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1. Introduction

Since the green house gas emission is the hot issue not only for the Lao people but for all around the
world, the three days workshop on capacity building on Accounting and Utilizing GHG Emission
Reduction Measures for Local Waste Management Actors in Developing Asian Countries has been
organized in Lanxang Hotel Vientiane Capital City by supporting fund from Ministry of the Environment
of Japanese together with the Institute for Global Environmental Strategy (IGES) and Asia-Pacific
Network for Global Change Research (APN). The workshop was organized with association of National
University of Laos (NUOL), Ministry of Public Work and Transportation (MPWT), and Ministry of Natural
Resource and Environment(MONRE).

i L

" LANE XANG HOTEL

e "4\

e
-. A
e *—&’.‘2@‘-1 0 07 DA

2 il

Fig. 1 The opening remark by Prof. Dr. Boulinh Soysouvanh Dean of Faculty of Engineering NUOL
and Mr. Khamthavy Thaiphachanh Director of Housing and Uban Planning MPWT

On the opening ceremony, Prof. Dr. Boualinh Soysouvanh, Dean of faculty of engineering at NUOL,
mentioned that the climate change is serious problem which can threaten human survival. Recently Lao
people from the north to the south have been faced with high dangerous of the flooding in the cause of
the climate change. The climate change is caused of the human activities like cutting trees, increasing
more cars on the road, and mishandling municipal solid waste. On behalf of the education sector, we are
appreciated a lot, to see that this workshop is organizing with association of MPWT and belief that it will
give the new experiences to the all participant especially the Urban Development Administration
Authority (UDAA) of each province it will be leading to apply in the local area. He summed up that he
hoped this workshop would give the methodology of the estimation of the gas emission from the waste
sector. That will be useful in short and long term for the development of solid waste management
project in Lao PDR.



2. Summary of the Workshop

The workshop on capacity building on Accounting and Utilizing GHG Emission Reduction Measures for
Local Waste Management Actors in Developing Asian Countries was conducted in 3 days (4th- 6th
October). In the first day mostly presentations of practical work both from local and abroad were made.
Participants have learned from various experience especially the methodology of composting and
biogas generation from the organic waste in the centralized and decentralized. The failure and success
of the projects in other countries were also introduced. The second day focused the methodology of
estimation of GHG emissions from the waste disposal and treatment and assigned group homework. In
the last day, each municipal group made presentations its finding solution. During this workshop, all
participants were satisfied the workshop content and material. Proceeding hand out which are covered
all presentation were distributed. All participants have been conferred the certification of the workshop
at the end and the workshop were officially closed successfully.
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Fig 2. Participants of Workshop
2.1. Participants and speakers  Total participant is 55 persons

(1). Provincial Participants: 10 persons

No Name Province

1 Mr. Chanpheng Philachanh Khammouan
2 Mr. Bounthong Vanhdy Khammouan
3 Mr. Phetsamone Keophothisane | Savanaket

4 Ms. Anonglak Keomolakoth Savanaket

5 Mr. Bounnath Soumpholphakdy | Champasack
6 Mr. vathadeth Kinpounsin Champasack
7 Ms. Kaisone Keopasert Luangprabang
8 Mr. Sengkeo Kanhyason Luangprabang
9 Mr. Phongsavath Sibounmai Sekong

10 Mr. Sounthone Koulavong Salavanh




(2). Vientiane Municipality: 14 persons

No Name District

11 Mr. Vanh xaiyalat Vientiane Capital

12 Mr. Bounkham Phakasoum Vientiane Capital

13 Mr. Khamsouk Saphakdy Sisattanak

14 Mr. Sone-Amphai Phethvilasone | Sisattanak

15 Mr. Phethanousone Sikottabong

Phommavong

16 Mr. Bounthy Louanglith Sikottabong

17 Mr. Vixai Lovanhak Chanthabouli

18 Mr. Chittavong Phanavong Chanthabouli

19 Mr. Viengkeo Surinyaphone Saysetha

20 Mr. Aloundeth Phonthamaly Saysetha

21 Mr. Sengsoulith Sakounsouk Hatxaifong

22 Mr. Keosisai Sengdala Hatxaifong

23 Mr. Bounxom Sivongsa Saythany

24 Mr. Kongseng Dalaseng Saythany

(3). Ministry and University

No Name Organization

25 Prof. Dr. Boualinh Soysouvanh Faculty of Eng. NUOL

26 Mr. Khamthavy Thaiphachanh Dept. of housing and Urban
planning MPWT

27 Mr. Lonechanh Yangchubulom Dept. of housing and Urban
planning MPWT

28 Mr. ViRachith Douangchanh Dept. of housing and Urban
planning MPWT

29 Ms. Manichan Vorachit Dept. of Environment, MNRE

30 Mr. Langkone Xaignavong Faculty of Engineering NUOL

31 Dr. Bounheng Southichak Faculty of Engineering NUOL

32 Mr. Soukha Phokhasombath Faculty of Environment NUOL

33 Mr. Soulixay Inthasone Faculty of Environment NUOL

34 Ms. Vilaiwan Manuch Supamarin Co. Ltd

35 Ms. Pimporn Manuch Supamrin Co. Ltd

(4). Lao Speakers 5 persons

No | Name Organisation

36 | Mr. Souphavanh Keovilai Lao BPP, MAF

37 | Mr. Sengdara Douangmyxay Dept. of housing and Urban
planning MPWT

38 | Assoc. Prof. Kenchanh Faculty of Environment NUOL

Sinsamphan
39 Mr. Vanxay Bouttanavong Dept. of Environment MNRE
40 | Assoc. Prof. Korakanh Faculty of Engineering NUOL

Pasomsouk




(5).

International Speakers 9 persons

No Name Organization and Country

41 Dr. Janya Sang-Arun IGES, Japan

42 Ms. Phiangphen Sriwiroj Phitsanoulok Municipality
Thailand

43 Dr. Murakami EMIKO IGES, Japan

44 Dr. Yoichi Kodera AIST, Japan

45 Mr. Yoshiaki Totoki IGES, Japan

46 Dr. Alice Sharp SIT Thailand

47 Mr. Chau Kimheng COM PED, Cambodia

48 MRs. Rungnapa Tubnonghee Warinchamrab ~ Municipality
Thailand

49 Mr. Sutee Tubnonghee Warinchamrab ~ Municipality
Thailand

(6). Organizing Committee staff

No Name Organisation

50 Mrs. Daoheuang Siboriboun Faculty of Environment NUOL
51 Mrs. Phengsy Boudi Phong Faculty of Environment NUOL
52 Ms. Phoutkaysone Faculty of Environment NUOL

Phommavong

53 Dr. Valy Vanaladsaysy Faculty of Environment NUOL
54 Mr. Lemthong Chanphavong Faculty of Environment NUOL
55 Mr. Phetsakone Bounyanithe Faculty of Environment NUOL




2.3. Agenda

Day1l Tuesday 4 October 20011

8:30-9:00 Registration
9:00 - 9:05 Introduction to the Workshop - Dr. Janya Sang-Arun, IGES
9:05-9:15 Opening Remark Prof. Dr. Boualinh Soysouvanh Dean of faculty of
Engineering NUOL
9:15-920 Opening remark Mr. Khamthavy Thaiphachanh, Director of
Department of housing and Urban planning
MPWT
9:20-9:30 Group Photo All participants
9:30-9:45 Coffee Break All participants
Introduction of the Lao government policy on Mr. Sengdara Duanmyxay Ministry of Public
9:45 - 10:15 the solid waste management work & Transport
Introduction of Solid waste Management and Dr. Janya Sang-Arun, IGES
10:15-10:45 | Climate change
10:45 - 11:15 | Climate Change and Policy Mr. Vanxay Bouttanavong MNRE
11:15-11:45 | Organic Waste Utilization for energy in Laos Assoc. Prof. Korakanh Pasomsouk NUOL
11:45-12:15 | Introduction to Lao Biogas Pilot Project (BPP) Mr. Souphavanh Keovilay Project Director BPP
12:15-13:00 | Lunch Break All participants
13:00-13:30 | Cost and benefit analysis of Biogas use Assoc.Prof. Kenchan Sinhsumphanh NUOL
13:30-14:00 Overview of urban organic waste management | Dr. Alice Sharp (Sirindhorn International Institute
for climate change in Thailand of Technology)
14:00-14:30 Dr. Murakami EMIKO  IGES
Decentralized composting in municipal solid
waste management: Lessons learned from
Surabaya City , Indonesia
14:30 - 15:00 | Centralized Composting Kim Heng Chau (COMPED)
15:00 - 15:15 | Coffee Break All Participant
15:15 - 15:45 | Accounting GHG emission reduction from Dr. Yoichi Kodera (AIST)
plastic waste recycling
15:45 -16:15 Plastic waste conversion to liquid fuel in Ms. Rungnapa tubnonghee, Warinchamrab
Thailand. Case study: Warinchamrap Municipality
municipality
16:45-17:15 Plastic recycling Mr. Suthee Tubnonghee, Warinchamrab
Municipality
Day2 Wednesday 5 October 2011
8:00 -8:30 Registration
8:30- 9:00 Lesson learns fro Japanese practices for Urban | Yoshiaki Totoki, IGES
Waste tilization
9:00-9:30 Mechanical Bio treatment in Phitsanoulok Ms. Piangpen Sriwiroj Phitsanoulok Municipality
Thailand Thailand
9:30-9:45 Coffee Break All participants
9:35-10:30 Estimation of GHG emission from the waste Dr. Baasansuren Jansranjav (IPCC/TSU) & Dr.
treatment technology Janya Sang-Arun (IGES)
10:30 - 12:00 | Group Exercise on estimation of GHG emission | All participants
12:00 13:00 Lunch All participants
13:00 17:00 | Group Exercise : GHG emission estimation All participants
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Day 3 Thursday 6 October 2011

8:00 -8:30 Registration

8:30-11:30 Group’s report All participants
11:30-12:00 Closing Remark All participants
12:00 Fare well lunch All participants

3. Summary of Presentation

Topic (1) Introduction of the Lao government policy on the solid waste management
Title: Speaker: Mr. Sengdara Duangmyxay

» The presentation explained about the overview of waste management in Laos

especially the waste generation rate is increasing due to population and economic of
Laos is increasing. Vientiane was considered as the third biggest city of the higher
waste generation in Great Mekong Sub-region (GMS) after Bangkok. But the waste
collection and disposal are lacking. Only about 50 to 60% of total generated waste has
been collected and transported to landfill.

» The presentation also mentioned about several projects related to waste
management such as landfill development project, public campaign project, Village
Cleaning day and Red Saturday.

> At the end the presentation was about the Law and regulation related to solid waste
management and government policy

» The presentation concluded that the challenges ahead are changing the people’s
behavior in waste disposal and managing urban sprawl and uncontrolled settlement.

Discussion:

It is unclear, in Lao PDR, which environment or urban development and planning office
is in charge for municipal solid waste disposal.

e The throwing of the waste in the Lao festival is remaining unchanged behaviors of Lao

people. The recommendation was that the festival area should install waste bins.

Since the common method for waste disposal is open dumping, it is very dangerous the
waste is flown out in the raining season. The design of landfill is quite good but the
construction is not follow by design.

Topic (2). Introduction of Solid waste Management and Climate change
Speaker: Dr. Janya Sang Arun

Three point where introduced in this presentation,

» GHG emission from the waste sector is become important issue such as methane gas

emissions from landfill of organic waste and emissions of carbon dioxide from burning
of plastic or other waste. However, there is no data in the GHG emission from landfill
of organic waste for Lao PDR.

3Rs technology can be utilized for improving the solid waste management in Lao PDR.
At the same time, the GHG emission will be much reduced through the 3Rs practice.
For instance, 20-98% reduction by composting and 60-100% by anaerobic digestion of
food waste can be achieved on the solid waste sector. And for indirect reduction, 94%,
80%, 56-64% and 22% by recycling of plastics, recycling of steel, using recycled
aluminum and by using of recycled glass can be achieved respectively .
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» The Clean Development Mechanism on urban waste management is an alternative
financial source, but there are many limitation.

Discussion:
e 3Rs is a basic concept for maximizing resource use before discarding them as a waste.
Implementers may breakdown it into 4Rs or 5Rs when they feel more efficient for the
local circumstance.

Topic(3). Climate change and policy
Speaker: Mr. Vanxay Boutanavong

» The global warming effect is increasing caused by GHG emission. The major sources of
GHG emission are fossil fuel consumption for energy purpose in the industries and
transportation, the land used change that includes the deforestation and agriculture
and livestock development, solid waste management related emission such as
methane from landfill sites and open burning/incineration of waste, etc.

» The climate change is likely to have a significant impact on global environment,
economy and society through bigger tropical cyclones, frequent floods, etc.

» The climate change is a global problem. The corporation of all nations around the world
is required for the solution. Laos should be the one of the active nations to tackle the
climate change.

Discussion:
e There are six Green House Gases (GHG) such as CO,, CH,4, N,O, HFCS, PFCs, and SFs.
e In Lao there is OSOL office which is working in GMS.
e Hydro power is also the source of GHG emission when deforestation of upstream are is
practiced prior to construction of the dam.

Topic (4). Organic Waste Utilization for energy in Laos
Speaker: Assoc. Prof. Korakanh Pasomsouk

> By having study data of municipal solid waste management in four major cities (e.g.
Vientiane, Luangprabang, Savanaket, Champasack) in Lao. Approximately, 350 ton per
day of solid wastes are transported to landfill to disposal in 2009. Since 75% of total
waste to go to landfill site is organic matter, which can be utilized for energy
production. The organic waste (food, vegetable, fruit, etc.) is the main source for
generating energy from methane production. In Laos, the traditional methods such as
burning in gardens, dumping outside on surrounding area, and throwing in nearby
swam and river for the waste disposal are commonly used even in the big city.

» 3Rs techniques can be applied for mitigating GHG emission from the waste sector. The
waste separation at source is recommended for all families in the major cities in order
to improve the MSW management in Laos. It is possible to collect the organic waste
for generating the biogas or making fuel briquette.

> At the end, the speaker showed how to make the biogas from household daily food
waste using plastic and steel tanks and how to make fuel briquette from organic waste
such as paper, fallen leave, vegetables, saw dust, rice husk, charcoal waste using simple
wooden press.



Discussion:

e Itis innovative for Laos to utilize the organic waste for energy. However, the utilization
of organic matter for energy would require cooperating with households. The problem
is that it is difficult for Lao people to change the ideas and the behaviors.

e How to apply this practice to all cities in Lao, if family doesn’t have the animal dung,
the sugar cane can be replaced it. The output gas can be use for heating or cooking
purposes. Human waste from toilet is the best for biogas generation.

Topic (5). Introduction to Lao Biogas Pilot Project (LBPP)
Speaker: Mr. Souphavanh Keovilay

By this topic thee points were presented :
> Regarding the domestic biogas technology, the speaker introduced various technologies

that can be used for generating biogas at households. The components of the biogas
plant were also explained. He showed the design of biogas digester, which is used in
LBPP.

The benefits of domestic biogas are on energy (cooking, lighting, heating), agriculture
(improving soil fertility and livestock), Health and social aspects (reducing indoor air
pollution, female and child labor, creating employment), and economical aspects (saving
money, generating income).

LBPP is running the Lao Biogas Pilot Program with association of Ministry of agriculture
and forestry since 2007 by supporting of the Netherlands Development Organization
(SNV). The main objective of the project is to improve the livelihoods and quality of life
of rural families, men and women and to reduce the impact of biomass resource
depletion in Lao PDR. The project is divided into two phases. The first phase was from
2007 to 2010 with the target of 2,000 digesters and budget of 1,109,000 EURO. The
second phase was from 2011 to 2012, the budget about 550,000 EURO has been
allocated with the target of 1,300 digesters.

Discussion

It is hard to implement the project in cities, because if household wants to build the
digester for use, this family should have at least 10 cows. Thus, the project will be
suitable only for rural area. At the same time, there are still enough and cheaper
traditional energy sources like wood, and charcoal in rural area.

To build biogas digester with size of 4m?, 441USD is required as the budget with around
50% subsidy from the project.

Topic (6). Cost benefits analysis in using of Biogas system in Savanaket province
Speaker: Assoc. Prof. Kanchanh Sinsamphanh

The presentation is about the research findings, conducted by a research team from national
university of Laos, Faculty of Environmental science. The main objective of the research is to
compare benefits and the cost in the biogas project.

Five points were presented in this topic:

» Introduction to the study which included justification, objective and outcome of the
study

» Reviewing the data and related topic of other research. The speaker also mentioned
about the nature of biogas generation, criteria for selection family to participate the
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LBPP, introduction to CDM, and criteria of investment analysis for simple project.

» Methodology for the study included the tool of study, population of study, data
formulating, and data analysis.

» The result showed that the biogas project in Suvanaket is significantly cost effective.
search findings. Therefore the relevant governmental bodies should promote
implementation of biogas digestion at household level in their cities.

Discussion
e The quality of the biogas digesters, built under LBPP project is low because of the goal
of the project. The quantity is more important than quality in the project. The project
has to reach the target by the number of digesters. It is high risk, because the price of
materials (cement) is increasing every day. The cost for building digester is till high
when compare to income of Lao family.
e The biogas project can also help to reduce GHG emission.

Topic (7). Overview of Urban organic waste management for climate change mitigation in
Thailand
Speaker: Assoc. Prof. Dr. Alice Sharp

Four points were introduced in this presentation:

» The status of waste and waste management systems. The speaker mentioned the
statistic of waste generation rate from year 2003 to 2009 in some cities of Thailand.
The waste composition table showed that organic waste was the highest portion in
the all region of Thailand. The flow of solid waste showed that 84% of total waste
(15.16MT) were collectable, considering potentially 80% recyclable. The 40% of
collectable waste is disposed by incinerator or landfill and the 60% is improper
disposal such as open dump/burning. The generation rate projection by 2022
expected to reach 42,900 Ton/day in Thailand, compare to 41,410 Ton/day in 2009.

» Four Policy frameworks are waste reduction (3Rs), waste to energy, Clustering of
Local government and partnerships development with some examples of practices:
Phitsanulok - waste management initiative, some MSW power plant, and Rayong
ISWM system.

» The speaker showed the concept of the GHG emission inventory

» The keys for the success and recommendation were mentioned like maximized
recycle, good management, efficient technology, proper regulation, and private
endorsement.

Discussion

e To run the sustainable waste management project will be much depended on the
income. Income of the project should collect from recyclable materials.

e In Lao case, privet sectors are interested in the waste to energy projects but they
should study more about the generation rate (quantity), characteristic and physical
properties of the waste.

e Laos has more potential in hydro power generation.

Topic (8). Decentralized composting in municipal solid waste management: Lessons learned
from Surabaya City , Indonesia



Speaker: Dr. Murakami EMIKO on behalf of Dr. D.G. J. Premakumara

In this presentation, three points has been presented:

>

Introduction to decentralized composting in municipal solid waste management.
Most developing cities are facing tremendous challenge to disposal solid waste in
environmental friendly manner. Most common disposal method is open dumping in
environmentally unsafe manner. This practice would lead to environmental and
health impact, release GHG emission and discourage efficient use of resource.
Decentralized approaches for composting are backyard/household composting and
community composting center. The comparison between decentralized and
centralized composting revealed the decentralized use low and simple technology,
low capital, low transportation, and interacts with neighborhood, while the
centralized need high capital, high technology and transport, less labor and low
interaction.

Case study of Surabaya City. Solid Waste Management (SWM) became serious
environmental issue in Surabaya. Population is about 30 millions. The total waste
generation was 1,800 ton per day, the waste collection coverage only 70% and the
rest of waste left in streets, ditches and open spaces. Keputih final disposal site was
closed due to public opposition and Benowa site was over capacity. Disposal site was
not well developed and open dumping and burning were commonly used. Model
community in Kampong Rungkut Lor developed under the technical cooperation of
Kitakyushu city, Japan. The project developed SWM strategy based on the success of
model community. The project provided the necessary supports for starting
community composting centers. Sixteen composting centers operate to treat 110
tones of organic waste in the city. The project has achieved about 30% reduction of
waste to final dumped by enhanced recycling by removing organic matters from the
waste stream (78% of waste reduction from recyclable materials).

Challenges of GHG emission reduction through decentralized composting were
explained based on the social, financial and marketing, technical and institutional and
policy issues.

Based on UNFCC’s calculation of emission is found that emission reduction (10 years):
2945 tCO2e. The challenges are time consuming process to get CDM approval, high
transaction cost in CDM.

Discussion

It is very good project. It is very difficult to find the market for compost product in
Laos.

Topic (9). Centralized Composting
Speaker: Mr. Chau Kim Heng

Four points were introduced in this topic.

>

Introduction to COMPED

COMED is a NGO established in year 2000 with the 18 staff members. The activities
are for waste analysis, training and workshop, development guideline, social
marketing, and composting.

Centralized Composting

The first composting project (2001 -2009) was in Phnom Penh on dumpsite Strung
Meanchey 2000m?. The process treated 5t/day organic waste from market and
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produced compost 135t/y.
The second composting project started 2009 on the 8000m” next dumpsite in
Battabang, able to process organic from market 10t/day.
COMPED selected centralized composting because there is no policy on
decentralized, since recycling activities are not integrated in the part of solid waste
management, awareness of people is limited and there is no source separation.

» Open windrow turnover composting
Speaker explained the open windrow turned composting process. Pre-treatment is
separation. Manually separation of the waste is carried out by four workers. Pilling up
compost heap with the piles 3-5m wide and 1.5 -2 m high. Composting process,
temperature of composting process should be 65 to 70° C, water content is 65%, this
process will take 4-6 months. Last process is screening compost and compost
product.

» Difficulties and solution
There is no source separation, no integration of composting for SWM, nobody
(stakeholders) feels responsible for delivery the organic waste to the composting
facilities. People don’t trust the product quality because they think that the product is
from the waste and it will impact to environment and health. Thus, it’s difficult to find
the market to sell the compost.
COMPED must keep in touch with local government and waste collectors and also try
to find the support funds in order to solve the problems.

Discussion
Due to compost product is not certified the quality by the government, people or
farmers are not willing to use for agriculture.

Topic( 10). GHG reduction through suitable treatment and utilization of waste plastics
Speaker: Dr. Yoichi, Kodera

In this presentation the speaker mentioned three points such as characteristic of waste plastic,
lifecycle of plastic and GHG emission, and recycle method of plastic waste.

» Characteristic of the waste is related to the waste composition and the generation
rate. The major components of household in Japan are kitchen waste, paper, and
plastic. In Japan household responsible doing the separation waste at source into
kitchen waste, wood, mixed paper, plastic waste, cans and bottle.

»  Waste plastic utilization can be reduced the environmental impact through recycled
materials use and the CO2 reduction.

» The life cycle of plastic is: Crude oil to naphtha, Naphtha to ethylene and other,
Ethylene to polyethylene and production, plastic product use by consumer, product
to waste, and recalling plastic waste for the new product. Regarding the CO,
reduction by using recycled materials, the method was the explained together with
the containers and packaging recycling law in Japan.

Topic (11). Plastic waste conversion to liquid fuel in Thailand. Case study: Warinchamrap
municipality
Speaker: Mr. Rungnapa Tubnonghee.

The presentation covered current situation of transforming municipal plastic waste to liquid
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fuels in Thailand, characteristics and quantities of pyrolytic oil (liquid fuel), and prospect of
technology and industry for reforming MPW to useful oil.

» In Warinchamrap, the waste generation rate is 24-25 ton/day. In these waste,
recyclable is 20% of total MSW (12.6% of plastic waste). 90% of plastic waste is PE
and PP. Most these waste is disposed in landfill.

» There are two processes 1) separation of mixed plastic from municipal solid wastes
and 2) pyrolysis of the mixed plastic waste. The process of pyrolysis is de-
polymerization into light crude oils, which is called pyrolytic oils.

» The pyrolytic oil from the mixed plastic waste was in a range of group of diesel,
kerosene and gasoline. The quality improvement of the pyrolytic oil is carried out by
using coagulation technique. Pyrolytic oil can be used with car or truck.

Discussion
e This project can be applied in Laos too but more study about data in Landfill is
needed to apply in Laos.
e  The by-product of the pyrolytic process can be used as wax.
e  Private companies are interesting in the project

Topic (12) Plastic Recycle
Speaker Mr. Sutee Tubnonghee

Plastic waste management and recycling technology were presented in this topic:

» Plastic waste management at source was concerned by zero waste projects. The
project found that the plastic bag and plastic packaging are valuable resource
collected from households for recycling process. About 2-3 ton of plastic waste per
day would be able to be separated from the total municipal solid waste.

» The speaker showed the low cost technology for recycling plastic such as separation
and cleaning machine. The plastic waste is washed by oval water basin length of 15 m
and drying by rotary dryer machine. After cleaning and drying process, the plastic is
sorted out in each type of plastics.

» Making pellets is last process from plastic waste to the new product. By this process,
plastic is pasted through the melting machine with the temperature control and
extruded in long line form. After cooling by water, this long line plastic is cutting in to
pellet and packing into the sack for sale.

Discussion
The same as previous topic, the project will be much benefit if it can apply in Lao PDR.

Topic(13) Lesson Learns from Japanese Practices for urban waste utilization
Speaker : Mr. Yoshiaki Totoki

» Urban area is the engine for the development and produces waste from its activities.
Biomass town is a practice in Japan to utilize biomass with strong ties among a
community and local stakeholders.

» There are several waste biomass in urban area and several technologies can be
applied to the existing waste biomass. The combination of utilization of waste
biomass will be varied in countries, cities, and towns.

> Keys to success; first priority on proper waste management, involvement of
stakeholders, utilization of existing facilities, technologies, human resources, and
waste management systems, separation at source and efficient collection.
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Topic(14) Mechanical Biological Treatment — MBT in Phitsanulok, Thailand

Speaker: Ms. Piengpen Sriviroj (on behalf of Dr. Suthi Hantrakul)

Phitsanulok has the concept of the zero waste through managing sellable materials,
organic waste, hazardous waste, infectious waste, unsorted waste.

This presentation focused on the mechanical biological treatment. MBT is the
combination of the mechanical process, which is a process of sorting out recyclable
materials from mixed waste stream and biological process which can be bio-drying
(drying waste by air convection), anaerobic digestion, composting, or a combined
method.

The flow of MBT process in Phitsanulok was introduced with the MBT on Landfill,
homogenizer, windrow, pallet built ventilation and screening. Outputs of the MBT
process are compost like substances for gasification, refuse derived fuel for pyrolysis
to liquid fuel.

In conclusions, minimized leachate outflow and landfill gas emission, possible to earn
carbon credit, no requirement for daily cover of the landfill, and extended lifetime of
the disposal site (at least 50%)

Topic (15) Estimation of GHG emissions from waste disposal and treatment

>

Speaker : Dr. Janya Sang-Arun on behalf of Dr. Baasansuren Jamsranjav

Explanation of IPCC guidelines for National GHG Inventories and how to estimate
GHG emissions.

IPCC waste model with the FOD method for methane emissions was introduced how
to calculate the methane emission from the existing landfills with some parameter in
city level.

Methodologies for the GHG emissions from cases such as biological treatment
(composting) and incineration and open burning of waste are explained.

4. Group exercises
At the last session of the workshop all participant has been grouped for workshop activities
and exercises.

Group 1 International speakers and participants from ministry

The group is responsible for presenting about solid waste Management in Lao PDR.
In average within Lao PDR, the generation rate is 0.75kg/day/cap. At the moment within Lao
PDR about 17 landfills are operating. Total waste generation is 5,000 t/day but only 2,500t/day
is collected, remainder is self-disposed. The waste composition is as following: food 50%;
paper 6.7%,; textiles 1.2%, wood & branches 19.7%; plastic and fossil organic 10.7%.

Problem facing are lack of human resources and institutional framework, low implementation
related regulations/laws and awareness & willingness to do activities.

