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1 Goals of the training workshop

The Training Workshop on Accounting and Utilising GHG Emission Reduction Measures for Local
Waste Management Actors in Cambodia was conducted on 29" — 31% August 2011 at the Hotel
Khemara Battambang 1 in Battambang City, Cambodia.

The objectives of this training workshop are i) to disseminate our publication on ‘Guide for a deci-
sion making and implementation of urban organic waste utilization projects in Cambodia’ and
‘Practical guide for improved organic waste management: climate benefits through the 3Rs in de-
veloping Asian countries’, ii) to share lessons learnt on implementation of climate friendly waste
management practices in other countries in Asia including Thailand, Laos, India, Indonesia and
Japan, and iii) to build the capacities of local authorities and local waste management actors on
estimating greenhouse gas emissions from waste management practices.

The Organizer of the project was the Institute for Global Environmental Strategies — IGES Japan,
and the Cambodian Education and Waste Management Organisation — COMPED.

The organization of the training workshop was hospitalized by the Ministry of Environment of Cam-
bodia and the Battambang Provincial Administration.

The sponsors for the training workshop are the Asia Pacific Network for Global Change Research
and the Ministry of Environment of Japan.

2 Target group/participants

Originally, only 50 participants were invited to the training workshop. They are local waste man-
agement actors from 10 different province and cities, Battambang, Banteay Meanchey, Siem
Reap, Kampong Thom, Kampong Cham, Kandal, Kampot, Kampong Chnang, Pursat and munici-
pality of Phnom Penh (See Table 1).

To the training workshop 14 more participants were attended. They are from different sectors and
institutions, like students, youth associations, local organization as well as local authorities from
Battambang city (See Table 2).

Panel person come to open and closing ceremony were 7 (See Table 3).

In order to manage the training workshop 7 COMPED's staff were involved and 14 speakers (na-
tional and international) shared their experience in different field in waste management sector (See
Table 4).

15 speakers were local and international experts in waste management and waste utilization and
recycling.

COMPED did contribute for rent a simultaneous translation (See Table 5).



Table 1 List of participants

No. Name

Institution

Invited participants

Pursat Province

1 Mr. SEK SAVONN

Agriculture department, officer

2 Mr. HUN AN

Provincial hall, government officer

3 Mr. NORM KIMORN

Environmental department, officer

4 Mr. CHINH KOURNG

Department of public works and transportation, Director

5 Mr. ENG VISAL

City Pursat, government officer

Kampong Chnang Province

6 Mr. KEO THIM

Environmental department, officer

7 Miss. PECH MALAY

City Kampong Chnang, government officer

8 Mr. CHHAY LEAPEAR

Department of public works and transportation, vice di-
rector

9 Mr. NGIN HUN

Agriculture department, vice director

10 Mr. PRUM CHAN SOPHEAP

Provincial hall, government officer

Siem Reap Province

11 Mr. AING SOKPHAL

Agriculture Department, officer

12 Mr. IM VIBOL

Department of public works and transportation, Vice di-
rector

13 Mr. SEAN PHAL

Provincial hall, government officer




No.

Name

Institution

14

Mr. KHOEORN SOKUN-
VISETH

Vice director of environmental department Siem Reap
province

15

Mr. SO PLATONG

Vice governor of City Siem Reap

Kampong Thom Province

16 Mr. ONG BUNNTHOEURN Environmental department, vice director

17 Mr. OU BOSSPHOAN Agriculture department, director

18 Mr. IM SAROEUN Provincial hall, government officer

19 Mr. SREY SOPHAL Public works and transport department, vice director
20 Mr. EAR KIMLON City Stung Sen, vice governor

Kampot province

21 | Mr. MUNG SAMOEUN Agriculture department, chief of agronomy office
22 | Mr. DENG POKANAL Environmental department, vice office chief
23 | Mr. CHHIEV CHIEM City hall Kampot, government officer
Department of public works and transportation, vice di-
24 | Mr. SARY SOFY
rector
25 | Mr. CHRIM VUTHA Provincial hall, government officer

Kampong Cham Province

26

Mr. VA CHAN OU

Vice office chief, department of public works and trans-
portation Kampong Cham province

27

Mr. CHEA SEILA

City Kampong Cham, government officer




No. Name Institution

28 Mr. HAN LINA City Kampong Cham, chief of environmental office

29 Mr. LAY CHHAY Environmental department, vice director

30 Mr. SIM THAVIRAK Agriculture department, director

Kandal

31 Mr. SUM SOVANN Agriculture department, officer

32 Mr. SOM SARET Department of public works and transportation, officer
33 Mr. MEN CHANTHY Provincial hall, chief of law office

34 Mr. TITH SOPHANARA City Takmao, government officer

35 Mr. THOR SOPHEAP Environmental department, officer

Banteay Meanchey Province

36 | Mr. RING BUNCHHUOY Department of public works and transportation, officer
37 | Mr. SENG MENG Department of agriculture, officer

38 | Mr. YON KHAV City Serei Sourphorn, vice governor

39 | Mr. NGETH YUTHOEUN Environmental department, officer

40 | Mr. CHHEM BUNNY Provincial hall, government officer

Municipality of Phnom Penh

41

Mr.

TES NOREARITH

Municipality of Phnom Penh, environmental officer




No.

Name

Institution

42 Mr. SAO KUNCHHON Municipality of Phnom Penh, government officer
Department of public works and transportation, vice di-
43 Mr. NEY SONA
rector
44 Mr. CHIN SOTHUN Ministry of Environment, pollution control department
45 Mr. NGOUN RAKSMEY Officer of waste collection company, CINTRI

Battambang Province

46 Mr. SIENG EM WOUNZY Vice governor of Battambang City

47 Mr. KONG VANNAK Officer of environmental department

48 Ms. KIM SOKUNTHEARY Officer of public works and transport department
49 Mr. KEAR CHHUN Officer of agriculture department

50 Mr. VAN CHANTOLA Officer of provincial hall




Table 2 Participants that requested to join the workshop

No. Name Institution
1 Mr. MAO NAROTH Environmental Department Kampot
2 Mr. YEAN RAKSMEY Youth association
3 Mr. OUCH VEASNA Student
4 Mr. PRING SOPHEA Youth association
5 Mr. Y NARUN CEDAC Organization (Agriculture)
Communal council member of Ratanak commune, Bat-
6 Mr. HAM HENG
tambang
7 Ms. PHEAK KRALAB Communal leader Slaket commune, Battambang
8 Ms. NU NEARY Communal leader of Svaypor commune, Battambang
Communal council member of Toul Ta EK commune,
9 Mr. GEAR SAMON
Battambang
10 Mr. NU CHAROUEN Government officer of Battambang City
Communal leader of Preak Preak Sdeck commune,
11 Mr. KHAN BUN PHENG
Battambang
12 Mr. KIM CHANG Communal leader of O Cha commune, Battambang
Communal council member of Samrong commune, Bat-
13 Mr. CHOR SOVANNA

tambang

14

Ms.

CHAN NACY

Farmer from Pursat




Table 3 Panel persons (Cambodian)

No. Name Institution

1 H.E KHIEU Muth Secretary of State of Ministry Environment of Cambodia
2 H.E UY Ry Vice governor of Battambang Province

3 Mr. OEUM Sokhun Governor of Battambang City

4 Mr. SOPHAL Laska Assistant of H.E KHIEU Muth (MOE)

Table 4 List of COMPED staff members

No. Name Institution
1 Mr. SAM Phalla Compost project leader

2 Mr. UCH Rithy Project officer

3 Mr. TAN Sokun IT

4 Ms. OUCH Pannha Finance

5 Ms. Ou Sopheamony Finance assistant

6 Mr. KAN Chengly Social worker

7 Ms. Tep Ratha Social worker (voluntary)




Table 5 List of speakers

Gamaralalage

No. Name Institution
1 Dr. Janya Sang-Arun IGES, Japan

2 Dr. Chrin Sokha MOE, Cambodia

3 Mr. Chau Kim Heng COMPED, Cambodia

4 Dr. Premakumara Jagath Dickella IGES, Japan

ol

Dr. A. Saji Das

Biotech, India

6 Mr. Meng Chan Vibol

NBP, Cambodia

7 Mr. Ngin Bunrith

V2DO/CARDO, Cambodia

8 Dr. Suthi Hantrakul

Deputy Mayor, Phisanulok Municipality, Thailand

9 Prof. Korakanh Pasomsouk National University of Laos
10 Dr. Alice Sharp SIIT, Thailand
11 Mr. Yoshiaki Totoki IGES, Japan

12 | Dr. Jamsranjav Baasansuren

IPCC/TSU, Japan

13 Dr. Yoichi Kodera

AIST, Japan

14 Ms. Rungnapa Tubnonghee

Warinchamrab Municipality, Thailand

Table 6 Interpreter

No. Name

Institution

1 Mr. RATH Soth

Freelancer/MOE




3 Agenda

3.1.1 ltinerary agenda of the training of the workshop

The following agenda of the training workshop was planned initially.
28 August 2011 (Sun)

Pre-workshop meeting and welcome dinner for speakers and APN counterparts

29 August 2011 (Monday)

08:00 -08:30 Registration

08:30 -08:40 Introduction of the workshop - Dr. Janya Sang-Arun (IGES)

08:40 -08:50 Welcome speech by H.E Uy Ry, vice governor of Battambang Province

08:50 -09:20 Opening remarks by Khieu Muth, Secretary of State of Ministry
Environment of Cambodia

09:20 -09:50 Introduction of the national 3R strategic plan by MOE Dr. Chrin Sokha, MOE

09:50 - 10:00 Break

10:00 -11:00 Recommendation guideline for promoting utilization of urban organic waste,

Mr. Chau Kim Heng, COMPED

11:00 - 11:30 Decentralised composting: Surabaya case by Dr. Premakumara Jagath
Dickella Gamaralalage, IGES Kitakyushu Urban Centre

11:30 -12:00 Centralised composting: Mr. Chau Kim Heng, COMPED

12:00 -13:15 ----------- Lunch time-------------

13:15-13:45 Anaerobic digestion: Dr. A. Saji Das, Biotech India

13:45 - 14:15 Introduction of bio-digester for waste biomass in Cambodia by Mr. Meng
Vibol, NBP

14:15 - 14:45 Promotion of Urban biogas plant in Cambodia, Mr. Ngin Bunrith (CARDO)

14:45 - 15:15 Mechanical biological treatment (MBT) in Phitsanulok, Dr. Suthi Hantrakul,
Deputy Mayor, Phisanulok Municipality

15:15 - 15:30 Break

15:30 - 17:00 Visit Social Waste Management Center (Dumpsite, Composting Site and

Biogas plant)

18:00 Welcome dinner for all participants



30 August 2011 (Tuesday)

07:30 - 08:00
08:00 - 08:30

08:30 - 09:00

09:00 - 09:30

09:30 - 09:45
09:45 - 11:00

11:00 - 12:00

12:00 - 13:30
13:30 -14:00

14:00 -17:00

Registration

Development of small scale urban organic waste treatment in Laos, Assoc.
Prof. Korakanh Pasomsouk, National University of Laos

Overview of urban organic waste management for climate change mitigation
in Thailand, Dr. Alice Sharp (SIIT)

Lessons learnt from biomass town development in Japan, Yoshiaki Totoki,
IGES

Break

Estimation of GHG emission from waste disposal and treatment technology
Dr. Jamsranjav Baasansuren (IPCC/TSU)

