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Objective of this session

Estimation of future waste amount
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What is planning of municipal 
solid waste management?
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Data and information 
required for planning
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Item Type Use

Population Current and future 
projection

To estimate waste amount at present
To estimate waste amount in the future

Institutional, 
Commercial and 
Industrial 
entities

Number of entities, number 
of employees, number of 
tourists, amounts of sales, 
etc. 

To estimate waste amount at present
To estimate waste amount in the future

Economic info.
GDP per capita

To estimate waste amount in the future
To estimate affordability to pay for MSWM 
cost

Household income To estimate affordability to pay for MSWM 
service charge

Meteorological 
data

Temperature, precipitation, 
evaporation, wind direction

To estimate leachate amount
To consider treatment method
To consider location of treatment facilities 
and landfills

Hydrogeological 
info.

Geological data, 
underground water, rivers, 
historical data of flooding, 
etc.

To consider location of treatment facilities 
and landfills

Other 
infrastructures

Sources of water supply, 
sewerage treatment facility, 
etc.

To consider location of treatment facilities 
and landfills

Estimation of future waste amount
First step: Estimation of current waste amount

Waste Generation Rate (kg/person/day)

Waste Generation Rate (household): WGR-household

= waste amount generated from houses / number of populations

Waste Generation Rate (ICIs): WGR-ICIs

= waste amount generated from ICIs / number of populations

Waste Generation Rate (municipal): WGR-municipal

= (waste amount generated from houses + waste amount generated from ICIs) 
/ number of populations

= municipal waste amount generated / number of populations

9



Waste Amount Survey
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Waste generation source Data for estimating waste amount of the entire 
city

Household Hight income Population data by income level
Middle income
Low income

Other than household 
(Institutional 
Commercial and 
Industrial entities, 
ICIs)

Offices number of offices, number of shops, 
sales amount,
number of beds, rooms, etc.

Shops
Restaurants
Hotels 

1000

Use of weighbridge data
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waste amount generated = self-disposal
+ recycling
+ treatment
+ residue from recycling/treatment
+ clandestine dumping
+ final disposal



d.Estimation of the current 
waste amount
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Second step: Future waste 
amount

a. Change in WGR
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Estimation of waste amount 
in the future

Waste amount generated = WGR-municipal x population

14

Waste composition in the 
future

It is not recommendable to consider change of waste 
composition in preparation of a maser plan.

It is recommendable to analyse waste composition of 
target waste If you consider introduction of special 
treatment such as composting, biogas and incineration.

1515



Thank you for your attention.
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Contents

1. Collection route design
(1) Overall collection and transportation plan
(2) Collection route design
2. Transfer and Transport
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Collection Route Design

(1) Overall collection and transportation plan
(2) Route design

Preparation of Collection and Transportation Plan and Collection 
Route Design

Preparation of overall collection and transportation plan
Objectives:
- Planning the procurement and budget preparation
- Allocations of personnel resource
Output:
- Procurement plan of equipment and design of facility
- Planning of budget and personnel allocation

Collection Route Design and Scheduling
Objectives: 
- Setting the collection area and routes of collection service
- Checking the effectiveness of collection services

Output: 
- Detail collection route design and collection points
- Estimation of collection time and scheduling of each vehicle



Preparation of Collection and Transportation Plan and Collection 
Route Design

- Set the target areas for collection and transportation
- Calculate approximate waste quantity in all the target area
- Select the type of waste collection and transportation system with 

consideration of area characteristics
- Set overall collection and transportation schedule
- Divided into the target area by waste amount to be collected in the area 

per trip of each collection vehicle
- Calculate collection and transportation time and frequency of target waste 

for each vehicle
- Allocation each collection vehicle to target area with consideration of 

approximate total trip time
- Collection route design and collection time
- Adjusting collection route by time factor collection points or road condition, 

etc
- Adjusting collection route by quantity factor due to daily and seasonal 

fluctuation, etc

Preparation of 
overall collection 
and 
transportation 
plan

Collection Route 
Design

Setting Collection Target Area and Calculation of Waste Quantity

Target Collection Area

Grasp the overall feature

- How much amount of collected 
waste?

- How far to SWM facility?

- How long does it take to SWM 
facility 

Calculate 
approximate 
number of truck

Consider 
transfer station 
or not

Consider trip 
number of 
vehicle



Total Collection Amount
1.  Total amount to be collected in the target area
[Total Waste Collection Amount (ton/day)] =  [Waste Collection Amount per 
Vehicle  (ton/day/vehicle)] x [Number of vehicle (vehicle)]
2. Collection Amount per vehicle
[Waste Collection Amount per Vehicle (ton/day/vehicle)] = [Capacity of 
Collection Vehicle (ton/time)] x [Number of trip (times /day)] 
Total Collection and Transportation Time
1. Total time
[Total time (hr)] = [Total time per trip (hr/trip)] x [Number of trip (times /day)] 
2.  Total time per trip 
[Total time per trip (hr/trip)] = [Collection time (hr)] + [Transportation 
time(hr)]+ [Unloading time at SWM facility (hr)] + [Others (hr)]

Basic Calculation for Collection and Transportation

Select the Type of Waste Collection and Transportation System 
Contents Picture Feature

Transport by compactor vehicle after the 
compaction of receiving waste in the vehicle

- Transport waste efficiently by waste compaction
- Loading is not so difficult due to lower bucket 

Transport by dump truck after the receiving 
waste in some transfer stations by manual 
or equipment

- Collect various type of waste such as bulky 
waste or glass bottle
- Not transport waste effectively

Transport by skip container / container 
carrier

- Collect various type of waste such as bulky 
waste or glass bottle
- No need of loading waste but loading skip or 
container carrier of each waste



Organic Inorgan
ic Recyclab

le

Area A Mon & Thu Fri Wed

Area B Tue & Fri Sat Mon

Area C Wed & Sat Thu Fri

Set the collection and transportation schedule like collection date 
and collection and transportation time (example)

Every type of 
waste

Area A Mon & Thu

Area B Tue & Fri

Area C Wed & Sat

Mixed collection Separate collection

6 a.m to 10 a.m6 a.m to 10 a.m

Wed

Tue

Thurs

Collection Amount

Amount of 
4 days

Sun

Amount of 
7 daysRecyclable

Mon Organic

Residual Amount of
7 days

Amount of 
3 days

Fri

Sat

Organic

Wed

Tue

Thurs

Amount of 
4 days

Sun

Mon Mixed

Amount of 
3 days

Fri

Sat

Mixed

10



Division into the target area by waste amount to be 
collected in the area per trip of each collection vehicle

0.3t/day

0.6t/day

0.5t/day

0.6t/day

0.5t/day

0.5t/day 0.5t/day

0.7t/day

0.5t/day

1.2t/day

0.6t/day

0.5t/day

0.7t/day

0.7t/day

0.6t/day

0.3t/day

0.6t/day

0.6t/day
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Setting the area for collection 
Case 
Capacity of collection vehicle:3.5 ton/day
Total trip time : within operation hour ( 8 to 10 hours)
Trip number : 3 times per day



Setting the area for collection points and collection route (No.1) 

- Yellow hatched area: 
Collection area for one 
trip 
- For each collection 
point within the yellow 
hatched collection area , 
setting effective 
collection route

Setting the area for collection points and collection route (No.2) 
Important points of setting

- Setting collection points 
where residents can 
bring their  waste

- Effective route setting 
considering the 
locations of collection 
points

- Consideration of one-
way route

- Traffic congestion



Setting the area for collection points and collection route (No.3) 

- If the waste amount is 
less than capacity of 
collection vehicle, 
additional collection points 
(blue points) can be added.

Measure of Collection and Transportation 
(Information Sharing among Vehicles of Collection Information)

- Collection route is determined in the area and Some 
vehicles (three vehicles in left vehicle) collect the 
waste simultaneously. 

- If area is determined, a vehicle (ex. vehicle A) is full, 
the vehicle communicates the center or other vehicles 
to assist the area. 