Proposed solid waste management in Lao PDR in future:

Applying integrated solid waste management
O Waste separation at sources
0 Collection of different types of waste in different days
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0 Community based recycling center

0 Community based composting center

0 Centralized composting center

e Selecting implementation of the composting method with the reason of:

O Low investment

0 Environmental friendly

0 No need high technical skill

0 Support agriculture-based society (reduce cost of SWM and reduce amount

of SW)

The group has also presented the current flow of solid waste with number showing, and at the
end the table of calculation for GHG emission in the whole Lao PDR was presented. Total of
current GHG emission is 3,982,530.50 t/year (CO2equivalent).

Discussion and comment

Q: Why the Methane gas is increased?

A: It is increased because the composting is still not applied yet in the early stages. Thus the
organic waste is disposed by open dumping in other dumpsites.

Group 2. Vientiane Capital City

This group discussed more about landfill management. The existing landfill is located 32 km
away from Vientiane Capital, about 200 t/day of the waste is disposed. The applied disposal
method is open dumping. The proposed idea is to collected unsorted waste and to separate
recyclables at the disposal site. The city does not have much budget thus this approach seems
to be practical than promoting waste separation at source and scheduled the collection.

Group 3. Champasack, Sekong, Salavanh

Pakse is the capital city of Champasack province with area of 120 km?, population is 80,000
and 11,000 households. The generation rate of the waste is 60t/day and about 30t/day is
transported to landfill by the Urban Development Administration Authority (UDAA). About
50% of total generated waste is collected and transported to the landfill. The remaining was
disposed in gardens or other spaces by burning or dumping. There are five trucks for waste
transportation, belong to Pakse UDAA and four fifth of area are currently being used and one
is used as a backup.

The landfill with area of 13.5ha is located in 17km to the north of Pakse. This landfill has been
constructed under ADB loan budget and the Norwegian Agency for Development Cooperation
(NORAD) project. About 5 ha bas been already used.

UDAA hires 35 workers: 5-6 for collection, 1 for driving truck and 7 persons working at landfill.

Problems facing in Pakse SWM are as following:

e No systematic waste separation at source was practiced

e Existing waste bins are not suitable for waste separation

e Irregular Time schedule for collection due to frequent troubles of trucks.

e The payment for the waste collection of household is always not in time and also some
families are not willing to pay

e Waste collection is less attractive works compare to other jobs as a result workers
often quit and new workers will be hired.

e The covering by clay for waste disposal in landfill does not meet the standard of
landfills because of lacking equipments and fund supports.
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At the end speaker showed the table for calculation of GHG emission with total GHG emission
of 7.14Gt/year of CO2equivalent.

Discussion and comment

It was discussed in the short briefing for SWM in Salavanh and Sekong province. Salavanh has
waste generation rate about 8t/day while Sekong is less, about 3t/day. Due to lack of funding
support and the amount of the waste is less, the disposal of the waste is open dumping and
burning method.

Group 4. Luangprabang
Luangprabang, a heritage city recognized by UNESCO, is located in the central of northern part
of Lao with population of 82,056.

Two private stakeholders are working in the waste collection and transportation with total
employers of 32 persons. The generation rate of the waste is 50t/day. The collection waste
service is done twice a week. Landfill is full, UDAA of Luangprabang asks budget from the
central government for new landfill construction.

Problems facing in SWM in Luangprabang are as following:
e Equipments are old and not enough
e Human resources in this field is lacking (no specialist in SWM)
e Low willingness and awareness of people
e Treatment technologies for various solid wastes are not available
e The existed landfill is full already, to construct a new landfill it needs much of budget

Recommendation
Seminars and workshops on the waste management should be organized continuously and it
is encourage to have a workshop in Luangprabang.

At the end of presentation, speaker showed the result of calculation of GHG emission. About
5,978t/year of CO2 equivalent is emitted in Luangprabang.

Group 5. Savanaket , Khammouan

Savanaket Province is located in the middle of Laos, and Kaison Phamvihane is the main city of
Savanaket with population of 65,724, 31 villages and household of 12,184. At the present
about 4,223 households are already signed contract with UBAA for the waste collection
service. Landfill is located at 18km from the city to the south with the area of 16 ha, in which 4
ha has been used. The method of disposal is open dumping. The generation rate of the solid
waste is 50t/day or 18,250t/year with the composition of plastic 15%, food waste 54%, paper
9%, wood waste 16%, textile 1% and other 5% of the total waste.

Problem facing in the SWM of Savanaket are as following
e SWM has not reached to the standard yet and lack of knowledge on solid waste
management
e Lack of budgets and human resources
e Lack of awareness and willingness among people
e No evaluation and monitoring of the work or project related to waste management
e Lack of technologies for the waste treatment
15



The result of calculation showed that GHG emission is about 270t/y of CO2 equivalent.

5. Evaluation of Workshop.

In order to get the feedback of the workshop, all participants were asked to fulfill the
evaluation form which is prepared by organizing committee at the end of seminar,.
The following is the result of analyzing from the evaluation form

(1). Total number of questionnaire form: 27
(2). Organizing committee:

Good :
Fair :
Poor:
Failure:

ASANENENEN

(V2]

(3).

Excellence: 66%

34%
0%
0%
0%

peakers and presentation

v" Excellence: 40%

v Good:
v' Fair :
v' Poor:
v Failure:

60%
0%
0%
0%

(4). The contents and lesson

Good :
Fair :
Poor :
Failure:

ARV

Excellence: 88%

2%
0%
0%

0%

(5). Open questions and recommendation

v

SRSV N NN

ANNEA NN

<

The content of workshop is covered all necessary topics, but it is lack of
practical works which leading to implementation (8 persons)

To control time for presentation (7 persons)

If it is possible, this kind of seminar should be arranged every year
continuously (5 persons).

Time of workshop is too short. (5person)

Presentations were the hot issue and easy to understand (3 person)

To control the topic of discussion in the workshop (1 person)

The data using in the seminar is not figured clearly about how much the GHG
emission is occured (1 person)

Microphones were not so good in service (1 person)

LCD projector was not clear 1 (person)

Per diem is too small not enough for living in Vientiane (1 person)

To promote appropriate technology and machine for solid waste disposal in
Laos.

Provincial participants should have an opportunity for field visit in order to
upgrade and exchange the experiences with other provinces

Association for the solid waste management should be established in order to
exchange the experiences.

16



6. Following Up

There are three ideas for improving municipal solid waste management in Laos in order to
food security and mitigate GHG emission from the waste sectors.

1. Pilot project on reduction of waste to landfill 60% by using 3Rs practice in Vientiane

Pilot project on solid waste separation at source in Luangprabang or in Pakse city.

3. Pilot project on Biogas generation from the food waste (small digester system suitable
for kitchen use). The project will concentrate in the communities and household
where the generation of food waste is high.

N

P
'0“6

Fig. 3 All participant in the Closing day
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1. Overview of waste management
2. Waste management projects

3. Major laws, regulations and
Institutions dealing with wastes

4. Future Policy Directions
5. The challenge ahead
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Overview of waste
management
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Waste generation

Wastes are discarded materials or substances from
everyday lives or industrial activities;

On average a person in Laos produces 0.75 kg of
solid waste per day;

In a day about 5,000 tons of waste iIs generated,

Vientiane is ranked the third, after Bangkok and
Kunming, in the rate of waste generation in the
GMS.
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Waste Generation in GMS countries
Population Urban Generated
Country | Capital City Growth Population Waste,
Rate, % Kg/day/cap
Cambodia | Phnom Penh 2.5 27.7 0.46
Lao PDR Vientiane 2.5 15.9 0.75
Myanmar Yangon 2.3 21.6 0.45
Thailand Bangkok 0.8 20.0 1.60
Vietnam Hanoi 1.6 18.3 0.45
Yunan Kunming 1.2 24.0 0.79
Province
Source: ADB-UNEP, 2004
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Wastes generation by sources
Cons buclion /; jt::tsal:i%

sites, 3%

schools, 1%
Industries

and markets
19%

Households

79%

Source: Urban Cleansing Service Center

Offices, pagodas,
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Waste collection and disposal

e Only 17 controlled landfill sites and 38 towns of 143
have the collection services:;

e 50% of the total wastes are collected and disposed in
landfill sites (60% in VT) ;

I
L ) —
- & = sl
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Waste collection and disposal

Every day about 2,500 tons of wastes are disposed of
either by open burning or illegal damping into nature
water ways or vacant land.
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Waste recycling

In large towns recyclable wastes are sold to
middlemen,;

The
texti

nlastic and cardboard are sent to Thailand,

e wastes are packed in plastic bags and sent to

Vietnam for further processing;

The CS group uses recycled plastics to produce
polyethylene (PE) pipes since 1999;

Composting of organic wastes with the use of
earthworms “vermiculture”, introduced by a teacher
at the teacher training college.

2/22/2012
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Landfill site construction projects

Construction of semi-sanitary landfill in Km18 of
Vientiane in 1996, ADB & JICA support;

Environmentally sustainable solid waste in four
secondary towns, 1997-2001, total budget of US$
5,863,720, NORAD & UNDP support;

Improvement of Km18 landfill in VT, US$ 1mill
from JFPR in 1998;

Semi-sanitary landfill in 12 towns of STDSP, 2004-
2009 with US$ 1.2mill loan from ADB;

Controlled landfill in KM 39 of VT 1n 20009.

2/22/2012

12



Project objectives

o Formulating long-term strategies for waste
management;

* Develop a viable and sustainable operational
strategy for solid waste management at each
project town;

e Increase the public awareness on environmentally

sustainable urban planning and management
through the enforcement mechanism for solid

waste management,;

2/22/2012
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Project objectives

Strengthen the institutional and human resources
capacity in the SWM sector;

Operationalize the solid waste management
scheme;

Support the service capacity through the
provision of vehicles, equipment and other
logistics knowhow.

Demonstrate the economic use of processing and
recycling organic waste.

2/22/2012
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Other activities In waste management

e Public campaign project,
2008, with a budget of
about US$ 120,000;

 Village Cleaning day or the
red Saturday: giving
Instruction to villagers to
clean the public spaces in
their villages,

2/22/2012
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Other activities in waste management

and public events:

e On average once in
a week through local
newspapers;

» almost every day on
radio,

e 15min/week on TV

2/22/2012
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Other activities in waste management

&k « Promotion of

i Environmental
Sustainable Cities
§ concept;

e ldentify “Town
Cleanliness” as a part
of town development
vision

2/22/2012
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Major laws and regulations

Environmental Protection (1999),
_aw on Industrial Waste (1994),

_aw on Hygiene Disease Prevention and Health
Promotion (2001);

Guidelines for Hospital Waste Management (1997);
Regulation on hygiene in public space (2004)

Minister’s Decision on the rules for landfill site
management, MCTPC (2007), and

Other bylaws and regulations

18



Waste management institutions

Ministry of Water Resources and
Environment,

Ministry of Science and Technology,
Ministry of Public Works and Transport
Ministry of Industry and Mine,
Ministry of Health

Urban Development Administration
Authorities

2/22/2012
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Future policy directions

Reducing wastes and maximizing environmentally sound waste
reuse and recycling as the first steps in waste management (a
signatory to UN Agenda 21);

Enforcing waste management guidelines in urban centers by
2015 (MPWT SDP 2011-20);

Revise and fine-tune the functions and responsibilities of
Institutions to increase the performance efficiency;

Striving for cost recovery In services;

Attracting the private sector in the services combined with
public campaign on 3R and environmental protection;

Upgrading the existing and the future landfills to sanitary sites,
SDP of Urban Development Sector 2011-2020

2/22/2012
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The challenge ahead

It is difficult
to change
people’s
behavior in
waste
disposal

2/22/2012
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The challenge ahead

Urban sprawl
and
= Luncontrolled
settlement
W8, create a big
i burden to
b5 services and
LTI, Infrastructure
S ?H"C‘??_S_; improvement

By 2

vy ¥
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2/22/2012

22



2/22/2012

Thank you for listening
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Institute for Global Environmental Strategies
Sustainable Consumption and Production Group

Bstaifngble Consumption and Production Group &
Jhstitute for Global Environmental Strategies (IGES) =~

IGES SCP Group

Waste and climate change Iﬂs

SR

About Institute for Global Environmental
Strategies

« Established in 1998 as an international environmental think-tank in
Japan.

¢ HQ in Hayama, Japan. Satellite offices in Tokyo, Kitakyushu, Kobe,
Bangkok, and Beijing

e Conducts policy research in response to global environmental
challenges.

e Three thematic group: Climate Change (including Market
Mechanism), Natural Resource Management, and Sustainable
Consumption and Production.

e Four cross-cutting issue group: Environment and Economics,
Governance and Capacity Development, Business and Environment,
Local Governmental Initiative

¢ Inter-governmental programme (IPCC/TSU, APN.)

Sang-Arun, J. IGES | http:/Awww.iges.or.jp Accounting and utilising GHG emissions reduction measure.., 4-6 October 2011, Vientiane Capital



IGES SCP Group

Waste and climate change i_@is

Presentation outline

* GHG Emissions from waste management
* Climate benefits from 3R approach

- CDM

* Conclusion

IGES SCP Group
Waste and climate change

Solid waste management in Laos

* Open dumping and burning
are common practices in
Laos.

* Most of the disposal sites are
not well developed.

* These practices can lead to
environmental and health
impacts on local residents,
release GHGs to atmosphere
and discourage efficient use
of resources
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Source of GHG emissions from solid waste
management

1) Methane gas emissions from landfills of organic

waste

2) Emissions of carbon dioxide from burning of

plastic waste and other wastes (if incineration is used for
energy purpose then the emissions of CO, of fossil origin are included
in Energy sector. However, CO, emissions (fossil origin) from
incineration of waste without energy recovery are included in Waste

sector.)

3) Energy used for collection, recycling and others are also
source of GHG. And agricultural waste is categorized in
emissions from agricultural, forestry and other land use

IGES SCP Group

Waste and climate change

Waste composition in GMS countries

Country Food Paper Plastic Metals Glass
Cambodia 66 3 14 1 1
China 50 15 10 3 3
Lao PDR 60 15 15
Thailand 64 8 17 2 3

Viet Nam 49 2 16 6 7

Others

15

19
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6
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Waste and climate change ES
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GHG emissions from landfills of organic waste in GMS
countries

Country GHG emissions in Million ton CO2 equivalent/year
1994 2000 Present*
China 42.6 454 -113.4
Viet Nam 1.39 5.60 3.0-74
Thailand 0.41 4.89 53-135
Lao PDR 0.24** No data
Cambodia 0.124 0.12-0.34
Myanmar No data No data

Note: * Present estimation is based on waste generation and composition that we could obtained through
secondary source of data. Lower value represents potential emissions from landfills of food and paper in
shallow-unmanaged landfill and the higher value represents its emissions from deep-well managed landfills.

** 1990

IGES SCP Group

Waste and climate change

How to improve solid waste management in Laos with co-
benefits on climate change and resource efficiency?

* Reducing waste generation by promoting waste
minimization, reuse and recycle

* Enhancing organic waste separation for utilization (e.qg.
animal feed, composting, anaerobic digestion)

* Avoiding burning of plastic waste by establishing waste
recycling business

‘ Reduce waste flow to disposal site

Reduce cost for waste collection and disposal, reduce
environmental impact, avoid GHG emissions, etc
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efficiency?
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Waste and climate change
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How can the 3Rs reduce GHG emissions and enhance resource

| Natural resources |
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Waste and climate change

Sectors

Waste

Energy and
transport

Industry

Agriculture

Land use change
and forestry

Climate benefits of 3Rs in various sectors

Climate co-benefits

- Reduced methane emissions from landfill
- Reduced carbon dioxide emissions from burning of plastics

Reduced emissions from energy use in the process of resource
extraction, agriculture, good production and distribution, and waste
transportation and treatment

Reduced emissions from fossil fuels by using energy recovered from
waste

Reduced emissions from industrial processes by reducing product
demand
Reduced emissions from chemical fertilizer production

Avoided nitrous oxide emissions from farmland by reducing use of
chemical fertilizer
Increased soil carbon sequestration

- Reduced emissions from mining and deforestation
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How much can 3Rs reduce GHG emissions?

¢ Direct emissions from SWM

* 20-98% reduction by composting and 60-100% by anaerobic
digestion of food waste (compared to landfill).

* Indirect GHG reductions
* 94% by recycling of plastic.
* 80% by recycling of steel.
* 56-64% by using 50% recycled aluminum.
* 22% by increasing use of recycled glass from 25% to 59%.

IGES SCP Group
Waste and climate change

National climate change action plan and 3Rs

Country Mention of the  Mention of 3Rs Source
waste sector
China Yes Yes NCCCC, 2007
Thailand Yes Yes ONEP, 2008
Cambodia No No MOE, 2002
Lao PDR No No STEA, 2000

Viet Nam No No MNRE, 1999
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Clean Development Mechanism and urban waste
management

* CDM is an alternative financial source, but its procedure
is time consuming and requires many specific data input.
Also, it is one-time/project-specific.

* Projects that have been registered to CDM

— Composting

Anaerobic digestion

Landfill gas recovery

Landfill gas flaring

Controlled combustion

Refuse derived fuel (RDF)

* Market mechanism for Post 2012 is not fixed yet.

IGES SCP Group
Waste and climate change

Conclusions

- GHG emissions from the waste sector in Laos is increasing.

- 3Rs is an approach to achieve sustainable solid waste
management because it could enhance resource efficiency
and also avoid greenhouse gas emissions.

- National government should emphasize the 3Rs as a climate
change mitigation measure, as it could contribute to GHG
emission reduction from various sectors.

- There is possibility that waste utilization projects can receive
additional financial revenue through carbon markets (e.g., the
CDM, NAMA). However, the priority for solid waste
management should be given to proper waste management
and utilization of resources.
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Introduction |_GE§

« Climate Change is recognized as serious problem

* |t significant impacts on the global environment,
economy and society

* |t can ultimately threaten human survival

* Human activities are generating greenhouse gases
(GHG) into the atmosphere

* Rising levels of greenhouse gases are already
changing the climate.

e Climate change is a global issue:
1tCO, emitted in Laos =1 tCO, emitted in Japan

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 3

Introduction

Climate change will cause heavier tropical cyclones.

Assoc. Prof. Korakanh Pasomsouk, National University of Laos
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Introduction @

order to prevent climate change, there is now
needed radical reductions in green house gas
emissions.

GHG emissions from the waste are small
compared to those from energy and agricultural
sectors.

However, the GHG emissions from the waste

sectors are increasing rapidly due to escalating
waste generation in most country.

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 7

Introduction

Most developing countries are
facing the problem of MSW
disposal because of lacking of &
budget and human resources. &

In parallel with the population
and economic growth, each year
the quantity of solid waste
increases gradually.

It is found that open dumping o
and burning are commonly used .
as the method of disposal MSW. ===

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 8
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* In these wastes, the organic
waste is higher portion

* In the landfill where open
dumping disposal is used, the
organic waste (food,
vegetable, fruit etc.) mainly
contaminates other wastes

* The organic waste is the main
source of Methane gas
generation (GHG emission)

In Laos Industrial pollution issues
are at the early stage.

. Urbanization policy makes urban §
population rapid increasing.

. Currently many people in rural
areas are moving to the city for
finding new job.

e  Students are interested to study
in University rather than working g

at the field.
*  The tourist activities are also
increasing
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 10
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" The problem following of those is the increasing
amount of solid waste and human waste

e In 2009 within Lao PDR about 350 tons per day of
solid waste are disposed in landfill

* To transport waste to disposal in landfill will cost
USD4.5/ton

e The organic waste (75%) is the main portion which
makes others in landfill contaminate

 Three traditional methods for disposing MSW are

commonly used in Laos: Burning, Dumping and
Throwing

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 11

¢ So far no waste separation mechanism are
applied in Laos.

* Organic waste over 220 tons per day are
transported together with other waste to
landfill for disposal

¢ Food waste

¢ Vegetable & fruit waste
¢ Grass and leaves

e Paper

¢ Wood and trees residue

* Infact, these organic wastes can be used

as the valuable sources for production

SW Management in Laos @

Global Environmental

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 12
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The Flow of MSW

Sources
Households Scavengers HSelelels

Material store

Market, Shop Plastic

Restaurant - Metal
Institution & Waste Collection Paper
Selglele] service Glass

» Office Old machine
Industries Bronzes

Public (streets) - y Aluminums
Municipal Solid Brash
Waste Other

Relalelill

The sources of Solid Waste Vientiane

Four studied cities : Quantity | Percentage (%)
1. Vientiane, (ton/day)

2. Luangprabang, Household 178 75
3. Savanaket, S 2 1
4. Champasack. treet
Shop 36 -
Market 9 &
Hospital 2 1
School and office 2 1
Construction place 6 2




Generation Rate

Prod./capita/| Amount
Provinces Population day ton/day
person kg
Vientiane CC 330,798 0.64 211.7
Luangprabang 70,481 0.60 42.3
Savanaket 65,724 0.64 42
Champasack 72,955 0.7 51
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Composition of MSW in the main cities

Waste fraction Vientiane Luangprabang Savanaket Champasack
(%) (%) (%) (%)
13 9 15 6

MSW Management in Laos |§E§

Global Environmental

Plastic
Glass 6 6 2 2
Paper 6 8 9 4
Metal 3 1 1 1
Food Vegetable 30 51 54 62
Textile 2 1 1 1
Wood/Grass/Leaf 19 23 16 21
Other 21 1 2 3
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 17

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 18
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enelrd i O dle O 00040 Wd -
Vientiane | Luangprabang | Savanaket | Champasack
(Kg/day) (Kg/day) (kg/day) (kg/day)
Hotel& Restaurant | 3,555 1,008 --

Restaurant 7, 605 4, 992 2, 720 4, 100

SmaH restaurant 37 180 13 104 12 240 13 800
Household (3-5ps) 81 320 54 000 98 250 60 000

Total 129 660 73 704 113 730 78 614

2/22/2012
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Waste to Energy

technolo
gy Waste Material

Thermal Process Biochemical

digestion

Gasification

Chemical

Chemical

: ici Anaerobic
Cambustion Pyrolisis Fermentation Esterification

Heat and Power Feedstock Ethanol Biodiesel

21

Before 3Rs
practice, first of all
at your house, the
waste should be
separated into 3
categories

Toxic and

Hazardous
SW

Assoc. Prof. Korakanh Pasomsouk, National University of Laos
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io-Chemical Process: BiogaJGEg

Institute for
Global Environmental
Strategies

e Within Lao PDR, SNV supports the
Department of livestock and Fisheries(DLF)
Ministry of Agriculture and forestry to
implement the Biogas Pilot Program

e The target of this project is 6,600 digesters
over 4 years

e The budget for this program is provided by
Dutch Government.

23

Assoc. Prof. Korakanh Pasomsouk, National University of Laos
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Biogas Pilot Program Q

Institute for
Global Environmental
Strategies

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 25

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 26
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Assoc. Prof. Korakanh Pasomsouk, National University of Laos 27

Biogas Pilot Program ii@g

Application

Comarison 1m3 of Biogas 1. Cooking 2 Lighting
with other types of energy

Wood chip kg 5
Charcoal Kg 1.6
Fuel oil L 0.75 . .
3. Engine consumption
LPG Gas Kg 0.45 — e = o
Electricity W 1.7 ! ! : il
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 28
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Biogas Generation iGEg
from Kitchen waste T

* High quality left over food can be stored for
the next meal

* Low and middle quality food can be fed to
domestic animals

e Food waste, pour quality food, vegetable, fruit
can be the good material for generating biogas

e One Lao family (3-5 person) generates food
waste 2— 3 kg/day in average

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 29

Biogas Generation IGES
from Kitchen waste o e

—

168L

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 30
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Biogas Generation
from Kitchen waste

Biogas Tank is

Assoc. Prof. Korakanh Pasomsouk, National University of Laos
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Biogas Generation
from Kitchen waste

Biogas
Tank is
made of
used steel
tank 260L

Assoc. Prof. Korakanh Pasomsouk, National University of Laos

32
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Biogas Generation iGES

from Kitchen waste e T
The animal waste 30 kg mixing with 20L of water
should be filled into biogas tank at the starting day
1. Separate food waste
2. Collect vegetable and fruit waste
3. If vegetable and fruit waste are the big size, chop it
into small size
4. Mix these wastes together with water
5. Fill these waste to biogas tank
6. Do it for every day

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 33

Biogas Generation iGES

from Kitchen waste s e

Digester | Animal Waste | Food waste Water input per day | Gas generation

size input at input per day
m3 starting day
kg kg
0.168 30 8-10 0.4-0.48 0.15
0.260 50 10-20 1-1.5 0.20
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 34
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Thermal Process
Small scale

Small-scale such as domestic cooking can be very
inefficient, with heat transfer losses of 30 -
the original energy contained in the waste.
This problem can be used of more efficient stove
technology and the use of dry, compact biomass
fuels, such as wood.

IGES

Global Environmental
Strategies

90% of

Assoc. Prof. Korakanh Pasomsouk, National University of Laos

37

Thermal Process:
Fuel Briquettes

Material for making fuel briquettes at house

Paper waste 40% with saw dust 60%
* @Grass

* Paper

Charcoal waste

Tree Leave and vegetable
* Mixed waste
Cassava or corn starch maybe needed for binding

Rice husk 60% with paper 40% and cassava powder

IGES

Global Environmental
Strategies

Assoc. Prof. Korakanh Pasomsouk, National University of Laos

38
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Fuel Briquette press

N

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 39

ow to make Fuel Briquetteg

Institute for
Global Environmental
Strategies

Stepl. Sorting out material to put into the briquette
(paper, agriculture waste, grass..)

Step2. Drying material under sun

Step3. Chopping or crashing material up into small
piece

Step4. Mixing the material with cassava starch in water

Step5. Squeezing mixed material and loading Cylinder

Step6. Using briquette press

Step7. Realizing briquette and drying for few day
before use

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 40
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iHow to make Fuel Briquette I:?m—j;.g

200l 69726,

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 41

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 42
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A simpl
up in mechanical work
making briquettes fro
waste

S Tl

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 43

Conclusion L%_E

Strategies

So far in Laos, there is not suitable for the high
investment of the waste to energy (Power plant or
Biogas factory)

The Community or Family scale is more efficiency
and profitable

* Less rubbish in the streets and in dumping

surrounding area

* Less solid waste to transport to landfill

* Benefits to climate change (avoid emission gases to
GHG)

The Solid waste management is not very difficult
but the human attitude changing is too difficult.

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 44
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Lao Biogas Pilot Program
H

Al

— e
TagnauBocuiengSozwan
BIOGAS PILOT PROGRAM

BESIREAR I I K EE VI RIS A IS OENa]

Souphavanh Keovilay
Program Manager
Biogas Pilot Program,
Department of Livestock and Fisheries,
Ministry of Agriculture and Forestry

Content

1. Domestic Biogas technology
2. Benefits of Domestic Biogas

3. Lao Biogas Pilot Program




1. Domestic Biogas Technology

O What is Biogas?

B The term 'biogas' is commonly used to refer to a
gas which has been produced by the biological
breakdown of organic matter in the absence of
oxygen.

B Biogas burns very clean with a flame
comparable to that of liquefied petroleum gas
(LPG) and can be used directly in a simple low-
pressure gas burner.

1. Domestic Biogas Technology
Biogas Plant models




1. Domestic Biogas Technology
Biogas Plant models

Gas oollecter, Beuges
Biogas fiet] clinive A

Gas calactor, .
(e domie Ef:_;mc’
Wasts  Biogas o

Sbga aullel

1. Domestic Biogas Technology
Biogas Plant models
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1. Domestic Biogas Technology
Lao Biogas Plant model

Nepal model customised
for Laos

Fixed dome, masonry +
concrete

No moving parts

Sizes: 4m3, 6m3, 8m3,
10m3

1. Domestic Biogas Technology
Biogas Plant Component

Gas pipe

Kitchen —

Inlet »
Digester T

Slurry pitch




1. Domestic Biogas Technology
Biogas plant operation

2. Benefits of Domestic Biogas

+ Energy s }

4

’ O Cooking: Stove, Rice cooker
S— 0O Lighting: Biogas lamp

an

' O Heating: Water heater




2. Benefits of Domestic Biogas

4 Agriculture

O Slurry is effective
organic fertilizer
B Improve soil fertility

m Safer than raw manure
(no weeds and
pathogents)

O Improve livestock

B Slurry can be used for
feeding animal and fish

B Encourages stabling of
animals

2. Benefits of Domestic Biogas

4+ Health

O Reduce eye irritation
and respiratory
diseases caused by
indoor smoke

O Reduce transmission
of zoonosis.