Accounting GHG emission reduction from plastic waste recycling
Dr. Yoichi Kodera (AIST

Plastic waste conversion to liquid fuel in Thailand by Ms. Rungnapa
Tubnonghee, Warinchamrab Municipality

Group’s exercise (10 provinces)

31 August 2011 (Wed)

08:30 -11:00
11:00 -11:30
11:30 -12:00
12:00
14:00

Group’s report (10 minutes each + 3 minutes for Q & A)
Evaluation and discussion for follow-up activities

Final statement by Governor of City Battambang
Farewell lunch

Post-workshop meeting (Organisers and speakers)
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3.1.2 Final Agenda

Because due to time consumption, content of the presentation and suggestion of speakers, we
came at the end into the final agenda as below:

28 August 2011 (Sun)

Pre-workshop meeting and welcome dinner for speakers and APN counterparts

29 August 2011 (Monday)

08:00 -08:30
08:30 -08:40
08:40 -08:50
08:50 -10:00
10:00 -10:15
10:15 - 10:45
10:45 -11:15
11:15-11:38
11:38 - 12:05
12:05-13:25
13:25 - 13:45
13:45 - 14:15
14:15 - 14:40
14:40 - 15:10
15:15 - 15:30
15:30 — 15:45
15:45 - 17:00
18:00

Registration

Introduction of the workshop - Dr. Janya Sang-Arun (IGES)

Welcome speech by H.E Uy Ry, vice governor of Battambang Province
Opening remarks by Khieu Muth, Secretary of State of Ministry
Environment of Cambodia

Break

Introduction of the national 3R strategic plan by MOE Dr. Chrin Sokha, MOE
Recommendation guideline for promoting utilization of urban organic waste
and centralised composting: Mr. Chau Kim Heng, COMPED

Q&A

Decentralised composting: Surabaya case by Dr. Premakumara Jagath
Dickella Gamaralalage, IGES Kitakyushu Urban Centre

Anaerobic digestion: Dr. A. Saji Das, Biotech India

Introduction of bio-digester for waste biomass in Cambodia by Mr. Meng
Vibol, NBP

Promotion of Urban biogas plant in Cambodia, Mr. Ngin Bunrith (CARDO)
Mechanical biological treatment (MBT) in Phitsanulok, Dr. Suthi Hantrakul,
Deputy Mayor, Phisanulok Municipality

Q&A

Break

Visit Social Waste Management Center (Dumpsite, Composting Site and
Biogas plant)

Welcome dinner for all participants
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30 August 2011 (Tuesday)

07:30 - 08:00
08:03 - 08:47

08:47 - 09:02

09:02 - 09:33

09:33 -10:00
10:00 - 10:15
10:15 - 11:20

11:20 - 11:50

11:50 - 13:30
13:30 -14:30

14:30 -17:00

Registration

Development of small scale urban organic waste treatment in Laos, Assoc.
Prof. Korakanh Pasomsouk, National University of Laos

Overview of urban organic waste management for climate change mitigation
in Thailand, Dr. Alice Sharp (SIIT)

Lessons learnt from biomass town development in Japan, Yoshiaki Totoki,
IGES

Q&A
Break

Estimation of GHG emission from waste disposal and treatment technology
Dr. Jamsranjav Baasansuren (IPCC/TSU)

Accounting GHG emission reduction from plastic waste recycling
Dr. Yoichi Kodera (AIST

Plastic waste conversion to liquid fuel in Thailand by Ms. Rungnapa
Tubnonghee, Warinchamrab Municipality

Group’s exercise (10 provinces)

31 August 2011 (Wednesday)

08:30 -11:00
11:00 - 11:30
11:30 -12:00
12:00
14:00

Group’s report (10 minutes each + 3 minutes for Q & A)
Evaluation and discussion for follow-up activities

Final statement by the Governor of City Battambang
Farewell lunch

Post-workshop meeting (Organisers and speakers)

12



4 Summary of presentations and discussion points (including Q&A) (See Annex 1)

Day 1, 29" August 2011

4.1 Welcome and introduction session (8:30 — 10:00)

The workshop began with a short introduction about the aim of the training workshop by Dr. Janya
Sang-Arun, IGES.

It was followed by an important welcome speech by the Vice Governor of the Battambang Province
H.E Uy Ry. He explained to the workshop the importance of a clean city in order to attract tourism
and the importance of not just quantity, but also quality in rice production, leading to the impor-
tance of the use of compost from waste for rice production.

The keywords during speech of H.E Khieu Muth, Secretary of State Ministry of Environment are
3Rs (Reduce, Reuse, Recycling), 3Cs (Clean Air, Clean Water and Clean Land) and Zero Waste.
Therefore, the Ministry of Environment of Cambodia is working hard on the development of laws on
environmental pollution management. In addition, he considered to accommodate the workshop
output into the drafted law.

4.2 Presentation session

4.2.1 Solid Waste Management based on 3R Initiative in the Kingdom of Cambodia (10:15 —
10:45)

Presenter: Dr. Chrin Sokha, Deputy Director General, General Directorate of Technical Affairs
Ministry of Environment

In line with the statement of the Secretary of State Ministry of Enivronment, Dr. Chrin de-
scribed details of each policy as follows:

(1) The importance of the 3Rs initiative in solid waste management: to ensure the envi-
ronmental sustainability, reduce risks and hazards to the environment, public health, im-
prove production and efficient use of resources, contribute to the reduction of various fac-
tors of climate change and increase job opportunities for local communities, especially the
poor.

In this part he also explained that the 3Rs is the appropriate solution, as there is still lack of
financial, technical and human resources in solid waste management. Unfortunately, the
3Rs is still not a priority on the agenda of the national action plan. At this time, 3Rs initia-
tives are only implemented by non-governmental organisations (NGOs). There are not any
detailed regulations on 3R implementation and the understanding of the importance of 3Rs
on the national and local level are still limited.

(2) Introduction of the draft of the 3R implementation strategy: for developing municipal,
industrial and hospital waste management systems. The objectives of the 3R strategy are
to improve waste collection services to cover 50% of municipal solid waste by 2015 and
60% by 2020, enhanced waste separation at the source up to 10-20% at households and
30-40% in business areas by 2015 and to increase these to 50% and 70% respectively by
2020. The strategy also targets to compost 20% of urban organic waste and to promote the

13



use of compost by 2015 and to increase the amount of composting household organic
waste to 40% and of organic waste generated at markets and business centres to 50% by
2020.

The 5 steps of the 3R implementation strategy are (1) to develop regulations for 3R imple-
mentation (2) To organize and build capacities for all levels of waste management both on
a national and local level (3) to develop and implement pilot projects (4) to report the results
of pilot project implementations to all levels of waste management on both the national and
the local level and finally (5) to integrate the 3Rs implementation strategy into national de-
velopment planning. The 3R implementation strategy then needs to be adjusted and im-
proved according to the actual numbers and facts of the individual projects.

(3) Proposing 3R implementation strategies as the basis for a draft of law on environ-
mental pollution management. 3Rs initiative is integrated into the environmental action
plan for 2009 — 2013 and into the draft of law on environmental pollution management as in
Article 33, Sub-point No. 3: Urging and implementing waste separation, reduction, recy-
cling and any activities to extract resources from garbage prior to a final disposal.

4.2.2 Introduction guide for a decision making and implementation of urban organic waste
utilization projects and centralized composting in Cambodia (10:45 — 11:15)

Presenter: Mr. Chau Kim Heng, Director of COMPED Organization

(1) Explanation of the term of GHG and the impact on the global environment, economy and
society. Organic waste is also a source of GHG emission. Methane is the most common
form of GHG emissions from the waste sector, its capacity for global warming is 21 times
higher than that of carbon dioxide.

(2) Review of the organic municipal solid waste management situation in Cambodia. 60% —
70% of all waste is organic waste. Conventional MSWM in Cambodia is collection, transport
and disposal in an open dump site. There is no source separation; utilization of urban or-
ganic waste is still very low (for animal feed and composting). Currently, no legal instru-
ments (except sub degree No. 36 on solid waste management) and no guidelines and
frameworks for organic waste utilization exist.

(3) A short introduction and comparison of urban organic waste utilization technologies (3Rs,
composting, anaerobic digestion, mechanical biological treatment, sanitary landfill and in-
cineration)

(4) A short introduction of the important key points for selection (information of quantity and
sources of organic waste, low cost and simple technology, etc.)

(5) A short introduction of the important key points for the implementation of the project (setting
institutional framework, capacity building, public hearing and democracy discussion, source
separation, etc.).

14



4.2.3 Centralized composting
(1) An explanation of the advantages of centralized composting (no source separation, no ex-
isting legal frameworks on recycling and composting as well as a decentralized waste man-
agement policy, no available land, recycling activities are isolated from waste management
activities, etc.)
(2) Difficulties and obstacles (need for a large area of land for pre-treatment activities like sort-

ing, the need for a lot of man-power, tools and energy for turning and sorting waste)

(3) Ways to keep the project alive (land provided by the city, part of the project expenses cov-

ered by project money, selling compost at a high price)

(4) The method of open windrow composting.

424 Q&A Session (11:15-11:38)
(1) Q. ( Dr. Premakumara Jagath Dickella Gamaralalage) Does the draft of national 3R imple-

menting strategy is shared with the local government?
A. (Dr. Chin Sokha) National 3R implementation strategy is still a draft and needs to be
updated. This draft is not shared with the local governments.
(2) Q. (Participant): What are the differencest between garbage and solid waste?
A. (Mr. Chau Kim Heng) Garbage is non-recyclable material, doesn’t has any value, solid
waste is the general term for that which can be recycled, used as resource and also includ-
ing garbage.
(3) Q. (Participant): What is the importance of 3R implementation and what is the environmen-
tal impact, due to lack of awareness?
A. (Dr. Chin Sokha) 3 R- Reduce, Re-use and Recycling, this is the new subject in Cam-
bodia so we need to strengthen the people to participate and implement. Understanding
and disseminating the concept of 3R from one to another is the legal responsibility of the
authorities.
(4) Remarks of participants: In articles 4 and 5 of the sub-decree 36 on solid waste man-
agement in Cambodia show that the provincial and city administrative authorities are re-
sponsible in planning and implementing solid waste management, therefor the 3R imple-

mentation is responsible also by the local governments.
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4.25 Decentralized composting, Surabaya case indonesia (11:38 — 12:05)

Presenter: Dr. Premakumara Jagath Dickella Gamaralalage, IGES Kitakyushu Urban Centre

The first point of the presentation is that the participation of the community is the most important
part in solid waste management.

Dr. Premakumara divided his presentation into three parts.

(1) Introduction of home composting (household composting) and composting on the level of
small communities with low technical requirement.

(2) A case study in Sarabaya Indonesia. Even for this large city the decentralized composting
can be applied. Waste is managed in two parts: community part and municipality part. Be-
sides composting the community collects the waste together with NGOs (primary) and
transports it to a transfer station. The municipality transports (secondary) the waste from
the transfer station to a disposal site. All generators of waste pay a fee to the community
and to the municipality. The compost products are used by the people for household gar-
dening or are sold at the market. To promote composting the community is providing com-
post bags free of charge. For the composting at community level the government is collect-
ing tolls and providing machinery and especially land. Source separation is important for
the promotion of the project. By composting 1.4 tons of organic waste per day, GHG emis-
sion could be reduced by 2,945 tons of CO, within 10 years. The city government gives
awards to promote composting activities.