- After that the other collection vehicle (vehicle B) will 
collect the waste

- In that case, the collection and transportation time will 
be reduced because collection B will start the 
remaining waste collection in the area of collection A 
before the collection A returns back from landfill site

Vehicle A

Vehicle A

Vehicle B

Vehicle C

Vehicle B

Vehicle C

SWM facility

SWM facility



Transport and Transfer
(1) Large scale waste transfer
(2) Small scale waste transfer  

Objective and role of waste transfer station
Waste Transfer System is a system where waste from multiple sources is 
consolidated into high capacity vehicles to  transport to a SWM facility 
efficiently

Factors of transport efficiency
- Distance from collection area
-

Distance from collection area
Rate of secondary transportation distance from SWM facility to the Rate of secondary transportati
distance from collection area

-
distance from collection area
Capacity of transfer station

-
Capacity of transfer station
Rate of capacity of secondary transportation vehicle to of primary Rate of capacity of
collection vehicle



Measure of Collection and Transportation (Waste Transfer)
(1) Direct transportation (without waste transfer)

Ca =C1+ C2 + C3

Ca : Total cost from collection area No. 1 – 3 to waste 
disposal facility in case of direct transportation
C1, C2 , C3 : Collection and transportation cost from collection 
area No.1 to No. 3 to waste disposal facility

(2) Waste Transfer
Cb = c1+ c2 + c3 +Rc+ c4 

Cb : Total cost from collection area No. 1 – 3 to waste 
disposal facility in case of waste transfer
c1, c2, c3 : Collection and transportation cost from collection 
area No.1 to No. 3 to transfer station
Rc : Construction, operation and maintenance cost of transfer 
station
c4 : Transportation cost from transfer station to waste 
disposal facility 

Source : Waste collection – theory and implementation p145, Maruzen (2011)

Collection 
area No. 1

Collection 
area No. 2

Collection 
area No. 3

Collection 
area No. 1 Collection 

area No. 2

Collection 
area No. 3

19

Transfer station 
Construction OM cost

Tca

Collection cost to transfer 
station 

+ Transport cost to SWM 
faciclity

With Transfer station

Without Transfer station
(Direct to SWM facility)

Collection Cost to Landfill site

Cost

Distance to SWM facility(km)

Tcb

Advantageous distance
with Transfer station

Advantageous distance 
without Transfer station

Rc

Measure of Collection and Transportation (Waste Transfer)

Source : Waste collection – theory and implementation p145, Maruzen (2011)

20 to 30 km

20



Open Top Transfer trailers/containers Type Transfer Station

Measure of Collection and Transportation (Waste Transfer)

- Waste can be unloaded directly 
into the “open top” of the trailer 
or can be unloaded on the 
tipping floor to allow for 
materials recovery and waste 
inspection before being pushed 
into the trailer or container. 

- Large trailers, are necessary to 
get a good payload when the 
waste is not compacted. 

- This is simple technology that 
does not rely on sophisticated 
equipment like compactor or 
baler

21

Compactor-Container Method Semi-compactor 20-40m3

Measure of Collection and Transportation (Waste Transfer)

Source : Shinmeiwa Kogyo Ltd.

- High efficiency of secondary transport due to the waste compaction in waste transfer station
- Large trailers, are necessary to get a good payload when the waste is not compacted. 
- This is simple technology that does not rely on sophisticated equipment like compactor or 

baler

22



DUST DRUM Method

Compactor 25 m3

Measure of Collection and Transportation (Waste Transfer)

Source : Shinmeiwa Kogyo Ltd.

- Small sized transfer station like 20tons or less per day is possible
- The waste collected by small-size refuse collection vehicle is stored in a dust drum and 

reloaded into a larger refuse collection vehicle for secondary transportation

23

Measure of Collection and Transportation (Waste Transfer) : 
by Barge or railway

Secondary Transportation by Barge

Secondary Transportation by Train



Measure of Collection and Transportation 
(Smaller Scale Waste Transfer)

Contents Picture Feature
Utilize the platform with slope for 
smooth transfer 

- Necessary of unloading I the 
ground
- Taking the time and scattering 
the waste in the site

Utilize waste bin without 
unloading transfer stations due to 
being set before

- Not necessary of unloading 
into the ground 
- Necessary of loading manually

Mechanical loading by utilizing 
hydraulic power of refuse 
collection vehicle

- Not necessary of unloading 
into the ground 
- Not necessary of loading 
manually

Utilize heavy equipment to 
transfer from rikshaw van to 
secondary transportation vehicle 
like dump truck

- Not necessary of loading 
manually
- Scattering the waste in the site

Thank you so much for your attention
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1. Introduction
2. Important Impacts in Solid Waste Sector
3. Strategic Environmental Assessment
4. Environmental and Social Impact Assessment
5. Legislation in participating countries

1

2

Importance of EIA
Environmental and Social Impact assessment (ESIA) is the important 

part (often requirement) for the planning stage of solid waste 
management facility. ESIA affects site selection and the design of the 
facility to meet the requirements.
Today important points are on ESIA briefed to the participants, while the 
procedure and requirement for ESIA depends on the country.

SEA and ESIA by project preparation stages
1. Strategic Environmental Assessment (SEA) for master/regional plan, 

sectoral plan/sector policy stage, if including overall/general planning 
on waste management facilities.

2. Environmental and Social Impact assessment (ESIA) for project 
planning stage when construction/major modification of waste 
management facilities becomes clear in some degree, ex. facility site 
becomes clear.

1. Introduction

General Procedure for EIA
Scoping
Scoping is clarifying the scope of the study. 
Study, prediction and assessment of the environmental and social 
impact
EIA study is conducted to understand the present condition as 
baseline, then predict impacts based on the project design and 
location, then assessing the impacts considering the mitigation 
measures.
Evaluation
For example, comparison of benefit and cost on the impact.
Public Involvement
For example, public consultation and information disclosure

1. Introduction

3

4



2-1 Impact item
There are many items to consider potential impact.

It is important to pick up all relevant impact while some 
item may cause negligible impact.

Collecting info on present status and requirement item 
by item

(Reference: JICA Environmental Checklist on waste 
management)
https://www.jica.go.jp/english/our_work/social_environme
ntal/guideline/gh13tc000000yl22-att/material_14.pdf

2 Impacts in Solid Waste Sector

3-1 Needs of SEA
First, the requirement of SEA depends on the EIA legal 
system in each country. Some countries do not require 
SEA but recommend conducting SEA in public sector 
projects.
In SEA, there are two significances. [1] Incorporation of 
environmental considerations into decision-making from 
an early stage in the formulation and implementation of 
policies and plans that affect the environment, and [2] 
SEA is expected to reduce the environmental impact of 
the entire system.

3 Strategic Environmental Assessment (SEA)

5
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3-2 Where SEA is applied to
Conceptual diagram on the relation of related plan and 
SEA

3 Strategic Environmental Assessment (SEA)

7
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3-3 Evaluation
In SEA, it is necessary to conduct a comparative 
evaluation of several proposals (alternatives). However, 
it is not always necessary to narrow down to one 
proposal in the SEA. Rather, the comparisons of the 
advantages and disadvantages of several proposals in 
terms of environmental conservation may be carried out 
to allow the selection of a proposal through a 
comprehensive judgment of the planning process.

3 Strategic Environmental Assessment (SEA)

4-1 Requirement of ESIA
The EIA legislation of the targeted country should be 
checked first. In the waste sector, intermediate 
treatment facilities and disposal facilities may be 
targeted. In addition, depending on the impact items 
that need to be considered, the legal system should be 
checked. The main points to be checked are Target 
project, Procedures and scope.
It is important to clarify the what procedure for what 
facility required from the legislation.
Depends on the country, there are two type of 
procedure, full ESIA and Initial Environmental 
Examination (IEE).

4 Environmental and Social Impact Assessment (ESIA)

9
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4-1 Requirement of ESIA
Often, the project entity commissions EIA study work to 
the consultants.
Preparation of TOR for the EIA study is critical to 
proceed the procedure. So, the project entity needs to 
understand the requirements carefully to design the EIA
study.
Note additional work is entailed by other legislation, ex. 
in the case of land acquisition/resettlement.

4 Environmental and Social Impact Assessment (ESIA)

4-2 Major concerns on solid waste sector (landfill case)
(Depends on technology for the facility)
Siting
Leachate generation
Breeding of domestic flies and their maggots
Methane (CH4) and carbon-dioxide (CO2) gas 
emissions
Vegetation damage
Community health effects
Fire hazards in waste dump

4 Environmental and Social Impact Assessment (ESIA)

11
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4-3 Concerns on siting of landfill
There is the NIMBY tendency and tends to attract 
people’s concern.
Land ownership
Residential or agriculture area nearby
Access to the site
Balance bet. distance from urbanized area and 
transportation cost

Measures to involve and reflect public opinion

4 Environmental and Social Impact Assessment (ESIA)

4-4 Impact item (Example)
Water quality case- present situation

- Check latest surface and ground water quality
- Check standards such as effluent standard, ambient 

water quality standard and ground water quality 
standard.

- Check water utilization nearby area both for surface 
water and ground water

- For ground water, check geological condition to 
understand the coefficient of permeability.

