
in Table S-3. The per capita waste

to be about 2 kgfcap/day in 1988 and

The generabtion rare forecasts are



Table S=1

Problems of Existing System

Subsystem

Problem

Element

bescription

Remedy

Ou~5ite Storage

Collection

Transfer and Transport

Tuternediate Processing

Resource Recovery

Final Disposal

Financial Aspects

dustchute

fixed dust box

high molsture content

in garbage
hand caxt

parrow and/or
steep road

tip

Iong haul distance

manual transfer

leachate dripping
from vehicle

congclousuess on
processing

waste characteri-
stics and quantity

self-support work
corps

scavenging at dig-
posel sites

dumping at Hanjido

present landfill
site

canpdidate landfill
sites

{ncoming truck
managenent

collection fee

unsanitary, inefficient
for collection

inefficient for collec~
tion

unsanitary, inefficient
for collection and pro-
cessing

ungesthetic, labor inten~
sive

inefficient for collec—
tion

unequal evel of service

tnefficient for
transport

unaesthetie, unsanitary,

labor intensive

unagsthetic,
vasanitary

oderous,

inexperienced, mig~
understood

inefficlent for pro-
cessing, marketability
of recoverable materials
End ensrgy

unsanitary, unaeschetie,
uasteble income, unsafe

same as above

unaesthetic, unsanitary,
pollution of environ~
ment

saturation of Nanjido

scarcity

ingecurzte information

ingufficient for opera-
tion coat, difficulty
in securing residents’
cooperation

-

-

plastic bucket with 1id,
papet and plastic bag

same as above

dewater garbage, plastic bag

compactor collection vehicle,
cutbside collection

road improvement, station collectiom,
eity planning

discontinue, labor incentive

mechanized traasfer staticm,
processing facility

discontinue and/for direct haul,
wechanized transfer station,
processing facility

water tight wvehicle

definition (i.e. distinction
between disposal and intermediate
processing), education of engineer,
propagaanda

separate collection, market
development, promotiom, fnstitutiomal
arrangement

discontinuation, systematic resource
recovery (e.g., iatermediate
processing, oo-site recycling),
employaent counseling

same a3 above

daily soil covering, environmental
control (e.g, leachate treatmeat)

acquisition of new landfill sites,
Nanjido mounding, reduction of
disposed refuse {e.g. intermediate
processing, recycling)

MNanjide mounding, reduction of
disposed refuse(same as above),
long distence haul

truck scale

adninistrative reform, education,
propaganda




Table S-2 Estimated Future Populations by Gu and Zone

(Unit: thousand person)

Year
1983 1988 1991 1996 2001 2005
Gu
Jongro 277 280 290 290 300 300
Jung 225 230 230 240 240 240
Zone I Total 502 510 520 530 540 540
Seongdong 737 790 810 + 850 870 880
Dongdaemun 914 960 990 1,020 1,050 1,060
Seongbug 589 610 620 630 640 650
Dobong 813 980 1,070 1,180 1,270 1,320
zone 1I Total 3,053 3,340 3,490 3,680 3,830 3,910
- Yongsan 335 340 350 350 360 360
Eunpyeong 422 440 450 460 460 4790
Seodaemun : 423 440 440 450 460 460
Mapo 439 470 490 510 530 540
Zone TIT Total 1,619 1,690 1;730 1,770 1,810 1,830
Ganseo 6135 820 920 1,040 1,140 1,190
Guro 630 660 680 700 720 730
Yeongdeungpo 446 470 470 490 490 500
Dongjag 400 410 420 420 430 430
Guanak 540 550 560 570 580 580
Zone IV Total 2,651 2,910 3,050 3,220 3,360 3,430
Gangnam 652 900 1,030 1,190 1,320 1,390
Gangdong | 727 950 1,080 1,210 1,340 1,400
Zone V Total 1,379 1,850 2,110 2,400 2,660 2,790
Total 9,206 10,300 10,900 11,600 12,200 12,500

Estimated by the study team

5-6
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PART II

I1-1

MASTER PLAN

Concept for Master Plan

Having an effective waste stream from generation point to final
disposal is a basic concept for solid waste management. In this
respect, acquisition of landfill sites as the final destination of
the waste stream is considered to be a major point of solid waste

management, where the waste stream is established by traditional ways.