(3) Introduction about the risks and advantages of decentralized composting,

¢ Risks of decentralized composting are a small scale without proper management, no
longer support for buying compost, not ready to pay for the collection fees, no separa-
tion of waste at the source and lack of support from the local government.

e Advantages are that no high technology is required, it's cheap, can be integrated into
general waste management, it can be involved from all stakeholders and people can
easy understand and implement the regulation.

4.2.6 Anaerobic digestion (13:25 — 13:45)

Presenter: Dr. A. Saji Das, Biotech, India

The main goal of the presentation was to introduce the technology of anaerobic digestion to proc-
ess domestic organic waste into energy (biogas) and fertilizer.

The technology is applicable for either solid or liquid waste from kitchen and toilet. There are vari-
ous types of technology range from a small unit for households with 3-5 family’'s members. The
latest model is a mobile conversion plant.

The domestic bio-waste treatment plant that sells best is one cubic meter (CUM) size. It can treat 2
kgs solid waste mixed with 20 to 30 litres organic wastewater. The annual biogas generation is 365
CUM therefore CO, emission can be reduced by 3.5 CUM. 1 CUM of biogas can be converted into
1.5 KW electricity.

In addition, BIOTECH develops biogas plants for the treatment of organic matter from public build-
ings or institutions like hospitals, schools, etc.
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4.2.7 Introduction of bio-digesters for waste biomass in Cambodia (13:45 — 14:15)

Presenter: Mr. Meng Chanvibol, National Biodigester Programme - NBP
The presentation divided in three main parts:

(1) Introducing the NBP program: NBP is a joint program between the Cambodian Ministry of
Agriculture, Forestry and Fisheries and the Netherlands Development Organisation — SNV.
Goals of NBP are to establish a sustainable, market oriented bio-digester sector to utilize
manure in Cambodia. The programme is concentrating on 12 provinces out of the 21 prov-
inces in Cambodia. The plan is to construct a total of 18,600 plants and 13,000 plants are
being constructed and the rest will take 1 year for completion. NBP apply to receive the
Verified Emission Reduction (VER).

(2) Introducing the farmer’s friendly biogas plant model. The ‘Farmer’s Friendly Bio-digester’
is a fixed dome design based on the ‘Deenbandhu’ model. The design selection criteria in-
clude: durability, reliability and maintenance requirements; local availability of construction
materials; appropriate design for areas with high water tables; costs. The design is pres-
ently available in 5 different sizes: 4, 6, 8, 10 and 15 m?.

(3) Benefits of using the farmer’s friendly biogas plant model (saving expenses for firewood by
using biogas for cooking; 1 m® biogas is equivalent to about 5 kgs of fire wood, reduction of
smoke borne diseases, enhancement of soil productivity via the use of bio-slurry, GHG
Emission Reduction: 4.5 tCO,e/Plant/Year, etc.)

4.2.8 Promotion of urban biogas plant in Cambodia (14:15 — 14:50)
Presenter: Mr. Ngin Bunrith (CARDO)

The main goal of the idea is to produce fertilizer from urban biomass by using anaerobic bio-
digester technology. The organisation did a lot of research work and started to test the developed
technology for the first time in the last two months. The idea is quite new in Cambodia, and needs
a pilot test to confirm the applicability.

The introduced technology is similar to floating drum in different sizes to process kitchen organic
waste, organic wastewater and also agriculture organic waste.

4.2.9 Mechanical biological treatment (MBT) in Phitsanulok, (14:50 — 15:10)
Presenter: Dr. Suthi Hantrakul, Deputy Mayor, Phitsanulok Municipality

The solid waste management in Phisanulok includes a zero landfill policy. Unsorted waste is
treated mechanically and biologically before it is disposed into the landfill.

Because of the zero landfill policy the municipality now wants to do the screening to separate the
MBT treated waste into two waste categories: compost-like substances as biomass for gasification
to produce electricity and plastic for pyrolysis (under construction).

The importance of the mechanical treatment process is to enable the manual or automated sorting
of the recyclable materials from the mixed waste stream (e.g., metals, glass, paper, furniture, etc.).
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The biological process can be bio-drying (waste is dried by air convection), anaerobic digestion,
composting or a combined method. The applied technique of biological treatment is like static aer-
ated composting and takes about nine months.

Benefits of MBT are: there is no need to cover the waste, as the waste is dried and no smells; the
cost of landfill operations can be reduced; extended lifetime of the landfill (reduced waste volume
by at least 50%, density >1.3 t/m3); minimization of leakage outflow and avoidance landfill gas
emission.

MBT is also a kind of pre-treatment for the incineration process.

4.2.10 Q&A Session (15:10 — 15:30)
Question: How can NBP fulfill the plan for the construction of 5600 plants with ho more than half a
year till the end of 20127

Answer: NBP will be able to construct more than 5600 biogas plant till the end of 2012, because of
the achievements this year is already high.

Question: How can you give loans with low interest rates to the users?

Answer: NBP is not the institute for giving loans to the users. Two micro credit institutions Prasac
and Amrith are responsible for providing the loans. NBP only provides technical supports.

Question: Are the local authorities involved in the investment costs for the installation of MBT
technology?

Answer: The local authority has the duty to invest in landfill constructions. Because of cost bene-
fits and the zero landfill policy, the local authorities decided to have MBT include pyrolysis and
gasification. The operation cost per ton of waste is cheaper than an equivalent landfill.

Question: How is the process going to work during the rainy season and what happens if the rain
water has soaked through the waste?

Answer: MBT is processed on the landfill which has a proper drainage system, so there is no
problem even in rainy season.

Question: On what grounds did the municipality decide to choose MBT for the treatment of un-
sorted waste and how well does the public participate in the waste management system?

Answer: We use to have problem with landfill siting and landfill management. Therefore, we are
cooperated with GTZ to study about the feasibility of MBT and have an experiment of MBT for one
year. After we have confidence from the pilot test, we decide to implement MBT. In parallel, we
promote recyclable waste separation for sale and community based waste management. There-
fore, we don’t have much sellable waste deliver to the MBT system.

4.2.11 Field trip to visit the Social Waste Management Centre — COMPED (15:45 — 17:00)

(1) Introduction of the Social Centre: The Social Centre is used since 2010; it brings a lot of
benefits to the waste picker families such as taking a rest, getting water or using the sani-
tary facilities. It was built to accommodate 80 waste pickers. Also, the family’s kids can

come to the centre to learn, play and rest.
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(2) Introduction of the composting facility: Participants are aware of the difficulty of the
composting process without source separation. Therefore COMPED is able to divert or-
ganic waste from the dumpsite to the composting site at a maximum of 10 t/day.
Participants are also aware the fact that waste separation at the source helps our farmer a

lot as it lowers the price of compost.

(3) Introduction of the bio-digester facility: the 10 m® bio-digester plant is constructed for the
utilization in the kitchen at 100 kg/day. The produced biogas is used for cooking and light-
ing. The slurry is used to speed up the composting process.

(4) As the composting facilities are close to the dumpsite, so the participants can see the con-

dition of the open dumpsite.

Day 2, 30" August 2011

4.2.12 Development of a small scale urban organic waste treatment plant in Laos, (8:03 —
8:47)

Presenter: Assoc. Prof. Korakanh Pasomsouk, National University of Laos

He remarks that on the whole, climate change is a global problem, 1 t of GHG emitted in Laos has
impacted as same as in Japan. Moreover, waste is resource so please don't waste your waste.

Presentation is divided into four parts:

(1) Introduction of waste management is a problem in Laos, because of financial and human
resource constraints. There is no proper organic waste management (70% of the total
waste amount), causing GHG emission. In Laos 220 t/day organic waste are dumped into
the dump sites.

(2) Explaining the importance of 3Rs in waste management and why waste is a resource.

(3) Suggestions for 3Rs practice (Reduce meant your waste today is less than yesterday and
tomorrow will be less than today; Re-use: please re-use your product, for more purposes
until it can’t be used; Recycling). For the 3Rs implementation, waste has to be separated in
3 categories (biodegradable solid waste, sellable solid waste and toxic or hazardous
waste).

(4) Introducing bio-digester plants to process and utilize manure in Laos and report the result of
case studies with bio-digester plants to process and utilize kitchen waste as well as me-
chanical methods for making briquettes from organic waste.
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4.2.13 Overview of urban organic waste management for climate change mitigation in
Thailand, (8:48 — 9:02)

Presenter: Dr. Alice Sharp (SIIT)

Dr. Alice Sharp provided the following overview of urban organic waste management for climate
change mitigation in Thailand.

(1) Introducing waste status and waste management systems in Thailand (only 84% of 15.16
MT are collected 40% of which are disposed at the landfill or incinerated; 60% are disposed
in open dumps or burned openly. Only 22% of the recyclable wastes are treated. In aver-
age the organic waste is about 60% of total generated waste in Thailand. The solid waste
management integrated system is commonly used in Thailand.

(2) Explanation on policy frameworks in Thailand (apply 3Rs for achieving waste reduction &
utilization; promote integrated waste management systems to reduce the landfill areas and
generate renewable energy; encouraging the cooperation of adjacent local governments for
the establishment of waste management facilities; endorsing public and private sectors to
participate in waste management projects.

(3) Overview of the criteria for the development of clusters and the appropriate technologies.

(4) Explanation about waste management system (conventional, integrated, community based
waste management systems) and the keys to success for solid waste management like
maximized recycling, good management, efficient technology, proper regulation, private
endorsement)

(5) Overview of the National GHG emission inventory.

4.2.14 Lesson learnt from biomass town development in Japan, (9:03 — 9:33)

Presenter: Yoshiaki Totoki, IGES

The goals of the presentation are to learn the utilization of waste in urban sectors by seeing the
Japanese practices and to consider what can be done with energy/materials from urban sectors in
Cambodia.

Biomass town does not mean that there is a lot of biomass in that town but there is a policy to util-
ize urban and agricultural biomass. From the lessons learned Mr. Yoshiaki Totoki introduced some
technologies that being used in some towns and cities in Japan.

Biomass utilization can be used for energy or material purposes. The policy for the biomass town
was provided by the Japan Ministry of Agriculture. In Japan, 300 towns have become biomass
towns.

(1) The example of composting in the town of Motegi, Tochigi Prefecture for utilizing cow dung,
kitchen waste, fallen leaves, saw dust and rice husks for compost. 60% of the farmers in
Motegi Town use compost from the town in order to sustain the compost project. By divert-
ing biomass from the incineration facilities to the composting facility every year the town
was able to reduce CO, emission by about 581.8 t-CO,/y and methane emissions from cow
dung by 121 t-CHyly.

(2) The example of the methane fermentation facility in Hita city, Oita Prefecture which utilizes
pig’'s manure and urine, kitchen waste, sewer sludge and sake cakes to generate electricity
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and heat. CO, reduction due to alternative electric generation is about 487 t/y and CO, re-
duction due to use of alternative heat sources around 568 t/y.

(3) The example of producing bio-diesel from waste cooking oil in Higashi Omi city, Shiga Pre-
fecture can reduce CO, reduction from diesel by 64.6 t-CO,ly.

He also explained that the potential of biomass in Cambodia can be utilized with different tech-
nologies like

(4) Gasification to utilize rice husks to be converted into electricity; composting to utilize urban
organic waste for produce compost; and anaerobic digestion can be used to produce bio-
gas from kitchen waste for heating and lighting.

(5) The keys to success was to prioritize the proper waste management, to involve the stake-
holders, to utilize existing facilities and technologies and to improve human resource and
waste management systems. Separation at source and efficient collection system are key
points for success.