4. Environmental and Social Impact Assessment (ESIA)

13
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4-5 Impact item (Example)
Water quality case- prediction and mitigation

- Estimate leachate water quality and design leachate 
treatment method to meet at least effluent standard

- Check the geological data and design prevention 
measure for leachate filtration.

- Design monitoring of discharge and ground water 
quality

4. Environmental and Social Impact Assessment (ESIA)

5. EIA legislation in participating countries

Country Legislation

Antigua and 
Barbuda 

Physical Planning Act, 2003 

Grenada Physical Planning and Development Control Act, 
2016

Guyana Environmental Protection Act, 1996

Jamaica Natural Resources Conservation Authority Act, 1991 

St. Lucia Physical Planning and Development Act, 2005
Waste Management Act, 2004 (as waste 
management plan)

Source: Legislative Framework for Environmental Impact Assessment in the Caribbean, 
Caribbean Law Institute Centre, 2018

15
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Reference
13 Waste Management, Environmental Checklist, JICA 
https://www.jica.go.jp/english/our_work/social_environmental/gui
deline/ref.html

Environmental, Health and Safety Guidelines for Waste 
Management Facilities, IFC, 2007

Technical EIA Guidance for Common Municipal Solid Waste 
Management Facilities, Ministry of Environment and Forests, 
India, 2010

Guidelines for Environmental Impact Assessment For Waste 
Management In Rwanda, Rwanda Environment Management 
Authority, 2009

Thank you!

Will keep in touch!

Contact:

Taisuke Watanabe (Mr.)

t-watanabe@exri.co.jp
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- Material Recycling and Composting -

Contents

1. Material Recycling for Diversion of Inorganic Waste 

2. Composting for Diversion of Organic Waste 



Material Recycling for Diversion of Inorganic 
Waste

4

General Waste Stream

Waste generation
Waste 

reuse/recycling  at 
source

Self-disposal

Waste discharge for 
collection at source 

Material Recovery and/or  
Processing Facility

Waste disposal at 
landfill site

Recycling factory to prepare resource material from 
recyclable waste for recycled material  product

Waste discharge to 
collection stations

Residue

Residue

Packed
recyclable

Separate Collection and 
transportation

Collection of 
only recyclable 
or processable

Intermediate
treatment facility



Current Situation of Recycling in Caribbean Countries
- There are some companies related to recycling activities
- Total amount of recyclable waste is not so much. 
- Most of companies only package recyclable waste and transport to the other 

countries
- Recycling market is unstable and sale price of the recyclable waste often 

cannot cover the transportation cost or the expense of packaging of the 
recyclable waste, etc

Issues and Possible Solutions

- There are some companies related to 
recycling activities

- Total amount of recyclable waste is not so 
much.

- Most of companies only package 
recyclable waste and transport to the other 
countries

- Recycling market is unstable and sale 
price of the recyclable waste often cannot 
cover the transportation cost or the 
expense of packaging of the recyclable 
waste,etc

- How to cover the transportation cost and 
expense of packaging recyclable waste?

- How to correspond the market flow of 
stabilize ? 

- How to collect  and recycle recyclable 
waste to satisfy feasible quantity for the 
operation

- Utilizing possible technology regarding recycling 
- Each actor such as waste discharger, local 

government and private sector should share 
financial and physical responsibility



Examples of existing technologies regarding plastic recycle in Japan
Classification Method of recycle Final product
Material Recycle Reutilization : as plastic 

material and/or plastic 
product

PET bottle, plastic sheet, 
molded product, plastic 
film, fiber, etc

Chemical Recycle Resource material and/or 
monomer

PET bottle after 
monomer

Reducing agent and fuel 
for blast furnace

Blast furnace gas for 
power generation

Chemical resource for 
coke furnace

Cokes, cokes furnace 
gas for reducing agent 

Thermal Recycle Fuel for cement factory,
Waste to energy, RPF or 
RDF

Thermal energy and 
energy for power 
generation

Recycling of inorganic waste (Plastic)

Unloading
inorganic waste

Manual sorting
Impurity removal Baling machine

Storage after bailing Flake Pellet

Baled product



Recycling of inorganic waste (Mixed plastic utilization in factories)
• Mixed plastic and tire has high lower calorific value. According to Japan cement

association, mixed plastic has approximately 8000 kcal/kg (33,440 kJ/kg) and tire has 8100
kcal/kg (33,858 kJ/kg).

• The material of high lower calorific value can be utilized as fuel for cement processing
• Mixed plastic includes chloric components to be removed before their going to the furnace

in cement processing

Regulation for export of waste-derived plastics under Basel 
convention

Recycling of inorganic waste (Plastic)



Recycling of inorganic waste (Plastic)

Introduction of Recycling System of Container and Packaging Waste in Japan

Background
- 60% of plastic waste is package waste
- Container and Packaging Waste has 

short lifetime and they inevitably become 
waste

Direction of this System
- Shifting of physical and/or financial 

responsibility toward producers and away 
from municipalities; and

- Provision of incentives to producers to 
take environmental considerations into 
account when designing their products. 



Each Responsibility of Separation, Collection and Transportation and Recycling

Municipalities
Sorted collection

Businesses
Recycling

Consumers
Reduction of waste
and sorted discharge

Delivery of containers
and packaging waste

Sale of products
(provision of containers and packaging)Separate discharge

of containers and packaging

Extended
Producer
Responsibility
(EPR)

Source: Japan Containers and Packaging Recycling Association (JCPRA)

Containers and 
Packaging Waste

Plastic

Glass

Paper

Metal

Paper container and 
packaging

Plastic containers 
and packaging 

Aluminum can

Steel can

Paper pack

Cardboard

PET bottle

Glass bottle

Source: Japan Containers and Packaging Recycling Association (JCPRA)



Collection route of containers and packaging waste

Self-collection route Designated organization route Own recycling route

Specified
businesses

Specified
businesses

Specified
businesses

Retail stores Recyclers Recyclers

Municipalities (sorted collection and storage

Consumers (sorted discharge)

Designated organization
(JCPRA)

Collection Entrust recycling

Pay recycling contract fees to entrust designated 
organization with fulfilling the obligation

Entrust recycling

Source: Japan Containers and Packaging Recycling Association (JCPRA)

Collected PET bottle by separated collection, PET bottle to be recycled and contract 
price of PET bottle

Source: Japan Containers and Packaging Recycling Association (JCPRA)



Recycling Operation Contract Fee by Specified Business Entities
The recycling operation contract fee is a commissioned fee that specified business entities should disburse 
to the Japan Containers and Packaging Recycling Association (JCPRA) in return for processing waste on 
their behalf. 

Specified Business 
Entity

JCPRA Recycling Company

Specified Business 
Entity JCPRA Municipality

Historical Overview of Waste Collected from Municipalities

Paper and plastic 
packaging

Glass
and PET 
bottle

Source: Japan Containers and Packaging Recycling Association (JCPRA)



Composting for Diversion of Organic Waste 

General Waste Stream of Organic Waste

Residue

Separate Collection and 
transportation

Residue

Compost
Compost

Fermented
organic
waste



Current Situation of Organic Waste in Caribbean Countries
- Organic waste comparatively occupy large portion in total waste generation 

amount
- Community composting and/or home composting has been tried in some 

countries.
- There is no quality control of compost for utilization
- Organic waste causes odor at landfill site and cause high BOD of leachate
- Energy recovery facility such as bio-gasification technology or carbonization 

technology will be costly. 

In waste management, composting is one of the means of "reduction and recycling of organic waste. In order to 
promote the reduction and recycling of organic waste, it is important to use the compost created, and it is necessary to 
create compost that is effective for agriculture and horticulture, etc., which are the destinations of compost utilization. 
The purposes of composting organic matter are follows;

-Decomposition of unstable organic matter
The composting process can decompose and stabilize unstable organic matter in the feedstock.
-Improvement of C/N ratio
During the composting process, the carbon content of the organic matter is released into the atmosphere as carbon 
dioxide, thus reducing and improving the C/N ratio.
-Organic matter sanitization
During the composting process, the raw materials are exposed to high temperatures of 50-80 , which inactivates 
most of the pathogenic bacteria, disease-causing insect eggs, harmful insect eggs, viruses, and weed seeds, making 
them harmless to plants and persons.