2. Benefits of Domestic Biogas

4 Social

O Reduce drudgery
[0 Reduce female and child labour

O Save time from cooking and
collecting firewood

O Create employment

2. Benefits of Domestic Biogas

4+ Economic

[0 Save money

B Reduce expenses on
electricity, firewood,
charcoal and chemical

fertilizer

O Generate income for

local masons




2. Benefits of Domestic Biogas

4 Environment O Cleaner village
(reduce smell and
insects)

O Better water quality
(reduce Nitrogen
contamination)

[0 Reduce deforestation

O Reduce emission of
greenhouse gases

3. Lao Biogas Pilot Program
¢ Introduction

O In 2006, MoU on the
implementation of Biogas
Pilot Program (BPP) was
signed between Netherlands
Development Organization
(SNV) and Ministry of
Agriculture and Forestry
(MAF).

O Since 2007, BPP has been
implemented under the
Department of Livestock and
Fisheries, MAF




3. Lao Biogas Pilot Program
¢ Introduction

Name of the project

Biogas Pilot Program (BPP)

Location 5 provinces (Vientiane Capital,
Savannakhet, Xiengkhouang,
Vientiane province, Khammouan)
Period 2007 - 2010 2011 - 2012
Target 2,000 digesters 1300 digesters
Budget 1,109,000 € 550,000 €
Supporter DGIS, Government of the Netherlands

Implementing
organization

Department of Livestock and Fisheries,
Ministry of Agriculture and Forestry

3. Lao Biogas Pilot Program
¢ Goal and purpose of BPP

O Goal:

B To improve the livelihoods and quality of life of
rural families, men and women, and reduce the
impact of biomass resource depletion in Lao
PDR, exploiting the market and non-market
benefits of domestic biogas digesters.

0 Purpose:

B To establish a series of biogas pilot activities to
form the basis of a future larger scale biogas
program that will establish a commercially viable
domestic biogas sector




3.

e O o | Y i s

Lao Biogas Pilot Program
¢ Project Components

Program Management

Promotion and Marketing
Construction and after sell services
Investment and Subsidy

Quality Control

Research and Development
Training

Extension

Monitoring and Evaluation

. Institutional Support

. Lao Biogas Pilot Program

¢ Program Management

Program O 7 permanent staff and

Direlctor 2 TA from SNV based

National
TA

Program International In BPP Offlce

TA

Manager O 4 FAPO staff working

Promotion
Officer

Finanlial and chlhnical |n eaCh PBPPO

Administration Officer

Officer O Each target district has

district coordinator
it o O Project Steering

committee at

provincial level

O Biogas Advisory Board
(BAB) at national level

10



3. Lao Biogas Pilot Program
¢ Program Management

O 2007: Started in

Vientiane Capital =
Namtha
[0 2008: Expanded to B L
Savannakhet and b ke
Xiengkhouang m{a{‘w@aﬂw
O 2009: Implement in the -
i 2007
same 3 provinces. a2 T
Khammouan

O 2010: Expanded to
Vientiane province and
Khammouan

O 2011: Implementin 5
provinces

3. Lao Biogas Pilot Program
¢ Promotion and Marketing

0 Promotion materials
(brochure, poster...)

O Mass media (TV, radio,
newspaper)

O Exhibition

O Village meeting

O Direct sell




3. Lao Biogas Pilot Program
¢ Construction and after sell services

O Up to now, 2,200 biogas digesters
have been installed in 720
villages, 40 districts, 5 provinces.

O Masons provide regular services
for 2 year after construction with
close monitoring of DAFO officers.

O PAFO conduction warranty
inspection after 2 years and
warranty fee paid for the mason.

3. Lao Biogas Pilot Program
¢ Construction and after sell services

Biogas plant construction by BPP

2500
2231

2000 +

1500

1000 937

731

500 e
]
o . mmm I | |

Y 2007 Y 2008 Y 2009 Y2010 Y2011 Total

12



3.

Lao Biogas Pilot Program
¢ Construction and after sell services

800

700+

600

500+

400+

300+

200+

100

VTE SVK XK VTP KM

3.

Lao Biogas Pilot Program
¢ Construction and after sell services

Proportion of biogas plants by different sizes

1% 3%

@4 m3
m6 m3
08 m3
o10m3

13



3. Lao Biogas Pilot Program
¢ Investment and Subsidy

O Provide subsidy to households

O Incentive for PAFO and DAFO officers to
implement activities

O Facilitate farmers to access to loan

¢ Investment and Subsidy
Size: 4md 6m3 8m3 10m?3
Total Biodigester Cost (USD) 441 514 615 706
Household Costs CZZZ) 295 396 487
BPP Subsidy (in kind + cash) < 219 > 219 219 219
Subsidy Proportion 50% \Q/a 36% 31%
Skilled Labor Accessories 22%
B 4%
(trained mason) - -
Skilled + Unskilled Labor | 54%
Unskilled Labor 17%
(can be household) 0 After sale service fund 3%
Construction materials | 79% Advanced cash subsidy 21%

14



3. Lao Biogas Pilot Program
¢ Quality Control (QC)

O DAFO officers implement quality

checking on every biogas plant
constructed by the mason (3 steps:
before, during and after construction)

PAFO officers conduct the quality of
quality checking of DAFO officers
(20%)

BPP technician carry out quality of
quality checking of DAFO and PAFO
officers (10%)

SNV perform quality checking by the
program officers (2%)

3. Lao Biogas Pilot Program
¢ Research and Development

O Mini survey on the price i,r_]&_‘ —

O

of construction materials

Study on biogas

appliances (quality and =
price and new devices) R

Study on other biogas

digester models

15



3. Lao Biogas Pilot Program
¢ Training

O Staff training (QC, Promotion,
Extension)

O Mason training (including
mason refresh training)

O User training

3. Lao Biogas Pilot Program
¢ Extension

OO0 Bioslurry extension:
B Direct use
B Produce compost

16



3. Lao Biogas Pilot Program
¢ Monitoring and Evaluation

O Routine follow up (Attend
monthly meeting of
PBPPO)

O Organize project steering
committee meeting every
quarter

O Conduct annual biogas
user survey

3. Lao Biogas Pilot Program
¢ Institutional support

O Capacity building for partner organizations (skills
improvement)

O Organize Biogas Advisory Board meeting every
six months

O Organize annual meeting

17



3. Lao Biogas Pilot Program
¢ Impacts of BPP

O About 12.940 people benefit from biogas

O Electricity saving: $198.559/year
O Fertilizer savings: $182.942/year
O Wood and charcoal saving: $230.818/year
O Reduce CO, emission: 2231 Ton/year

3. Lao Biogas Pilot Program

¢ Impacts of BPP

Indicators units Qty
Average Household Size  People per household 5.8
Electricity Savings USD per year 89
Fertilizer Savings USD per year 82
Average HH wood and Kip per month per

: 98.533
charcoal expenditure household
Proportion of wood and
charcoal replaced by Per cent (%) 70
biogas
Blogas Carbon emission Ton of CO, per HH 1
savings

*BUS= Biogas User Survey

Source
*BUS, 2007

*BUS, 2007
*BUS, 2007
*BUS, 2007

*BUS, 2007

Low Estimate

18
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Overview of urban organic waste
management for climate change
mitigation in Thailand

Assoc. Prof. Dr. Alice Sharp
Sirindhorn International Institute of Technology

Content
Status of Waste and Waste
Management Systems

National Policy & Targets on
Waste Management

Example of practices
GHG emission reduction

2/22/2012
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Status of waste generation
Amount of Solid Waste (ton/day)
Area
2003 2005 2006 2008 2009
(PCD) (PCD)
Bangkok 9,356 8,291 8379 8,780 8,834
(+0.6%)
Municipalities and 12,500 12,635 12,912 14,915 16,368
City of Pattaya (+9.7%)
(2007 offices)
Others sub district 18,100 18,295 18,697 17,369 16,208
administration offices (-6.68%)
(5,770 offices)
Total 39,956 39,221 39,988 41,064 41,410

Collectable 84%
12.73 MT)

Potential 80% Recyclable 22%
(12.13 MT)

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554




Waste composition in different regions

Regions of Thailand
Waste Components
(% of wet weight) North Central North- East South Average
East
Organics 59.71 62.56 67.53 67.53 57.65 61.43
Garden waste 0.96 0.60 0.51 0.77 0.25 0.62
Recyclable 24.06 20.43 20.21 21.61 26.73 22.61
Hazardous waste 0.05 0.34 0.14 0.37 0.19 0.22
Other waste 15.23 16.34 11.61 17.57 15.18 15.19
Total 100 100 100 100 100 100
Waste Density (kg/m?3) 179.47 185.28 176.82 167.28 209.40 183.65

MS5W Wasie composition =1
Others
Wood 32% Fabrics Paper
0-7% 14% 8.2% Metals
Rubber/Leather 21%
0.5%

Plastics

16.8%

Food/
Organic content

63.6%

Status and policy on MSW management for Thalland By Dr. Chao Nokyoo May, 2554
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b | Current waste management
Sanitary landfill tE‘:ﬂh n&li)gy

| » In operation 94 sites
| | » Terminated 10 sites
L —==1|» Cannot operate 6 sites

> Under planning or construction 11 sites

Incinerator

<+ Phuket city muni. (250 T/d)
<+ Kao Samui muni* (140T/d)
ke <+ LamPhun** (10T/d)
==t 4 Kao Tao (5T/d)

* shutdown for maintenance
** Shutdown

Integrated system

Vieng Fang 150 T/d

Rayong 80 T/d

Chonburi** 400 T/d

Mae Sai 60 T/d
**Shutdown

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554

G

newl r sien

=

) Forecast quantity of waste
ooy | Westzeememtion |y
(Ton/day)
2008 40,662.42 2016 42,105.87
2009 40,878.24 2017 42,251.20
2010 41,081.72 2018 42,390.82
2011 41,274.20 2019 42,525.18
2012 41,456.81 2020 42,654.65
2013 41,630.50 2021 42,779.57
2014 41,796.11 2022 42,900.26
2015 41,954.36

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554




Policy Framework

Applying 3Rs for achieving waste
reduction & utilization;

Promoting the integrated waste
management system to reduce the
landfill areas and generate the
renewable energy;

Encouraging the cooperation of
adjacent Local Governments for
establishment of waste manageme

facility;
Endorsing public and private secto

to participate in waste managemen
project.

Policy 1- Waste Reduction (3Rs)

National Waste Target

Waste reduction not less

than30 %

— Applying 3Rs

— Green Procurement

Integrated Waste

Management System

— Waste disposal in engineered
practice not less than 40%

Household Hazardous Waste

(HHW) Management System

— HHW properly managed at
least 30%

2/22/2012
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Paolicy 2 — Wasie to Energy

Heat/Electricity

Mon-Combustible i
= >

Incineration -
Landfill Wastewater Treatment Plant

Reference

Policy 3- Clustering of Local
Government

Supporting Local Government Clusters to obtain
long-term effectiveness of waste management
-

Reference o




Criteria to Develop Cluster

Cluster Size Waste Loading

to System (T/d)

Large Cluster > 500

Medium Cluster

M1 250 - 500

M2 100 - 250

M3 50 - 100
Small Cluster < 50

Reference

|

Appropriate Technology
Sorting + Bio-conversion Process + Incineration +
Landfill

Sorting + Anaerobic Digestion + Gasification/Pyrolysis/
Stoker Incineration + Landfill

Sorting + Bio-conversion Process + Pyrolysis/
Gasification + Landfill

Sorting + Bio-conversion Process + Pyrolysis/
Gasification + Landfill

Sorting + Bio-conversion Process + Landfill

Reference

2/22/2012



Policy 4 — Partnerships development

e Several waste management
projects in Thailand has
been implemented as a
result of partnerships
between local government
and private sector

Il__l - Open dumping

e Open burning

e B

Status na’ policy o MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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év,}y Integrated Waste Management: Opportunity

Waste Utilization
Waste reduction/ " . Compost " Final Disposal

Current approaches

» Community-based waste management
» Waste to energy

» Integrated Waste Management

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554

(@)

Community-Based Waste Management T

Waste management
facility

I
—
- »

1 1

—— Plastics : _ sl
Waste Composition r Recyclable materials >A
1
. |
Organic newspaper --  Community composting |
64%

Recycle material

— Glass &

Recyclable Plastics bottles
30%

—— Metals/cans
'

Hazardous

L--- Household composting
3%

Others 3%

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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Phitsanulok — Wasie Management Initiatives

&+ o !
guddaiannalssinanm
Community Compost Fertilizer Center
gumaiwlay 21

£

oy @

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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MSW Power Plant

3 Power plants in operation

4.075 MW 2.02 MW

Power plant under construction

Phuket waste incinerator
2.5 MW

| Rayong biogas and compost system
i| 625 kW

Racha Thewa landfill gas
950 kW

©00000000000000000000000000000000000000000000000000

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554

Chonburi Biogas

950 kW

| Kao Chang Biogas 70 kW

Nakhon Pathom Landfill
gas 1 MW

Integrated Solid Waste Management

|Waste input 100 %6 ‘

s B

Composting Recycle
= % 20 - 30 %

Final disposal 5%

Heat and Electricity

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554

Other materials
10 - 20

|

- T
RFEEFE A= S HR O H Z 47 R D F (8/31) |

2/22/2012
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Integrated Waste Treatment System: Nakhon Ratchasima

MSW '
: Bag Opener
—

180 T/d \w/

Mechanical sorter Manual sorter RDF

: \
N l [‘
o W Metal sorter L - j _j
rganic Wastes ,.i? s -] =
2 ] Gasification 192
. . Metal Recyclable a 9
- Small size organic waste N LATLHINAANAINUY
Light weight (Plastics)

50 T/d W |

| d Biogas I a
‘Water Separator L
] Power Generator
Sludge dryer
—_
—_—
.

(sand/gravel)
Anaerobic Anaerobic

e b Composting system Compost
" igestion Digestion
‘ ) 5 211/d
| Tank # 1 Tank #2
l Homogenizer — —p i
Landfill Wastewater treatment (Aerated Reusable w‘ater
(sand/gravel) largoon)

=4

IR ————————
“=% Wiang Fang Municipality ISWM System

by ™

150 fd Recyclal

Cornpacion

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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d

Electricity 625 kW

Gas collection tank

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554

GHG Emission Inveniory

Activity Direct Emissions Indirect Avoided Emissions Emission reducing
Emissions Actions
Gross Net
emissions emissions
Collection & CO, from fuels  CO, from fuels  CO, from electric -Use of electric vehicles
Transport consumption consumption vehicles -Use of alternative
CO, from fuels
outsourced -Change mean of
transport transportation
Transfer CO, from on- CO, from on- CO, from -Actions to improve
site fuels site fuels electricity energy efficiency of
consumption consumption consumption equipments and
facilities
Mechanical pre- CO, from on- CO, from on- CO, from -Actions to improve
treatment site fuels site fuels electricity energy efficiency of
consumption consumption consumption equipments and
facilities
Sorting, recyclingand  CO, from on- CO, from on- CO, from -Avoided GHG in corresponding  -Actions to improve
recovering site fuels site fuels purchased to the emission resulting from sorting rate
consumption consumption electricity the production of an equivalent  -Recovery of sorting
consumption quantity of materials rejects
-CO, avoided through potential
production of solid recovered
fuels.
Physico-chemical CO, from on- CO, from on- CO, from -CO, avoided through potential -Actions to optimize
waste treatment site fuels site fuels purchased production of alternative fuels alternative fuel
consumption consumption electricity production
consumption
.

2/22/2012
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Activity

Direct Emissions

Gross Net
emissions emissions

Indirect
Emissio

Avoided Emissions

Emission reducing
Actions

Biological treatment -CO, form -CO, from on- CO, from -CO, avoided through energy -Optimization of aerobic
(Compost & AD) biomass site fuels purchased production conditions for
-CO, from fuels  consumption electricity -CO, avoided through compost use composting processes
consumption -CH, & N,0 consumption -CO, avoided through recovery of -Optimization of energy
-CH, &N,0 the heat produced and/or material
recovery
Landfill -CH, from -CH, from CO, from -CO, avoided through energy -Optimization of CH,
landfill gas landfill gas purchased production oxidation, capture and
-CO, from -CO, from on- electricity combustion
landfill gas site fuels consumption -Optimization of energy
-CO, from on- consumption recovery
site fuels
consumption
Incineration -CO, from -CO, from CO, from -CO, avoided through energy -Optimization of energy
waste waste purchased production recovery
-CO, from -CO, from electricity -CO, avoided through slag and ash
additional fossil  additional fossil  consumption recycling
fuels fuels
-N,0 -N,0
Mechanical Biological  -CO, form -CO, from on- CO, from -CO, avoided through energy -Actions to improve
Treatment (MBT) biomass site fuels purchased production sorting and compost
-CO, from fuels  consumption electricity -CO, avoided through compost reuse  quality
consumption -CH, & N,0 consumption -CO, avoided through material -Optimization of energy
-CH, &N,0 recovery and material recovery
-CO, avoided through potential
production of alternative fuels
Keys to suceess
[ ]

Maximized Recycle

Good Management

Efficient Technology

Proper Regulation

Private Endorsement

2/22/2012
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Recommendations

Sorting plants.

Upgrading recyclable material
plant.

Electronic waste recycling plant.

Hazardous waste recycle plant.

Waste exchange program.

Waste to energy — Highly interested
by researchers and investors (both
local and foreigner) in producing
electricity and fuel oil.

2/22/2012
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Institute for Global Environmental Strategies (IGES)

Kitakyushu Urban Centre

DECENTRALISED COMPOSTING
IN MUNICIPAL SOLID WASTE
MANAGEMENT:
Lessons Learned from Surabaya
City, Indonesia

D.G.J.PREMAKUMARA
Policy Researcher, IGES

A Workshop on Capacity Building on Accounting and Utilising GHG Emission H
Reduction Measures for Local Waste Management Actors in Developing IGEs
Asian Countries, 29-31 August 2011, Battambang, Cambodia Institute for

DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Presentation outline

* Introduction to Decentralised Composting in
Municipal Solid Waste Management
(MSWM)

» Discussion on Surabaya’s Case Study

* ldentify Potential and Challenges of GHG
Emissions Reduction through Decentralised
Composting

* Conclusion and Recommendation

| IGES -KUC] http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011



DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT: g Es
Lessons Learned from Surabaya City, Indonesia o

Developing cities in Asia are facing tremendous challexge to

IGES -KUC] http://www.iges.or.jp

DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

The un-taped potential of organic waste in MSWN

y o
D.G.J.PREMAKUMARA, 29 August 2011

40
M -

Estimates show that over half of the waste generated in developing
nations in Asia is organic and easily can be composted, but not
effectively utilised

w — — —— — —— — — — — -

|
o glpalngl
60 _ l l . | . OIher

YGRS

u Metal
— EGlass
u Plastic
Paper

Source: Visvanathan (2006), APO (2007), Sang-Arun et al. (2011), Premakumara (2010)

IGES -KUC] http://www.iges.or.jp

D.G.J.PREMAKUMARA, 29 August 2011



DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Decentralised approach for composting

In decentralised composting, waste is composted near its source
using appropriate technology such as small-scale, labour
intensive, locally acceptable, and economically affordable.

Backyard Composting or Household
Composting (this approach is feasible
for households with a high level of
composting awareness and a garden for
placing the drum and/or for using the
product compost).

Community Composting Centers
(these schemes are usually small scale
and are integrated with the residential
waste collection system. The waste is
either sorted at source or it is sorted after |
collection, depending on the degree of
initiative taken by the residents)

| IGES -KUC] http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011

DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Decentralised Vs Centralised Composting

Decentralised Centralised

Low and simple technology Highly technical

Labour intensive Less labour

Low capital High capital

LowO &M HighO & M

Low transportation High transportation

Interacts with neighborhood Low interaction

Provides no. of jobs Highly mechanised

Awareness generation Individual awareness

Crganic neighborhood farming Mostly sale purpose

| IGES -KUC] http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011



DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
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Java Source: Ema, 2011
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Expansion of city with_its urbanisation
| : — e

D.G.J.PREMAKUMARA, 29 August 2011
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DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Responsnblllty of Community. (Kampong) Waste collection is organised by
Community-based Organisation (Rukun Warga). Residents p3g

Responsibility of the Cleansing and Landscaping
Department of the city. Residents pay for
collection

Commercial/industrial

.
Collection by the city

| IGES -KUC| hltp://www.iges.or.j'l D.G.J.PREMAKUMARA, 29 August 2011

DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

»The total waste generation was 1,800
tons per day in 2004 (residential 68%,
markets 16%. Commercial/industrial 11%,
streets and open spaces 5%)

»The city’s waste collection coverage only
70% rest left in the streets, ditches and
open spaces

»Keputih final disposal site was closed in
2001 due to public opposition and only final
site at Benowa is over capacity and finding
a new site is difficult due to a scarcity of
public lands

» Disposal site was not well developed and
open dumping and burning were common
practices

| IGES -KUC| hltp://www.iges.or.j'l D.G.J.PREMAKUMARA, 29 August 2011



DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Educated women to [
start H/H business
from recycling

materials

Educated residents to separate waste
at source and use of compost bin

Educated residents to start organic farming
at H/H and community

Collected H/H waste
separately

Organic waste treated at
composting center

Rest sell in Market

| IGES -KUC]| http:/www.iges.
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Development of SWM Strategy based on the success 0
modetcommunity under-the strongpotiticatsupportof-the
Mayor Organic waste shares more

than half of total amount of
waste generation

Others i I : .
] Prioratise reduction of organic
Plastic 8% waste

8%

Paper 8% Promote Decentralised
[ Composting

| > Waste sorting at
Street 13% 55% source

sweeping Organic > Composting at H/H
» Composting centers
> Promote recycled
products integrating
informal sector

Woods/bamboo

Source: KITA, 2002.
| IGES -KUC| hltp://www.iges.or.j'l D.G.J.PREMAKUMARA, 29 August 2011
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Lessons Learned from Surabaya City, Indonesia

Public awareness campaign

Counseling activitie

counseling ng to Counseling to

: s Counseling to
To student Businessman community

officer

Environmental campaign

o 3 Fy-8 LA I = o0 .

Socialization in school
: EY.

Source: Ema, 20
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NumbelCOMMunNity Facilitators

into blessing >
—— Manufacturing bags from waste

FTERER
|

205 2008 2007 2008 2009 MG Yer
Environmental Leaders (Cadres)
Number

30000

%5000 —7m™ —————— — — mental Event

o — g : = g Penghijauan
I Dol 1 * = - n -
000 1 HEB FCRS 2 44 L. | | Developed
w0000 +—0 S 8N Frogram: Waste Segregatifn & Treatment=Reduce 96% || training
| Organic : 70% Inorganic : 26% materials
g — — = O T Tmwersapeser B Inorzanicwase for
@ 10-20basket of composter collection
Transported to TDS and awareness
/] = = = = = Year M| processed with communal raising
2005 2000 20T 2008 2009 2010 i
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DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Distribution of Composting Bin to H/H

Number
8.000

5.000 X
/ \ m=Takakura Compost
Bin (HH}
4,000
/ \ = Backet of
2,000 G
\, \ H

{10-20

Distribution of compo C
training and willing to do re5|dents (Over
20,000 H/H)

e e

07— Yam

208 207 2008 2408 2HG
Source: Rismaharini, 2011

Provide necessary support for starting
community composting centres: cleansing
tools, composting tools, lands and capital
cost for building, and buying composting
products for city greening

IGES -KUC| hnp://www.iges.or.j‘l D.G.J.PREMAKUMARA, 29 August 2011
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Distribution of Composting Centres in the City (16 composting

CENters operate 1o treat 110 tonnes of organic waste in the Ci[VJ

| IGES -KUC| hnp://www.iges.or.j‘l I REMAKUMARA, 29 August 2011




DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Promotion of Recycled Product Village integrating info

businmesses withprivate sector

| IGES -KUC| hnp://www.iges.or.j‘l D.G.J.PREMAKUMARA, 29 August 2011

DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT: g Es
Lessons Learned from Surabaya City, Indonesia s

Establish both rewarding and law enforcements for

U Vd U U U Y U Jd JdlT

Number of communities wiling to
»Rewards are given to the communities willing to participate contest to Surabaya Green and
through Surabaya Green and Clean Programme Clean Award has been increased
»Reward s are given to Outstanding Environmental Leaders at the
National Day Awarding Ceremony Nymoor

1500 _— =

00— —————— — — —

2005 XN 207 2008 208 2o
Year

Source: Ema, 2011

Strict in law enforcement to
the communities not
properly handle the SWM

| IGES -KUC| hltp://www.iges.or.j‘l D.G.J.PREMAKUMARA, 29 August 2011




DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Motivation of Staff and Local Politicians
[ Capacity building (locally and internationally) for staff and local
politicians

adipura

| IGES -KUC] http://www.iges.or.jf D.G.J.PREMAKUMARA, 29 August 2011
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Achievement: Reduction of waste to be final dumpéd
Tonnes Enhanced recycling by removing
2000 .
organic matters from the waste
100 ==busnessas | stream (78% of waste reduction
1600 from recycling materials)
1400 wisImplementst 3%
h m n anof
1200 Dacentrallss
d
1000 Composiing
800
600
400
200
o 78%
' ' ! ! ' " Year
2005 2008 2007 2008 2009 2010
Source: Ema,
2011
30% waste reduction to be land Composting atHH
filled by 5 years Compooting ot Compoeting Cantree
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DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

30% waste reduction using limited municipal budget
Only 1-2% of Cleaning and Landscape
BUDGET ! )
BUDGET ™355 T % | 2010 \Si=S Department Budget is used for composting
4.364.366. 100 4.383.712. 100 o000
1. Towlbudgelt 408 ‘oo 427.048 %
2 Environmen 4.7 4.6 140.000
" tal budget % % i
Sea, T20.000
i Farmin )
Fisheryand 55 334 13 23.405.280 0,5 pept .
A 9.497 0.8% 904 gy T 100.000
Developme ’ : ° -
nt Program
Bappeko é 80,000
Environmen F . im
arming,
i Gamive] 11.430.78 13918825 0,3 Transpor
g 6.532 0:3% 429 o tati
Conservatio : : © tation, 40000
n Program Environ
ment 20,000
Farming,
Green Open Spatial ]
Spaceand  40.652.92 0. 58.200.507 13 ang o 2007 M08 2000 MO
City Park 1.024 2770 958 % Cleaning
Program Dept. :Iﬁ‘-“"" af compoating .
L L. i ax
Viadtn coloston cndwarsapartol
= Park Management Source: Maeda, 2010;
Adminesrative Ema, 2011
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National
Government

L1 Fundine sussort |
N aingdie s

TrainineKnewledes subpars !
o Of @ LU COMERn g (et
i "\l‘lﬂtlt‘an\mi!n Compost baskets tiow aud tale of hous y m'ﬁ:nnhui-:

“‘ ', Cammurity managsment pasting taiing

Local peoaple
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DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Lessons Learned: Achieving Sustainable Developmm

« Decentralised composting often goes along with primary waste
collection services, which improve the overall performance of the
municipal waste collection services, as well as hygienic conditions
within the service areas.

« Decentralised composting diverts the organic, a larger fraction
from the municipal waste stream close to the source of generation,
reducing transportation costs and prolonging the life span of
landfills. It further enhances recycling activities.