Taking into account the existing situation in Seoul, opening of the
Incheon coastal landfill site, which the Office of Environment (OOE)
has studied, is an important matter for Seoul City. However, since
Incheon landfill planning is within a comprehensive project spanning
across several administrative districts, the actual construction must
be delayed due to institutional hindrances. Therefore, Nanjido

mounding is indispensable for Seoul.

However, although the waste stream may be established by the above
landfill projects, the basic problem is not solved. It is always
difficult to acquire sufficient landfill sites for the future and
this problem is faced by Seoul City. Therefore, the master plan must

have effective solutions for this situation.

As a comsequence, the master plan proposes.incineration, because a
reasonable landfill planning can be established as a result of the
large volume reduction and the production of a stable and harmless
output. Furthermore, separate collection is also proposed to
complement the adoption of incineration and the need to improve the
collection and transportation system. However, since the proposed
system requires a large investment for complete implementation, an
incineration ratio of about 50-60% is established for the target year
of 2003 in respect to the potential availability of capital. The

basic policies for the master plan are:
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- Improvement of collection and transportation
-~ Adoption of intermediate processing

~ FEsgtablishment of landfill planning

Technical Consideration

Consideration of Collection and Transportation

The collection and transportation system should be improved by a
stepped program considering the local conditions, such as road
conditions, type of household, working conditions and the present
‘collection and tramsportation system. The reéommended modifications

of the present system are:

-~  For improvement of the existing collecticn method (hand cart
collection), new vehicles need to be purchased and exchanged for
the existing ones. For combustibles, 2 t and 4 t compactor
trucks and for non-combustibles and briquet ash, 2 t and 4 t dump

trucks are recommended,

- The break-even distance for direct haulage is about 11 km and 16
km for 2 t trucks and 4 t trucks, respectively. fTherefore, large
scale transfer stations become necessary, and new 10 t container
trucks (20m3) are recommended for transportation to the

disposal site.

The comparison in costs for operation and maintenance between the

present system and the proposed system is given in Table S§-~5.

There is not much difference between both systems under the same
condition such as working hours, working days per year, etc, however,
personnel expenses, as part of the total cost is very.big with hand
cart system. Vehicle collection system will be more advantageous in

the future as personnel expenses escalate.

85-10



Table S$-5

Operation and Maintenance Cost Comparison for Collection/Transportation

(including Depreciation) (Unit : #/ton)
Hand Cart Tnproved
[ten System System Remarks
. * Including cest for unloading
*
(1) Collection 5,708 _ 4,962 from hand cart onte dump truck
. * Small scale traunsfer
(2) Transfer Statiom [ * - 700 station
{3) Transportation Hauling distance is assumed
(ko Nanjido) 2,190 nin | . tobe 15 km
(4) Transportation Hauling distance is assumed
(te Incheon) 4,865 4,947 to be 40 km
Total (1}+(2) 5,708 5,662
Total {1)+(2)+(3) 7,898 7,784
Total (L)+(2)+(4) 10,573 10,609

Consideration of Intermediate Processing

As a consequence of the difficulties in securing suitable final
disposal sites, the effectiveness of intermediate processing to
reduce the waste volume must be gsubstantiated. Various processes are
currently'available, but the waste charaéteriétics, output market-—
ability and other factors are required_to select the correct process.
Table 5-6 is an evgluation of eight processes, with special emphasis
on technical experience on a world-wide basis. As a result, the
alternative processing systems for intermediate processing in Seoul
City are pfoposed as listed below and these should be adopted singly
or in combination according to generated waste characteristics,

marketability of processing products and other local conditions.

1. Non-intermediate processing system : Collected waste is directly

hauled to the final disposal site.