Purpose of Composting



Comparison of Technology for Home Composting

Name Setting location Temperature 
measurement

Time Advantage Disadvantage

Cardboard
Composting

Indoor to
prevent rainfall)

Necessary Around 
3 month

Low cost and 
easy to handle 

Everyday care like 
mixing or temperature 
control

Cover compost 
bucket to soil 

Outdoor Not necessary Around 
3 month

Easy to prepare 
large amount of 
compost

Necessity of filling 
place of organic 
waste

Bio reactor Indoor Not Necessary Around 
1 day

A little labor Necessary of initial 
and operation cost

Preparation of Container which allow to pass through 
easily from outside

Preparation of sheet on the inner side of container to 
prevent spillage and cover by cloth or something to 
prevent insects from outside

Segregate and cut organic waste for suitable size 
(smaller is better)

Prepare cut organic waste and seed compost 
(compost product including microorganism)

Keep hot temperature and mix a few times a week to 
obtain oxygen for decomposition 

Finish fermentation process and mature a few weeks 
for compost or soil conditioner

Measure of Organic Waste Recycling (home composting)



Each municipality is trying to divert organic waste. Some municipality promote home composting as follows. 
(1) Kitakyushu City
1) Food Waste Composting Lecture
The preparation method of container for composting is are introduced. 
Also, the participants learn how to make compost from their own food waste.
2) Receiving the product of home compost product
Shopping points are provided for sufficiently dried fermented organic waste.

(2)Sapporo City
1) Supporting equipment procurement
Financial support for purchasing composter or closed type container including fermentation accelerant are 
provided
2) Exchange compost and vegetable ticket 
After receiving compost from each household, they are exchanged to the ticket for purchasing vegetable 

Cases of Promotion of Home Compost in Japan

Input of organic waste 
after sorting

Adjustment of moisture 
contents

First Fermentation

Second fermentation

Sorting by screen or 
trommel Residue

Fined material

Return compost

Final product such as 
compost product or soil 

conditioner

Measure of Organic Waste Recycling (Community Composting)



Basic Understanding of Composting Process

Process Contents
Pre
treatme
nt

Shredding Crushing to accelerate the decomposition of organic waste, and to accelerate the evaporation of 
moisture from vegetable waste with high moisture content.

Auxiliary material 
mixing

To adjust to reduce moisture content, add fermentation bacteria and improve aeration, auxiliary 
materials such as return compost, rice husks, sawdust, etc., are mixed into the raw material.

Ferment
ation

First fermentation Air ventilation and mixing are used to decompose easily degradable organic matter in the raw 
material and evaporate moisture. Inactivation of pathogens and other organisms in the compost 
material is carried out at the same time by mixing the material to a temperature of 70 C or 
higher.

Second
fermentation

The fermentation is designed to produce good quality compost without impairing the growth of 
crops. In secondary fermentation, the reaction is smaller than in primary fermentation.

Preparat
ion of 
product

Sorting Trommel and vibrating sieves are used to remove foreign substances such as metals and 
plastics, as well as those that are not sufficiently decomposed.

Packaging Packaging for selling and/or utilizing products

Cases of Promotion of Community Compost in Japan



Let’s Discuss Diversion Methods of  Inorganic and Organic Waste

Thank you so much for your attention!
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1. Function of waste intermediate treatment in a waste stream 

Waste generated is not disposed of directly in landfills, but is 
incinerated, sorted and other processed, collectively known as 
'intermediate treatment’. 
Intermediate treatment has the effect of reducing the volume of waste 
itself and sorting out what can and cannot be recycled. 

Waste stream in the current state

Total volume of 
waste generated

835
(100%)

Self disposal

226
(26%)

Recycled by 
informal sector 

50
(6%)

Collected 
waste
596

(68%)

MRF

1
(0%)

Direct
recycling

3
(0%)

Final disposal

593
(68%)

Total volume
of recycling

54
(6%)

Unit: ton/day



Waste stream in 30 years

Total volume of 
waste generated

1,602
(100%)

Self disposal

0
(0%)

Recycled by 
informal sector 

50
(3%)

Collected 
waste
1,552
(97%)

MRF

270
(17%)

WTE
600

(37%)

Ash
90

(6%)
Direct landfill

682
(43%)

Direct
recycling

0
(0%)

Final disposal

772
(48%)

Total volume
of recycling

320
(20%)

Unit: ton/day

Waste stream in Japan
• Municipal Solid Waste

Total volume of 
waste generated

44.32 mil. ton

Domestic
self disposal
40,000 ton

Group
collection

2.50 mil. ton

Planned
treatment

41.81 mil. ton

Total
treatment

41.84 mil. ton

Intermediate
treatment

39.24 mil. ton
(93.8%)

Direct
recycling

2.08 mil. ton
(5.0%) Treatment

residue
8.33 mil. ton

(19.9%)

Reduction

30.91 mil. ton
(73.9%)

Reclamation
of recycling
4.55 mil. ton

(10.9%)

Final disposal
after treatment
3.78 mil. ton

(9.0%)
Final disposal

4.30 mil. ton
(10.3%)

Direct final 
disposal

520,000 ton
(1.3%)

Total volume
of recycling
9.13 mil. ton



a. Incineration
The purpose of incineration is to reduce the volume of waste by burning it to ashes.

b. Shredding / Crushing
The purpose is volume reduction of waste.

c. Sorting
Sorting is to sort waste according to type and purpose.

d. Stabilization
Some wastes, such as waste acid and alkali, are harmful to human body and the 
environment in their original state. Stabilization is the process of neutralizing such waste 
and returning it to a stabilized state.

2. Various kinds of intermediate treatment technology

• To separate recyclable materials that are later sold/handed over to private sector
companies or used in public works that could save virgin materials

• To reduce amount of waste going to landfills, especially organic wastes, and
increasing landfill lifetime

• To reduce organic waste that contributes to methane gas emission at landfills
• To reduce organic waste that causes the risk of unintentional fire
• To create a lot of job opportunities around the sites

• To obtain solid waste treatment skills

2. Various kinds of intermediate treatment technology
e. IWMF (Integrated Waste Management Facility)



Example of IWMF
2. Various kinds of intermediate treatment technology

Component Potential final product Common current state Observation
Organic Compost / animal food / 

mulching material
Only project basis Organic waste is a major part 

of municipal solid waste, 
therefore, it should be 
reduced with the most 
concern.

Paper / Cardboards Paper / carboards /fuel A market exists in other 
countries?

Paper without contamination 
should be sorted.

Glass Civil work material For bottles, a market exists? Only glass bottles should be 
sorted.

Metal Metal For aluminum, a market exists 
in other countries? 

Should be sorted even if 
contaminated.

Plastic Plastic / Fuel(RDF/SPF) A market exists for selected 
plastics in some countries

Should be recycled but there 
is limitation of material 
recycling due to its quality as 
raw material.

Other Other Dumped in a dumpsite All for landfilling

Final destination of processed waste



2-1 Recycling plant

Reception: Flat concrete floor for waste tipping
2-1 Recycling plant



Manual sorting: Single-line and long conveyer for manual sorting

2-1 Recycling plant

Trommel screening: 
Bulky waste is eliminated and the rest of waste is untangled.

2-1 Recycling plant



Ballistic separator: 
Plastic bags and 

papers are sorted by the 
upflowed wind from fans.

2-1 Recycling plant

Baling: 
Sorted materials are packed in this baling process. 

2-1 Recycling plant



Stockyard: 
All the sorted items are stocked in sacks and arranged in a stockyard under roofs.

2-1 Recycling plant

Equipment Mandatory (M) or 
optional (O) Cost Remarks

Manual sorting system M -

Trommel screening O Similar function to a ballistic 
separator

Ballistic separator O

Similar function to a trommel 
screen.
For RDF production, it is 
necessary.

Baler M -

Stockyard M -

Equipment arrangement option

Note: : Very low, :Low, :high, Very high

2-1 Recycling plant



2-2 Composting plant

• Organic waste collected is landfilled at a dumpsite as it is. Organic matters can be
decomposed for a certain period, However, the speed of the decomposition is
slower than expected. In many cities, this causes mainly shorter life expectancy of
landfills.

• Moreover, remaining organic waste produces GHG such as methane gas, which
enhances greenhouse effect.

• Challenges for organic waste recycling have been done in many places, however,
there are many cases that have been abandoned the composting system. Tokyo
Metropolitan gave up composting processes in 1970’s.

• With composting process, organic waste can be changed into recyclable products.
Even if compost product cannot be for sales, composting process can reduce the
volume of organic waste at least by 20 to 30% of original volume and it can be the
material which is easy handling, which can be easily handled be used as mulching
material or cover material for landfilling.