4.2.15 Q&A Session (9:33 - 10:00)

Question: What kind of mechanisms are there to convince all stakeholders to participate in waste
management? (2) What about the combined expenses of all of the stakeholders for waste man-
agement? and (3) How are the experiences with developing and implementing the regulations?

Answer: People have to be aware of a kind of incentive like getting money by selling the product
when they participate in waste management. The important task to convince people to participate
in waste management is to make people understand the importance of the waste management.
Moreover the local government must support all initiatives in solid waste management.

Question: Concerning the technology, how important is cutting down the GHG and increasing the
soil quality?

Answer: Using technologies for utilize biomass even composting, biogas or gasification in one
hand GHG emission (CH,4) can be reduce directly from waste and in other hand GHG emission
(CO,) can be reduce by transportation. Compost, sludge from bio-digester and ash can use for
improve the agriculture soil, instead using chemical fertilizer, which is the cause of N,O emission.

Question: Do low climate temperatures interrupt the biogas processing?
Answer: No problem at all.
Question: What kind of biomass is suitable for biogas production?

Answer: Studying the organic waste, different kind of wastes like food and vegetables are best
suited to produce Biogas, vegetable and meat has a high potential for Biogas.

Question: In Thailand, are the landfills operated by the local government or by the private sector?

Answer: It can be operated by the local government or the local government can outsource the
task to private companies, but the local government still oversees whether or not the landfill is op-
erated according to the regulations. Land often belongs to the private sector.

Question: Please explain the oil waste management in Japan, as it is wasted in Cambodia where
people throw oil away. Please explain how 6 kgs rice husks equals 1L of diesel.
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Answer: As the technology, we can convert it into energy. So it is good that we can separate the
oil waste and keep in container. Cooking oil is collected and converted to energy.

The equation 6 kgs rice husks = 1L of diesel means if you use 6 kg of rice husks for gasification
the biogas then can produce electricity like 1 L diesel.

Question: In Japan, what do you do with plastic and glass material?

Answer: The municipality in Japan is selling recyclable waste to recycling companies. In Japan
there are no waste pickers. Collecting waste in the city is the responsibility of the city.

4.2.16 Estimation of GHG emission from waste disposal and treatment technology (10:15 —
11:20)

Presenter: Dr. Jamsranjav Baasansuren (IPCC/TSU)

The goal of the presentation is to show that the disposal and treatment of waste produces green-
house gas (GHG) emissions.

IPCC provides internationally accepted methodologies for estimation of national GHG emissions
and removals. http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html.

The 2006 IPCC Guidelines provide improved methods and default data for estimation of the na-
tional emissions and removals. The volume 5 of the 2006 IPCC Guidelines provides methodologi-
cal guidance for estimation of carbon dioxide, methane and nitrous oxide emissions from the waste
sector: solid waste disposal on land, biological treatment of solid waste (composting and anaerobic
digestion), incineration and open burning of waste, and wastewater treatment and discharge.

A simple first order decay spread sheet model is provided for estimation of methane emissions
from solid waste disposal sites and available at http://www.ipcc-
nggip.iges.or.jp/public/2006gl/vol5.html.

The spread sheet model is an improvement over the mass-balance approach provided in the ear-
lier guidelines and produces more accurate estimates of the annual emissions.

In the presentation Dr. Jamsranjav Baasansuren explained all the important factors and parame-
ters needed to be known for the estimation of GHG emission from the waste management sector
(landfilling, anaerobic digestion, composting, incineration and open burning).

IPCC TFI provides additional supporting tools and materials for estimation of GHG emis-
sions/removals (EFDB, software and other materials are available on TFI website).

The second part of the presentation was the demonstration on how to use the spread sheet (pa-
rameter and calculation).

4.2.17 Accounting GHG emission reduction from plastic waste recycling (11:20 — 11:50)
Presenter: Dr. Yoichi Kodera (AIST)

The content of the presentation is the explanation of the waste plastic recycling based on Japa-
nese conditions.

Typical separate collection of household waste in Japan, waste is separated into combustible, non-
combustible and hazardous waste. Combustible waste is a resource.
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Waste collection is the responsibility of the city government only.

In order to reduce waste amounts for incineration and disposal on landfills the city government
strongly promotes recycling activities.

Plastic waste recycling is divided into producing recycled resin and fuel production.

We recycle waste (1) to obtain the economic benefit by selling recyclable material, (2) to use the
material as a resource and (3) to reduce the environmental impact by incineration and landfills.

Typical lifecycle of plastic waste is using the recycled resin as a resource to produce construction
material, exterior articles, automobile parts, etc.

By recycling the plastic waste (recycled resin) the environmental impact is reduced by 60% and a
reduction of about 50% of CO, emissions is achieved.

Converting plastic waste into solid, liquid or gaseous fuel is quite difficult.

4.2.18 Plastic waste conversion to liquid fuel in Thailand, Case Study in Warinchamrap
Municipality (13:30 — 14:30)
Presenter: Ms. Rungnapa Tubnonghee, Warinchamrab Municipality

The goal of the presentation is to introduce plastic waste conversion to liquid fuel in the Warin-
chamrap municipality.

The Warinchamrap municipality generally recycles about 20% of total MSW and has a portion of
about 12.6% plastic wastes (PW).

The Royal Thai Government provided budgets for 3 pilot projects in 2009-2010: the Warinchamrap,
Khonkhan, and Pitsanulok Municipalities.

The separation of MSW is made at the beginning of the system by using a screening machine. The
sorted plastic waste needs to be cleaned and dried before it can be used for pyrolysis.

The goal of using pyrolysis is to convert plastic waste into pyrolytic oil.
To improve the quality of pyrolytic oil the coagulation technique is used.

A subsidy from the Ministry of Energy in Thailand guarantees a price of 18 Baht per litre for the
distillation industry.

23



4.2.19 Group’s exercise (15:00 — 17:00)

Before group exercise was started, the instructions in Annex 2.

10 Groups were divided and working under supervision of experts (speakers).

Table 7 Group for exercise work

No. Province/City Members
1 Phnom Penh 3
2 Battambang 11
3 Siem Reap 5
4 Kampong Cham 5
5 Kampong Chnang 5
6 Pursat 5
7 Kampot 5
8 Takmoa 5
9 Serei Sour Phorn 5
10 Stung Sen 5
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Day 3, 31°' August 2011

4.2.20 Group report

Table 8 Report on solid waste management situation of each province/city.

Description/Group PHP BTB City Siem _ KiCham KtChnang Pgrsat Kémpot Takmao Serei Sour | Stung
Reap City | City City City City Phorn Sen
Population 1.5 Mio 151,656 223,671 44,307 39,987 66,008 34,561 NA 83,524 55518
Waste Generation
T/day 1300 100 170 NA 15 NA NA 76.43 58 NA
Waste disposal T/day 1274 35 150 45 5 8 20.4 34.39 14 12.6
Deep of disposal sitem | 9 >5 N/A 3 3 NA 35 6 3.5 3
Size of disposal site ha | 11 1 3 2 2 4.16 4-5 2 2 0.16
Distance km 15 km 27 7 10 NA 8 8 7.30 6
Waste component in %
Food waste | 72.38 71 54 60 79 30 65 70 55 60
Paper | 3.45 2 6 5 2.29 15 4 5 5 5
Wood and branches | N/A 6 11 3 2.27 15 6 6 N/A 3
Plastic | 15.74 10 11 12 2.86 35 10 6 15 12
Textile | 3 2 3 1 3.43 5 2 3 10 1
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The goal of group discussion was to introduce the guideline of IPCC how to calculate GHG emis-
sion of waste management and participants used the guideline to calculate GHG emission reduc-
tion by the improvement of waste management situation based on data that available in each city.

Cause of time limited and the complex of the calculation all groups could only estimate methane

emissions from existing landfill disposal and composting.

Table 9 Measure on solid waste management in order to reduce GHG emission.

Groups Current Future Measure
Waste Incinera- | Landfill GHG | Compost GHG Biogas | GHG
a.lmount tion Reduc- Tly Reduc- plant Re-
disposed tion tion Tly duc-
Tly tion
Phnom 465,010.00 | 465,010 NA NA - NA -
Penh
Battambang | 10,950.00 18,250* NA 10,950 - 1,825 NA
Siem Reap | 54,750.00 63,875* - 25,550 - NA -
Kampong 16,425.00 NA - NA - NA -
Cham
Kampong 1,825.00 NA - 365 - NA -
Chnang
Pursat 82,920.00 NA - NA - NA -
Kampot 7,446.00 7344 - 4406 - NA -
Serei Sour | 12,552.35 NA - NA - NA -
Phorn
Takmao 5,110.00 9,855* - 8,370 - NA -
Stung Sen | 4,599.00 NA - NA - NA -

* The authority plans to collect more waste.

Remarks: Some groups did not provide any future plan for unexplained reason.
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4.2.21 Evaluation of the participant’s representatives

Siem Reap

More importantly, Cambodia must take the issue of waste utilization and climate friendly
waste management practice into account. However, our current work on this approach is still lim-
ited. The 3R strategies are very much focus on the solid waste, however we must also expanding
the scope to wastewater which is more difficult to manage compare with the solid waste.

Based on experience gained from this workshop, we plan to shift our approach toward the zero
landfill policy to reduce GHG emission which is a source of climate change. Accordingly, we must
join hand together to keep our environment clean to attract tourist, to upgrade our village by maxi-
mizing the recycling before sending waste to dumpsite. | do hope after receiving the knowledge,
we will find the technique to apply in Cambodia to make our country clean and prosperous.

Kandal Province

After learning from this workshop and sharing information from 10 provinces, all authorities
must disseminate to the public about the impact of throwing waste improperly, and encourage
them to do the waste separation at source, promoting the 3R practices, raising awareness of
stakeholders to support the solid waste management scheme in the community in order to reduce
GHG emissions from our activities.

4.2.22 Closing remarks by governor of City Battambang

Today, it is the glorious day that | have great honour to give the final speech at this interesting
workshop- Capacity Building on Accounting and Utilising GHG Emission Reduction Measures for
Local Waste Management Actors in Developing Asian Countries. | found that this workshop was
done joyfully with positive results due to the support and cooperation of COMPED, IGES, APN,
MoE Japan and the BTB governor.

As BTB has great potential on agriculture, economy and tourism, we need to make our town more
healthy and clean. In order to attract tourism we must depend on the 3Cs- Clean air, water and
land. There will be support from ADB for improve the environment to attract more tourists. We
need to develop our country gradually with the participation of the public and private sector on solid
waste management to avoid GHG emissions. Promoting 3R practices is the key to success. The
result of COMPED’s work to converting organic waste into compost, which is useful for improve-
ment of the soil quality contribute significantly to the agricultural sector. We should encourage
households to do composting to increase our agricultural productivity.