« Decentralised composting schemes can easily be initiated without
large investments. Instead of setting up one capital intensive
centralised plant, decentralised plants can gradually set up over
several years thus distributing capital requirements over time.

e Given their smaller size and location, Decentralised composting
are more flexible in management and operation and can better
adapt to changes in the local needs and requirements.

| IGES -KUC] http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011

DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Achieving Sustainable Development (continue...)

»Decentralised composting provide employment opportunities in the
neighbourhoods, as labour intensive technology adopted to the local
socio-economic situation. It offers new and safer income
opportunities particularly for urban poor working in the informal
sector.

»Decentralised composting activities and the interaction between
residents in issues of waste handling, hygiene, cleanliness and
environment can significantly enhance environmental awareness in
a community and strengthened the social capital.

| IGES -KUC] http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011
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DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Issues and Challenges in implementing Decentralised

Comnosting
e

T orootTt

Social Issues

»Segregation of waste at source

»Support from community leaders, civil society groups and households
»Keeping communities motivated

»Motivating the farmers use compost instead of fertliser
Financial and Marketing issues

»Lack of seed money

»Labour costs maintenance through only sale of composting
»Lack of user pay system and options

» Adjustment of working capitol for O & M

» Insufficient market demand for composting

»Poor quality and competition from chemical fertilisers
Technical issues

»Lack of sound resource persons/institutions that can provide know-how for composting
»Inadequate attention and knowledge on the biological process
»Lack of quality assurance and standards

Institutional and Policy issues

»Lack of policies, legal guidelines and regulations for composting
»Lack of integrated approach for SWM

»No proper institutional and implementation arrangements
»Frequent changes in policies/ no consistent long term policies

> Lack of support from the city leaders and relevant staff and departments
| IGES -KUC| http://www.iges.or.j'l D.G.J.PREMAKUMARA, 29 August 2011

DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Pre-requisites for Decentralised Composting

»Pre-requisite for the promotion of Decentralised composting is not merely
funds for implementation but rather necessary changes in the solid waste
management policy and strategy of the responsible authorities and changes of
mind-sets of politicians, officials and citizens.

»Decentralised composting should be considered as part of an integrated solid
waste management strategy rather than isolated project.

> Participation and cooperation of many stakeholders is required, including
national governments, municipalities, local communities, waste generators, and
the private sector.

»Community participation and cooperation can be achieved through
establishing community awareness programme, establishing rewarding system
and enforcing existing by-laws.

»Municipality needs to provide support for community initiatives by allocating
lands, providing technical assistance, cost sharing for capital investments,
»Improving market compatibility through establishing quality standards,
regulating and monitoring the performance, issuing certificates, initiating buy-
back programmes, linking with agricultural and horticultural activities.

| IGES -KUC] http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011
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DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Potential of GHG emission reduction through Decentrah
€omposting

e e
Bratang Composting Centre, Surabaya
Scenario, Base condition Calculation of Emission
» Waste Quantity: 1.4 tons per Reduction based on UNFCCC'’s
day AMS-111F for small-scale projects
» Organic fraction: 65% » Emission Reduction (ERS)
» Degradable Organic Carbon, (10 years): 2945 tCO2e
Fraction: 0.50 » Certified Emission
» Methane Correction Factor: 1.0 Reduction Pricing: 29,450
» Compost Efficiency: 95% EUuro (based on 10 Euro/1tC0O2e in
soree EmanG1E4ItING Period: 10 Years CIER it

| IGES -KUC]| http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011
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Challenges: Time consuming process for getting CDM appr

e.g. Development of CDM Project for the Decentralised
Composting in Bangladesh (Waste Concern) are taken over 4
years

7 January 2004 | DGE gives NOG for praparation and implsmentatien of the projects under EOM ]

29 February 2004 | WC submits two CDM Projects i National COM Committee for LFG Recovery (LFG

& Composling) afong wih commitrsnt latter of Dwich investor.

18 April 2004 [ Mabonal COM C ‘aproved the proj ]

B August 2004 | Mationad COM Board headed Enl In:_PM_n_I‘rlcu @ves final appraval wfﬂnww}ﬂ: ]

17 Sep 2008 Fiutﬂ;:ﬁqnﬂ ol WE (Lasil Gas Extraction and Utlization) Regintered with

DCC's Signs 15 years Concession Agreement for the T00 tonsiday capacity
24 Jan 2006 | ciand

Y " -
18 May 2006 Sacond COM Project of WC {700 ton capacity compast plait) with
UNFCCC [after de of a new AN 0026}

W .
16 May 2007 | Gompos! Prajuct egestared fram Beard of Investment (S0}

August 2007 [ Environmentat Clearance (IEE]} from Dok for Ion {51

= r s d
= Pracess of Compost Plant Started November 2007

Nov 2007 4 Novembe: .
March 2008 | Tl Production and Monitoring stasted and full production by June 2008

4 ﬁca: Waste Concern,
f E R )

| IGES -KUC] http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011
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DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Challenges: High transaction cost in CDM

Transaction costs per ton of CO2 equivalent reduced are highly dependent on
the size of the total emission reductions achieved by the project (Krey,2004).

Project size (tCO2e/a) Transaction costs (Euro/tCO2e)
Baseline Senario Senario Senario | Baseline Scenario  Scenario  Scenario
E‘I;rey,zoo 1 2 3 (Krey, 2004) 1 2 3
1000000 0.1
100000 0.25
10000 1.8

5250 6
2805 12
1000 18
294 150

100 176
T.Otg:cenario 1: Case study of Bratang composting centre
2. Scenario 2: Bundling the existing 16 composting centres in the city
3. Scenario 3: Assumption that city operate 31 composting centers including one for each of its waste management districts

| IGES -KUC] http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011
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Possibility in bundling small-scale decentralised
composiing schemes In the City
total . . |organic ERs (10

o Compost plant fnorganic years)

NO.
name ms me m3 tCO2e/
a
e Menur 169 51 1180 12832 Cost/benefits calculation under
2 Keputran 53 0 53.0 1272 q
3 Bratang 191 68.5 1225 | 2945 the 3 scenarios
4 Rungkut 101 245 76.5 1824
5 Wonorejo 139 38.5 100.5 2400 Scenario  Certified Transaction
6 Liponsos 70 10 60.0 1440 Emission cost/Euro
7 Srikana 69.5 22.5 47.0 1200 Reduction
8 Tenggilis utara 112 28.5 83.5 1990 Pricing
9 Tenggilis  rayon |, o 39 740 775 (CER)/Euro
taman (10 Euro/tCO2e)

10 Gayungsari 66 17.5 48.5 1152 A
11 Bibis karah 52 9 43.0 1032 Scenariol 29450 441750 e
12 Jambangan 80 23 57.0 1368
13 |Sonokwiienan | 151 485 1025  |2448 Scenario2 280590 336708®
14 Putat jaya 102 18 84.0 2020
15 Benowo 94 36.5 57.5 1400 Secenario 525000
16 Sumber rejo 51 10.5 40.5 960 3 315000©
Total 1614 446 1,168 28059

| IGES -KUC] http://www.iges.or jp D.G.J.PREMAKUMARA, 29 August 2011

15



DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Risks need to be considered in decentralised composti

»Bundling individual composting plants together is effective, but management
of a complex bundled structure with number of decentralised composting plants
makes the operation and monitoring of the project activity difficult. There is a
risk that the emission reductions are either not achieved as expected or that the
emission reductions achieved by the project are not properly monitored.

»The engineering risks rather small in decentralised composting projects,
because they are based on simple, labour intensive, low-tech approach.
»However, long term sustainability and operational risks are high. The compost
might not find buyers resulting financial risk because the project might become
unviable. Sustaining community support for waste segregation at source and
pay for monthly waste collection services are highly challengeable and risky.
»Keeping continuous support from political leaders, officials and other
stakeholders is also risks with sudden political changes in the city.

»The institutional set-up need to be considered. The complexity of institutional
set-up grows with the level of decentralised approach. Ownership of the
emission reduction achieved by the composting projects came not clear in
some situations where owners are not clear.

| IGES -KUC| http://www.iges.or.jt D.G.J.PREMAKUMARA, 29 August 2011

DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Policy Recommendations

» The contribution that decentralised composting project makes to
sustainable development and the conservativeness of the
methodologies (e.g.. Gold Standards) used for monitoring are need to
consider. Rather than trying to fulfill the perfect requirements of the
Gold Standards, simple values need to be considered and such
figures should be calculated per unit in order to insure the
comparability among different project types and sizes.

» In order to reduce the high cost burden, simplified monitoring
methodologies, lowered registration fee for small and decentralised
projects, removed or even turned into a registration grant while the
registration fee for large centralised projects could be increased.

» Outside the CDM, the voluntary market need to be strengthened to
provide opportunities for selling emission reductions. The problem is
however little information in the developing countries about voluntary
market and lack of awareness and capacity. This can be overcome
through strengthening city-to-city networks for information sharing

=1aF2 a aliale
| IGES -kUC| http://www.iges.or.jt D.G.J.PREMAKUMARA, 29 August 2011
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Organization COMPED

¢ NGO, established in 2000
e 18 staff members (2011)

e Activities and experiences: waste
analysis, trainings and workshops,
development guidelines, social
marketing, social engagement,
composting

CENTRALIZED
COMPOSTING




Centralized Composting

* First composting project (2001 — 2009) in Phnom Penh on
Dump site Stung Meanchey, 2000 m2. Processes 5 t/day
(1152 t/y) organic market waste. Compost product 135 t/y.

» Second composting project started 2009 on 8000 m? next
to dumpsite Battambang. Able to process organic market
waste 10 t/day.

Why Centralized Composting

* No decentralized composting policy,

* Recycling activities are not integrated in (part of) solid
waste management, composting is a project,

e Awareness of the people (stakeholders) is limited,
e Landissues,
* No source separation etc.

2/22/2012



OPEN WINDROW TURNED
COMPOSTING

Pre-treatment (waste separation)

* 4 waste pickers working hard at the waste
— separation every day (manually).

‘Waste Separation (Compostable,
Recyclable and Rest)

Mixed Market Solid Waste
dinnnidisinnwm unigm

Imadinna (Annangfijy
AmnwaoIw S8rgj8ie)m

Pileup Compost Heap
padnningAgumid
e
srimiAgy

=]
Maturing Compast

gamamigiymw
HHLIMIAYA

hdkin

Screening

-
Bagging
Hogusia
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Pre-treatment (pilling up compost heap )

dinnnidisinnwm unigm

Mixed Market Solid Waste ]

high,

——

‘Waste Separation (Compostabie,
Recyclablie and Rest)

Imadinna (dnnandfiu
AAHADIW S8igfiig]s)

Pileup Compost Heap
gednnngAfaemis
5 OnpbeHg
Bniimifga

Maturing Compast
gamamigs ;}fn tw
EmAT

Screening
hdkin
aing
HoguAia

ep X bar ) (87

COMPE

Warkglg e waste separation continues.

URAYA

e with the piles 3-5 m wide and 1.5-2 m

Composting Process

e Best condition during composting process

— temperature of the composting pile is
between 65 °C - 70 °C

— water content is 65%

. Compostpross will take 6 months.

Mixed Market Solid Waste
AnnISsinnwe vaign:

Waste Separalion {Compostable,
Recyclable and Rest)

Imadnn ($nnidA e
n?nnmmﬁmw éﬂrqfﬁr%ﬁ;

Pileup Compost Heap
gsaAnnnngAtams

, Compasting
dinimiAtas

Maturing Compaost

dnmamioimw
FHNIRIAUAS

grnhimitlAGaisy
COMBED
€=

Markgtjng
URRYAS
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Screening compost

Minimum requirements for composting
the product

¢ The moisture of the compost has to be
less than 45% .

e Compost has to contain organic matter
and other nutrients.

e Compost should be free of unwanted
materials like plastic, rubber, metal,
glass and stones.

Mixed Market Solid Waste
AnnniiSisinnws vaigp

|

Waste Separation (Compostable,
Recyclable and Rest)
tmAdinnns (Ganandhia
ANAIHEOIW SS1G[S14]R)

|

Pileup Compast Heap
gsdnningAtahis

|

Composting
frhimidta

|

Maturing Compost
HymARIGA MW
HHNRIRUA

Markefing
URRLAI

Compost Production

COMPED Compost
N nitrogen >1.32%
P phosphorus > 1.72%
K potassium > 2.24%
pH value of 7.0-7.5.

Mixed Market Solid Waste
AnnniiSisinnws vaigp

|

Waste Separation (Compostable,
Recyclable and Rest)
tmAdinnns (Ganandhia
ANAIHEOIW SS1G[S14]R)

|

Pileup Compast Heap
gsdnningAtahis

|

Composting
frhimidta

|

Maturing Compost
HymARIGA MW
HHNRIRUA

U ASISY

Markeling
URRTAT
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DIFFICULTIES AND
SOLUTIONS

Difficulties and Obstacles

¢ No source separation: sorting out the non-compostable waste (from the
beginning till end composting procedure) takes a lot of time.

e Composting is not integrated into SWM: Nobody (stakeholders) feels
responsible for the delivery of organic waste to the compost facility.

e Compost quality: people are not very much aware about the
environmental impact of the waste, often the waste is mixed with
hazardous waste.

¢ Noincentives from the local government: the waste delivery to the
composting site is for free but should be either subsidized or
chargeable.

¢ No regulations and guidelines on composting and compost products by
the government: difficult to develop market strategies.




Possible Solutions
¢ Keep in touch with the local government by constantly
sending reports and asking for support (if necessary).

e Keep in touch with to the waste collectors, keep on asking
for waste.

e Try to find (financial) support to cover the costs.

\ e Work hard on compost marketing by demonstrating the use
and benefits of composting.

Prospects

e The Compost Project is a branch of the COMPED
organization. With our ongoing project we introduce the
topic of composting to local and international organizations,
trying to find project-partners and funding for additional
projects.
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GHG Reduction through Suitable Treatment

and Utllization of Waste Plastics

Yoichi KODERA, PhD, Senior Research Scientist

National Inst. of Advanced Industrial Science &
Technology (AIST) at Tsukuba

Aug., 2011 Cambodia a5 AIST

Contents
1. Characteristics of waste plastics
2. Life cycle of plastics and GHG emission
3. Recycling methods of waste plastics
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Major components

of household wastes
100

Others
—

(o]
o

[e2]
o

Composition, %
D
o

20

Volume% Weight%-wet

Source: White paper, Ministry of Environment, Japan

Municipal wastes in Bangkok, Thailand

Rubber

27wt%

http://gec.jp/gec/en/Activities/EST/2009/wasteplatics/D2_AliceSharp.pdf




Typical separate collection of
household wastes in Japan

Combustibles Non-combustibles | Resources Hazardous
= B

Waste plastics: plastic resources
i - Containers & packaging :

QET bottles /

Kitchen waste  Wood

Mixed paper: Some cities )
collect it separately Cans Glass bottles
for reCyC”ng. j ferrous/aluminum clear, brown, others/

Challenges from incineration and landfill
recycling for some purposes

Foodwaste > Compositing

Mixed paper :> Recycled paper

Increase recycling amount of waste plastics

Plastics ::> Recycled resin and fuel

Environmental impact such as CO, emission?

2/22/2012



Why do we recycle wastes?

1. Local government & waste management company:
Sell valuable materials to obtain benefits.
2. Reduce material or energy consumption by using waste resources.

3. Reduce environmental impact by the conversion of wastes to energy or materials.

Reduction of environmental impact

through waste plastics utilization

« 1. As arecycled resin

— Waste plastics that are separately collected can be
processed to produce recycled resin. Termoplastics
such as PE, PP and PS are the typical feedstock.

— This is one of Clean Development Mechanism
approved by the UN.

« http://cdm.unfccc.int/UserManagement/FileStorage/T1INGS9
C34QMRP2YXJ78UHAZVDS5FL6

e 2. As a cleaner fuel than coal or heavy oll

— Some plastics can be processed to produce
solid, liquid and gaseous fuel. These fuels gives the
cleaner flue gas than coal and heavy olil like less CO,
per weight and less NO,.

2/22/2012



Recycled resin

Life Cycle of Plastics-3

Crude oil to Consumer products via polymer and resin production

Crude oil

Oil refinery & [
petrochemical ||
processing

Polymer/resin

Production and distribution of
plastic articles Use by consumers

Recycled resin

Life Cycle of Plastics-2

Waste plastics to recycled resin

AN

Crushing, wa
shing and
pelletization

Plastic products Waste plastics Recycled resin

2/22/2012



Recycled resin

Life Cycle of Plastics-3

Production of recycled plastic articles

Recycled resin

Construction material Automobile parts

Injection molding

Recycled resin

CO, Reduction by Using Recycled PS (1)

Clean white PS tray Clean but colored tray

2/22/2012



CO, Reduction by Using Recycled PS (3)

Consumers
Crude oil > New PS = PStray = = Waste (Clean white tray)
separate collection |
; followed by pelletization Consumers

Recycled PS + New PS = Recycled PS tray == Waste
60% 40%

Environmental Impact Recycled PS New PS
Tray-60% Tray

Energy as Feedstock / GJ 11 32
Energy of Transportation and Processing / GJ 25 33
CO, / ton 24 4.5
SO, / kg 1.6 2.7
NO, / kg 24 3.2
Solid waste / kg 8.7 22

CO, Reduction by Using Recycled PS (4)

Tray of 60% Recycled PS resin Tray of 100% New PS

< .
l Impact reduction
| | |

64

Material

Handling
(processing

gty

CO2 emission

Solid waste

J
o .,-’) v
0% 20% 40% 60% 80% 100%

Table: Environmental impact reduction by using 60% recycled resin

2/22/2012
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[Typical end-user application of waste plastics }

IpCineratid

" Solid fuel

* Production: Crushing and
pelletization. Drying process is
required for wet wastes. Pelletization
is carried out at ca.200 °C.

v




2/22/2012

Liquid fuel

* Production: Pyrolysis followed by distillation.
Crushing and separation required for some wastes.
- - ey J—

Gaseous fuel

e Production: crushing and pyrolysis.

e Steam gen. — power gen., or gas turbine
combustion— power gen.

R - Major trouble: pluging of tar-ash mixture at

a tubing between a kiln and gas-tar

separator.

@

Shredder —— Feed
Gt el C D) Gas Engine
'\_/—l Holder  generator
Rotary kiln Shar
designed screen Tar
inside Cooler il

Scruber

Separator




Reduction of environmental impact by using
cleaner fuel derived from waste plastics

=[is  Similar

© © © LNG/LPG

Gaseous fuel

Direct combustion A X X none
for heat recovery

Waste generation with GDP

1
Singapore °
©
2 08 apan
g
3 ® .
.~ Malaysia
Sz 06 .
£2 Indonesia
g<
= O 4 N 1
(% : Nepal _
= Cambodia
0.2
y = 0.137xP-190

0 2000 4000 6000 808% b 10000 12000 14000 16000 18000
/USD per capita
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Increasing trend in three categories of
high, middle and low generation

800 -
y = 100 721"
R? = 0.7518
700 =
§ 600 *e
. - . = 3. b i
c ”/,df""’*n = 0.8462
o £ 500 i i =
-; x L] 'Y
E = 400 ¥ * o <High Generation Rate Group>
o = / LY Hf,_,ff y = 27,5805 USA, Australia, Ireland, Hungary
% s 300 w7 R = 0.8852 Widdle Generation Rate Group>
o E Belgion, Gatby, Maasi ot
D &, o Tl
% E @ High Generation Rate Group Pwtl{[’fﬁlkeys,mﬁu"' S&lzvtsz;ralﬂ"d‘
; 100 eMiddle Generation Group ¢WE:EML‘:Ji$ ﬁ'ﬂif“’
aLow Generation Rate Group Hevicaland, ‘Swsden
0
0 5000 10000 15000 20000 25000 30000 35000 40000 45000
GDP (USD/capita)
GDP
Fig.4 Relationship of GDP per capita and MSN generation rate
M.Tanaka. http://wwwb5.cao.go.jp/keizai-shimon/special/pdf/1004item?7.pdf
Country GNP Per Capita ' Current Urbon ~ Current Urban
(1995 US $) Population MSW Generation
(% of Total)?  (kg/capita/day)
I Tlepal 200 137 0.50
Banglodesh 10 18.3 0.49
Myanmar 10 262 045
] Vietnam 40 208 0.5
“What a waste: Solid waste Mongolia 310 609 060
management in Asia,” The International i i e 6
. Loo PDR 350 07 0.69
Bank for Reconstruction, and i 2 03 2
Development/THE WORLD BANK N2/
—_— — — —
Indonesia 980 354 076
Philippines 1,050 542 052
Thailand 2740 200 110
Molaysia 3890 537 081
*http://web.mit.edu/urbanupgrading/urban E,m Reuidical 9700 P 5y
environment/resources Hong Kong 15 950 507
Ireferences/pdfs/WhatAWasteAsia.pdf Sgere AT e 1
Jupan 39,640 176 147

"World Bank, 1997b
*United Nations, 1995
“estimated GNP

See Figure 7 for comparison to 2025.

2/22/2012
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Household wastes (UK) 2006-7

Misc non-combustible Other wastes
Misc combustible 3%

Fines

Sanitary 29,

5%
‘WEEE
1%
Wood
1%
Textiles

4%

Food waste
33%

Plastics
14%

Metals

30 ~__Garden waste

Glass

5% xorher organic
3%

http://www.resourcesnotwaste.org/upload/documents/webpage/
RRF%20Advisory%20Committee/JulianParfitt(2010)presentation.pdf

Type LHV Total solid C fossil

Properties of waste fractions

CO; from . CH,
Fossil C ©laltey potential

MJ/kg-Wet % Wet base % Total kg/100kg- % Total L/kg-Dry

solid Total solid solid solid
Plastics 34.1 89.1 79.3 290.8 0.4 0
Paper 12.9 90.5 0.2 0.7 32.7 158.1
itz 5.8 29.6 05 1.8 49 435.7
waste
R 7.5 522 0.8 2.9 43.1 114.6
waste
Cardboard 13.6 80.6 2.1 7.7 42.4 154.8

E. Gentil, J. Clavreul, T. H.

Christensen, Waste Management & Res., 27, 850 (2009).

2/22/2012
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Recycled resin

Life Cycle of Plastics-1

* Crude oil to naphtha
* Naphtha to ethylene and others

» Ethylene to polyethylene
* Production of other chemicals

» Molding
{4« Film production J

Recycled resin

Life Cycle of Plastics-2

» Sole, mixed or composite
» Soft and hard plastics

« Whole components of wastes

- Separate component of wastes |

 Disposal/incineration or landfill A

* Recycling/recycled resin or fuelw

2/22/2012
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CO, Reduction by Using Recycled PS (2)
Life cycle of once-through disposal & recycling

electricity electricity

Delivery

Fuel

¢ Sales
Sheet Container Food store General
production molding consumers
plastics Separate
Fuel or mixed
¢ disposal
_ Recycling < Waste
New plastics process Separate collection plastics
Additives
Other materials
Container General Incineration or landfill
manufacturer electricity market

Typical Recycling Laws relating @RR
to Waste Plastics in Japan

Containers & Resin production is Higher cost, 80 yen/kg,

packaging preferential to the use as in resin production than

recycling law coal substitute in cokes oven cokes oven treatment,
and syngas production 40 yen/kg.

Home appliance Clean plastic parts are Mixed plastics and non-

recycling law recycled in cascade way. recyclable plastics such

Vertical recycling by precise as polyurethane.
separation has been
commercialized.

End of Life Vehicle ASR containing plastics and Precise recovery of
recycling law dirt is allowed to incinerate  metals and plastics
for heat recovery. draw attention.

Other target plastics in future: E-wastes for metal recovery, plastic products
of non-packaging, marine debris, textile, and agriculture film like in a
greenhouse

2/22/2012
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[[ Status of Recycling

(mainly produced by households).

- Waste is separated into industrial waste produced by business activities and all other municipal waste

- Waste recycling volumes and recycling ratios tend to consistently rise after establishment of recycling

laws.
. Obligation for collection, transport |\ Recycling volume and ratio of municipal waste
Municipal waste and disposal is shouldered by local | M Feoying volume —e—Recyding ato
authorities. (10,000 ton) %)
Produced by households Volume recycled 1400 20.3 »
9.78 million t (20%) 168 11 Tog 203
1200 159

Volume produced 100310201080 o

48.11 million Volume reduced 1000 916 940 15
Waste tons (100%) 32.75 million t (73%)

Final disposal volume
5.53 million t (12%)

responsible for treatment.

'~ Industrial Waste

Produced by business activities

Volume recycled
219million t (52%)

Volume produced
419 million tons
(100%)

Volume reduced
180million t (43%)

Final disposal volume

20.million t (5%)

Municipal waste: Data collected in

Companies producing waste are:]

FY08.
Industrial waste: Data collected in FY07

=
1S

@

- 703‘786 25 864

600

400

200

0 - ‘...

FY:99 00 01 02 03 04 05 06 07 08)

o

Regulated by relevant laws

Copyright METI

l Background of Containers and Packaging Recycling Law

It is necessary to solve problems of tight final disposal site and establish recycling-oriented society
aiming for zero refuse with the increase of disposal volume for Municipal waste.

waste (volume ratio)

Containers and packaging waste counts up about 60% of household

Ratio by Volume (FY2008)

Paper

Other than
Containers and
Packaging

38. 4%

Ratio by Weight (FY2008)
Containers
and
) Packagi
Paste _ Sless | 0

Metal
1.5%

Containers
and
Packaging
61. 6%

0.2% Plastic
40.1%

% Ratio by volume and by weight was calculated based on the

sample survey targeting for 6 cities and 3 areas across the nation.

Other than
Containers and
Packaging

0.7%
76. 7% °

Copyright METI

2/22/2012
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[[ Overview of Containers and Packaging Recycling Law ]

The basic principle of this law is that every player has a role to play in recycling. Consumers should
separate their waste according to category, municipalities should collect the separated waste, and
businesses should recycle what has been collected into new products.

(Number of Designated Manufacturer/Users: Approx. 71 thousands)
bl

Distributionl Specified Delivery

Consumers 1 Container/Packaging Specified Container
1 Manufacturers, etc
. 1 Users -
[Separated disposal] [Obligation to recycle]

1| [Obligation to recycle]

—
Payment of recycling costs . E’
(Implementation of obligations) (40 billion yen) n
Collection of

containers and Designated Juridical Person:
packaging The Japan Containers And Packaging
Recycling Association

“\ Payment of
Agreement of o N ecycling costs :> Monetary flow
receipt Bidding =3 (39.7billionyen) M wateriaifow

AY
Local authority Conversion to cullet and ;
[Separated collection]| ellets by recyclin selling recycled_
. p y recycling products/materials

and over of containers and company
packaging

Shoulders cost of collection

Copyright METI

(

| 1ssues and concerns about the Law | ~ Copyright METI

Currently, we identify some issues and concerns about Japan’s Containers and Packaging Law such as

1) efficiency of recycling system (e.g. cost reduction, cost efficiency and creation of high value-added
recycled products),

2) improvement of fairness, transparency and stability,

3) promotion of prevention and re-use.

4 i .. R
v' Cost reduction / cost efficiency
- including social costs of the whole processes:
1. efficiency of recycling system L from separate collection to recycling )
J

p
v’ Creation/promotion of
L high value-added recycled products
(v Reconsideration of roles and )
responsibilities of relevant players

(i.e. consumers, local governments and Designated Manufacturer/Users)

and their cooperation

2. improvement of fairness, - based on the idea of EPR
transparency and stability (\ <
v’ Prevention of free-riders
& J
. . ( . . . \
3. promotion of prevention and __| v Methods for setting quantitative
re-use L prevention targets and units )

2/22/2012
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Seeking the possibility and suitable technologies
of waste plastics recycling for developing countries

"
oy D
N\ 1

National Institute of
o Advanced Industrial Science
UNEP and Technology
o B AIST
UNEP-AIST Workshop
on

Waste Plastics-to-Resources

AIST Tsukuba Center
March 1 - 4, 2011

City officials, researchers and
technology providers from
Thailand, Philippines, and Japan
gathered at AIST under the
framework of UNEP.