2-2 Composting plant
a) Necessity of compost plant



Type Image Method O&M Investment
Cost

O&M 
cost

Building 
Space

Time of 
compost 
process

Advantage Disadvantage

Windrow 
Compositing

Aerobic
Mechanical
/Manual

Moderate Low

Manual
: low
Mechani
cal: 
Moderate

Large Long

Simple method
Small and large 
amount of bio-
degradable waste 
can be treated
Investment cost is 
low

Environmental issue is 
easily happened
Success of  operation 
depends on the 
capacity of supervisor
Time of compost 
process is the longest

Passively 
Aerated 
Windrow

Aerobic
Mechanical
/Manual

Moderate Low

Manual
: low
Mechani
cal: 
Moderate

Large Moderate

Simple method
Small and large 
amount of bio-
degradable waste 
can be treated
Investment cost is 
low

Environmental issue is 
easily happened
Success of  operation 
depends on the 
capacity of supervisor

Forced 
Aerated 
Windrow

Aerobic
Mechanical Easy Moderate Moderate Moderate Short

Small and large 
amount of bio-
degradable waste 
can be treated
Environmental 
issue can be 
mitigated
Time of compost 
process is short

Electricity charge is 
required 

In-Vessel / 
Mechanical  
Composting

Aerobic
Mechanical

Operation: 
easy

Maintenance
: not easy

High High Small Short

Environmental 
issue can be 
mitigated
Easy operation
Time of compost 
process is short

Small amount cannot 
be treated.
Electricity charge is 
required 

2-2 Composting plant
Composting method comparison

Process1: Reception and feeding equipment 
: Flat concrete floor for tipping of residues. 

2-2 Composting plant



Process2: Crusher (Screw Conveyer): 
The device crushes the residues until it is grainy. 
In the process of material feeding into semi-product storage, a screw conveyer can 
crush the material and feed to the storage.

2-2 Composting plant

Process3: Mixing basin: 
Fermented material is mixed with fresh grains for the purpose of enhancing 
fermentation. fermentation

2-2 Composting plant



Process4: Reactor:
The grained material is fermented aerobically. 

2-2 Composting plant

Process5: Classifier and packager: 
Compost is aligned in particle size with a classifier for sales products.

2-2 Composting plant



Process6: Storage and Shipping

2-2 Composting plant

RDF production

Sorted material:
- Plastic bags
- Plastic caps and lids
- Food package
- Drink package
- Papers

Shredding 
Baling
Wrapping by 
plastic film 

Storage for 
shipment

Shredder
- Single axe type
- 20kW

2-3 Plastic recycling



Capacity 90 tons/day 30 tons/day

Recycling plant

Receptionist :2 
Sorting worker: 40
Loader operator: 2
Forklift operator:4
Worker: 10
Engineer: 3
Wheel loader: 2
Forklift:4

Receptionist :2
Sorting worker: 16
Loader operator: 2
Forklift operator:2
Worker: 10
Engineer: 3
Wheel loader: 2
Forklift:2

Compost plant
Loader operator: 2
Worker: 10
Engineer: 2
Wheel loader: 2

Loader operator: 2
Worker: 6
Engineer: 1
Wheel loader: 2

RDF production
Loader operator: 1
Worker: 6
Wheel loader: 1
Forklift: 1

-

2-4 Necessary staff and equipment (example)

2-5 Waste-to-Energy Technology



a) Landfill Gas Recovery Technology

31

2-5 Waste-to-Energy Technology

32

b) Bio-gasification Technology
2-5 Waste-to-Energy Technology



c) Waste Incineration 
Technology

W
at

er

Quenching 
flue gas to 
150 – 200 
degrees C

G
as

 c
oo

le
r

WASTE

In
ci

ne
ra

to
r

Ash to landfill

Bo
ile

r
At 850 
degrees C 
and over

Combustible 
waste

Stack

Diffusing 
cleaned 
flue gas to 
the air

Cleaned 
Gas

Fan Distributing 
flue gas by 
force

Bag 
filter

Li
m

e

Filtering 
dusts in flue 
gas

Removing 
sulfur oxides 
and hydrogen 
chlorides

Making 
steam for 
turbine 
working
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2-5 Waste-to-Energy Technology

Waste

Shredding / sorting Pre-
treatment

Kiln Gasifier
Pyrolysis

Gas
Scrubber

Fuel
Gas Dual Fuel Engine

Char

Furnace

Ash
Liquid Fuel

NaOH

Gas

Liquid Distillator

Liquid Fuel

Sludge
Emission

d) Gasification Technology

34

2-5 Waste-to-Energy Technology



Alternatives of Technology 

Method
Availability for Component 

Organic matter Plastics Inorganic matter

Landfill gas power 
generation Acceptable

Organic waste methane
Fermentation

Incineration with power 
generation

A few amount can 
be accepted.

Gasification with power 
generation

A few amount can 
be accepted.

35

Legends show :processable, : non-processable

2-5 Waste-to-Energy Technology

Power Generation Rate (Example)

Method
Organic 
matter
(60%)

Plastics & 
Others
(40%)

Total
kWh/t-waste

Landfill gas power 
generation 100kWh/t-waste 100

Organic waste methane
Fermentation 200kWh/t 0 120

Incineration with power 
generation 350kWh/t-waste 350

Gasification with power 
generation 350kWh/t-waste 350

36

2-5 Waste-to-Energy Technology



WtE Technical Comparison (Example) 

Method Experience for 
500t-MSW/d up Additional Fuel Initial Cost Power 

Sales
Volume

Reduction Rate

Landfill gas +++ - +++ + +
50%

Methane
Fermentation + + ++ ++ +

60%

Incinera-tion +++ +++ + +++ +++
95%

Gasifica-tion + + + +++ +++
95%

+++:Excellent  ++:Good  +:Fair

37

2-5 Waste-to-Energy Technology

WtE Comparison Criteria (Example)
[Experience] Waste treatment is “experiential engineering.”
- Number of MSW Treatment Plants in Operation with a Certain Capacity 

→Incineration: 500up
Methane fermentation: 100up

….Number of bio-gasification plants in operation over 10years is still few. 
Gasification: 50up

….No procurement in the last few years without Japanese market.
[Energy Saving]
- Additional Fuel Consumption for the waste with the Calorific value ranging 1,000 –
1,400 kcal/kg-MSW

And [Cost/Revenue] [Environment Protection]

38

2-5 Waste-to-Energy Technology



Source: Energos
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2-5 Waste-to-Energy 
Technology

Diagram for the 
relationship between fuel 
consumption rate and heat 
generation for Gasification 
process

Acceptance capability of waste fluctuation
2-5 Waste-to-Energy Technology



Electronic appliance Spray can, fluorescent lamp, 
alkaline battery Other hazardous waste

• Incoming municipal waste in a landfill includes a small amount of hazardous waste.
• In order to manage landfilling safely, hazardous waste shall be sorted and isolated from other 

municipal waste.

2-6 Hazardous waste facility

Puddle-proof 
embankment
- concrete made
- Water and 

chemical resist 
coating

Flammable Infectious Toxic

Decaying organic matter is not 
accepted.
The pit shall be installed in a 
building.
Sorted hazardous waste is put into 
drum cans and a lid is closed.
Unstable material shall be solidified 
by mixing with cement.
Once the pit is full, a new 
hazardous waste pit shall be 
installed.

Hazardous waste pit



Optional Recycling Method: Optical sorter 

• https://vdrs.com/tomra-optical-sorting/

3. Discussion

• In order to select the suitable technology, we should determine:
- Objective of introduction of the technology
- Capacity of plant
- Characterization of target waste
- How to treat with the output of the process including market survey

• Question – What extra items should we need for the introduction of those 
technologies? We are living in islands, or our population is small. 



Thank you for your attention.
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[Primary Selection]
1. Exclude sites where it would be difficult to locate a 
landfill (site avoidance zones)
- National park
- Natural environment conservation areas
- Erosion control area
- Landslide prevention area
- Near an active fault line
- Flood-prone areas
- Within 1 km of water source protection area
Select sites outside the site avoidance zone where a 
disposal site is considered feasible.
- Contiguous area over 10 ha
- Site located within 2km from existing roads
46 sites were selected

[Secondary Selection]
1. Environmental conditions
- Rare flora and fauna
- Important areas in the Red Data Book
- Distance from houses, etc.
2. Topography, road conditions, etc.
- Topography and road conditions
- Snowfall intensity
- Transportation efficiency
3. Procedures for legal restrictions, etc.
- Location avoidance zones
- Agricultural land areas 
- Other regulated areas
20 sites were selected.