Finally, on behalf of the Battambang executive, | would like to thank COMPED, APN, IGES and
MoE Japan for doing this attractive workshop and especially bless you all with the 4 Buddhist
blessings: Long live, Good looking, Happy, Healthy.
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Photos

Figure 2 Group’s photo at the opening ceremony

28



Figure 3 Presentation of Mr. Chau Kim Heng

Figure 4 Presentation of Dr. Premakumara
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Figure 5 Presentation of Dr. A. Saji Das
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Figure 6 Presentation of Mr. Meng Chanvibol
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Figure 7 Presentation of Mr. Ngin Bunrith
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Figure 8 Presentation of Dr. Suthi
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Figure 9 Visiting Social Waste Management Centre of COMPED
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Figure 10 Visiting compost plant at the Social Waste Management Centre
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Figure 11: Smelling of compost from organic waste
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Figure 13 Presentation of Assoc. Prof. Korakanh
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Figure 14 Presentation of Dr. Alice

Figure 15 Presentation of Mr. Totoki
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Figure 17 Presentation of Dr. Kodera
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Figure 18: Answering to participants' questions

Figure 19: Group discussion
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Figure 20 Participant representative's evaluation for the workshop

Figure 21 Certificate reward
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Group’s report
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Task1: solid waste Management System in City/Province

s Investment between authority-private company (Pov

Sitha Company)
“*Managing by Pursat city hall
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Task2: sgnisasssemiiasiscasrNsRiHe g

% People knowledge about waste management still limited and their thinking the waste is not
the main issue

“»Low income of some families, So they have problem with the waste collection fee

¢ Authority do not have the fact plan on waste management system such as the locate for
keeping the waste with communes and villages.

¢ The location not possible such as the house on the water, mountain and forest area.....eg.
¢ The cooperation and effective law execution still limit from relative authority on solid
waste management.

¢ The people not allowing the law and waste throwing to the public area is habit.

**Not enough support for technical and budget

**Dumpsite management not clearly

» Authority don’t have the dumpsite

“*No safety for waste track transportation

TASKS: 1.Pursat population statistic year 2007-2010

Number of Family 2007 2008 2009 2010

Total of Family 80,089 families 83,153 families 87,422 families 91,300 families
Increase/Decrease 4% 59% 4%
Total population 417,320ps 426,758ps 435,001ps 444,406ps

Increase/Decrease 2% 2% 2%
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Graphic: Population in District/City
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2. Daily/Yearly waste amount and increasing amount

Waste amount

Daily 35Tones 37 Tones 40 Tones 44 Tones

Yearly 12,775 Tones 13,505 Tones 14,600 Tones 16,060 Tones

Yearly Increasing

amount 5.7% 7.5% 9.09%
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3. Waste amount on dumpsite, Free land, burn-bury and recycling

Waste amount

2007 2008 2009 2010

Dumpsite 2,520 Tones 2,664 Tones 2,880 Tones 3,168 Tones
Free land 4,410 Tones 4,662 Tones 5,040 Tones 5,544Tones
Burn-Bury 4,410 Tones 4,662 Tones 5,040 Tones 5,544 Tones
Rycycling 1,260 Tones 1,332 Tones 1,440 Tones 1,584 Tones

4. Waste components

Waste components 2007 2008 2009 2010

Organic waste

Plastic

Paper

Metal

Glass

Other

2,520 Tones

3,150 Tones

1,890 Tones

1,890 Tones

1,260 Tones

1,890 Tones

2,664 Tones

3,330 Tones

1,998 Tones

1,998 Tones

1,332 Tones

1,998 Tones

2,880 Tones

3,600 Tones

2,160 Tones

2,160 Tones

1,440 Tones

2,160 Tones

3,168 Tones

3,960 Tones

2,376 Tones

2,376 Tones

1,584 Tones

2,376 Tones
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Dumping site location of Pursat City

Location: Keo Mony Village, Banteay
Dey commune, Pursat City
Sixe: 4.16hectare and can be enlarge

to 2.5 hectare

Location: Bos Poy Vilage, Leach commune,
Phnom Krovagn district, Pursat Province

Sixe: 1hectare and can be enlarge to 1.5 hectare




Dumpsite in Kroko District

Location: Samrong Village, Kbal Trach commune,
Krokor district, Pursat Province

Sixe: 0.7hectare and can be enlarge to 1 hectare
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Waste composition

Food waste +leaves (%) Paper (%) Textile (%) Wood and branches (%) Plastic and fossil origin
(%)

30% 15% 5% 15% 35%

Current solid waste management

Food Garden Paper Wood Textile Nappies Sludge Deposited MSW|
2007 3,833 0 1,916 1,916 639 0 0 12,775
2008] 4,052 0 2,026 2,026 675 0 0 13,505
2009 4,380 0 2,190 2,190 730 0 0 14,600
2010 4,818] 0 2,409 2,409 803 0 0 16,060

60,000
50,000 //<
40,000
/ ==2010
30,000 / 2009
20,000 / ~i=2008
\ / ——2007
10,000
Food Garden Paper Wood Textile Nappies Sludge Deposited
MSW

Current solid waste management

Types Quantity of waste CH, emission (ton/year) N,O emission (ton/year) | CO, emission (ton/year)
(ton/year)
Open dumping (<5 m depth) 5544 w 164 3444

Open dumping or landfill (>5m | 3168
depth, unmanaged)

Landfill (>5 m managed)

Composting 3.2 0.013 0.001 0.268

Anaerobic digestion
Open burning
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Kampong Chhnang Province

1. Mr. Ngin Hun

2. Mr. Chhay Leaphea

3. Mr. Keo Thim

4. Mr Prum Chansopheap
5. Ms. Pech Malay

1. waste management in Kampong chhnang
City
« There are 4 Sangkat in Kampong

Chhnang City

« Waste management system deliver to
private company

« Waste amount 15tones/day
(5465tones/year)

 Kind of Open Dumpsite 3m depth
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2. Main Issue and Priority

The city hall no land for constraction
dumpsite.

Do not stronge cooporation from citizen on
waste management

Knowledgment still limited
Not enough budget and investment

3. GHG Estimation

Total population 39987ps
Waste amount 5465tones/year
Waste dump to dumpsite 1825tones/year

Component (kitchen waste 79.14% Plastic
2.86% Paper 2.29% Textile3.43% Glasses
2.35% Woo0d2.27% Metal4.23% and
Other3.43%)

Dumpsite Size: 2hectare, 3m depth
Distance 10km from City
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4. Future Plan

« Househole Biogas plant
« Separation Source
« Composting (1tone/day)

Thank you!
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SWM in Siem Reap City

1. Sean Phal, (Provincial Hall)
2. So Platong, (City Hall)

3. Khoeurn Sokunviseth, (DoE)
4. Aing Sokphal (DAFF)

5. Im Vibol (DPWT)
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lI-Waste Management Problem
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HI-GHG emissions from current SWM

| A B C D E
Biological Waste Category/ | Amountof waste | Emission Factor Methane Recoveredflared Net Methane
Treatment Types of Waste | treated by biological Generation Methane Emissions

System treatment facilities*

(g CHy/kg waste

(kg) treated) (kg CHy) (kg CHa) (kg CHy)

C= (A xB)x10” E=(C-D)
Composting 25550000 4 102200 102200 2146200 CO2

Anaerobic
digestion at
biogas facilities

Default Emission Factors

CH; Emission Factor

el CH, Emissions

on a dry weight
= wet weight
basis on a wet weight basis

Composting 10 4

Anarobic Digestior 2 1




HI-GHG emissions from current SWM

A B C

Biological Treatment |Waste Category [Types|  Amount of waste treated by Emission Factor Nitrous Oxde Emissions
System of Waste biological treatment facilities

(kg) (g N;O/kgq waste treated) (kg N,0)

E=(AxB)x10"”

Composting 25550000 03 7665 2376150

03

Anaerobic digestion at
biogas facilities

Default Emission Factors

S— il N, O Emissions

treatment . .
on a dry weight basis on a wet weight basis

Composting 06 03

Anaerobic Digestion negligible negligible

IV-SWM Solution

T>mA =Em-w

<-=-0
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Group’s exercise

Name of province/group: Kampong Thom Province

Members: 1. Ou Bosphorn

2. Im Sareoun

3. Ong Bunntheoun
4. Srey Sophal

5. Ear KimLong

Task 1. Please explain current waste management system in your city/province (20 mins).

Steung Sen City of Kampong Thom Province sign agreement with Gaea Company. Company collecting

the waste from Kampong Thom market, Steung Sen market, Household, Business area (1220 places).

Amount of waste 12.61tones/day, The waste truck transport to dumpsite with the distance 6km from

the city.

Task 2. Brainstorming on waste management problem in the province and city and prioritise

problem (20 mins)

waste storage location not enough
The dumpsite do not have standard technical and small size

1

2

3. Authority support still limit

4. Cooperation of citizen still limit (Poor knowledge)
5

There are no dumpsite of each district

Task 3: Estimation of GHG emissions from current waste management practices using the IPCC

method

© % NS W

10.

you have learnt (70 mins). Attached data used for estimation and also estimation results.

Population for as many years as data is available: 697360person, 14297 2families, For
Steoung Sen 55518person (2010)=12018families.

Quantity of waste generation and waste generation rate (if known) for as many years as
data is available: 6079tones/year (only for Steoung Sen city 0.3kg/person)

Quantity of waste disposal in landfill, open dump, open burning, etc. 12.6t/d or 4599t/y
- Historical data (data from 1950 onward, if available): in 2008

Comporsition of waste (% organic, plastic, paper, metal, glass, etc) for as many years as
data is available. Not yet separate

Amount of waste composted for as many years as data is available: No

Size and depth of each disposal site. 3m Depth, 80m x 80m

Distance from town to each disposal site: 6km from city

Fuel need for waste collection (if available): 19Litres/d

Electricity use for waste treatment (if available): No

Water use for waste treatment (if any): No
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*** Feedback

- Find develop partner with standard technical

- The market should have the storage waste for their own

- Current Dumpsite should change some technical management be improve
- All district should have own dumpsite

- Authority must strongly support for waste management

- Make announcement, publishing, leaflet ....what ‘s ever who related with waste
management

- reinforce the waste management law and regulation
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Kampot Provinge
olid Waste Management in Kampot City

Members: Mr CHHEIV CHIEM Kampot City Hall

Mr DENG POKANAL Department of Environment (Kampot)
Mr CHRIM VUTHA Provincial Hall Kampot
Mrx SARY SOFY Department of Public Transportation

(Kampot)
Mr MUONG SAMOEUN Department of Agriculture (Kampot)




Total Population

Daily-yearly waste amount, and waste increasing

Waste amount dumping to dumpsite-free land and burning
Waste contents

Waste recycling for composting

Dumpsite depth, and Size

Distant from city to dumpsite

Diesel demand for waste collection

Electricity used for waste treatment

Water Quantity for waste treatment

Task 1. Please explain current waste management in your city/province ?

Waste management in Kampot city was bid from Gaea waste collection company to
transport the city waste to existing dumpsite organized by authority.

For waste collection, They collect 2 times per day it was in the morning and
evening. The problem relate to the waste collecting, company did not collected
100%, They just done only 50% per day, because of the way for waste truck to
household very small and some people they burn and bury into the land.




Task2. Brainstorming on waste management problem for the province and city and
priority issue?

Relating to the solid waste management we had decree number 36 for solid waste
management and the provincial hall was published a lot of information related to
liquid-solid waste management also educated to the people, students, and
environmental published through the banner, information board, leaflet and other.
In that case we organized one special group to penalized all people who throwing
the waste to the public area, This work support by the provincial hall.

Task3. Estimation of GHG emissions from current waste management practices
using the IPCC method you have learnt. Attached data for estimation and also
estimation results.




1. Total population in Kampot Province

Total Land of Kampot Province 4,873 Km?
-Total District 7 and 1 City

-Total population 636,760ps

-Women 323,844ps

For City of Kampot total land is 54Km? Separated in 5 Communes and 15 Villages.
Total population for the city there are 6464 families and equal to 34561 people.