2/22/2012
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Plastic waste conversion to
liquid fuel in Thailand.
Case Study : Warinchamrap
Municipality

Budget Supporting By

i Energy Policy and Planning Office,
( ) Ministry of Energy,
Royal Thai Government

IS Rungnapa Tubnonghee
% Warinchamrap Municipality
Sl & Muang Sa-ad Co.Ltd

Outline of Presentations

1. Introduction

2. Current status of reforming
MPW to useful oil in Thailand

3. Characteristics and qualities of
the pyrolytic oil (Liquid Fuel)

4. Prospect of technology and
industry for reforming MPW to
useful oil

5. Ackhowledgement

22/02/55
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1 Introduction
"T nmms

AP Lay * alall B
SER TP tf[a_n 0.
NG 4 4 ,,A§9[§9N'\

02 ’
o i -:—WZOZ\ - R .\‘ J = .
| ‘:x—--a-.lﬂ‘,g;_‘"gu?{ o/
-A,—-' \ ] ; “;_‘_ ) ﬁ - M
& : b N K‘F} b

Warmchamrap Municipality Cambodia

1.Introduction

e The generation amount of MSW in Warinchamrap
Municipality is ~ 24-25 tons per day.

e The recyclable waste is about 20% of total MSW
(12.6% of plastic waste (PW)).




90% of municipal plastic waste is PE and PP.
Most of these waste is disposed in landfill.

e Thai government Policy of Renewable energy
promoted local organization to converse MSW to
energy.

e The Energy Policy and Planning Office (EPPO),
Ministry of Energy, Royal Thai Government
provided budgets for 3 pilot projects in 2009-2010:
Warinchamrap , Khonkhan, and Pitsanulok
Municipality.

b

22/02/55



2.Current status of reforming MPW
to useful oil in Thailand

(Muang Sa-ad Co., plant of Warinchamrap site)

Disposed waste at the
landfill cell (G mine) is
125,000 tons (7years) .
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The process consists of 2 parts:

1.Separation of MSW

———

5 g

of MPW

1. Separation of MSW at the front
end system

LT T = ﬁ
N s A A 1.-;.
g B v . — T

- .

-

1 L o
3 PL
B % ‘:‘:".!F’
S ". ..,_ 5 VRS s
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The mixed plastic waste

22/02/55



90%b of mixed plastic waste are PE and PP "

2. Pyrolysis of MPW waste

Exhaust Gas
Piping

Waste

Plastic
\ Feeder

Gas Scrubber

Cooling Tower

Heat Exchanger

l Condense
& 0il Storag:
Tank
Ga:

—a

Separator il

2

Carbon
Plastic Dls::]h?rge Gas Storage
Pyrolysis . o and Reeyele
Reactor System

| controller
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Concept of Pyrolysis

Process of Plastic Production is Polymerization

Decomposition of plastic is De-Polymerization

Polymerization

Natural gas [ Natural Plastic
and
Petroleum

Oil

Depolymerization

- Temperature control
- Catalyst

Pyrolytic oil

Pyrolysis Process

C-H Bond k.....ée“"o..&“%

(Polymer)

Thermal 9600 ‘ o
degradation "."*.“ ooot

Operate with high temperature
(< 500°C) in absent oxygen or

without oxygen and then produce
liquid hydrocarbon and syn-gas

Catalytic
degradation
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Pyrolytic oil in oil tank

Exhaust gas scrubbing and
Syn-gas System
Non-condesable gas is Syn Gas return to reactor for

fuel gas. Eahaust gas was treated by Wet scrubber
before release to atmosphese.

22/02/55



By Product; Wax and Carbon Black

Ratio and capacity of production

m Carbon black

M Gasoline oil

» Diesel oil
® Kerosene
» Wax
i i Crude oil
Mixed plastic waste | .. of
(tons) production (Liter) (Barrel)

60% 6,600 40.3
q

198,000 1,209.8
1,980,000 12,098.3

22/02/55



3.Characteristics of Pyrolytic oil

The major products in the pyrolytic oil for
MPW were having a group of diesel range, as
well as that of kerosene and gasoline range.

3.Characteristics of pyrolytic oil

-z

 Quality Improvement
of the pyrolytic oil is
carried out by using
coagulation
technique.

22/02/55



4. Prospect of technology and industry
for reforming MPW to useful oil

As the economic support from Ministry of Energy
in Thailand is guarantee of price on 18 bahts per liter
for a distillation industry.

Utilization of Distilled pyrolytic oil
with diesel engine

| -

I
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Utilization of pyrolytic oil with
gasoline engine

THimen
" | e Dy |

Buimaial U (T idleg b

080 By a3 s 1 e
Ll

Vil i v T
e 10130

TRST ITEM

i
P Tl | Quiny s [ vt Mgy
[ty e 31 M 31

el ageiation ol 100 murm--nrm-up»-

Sample of Infiltrated diesel oil 5|1 _
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Quality Test of Diesel and Gasoline oil(PTT)

Test Item Test Result Result
(March 2011) Method (Diesel) (Gasoline)

1.Appearance Visual -
2.API Gravity@60°F ASTM D

4052-09
3.Specific Gravity ASTM D
@15.6/15.6°C 4052-09
(Density@15°C,g/cm?3)
4.Ash,%wt (bigenin00s)  ASTM D

482-95

5.Flash Point,(P.M),"C  ASTM 93-09

Test Item Result Result
(March 2011) (Diesel) (Gasoline)

6. Water and ASTM D

sediment,%vol 2709-96
(laigun3n0.05)

7.Colour,ASTM ASTM D
/Colour(Hue) 1500-98

8.Corrosion Copper ASTM D
strip(3h/50°C),No. 130-04

(lLiigenivuneaul)

9.Micro Method ASTM D

Carbon Residue,%wt  4530-00
(laigen3n 0.05)

22/02/55
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CONCLUSION

m The technology for reforming MPW to
oil is applicable for plastic waste
recycling in Thailand.

m This technology can save the space for
landfill and thus extend lifetime of
landfill and also avoid CO2 emission
from burning of plastic waste.

CONCLUSION

m The characteristic of PO is similar to crude

oil. It will be improved to useful fuel oil by
distillation.

m Moreover, the distillation of crude oil for
valuable diesel-range and gasoline-range
hydrocarbons similar commercial oil quality
is still required and developed for a standard
and safety engine concern.
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Plastic gecycle

Plastic waste management
O




Plastic waste management at source

- Plas

e T 9 <
L e

tic waste separation in community by the Zero waste project
i 13 H

shusidasans: #
T —

?I-'." sumaino—

Solid waste separation at household
in community
"

Q

-

Plastic waste
from household
- Plastic bag
- Package bag
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Landfill Site : Sanitary Land

fill

Plastic waste management at disposal site.

O

Plastic waste separation in demonstration area by
the Zero waste of pilot project.

2= J“l. = il N _||_ Ll

- ]
- o




Plastic waste separation in demonstration area

by the Zero wasb of pilot project.

Plastic waste was separated out of the total mljnicipal solid %
waste about 2-3 tons per day of the pilot project.

2/22/2012



The rest of solid waste?

O

» Food waste was taken to mix for composting.
The other wastes were buried in sanitary landfill.
So the solid waste can be reduced and decrease
expenditure of collection and disposal cost.

2/22/2012



Sanitary Landfill

Plastic waste separation in landfill

by the S@vengers

2/22/2012
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Plastic waste was prepared for cleaning

Value add of plastic reforming to pellet
O
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Plastic waste separation and cleaning (Original)

N LN
Fe ' . " Drum dryer machine

Pile of plastic
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Pl_astic waste separation and cleaning (Modification)

Plastlc waste separatlon and cleanlng (Modlﬂcatlon)

Two oval water basins was constructed
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Plastic waste separation and cleaning (Modification)

Fhy kal) | B 8
Plastic bag was washed and after that was taken to drum dryer

Plastic waste separation and cleaning (Modification)

10
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Plastic waste separation and cleaning (Modification)

Plastics were selected an sorted out in eéch types

Plastic waste separation and cleaning (Modification)

Rotary dryer

11
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Plastics were prepared for meltlng to pellet

The fractioﬁs f plastic were taken o refdr;n to oiI.. |

12
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Melting of plastlc to pellet (The prlvate)

S

Cutting machine

Cutting machine Weigh apparatus Packing for sale

13
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Meltlng of plastlc to peIIet (Theprlvate)

PP plastlc shreddlng and cleanlng (The private)

Water basin for washing

14
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PP plastic shredding and cleaning (The private)
¥z Einer

Shredde Iastic o PP . Plastic meltor

PP plastlc shreddlng and cleamng (The prlvate)

pr———
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Production of fat trap bucket from

recycle plastic powder.

T 8
e .

Production of fat trap bucket
fro recycle plastic owder.

2/22/2012
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2006-2009 —> 2010 — 2011 - 2012 —> 2013

Plastic waste Canal Drying Grinder Anaerobic

separation ||  washer Q digestion

m Black bag Mold (artificial
-

Mold (Fat Red bag Mold (pipe)
trap bucket)

2/22/2012
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Institute for Global Environmental Strategies

“Lesson Learns from Japanese
Practices for Urban Waste Utilization”

Yoshiaki Totoki

Sustainable Consumption and Production
Institute for Global Environmental Strategies
Contact: totoki@iges.or.jp

Reduction Measures for Local Waste Management Actors in Developing

Workshop on Capacity Building on Accounting and Utilizing GHG Emission iGEs
Asian Countries, Vientiane, Laos, 4-6 October 2011. Globa erireamental

1. Objects and Contents of the Presentation

Objects

e To learn the utilization of waste in urban sectors by seeing the Japanese
practices

e To consider what can be to energy/materials from urban sectors in
Laos?

Contents

1. Objects and contents of the presentation

2. Urban Area and Biomass Utilization

3. Biomass town

4. A Case of Composts from Organic Wastes

5. A Case of Biogas from Organic Wastes

6. A Case of Biodiesel from Waste Cooking Oils

7. Waste in Laos

8. A potential of gasification from rice husk in Laos

9. Summary and Keys of success

2/22/2012



2. Urban Area and Biomass Utilization

€ Urban area is the engine for the development and
produces wastes from its activities.

@ There are several cases the wastes from urban can be
utilized for material and energy use by doing both urban
waste management and GHG reduction.

€ Japanese Practice: Biomass Town

a community which utilizes biomass with strong ties among a
community and local stakeholders.

318 town (2011. July)

€ Biomass, as renewable energy source, is biological
materials from living, or recently living organisms. This
biomass is included waste from urban activities and can be
included agro waste.

3. Biomass town

= i
e i rlu
#

L T

Conversion Facilities
-Composting

-Biogas

-Ethanol and Biodiesel

-Gasification
-Bio plastic etc.
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3. Biomass town (Biomass Source)

350 Traditionally Used as Traditionally
é Waste Biomass Non-Utilization Biomass
300
s Target: 90% Target: 40%
0 250 —
[%2]
©
£ 200 —
2
0 450 | | = .
—
o
a 100 + —_— EEE ==
Qo
€ 50t} | SN = IS EEEEE I E B s =
=]
z 0 N T T T / ‘\ / —
NI I IR N P R RN I R 4 O P e L f
FEFF ST FLE LT AL IS TEFTSEE
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3. Biomass town (Transforming Tech.)

350

300 4 Material Use Energyv Use
Material Us Energy

250 _

50 44— — — —f— _

w - — 4 - —

s f4— — — 4 — — - — L

Number of Biomass Towns
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4. A Case of Composts from Organic Wastes o

Motegi Town, Tochigi Prefecture (Population : 16,400, Area: 172 km2)

Cow dung T
3,228 tly ~ @
Composting

1t (bulk):4000 yen

Kitchen garbage Primary Fermentation
{ 10kg pack :500 yen

Fallen Leaves

500 tly 5
\ (@5gays)
—

Compost “Midori” :1,117 tly ]

Rice Husk /v
250 tly

Source:
Mogi Town Biomass Plan

Secondary Fermentation
250 tly (6)édays) =>60% of farmers in Motegi use
Saw Dust (pruned branch (__Liquid Fertilizer: 894 tly ]
and tree thinning) 7 Dry
200 tly (15days)

4. A Case of Composts from Organic Wastes (cont.)

:Simple CO2/CH4 emission reduction

Kitchen garbage
500 tly /Avoid Incineration => CO2 reduction: \
Fallen Leaves =Waste Amount [t/y]* (1- water %[-])* Carbon% [t-C/t]*44/12[t-
250 tly CO2/t-C]
Saw Dust =[Kitchen garbage]+[Fallen Leaves]+[Saw Dust]+[Rice husk]
200 tly =([500* (1-0.90)*0.442]+ [250*(1-0.80)*0.409]+[200*(1-
0.57)*0.518]+[250*(1-0.30)*0.409])*44/12
Rice Husk = o
250 1ly \.= 581.8 [t-CO2ly] )
/Avoid improper methane fermentation => CH4 reduction: N
= [a case of compost]-[a case of pile in field]
= waste amount [t/y]*(coefficient(pile) [t-CH4/t]-
g‘;"zvgdt‘;;‘g coefficient(compost) [t-CH4/t])

= 3,228(0.038-0.00044)
= 121[t-CH4ly]

AMO0025: Avoided emissions from organic waste through

If you are interested, please see this. alternative waste treatment processes --- Version 12.0
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5. A Case of Biogas from Organic Wastes

Hita city, Oita Prefecture (Population: 72,000, Area: 666 km2 (82.8 %forest ))

1.Waste issues on incineration and landfill
2.Global Warming,
3.Environmental Issues of stockbreeding

Electronic Generation
5,620kWh/day (plan)
Pig's feces and urine Q CO2 reduction as an Alternative electric
generation
27t/day (50t/da N = Ave. Ele Gen(kwh/d)*Day (d)* CO2 emission
y( ) Methan? coefficient Et—COZ)/kwh e
Kitchen garbage Fermentation =4,891* 286* 0.000348 (2009)
59 14 924t/d9 | Facility \ = 487 tly J
ay ( ay) Heat Generation J
e 8.300MCal/day
Sewer Sludge / Process: Mid (" cO2 reduction as an alternative heat source )
5 t/day (6t/day) Temperature = Heat Gen(Mcal/d)*Day (d)* CO2 emission
Wet Process (35) coefficient (t-CO2/GJ)
"""""""""""""" = =8,300* 286*0.057*4.2/1000
Sake Cake ; 80vday \ =568 tly J
16 t/day (0 t/day) ' 340kw [ Compost: 300t ]
""""""""""""""" ’ ~ 50 ven/15kg
( Liquid Fertilizer: 2,500t

Source: Hita City
AMO0025: Avoided emissions from organic waste through alternative waste treatment
processes --- Version 12.0

6. A Case of Biodiesel from Waste Cooking Oils

Higashi Omi city, Shiga Prefecture (Population : 116,797, Area: 388.58 km2)
WETERAERY AT L
RNFEEAEDCRA
fl ; .;;: f.'r.ft"f’_‘—-_‘ Wu _
B

Source: Higashi Omi City
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6. A Case of Biodiesel from Waste Cooking Oils (cont.

CH,0COR, R,COOCH, CH,O0H
EOH
CHOCOR, +3CH;OH +—— R,COOCH; + CHOH

CH,OCOR, R,COOCH, CH,0H
==y
Methana

L Collection of Waste Cooking Oils
35,000 32,300 31,543
30,000
25,000
20,000
15,000
10,000 f--

5000 -- Source:

Higashi Omi City

2005 2006 2007 2008 2009

CO2 reduction as Diesel Alternative,

= Biodiesel Production * coefficient of CO2 emission of diesel use
= 25,000 [L/y] * 0.000705 [t-C/L]* 44/12 (g-CO2/g-C)

=64.6 [t-CO2ly]

Approved Methodology: ACM0017 “production of biodiesel for use as fuel”
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7.waste in Laos

What can be to
energy from urban
sectors in Laos?

* Kitchen Garbage

* Animals’ feces and
urine

» Waste cooking oils

* Rice husk and Straw
* Bagasse,

* Sludge etc.

» Coconuts shell

* etc.

How can we use the
biomass?

» Existing facility

» Compost plant

* Biogas refinery

* Gasification facility
. etc.

8. A potential of gasification from rice husk in Laos

Year 1997 1998 1999 2000
(1000ton)
Rice 1,413 1,660 1,675 2,103 2,155
Corn 77 78 110 96 77
Sweet Potato 92 94 108 81 52
Vegetables 117 132 150 269 288
Sugar Cane 87 95 170 174 174
Coffee 10 12 17 18 23
Source: FAO

»Percentage of Rice production in Laos is high.

»Rice Production is increasing.

»22% of processing amount will be rice husk
2,000,000 t/y*0.22 => Rice husk production: 440,000t/y.

2/22/2012



8. A potential of gasification from rice husk in Laos

Heat(500- 600 ° C)

(C6H1206)m > (H2+ CO+CH4+.....+C5H12) :Gas
‘Biomass + (H20+...+ CH3OH+CH3COOH+...) :Liquid
+C : Char
A _Reactor

N

To Flare

Sand bed b2y
Filter 1

L &

Engine

Figure 3 - Schematic representation biomass gasification

Source: www.bioenergy3.org

First Demonstration | » 200kW gasifier with rice
Biomass with rice husks reduced 75%
husk diesel consumption
Supported by NEDO (5,500L/month)

Capacity : 200 kW > 6kg of Rice husk )
replaces about 1 liter of
diesel. (based on the

( Technology Calorie )

Research Institute ) Source: P.A. Salam et
al.(2010)

Implemented by TRI

Gasifier with rice husk to generate electricity

CO2 reduction from Diesel Replacement with a 200kW gasification system
= diesel reduction* coefficient of CO2 emission of diesel use

=5,500*12 [L/y] * 0.000705 [t-C/L]* 44/12 [g-CO2/g-C]

=170 [t-CO2ly]
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Figure 2 Reed’s Woodgas Campstove (left) for sale on the Internet (US$55) and Anderson's
Juntos B+ TLUD gasifier (with removable fuel canister) hand-made in Cambodia with GERES
(estimated cost under US$20). For cooking, the pot can be placed on top of the unit or (better)
be positioned on a simple pot support structure of any size so that the gasifier can be moved for
refilling without disturbing the pot. (photos: Tom Reed, left, Paul Anderson, right)

Source: http://www.hedon.

info

9. Summary and Keys of success L—-E:a

Summary

> There are several waste biomass in Urban area and
several technologies can be applied to the existing waste
biomass. Thus, the combination of utilization of waste
biomass will be varied in countries, cities, and towns.

» Laos has a high potential of the waste biomass utilization
for energy generation and material uses.

Keys of the Success
> First priority is proper waste management
» Involvement of Stakeholders

> Utilize existing facilities, technology, human
resources, and waste management systems

> Separation at source and efficient collection are keys for
success

SR
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Phitsanulok
Mechanical Biological Treatment — MBT

Suthi Hantrakul Deputy Mayor, Phitsanulok City Municipality

Phltsanul

Area 18.26 km?

;*num-, ' 32,000 Households

on Sawan
Uthai

Thani '\ Ln Nakh“’“"t / g
o B ~® Hatchasina, ) : 78,000

BKangkok :
L& Krung Jfeg registered inhabitants

c 50,000-100,000
~non-registered inhabitants

Annual Budget
16.6 million USD
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Salable Materials][Biologicai Waste] azardous Waste
Separation at source prage

Composting ate . Screening
Biogas

Unsorted waste

E—

Compost-like substance Plastic Bags
Gasification Pyrolysis







Hazardous Waste

Disposed by
Private
Company

Infectious Waste : | Incinerate |




Transfer Station =

Mechanical Biological Treatment -MBT

* Mechanical is a process of sorting out
recyclable materials from mixed waste stream
(e.g., metals, glass, paper, furniture, etc.).

e This can be done manually or by automated
machine.

* Separation at Source




Mechanical Biological Treatment -MBT

The Biological process can be

Biodrying (waste is dried by air convection)

Anaerobic Digestion

Composting
or a combined method.

Scheme of the current windrow and ventilation system

—a -+ Fresh air
=== Exhaust air P
Biofilter pressure
i .
. i b

~20 em |

Homogenized waste

Ventilating pipes

Rows of pallets

Slope approx.
ca. 3%

Base ~25 m

Dipl.-Bioi. Gabriele Janikowski, IKW GmbH







Exacavator building the windrow

=N

—
T,

pallet built ventilation system

G S¥ELs - AR,

=




Screening

N
y-

Biomass : For Gasification




Refuse Derived Fuel :RDF

Pyrolysis to liquid fuel
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Conclusion

e Small fraction of inert residue for final treatment

* Minimized leachate outflow by using it as an activator
for the biological process

e Minimized landfill gas emission as only stabilized
organic waste is disposed in the landfill

 Possible to earn carbon credits — additional revenues

* No requirement for daily cover of the landfill

e Extended lifetime of disposal site by at least twice

(reduce waste volume by at least 50%

- density > 1.3 t/m3)

- Pyrolysis, Gasification, RDF

100 tons of unsorted waste
- 30 tons High Caloric Fraction (RDF)
- 30 tons Compost-like Subatance

*Per ton Landfill MBT+Landfill | MBT+Pyrolysis MBT+Pyrolysis+
*Thai Baht Gasification
100 100 100 100

Investment
Cost

Operating 200 30 30 30
Cost
After Care 50
MBT 350 350 350
Pyrolysis 150 150
Gasification 100
Total 350 480 330 230

11
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Estimation of GHG emissions from waste
disposal and treatment

Baasansuren Jamsranjav, IPCC TFI TSU

Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction
Measures for Local Waste Management Actors in Developing Asian Countries
4-6 October 2011, Lao People’s Demoqatic Republic

IDCGC

"; INTERGOVERNMENTAL PANEL oN ClimaTe change

Contents

+ Background
+ |PCC Guidelines for National Greenhouse Gas Inventories
* How to estimate greenhouse gas (GHG) emissions from
- Solid waste disposal on land
- Biological treatment of solid waste
- Incineration and open burning of waste
+ Tools and other materials to support estimation of GHG emissions

¢ Summary
L
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Background

Disposal and treatment of waste produce GHGs

— Typically, solid waste disposal sites (SWDS) are the largest source in the Waste
sector

Emissions of GHGs from waste disposal and treatment are expected to increase
in developing countries
Estimating of GHG emissions is an important element of climate actions
Emission inventory is estimates of all emissions/removals of particular gases
from given sources from a defined region in a specific period of time

— provides information on emission trends

- enables different policy options to reduce emissions to be compared

— allows to monitor the implementation of the policies

- isakey input to scientific studies on climate change

ORER INTERGOVERNMENTAL PANEL on Climate chanee

() @) IDGC
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IPCC Guidelines for National GHG Inventories

IPCC National Greenhouse Gas Inventories Programme (NGGIP) provides
internationally accepted methodologies for national GHG inventories for
estimation of national GHG emissions and removals. Available at
(http:/www.ipcc-nggip.iges.or.jp/)

— "1995" and “Revised 1996” IPCC Guidelines for National GHG Inventories
IPPC Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories (GPG 2000)

IPCC Good Practice Guidance for Land use, Land-Use Change and Forestry
(GPG-LULUCF)
2006 IPCC Guidelines for National GHG Inventories

Q Evolutionary development from previous guidelines through GPG 2000 and
GPG-LULUCF

Q Updated/improved methods and default data

2/22/2012



How to estimate GHG emissions

«  Common methodological approach
Emissions = AD * EF

AD (Activity data): Data on the magnitude of a human activity resulting in emissions or removals
taking place during a given period of time (e.g. amount of solid waste open-burned, Gglyr)

EF (Emission factor): A coefficient that quantifies the emissions or removals of a gas per unit
activity (e.g. kg CH,/Gg of waste open-burned)

» Collection of AD and EF/parameters are an integral part of emission estimation

» The availability of solid waste data (data on solid waste generation, composition
and management etc.)

» The IPCC Guidelines provide default data and detailed guidance on data
collection

& inc

INTERGOVERNMENTAL PANEL on Climate chanee

wHo UNEDP

Solid Waste Disposal on Land: CH, Emissions

+ Revised 1996 IPCC Guidelines provide two methods: mass balance and first
order decay (FOD)

+ Mass balance approach
— assumes that all potential CH, is released in the year of waste disposal
- estimates potential emission rather than the actual annual emission

CH,Emissions(Gg/yr)= (MSW, ¢ MSW, e MCF ¢ DOC ¢ DOC, o F ¢16/12—R)e (10X )

MSW;: total MSW generated, Gglyr

MSW_: fraction of MSW disposed to SWDSs
MCF: methane correction factor, fraction
DOC: degradable organic carbon, fraction
DOC;: fraction of DOC dissimilated

F : fraction of CH, in landfill gas (default is 0.5)
R;: recovered CH,, Gglyr

OX: oxidation factor, fraction (default is 0)

L]
s IDCC
) &) ,

e INTERGOVERNMENTAL PANEL on Climate chanee

wHo UNEDP
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Solid Waste Disposal on Land: CH, Emissions

* First order decay (FOD) method produces more accurate estimates of annual
emissions
— accounts for the fact that emissions will occur over many years
— estimates actual annual emissions of CH,
¢+ Updated and improved FOD method is provided in Volume 5 of the 2006 IPCC
Guidelines
— FOD Spreadsheet model (IPCC Waste Model) with step-by-step guidance
(http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html)
+ FOD method requires data for historical disposals of waste
— 2006 Guidelines provide guidance on how to estimate historical waste disposal
data

L]
s IDCC
) &) ,
e INTERGOVERNMENTAL PANEL on Climate chanee

wHo UNEDP

FOD Spreadsheet Model (IPCC Waste Model)

+ CH, emissions in year T from SWDS (Gg)
CH ,Emissions = [Z CH,generated, ; —R; } *(1-0X,)

T : inventory year

X : waste category or type/material

R;: recovered CH, in year T, Gg

OX; : oxidation factor in year T, fraction

+ Estimation of amount of CH, generated in SWDS is based on FOD

+ The basis for calculation is the amount of decomposable DOC in waste - part of the
organic carbon that will degrade under the anaerobic conditions in SWDS

* Keeps a running total of the amount of decomposable DOC taking account of the
amount deposited each year and the amount remaining from previous years

L]
s IDCC
) &) ,
e INTERGOVERNMENTAL PANEL on Climate chanee

wHo UNEDP

2/22/2012



Y
99y
NI

FOD Spreadsheet Model (cont.)