4. Public offering from landowners and local chief executives
2 cases from A City were applied.

[Fourth selection] (On-going)
1. Site conditions (field survey)
- Land use
- Road conditions
- Topographical and geological conditions
- Vegetation condition
- Others 
2. Re-evaluation of items up to the third round of selection
- Environmental conditions
- Construction conditions
- Transportation conditions
3. Outline design plan (4) Estimated project cost
4. Estimated project cost

[Third Selection]
1. Environmental conditions
- Water use in the downstream area
- Impact on the living environment
- Impact on the natural environment
- Impact on roadside
2. Construction conditions
- Construction conditions
- Topography 
- Security of water and electric power
- Landowner status
3. Transportation conditions
- Transportation efficiency
- Maintenance of roads for delivery
- Snow accumulation conditions
11 sites were selected.







Technical Cooperation Project on
Advisor for Marine Plastic Litter Management in the Caribbean Region

- SWM finance focusing charging fees –

Feb. 14, 2023
Taisuke Watanabe

JICA Advisory Team

Contents
1. Background and Objective

2. Revenue

3. General Requirements of a Waste Management Fee 

4. Types of Fee

5. Fee Collection

6. Consideration Points

7. Lessons from Cases

8. Case from Phnom Penh, Cambodia

(Note) This material does not cover financing of investments

1

2

1. Background and Objective 
As the SWM sector is an underbudgeted sector, for responding to
increasing expenditure and cutting cost is not easy, raising revenue is
the first thought coming to mind.

Also participants are familiar with the expenditure (cost) side, today
discuss the revenue side, focusing on charging fees.

Tax and fee are the major the revenue tool, while the tax revenue
tends to be incorporated into the general income. Today’s focus is
SWM specific charge (fee), as fees are understood as a payment for
a service and there is more possibility to make SWM budget by the
fee revenue than tax.

1. Background and Objective 
The objective for the discussion today is

1) To provide basic knowledge toward the design of waste fee

2) To better understand the practical issues on waste fee

Toward the sustainable financing.

3

4



5

2. Revenue
Tendency on financing

Experience shows that it is easier to mobilise funds for investment financing than 
it is to generate those needed to cover the recurrent operational needs of the 
system.
The revenue flows needed to cover system operating, asset replacement and 
long-term liability costs must be covered almost exclusively out of municipal 
resources. Defining and generating the annual revenue necessary to maintain 
system and financial sustainability on a continuous, reliable and predictable 
basis is a far more complex and seemingly intractable issue that must be faced 
by the municipal authorities.

(World Bank, Bridging the Gap in Solid Waste Management )

6

2. Revenue
To appeal the sustainable financing

It is crucial that the municipality and its waste management department knows 
the full costs of operating its waste management services and the individual 
components that comprise them.
To determine its financing needs, a municipality must first establish the full costs 
of its current services, of its planned investments and of the associated 
operations. 

(World Bank, Bridging the Gap in Solid Waste Management )

5
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2. Revenue
Sources of revenue

Once current costs and revenues are understood, the process of forecasting
future revenues and expenditures may commence. Forecasts of future revenues
are required to set user charges.

Type of revenue Description
Budget transfer from 
Government

Allocation in the government budget (often 
development budget and operating budget)
Typically through budget request/proposal from 
the competent department/ministry

Tariff/ fee revenue Depends on the design and implementation
Sales Sale of recyclable, compost etc.

8

2. Revenue
Revenue collection mechanism

Different revenue collection mechanisms are possible, including a tax, a user 
charge or a combination of both. 
Revenue collection methods need improvements in the service and awareness-
raising campaigns in order to ensure public acceptance. 
Penal rules and implementation is important factor for compliance.

(Reka Soos, Financial Aspects of Solid Waste Management)

7
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3. General Requirements of Waste Management Fee
Waste management fees have to follow a lot of different requirements. General
requirements include the following:

The User Pays
Tariffs better incorporate/represent an incentive to support the system’s policy 
(such as the 3R) 
Keep It Simple, Stupid (Reduces administration efforts, Reduces regulatory 
requirements and Improves transparency)
Tariffs are due on a regular (monthly to yearly) basis 
The differentiation between: 

“household waste“ (which remains under the Municipality ́s responsibility in 
any case)  
“institutional, commercial and industrial waste “

(ISWA, How to Design an Appropriate Waste Fee) 

3. General Requirements of Waste Management Fee
When we say “The User Pays”, what this mean and what is the goal?

All the cost is covered by the user fee (so-called full cost recovery)
(this is difficult to realize, while financial institutions make it as 
principle) or 
Some cost (ex. collection cost) is covered by the user fee →

(Expenditure side)
Is the fee collected to fulfill the specific expenditure, collected fee is 
incorporated to the SWM budget or incorporated to general budget 
(not only for SWM) ?

9
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4. Types of Fee
Gate fee at disposal 

Establishing a gate fee for disposal is a good practice that is likely to encourage
recycling, given that control of illegal dumping is carried out by the environmental
authorities and the municipality.

(Reka Soos, Financial Aspects of Solid Waste Management)

12

4. Types of Fee
User charges, tariffs

The principles usually used to design tariff-setting methodologies include:
Cost recovery, Affordability, Equity and fairness , Polluter pays and Behaviour 
change 

(Reka Soos, Financial Aspects of Solid Waste Management)

11

12
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4. Types of Fee (Another category)
Fixed charges, tariffs

A fixed tax or rate per private household or apartment; or as a variable tax or rate 
per unit area of apartment floor space or number of residents.
Fixed rate taxes and charges apply uniformly to all users (the fee base) and result 
in a predictable revenue stream. Variable rate taxes and charges relate to a 
variable physical attribute of the user (the fee base).

(World Bank, Bridging the Gap in Solid Waste Management )

14

4. Types of Fee (Another category)
Quantity based charges, tariffs

Quantity-based (variable-rate) charging schemes (also known as pay-as-you-throw 
schemes) relate to the amount of waste collected.
They aim to give service users incentives to adjust their behaviour in ways that help 
meet governments’ waste management policy objectives. Incentives take two 
forms:
• To encourage users to reduce the amount of waste they produce. The charging 

scheme is designed to meet waste minimisation objectives.
• To encourage users to reduce the amount of waste they produce and to separate 

their waste into recyclable and residual fractions. Users face choices related to 
both (i) the total amount of waste they put out for collection and (ii) the amounts 
they put out for recyclable material and residual waste collection, for which 
differential charge rates apply

(World Bank, Bridging the Gap in Solid Waste Management )
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5. Fee Collection
Important elements of successful fee collection include:

Service that has value to users
People are usually willing to pay for a good waste collection service.
However, if the service fails to ensure clean and healthy environments, they
are less likely to want to pay.

Financial flows of the revenues controlled by the Municipality
A good revenue collection system is one in which: 

Enforcement of payments is possible through administrative or financial 
penalties 
The municipality can control the quality of the services and impose 
financial penalties on the operator in case of non-performance 

(Reka Soos, Financial Aspects of Solid Waste Management)

5. Fee Collection
Efficient revenue collection methods: 

The collection of revenues in the form of a property tax  and revenue collection 
linked to billing procedure to a public utility bill

Fee Collection 
methods 

Pros Cons 

Property tax Low administrative cost 
as it is collected once a 
year 

May not be affordable for poor 
households to payout a big amount of 
money once a year 

Public Utility High payment rates 
High cost efficiency 

Potential issues with the legality of 
sanctions such as cutting off users from 
electricity or water supply in case of non-
payment 

(Reka Soos, Financial Aspects of Solid Waste Management)
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5. Fee Collection
Type of fee collection (linked to the fee system)

Indirect billing by government

Billing of a waste management fee (tax) linked to an existing tax such as 
property tax
Direct billing by government
The government is responsible directly for all aspects of preparing and 
maintaining service population registers, establishing waste charges, billing 
users, collecting payments, chasing up arrears and enforcing payments.

Direct billing by the operator
The government appoints licensed private municipal waste management 
company to be responsible for both waste management operation and fee 
collection.

(World Bank, Bridging the Gap in Solid Waste Management )

5. Fee Collection
Issues on non-payment

There are typically no sanctions for non-payment.
Enforcement of payments is possible through administrative or financial 
penalties 

The government can control the quality of the services and impose financial 
penalties on the operator in case of non-performance 

(World Bank, Bridging the Gap in Solid Waste Management )
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6. Consideration Points

1. Willingness to Pay (WTP) and Affordability
When proposing to introduce new or expanded waste fee, an important factor is is
the concept of users’ WTP. WTP for a service reflects the economic value an 
individual attaches to the service (the perceived level of satisfaction he derives 
from it). ‘Willingness’ encompasses both the ‘ability’ and the ‘desire’ of the user to 
pay for the service
WTP can be assessed using a variety of research techniques, but the approach 
mostly used in the municipal waste sector is the ‘contingent valuation’ method, 
whereby survey and questionnaire-based tools are used to assess the WTP by 
residents of a community for improved service levels
Compared to the costs for other public services (electricity, water supply, transport 
etc.) expenditures for waste collection and disposal are low. However, it is not 
usually reflected in the citizens’ general perception. 