2. Waste Amount
Daily waste amount 20.4T, Monthly 612T and 7344T per year.
3. Waste amount dumping to dumpsite, Free land and burn

The waste dump all to the dumpsite that organized by authority without burn
and dump to other free.

4. Waste component (Organic, Plastic, Textile, Metal...eg)

Food waste Paper

Textile wood Plastic

Estimate Data




. Waste amount recycling for composting

We don't have any data of waste amount for recycling to composting, We are doing feasibility study.

. Dumpsite depth, and Size

For the size of dumpsite in city of Kampot around 4-5 Hectar and 3.15m depth
and we can dumping the waste for 5 years more. Now we are starting to
organize the new dumpsite 17.5 Hectar by digging the new dumpsite border
already.

. Distant from city to dumpsite

Nowadays, The distant from city to dumpsite 8Km, and new planning dumpsite
11km from city.

. Diesel demand for waste collection:

We don't have the data for this number 8, 9 and 10.




Name of\Provin CGIRAMPONGCRAN

Team Membet: 1 Chea Seila ProvanciR SN RpO NS e
P Chédy Departmentof Environment
3°Sim Thavirak Department of Agriculture
4+ HanLina City Hall Kampong Cham

5- Var Chan Ou Department of Public

B AT AR, T e
| B r_'éﬂsf‘wg_ﬂ(_)ﬂi

1-Wastse Management in Kampong Cham City3

-Kampong Cham city is like other province, There is a waste collection
company to transport the waste the dumping site. CINTRI transport the
waste from downtown to dumping site for the distance 7Km.

- Waste collection is limited for the time schedule, So the waste
collecting good and smooth.

-Authority acting as the promoter, Publish and educated to the people
about throwing the waste to the public area.




Template for GHG emission estimation
Name of province: Kampong Cham

Waste generation : .....45...... tons/day
Waste composition

Food waste +leaves (%) Paper (%) Textile (%) Wood and branches (%) Plastic and fossil origin
(%)
70 5 10 2 13

Currentsolid waste management

Types Quantity of waste CH, emission (ton/year) N,O emission CO, emission (ton/year)
(ton/year) (ton/year)

Open dumping (<5 m depth) 16.425 1.000

Open dumping or landfill (> 5
m depth, unmanaged)

Landfill (>5 m managed)

Composting 1x365=365
Anaerobic digestion 1x365=365
Open burning 4x365=1.460

2. Main Issue

People Knowledge still limited
(throwing the waste to public area, into the river, pond, ...eg

* The publishing not wide for Sanitation and Environment




3- Green House Gas calculation
1-Total Population in Kampong Cham city 44.307ps

2-Waste amount average 45 tons/day

3-Total of waste amount dumping to the dumpsite for year 2010,
maybe 16.425 Tones

4-All waste component without separation at dumping site ( Organic,
Plastic, glass, paper, textile, medical waste, electronic ...eg.

5-Does not have the organic waste recycling for composting. In 2013
CINTRI plan to make compost from the organic waste.

6-Dumpsite about 2 hectare and Size 30m x 80m with 3m depth

7-Distance from downtown to dumpsite 7km, behind Phnom Pros Mountain

8-Diesel Demand for waste truck for the waste collecting around
3.000Litres /month

9-Electric using for waste treatment does not have, Because all
waste dump to the dumpsite and bury.

10-There is no liquid waste water treatment but we have EM fertilizer
water to showering to the waste to eliminate the bad smell. We used EM
water 6litres mixing with water 3000litres spread on the waste 2
times/week.




Calculating Result

Waste dumped at dumpsite is 16,425 T/yr and the GHG emission is 1,000
Tlyr.

Thanks for
Your Attention




Group’s exercise
Name of province/group:

Members: 1.MEN CHANTHY
2.SOM SARET
3.THOR SOPHEAP
4.TITH SOPHANARA
5.SUM SOVANN

Task 1. Please explain current waste management system in your city/province ?

- Waste Management respond by city hall authority

- Dump site for managing the solid waste management of Kandal Province is in
Takhmao City about 2 hectare of land.

- Waste amount around 76.43Tones/day (equal to 27.900tones/year) but the city can
manage only 34.39tones/day equal to 45% for the rest 42.04tones/day equal to 55%
the people burn and bury at their house campus.

- Waste collector there are 62 persons, collecting with household and market to
dump at dumpsite 6m depth and distance 8km from downtown and 1km from

household (without separate).

Task 2. Brainstorming on waste management problem in the province and city and prioritise
problem.

- Authority published the solid waste management policy and package to the citizen.
- Citizen who involve about 28% equal to 2,080 families of total families 13,475

- There are five waste track and five carts

- Need more transportation. All managed waste transport to dumpsite without
separated.

- Effect to the environment because it is the open dumpsite.

-People knowledge limited

Task 3: Estimation of GHG emissions from current waste management practices using the IPCC
method you have learnt (70 mins). Attached data used for estimation and also estimation results.
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Population for as many years as data is available
Quantity of waste generation and waste generation rate (if known) for as many years as
data is available
3. Quantity of waste disposal in landfill, open dump, open burning, etc.
- Historical data (data from 1950 onward, if available)
4. Composition of waste (% organic, plastic, paper, metal, glass, etc) for as many years as data
is available
Amount of waste composted for as many years as data is available
Size and depth of each disposal site
Distance from town to each disposal site
Fuel need for waste collection (if available)

v e N,

Electricity use for waste treatment (if available)
10. Water use for waste treatment (if any)

Task 4: Brainstorming on improving waste management practice in the province/city and explain the
solution you select (70 mins). Please also apply the mass balance approach to estimate the GHG
emission potential from your choices.

Task 5: Make a presentation for 10 mins (about 10 slide)
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Banteay Mean Chey Province

Team Member:

1. Nhget Yuth Theoun
2. Seng Men

3. Rheng Bun Chhouy
4. Yun Khav

5. Ouch Veasna

Waste Management System in Serey
Sophorn City Year 2011

1. Solid Waste in Serey Sophorn City
» Management system by city authority
» Executor by private company Gaea 2008-2075

> Activities in 4 of 7 communes of the city
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Main Issue

» Do not have the management for dumpsite

» Road condition for transportation

» Small scale of transport service in community
» Free Land

» Cooperation of citizen still limit

» The goods through corridor

» Temporary Storage location

Data

» Total Population 83524ps (7 Communes of the city)
» Solid waste produce in average 0.7kg/person

« Total solid waste 58.466kg and dumping to the dumpsite only G1fi 116
14tones/day

* Household pay for collection fee 2500household Diesel for waste
transportation 1600Litres/month

= Life cycle of dumpsite 1998-2011, Total 47450 tones

» Distance from downtown to dumpsite 7,350km, Size 2 hectare, 3.5m
depth, width 100m and Length 200m

» QOrganic waste 55% Plastic 15% Glass10% Metal5%

Paper5% Textile10%
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Waste Management Plan

Educate to the citizen for keeping-packing the waste and
especially waste separation and recycling.

make the mechanization management of community by
join together and develop infrastructure.

The authority emerge the people, charity to support the
budget

Relative institution, Organization, Social civil join together
with the willing to solve about waste problems

Prepare the strategy by encouragement
Volunteering Model for waste collection
Encourage to implement the law
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PHNOM PENH

Mr. Ney Sona
Mr. Soa Kunchhon
Mr. Tes Norearith

Situation of SWM in PP

e Contract with CINTRI for collection and
Transportation( 100% in urban area for 4
khans and 75% in rural area for 4 khans).

 Management dump site by Municipality of PP
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Problem and Priority

* Dispersal and heap waste
* No separation in the source
e Control dumping site, but open dump-site

* Leachate waste from dump-site pump to pond
and improper treatment tank.

* Lack of recyclable activities(Incinerator and
composting )

Estimation of GHG emissions from current waste
management practices using the IPCC method

1. Population for as many years as data is available(1.5 M)

2. Quantity of waste generation and waste generation rate (if
known) for as many years as data is available(0.64)

3. Quantity of waste disposal in landfill, open dump, open
burning, etc.(Currently 1300t/d)

4. Historical data (data from 1950 onward, if available)

5. Composition of waste (% organic, plastic, paper, metal,
glass, etc) for as many years as data is available
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Estimation of GHG emissions from current waste
management practices using the IPCC method

Composition of waste in Stoung Meanchey Dump site

1.31%

0.20%
0.19%

72.38%

0.10%

15.74%

3.60%

3.45%
1.86%
0.86%
0.07%

m Plastic

m Fabrics

O Paper

O Glass

m Poly-ethylene
@ Dry-batteries
m Organic

O Metal

m Gypsum

m Limestone

O Tyres

Estimation of GHG emissions from current waste
management practices using the IPCC method

450000 A

400000 A

350000 A

300000 A

250000 A

200000 -

150000 -

100000 +~

50000 -

4,548

14,500

0

5,264
5,203

18,038

0,440

0,702
1,050

1,367

M Series2

M Seriesl
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N

w
E=Y
v

8

9 10 11 12 13 14 15 16 17
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Estimation of GHG emissions from current waste
management practices using the IPCC method

6. Size and depth of each disposal site (11 ha and
deep 9m)

7. Distance from town to each disposal site(15 km
from central town: Watt Phnom)

8. Fuel need for waste collection (if available)
9. Electricity use for waste treatment (if available)
10. Water use for waste treatment (if any)

Future Plan

* Composting
* |nciniration
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Green House Gas Estimation in Battambang City

Group Discussion ( Battambang )
$

1. Mr. Seang Em Vounsy, Vice Governor of Battambang City

. Mr. Van Chan Tola, Provincial Hall Staff

. Ms. Kim Sokuntheary, Staff of Department of Public Transportation
. Mr. Saing Chan Sophal, Battambang Cit\yx[\)\evelopment Office Staff
. Miss. Pheak Krolap, Slaket Commune Leadg\r‘"\

. Mr. Kim Chorng, O Char Commune Leader

e
-

. Ms. Nou Theary, Svay Por Commune Leader o

. Mr. Kea Samorn, Member of Ta Ek Commune Consultation éFoup

© 0O N OO O &~ W DN

"
. Mr. Horm Heng, Member of Rattanak Commune Consultation Groub\\
10. Mr. Khan Bun Pheng, Vice Commune Leader Il of Prek Pres Sdach N
11. Mr. Yean Raksmey, Cold Eye Association S

e,

Wednesday, 31 Aug. 2011

1. Total population in Battambang City

Number of Families 2005 2006 2007 2008
Total of Families 25,193 Families 25,196 Families 25,179 Families 25,163 Families
Decrea_s_ingand Increasing 0% 0% 2%
of Families
Total Citizen 135,929ps 142,878ps 136,203ps 151,656ps
Total of.Decrea.silng and 5% 5% 1%
Increasing of Citizen
Housewife of the families | 4,891 Families 4,831 Families 4,863 Families 4,749 Families
2. Waste Produce by human in City Per Day
< Waste by Tones per day: 100 Tones ™._
% Waste Components in Percentage: N
Food waste | Paper (%) Textile (%) |Woodand "Plastic and
+leaves (%) branches (%) fos\s'rl\origin
(%) .
71 2 2 6 10 “
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3. Waste Management System in Battambang City

Educated in System

Solid Waste Management Data for city in Present:

Deliver the transportation to private company (CINTRI)

Types Quantity of waste | CH, emission N,O emission
(ton/year) (ton/year) (ton/year)
Open dumping (<5 m ™
~.
depth)
Open dumping or 25550 1000
landfill (> 5 m depth,
unmanaged)
Landfill (>5 m
managed)
Composting 3650
Anaerobic digestion [ 3.65
Open burning 7300

CO, emission
(ton/year)

4. Main Issue for Waste Management

Waste Recycling still limited

Difficulty with waste transportation Infrastructure

Not yet have the waste separation

Solid Waste Management Data in city for future:

Knowledge of people about sanitation and environment still limited

Waste Transport Company do not enough support with current demand

Types Quantity of waste CH, emission N,O emission
(ton/year) (ton/year) (ton/year)

Open dumping (<5 m

depth)

Open dumping or landfill

(>5 m depth, 18250 714

unmanaged)

Landfill (>5 m managed)

Composting 10950

Anaerobic digestion 1825

Open burning 5475

[ CO, emission
(ton/year)
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Thank You!
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Presentation
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94 . Reduction is an option of maximized
8674 Use of either raw materials or products
%= in order to minimize waste generation.
8% o Reuse is an option related to reuse of
%a various products, materials or parts of
products (maximized use) prior to

B disposal.