All input parameters are entered into cells colored yellow in the worksheets with
yellow colored tabs. Other sheets are calculated automatically

Default regional AD and parameters are incorporated in the spreadsheet and
selection of appropriate region in the “Parameters” sheet will adjust the IPCC
defaults in other sheets

Two options for estimation of emissions from municipal solid waste (MSW)
depending on data availability

- Waste composition
- Bulk waste

Allows selection of DOC and methane generation rate constant (k) for modeling
by waste composition or bulk waste options

Allows selection of appropriate default k value for the selected climate zone
Allows to define a delay time
— Period between deposition of the waste and the start of CH, generation a

INC

INTERGOVERNMENTAL PANEL ON Glima‘[e EhaﬂQB

C

= ~ B T D E F =
1
2 Parameters Country ]
3 Region Asia- Southeast (~]
4 | Please enter parameters in the vellow cells. Ifino national data are available, copy the IPCC default value.
=l Help on parameter selection can be found in the 2006 IPCC guidelines
6
T IPCC default value Country-specific parameters
8 Value Reference and remarks
2] Starting year 1950 1950
10 I
Zinl| DOC (Degradable organic carbon) | Waste by composition E
12 (weight fraction, wet basis) Range Default
13 Food waste 0.08-0.20 0.15) 015
14 Garden 0.18-0.22 0.2 0.2
15 Paper 0.36-0.45 04 0.4
16 Wood and straw 039046 043 0.43
17 Textiles 0.20-0.40 0.24 0.24
18 Disposable nappies 0.18-032 0.24 024
19 Sewage sludge 0.04-0.05 0.05| 0.05
20
21 Industrial waste 0-0.54 0.15 0.15
22
23 DOCT (fraction of DOC dissimilated) 0.5 0.5
24
25 Methane generation rate constant (k) | et tarmperats -
26 (years™) Range Default
27 Food waste 01-02 0.185 0.185
28 Garden 0.06-01 0.1 01
29 Paper 0.05-0.07 0.086 0.06
30 Wood and straw 0.02-004 0.03 0.03
31 Textiles 0.05-0.07 0.08| 0.06
I Disposable nappies 0.06-01 01 01
33 Sewage sludge 01-02 0.185 0.185
34
S5 Industrial waste 0.08-0.1 0.09 0.09
4 36
i 37 Delay time {(months) B 5 |
\:,'., i < » ¥ | Parameters .~ MCF .~ Activity .~ Amnt_Deposited Recovery OX Theory . Defaults .~ Food 1ee
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1=} = o = T 1= ) T ) 58 L T
1
2 Methane calculation from: Food waste
3
4
Mational
5 values
6 Doc Doc 015
7 DOCF Doct 0500
8 IMethane generation rate constant L3 0135
9 Half-life time (t: - years) h = In(2)ik 37
10 expl =xpik) 083
i) Process start in deposition year Month I ] 13 00
12 |exp2 EXp K13 MI12}) 1.00
13 Fraction to CH4 F 0500
14
DDOCm
Decomposa |DDOCM not| decompos DDOCm
ble DOC reacted. ed. accumulated in

Amount (DDOCm) | Deposition | Deposition | SWDS end of DDOCm CH4

15 Year |deposited| MCF deposited ear ear ear decomposed | generated
D=w=DOC* C=D*(1- | H=B + (Hupyea® |E=C=Huppoo | Q= E = 16112

16 W MCF DOC*MCF | B=D " exp2 expZ) exp1) (1-expl) 2F
17 Gg fraction Gg Gg Gg Gg Gg Gg
18
19 950, 693 07 37 37 1] 37 1] 0|
20 951 693 07 37 37 1] 67 6 4
21 952 693 0.7 3r 37 1] 92 1 8
22 953 693 0.7 ar 37 a 13 6 1]
23 954 693 07 ar 37 a 31 9 3
24 955 693 07 a7 37 [1] 45 22 5
25 956 G923 07 a7 a7 0 50 25 5]
26 957 693 07 a7 37 [1] 68 27 g
27 958 693 07 37 37 1] 76 28 9
23 959 693 07 37 37 ] 33 30 20|
29 1960 693 0.71 3r 37 a 189 31 21
30 1961 693 0.71 ar 37 [1] 193 32 21
31 1962 693 0.71 37 37 a 197 33 22
32 963 693 07 37 37 1] 201 33 22|
33 964, 693 07 37 37 1] 203 34 23]
34 985 693 0.7 3r 37 1] 208 34 23
35 968 693 0.7 3r 37 a 208 35 23
36 967 693 0.7 ar 37 [1] 209 35 23
a7 968 693 07 37 37 a 210 35 24
38 1969 693 071 37 37 1] 212 36 24
39 1970 693 071 37 37 1] 212 36 24
40 1971 £93 071 37 37 0 213 36 24
M4 v Pammeters o MCE — AcTiviny [T Deppsied Bacovery O Thepoy — Defagics | Food o Garden

Biological Treatment of Solid Waste: Composting

An aerobic process and a large fraction of DOC in the waste material is
converted into CO,

— Reduced volume and stabilization of waste
— Some carbon storage also occurs in the residual compost

— Depending on its quality, the compost can be recycled as a fertilizer or soil
amendment (increased organic matter, higher water-holding capacity etc.)

CH, and N,O can both be formed during composting
— CH, can be formed in anaerobic sections of the compost
— Poorly working composts are likely to produce more both of CH, and N,O

ipcC

INTERGOVERNMENTAL PANEL ON G{ima‘[e EhaﬂQB
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Biological Treatment of Solid Waste:
Anaerobic digestion

+ Natural decomposition of organic material without oxygen
* Produces biogas (CH,+CO,) and biosolid
- Generated CH, can be used to produce heat and/or electricity
- Biosolid (digestate) can be used as fertilizer or soil amendment
+ N,O emissions from the process are assumed to be negligible

L
I

4 INTERGOVERNMENTAL PaNEL on Climate change

Biological Treatment of Solid Waste: CH, Emissions

» Estimation of CH, emissions:

CH,Emissions =" (M,  EF,)e10°-R

I
CH, Emissions: total CH, emissions in inventory year, Gg CH,
M; : mass of organic waste treated by biological treatment type i, Gg
EF, : emission factor for treatment i, g CH,/kg waste treated
i : composting or anaerobic digestion
R : total amount of CH, recovered in inventory year, Gg CH,

L
I

4 INTERGOVERNMENTAL PaNEL on Climate change
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Biological Treatment of Solid Waste: N,O Emissions
* Estimation of N,O emissions:

N,OEmissions = > (M, ¢ EF,)¢10°°

N,O Emissions: total N,O emissions in inventory year, Gg N,O

M; : mass of organic waste treated by biological treatment type i, Gg
EF, : emission factor for treatment i, g N,O/kg waste treated

i : composting or anaerobic digestion

G g

e INTERGOVERNMENTAL PANEL on Climate chanee

Incineration and Open Burning of Waste: CO, Emissions

« Based on the total amount of waste combusted:

CO,Emissions = Z(SWi edm, eCF, e FCF, e« OF,) 0 44/12

CO, Emissions: CO, emissions in inventory year, Gglyr

SW, : total amount of solid waste of type i (wet weight) incinerated or open-burned, Gglyr
dm; : dry matter content in the waste (wet weight) incinerated or open-burned, (fraction)
CF, : fraction of carbon in the dry matter (total carbon content), (fraction)

FCF,; : fraction of fossil carbon in the total carbon, (fraction)

OF,; : oxidation factor, (fraction)

44/12 : conversion factor from C to CO,

i : type of waste incinerated/open-burned such as MSW, industrial solid waste (ISW), sewage
sludge, hazardous waste, clinical waste, etc.

« Estimation of the amount of fossil carbon is the most important factor determining the

CO, emissions as only CO, emissions of fossil origin (e.g., plastics, certain textiles,

rubber, liquid solvents, and waste oil) should be included .
INTERGOVERNMENTAL PANEL on Climate chanee
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Incineration and Open Burning of Waste: CO, Emissions
* For municipal solid waste:

CO,Emissions = MSW OZ(\NFJ- edm; eCF; e« FCF; e OF;) ¢ 44/12
i

CO, Emissions: CO, emissions in inventory year, Gglyr
MSW : total amount of municipal solid waste as wet weight incinerated or open-burned, Gglyr

WF;: fraction of waste type/material of component j in the MSW (as wet weight incinerated or open-
burned)

dm; : dry matter content in the component j of the MSW incinerated or open-burned, (fraction)
CF; : fraction of carbon in the dry matter (i.e., carbon content) of component j

FCF; : fraction of fossil carbon in the total carbon of component j

OF; : oxidation factor, (fraction)

44/12 : conversion factor from C to CO,

j : component of the MSW incinerated/open-burned (e.g., plastics, certain textiles, rubber)

& inc

=¥ INTERGOVERNMENTAL PANEL on Climate change

Incineration and Open Burning of Waste: CH, Emissions

* CH, emissions result from incomplete combustion of waste and can be affected
by temperature, residence time, and air to waste ratio

CH,Emissions = »_ (IW, e EF,) #10™°

CH, Emissions: CH, emissions in inventory year, Gglyr

IW; : amount of solid waste of type i incinerated or open-burned, Gg/yr

EF, : aggregate CH, emission factor, kg CH,/Gg of waste

10 : conversion factor from kilogram to gigagram

i : category or type of waste incinerated/open-burned (MSW, ISW, hazardous waste,
clinical waste, sewage sludge, etc.)

« The amount and composition of waste should be consistent with the activity data
used for estimating CO, and N,O emissions from incineration/open burning

@ @ IpCe
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Incineration and Open Burning of Waste: N,O Emissions

* The N,O emissions are mainly determined by technology, combustion
temperature (emitted at relatively low combustion temperatures 500-950°C) and
waste composition

N,OEmissions = (IW; e EF,)#10°°

N,O Emissions: N,O emissions in inventory year, Gg/yr

IW; : amount of incinerated/open-burned waste of type i, Gg/yr

EF, : N,O emission factor (kg N,O/Gg of waste) for waste of type i

10 : conversion from kilogram to gigagram

i : category or type of waste incinerated/open-burned (MSW, ISW, hazardous waste,
clinical waste, sewage sludge, etc.)

() @ IPCG

INTERGOVERNMENTAL PANEL on Climate chanee
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Tools and other materials to support emission
estimation

+ |IPCC EFDB

- Provides a wide variety of EFs and other parameters with background
documentation or technical references so that users can select and use
appropriate data on their own responsibility

— Accessible at http://www.ipcc-nggip.iges.or.jo/EFDB/ and also available in
CD ROM

+ 2006 IPCC Guidelines Software

— Complete version available by end of 2011 or early 2012
* Information on TFI website

- FAQ

- Presentations

- Documents (meeting reports, brochures etc.)

ipcC

who UNEP INTERGOVERNMENTAL PANEL on Climate change
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Summary

Emission estimates or emission inventories provide information on the level and
trend of emissions and enable to monitor the implementation of policies
Imeasures to reduce emissions

IPCC Guidelines for National Greenhouse Gas Inventories provide globally
applicable methods to estimate national emissions and removals

Updated and improved methods for estimation of GHG emissions from treatment
and disposal of solid waste and wastewater are given in Volume 5 of the 2006
IPCC Guidelines

IPCC TFI provides additional supporting tools and materials for estimation of
GHG emissions/removals (EFDB, software and other materials on TF| website)

ipcC

INTERGOVERNMENTAL PANEL ON G”ma‘[e I:hanEE

"; INTERGOVERNMENTAL PANEL oN ClimaTe change

Thank you

IDCC
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The Greenhouse effect
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Naudoe) GHG
. % of World
Countries o
Emission
8. United Kingdom 587,261
China 9. South Korea 465,643
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10.Italy 449,948
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2. Thailand 268,082
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4 India 1,342,962 38 Vietnam 98,663
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6 Germany 860,522
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639,403
Canada
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It was the worst flood in living memory.
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Dry bed of the Usmansagar Lake, in
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Hurricane Katrina (29 August 2005) killed at least 1,500 people and displaced
thousands, and caused nearly $100 billion worth of damage.Water level reached
as highas 4 m.
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Urban Environment Issues
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2000 2010

High (%)

Low (%)

 National Environment Strategy,
» Forestry Strategy
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State of Urban
Environment Issues
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Approval CDM projects

B Hydropower, 1
W Energy Efficiency, 2
B Forestry, 1

MW Biogas, 1
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Moving towards low carbon society

One innovative approach - fossil-fuel free school bus
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Another innovative approach - More efficient public
transport system

(Source: Chow Kok Kee)
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Biogas Generation
from Kitchen waste
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The animal waste 30 kg mixing with 20L of water

should be filled into biogas tank at the starting day

1. Separate food waste

2. Collect vegetable and fruit waste

3. If vegetable and fruit waste are the big size, chop it
into small size

4. Mix these wastes together with water

5. Fill these waste to biogas tank

6. Do it for every day

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 33
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Digester | Animal Waste | Food waste Water input per day | Gas generation

size input at input per day
m3 starting day
kg kg
0.168 30 8-10 0.4-0.48 0.15
0.260 50 10-20 1-1.5 0.20
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 34
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JEENSENIND NSO 289 200189
Vientiane LuangPrabang Savanaket Champasack
Heat Heat value of Heat value of Heat value of Heat value of
Component | Value % |component |% |component |% |component % |component
(kjrkg) (kjrkg) (ki’kg) (ki’kg)
Plastic 32,565 [134,233.3 9 (2,930 15 [4,884.6 6 |1,9538
Glass 140 |6 [8.4 6 [8.4 2 |24 2 (28
Paper 16,747 |6 [1,004.8 8 [1,339.7 9 |1,507 4 |669.88
Metal 697.8 (3 |21 1 [6.97 1 1697 1 (697
Food 4,472 |30(1,341.6 51 |2,280 54 12,415 62 [277.64
Textile 17,445 |2 [349 1 [174 1 [1744 1 [1744
Wood 18,608 |19 [3.535.5 23 |4,280 16 (2,977 21 [3,907.68
Dirt,Ash | 6,078 |21]1,465 1 [690.78 2 [139.56 3 |21
Total 11,958.6 10,288.8 12,107.3 7,014.17
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goveAua cmacsemmaaan‘ima

L nn‘mmnwomummausﬂo (Clean Development Mechanism:
CDM) Autni mno‘fmuucmo‘fnnu Annex 1 g9U900%UTaY
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3.1.1  eigglnaudnaa:

o 99KuUUSDUNIL 1 mmashﬂa nuanm cwnnumoehjzjvaﬂ
sunud 1S cRgSosway.

° Usngunaj‘in Ms. Excel tiosenmaaduouidu (percentage),
mautzw (Mean), mcsiJUJumomu (SD: Standard Divisions)
esjzuw‘?nnumehﬂ
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QA [ X33
WINN 3: NNAUINK

3.1 eelluniugnsa:

3.1.2  wuusnaoy

ruuhasInudjunubiviin «as BudslnuonsurnugeInay
o vt agnawu:

B
e Zﬁ IRR =1y + . p oz PGy
S shis R Ty ¢ mc Ihgir

DO

EUUINRD9A 1S TuNWHORUYONWNIgRETO:

B — X
b B& e
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Q. e X% >
WANN 3;: 2NNAUSNSI

3.1 @elluniugnsa:

313 §qunﬂn2sgmu§mm:

o DuBugegnauuh IguRigSorway KUVIILENIGUUE I Nu0 tOSY
annauuh IS ufigSoruaueegrgasy TutagnaudotuvLis
08U (209JTMDVVE(20).
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I QA [ X33
WINN 3: NNAUINK

3.2 muc?‘ﬁumaouaouéaﬁm:

3.21 ccmjguu
] 2U1JZU°13’]?J1833’]‘11JL21J wucwnmam - U‘]\ﬂUEC2Dj§)uU]91J1JuE20
Tmmnma cwucmaaovwﬂuanmg €Y §209FENIVVEI0),
wummgogznmo 299, Internet (g ;
K S

° 2wu WINFEIUIL LUV T GRINNIUEIPOodEHhoT, Nawahwao
wﬂnaonnJogsg NIV HUVUS UISUNAUTUENKA.
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Q. DO QA =
WINN 3: 2NNAUSTNS

3.2 ﬂﬂﬂtﬁUﬂh&OU&DUéHU:

3.2.2 Ysganeu uas nudogy:

Jrodafis FWoVYUEINDU 2xgU0299008)99
4 m3 95 39
6 m3 10 09
8ms 00 00
10 m3 02 02
Total 107 50
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WINW 3: NNAVING
33 muocmséuu
331 mnacmu&umweagmnm“ﬁgcmagauwﬂu
(1). mnznljgsjnumoshg TunauualseNeSozway:
* us99WgoUuia
. ‘anutommﬁnmngoucm&
° meuunsnnmgucma
. LESj‘j‘]l]ﬂ']‘]Ud’]SlJQOEJDJJ’]J’]&‘]'jU[;[;3’]8)
‘anucommﬂnmnnmgwma
wsmomﬁz‘lwmwnmgucm&
‘anuLoaﬂ‘inma‘tnmnmuunao?aucmg)
ccsmwma?nmnmuunaoiaucmg)
» vhJVR0
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Q. e X% >
WANN 3;: 2NNAUSNSI

20

3.3 nwdeegyu:

3.3.1 nawdeaztuiivesgnauud 1S figSozway:
(2). oudugstagnautivensulunaudasdens:

Jenaviivensulunauur iSufissozway

o Suuhungaguufisldidegasy

o amenUeiulunaugagoufiedsl 2

€0
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WINN 3: DNNIUINF

a0

3.3 nwdesyu:
3.3.2 nawdrzdudsinunsegnauu 1S ufigsozway:
(1).  GuuzlnsoginudodagtoSuramnnauualgufiagosway:

° POIRUOIVR9 TuNIV LUt
o yogevanlslrudauurdulunautycSadu
o gogsuusygaulunautdi@adiv

o

o

™ 1 1 PV &
 gogsuan is39elunausy
k] 1 1
* gogauantuda
9
° mowanmnzmnau
3

[ ]
L& €

22 February 2012

R9UEUIMNIVSILNINYUDY
OGJSU&?QTQ‘V‘]EJTUI]‘]UEOlJZJ’]‘]‘j\EUUUBOﬂJuEJ‘]OU]‘l‘jauUUZI]‘]EJT‘Q

33

Q. O QA =
WANN 3;: 2NNAUSNSI

20
]

3.3 nwdeegyu:

3.3.2 naudeaztudsingongenauuhigufissozway:
(2). Gudslnuondyautosy:

cupyueaniuiSdetyponagsey (indirect use, value) & wuyyu
mmavmsumg@mucw'jw%gegajau‘msmmajctooa&u N0
gurannaugodeunauto Hutduaduliy wae @ama.
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WINN 3: NNAUINK

20
3

34 mnﬁ)’amquaegn:

3.4.1 naudodutvesnauuilgufiagozwaududogu:

. ccsngQOUcma

. ‘Ca)yucomma‘fumugowma

ccsggwmumsnaaegnnmg Jufia,
‘cgyucomma‘fumunmﬂucma
weznonma“lumnn §990uRs),
ccsmwma?nmmmuuuao?aucma

o Yaooa 118 unay cm.u.uuaoctaucma
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Q. e X% >
WANN 3;: 2NNAUSNSI

20
]

34 nadaorvmagsyy:

3.4.2 nawdotudsingogogniuuhisufissorwaudubogu:

ES:UUUTznyozIanJcﬁnﬁaﬁumnmnnﬂéccﬁaé‘osww:
o nugoaey ks99aulunautUEadiv,
. m:uznocaeumucoanmu‘wcmz‘ﬁu
. muygocaeumumomu‘wmc%’juﬁu 6T (BT,

22 February 2012

36

2/22/2012

18



WINN 3: DNNIUINF

34 mnﬁamuwwégn:

3.4.3  naudiaorumagndrugunnze) oI udosuutiagoswau:

. mnoommuaum 2991 09N WO (VU LTS LWV (209N
Ve20 TOEJT]‘]lJRiT]&ﬁQ;JlJ‘V‘]I]T]UC]OQJ‘]‘jiJlJ CVUY=GTI0 GO0y
NWJTUNUOUNL ke anmeUogaﬁagmn Togun1sin
mwunmUmungegcmmauccznn iy chstnsJoaozn (Net Present
Value: NPV) 8omwumsutcznijzu‘19°ﬁw Lnternal Rate of Return:
IRR) ks 8omﬂaon293wnUvaeommnmn (Benefit — Cost
Ratio: B/C ratio).

o 50@6133311;120 $H1glunauatuouaglelu 12%
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Q. O QA =
WANN 3;: 2NNAUSNSI

34 nadaorvmagsyy: z_ Zoo— Ao
3.4.4 naudiogeuiuyonau: 15 , The
\Tee  oe

o 299 Z deunoanadnio, sxungoadedimo H, wagnaaua:
Oouardunoaugaiu 95%, nauuhlgufissorwaugsgrgagy
wielulagnwborvufiaBoruwteomenduvsign oo
Buystnooaannaunauuhigufisgosway ggnoatudivesgnay
m“ﬁacnnagouwﬁumjcmﬂg

o fa9ge9 Z lmegnongadno , sxungorwsuSu H, wasao9u:
Gouardunoaugalu 95%, nauuhlgufissorwaugsgtgagy
woelulagnaudo vy EfigSorwIuLoIgeNSULEIgD  KUUMOD
GudslngotmnaunauvdlgeisSosuwau  ggnoabiudivesgnay
valgufisSorwavd DaoauduSs.
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wandi 4: GV LOSUL8INIWKNT

A | S @
41 uwwnoty njofivdinginau&nae:

- u2ogREnSuLzeo B GDP &nd 2009 - 2010 iy 6,918.55 Hfiu
(899xU0T0aU L0 897 TosagmER0.
Te9Unsyn990IuR0N=N0299 1209 Oqung&nd - Jatd
49.04% (WUSY 7.29%, 2089Men? 24.54% (WUSU 16.28% Uav
NIUDANIU 26.42% (WU 16.50%.
(J299hwaud9n99INi9ee(e0)FensuuER0  [UYAgiiona
(Susen 54 Niawdo. GDP &nd 2009 - 2010 sx(au0dioauld
9,699,074 v

TagUensunagdau@onenologrdwey: ned&nd - Jatd nou
80.32% , 908=ven - foneninou 14.49% uae OWIRNIW
N2V 5.19%
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! wand 4:  GULOSUL9INIVENG

A L & & ® )
41 SswWNIY NJONVALNNIVEN) (©):
« BPP/SVK wluin%o S98ulusufi 10 Dyua 2008

feUdVVz20 (WUGIotgsdT0Tagnaw.
* giigJngeylagnnity:

(1). 9ngaunawiinduSuueiingaudganau:
- On8uSvw=iingaudganNausuLe09td 4 9y
_ wedingauSganau Sucdeq 13 giau
_ uregagghSudasduiia 60 sav.

22 February 2012

o Toguouraugnaudely_war J1980 wzuunnz&and - Jdatdegoy
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P o &L s
41 SswLNLY monuwnﬁmn%nm ©):

(2).  9nywleszua gas FyEunauuhlgufisoruau:

2008 78 4,100 1,621
2009 67 3,536 1,289
2010 47 2,303 690
QDU 192 9,939 3,600
22 February 2012 1

N 4: U
A L o & A ® )
41 SswILNILY NJONVAVNNIVEIN) (©):
tI> 2 tl: d (%

(3). 9JNIIMWNFIPIENIKIZWV:

2008 2009 2010
tnseududnau 2 il 2 B2
ST 9 28 6 43
Yowuney 9 26 5 40
22992 6 52 15 73
o0avilgney 15 82 28 125
PWDU 4 66 20 90
Yous 1 19 2 22
210z WS v 2 g 3
Buuryd Na 3 5 8
weawtg N B2 g v
i Na Na 1 1

e 56 360 102 518
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4.2 aawﬂum'l‘o‘wgejajuﬁodﬂj:

3 )

89 12 24
29¢) 38 76
QAU 50 100
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: wandl 4: GV LOSU28INIVINT

4.2 avwﬂUmAO\IUQBijUBOE'hj ©):

3 ()

Welngauso 7 14
NeMI 2 4
whlisfels) 1 2
Yntly - 87980 36 72
Gagasiioty 4 8

VU 50 100
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4.2 aswquzn""o‘waej:juﬁodﬂj ©):

) o ) o
(NUSIYKELIZN FWovaU JiEu (%)

Tueeudo oL

0hno9 15 J

15-60 T
60 J8xt

N
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(xd

89

ISR
28.57
57.14
14.29

100

&9
25
50
25
100

! wWangi 4: E?m‘cﬁs! U289NIVSNK)

2008 (1)
2009 (2)
2010 (3)
2011 (4)
NI

0L
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4.2 avwﬂuinAO\IUQBijUBOE'hj ©):

Jilgunagosway WoU eueD | WSy (%)

9
22
13

6
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44
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12
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vhbudo
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4.3 Ouiueeinauvhlguiagoswaveegnuiiodas:

252,000 yuaagdeneunauiSuiia 302,000
784,000 Guufiunaundagdusia 820,000
189,000 Suvsiuguewavdidia 200,000
1,575,000
25,440
15,400
2,840,40 1,322,000
3,922,000
240,840
40,840

47

puaanaulguaiiv

Qnémcsggw?ﬁé‘:ﬁ‘tUc&ﬁm
Quéﬁmuéﬁuzﬁ@oﬁj
Juangotieuaa tulda
Quéqmugméﬂé‘qgmﬁ
gméﬁmnzwmngngn

wroanaziunagidunag s
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44 Guuslneogenauuhiguisgoswavgenuioda:

puaagoea 1gvaenautududo

o~ 0 Q2 o o 1
GudelngogegnauudigufiaSorwauiivend

18,800 Wuaanaugogu CO, 1,280,000

289 Buiﬁ*zﬁﬁjgl]
82,080
84,000
107,560
2,100,000
14,000
15,000

3,701,440

48

2/22/2012

24



45 UUzp‘]ueomaonasmmwnu&?mao nucmznllasjmn
Un IS ufiggorwanugegtiods:

o

muaLmuaaﬂuaumesﬁmmnmocwucmagauwﬂu NNUED
gagd9rino Wiavsan 15 O (Hudigduaw), abuedd 2009, -
2023 Yognmmwewumaumjj couagtuad 2009 Wudy
L. ccmmauoLmuaawaumesﬁmmumLcuucmaaouwﬂuajﬁ
cwnm‘fgunmmnmu Qe chsznEJozn‘coszmﬂnmwusﬂatma

1
o

Sovwaugeimufodny § Ouliguufiadiniiv, 298E]0UINIY
2990 LD
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2009 (0) 3,922,000 3,922,000.00 - (3,922,000.00)
2010 (1) 240,840 215,035.71 3,701,440 3,304,857.14 3,009,217.39
2011 (2) 40,840 32,557.40 3,701,440 2,950,765.31 2,767,939.51
2012 (3) 40,840 29,069.11 3,701,440 2,634,611.88 2,406,903.92
2013 (4) 40,840 25,954.56 3,701,440 2,352,332.04 2,092,959.93
2014 (5) 40,840 23,173.71 3,701,440 2,100,296.46 1,819,965.16
2015 (6) 40,840 20,690.81 3,701,440 1,875,264.70 1,582,578.40
2016 (7) 40,840 18,473.94 3,701,440 1,674,343.48 1,376,155.13
2017 (8) 40,840 16,494.59 3,701,440 1,494,949.54 1,196,656.63
2018 (9) 40,840 14,727.31 3,701,440 1,334,776.37 1,040,570.99
2019 (10) 40,840 13,149.39 3,701,440 1,191,764.62 904,844.34
2020 (11) 40,840 11,740.52 3,701,440 1,064,075.55 786,821.16
2021 (12) 40,840 10,482.61 3,701,440 950,067.46 684,192.31
2022 (13) 40,840 9,359.47 3,701,440 848,274.51 594,949.84
2023 (14) 40,840 8,356.67 3,701,440 757,387.96 517,347.69

Total 4,693,760 4,371,265.82 51,820,160 24,533,767.01  16,859,102.39
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45 UpuusonaovarndagBudyines Hubufiveegnau
Un I8 ufiggorwaugegtiodas (0):

IDIER9SIT9TU FHuda:
- NPV = 16,859,102.39 iu.

- B/C = PVB/PVC = 5.61

- IRR =90.90%

YO 1 = 090 NPV,

3956113

r, =091 NPV, = —4,543.46
REV;
NPV, — NP,

IRR =1 + (1 — 1) = 0.9090

22 February 2012 51

4.6 NWHOILUSLIONINEDINIVEN:

nnaiiosevduyonay Wedolugenaudnaasyubuiiv cas
Gudslngogzagimnuuriguiagoswiy  299nubodaguiy
[@iuon: Z = - 9.84 (89U28N0%09970, F£L090: J£Oiwo H,
TN, H28REOUNDILS2TIY 95%, nauudlsufheSos
wauee9lrgasy waglulagniudo tuuifigSorwIy K209ensL
veien  gdumoltudsingoitdoSuaannaunauut g ufigsor
waugInoatutivgegnauuh ISufiagoswaugagudas.
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5
51  suguiiugeInauang:

- SuBulunauuniscfisoruay  seudBodaguly: 4,162,840
na. ﬁwuufmyog')amz‘ﬁuz?ﬁ5§0wﬂnnﬂun%‘iéccﬁa%oswﬂugscéy
mmoehjtwu 3,701,440 nu.