(World Bank, Bridging the Gap in Solid Waste Management )

6. Consideration Points
2. Required data
Each fee model requires data which has to be administrated 

The minimum data which is required includes: 
Address of the property 
Name and address of the owner 
Name and address of the person who pays the waste management fee (if 
different from the owner). 

Example case:  
If waste is collected from containers situated in public places, the fee cannot be based 
on single containers. In such a case, the fee has to be based on measurable data 
related to a single premise on which the waste is being generated. Such data can be, for 
example, the number of residents, floor space, or the value of the property. 

(ISWA, How to Design an Appropriate Waste Fee) 
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6. Consideration Points
3. Cost factors to be covered – fixed and variable costs 
Cost analysis is critical to explain the needs of revenue.

Fixed costs 
all administrative costs
all costs for public relations
costs for the collection of recyclables

Variable costs 
treatment of waste 
a small part of collection costs

(ISWA, How to Design an Appropriate Waste Fee) 

6. Consideration Points
4. Citizens’ behaviour

The fee system should contain elements to award desired behaviour with a 
financial incentive 
Avoidance of fee payment often takes place. Need public awareness and easy 
payment system.

5. Fees for Private companies 
Integrating the management of institutional, commercial (and industrial) waste into 
municipal waste management helps municipalities receive a contribution to the 
fixed costs. 

(ISWA, How to Design an Appropriate Waste Fee) 
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7. Lessons from cases 
Based on the eight case studies on result-based financing by the World Bank, the 
following are found as important for the successful development of the financial 
model. 
Collection of sufficient baseline information to address the needs of the 
sector

Allows fee models tailored to the challenges and needs of each city or country.
Baseline information may include:

MSW practices
Solid Waste collectors 
Equipment and method of waste collection 
Treatment and disposal of MSW 
Policies and regulations

(World Bank, Results-Based Financing for Municipal Solid Waste)

7. Lessons from cases 
Active involvement of all stakeholders from the early stages

This could be done through:
Consultation of stakeholders and actors through workshops or/and targeted 
surveys 
Involvement of the national and local governments, private and informal 
waste collectors, and community members and leaders. 
Discussion of the proposed design in a final stakeholder workshop where 
each actor is given the opportunity to voice their opinions. 

(World Bank, Results-Based Financing for Municipal Solid Waste)
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7. Lessons from cases 
Ensuring project prerequisites in early project implementation stages 

Prerequisites may include: 
Established and institutionalised SWM subject committees and operational units
SWM strategies and service improvement plans (SIPs)
Established performance and service delivery monitoring systems, etc. 

Fundamental changes in behavior that can take time to establish, so setting realistic targets 
is important

Expectations should be set for gradual improvements over time

Institutional arrangements and flow of funds must be simplified, as much as possible, taking 
into account the capacity of the implementing agency

Supplementing financial subsidies with educational outreach and technical assistance 
provides greater leverage

(World Bank, Results-Based Financing for Municipal Solid Waste)

8. Case from Phnom Penh, Cambodia

Phnom Penh Case
The private company which awarded exclusive rights for solid waste collection 
(also collected fee by the invoice together with the electricity invoice) was denied 
its license by the Prime Minister. The Phnom Penh city started the waste 
collection by selecting the collection companies and fee collection by themselves 
from 202. New fee table is set for non-business (by type of house) and business 
(36 categories).

Established the payment system with several tools including electronic 
payment through mobile APPs
Warned non-payers on the risk additional penalties including publicly naming 
in social media and the loss of operating licenses for businesses
Established performance and service delivery monitoring systems, etc. 

(World Bank, Results-Based Financing for Municipal Solid Waste)

25
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Reference Document

• ISWA (International Solid Waste Association), How to Design an Appropriate 
Waste Fee - Principles, Practices and Applications of Waste Management Fees, 
2011

• Reka Soos, RWA Group, Financial Aspects of Solid Waste Management, 2017
• World Bank, Bridging the Gap in Solid Waste Management – Governance 

Requirements for Results, 2021
• World Bank, Results-Based Financing for Municipal Solid Waste, 2014
For further reding:
• Environmental Affairs Department, Republic of South Africa, Municipal Solid 

Waste Tariff Strategy, 2012
• Environmental Affairs Department, Republic of South Africa, Solid Waste Tariff 

Setting Guidelines fo Local Authorities, 2012

Thank you!

Contact: Taisuke Watanabe (Mr.)

t-watanabe@exri.co.jp
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March 14th, 2023
JICA Advisory Team

Online Technical Meeting 
for

the “Technical Cooperation Project on Advisor for Marine Plastic 
Litter Management in the Caribbean Region”

- Information, Education and Communication  -

Contents

1. Thoughts for improving IEC 

2. Introduction of IEC tools 

2



We all agree that Information, Education and 
Communication are very important, but how do 
we know they are effective?

3

PDCA cycle for IEC

4

Clarify your objectives！
Selection and concentration might 
be necessary.

Try to collect data for effectiveness



Target audiences at each stage of the waste flow

5
Source: ACCP Guidebook

Available Resources for IEC

ExamplesResources

Local government, NGO, community organizations,
teachers, local/international experts, etc.

Man power

Goods and tools such as computers/printers, existing
teaching materials, cleaning equipment (e.g. for a
beach clean-up event), etc.

Materials

Budgeted public funds, subsidy, donation, etc.Money

weekly, seasonal, commemorative day every year, etc.Time

Festivals, community events, school subject, etc.Opportunities

Implicit and explicit knowledge of the target audience.Information

6

How can we utilize these resources efficiently and effectively?



PDCA: Check & Act

• KPIs:
– Awareness level
– Feedback and response
– Behavioral change

• Data collection methods:
– Questionnaires
– Focus groups
– On-the-ground observations
– Social media analytics
– Web analytics

7

• Action:
– Analyse the data
– Review the objectives
– Reassess the strategy
– Evaluate the activities and materials
– Identify lessons learned
– Formulate recommendations
– Create an activity manual for the next time

Reflect

Tools and Activities for IEC

• Information
– Web site, Radio &TV promotion, YouTube, video clip, newsletter, flyers, signage and 

tags
• Communication 

– Facebook, Instagram, Twitter
– NSWMA’s App, SLSWMA with Fulcrum

• Education
– School visit
– Landfill site tour
– Movie of GEF Island
– Clean up activity in Guyana, Jamaica
– RePLAST Public Relations

8



IEC Tools: Facebook

Antigua and Barbuda

Grenada

Jamaica

9

IEC Tools: Facebook

10

Saint Lucia

Guyana



IEC Tools: Facebook

• Public holiday and bulky waste day announcement.

11

Saint Lucia

Grenada

IEC Tools: Video Clips

12https://www.facebook.com/sluncf/videos/433914655241809/



IEC Tools: Video Clips

https://www.facebook.com/GSWMA/videos/425055496421201/ 13

IEC Tools: YouTube
Case of Saint Lucia

14https://youtu.be/yyr4mOKEdtY



IEC Tools: Video Clips

15

https://mottainai-baasan.com/en/

IEC Tools: Signage

Garbage attracts more garbage

16



IEC Tools: Positive and negative tags to reinforce good recycling habits 
(USA)

• “Emoji” turns out to be 
understood by anyone!

17Source : NEWMOA-NERC webinar “Effective Education Strategies for Proper Recycling” Jun 7, 2018 - Presentation of Cindy Jolicoeur & Anna DeMers, C+C

Communication Tools: Mobile Apps

• Example #1: National 
Solid Waste 
Management Authority of 
Jamaica 

18



Communication Tools: Mobile Apps

• Once the App is 
installed, all they 
need to do is 
– Take a photo , send it 

with your location and 
contact information.

– NSWMA will go 
collect the garbage!

19

Communication Tools: Mobile Data Collection Tool: Fulcrum (SLSWMA)

20

Source: 1st Workshop Presentation of Saint Lucia

Source: https://www.fulcrumapp.com/



IEC Tools: School visits:
Saint Lucia’s case

• It is more difficult to change older 
people’s behavior. So, start with children.

21

IEC Tools: Landfill Site Tours Saint Lucia

Grenada

22



IEC Tools: Landfill Site Tours
Japan’s case

• School children in Japan visit landfills, recycling 
facilities, waste-to-energy (incineration) 
facilities.