880 Recycle is a full or semi-process of

&4 recycling recyclable wastes to produce
recycle materials or products

o The Goals No. 7 of the Cambodian
@& Millennium Development Goals

which is closely
related to the effective implementation
of 3R Initiative, and without harmful or

make pressures to the environment,
ecology and public health.




o The implementation of 3R initiative is a real
#7  solution in Cambodian solid waste
management aiming to:

> reduce risks and hazards to

- Improve production and efficient use of
resources

- contribute to the reduction of various
factors of climate change

- Increase job opportunities for local
communities, especially the poors

Natura Reducing wastes and
Recyclable unintentional products

S resources .
Bros8l Recycling wastes as Production
S48l recycle raw materials (producing/distributing)

Treatment  Development &
(producer/recycler) Environmental |
Sustainability[] """

: : Environmental sound
Dumping Site disposal of wastes

Reusing products or materials

nvironmental sound:
disposal of wastes
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a Waste compound
survey at several
cities indicated

: high composition of
‘ ‘ recyclable wastes

o i

o Ta

(COMPED),
especially organic
wastes — those are
good raw materials

{o produce organic
composts.

a In Cambodia, waste management
practice based 3R initiative will be
expended lower comparing to a simple

practice through:

- Collection services, transportation,
dumpsite management

» Prolong consumption of dumpsite
a Recyclable is the money...




a Potential waste management based on 3R
@ initiative in Cambodia is higher, but it is limited
implementation at some sources. Several

constraints are found as follows:

- 3R Initiative has not yet prioritized in the
national development plan.

- There is not a specific legal tool to properly
carry out the 3R initiative.

- Limited 3R awareness and related
technology, which is a reason of lacking of
stakeholders participation.

3R related waste management has different
b ways at provinces and cities:

- Waste generator and recyclable waste buyer.

- Recyclable waste collectors do their activities
at business and public areas, households,
dumpsites and the like.

- Collection of recyclable wastes during the
service of waste collection and transportation.

» Junk-shops — those buy recyclable wastes
from recyclable waste collectors.

-~ Local communities or organizations — those
have their career related to waste recycling.













g7%& A draft Strategy on 3R for Waste Management in
P the Kingdom of Cambodia aims to: (i) develop
waste management system effectively; (ii)
provide job opportunities; (iii) increase daily
iIncomes; (iv) reduce waste amounts at
dumpsite; and (v) intercept and minimize risks
and hazards to the environment, biodiversity and
public health.

-~ Waste types under the strategy include such

as: domestic and industrial wastes, and
health-care wastes.




-~ The environmental sound management
of these wastes through:

- waste storage, collection and movement
to dispose at dumpsite,

- waste separation for recycling
- organic-waste composting

- preparation and operation at dumpsite
based on the environmental legal tools

Develop 3R related policies
SIEURSIELERY 50 jegal tools to manage
V{EREBENENL  household and industrial

Sl Clo|SRFERA wastes, and relevant sectors

. 15t Strategu#®cveloping 3R policy
and regulation for waste management
at national and sub-national levels.




= Build and develop technical
UWIENTIS  apacity and strengthen

v LMWL nstitytions responsible for 3R
reIated waste management

selected u.rb selected recyclable wastes
indicating an effective practice of
waste management

- 4'h Stratecar

\ the national development
appllcatl policy to meet the
environmental sustainability

ntegrate the3R |n|t|at|ve into

- = Promote and apply the 3R
[gLeRuERiEEl  initiatives to doable specific
targets




a The draft Strategy on 3R for Waste

I AntnAd raflantina tha
Management will be Article 33, Sub-point No. 3:

current requirement, aiE S oNE g

S eEElpie sl 1l || waste separation, reduction,
NS . | recycling and any activities
J Slgnlflcantly, the 3R ini to extract resources from

EETEE T HIg/ 1<) 5 garbage prior to a final
Plan 2009 — 2013. disposal

> This initiative is being taken into account to
input in the Draft Law on Environmental

Pollution Management.
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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
Reduction Measures for Local Waste Management Actors in Developing GE
Asian Countries, 29-31 August 2011, Battambang, Cambodia :F_'m ,

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

|dentify 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:
Lessons Learned from Surabaya City, Indonesia

_ osal method Is opgn-dumpiﬁgf of
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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

The un-taped potential of organic waste in MSWN

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
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Source: Visvanathan (2006), APO (2007), Sang-Arun et al. (2011), Premakumara (2010)
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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
Organic 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: IEES
Lessons Learned from Surabaya City, Indonesia o —e

Case study of Surabaya City
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The city of 3 million people (2010) is the secdﬁdhrgest city in Indonesia
and serves as an important commercial and industrial capital of East
Java Source: Ema, 2011
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Two-tiered System of MSWM in Surabaya (under the Co

Responsibility of Community (Kampong). Waste collection is organised by
Community-based Organisation (Rukun Warga). Residents pa :

Collection by RW

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

Commercial/industrial
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» 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
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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

Model counity for community
based SWM (200 H/H)

Collected H/H waste
separately

Organic waste treated at
composting center

Rest sell in Market
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Development of SWM Strategy based on the success @

Mayor Organic waste shares more
than half of total amount of
waste generation

Others ! — , _
s : Prioratise reduction of organic
Plastic 48 8% waste
Paper 8% Promote Decentralised
- A Composting
> Waste sorting at
Street 95% source
sweeping Organic Composting at H/H

>

> Composting centers
> Promote recycled
Woods/bamboo products integrating

informal sector
Source: KITA, 2002.
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Public awareness campaign

Counseling activities

counseling Counseling to

ounsefing to S Counseling to
To student Businessman community

officer

Environmental campaign

Source: Ema, 20
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NumbefCOMMunity Facilitators

600

500

400

300 —
Sxplaining fow Towe
== = I T

200 —

w —————— —

0
2005 2006 2007 2008 2009 2010 ear

Environmental Leaders (Cadres)
Number

000
20000
T : - | Developed
1000 | “ Wailuen 8%y || training
' . materials
= e = 2pa
- | | _ | 8P = for
i D A O T b ol s i
Ti | § J A ———— awareness
] . i) Year N -‘ grrmird ookl — raising
2005 7006 2007 2008 2008 2010 T ‘ N
Source: Ema, 2011 Source: Rismaharini, 2011

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

Distribution of Composting Bin to H/H

Number

0060
£ 00
e T i b i 1 iy orsl
Bin (HiH}
4,004
——Bashet of
3 006 Composter (10-20
Distribution of compost™ : '
training and willing to do re5|dents (Over 2000
20,000 H/H)
i ™~ 1,000
_-—-"—...-l""'l‘_
o b 1]

2006 2007 Z00& 2008 2000
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
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Promotion of Recycled Product Village integrating info
-businesses withprivate sector
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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 Nymber

1000

2005 006 2007 2008 2009 20D
Year

Source: Ema, 2011

Strict in law enforcement to
the communities not
properly handle the SWM
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Motivation of Staff and Local Politicians

~ Capacity building (locally and internationally) for staff and local
politicians

Recognition of its efforts at national and international level

b

J
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Achievement: Reduction of waste to be final dumpéd

Tonnes Enhanced recycling by removing
S0CHE .
organic matters from the waste
o =#=Eusihessas | gtream (78% of waste reduction
1800 | from recycling materials)
il sl implemenkati 305
on of
1200 Dacaniraliza
d
1000 Cotugasling
B0
00
400
ran i
b Year
2005 20048 2007 2008 00 2010
Source: Ema,
2011
30% waste reduction to be land Composting atHiH
filled by 5 years ® Composting at Composting Centres
# Enhanced Recyching
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30% waste reduction using limited municipal budget

BUDGET Only 1-2% of Cleaning and Landscape —
BUDGET NOTES D rt t Budget i df ti
2000 T % [ 7010 ] %] epartment Budget is used for composting
4.364.366. 100 4.383.712. 100
1. Total budget 780.398 % 427048 % 160,000
Environmen 4.7 4.6 i
2 tal budget % % 140,000 ] l
Sea, ] | |
) R 120,000 —
Fisheryand 35 33413 23405280 0,5 popt
Farming 9.497 0.8% 994 o %
Developme ' : 7o 100,000 1 -
nt Program
Bappeko | § 80000
Environmen F . f_ 60.000 1
arming, g 90
L] 11.430.78 13.918.825 0,3 Transpor
and 0,3% ANSp
Conservatio 6.532 429 9% tation, 40,000 1— —
n Program Environ
ment 20,000 -
Farming, ]
Green Open Spatial 0 ' ' ' ' Year
Space and 40.652.92 0.9% 58.200.507 1,3 gng 2006 2007 2008 2009 2010
City Park 1.024 “7° 958 9 Cleaning ) )
Program B Promotion of composting
Dept. ¥ Land procuremnetfor new disposal site
Management of final disposal site
B Waste management equipment and facilities
Waste collection and transportation
™ Park Management Source: Maeda, 2010;
¥ Adminstrative Ema 2011 ! ‘
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Lessons Learned: Achieving Sustainable Develop

« 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.

« 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.
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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.
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Issues and Challenges in implementing Decentralised

ostina

A A A LLN]

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
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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,
»|mproving market compatibility through establishing quality standards,
regulating and monitoring the performance, issuing certificates, initiating buy-
back programmes, linking with agricultural and horticultural activities.
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Potential of GHG emission reduction through Decentrati
Composting

=

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% Euro (based on 10 Euro/1tCO2e in

» Crediting Period: 10 Years CER market)

Source: Komalirani, 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
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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
gl)(rey,200 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
Note:

1. Scenario 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
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Possibility in bundling small-scale decentralised

cc»mpostlng schemes In the Clty
total inorganic organic ERs ()10
years
NO. Compost plant
name 3 3 3 tCO2e/
m m m
a
L Menur 169 51 1160 12832 Cost/benefits calculation under
2 Keputran 53 0 53.0 1272 he 3 .
B Bratang 191 68.5 1225 | 2945 the 3 scenarios
4 Rungkut 101 24.5 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 | 4 39 74.0 1776 (CER)/Euro
taman (10 Euro/tCO2e)

10 Gayungsari 66 17.5 48.5 1152 .
1 Bibis karah 52 9 43.0 1032 SEEEtel | Zerat 441750 ®
12 Jambangan 80 23 57.0 1368
13 |Sonokwiienan | 151 485 1025 | 2448 Scenario2 280590 336708®
14 Putat jaya 102 18 84.0 2020
16 Sumber rejo 51 10.5 40.5 960 3 315000
Total 1614 446 1,168 28059

D.G.J.PREMAKUMARA, 29 August 2011
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Risks need to be considered in decentralised compos

»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.
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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
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INTRODUCTION

O Due to the fast growing population, discharge of different types of
waste is also increasing day by day. The accumulation of organic
wastes create several environmental problems.