. eomaauavmaﬂijUUmeo nummnngsﬂmum?accnammamg
Lmnu 5.61, uumuuwuaomzsajmumfa Lmaaouwﬂummoyﬂg
Lmnu 16, 859 102.39 fiv kY somwl,lmsuccmuww?nmmaehj
@iy 90.90%. swagaoawd: TubogagiitSagngaiiu Tagnaubio
ccUUccﬁaé’oawwmogaamﬁuw1;20 couDasavguanlunay
ajznn

. oasavouaawcgewn 95%, mnm“ﬁacmagovwﬂu 283U‘“2°121J
zuw“ﬁmceajaamonuu@o ccyumouwuuuiznaozn‘tosmﬂnmn
nﬁ?}éccﬁaé’aswﬂu gonoatuiiugenauuh tgufingoswaveas
cNIY.
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52 NIWKEDIEUE:

Tmmnmacauuc;naaovwﬂuaumj - 1209 - I8y sowld
atd Quzczru;jmllajnaummm 9 - A79F0L193959 Tunauud
12NINVVRVIMV A ‘meocmu %maoagao

2. Yagnaudorvuaiagorwaudulodoan,  o9959&uldivs
2°123u‘£om?gcmaaavwﬂu‘fmnnﬂuLﬂﬂzmwehgLr;zn'aj

3. gaiingnsanauio znaw%monumazeegmuanmogma
U, Lwﬂuauczmmumuamaﬂquvznqjvmwmn - Gudstingn
#ioSu  Goenaudnaaannianss v pudjpnipdag
SO,
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- o 1= RAsemd
rese e = S8 2 -
SN OUNZAN2CTIEIO
s3uaw seodle (Now/Su)
ﬁ A
cUgU
2003 2005 2006 2008 2009
(PCD) (PCD)
Ua9nen 9,356 8,291 8379 8,780 8,834
(+0.6%)
CONNREUNL 12,500 12,635 12,912 14,915 16,368
waztachontnnzes (+9.7%)
(2007 fig9naw)
cDooliesBunuwas 18,100 18,295 18,697 17,369 16,208
ndonaudSnauclonduey (-6.68%)
(5,770 figanaw)
20U 39,956 39,221 39,988 41,064 41,410

2l oo CE o E &
: SewWaunNay tuNaU«InNNULETIRS ]

gauanchiutd 84%
(12.73 MT)

£0WRWNTUES80%
(12.13 MT)

wERnguto 22%

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554

2/22/2012



& g_ f;;!. n Fa
o e Jle fﬂ YT T sye T
g9dsnsuscnds euanwnnennnu
; % :
mnmagggadmmmim
Sqsneuderie
S (196oU88N .
(% ceotnindsn) ctiis na9 . o hacdusen iy ERtRia]
EARRuE]

Su8 59.71 62.56 67.53 67.53 57.65 -
Scrdgmansou 0.96 0.60 0.51 0.77 0.25 0.62
welntnwts 24.06 20.43 20.21 21.61 26.73 22.61
SeoPesunzany 0.05 0.34 0.14 0.37 0.19 0.22
Scrdodue 15.23 16.34 11.61 17.57 15.18 15.19
Qauiondn 100 100 100 100 100 100
Waste Density (kg/m3) 179.47 185.28 176.82 167.28 209.40 183.65

[T T = S - (@)

anelense) S0°)DLARIS =

Others
3.2% .
wood Fabrics Paper
0.7% 1.4% 8.2% Metals
0,
Rubber/Leather 2.1%

0.5%

Plastics
16.8%

Food/
Organic content

63.6%

Status and policy on MSW management for Thalland By Dr. Chao Nokyoo May, 2554
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cEinctin
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Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554

'Z.:_—*-."ie ?:‘ _‘?l-! @
RS neunzeaney deduausimde ==
8 §mmw35gl§cm$9 5 §mmmzﬁqgamgg
(Yow/5u) (Yow/3u)
2008 40,662.42 2016 42,105.87
2009 40,878.24 2017 42,251.20
2010 41,081.72 2018 42,390.82
2011 41,274.20 2019 42,525.18
2012 41,456.81 2020 42,654.65
2013 41,630.50 2021 42,779.57

2014 41,796.11 2022 42,900.26

2015 41,954.36

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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Recycled Waste
| Digestion

Heat/Electricity

Man-Cambustible e
= o

Incineration &3
Landfill Wastewater Treatment Plant

Reference

as ) &
1218098 3 NANCR0O 299uaNA0H99 T

Supporting Local Government Clusters to obtain
long-term effectiveness of waste management
-

Reference o
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Sorting + Bio-conversion Process + Landfill

Sorting + Bio-conversion Process + Incineration +
Landfill

Sorting + Anaerobic Digestion + Gasification/Pyrolysis/
Stoker Incineration + Landfill

Sorting + Bio-conversion Process + Pyrolysis/
Gasification + Landfill

Sorting + Bio-conversion Process + Pyrolysis/
Gasification + Landfill
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GHG Emission Inveniory

Activity Direct Emissions Indirect Avoided Emissions Emission reducing
Emissions Actions
Gross Net
emissions emissions
Collection & CO, from fuels  CO, from fuels  CO, from electric -Use of electric vehicles
Transport consumption consumption vehicles -Use of alternative
CO, from fuels
outsourced -Change mean of
transport transportation
Transfer CO, from on- CO, from on- CO, from -Actions to improve
site fuels site fuels electricity energy efficiency of
consumption consumption consumption equipments and
facilities
Mechanical pre- CO, from on- CO, from on- CO, from -Actions to improve
treatment site fuels site fuels electricity energy efficiency of
consumption consumption consumption equipments and
facilities
Sorting, recyclingand  CO, from on- CO, from on- CO, from -Avoided GHG in corresponding  -Actions to improve
recovering site fuels site fuels purchased to the emission resulting from sorting rate
consumption consumption electricity the production of an equivalent  -Recovery of sorting
consumption quantity of materials rejects
-CO, avoided through potential
production of solid recovered
fuels.
Physico-chemical CO, from on- CO, from on- CO, from -CO, avoided through potential -Actions to optimize
waste treatment site fuels site fuels purchased production of alternative fuels alternative fuel
consumption consumption electricity production
consumption
.
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Activity

Biological treatment
(Compost & AD)

Landfill

Incineration

Mechanical Biological
Treatment (MBT)

Direct Emissions

Gross
emissions

-CO, form
biomass

-CO, from fuels
consumption
-CH, & N,0

-CH, from
landfill gas
-CO, from
landfill gas
-CO, from on-
site fuels
consumption

-CO, from
waste

-CO, from
additional fossil
fuels

-N,0

-CO, form
biomass

-CO, from fuels
consumption
-CH, & N,0

Net
emissions

-CO, from on-
site fuels
consumption
-CH, & N,0

-CH, from
landfill gas
-CO, from on-
site fuels
consumption

-CO, from
waste

-CO, from
additional fossil
fuels

-N,0

-CO, from on-
site fuels
consumption
-CH, & N,0

Indirect
Emissions

CO, from
purchased
electricity
consumption

CO, from
purchased
electricity
consumption

CO, from
purchased
electricity
consumption

CO, from
purchased
electricity
consumption

Avoided Emissions

-CO, avoided through energy
production

-CO, avoided through compost use
-CO, avoided through recovery of
the heat produced

-CO, avoided through energy
production

-CO, avoided through energy
production

-CO, avoided through slag and ash
recycling

-CO, avoided through energy
production

-CO, avoided through compost reuse
-CO, avoided through material
recovery

-CO, avoided through potential
production of alternative fuels

Emission reducing
Actions

-Optimization of aerobic
conditions for
composting processes
-Optimization of energy
and/or material
recovery

-Optimization of CH,
oxidation, capture and
combustion
-Optimization of energy
recovery

-Optimization of energy
recovery

-Actions to improve
sorting and compost
quality

-Optimization of energy
and material recovery
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Most common disposal method is open dumping in environmentally unsafe manner. These
practices can lead to environmental and health impacts on local residents, release GHG to

atmosphere and discourage efficient use of resources.
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7 January 2004 [ DGC gives NOG for sraparaion and impkemoniatin o the projects urder COM |

W subsmils two CDM Projects to Nalicnal COM Commities for LFG Recowery (LFG

29 February 2004 | & Compasting) aong wih cormmilment letier af Dwtch invastor.

18 April 2004 [ Mabonal COM C Feroved the pro; ]

B August 2004 | Matona COM Board headed Enl InEPMI nfr!cu_:lnl fanat lww_“l w_FHl_lrww}_-'-l.. ]

17 Sep 2005 First COM Project of WE (Lawlil Gas Eximction and Utiization} Registered with

UNFCCC,

DCEC's Signs 15 years Concassion Agreement for the 70O tonsiday capacity
24 Jan 2008 | cland

18 May 2006 Second COM Project of WT (700 ten capacity composi plant) Registeted with

16 May 2007 | Gompost Prajuct Registared fram Beard of Investment (20}

August 2007 [ Environmental Clearance (IEE]} from Dok for Construction (Site Clearance)

c Pracass of
novzoor | —T
Tradl Progluctian and Manitos staried and full uction by June 2008
March 2008 t e P . - - rce: Waste Concern,
2 W LT R
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Transaction costs per ton of CO2 equivalent reduced are highly dependent on the size
of the total emission reductions achieved by the project (Krey,2004).

Project size (tCO2e/a)

Baseline Senario Senario
(Krey,200 1 2 3
4)

1000000
100000
10000

Senario

5250

2805
1000
294
100

Note:

1. Scenario 1: Case study of Bratang composting centre
2. Scenario 2: Bundling the existing 16 composting centres in the city
3. Scehario 3: Assumption that city operate 31 composting centers including one for each of its waste management districts

Transaction costs (Euro/tCO2e)
Baseline Scenario  Scenario Scenario

(Krey, 2004) 1 2 3
0.1

0.25

1.8

12
18
150
176

gowsuancduldig tasaoucgadunanaufivesiiss

(E (O} [ Ll
total ) .| organic ERs (10
o Compost plant inorganic years)
: name m? m3 m3 tC02e/a
1 Menur 169 51 1180  [2837 Cost/benefits calculation under the
2 Keputran 53 0 53.0 1272 .
3 Bratang 191 68.5 1225|2945 3 scenarios
4 Rungkut 101 245 76.5 1824
5 Wonorejo 139 38.5 100.5 2400
6 Liponsos 70 10 60.0 1440
7 Srikana 69.5 22.5 47.0 1200
8 Tenggilis utara 112 28.5 83.5 1990
9 Tenggils rayon |, 5 39 74.0 1776
taman
10 Gayungsari 66 17.5 48.5 1152 A
11 Bibis karah 52 9 43.0 1032 Scenariol 29450 441750 e
12 Jambangan 80 23 57.0 1368
13 |Sonokwienan |151 485 1025 2448 Scenario2 280590 336708®
14 Putat jaya 102 18 84.0 2020
15 Benowo 94 36.5 57.5 1400 Secenario 525000
16 Sumber rejo 51 10.5 40.5 960 3 315000©
Total 1614 446 1,168 28059
30 Source: Komalirani, 2011
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e waste separation continues.
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Recycled resin
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Recycled resin
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nawrnEeuCO?2 \nunautSu=Snnstiy elaociia (3)

5 Consumers
00708 = PSUil = wa§suz PS = = S (Ws § susgzea0290)
NWETY 66 7 |
followed by pelletizalion 08w
&

o

25080 PS + PSu = wa§sue® =S0lmPSt == Sote
60% 40%

Environmental Impact Recycled PS New PS
Tray-60% Tray

Energy as Feedstock / GJ 11 32
Energy of Transportation and Processing / GJ 25 33
CO, / ton 2.4 4.5
SO, / kg 1.6 2.7
NO, / kg 2.4 3.2
Solid waste / kg 8.7 22

nawrneuCO2 Ynunautousdnnziiy gaseia (4)

Tray of 60% Recycled PS resin Tray of 100% New PS

Impact reduction

64

Material

Handling
(processing

CO2 emission

Solid waste

)
P R

0% 20% 40% 60% 80% 100%

Le

Table: Environmental impact reduction by using 60% recycled resin
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800 -
y = 100 721"
R? = 0.7518
700
600 *e
~ - = 38, 7327
_ﬁ,,,_r';‘*"”‘g_r_q*nz = 0.8462
500 -
[
L] 'Y

MSW Generation Rate (kg/capita/year)

Waste generation ———>

400 5 0 A <High Generation Rate Group>
. f v = 275107 USA, Australia, Ireland, Hungary
5 R = 0.8852 <Middle Generation Rate Group>
300 Canada, Mexico, S.Krea, Austria,
Belgium, Czecho, Demmark, Finland
France, Germany, Greece. lceland,
200 Italy, Netherlands, Norway, Poland,
M Portugal. Spain, Switzerland,
@ High Generation Rate Group Turkey, UK, Slovakia
100 eMiddle Generation Group <Low Generation Rate Group>
Luxembourg, Japan,
) NewZealand, Sweden
aLow Generation Rate Group
0
] 5000 10000 15000 25000 30000 35000 40000 45000

GDP

GDP (USD/capita)

Fig.4 Relationship of GDP per capita and MSN generation rate

M.Tanaka. http://www5.cao.go.jp/keizai-shimon/special/pdf/1004item7.pdf

nautzSnScmdetiocdsn 1995

Country GNP Per Capita ' Current Urbon ~ Current Urban
(1995 US $) Population MSW Generation
(% of Total)?  (kg/capita/day)

I Repal 200 137 050

Banglodesh 10 18.3 0.49
Myanmar 10 262 045
Vietnam 0 208 0.55
“What a waste: Solid waste Mongolia 30 509 040
management in Asia,” The India " xE 08
. Loo PDR 350 ni 0.69
International Bank for i 2 03 2
Reconstruction, and Development/THE w
WORLD BANK p— — —
Indonesia 980 354 0.76
Philippines 1,050 549 052
Thailand 2740 200 1.10
Malaysia 1890 537 081
*http://web.mit.edu/urbanupgrading/urb Koreo Reublicol 9700 P 159
anenvironment/resources Hong Kong 72,990 950 507
/references/pdfs/WhatAWasteAsia.pdf Singapore 2730 1 10
Jopan 39,600 14 147
"World Bank, 1997b See Figure 7 for comparison to 2025.
*United Nations, 1995
“estimated CNP
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ScmdioannancSoy Jzcnn 9970 2006 - 7

Misc non-combustible Other wastes
Misc combustible 3%

Fines

Sanitary 29,

5%

WEEE
1%

Wood
1%

Textiles
4%

Food waste

~__Garden waste
6%

Other organic
Card %
5%, Paper
12%

http://www.resourcesnotwaste.org/upload/documents/webpage/
RRF%20Advisory%20Committee/JulianParfitt(2010)presentation.pdf

auIuln 28989Uzneunagseessnde

MlJ/kg-Wet % Wet base % Total solid :_g{allog)lilg(; % Total solid L/:(g)l-izry
Plastics 341 --- 0.4 0
Paper 12.9 90.5 0.2 0.7 32.7 158.1
Kitchen waste 5.8 29.6 0.5 1.8 --
Garden waste 7.5 52.2 0.8 2.9 43.1 114.6
Cardboard 13.6 80.6 21 7.7 42.4 154.8

E. Gentil, J. Clavreul, T. H. Christensen, Waste Management & Res., 27, 850 (2009).
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Recycled resin
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< | Waste
New plastics Separate collection plastics
Additives
Other materials 1
Container General Incineration or landfill
manufacturer electricity market
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(mainly produced by households).

laws.

- Waste is separated into industrial waste produced by business activities and all other municipal waste

- Waste recycling volumes and recycling ratios tend to consistently rise after establishment of recycling

Waste

authorities.

Produced by households

Volume recycled
9.78 million t (20%)

Volume produced
48.11 million
tons (100%0)

Volume reduced
32.75 million t (73%)

Final disposal volume
5.53 million t (12%)

Companies producing waste are:]
responsible for treatment.

'~ Industrial Waste

Produced by business activities

Volume recycled
219million t (52%)

Volume produced
419 million tons
(100%)

Volume reduced
180million t (43%)

Final disposal volume
20.million t (5%)

Municipal waste: Data collected in

FY08.
Industrial waste: Data collected in FY07

T Obligation for collection, transport \
Municipal waste and disposal is shouldered by local

Recycling volume and ratio of municipal waste

(10,000 ton)
1400

1200
1000
800
600
400
200

0

| W Recycling volume  —e— Recycling ratio

78

703||

916 940

BG4||

19.6 203

100310201030 o0

FY:99 00 01 02 03 04 05 06 07 08)

(%)
20

=
1S

@

o

Regulated by relevant laws

Copyright METI

[

Background of Containers and Packaging Recycling Law

It is necessary to solve problems of tight final disposal site and establish recycling-oriented society
aiming for zero refuse with the increase of disposal volume for Municipal waste.

waste (volume ratio)

Containers and packaging waste counts up about 60% of household

Ratio by Volume (FY2008)

Other
0.2% Plastic
Glass 40.1%
2.0% 0.7%

Ratio by Weight (FY2008)

Containers
and
Plastic Packaging
Paper 9.1% 23.3%
Other than Metal
Containers and 1.5%
Packaging
38. 4%
Containers Other than
and Cor;)ta ikner_s and Other
Packaging a;sa%:%"g 0.7%
61. 6% _

2 Ratio by volume and by weight was calculated based on the

sample survey targeting for 6 cities and 3 areas across the nation.

Copyright METI

2/22/2012
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[[ Overview of Containers and Packaging Recycling Law

The basic principle of this law is that every player has a role to play in recycling. Consumers should
separate their waste according to category, municipalities should collect the separated waste, and
businesses should recycle what has been collected into new products.

Distributionl Specified Delivery

Consumers : Container/Packaging Specmfed Container
) . Users ol\tl’lla_mu acturers, etcI
[Separated disposal] | [obligation to recycle] [Obligation to recycle]

Payment of recycling costs (40 billion yen) 1!3 S
(Implementation of obligations) Y n @

) Paper Gla:

Collection of - —
Coﬂt:iﬁe'fs"a%d Designated Juridical Person: ~
packaging The Japan Containers And Packaging A tf!
Recycling Association ) Plastic

AY
Local authority Conversion to cullet and ;
[Separated collection]| ellets by recyclin selling recycled_
. p y recycling products/materials

and over of containers and company
packaging

Shoulders cost of collection

Copyright METI

“\ Payment of
Agreement of o N ecycling costs :> Monetary flow
receipt Bidding =3 (39.7billionyen) M wateriaifow

‘[ Issues and concerns about the Law ]I Copyright METI
Currently, we identify some issues and concerns about Japan’s Containers and Packaging Law such as
1) efficiency of recycling system (e.g. cost reduction, cost efficiency and creation of high value-added
recycled products),
2) improvement of fairness, transparency and stability,
3) promotion of prevention and re-use.
e N
v’ Cost reduction / cost efficiency
- including social costs of the whole processes:
‘ 1. efﬁciency of recycling system L from separate collection to recycling )
e N\
v’ Creation/promotion of
high value-added recycled products
. . N\
/\/ Reconsideration of roles and
responsibilities of relevant players
(i.e. consumers, local governments and Designated Manufacturer/Users)
and their cooperation
2. improvement of fairness, - based on the idea of EPR
transparency and stability p <
v/ Prevention of free-riders
= J
e Y
3. promotion of prevention and __| ¥ Methods for setting quantitative
re-use prevention targets and units )
.

16
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Seeking the possibility and suitable technologies
of waste plastics recycling for developing countries

N s

National Institute of
el Advanced Industrial Science
U N E P and Technology
Env |':.J}|:':‘|I|I'I|.:::':'INF:‘;.':-'I;::JI-'I..-'.}|r-|".- + A’sT
UNEP-AIST Workshop
on

Waste Plastics-to-Resources

AIST Tsukuba Center
March 1 -4, 2011

City officials, researchers and
technology providers from
Thailand, Philippines, and Japan

framework of UNEP.

17



AN LHUIIUY
Tasvn1ssvtszaunisuilssil
A ST (TS Y TR

1esunisaitiuduusuilssunaiann
, AaIULRadaLEENNITAUEAENE VU
i AU USAHWAITULIEWATIIUUN VU
L ANIUUTALNARAZNUNA YU
ASENTIINAIIIU

39U NUviuavd
R (rungnapa2511@gmail.com)
% d64 viunuavd (hs3isp@gmail.com)

usHniiavdzaaIfia

11r2aTun1svtsaua

1. uninwaziunaasinsgnis

2. aanunsaiilayiivaasnisuilsgul
paznarddntfuindiululszsnaine

3. aatsulifinaraNINAAIUILURL
ANNALZNASERN
4. Tanman1siisiutnatuiaduay
ad1vinssunIsulssuaacnansannilu
WiuTuilszinalng
5. Anfnssulsene

g
U

22/02/55



1.UnvnazrnunaasInsvn1s

©vau

1.UnvnazrnunaasInsen1s

o AN anisitinuasyaraalutndunaliiagniuiiny
dszanariuas 24-25 au annanwuilsyanng 30,000
AU TunNunsulaay 12.9 a519Alalums

o iBunanaR laAailssnnasasas 20 aavilsuna
wagNANDNINUANILAATU

o Jlanviavdilsznavnazyanas wuinluazwandnin

dalllusanay 12.6 aasiZunanasyanasianus
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1Bunaaaznatain90% aztduuaznargfinuia

PE :Polyethylene wagPP : Polypropylene
eﬁaaaulumauaﬂiuuauﬂonawﬂuuaolaﬂ

o §§ma"l,1nﬂﬁu'iﬂmﬂﬁasdoLa%ymﬂﬁwﬁomummmu
TaalriavansdnasasdriuriadfurinnIsAaLanLay
wilssduazyanaatvitdunwdvrunaunu

o NUAVIUUTHLNHUAZLHNUWRIIIU ATENTIINAIIY
1a9i5ualng Ivlaadusayusulsznaliunasdng
UaAsadIuniaddiu 1 uU 3 und laun meAunatiag
M3U2NTU INATNRUATARUTIAN LRLNALNAUAT
rauuAulunsAadgivsruuAaLaALasssuULTTL
aazwardfntiduiniu Tull 2009-2010

= .
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2. garunsaiilaqiivuavnisuilssdaas
wataantduiindiuludssnaing

(U3tivdiavarana 31fa gasulsenuluiuimaunatiagisudisu)

Aﬂ%mmmuzgadau
nilvnaululailvnau
1aG Iuu 125,000 6u
szazan 7 1 (1 2000-2007)
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1.5zuun1saananuazyanaacg
a o
irsavansna(the front end system)

| ' : J = K
1 5 LT
d - A A ; I B
| ™ 1 r
Y = o
el B 0 p \
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InafUAUTWANAAALAFILNNIAN
AscuIUNS NS lads

fruluaiaziiluaaznassindscian LDPE, HDPE uas PP

2. Aszuun1sInislada

Cooling Tower
Heat Exchanger

Condensars
Exhaust Gas l ’
Riping = B Oil Storage
> Tank
Gas
—
Separator il
S i
]
1
Carbon
Plastic Dls:'h?rge Gas Storage
Pyrolysis Gl and Reeycle
Waste Reactor System
S Plastic = e
\ Feeder : 4 i
Y N A
\*\-\ T ; - Controller
e B
- s :
Burner
S S
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wussUwarsanniduiindiu

ANSHAANANERN Aa TWAasIsiaddu
[Polymerization]

ANSUIANATASIININANEGA Aa A-TNALNAS 1S
ity [De-Polymerization]

—~ \| Polymerization -AIUANDUN Qﬁ
' -MLslAzen
Depolymerization
- Temperature control
- Catalyst
Light
Crude Oil

final
555026
I6H
ihsfudiu
SRR

iTuduannwaiatin

ASZUNUNIS INTIS ladi s
A AMSLHNIMAIEANNIAUIILNAD
AU TASIFTNINIILANADIN AR N

-Uadtia)
C-H Bond .Af.:::‘“* % -Anandaiwas
(Polymer) ©e¢® & ®0000d0®
[ % (74 .%.. .‘
AIeANNIAU ".“*.n..“*

(thermal degradation)

l iuadavldnaaiunfigelszaunn

. L (<5000 hianaanaeidiuluial

" ufEnlAAcn | a0 do iwaeiiad uazdiuiiag
(catalytic degradation) |, 5\ fefidia v laTasa15uaY
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NAOAUTIT LG nASELIUNST NS Ia T
Aa U Tulwisladn (Pyrolytic oil)

syuunsintafiadaesastntnane
wuazaayaaiy (Exhaust gas scrubbing)uaznisiin
Aaiiatndeld1d1ui (Syn-gas)

mszmvlumml,uua”anmnafuLm"l,ﬂLﬂuwaomummsau‘lmmwmms
vinlvigzaadiuudn (Syn Gas) fHuiaignilanldasaanaiauan
nssmmﬁaunnunmaimsaamnmmmﬂwuauaaoNauuw(Wet crubber)




nanaazlagannnITuaa:wingd(Wax)uay
wyA1suau(Carbon Black) Atilunasi&uiiinda
nnstn i ludedjaseniwislads

dagdrunarans1A1AVNISHAR

m Carbon black

M Gasoline oil

" Diesel oil
W Kerosene
= Wax
R . ny diudu(nis1adn)
ALUTWANRANTIN(AU) | Wadwsuay _
NSHAR (3n%) (unsa)

60% 6,600 40.3
q

198,000 1,209.8
1,980,000 12,098.3
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Test Item Test Result Result
(March 2011) Method (Diesel) (Gasoline)

1.Appearance Visual -
240

2.API Gravity@60°F ASTM D

4052-09
3.Specific Gravity ASTM D
@15.6/15.6°C 4052-09
(Density@15°C,g/cm?3)
4.Ash,%wt (bigenin00s)  ASTM D

482-95

5.Flash Point,(P.M),"C  ASTM 93-09

Test Item Result Result
(March 2011) (Diesel) (Gasoline)

6. Water and ASTM D

sediment,%vol 2709-96
(laigun3n0.05)

7.Colour,ASTM ASTM D
/Colour(Hue) 1500-98

8.Corrosion Copper ASTM D
strip(3h/50°C),No. 130-04

(lLiigenivuneaul)

9.Micro Method ASTM D

Carbon Residue,%wt  4530-00
(laigen3n 0.05)
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Plastic gecycle
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Yoshiaki Totoki

Sustainable Consumption and Production
Institute for Global Environmental Strategies
Contact: totoki@iges.or.jp

Workshop on Capacity Building on Accounting and Utilizing GHG Emission i Es
Reduction Measures for Local Waste Management Actors in Developing Asian G
Countries, Vientiane, Laos, 4-6 October 2011.
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250 t/a \—/

WOR9:
@ Q
cJoa8azuou W

4. (Scode Nzl eoonaudivduaan Scodledug ()

(Serds AancSetio

S00tly / ( Sulagnayanciia=> CO2 (atioudo:
(U“a“mugamag [t/y]* (1- (m %[-1)* (@2usu% [t-C/t]*44/12[t-CO2/t-C]
Cwimdy =[(Bendle AancSouan]+[( ‘Euiumam]+[(@f;a98]+[2mu]
250ty =([500* (1-0.90)*0.442]+ [250*(1-0.80)*0.409]+[200*(1-
BiBer 0.57)*0.518]+[250*(1-0.30)*0.409])*44/12
200 t/y =581.8 [t-CO2/y]
206Ny
(250 tly k

\

@cmasmuaumg mum‘fmcmmmu => CH4 1aatieuda:
=[ Nas uuuwu] [ NRzD munssﬂms) .
= (U=Suw8inde [t/y]*(tJuaommsJ((nsa) [t-CH4/t]- ( J=8nTwaut(naudv)
[t-CH4/t])
=3,228(0.038-0.00044)
= 121[t-CH4/y]