2. Incineration system : Collected waste is brought to the
processing plant wheve the waste is incinerated and residues are
hauled to the final disposal site. In this case, the waste to be
processed should have sufficient calorific value for
incineration. Therefore, three component source geparation #-1
of combustibles may be necessary.

3. Incineration with heat and/or power recovery system #-2 : Same
as 2. above except waste heat from incineration is recovered as
energy. In this case, stabilization of output heat must be
considered.

%*-1 The results of calculations on component and lower heating
values is shown in the following Table. In 1988,.the lower
heating values are 720 keal/kg and 840 kcal/kg on the
conditions of two component separation and three component
separation, respectively. The critical point of self burning
is estimated from experience to be between 700 - 750
kcal/kg. Thus waste separated into two components is not
reliable to sustain burning without supplemental fuel. On
the other haﬁd, waste separated into three cowponents has
enough heating value to support combustion.

Separation Type Camponent 1984 2005

Medium Quality - iow Qualiry Medivm Quslity  Low Qualicy
Waste Waste HWaate Waste

Yolatite (%} 8.9 T 23.4 34.1 27.8
Ash (%) 26.1 21.9 25.9 23,0

2 Cowponents Moisture Content (X) 545.0 54.7 . 50,0 49,2
e ?2::;?53} ()| 1,000 720 1,290 © 950
volgrile (%) 32.9 16,9 — 29,7 32.4
Ash (x) 16.8 1.5 15.1 11,5

3 Cowponents Hoiscure Content (%} 50.2 61.6 45,7 56,1
Lo Bt Gy | L

Note: Lower heating value {H)) was calculated by
Hy = 45%¥ - 6%

where, ¥: VYolatile matter (%), M : Hoisture content (X}

512
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Lower Heating Value and Power Recovery

Power generation rate is determined by the lower heating
value of waste, type of turbines and scale of the power
generation unit. Relationship between lower heating values
and generation rates are examined from experience and
depicted in the following Figure. As the power consumption
for an imcineration facility is between 40-70 kWh/t, the
lower heating value should be about 1,200 kcal/kg to be

self-sufficient if a back pressure turbine is used.

AGOT
£k Whit)

300}

inlel :18 (K cd 6) X 265(C)
twtiel @ back pressure ¢ 2 (K o G
condensing : degree of vatuum 590 (mHg )

Power Generation Rale
=1
=

1001

i=)

100 180 2000 2500
Loxer Heating Yalue (kealike!

Source i Japan Environmental Sanitation Center

Materials recovery system : Collected waste is transported to

the processing plant where recoverable materials are sorted

manually and/or mechanically, and the residues are brought to the

final disposal site. In this case, marketability of materials

must be carefully studied, and source separation of

non-combustibles may be desirable.

Composting system : Organic portion of collected waste brought

to the processing plant is fermented and matured to yield a

product useful as a soil conditioner or a stabilized and

volume-reduced fill material. If the compost is to be used as a

soil conditioner, a thorough marketing survey is essential, and

upgrading facilities may be required.
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The pros and cons of the alternatives in Table 5-6 are compared in
Table S~7. ‘Then, an evaluation based on technical points, waste
characteristics, marketability of by-products and other significant

local conditions is listed in Table 35-8.

Consideration of Final Disposal

Seoul City University has projécted that the mounded system at
Nanjido is to be used up to 1994. 1If incineration plants are
introduced the required landfill capacity will decrease, then the
surplus volume can be reserved for unexpected occasions such as
disasters. After 1994, the Incheon coastal area is needed as a major
landfill site. In addition, sanitary landfilling of subsidiary sites

is recommended to be carried out in parallel from 1995.
- Nanjido Mounds

The existing plan studied by Seoul City University seems to need

further detail study regarding:

1) Slope Structure of the Mound
Briquet ash should be used as a retaining slope structure and
the other disposal refuse placed inside landfill to protect

the mound from failure by rotational slipping.

2) Leachate Treatment process
The treatment process proposed by Seoul City University
consists of an aerated lagoon and a high rate chemical
sedimentation tank. Considering environmental preservation
and investment effects, it is recommended to install a rapid
sand filter and an activated carbon absorption column in

addition to the proposed process.