23

Educational activity: clean-up activities Jamaica

Grenada

Guyana

24



IEC Tools: coloring garbage bins for source separation 

25

Educational Activity: Recycling initiatives 

Source: 2nd Workshop Presentation of Antigua Barbuda

Grenada

Antigua and Barbuda

26



Educational Activity: Recycling initiatives 
RePLAST in Saint Lucia

27

IEC Tools: Songs

28

https://www.youtube.com/watch?v=43LrsAgRSJA



Only behavioral change of people will stop the marine 
plastic litter!

Thank you very much for your attention!

29

• Questions to the participants:
–What are your challenges with your IEC?
–What are your successful IEC activities, and the reason 
why you think they are so successful?

30
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July 11, 2023

Taisuke Watanabe

JICA  Advisory Team 

Technical Cooperation Project on
Advisor for Marine Plastic Litter Management in the Caribbean Region

- Recycling System in Japan with Focus on Plastics–
Online Tech Meeting

1

Contents

1. Background

2. Plastic Waste

3. Recycling

3-1 Principle

3-2 Bottles and Containers

3-3 E-waste

3-4 Involvement of citizens

2
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3

➢ As Japan is an island country, securing land for landfill is very difficult 

and costly. Governments  keep trying efforts to minimize the volume 

of waste to be landfilled. Institutions and facilities are developed with 

this strategy.

➢ Municipal solid waste is managed by local governments in Japan, 

while national government support them with legal setting and 

financial support.

➢ To involve all stakeholders (commerce & industries, consumers and 

governments), the role of stakeholders is prescribed in the law and 

much dissemination work including education has bee conducted.

1. Background

4

【In recent years, there has been a growing global concern about plastic waste and its 
impact on the environment. What measures has Japan taken to address this issue?】

1. Promotion of 3R (Reduce, Reuse and Recycle)

Example:

✓ Use my bag (not use single-use plastic bag at retail)

2. Introduction of producer responsibility on bottles and containers by 

setting the Act in 1995 (explained later)

✓ Collection from households is by local governments

✓ Recycling of collected bottles and containers is by producers

organization

2. Plastic waste 

3

4
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5

【In recent years, there has been a growing global concern about plastic waste and its impact on the 

environment. What measures has Japan taken to address this issue?】

3. Introduction of Plastic Resource Circulation Act in 2022

✓ Reflecting the growing concern on plastics and needs on circularity

✓ Covering design/manufacturing, sales and 

discharge/collection/recycling

(Reference on Plastic Resource Circulation Act)

https://www.iges.or.jp/sites/default/files/inline-

files/01_MOEJ_Shintaro%20Murai-min.pdf

2. Plastic waste 

6

➢ Recycling needs extra cost for segregation, collection, processing and 

sales, compared with municipal solid waste, even for valuables.

✓ Responsibility of producer is introduced (so called” Extended 

Producer Responsibility” (EPR)) by establishing law – intending the 

cost sharing by producers

➢ Recycling method differs from products

✓ Product-type based recycling laws are developed in Japan

➢ Involving stakeholders is critical to make the system work (explain later)

✓ Dissemination and education is critical

3-1 Recycling - Principle

5

6

https://www.iges.or.jp/sites/default/files/inline-files/01_MOEJ_Shintaro%20Murai-min.pdf
https://www.iges.or.jp/sites/default/files/inline-files/01_MOEJ_Shintaro%20Murai-min.pdf
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【In recent years, there has been a growing global concern about plastic waste and its impact 
on the environment. What measures has Japan taken to address this issue?- on plastic bottles 
and containers】

Outline of Bottles and Containers Act (1995)

➢ Target waste (products): metal can, plastic bottle &container, paper 

containers and glass bottles

➢ Responsibility (including cost) of stakeholders

✓ Consumers: Discharge waste bottle &containers in separated way and 

reduce the discharge volume

✓ Local governments: Collect bottles & containers from houses to 

collection points

✓ Producer (as producer organization): Recycle collected bottles & 

containers (commission to recyclers) and reduce the volume of bottles 

& containers 

3-2 Recycling- Bottles and Containers

8

【How can other countries learn from their experiences?】

This is the background when preparation of Bottles and Containers Act 
(1995)

➢ There was high nationwide concern  on throwing away of bottles & 

containers along roadside, parks and tourist destinations.

➢ Act was drafted based on the existing practices/opinions by stakeholders. 

This worked for building consensus among stakeholders to accept 

burdens.

✓ Drink companies has voluntary recycling programme through sales-

point collection

✓ Many local governments has collection system specific for bottles & 

containers.

✓ Consumers wanted to introduce the system to promote recycling for 

cleaner environment.

3-2 Recycling- Bottles and Containers

7

8
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【 Electronic waste (e-waste) is a significant challenge in today's world. How does Japan handle e-
waste? 】

E-waste is managed by the Home Appliance Recycling Act (1998) and Recycling of 
Small Waste Electrical and Electronic Equipment Act (2012)

➢ Target waste (product): 

1) AC, TV, Fridge and washing machine (as home appliance) 

2) PC, mobile phone, camera, gaming machine, etc (as small E & E)

See next slides for the responsibility of stakeholders

(Reference)

Home appliance

https://panasonic.net/eco/petec/recycle/

Small e-waste

http://www.city.kodaira.tokyo.jp.e.fj.hp.transer.com/kurashi/039/039329.html

3-3 Recycling- E-waste

10

【 Electronic waste (e-waste) is a significant challenge in today's world. How does Japan handle e-
waste? 】

➢ Role of stakeholder (home appliance)

✓ Consumers: Pay for collection and recycling by purchasing the 

recycling ticket (fee depends on the type (TV, AC--))

✓ Retailers: Collect the replacing appliance when sales of appliance 

(also selling the recycling ticket)

✓ Manufacturer association: Recycle the collected appliances

(The recycling ticket is used for the track record of each appliance.)

◆ Involving retailers is important to improve the collection rate, 

because they are the contact point with consumers.

◆Much dissemination/warning/detection work was needed to prevent 

illegal dumping.

3-3 Recycling- E-waste

9

10

https://panasonic.net/eco/petec/recycle/
http://www.city.kodaira.tokyo.jp.e.fj.hp.transer.com/kurashi/039/039329.html


2023/7/12

6

11

【 Electronic waste (e-waste) is a significant challenge in today's world. How does Japan handle e-
waste? 】

➢ Role of stakeholder (Small Electric & Electronics Equipment)

✓ Manufacturers: Try to use recycled materials

✓ Consumers: Discharge E-waste in separated way

✓ Retailers: Setting collection box to receive small e-waste

✓ Local governments: Collect e-waste from houses or at collection 

points

✓ Approved recyclers: recycle collected waste

◆This system works as the resource recovery system.

◆ Involving communication (mobile) companies/retailers is effective to 

improve the collection rate.

3-3 Recycling- E-waste

12

【 Japan is known for its diligent recycling practices. What role do citizens play in Japan's waste 
management system? 】

【 How is public awareness and participation encouraged?】

◆ Involving public is the basic and critical to promote the recycling 
system.

➢ Role of citizens (consumers)

✓ Responsibility of citizens is proscribed in each waste management 

law and recycling laws

✓ Responsibility of citizens is manly on reduce, reuse and separation 

of waste

3-4 Recycling- Involvement of citizens

11

12
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【 Japan is known for its diligent recycling practices. What role do citizens play in Japan's waste 
management system? 】

【 How is public awareness and participation encouraged?】

➢ Raising awareness and participation

✓ Environmental education including waste issue has been 

incorporated in school curriculum from 1990s. This resulted in the 

effect that learned kids educate their parents on needed practices. 

This found to be very effective awareness raising method.

✓ Local governments have many kind of dissemination programmes

together with residential association. Nowadays mobile APP is used 

to tell how to separate waste.

3-4 Recycling- Involvement of citizens

14

【 Japan is known for its diligent recycling practices. What role do citizens play in Japan's waste 
management system? 】

【 How is public awareness and participation encouraged?】

➢ Raising awareness and participation

✓ NGOs are also very active raising awareness and participation, 

especially on plastic issues

✓ Manufactures/retailers cooperate to promote the recycling 

programmes.

3-4 Recycling- Involvement of citizens

13

14
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15

【 How can other countries learn from their experiences?】

➢ Cooperation program by Japan

✓ JICA provides technical cooperation such as development of 

container-deposit legislation in the Pacific islands and E-waste 

institutionalization in Malaysia

✓ JICA provides training courses on waste management and recycling

✓ JICA developed several educational materials

See and search “Environmental Management”

https://www.youtube.com/@JICANetLibrary/videos

3-4 Recycling- Involvement of citizens

Thank you!

Contact: Taisuke Watanabe (Mr.)

t-watanabe@exri.co.jp

16

15

16

https://www.youtube.com/@JICANetLibrary/videos
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