(850
3,228 tfy

AMO0025: Avoided emissions from organic waste through
alternative waste treatment processes --- Version 12.0

If you are interested, please see this.
8
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Q E & o a
5. nazU LLﬂﬁQ@ﬁUﬂU RN 26?]18991@

clo9 8ps cugsuaw Yeuna ((Usganey: 72,000, Area: 666 km2 (82.8 %forest )
1 JumaSeode efia was sswau Scods
2. \anSeu

3. Tumawondeuess 0359 ( wsBn'ulila
¢ 5,620kWh/day (plan)
&muﬁquj Soou S €02 rantiends \nenmTgeiutiowsdntuinwm
e I'N ~— = Ave. Ele Gen(kwh/d)*Day (d)* CO2 emission
27t/ QU (50t/ @]J) \ gdzngu;ﬁnc‘s‘-nmnaﬁnmu coefficient (t-CO2/kwh)
? =4,891* 286* 0.000348 (2009)
[STIR-Y @ o
P =487 tly
i;mﬁj 2@892&]@ — 23UIUN: L %
t/day (24t/day) gumt@ud‘wun‘wa [ weSnanausSsy ]
— szuounaLdsn: (35 8,300MCal/day
S’OQDQDQS‘D@U / Wet Process ((35 )) a CO2 reduction as an alternative heat source h
5 t/day (6t/day) - = Heat Gen(Mcal/d)*Day (d)* CO2 emission
80t/au coefficient (t-C02/GJ)
””” HoCoTT 340kw =8,300* 286*0.057*4.2/1000
CINCTNREENE / \_=568 t/y )
16t/ QU (0t/ Qu) tudiu 300t ]
””””””” ~ 50 yen/15kg
( Usita 2,500t )

Source: Hita City
AMO0025: Avoided emissions from organic waste through alternative waste treatment processes --- Version
12.0

6. Naxl twisbcou aanialugiofiu

‘ cfe9 fina8 YoBu cugzuau 8na (sganeu: 116,797, clot: 388.58 km2) ‘

EOTHERAERY 2T
LLES B L]

" | A -
g A

Source: Higashi Omi City
10




6. Nasl twieticou aanualugoniu ()

CH,0COR, R,COOCH, CH,O0H
EOH
CHOCOR, +3CH,OH ——— R,COOCH, + CHOH
- |

CH,OCOR, R,COOCH, CH,0H
==y
Methanol

&

Shmbacter - Uascur) Techrmiony
[ —

Q

6. Nasl twieticou Aaanualuaofiy ()

. nucit can SadoRy
35,000 32,300 31,543
30,000
25,000
20,000
15,000
10,000 -~

5,000 - Source:

Higashi Omi City

€02 N Tnenauts O toticen,

= nawwzdntuleficea * fogu naudeswns CO2 sognauiiticea
= 25,000 [L/y] * 0.000705 [t-C/L]* 44/12 (g-CO2/g-C)

= 64.6 [t-CO2/y]

Approved Methodology: ACM0017 “production of biodiesel for use as fuel”

12
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7. élgm%lgaldz[;mmm@

Bodiawd iioclensenano Hazyazgaunda (g
feauandacty wedooautd Sozuauthkua(n?
« ScrflenancBousio * otlzneuiileudo
* UUS0 €azlamIso . Ysagwﬁu&lu

o cRNUNDUEDRL
5 i

o SULNY LASCSY
g'_ia_z

« 5598,

* 9991 etc.

o nz\tJemuaniing
e etc.

cHennuneownsSozuay
aUnau wnB'cd

etc.
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8. 90N 650 LNFBUNCASUAIN wNUeS TUUscnnano

3 1996 1997 1998 1999 2000

(1000ton)

& 1,413 1,660 1,675 2,103 2,155

993 77 78 110 96 77

Huelse 92 94 108 81 52
Tiin 117 132 150 269 288

o5y 87 95 170 174 174

necy 10 12 17 18 23

Source: FAO

> cHc8unauesSncss 2o9an089

o & & & A
> nauzdnesa ciusy .
»22% 993 Quilu 22% Wi wnuesa

2,000,000 t/y*0.22 => tz30wnucsa: 440,000t/y.
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8. @00 650 wLNSUENSY 49N wnueSa Tudzcnnano

Heat(500- 600 ° C)
(C6H1206)m 2>  (H2+ CO+CHA4+.....+C5H12)
+ (H20+...+ CH30H+CH3COOH}+...)
+ C

:Biomass
. A _Reactor

N
7 ‘e‘?}'ﬁf‘,_‘ IO Flare
Gas cooler —
& .
i Scrubbér | Sand bed X
<l _ Filter -

Engine

Figure 3 - Schematic representation biomass gasification

wng
12890
R

Source: www.bioenergy3.org

8. 899U 680 LNFSWENSU AN wnueSa Wz

Figure 2 Reed’s Woodgas Campstove (left) for sale on the Internet (US$55) and Anderson's
Juntos B+ TLUD gasifier (with removable fuel canister) hand-made in Cambodia with GERES
(estimated cost under US$20). For cooking, the pot can be placed on top of the unit or (better)
be positioned on a simple pot support structure of any size so that the gasifier can be moved for

refilling without disturbing the pot. (photos: Tom Reed, left, Paul Anderson, right)

Source: http://www.hedon.info

2/22/2012



9. FTAY LAz CTntu FlGuSacan

genay

> 100 canSozuoumnausdag Tucenfiocen was Jsfing
cfinTua8 maaeelas Heaundaua?s fudozuoutile). 8909
newdsEudsanuiiy N8 canSozuou a: dsutdnaw dzcnn
cJe9

> Upennano Jeoawiiuodugy tunaudn(g Sozuou
o o ry o
cewsdnusdon waslocdudngen

gaeemniin(H Jeuiiusacdn

> §uﬁuaﬁﬂ§mn'9'um;g wUU nausanauiGnda

» navifotiviiv tisousoy

> nawa (g gdzney, cfinWwlal, Suuzsansuuzyn was
azdunausnnay

> mmwnélam@ggldgumzﬁm e Jednfununaucny
Laﬁuérluauqkdgjwuémﬁm

2/22/2012



nautiaiinserde wuufiuan Soswau MBT
cdeotinayian

Suthi Hantrakul Deputy Mayor, Phitsanulok City Municipality

Phltsanulok

cfJoft 18.26Km?2

32,000 sisugn

78,000
FUOVUY TRONSUSY

50,000-100,000
Sauouiiy #Idansusy

Sutleand
16.6 291 USD




amucijuaumgega:mﬂugcm%g

& = 5 & o Sembiefin
Scrdosaetd gcmasgnmuma oton

RARIERa
wen gusuedn

U880 newiuu
wsSnghuto wnaBozuny
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SRR §1me8
Transfer Station

naudatn wuy Nusn Sosway MBT

e Zﬂ"'@ﬂlﬂﬂ LE.JJJJ 2aUUNOY LN BQ‘W%SEHEJ”QO&]UWLLO
QQﬂQQﬂQUﬂEJSU S, E21J Yam“ ELJ’]O ACINRA)I[ACRS QJJS

e ozuounaull 990 UeBnSoef 08 cde9sn sonslulin
o NAULNSCMES NLROWLIN




naudatn wuy Nusn Sosway MBT

OSUOUNALNNDS0sW Y LA

nauSude ( Scofle finsuwdio tny sanansou)
N9 PN LUUTNSININ

mauﬁu@u

o NAWUSTUsEudsgauniy

susEKng neaiitdzaiy wazaziunauazuaweanan

e bl Fresh air
=== Exhaust air P
Biofilter pressure
i .
. i b

~20 em |

Homogenized waste

Ventilating pipes

Rows of pallets

I Slope approx.

Base ~25 m e

Dipl.-Bioi. Gabriele Janikowski, IKW GmbH







L) 2

QAOAN NJ/NY NSH2LTT8







Refuse Derived Fuel :RDF

wistady : cunibucSeluwmao
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8;'301QU

ua@mammewé@r;mmuea [;m9‘LszUﬂ@uammﬂ8
Desneamaudaitan Yoamu‘féﬁmu cHufaria
Qesuounay navcfinwensBozuat
mudemma@g@&mﬂmamaeugazﬂ%@m 39 Scofedus
vy Bn datn desmanScre

Deoowctiutts fiazd carbon credits cliei
aneSutiy

dieanaudngy genwScoderzinSy
aﬂmmgomamuggaauwsm@[;mag sJﬂflesasJagfjamﬂ

(Qmmgwamma@ danlisuges 50% : aoaumaweniy
1.3t/m3)

100 tons of unsorted waste
- 30 tons High Caloric Fraction (RDF)
- 30 tons Compost-like Subatance

*Per ton Landfill MBT+Landfill | MBT+Pyrolysis MBT+Pyrolysis+
*Thai Baht Gasification

Investment 100
Cost
Operating 200 30 30 30
Cost
After Care 50 = - -
MBT 350 350 350
Pyrolysis 150 150
Gasification 100
Total 350 480 330 230
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nawUsuausn naudeyungeSoUEo
Aannauiadn waz naudadoScnde

Baasansuren Jamsranjav, IPCC TFI TSU

Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction
Measures for Local Waste Management Actors in Developing Asian Countries
4-6 October 2011, Lao People’s Democratic Republic

YR SN

29UcULA

8l IPCC sadugnaudeswngcSoutiownooan
C%JQO ! ! T @ 2
@mam&@mﬂUUQS&ﬂ&@%SQU&ﬂQ@Qﬂ

— naunaanScmdeciinuintu

— nawdadnSemdewuy Sozuau

— NOUANGEN ScE9eleln (LR wyUCIN

& @’ & v & o ®
C@QSUll@ﬁG@QSUSﬂSUQl@L83UU%3mQRmNQU
8012 Jeuaunaudeywns cSouUwno

8§mQU
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SRR RINIKANIR

e naugasn was naudatoSwde cAnf wnsceuwiio GHG
— Yowscwazedo ssmauSrds cumsatnensn LuansouSere
 naudevwnacSouniio Annnauiain was naudniioSinde annon
asciusy Wwiuaa decannadotinnsuationang
o nNaudsuau naudoswnsg GHG Wiy SoUsaaunang
2892 VST
«  Jugnaudesung wlunsdzuay aan nauddaiionin/nauwansen
SERISIEEEAALE AMELIR=E0 JeLdinariotd MWiassconatiafnts
— JWe9 QJJ]JQ‘]O%‘UJ ﬂé@ﬂU LLU@%UUN‘]UUQSLLN%
- ﬁﬁmmwﬁsmgu %UU‘Y&J EUQ&]OUQUN‘WUUQ?JLLN% U]&’J“LUS]QRTUEHSUNU
— udoteucamdn cedanaugnganasSnzuagan ‘Eumwgmwswwgﬂmm

g8l IPCC satugnaudesnaesouiiownngan

« Ja9nau PCC émﬁu‘é‘:nﬂudgmmmgeumﬁ@mogm ANGGIP)
SeUe93TENLa 1 maﬂmsus S U5 UBGHG €990 cle naunsdsuay
newdesiengc@enwiio wingan wasnauueneen. Heencatdd
(http://www.ipcc-nggip.iges.or.jp/)

1995 finwi 1996 IPCC gl faduiiugnaudeswnscdsuwiownogan

IPCC gz Ringi8 was navsanausonudeueuty Tu8 wnecdauwiio

Lamf)gﬂm (GPG2000)

IPCC gfuftintit $nSunaulsit, naudsucdanants iy wazdatis

(GPG- LULUCF)

2006 IPCC giignduiiug wncdeuwfio

. EJUUS’%‘m E]MﬁﬁUUJ’]SlJ Ynetiny GPG2000 and GPG-LULUCF
. mmum/awouwuam was mfj@;uu‘[,@




AsnsdsuaunaudesngcSouwiio tawuot

« wou3H R0
Emissions = AD * EF

AD (Activity data): guu Roazniaos mo?ma 289110 9 mu?mmuﬂga/aneenm
gefjn,c,m sjammuzﬂ Ryzc0a ( cqu mmm@cmae wouedn Gg/@

EF (Emission factor) m@au dsBuaunaude nd nadineen 299 ‘wng dfoniosRaasria
(cSu kg CH4/Gg geagcmaemmmuuﬁm)

* nauchiusia guu AD oz EF wiusdusduiviiu naudsuaunaudeswns

. guuggzﬂlm ng@:nu Scofle (QJJIJ ngofiu nauwsdnsende, soudsneu waz
mmmmu wasSue)

« dl IPCC mmm&meggummmmmh@ LAS AL gémggammmguu

6o . 8 & o v o |
NAUNAOLNTISCN)TUNNU. T]GWUUQEJ CH4

S0wdt 1996 IPCC 6l gzmes i se93t : mu@uméguauaﬂu oy
Sutunawszansciiatios (FOD)
neweuuBdduds ayoumay
* ndn ‘aowiiueSueenCH4 finrin winchiol WitidanaudationScrdetiy
o dJsuaw sonufiuedunauteing manunda naucRnBRaTubit

CH,Emissions(Gg/yr)= (MSW, ¢ MSW, e MCF ¢ DOC ¢ DOC, o F ¢16/12—R)e (10X

MSW;: total MSW generated, Gglyr

MSW,: fraction of MSW disposed to SWDSs
MCF: methane correction factor, fraction
DOC: degradable organic carbon, fraction
DOC;: fraction of DOC dissimilated

F : fraction of CH, in landfill gas (default is 0.5)
Ry recovered CH,, Gglyr

OX: oxidation factor, fraction (default is 0)
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6o . 8 & o v o |
NAUNAOLNTISCN)TUNNU. T]GWUUQEJ CH4

« 3% Sutunausgugzanunsu (FOD) gauan Wmoausncaunsa tunaudzuay
naudesngesnd

— naudatd Sadunaudes3owdo wiuascRaltd Cunangd
— dsyaunay naudsswnsRond eonCH4
* wuudd FOD tidudatow wiu oy g IPCC 2006 volume 5
- fowuunanzangénta FOD (IPPC waste Model) dsnsud g
figasfiao (http:/www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html)
oa P a’s o o w & &
e (LU FOD NERMRIVIBINY Jsmoneganaunaan scmnde
— 2006 g8 I naw wuzda Stinaudsuaudyudzndn naufiainsirds

nanean9fiowuy FOD (IPCC fowuuserds)

e CH, doveendB T aan Scrde datln (Gg)

CH ,Emissions = [Z CH,generated, ; —R; } *(1-0X;)
T : inventory year
X : waste category or type/material
R;: recovered CH, in year T, Gg
OX; : oxidation factor in year T, fraction

* padzuay dzuauess CH4 fiusSosentd W Scrfledaiin wiudats FOD

* QOIS wiy Aauou desanstd W Stodle - uangou 8u8 anusy
a . I 2 [¥ e
fgauanusugzanutd wasficetedbeanan W SWDS

o Snga nwdntad 08?8 dauounousegnauseugzansis, 8nltacsn
SavougEUtSwiazd was Sauoucnae 2o9Buauun




nanean9fiowuy FOD (IPCC fowuuserds)

Gowdgionin mnﬁsmgﬁfﬁa %99 fruasciuSerSen unaneaangnls
mciﬂuacmagg

aﬂmfﬂ.a maqmmu AD wasfowd aoufiucsn Lunanzaasfnts wasnay
BencSawantufcancownz Q “Parameters’ nanzaas astudsy eatiaets
299 IPCC Cunanzaaa oty

@ o o o . \ E h o @
g99799c9en $adunaugntadzuaunaudeswngaanScndetiocdes
SngSufiuduy mgﬂmggn‘m
- ﬁ@UU NSUQQSQEU]EJS
- QEmEJQ?ﬂSUlJO

gzuganticdeoncga DOC was somﬂmummummmmﬁuaaaﬂ(I<)

o
[LUSY?EUETQ&LUU cdusouls NQUQQSQGUWEJQ ARRET QEU]EJB?HSUUO
e 93 wsm‘fm cdencgaga (k) mmsh@:ﬂmammagm%ummﬂ
e 93 UEJ‘WOTU] niniin conagnge
- 1L?\]EJ EOQ‘]?ﬂﬁSQEmSSC@‘ﬂLU (N} E&]JJJJLLJ’W%UCEHUBBJ’LU‘W

TAE B |93 U = 13
1
2 Parameters Country |
3 Region asia- Southeast [~]
4 Please enter parameters in the yellow cells. Ifjno national data are available, copy the IPCC default value.
5 Help on parameter selection can be found in the 2006 IPCC guidelines
6
T IPCC default value Country-specific parameters
8 Value Reference and remarks
2] Starting year 1950 1950
10 I
11 DOC (Degradable organic carbon) | aste by composition E
12 (weight fraction, wet basis) Range Default
13 Food waste 0.08-0.20 0.15 015
14 Garden 0.18-0.22 0.2 0.2
15 Paper 0.36-0.45 0.4 0.4
16 Wood and straw 0.39-046 0.43 0.43
17 Textiles 0.20-0.40 0.24 0.24
18 Disposable nappies 0.18-032 024 024
19 Sewage sludge 0.04-0.05 0.05 0.05
20
21 Industrial waste 0-0.54 0.15 0.15
22
23 DOCT (fraction of DOC dissimilated) 0.5 0.5
24
25 Methane generation rate constant (k) | vwet temperats -
26 (years™) Range Default
27 Food waste 01-02 0.185 0.185
28 Garden 0.06-01 0.1 01
29 Paper 0.05-0.07 0.06 0.06
30 Wood and straw 0.02-004 0.03 0.03
31 Textiles 0.05-0.07 0.06 0.06
I Disposable nappies 0.06-01 01 01
33 Sewage sludge 01-02 0.185 0.185
34
S5 Industrial waste 0.08-0.1 0.09 0.09
36
I Delay time (months) 5] 6

ERE

Parameters .~ MCF -~ Activity .~ Amnt Deposited - Recovery OX _4ieiis

S Time®® Theory - Defaults -~ Food
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1=} = o = E 1= ) T ) T = T
1
2 Methane calculation from: Food waste
3
4
Mational
5 values
6 Doc Doc 015
7 DOCF Doct 0500
8 IMethane generation rate constant L3 0135
) Half-life time (t: - years) 37
10 expl 083
i) Process start in deposition year Month I 13 00
12 exp2 Eexpk=((13-M 1.00
13 Fraction to CH4 F 0500
14
DDOCm
Decomposa |DDOCM not| decompos DDOCm
ble DOC reacted ed accumulated in
Amount {DDOCm) | Deposition | Deposition | SWDS end of DDOCm CH4

15 Year |deposited| MCF deposited vear year year decomposed | generated

D=w~ S H= - |e-c o= | @ =E* 1612
16 v MCF B=D"exp2 -
17 Gg fracticn Gg [=F]
18
19 950, 693 07 37 37 1] 37 1] 0|
20 951 693 07 37 37 1] 67 6 4
21 952 693 0.7 3r 37 1] 92 1 8
22 953 693 0.7 ar 37 a 13 6 1]
23 954 693 07 ar 37 a 31 9 3
24 955 693 07 a7 37 [1] 45 22 5
25 956 G923 07 a7 a7 0 50 25 5]
26 957 693 07 a7 37 [1] 68 27 g
27 958 693 07 37 37 1] 76 28 9
23 959 693 07 37 37 ] 33 30 20,
29 1960 693 0.71 3r 37 a 189 31 21
30 1961 693 0.71 ar 37 [1] 193 32 21
31 1962 693 0.71 37 37 a 197 33 22|
32 963 693 07 37 37 1] 201 33 22
33 964, 693 07 37 37 1] 203 34 23
34 985 693 0.7 3r 37 1] 208 34 23]
35 968 693 0.7 3r 37 a 208 35 23]
36 967 693 0.7 ar 37 [1] 209 35 23
a7 968 693 07 37 37 a 210 35 24
38 1969 693 071 37 37 1] 212 36 24
39 1970 693 071 37 37 1] 212 36 24
40 1971 9 071 37 37 0 213 36 24
M4 v Pammerer: LICE Aty Amor Deposied Bacovery OX o nmeee Theony —~ Derauire | Food o Garden

o 85 o Q o
NAUUAUNLLTIILLUY QuaWNU:! ﬂGWlJUlJDJqlJ

2 '

e ozuounauill was §atsneusdutngess DOC ¢) Seodle wi Jsuctiu CO2
- Udun0mands | |
- ﬁaﬂgguﬁﬂuauﬁkjdzﬂuﬁcaOQQSNﬂuﬁuQu
- lngSuiiu guuzwavusesiy Yudugnyandauawsdntow cduds ndtu
(cthuwondug, sauandudutnnansBy waz Sue))
e CH,uas NO Hoseggauan fignoSy Qeoaaiiy
- CH, aﬂuﬂmﬁﬁ@guTuEQOQQSNﬂuﬁuﬁéﬁeﬂﬂﬂm
- ﬁﬂﬂﬂuﬁuﬁnéﬁﬂsﬁﬁxﬁmﬁ(:HA oz N,O mane
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o o B & Q P o
naudadngenile wuuSoswau: nautiukdudn (cSnwns)

* nudsvszanunagfauzean2e9dogznBus Jagzaansensedy
o w530 WNFBOsWA(CH,+CO,) was Suwes
- CH, tizdnesnuatl sauan wedncduaoausoy waz/ ma newatida
Q. Q e (0} Q
— Bu8wogznuanty csody ndtuszuauty
o o
. N,0 nwdadidesesn wesuounaud

o Q 8 & )
ﬂﬂUUﬂLQUU?@ﬁ&JQU 299 26T19: naudoe) CH4

* YsuunaUdoeCH, :

CH,Emissions =" (M,  EF,)e10°-R

CH, Emissions: nawdss CH, #iorlin Tuiiu8 & Gg CH,
M, : wougaw 299818 § Jauadatn wuudosuay , Gy
EF;: winetl naudadn, g CH, kg Scodledadn

i+ newdiuy ol naueSwnBosuay

R: A9uou CH, #igulin @i §aseentddd, Gg CH,
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o o Q 8 @ )
nauUadnLuU9osaU2e9scmds: naudsy N,O
* naudsuay navdes N,0
N,OEmissions = > (M, ¢ EF,)¢10°°
i

N,O Emissions: naudesN,0 fiorlntuiudunsdd , Gg N,0
M; : Wougau £e98u8 §i Uauadadn wuuSazway i, Gg

EF,: wunel nawsiaiin, g N,O/kg Scrfledatin

i muf]mlu 18 NWESOLNFSoNY

navcdaserdstuchincia was ciacdn: naudss CO,
o) R E & o o G -
- 89 (SzBuausSendetionlintidouacia:

CO,Emissions = z (SW, edm, eCF, e FCF, ¢ OF,) 44/12

CO, Emissions: nautJeeiCO, T;JSU%S Gglyr

S U:ﬁmugcm‘%ﬁgz@mdspmoj / 5ﬂmﬁndf§n ‘zﬁﬂ%ﬂ@ﬁﬂ&laﬁﬂ mIcacdn Golyr

dm; : Sonudindznevsfscrde (dnoindgn)cBnctincin mIcawdio (fraction)

CF, : 89129989091 ?ua@'uﬁmq‘zﬁauﬁg(a'ﬂaﬂugmﬁ@ufﬂm), (fraction)

FCF, : souges anusuannW8a usauouawsuiionin, (fraction)

OF, : winctl een8endy, (fraction)

4412 : & Wnef Jsu Cto CO,

i 0 UscunScorBefitaunciia wedn 08 cdawuucn cdy Sipdeanndocies,

Scndeannenazmziia Scodetienln, StrfleSunzany, Strdleann Tsoul.

o naudzuay Ysduau 289 aausy 49N WeSs wly wuncligagumaag
‘Cunaugntagenma naudey wng CO, . cdungoiiunaudey CO?2 2898y il
(e.g., plastics, certain textiles, rubber, liquid solvents, and waste oil) should be included
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navcaserdstuchincia was ciacdn: naudss CO,
o o a (‘1 [xd @
- §93u Scodlefioclen:

CO,Emissions = MSW oZ(\NFj odmj CF; ¢ FCF, OOFJ.)044/12

CO, Emissions: naut)esiCO, ?U@'Ué’ﬁjﬁ Golyr

MSW : Us8uauSerfeaanfocdesiiorndseun i / Samindsn %ﬂﬂm@ﬁﬂd’uaﬁﬂ rRctincdn Gglyr
WF;: %@uggadzcmmgamgg/é?jdznsiuﬁmmqj U MSW (Hnoiindsn Qcfiadedin mdciincdn
dm, : Sonudiodzneud snde j e8ncfinciia maciiawiio (fraction)

CF; : sdueeganusy Tua@uﬁmqiﬁuuﬁa(a’ﬂaﬂuguéﬁsuﬁm) i

FCF, : sou2e9 avweuannusa tudauonanusuiionin j

OF; : wincti sendendy, , (fraction)

44112 : « unef Jsu Cto CO,

j : YscweScodetitauaca Qefa 08 ciawuucdn (e.g. plastics, certain textiles, rubber)

navcaserdetuchincia waz ciacdn: naudss CH,

. 2
o Q

e naydos CH, nawce ﬁiﬁu;usrvuﬂnm%ﬁﬂimuumqwgg@amge wasgauan JHu aan
UL, COA €Az SonagdusananfiStrie

CH,Emissions =" (IW, e EF,) #10™°

CH, Emissions: CH, emissions in inventory year, Gg/yr
IW; : amount of solid waste of type i incinerated or open-burned, Gg/yr
EF, : aggregate CH, emission factor, kg CH,/Gg of waste
10 : conversion factor from kilogram to gigagram
i : category or type of waste incinerated/open-burned (MSW, ISW, hazardous waste,
clinical waste, sewage sludge, etc.)
« UzBuaw was SatznsueenSirde aztien Uiney ﬁgguﬁmzﬁﬂ #05 twnay

O

fotadzumunaudss CO, and N,O Aannauciiatucta e ciincdn
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navciasendietuchiacia was ciacdo: naudes N,O

Q

e naudos N,O Luuumﬂuggnmﬂ Toseiin a8 9ummmu993mmm J Inaudey
ee eumvwwmmmmmaﬂ 500 - 950°C) was ead NoU289SLIEe

N,OEmissions = > (IW, ¢ EF,) #10°°

N,O Emissions: N,O emissions in inventory year, Gglyr

IW; : amount of incinerated/open-burned waste of type i, Gglyr

EF, : N,O emission factor (kg N,0/Gg of waste) for waste of type i

10 : conversion from kilogram to gigagram

i : category or type of waste incinerated/open-burned (MSW, ISW, hazardous waste,
clinical waste, sewage sludge, etc.)

C@QSJJ (AN QE]Q?]U ﬂSUQUf] muummu(ﬁmmu an'a
Jeuaunaudosens ESQU&&J’@

e |PCC EFDB
- gumes EF sJﬂimma@m@ was Fowd U mr;ilms:mawﬁsgu
Kz89989u996linln, 909 t:fig aﬂmmmeﬂ?qguummmmm

— Accessible at http://www.ipcc-nggip.iges.or.Jjp/EFDB/ and also available in CD ROM
e 2006 IPCC Guidelines Software

— Complete version available by end of 2011 or early 2012
* Information on TFI website

- FAQ

- Presentations

- Documents (meeting reports, brochures etc.)
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SSU@, U

naudsuaunaudeswns 1d Susnaudeseng i %DU]UQSSLLJUQGW@?\’I‘]U cHoasty
LU U 299nud8sens was: gauantinnaunannanauls B0 u=Seuag,
Junnanay tunaumantey.

au IPCC £98uiiu8 naudsswnscSeuwiio 18 semwe9 UiitoYan nauats 3
naudsuay newdesngeas naudausen &O9990

@mmauda {Emmua“imu gaudzuay mudsaaanaas&mmmm nay Jado waznay

o

A990 Scodle was mlﬁgu Uy usJ Volume 5 2989 au IPCC 2006

IPCC TFI 18 s=menctiend was 898auos 950 naw deuauganaudes /dnssen
209ng (EFDB, software and other materials on TFl website)

Thank you
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