3) Environmental.ProtectiOn
Envirvonmental impacts of landfill are studied by Seoul City
University, and wmeasures are fecommended. These measures
should be implemented and the monitoring devices should be

provided to obtain the accurate information.



Table §-7 Comparison of Alternative Systems
System Advantages - Disadvantages
Non-intermediate -Low costs -S8iting of Landfills
Processing difficult
' ~Easy management _ _
-Can involve high
~High technology transportation cost
not requivred
~Environmental
disruption pessible
-Unaesthetic
Incineration ~Waste volume ~High initial cost
reduction
-High operation and
-Yields stable and maintenance cost
harmless output
-~ Requires high
technology
~-Consideration of
combustibility
needed
-Requires air pollu-
tion control measures
Incineration -Waste volume -High initial cost

With heat and/or
power recovery

reduction

~Yields stable and
‘harmless output

-Waste heat can be
recovered as energy

-Required high
technology

-Consideration of
combustibility
needed

-Requires air pollu-
tion control measures

~Stabilization of
waste heat required

Materials ~Waste volume ~Marketability of

Recovery reduction recovered materials
~Yields valuable uncertain
Tesources -Requires high tech-
_Can increase nology and high COSts
employment

Composting ~Yields stable and ~Marketability of

harmless output

-Can be operated in
combination with
sewage and nightsoil
treatment

compost 1s uncertain

~High operation and

maintenance cost

-Requires seasonal
storage area

5~-16



Table S=8 System Evaluation

Source Volume
System Separation Reduction* Evaluation
Recommendation (/)
Hon~intermediate None 0% Since Nanjido 1s almost
processing saturated and acquisition of
other sites is difficult, and
moreover, does assist
resource ' preservation, this
system is not suitable for
Seoul City.
Incineration Combustibles 80 % This 1s a well proven system
with or without (Comb. only) on a world-wide scale and
energy recovery : 74 ¥ greatly reduces waste volume.

(With noncomb,) If energy is recovered, further

benefits are obtained.

Materials Non-combustibles 12 ¢ ' Though recovered materials
Recovery (Noncemb, only) are marketable, instead of
39 sophisticated recovery at the
(With comb.) intermediate processing stage
of solid waste management,
recovery at the source of
generation is more beneficial
for refuse of Seoul City.
Composting Compostable 59 % Marketability of compost

Garbage,paper Comp. onl
( ge,paper) P nly) product as soil conditioner

57 % or fertilizer is rather low in
(With others) and around Seoul to make this

system economically feasible.

* Reduced landfill volume (m3)/input amount (t)
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II-3

~ Incheon Coastal Landfill

The expected landfill site after Nanjido is Incheon coastal area
which was studied by 0.0.E. However, judging from Japanese
experience it is expected to take a long time to implement the
plan due to such tasks as legal procedures, comprehensive
organization, standards of refuse and, other technical and
administrative matters. Therefore, efforts for early project

promotion to avoid delays mentioned above are required.
Consideration of Environment

Studies on the environmental impact which accompanies operation of an

incineration plant indicates that solutions are needed to mitigate

air pollution from discharged gases from the stack. Measures against
water pollution are also required, because the leachate from the
refuse pit and gas washing water are highly poelluted. For securing
safe and smooth traffic at the front gate of plant, provision of

turning lane is recommended,

Environmental impact assessment must be made during the detail design

of the incineration plant.

Proposal and Evaluation of Master Plan

The alternatives for the Master Plan are established on the basis of
source separation and intermediate processing. The alternatives are

described below and are schematically illustrated in Fig. 5-2,

Option 1 : Complete landfill type is the most economic system in
the case where the acquisition of sufficient landfill
sites is easily accomplished. Briquet ash is

separately collected for use as cover material.



Option II

Option III ;

Option IV :

Two component wastes (briquet ash and others) separation
option in which intermediate processing for the waste
without briquet ash is adopted. BSelection of an inter-
mediate processing system is difficult duve to factors
such as, if composting is chosen, the quality of

compost products is poor due to impurities, and if
incineration is selected, the amount of residue is

large because of non—-combustibles.

Three component wastes (briquet ash, combustibles and
non-combustibles) separation option where efficiency
and reliability of intermediate processing is obtained

by the separation.

Four component wastes (briguet ash, combustibles
non-combustibles and recoverables) separation option
which applies a large task on residents because of the

separation task required of them.

“Among the alternatives considered in Subsection 4-2-1 of the main

repoft, a three component waste separation is appropriate for

maintaining the efficiency of intermediate processing due to merits

on such matters as up-grading the compost products, raising heating

value and minimizing plant capacity. The costs for collection of 2

and 3 components separation are almost equal as is shown in Table

4-2-6 of the main report. The appropriateness of the following

alternatives are studied:

1. Option I

: {Transfer station) + Landfill

2. Option ILII-a : Incineration + Transfer station + Landfill

3. Option 1II-b : Composting +* Material Recovery +

Trangfer station + Landfill

4, Option III-¢ : Incineration + Material Recovery *

Transfer station + Landfill

5~19
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The cost cowparison of the above options is indicated in Table 5~9.

From the cost view point:

5

Option I, with transfer stationm, is the least expensive, while
Option 1, without transfer station, is the most expensive. This
fact means that a transfer station has a large impact to improve
collection and transportation efficiency in contrast to the
costly vehicle collection system, because the distance to Incheon

landfill site is long and the transportation cost is high.

1f compost is marketable and is not use as fill, Option III-b has
merits in economics and volume reduction. However, dewmand for
the compost product at present and in future is expected to be

low even iLf it is distributed free of charge.

On the other hand, Option IiI—a and IlI-¢ have potential for
revenue from selling the steam for district heating and power
generation when the heating value of.refuse becomes sufficient
for burning in the future. Shown in Table 4-3-1 of the main

report.
Therefore, in consideration of the following factors, Optiomn
Iil-¢ is recommended as the most appropriate option, and is

proposed as the optimum master plan for Seoul City.

Most effective process for waste volume reduction (Refer to Table

5-9)

Improved collection and transportation system to promote

collection efficiency
Technology is proven world-wide

Appropriate waste process method in metropolitan areas (from

view—-points of environmental aspects, processing rate, etc.)

Potential energy and material recovery
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Investment (billion W)

11-4

41

1,200

1,000

Nevertheless, Option IIlI-c needs a large investment for implementa-
tion. Since total processing of waste is the target for the master
plan, the available amount of investment should be evaluated. The
optimum master plan is established on the processing ratio of the
projected waste generation rate, which.comes from the results of the
economic evaluation in the following section (I11-5). The relation-

ship between incineration ratio and investment is shown in Fig. §-3.

800 =]

._._......,...._.._..___._._;.;,
s

600 =T

400 /"

200

r“"““'r““‘\

S o T Ty JRY

0 10 20 30 40 5350 60 70 80 90 100
Incineration Ratio (%)

Note : Investment for landfill includes
Incheon landfill "and Nanjido Hounding.

Fig. 8-3 Correlation between Investment and Incineration Ratio

Implementation
Strategy

The basic strategy for implementation of the Master Plan is listed

below.

-~ Introduction of separate collection at source

- Improvement of collection and transportation



4-2

- Adoption of intermediate processing
-~ Rstablishment of landfill planning
- Cooperation of residents

- Personnel and institutional reinforcement

Each subsystem of the proposed Master Plan is described:

e

Three component separation of waste into
briquet ash, cowbustibles and
non—combustibles

On~site Storage

Collection

e

Mainly adoption of mechanical
collection, container box collection for
briquet ash and station or curbside
collection for the other waste

Transfer/Transportation ;  Mechanical transfer station$ and large
' size transportation vehicles

Intermediate Processing : Incineration for combustibles and
material recovery for non—combustibles

Nanjido mounds, Incheon coastal landfill
and subsidiary landfills in Seoul

Final Disposal

-

The flow diagram for the proposed system is depicted in Fig. S-4 for
the three separated wastes, The schedule recommended for
implementation of the Master Plan is shown in Table 5-10. The
ihveétment program to attain the Master Plan is indicated in Table

§-11.
Proposed Facility Allocation
Derived from the least cost method in principle location for the

incinerating facilities and mechanical transfer stations is proposed

as shown in Fig.§-5.
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I1I-5 Economic and Financial Evaluation

Though solid waste management is indispensable to society, project
capital availability may be controlled by economic factors. There
may exist trade-offs between competing social needs, therefore, it
will be necessary to establish priorities for alternative uses of
capital. For this purpose, potential availability of capital for
solid waste wanagement was assessed by cousiderihg practices in Seoul
City as well as other countries. Projections of the total capital
availability during the planned period in Seoul City range

from W985 billion down to W530 billion. Taking into account the
economic development of Korea and Japanese experience, the likely
capital 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 combustibles to be penerated in Seoul City in the year
2005,

As shown in Fig. 5-6, however, a comparison of the annual capital
requirements with the 0.2 percent allocation of gross investment
reveals a possible capital shortfall in seven years out of the whole
period of the Master Plan. On the other hand, cumulative capital
requirements will be covered by the cumulative availability of
capital from 1986 till 1993, but a cumulative shortfall will occur

from 1994 when the investment on Incheon landfill will start.

These capital requirements from 1994 include about W80 billion for
Incheon landfiil. The investment cost of the landfill will take one
third and 48 percent of the total capital requirements for the Master

Pian in 1994 and 1995, respectively.
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The self-sustaining degree drops sharply to 27.0 percent in 1996 when
the operation of the Incheon landfill starts. However, if the
collection fee is raised by arcund 10 percent, a 30-percent self~
sustaining will be attained. This raise in collection fee may not be
unrealistic when considering increase of family income in the

future. On the contrary, the ability of rate payers will be high
enocugh to attain more than 30-percent self-sustaining in solid waste

management under Lhe proposed system.

Table S8-12 Estimated Self-Sustaining Degree

1988 1991 1996 2001 2005
Unit Cost (W/t) 8,013 8,227 12,322 12,520 13,002
Collection Fee (#/t) 3,070 3,130 3,330 3,500 3,640
Self~Sustaining Degree(%) 38.3 37.5 27.0 - 27.9 28.0

Administrative Aspects
Institutional Systemization

The study was made in line with the concept that an effective
organization to cover the total system is required and the existing

organization should be gradually reformed in a stepped manner.

Existing plans aséociated with the subject were considered in this
study. These are those for the on-going material recovery plant,
landfill plant at Nanjido and the soon-to-be constructed inciperation
plant at Mok Dong. In addition, present arrangements on the
responsibilities were followed to meet the city's requirements (see

Table 5-7-1 of main report).
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Organizational recommendations were made only for refuse management.

Jurisdiction for the municipality and Gus is givem in Table 5-7-2 of

main report. The following is the recommended city management system.

City Cleansing Division ——

= Gu~-Cleansing Division
| Offices at transfer stations

b Intermediate processing plants

l—— Office at final disposal site

Estimated number of staff members in 2005 as shown in Table §-13

reveals the following characteristics.

ds

d.

The number of collection workers will be reduced by this project.

The number of drivers, mechanical workers and intermediate

processing operators will be increased greatly by this project.

The number of staff members of the city will be increased

considerably.

The total member of staff and physical workers will be increased

by 20% of present member.

1t is recommended that the number of drivers and mechanical workers

should be increased, and training conducted.

The reduction in numbers of collection workers of the city will be

required within the limit to convert them to other occupation.



Table 5-13 Present and Future Requirements in Number for Solid
Waste Management in Seoul City

2005
* Position 1983 Planned Without Plan Remarks
Administrative Staff
Division Manager (City) | 1 1 !
bDivision Deputy Manager 0 2 1 No position at
(Cicy) present
Section Ghief (City) 3 5 4
Division Manage (Gu) 17 21(+1) 17
Staff (incl. Section. (+14)
Chief of Gu) 148 417 148
(+15) -
Sub-~total 169 446 169
Physical Workers
Driver 878 3,375 1,269 Including
{+33) Private Co.
Mechanical Worker 86 623 124 ditto
Intermediate Processing 0 376 0 ditto
Operation
Worker 9,813_ 8,234 13,455 ditto
Guard etc. 137 154 137 ditto
Sub-total 10,914 12,762 14,985 ditto
(+45)
Grand Total 11,083 13,208 15,154
' (+60)
% 100 119 137

Notes: a. Numbers of staff members for construction are excluded
b. Figures in Parenthesis are required number at the Final
Disposal Sites
c. Numbers include those from private companies
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Utilization of Private Companies

Private companies are now partially engaged in waste collection after
several changes in the contracts between the city authority and
private companies. Work by private companies started in 1978 and the

number of companies has been increasing yearly.

Management status of the private companies was examined using
pertinent data from representatives of three companies. Present

problems are discussed and identified as follows:

~a. Management without adequate profit at present.

b. Difficulty in fund management.
¢« Unsettlement of employees.

d. MNecessity to collect waste from the areas with bad condition such
as large seasonal fluctuation or lower income level if the
collection areas are enlarged.

e. Considerable difference of unit revenue by zone.

Under these circumstances, the operations by private companies seems
to leave no margin of profit. However, the City has been directing
the promotion of business by private copmanies as shown by the

increase in number of companies each year.

To solve the aforementioned problems, the following measures are

recommended.

a. The number of private companies should be reduced and services
should be provided by lérger—sized cdmpanies.' To avoid a
monopoly by a limited number of companies it is suggested to

assign one company to each Gu.

b. Funding with lower interest rates should be arranged for these

private companies.
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c. Collecticon of charges should be conducted by the City covering
all the GCity service area, and the contract with private companies

should be made in consideration of the characteristics of each Gu.

d. TFeasibility study should be made to employ private companies for

the exclusive collection of brigquet ash during the winter season.
e. The average veveuue should be at least 3,000 won per ton.
Separate Collection of Refuse

Although the refuse cleansing law states on the separate collection,

it is not carried out except in some areas of the city.

With regard to the present situation, it is recommended that
cooperation by the inhabitants should be promoted by providing some
measures as suggested below. The required action should be taken
into account for implementarion of the pilot system in August 1985

planned by the City.
a. To obtain the agreement of women's and consumer's associations.

b. To have detailed explanations by Gu Cleansing Division

representatives at meetings with Dongs and Tongs.

¢c. To give detailed explanations at vigits to major waste generation

sources.

d. Implementation of source separation in the public facilities

governed by the City and Gu.

e. To ask for cooperation through various communication medias (e.g.

television, radio, newspaper, paper for public relations).
f. To assign personnels in charge in the Cleansing Division of the

City/Gu for the consultation of the problems and request from the

inhabitants and business establishment.

5~35



Follow-up investigation through polling after implementation of

separate collection.

Promotion by the City:

Observation trips to solid waste disposal facilities
Augmentation of surveillance system

To equip with advertising panels on the collection vehicles

Preparation of movies, leaflets and pamphlets

To organize and advisory committee consisting of those with

experience in the field, related associations, and representa-

tives of inhabitants.
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PART III FEASIBILITY STUDY
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Project Identification
Basic Concepts

A project to improve the existing solid waste wanagement system of
Seoul, which is urgently needed in the short term by 1988, is the
subject of the feasibility study. The feasibility study encompasses
basic planning of facilities and evaluation of financial matters and

envircenmental aspects.

The principal themes which require immediate reform are derived from

specified existing problems:

- Establishment and development of an intermediate processing
system, in which emphasis should be given to volume reduction of

waste.,

- Improvement in the existing collection and transfer system, which
is accompanied by adoption of the above intermediate processing

system, and
~ Improvement of the Nanjido landfill site

The master plan intends ko establish (1) separate/mechanical
collection and transfer system, (2) incineration and materials
recovery system, and (3} landfill site acquisition. The above themes
correspond to these three intentions. The intentions and themes are
mutually interdependent and should not be carried out in isolation
from each otﬁer, hence, these themes are combined to form a "Project",

and studied comprehensively.
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Preliminary Screening of High Priority Areas

Improvements in solid waste management with respect to intermediate
processing in Seoul are gradually progressing. As of now, two of the
four waste processing zones established for Seoul by the Waste
Management Division have started the construction of some kind of
process: a 1,500 t/day material vecovery plant at Nanjide in the

upper west zone and a 300 t/day incineration facility at Mok Dong in

the lower west zone.

The two remaining zones in the east are yet without plans and are
especially in need of improvement. Within these zones, the two Gu's
farthest from Nanjido are Dobong Gu and Gangdong Gu (Fig. 5-7).

These two Cu's were selected therefore for this study.

Establishment of the Project Area

Evaluation of the candidate sites were made with respect to transport

effect regarding the indexes such as ton-km and truck-hours. In this
section, quantitative evaluation is made by the least cost method for
final screening of project area before performing the comprehensive
evaluation. The purpose of quantitative evaluation is to determine
the investment effect of the short term project on both
transportation cost but alse facilities cost of incinération plant

and mechanical transfer station.

To make a quantitative evaluation, the following two criteria are

established by using the principle of the least cost method:
- The amount of waste reduction is the same for the both Models.

~ Total of the refuse amount treated by lthe proposed facilities and

the existing system are the same for the both Models.



© Volume Distance Vol.x Dist. Rank
Zone Gu (1,000 t/year)  ( km) (1,000 t.km/year)

1I Seougdong 480 11.8 5,664 3
Dongdaemun 590 13.5 7,965 2
Seongbug 370 9.6 3,552 4
Dobong 600 13.8 8,280 t

.. Sub . total 2,040

v Gangnam 760 11,6 8,816 2
‘Gangdong 640 16.2 10,368 1
Sub total 14400

Fig. S~7 Volume and Transport Distance from Each Gu

in Zone II and V




Following models are established to evaluate the investment effect of
the short term project and the calculated results are shown in Table
S=14.

S0lid Waste -
G Volume(t/day) Model~2
Gangdong | 1,737
d
Dobong ' 1,639
Total Volume 3,376 3,376

Note: I/C = Incineration Plant
T/S
E/S

Mechanical Transfer Station

!

Existing System (Hand Cart Manual Transfer)

% Qptimum capacity for the first step as demonstration
as discussed in Subsection 5-5-1 of the main report.

8-40



Table 8-14 Comparison of Cost of Each Model

Item Cost (#1,000/year)
Model-1" Model-2""
Vehicle Collection 4,501,711 4,524,351
Existing Collection 5,650,928 6,639,934
Large Scale Transfer Station 240,324 224,830
Incinerating Center 2,269,490 2,269,490
Total 12,662,453 13,658, 605

® Incineration plnat is constructed in Gangdong Gu.
% TIncineration plant is constructed in Dobong Gu.

From a cost viewpoint, the results indicate that:

1. The vehicle collection cost including transportation cost of
Model=~1 is less expensive than Model=2 although the transporta-
tion distance (L=26.5 kwm) from the proposed transfer station in
Gandong Gu to Manjido is louger than Dobong Gu (L=22.5 km) and
refuse volume managed by the new system in Model-1 (1,737 t/d) is
larger than Model-2 (1,639 t/d).

Thie is because 4 ton vehicles are used in Gandong Gu, but only 2
ton vehicles are used in Dobong Gu due to topographic

restrictions.

2. The existing collection cost, consists of hand cart collection

| cost an& transportation cost of Model-1 is cheaper than Model-2,
because the refuse volume managed by the existing system in
Model-1 (1,639 t/d) is less than Model-2 (1,737 tfd). The
transportation distance from Dobong Gu (L=22.5 km) is shorter
than the distance from the existing transfer station in Gandong
Gu (L=30 km).
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