O In accordance with the fast growing population, demand increase in
the generation of energy day by day. To overcome the energy crisis,

ANAEROBIC DIGESTION TECHNOLOGY

U Anaerobic digestion/Biomethanisation is a universally accepted and
proven technology.

Q Itis very simple, user friendly and it needs no recurring expenses.

Q All degradable waste can be treated with the help of different types of
anaerobic bacteria / microbes in a concealed chamber/ digester.




SPECIALITY OF BIO ENERGY COMPARED TO
OTHER RENEWABLE ENERGY SOURCES

UThis is a multi beneficial scheme-Fuel, Fertlizer and climate protection.
UOther renewable energy sachems helps to preserve fossil fuels only.

UBio energy helps to protect environment directly through the treatment
and hygienic disposal of wa

ADVATAGES OF THE TECHNOLOGY

O Prevents deforestation

O Improves the public health

U Get biogas from this treatment




ENERGY FROM DOMESTIC WASTE

UDomestic waste treatment plant is capable of treating solid food
waste as well as waste water from the kitchen.

UTraditional septic tanks are replaced by these plants. Through
the installation of Latrine attached plants human excreta can
be treated hygienically and Bio Gas is generated from the plant.

FROM KITCHEN TO KITCHEN
DOMESTIC BIO WASTE TREATMENT PLANT

Kitchen

Organic Wasts Heon

Waé Wat.er 1

Organic Fertilizer

-




TECHNICAL DETAILS OF 1 CUM FAMILY SIZE
BIO WASTE TREATMENT PLANT

UWaste Treatment Capacity

2 Kg Solid waste & 20 — 30 Litres of
organic waste water

UVolume of Digester - 1000 Litres
USuitable for - 3 - 5 member family
USpace required for the installation - 1.25 Sq Mtrs.
UGas generation per day - 1 Cum Biogas
ULiquid fertilizer generation - 20 Litres per day

U1 Cum Biogas =LRE d

e

QAnnual Biogas generatio - 365 ol
ration/ca U 'Q/af’??é;Cum Biogas - Emission reductio F

-, tones CO2
ORevenueon 3.5 Credits / year -~




ENVIRONMENTAL BENEFITS
1 CUM SIZE BIO WASTE TREATMENT PLANT

UAnnual Biogas generation - 365 Cum
UGeneration and utilization of - 365 Cum Biogas
UEmission reduction - of 3.5 tone CO2

redits / year

TOILET LINKED BIOGAS PLANTS

he — ic

DDD // .5 LINE TO KITCHEN
s BE u
KKKKKKK
TOILET FOOD ASTE INLET }ﬁ
HULIA

~] M

FOODWWASTE INLET k

PRE FABRICATED ECO FRIENDLY TOILET
DEYELOPED BY A.SAJIDAS
DIRECTOR, BIDTECH, PB-520, TRIVANDRULET




INSTITUTIONAL PLANTS

Waste of food materials and other bio degradable wastes generated in

Factory canteens, Convents, Hospitals, Hostels, Hotels and other

industrial organizations can be treated in an eco-friendly way for the

production of cooking gas in very large scale.

INSTITUTIONAL
BIO ENERGY PROGRAMME




GENERATION OF ELECTRICITY FROM WASTE

The organic waste generated from public institutions like Market and
slaughter houses etc can be used for the generation of electricity
through the installation of treatment plants . 1.5 KW electricity can
be produced from one cubic metre of biogas.

WASTE TO ELECTRICITY PLANT




WASTE TO ELECTRICITY PLANT

Nedumbasery Grama Panchayat, Kochin

INCOME GENERATION POSSIBILITIES OF
BIOTECH PROQJECTS

U Bio Energy
O Bio manure

O Liquid manure




.. Joint research
& development
projects

BIOTECH

| ACTIVITIES




_ Project ) SUPPORTS
mplementation AVAILABLE
‘ FROM

BIOTECH

INTERNATIONAL ASHDEN AWARD

In recognition of our selfless services to the society through our system of waste
management and the generation of Energy from waste. BIOTECH was honored by
conferring on it the prestigious International Ashden Award “GREEN OSCAR 2007




IN WHAT WAY CAN WE CONTRIBUTE TO
CLIMATE PROTECTION

The general public are depending upon the centralized projects for the treatment of organic
waste. We believe that, this is the responsibility of Panchayaths, Municipalities and other
government bodies.

The life of the coming generation on earth will become difficult mainly due to the atmospheric
pollution. It is our paramount responsibility to provide better atmosphere to our children .




THANK YOU

BIOTECH

CENTRE FOR DEVELOPMENT OF BIO GAS TECHNOLOGY
AND OTHER - NON CONVENTIONAL ENERGY SOURCES

ww.biotech—india .org
email : biotechindia@eth.net

"PIN- 695014, Kerala, India.
Phone : +91-471-2331909, 2321909, 2332179
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1. Background of NBP

Objective and activities of NBP

National biodigester programme structure

NBP Partner Organisations

NBP’s client oriented strategy

Present implemented area and its achievement

Introduction to biodigester system and its cost & benefit

© N o 0o &> W b

NBP planning and its way forward )

* NBP was started as part of the Asian Biogas Programme (ABP),
with funding from Dutch Government and TA via SNV.

* NBP is the national biodigester programme of the MAFF after a
MoU was signed between MAFF and SNV in May 2005

« NBP’ s phase |, 2006-2012, aiming at achieving 18600 plants

 NPB’s phase | donors: DGIS,SNV,GIZ and PIN (People in Need)

further funding comes from Carbon Emission Reduction trade.

* NBP is planning and mobilizing resources for phase Il, 2013-
2016.
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Objective

To establish a sustainable,
market oriented domestic
biodigester sector in
Cambodia.

Activities

To increase the number of family sized, quality
biodigesters with 18600 plants by 2012

To ensure the continued operation of all
biodigesters installed under the biodigester
programme

To maximise the benefits of the operated
biodigesters, in particular the optimum use of
digester effluent

To develop capacity within NBP and PBPO for
managing the programme for the long term run

To develop the a capable and viable private
sector responsible for marketing, construction
and after-sales service of biodigesters.

4

- DAPH
SNV Advisor | _, NBP Prog. <+ Advisor
Coordinator
|| | |

1 1
( Programme Technical )
Slurry Assistant Manager
Administrator Extension
Officers
-
Mis Asslstant}

Biodi.

Subsidy Technicians (5)

/

Banks or
MFII

PBPO Director

1 1 1
BPO Coordinator]

——

.Financial Bio Slurry

Coordinator

Supervisor Exten. Workers
(5-8) or Promoters
N (6-10) .

Administrator




MAFF owner and host Org., DGIS, BMZ/GIZ, PIN are donors; SNV provides TA
1. HIVOS : VER Buyer

2. FMO : Provide soft loan to PRASAC MFI and Amret MFI

3. PRASAC-MFI : Providing special loan for plant construction

4. Amret-MFI : Providing special loan for plant construction

5. ACLEDA Bank : Channelling of subsidy funds to farmer

6. DTW : Produce biogas appliances, R & D

7. PPI : Technical Training institute for masons and
technical supervisors

8. CIEDC : Providing training on entrepreneurship and

management to Biogas Construction Companies

9. CEDAC : Implement PBPO in Kandal, Kampot,Prey Veng, KTM
10. BCCs : Biodigester Construction Companies (build plants)
11. COMPED : Cooperating in biodigester related Training

1. Promotion

2. Marketing

PBPOs/NGOs ;Izspf:s
VAHW

)
\ w % fl\sn.FI:inancing
= <

NBP

2/

9. Bio Slurry
Extension ——» 4= 4 Constructior
PBPO Masons

NGO / \ Companies
: 8. After Sale % x 5. Quality Control

Service PBPOs
Masons

7. User 6. Commissioning &
Training PBPO/Contractor to

PBPOs <E& Client

Masons
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Expected total by Dec. 2012: 20,600 plants
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* Flow chart of biodigester system
» Construction process

* Feeding quantity

* Plant cost

» Benefit of biodigester

» Support from NBP to plant owner

10

Name: Farmer’s Friend Model of biodigester
Size: 4,6, 8, 10 &15m3
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Plant Initial Daily dung Daily Water to | Use of Use of
size Feeding feeding (kg) | mix with dung| stove lamp
(litre) (hour) (hour)
4 1500 20-40 20-40 2-4 8-16
6 2300 40-60 40-60 4-6 16-24
8 3000 60-80 60-80 6-8 24-32
10 3800 80-100 80-100 8-10 32-40
15 6000 100-150 100-150 10-15 40-60

Note: A biogas stove consume 400 litres of biogas per hour, a biogas lamp
consume 100 litres of biogas per hour, 1kg of animal dung produce 40 litre

of biogas.

14

Description 4m3 6m3 8m3 10m3 15m3
Construction martials 260 325 383 439 657
Appliances/ accessories 55 55 55 55 55
Labour 80 90 107 126 168
Guarantee fee 10 15 20 25 35
Participation fee 15 15 15 15 15
Total fees 420 500 580 660 930
Subsidy from NBP 150 150 150 150 150
Farmer investment 270 350 430 510 780
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4m3

2% 4%

Construction matirals m Appliances/ accessories
m Labours ®m Guarantee fee

m Participation fee 6

HH level Community level

 Saving expenditure on firewood and GHG Emission Reduction: 4.5

kerosene; tons CO2/Plant/Year

* Health benefits: reduce smoke borne
diseases, improve hh sanitation

Training and employment of

(toilet connection, clean kitchen, farm local people;

yard etc.) * Small business development;
* Saving time: 2 hrs/day +  Promotion livestock
» Enhance soil productivity because of development.

the use of bio-slurry

17
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Recent BUS survey done in Aug. 2010 on 120 plants
users showed the investment returns as follows:

Total Energy saving is: 14.4$/month/HH:

* Fuelwood saving: 11$/Month/HH (0.06%/kg)
« Kerosene saving: 2.16%/Month/HH (2.41/mn)
« Charcoal + battery charging: 1.24$/Month/HH

Total Fertilizer saving is: 4.33$/Month/HH (52%$/Year/HH)

18

« Subsidy: 150%/plant
Special loan: MFIs (PRASAC or Amret)
- Amount 150%-1000%
- Duration 4 to 24 months
- Interest rate 1.2%/month, reclining principal
Quality Control:
- under-construction
- completed plants, A.S.S. & Guarantee

Pre & post construction training, slurry
extension ;

Warranty and After sale services: 2 years 146




* Phase ll, 2013-2016 planning: total planning of
26,500 biodigesters construction.
Year 2013 2014 2015 2016 Total

# Plants 6000 6500 7000 7000 26500

« Expansion to all provinces with biodigester
potential

 Further institutional development, particular of
BCCs

* Long term financing of Programme activities
through carbon funding instead of ODA.

21
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"I DEVELOPMENT ORGAMEATION
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Small Size Household
Biodigesters

for organic and manure waste

treatment
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* V2DO is short for V2Devolopment Organization

¢ It is an NGO that promotes farming systems to
increase yields and plants health with organic
agricultural inputs such as:
» Effective Micro-Organism (EMQO’s)
* Bio-slurry from Biodigesters

» V2DO is testing several types of Biodigesters

» Small size biodigesters have the following
advantages
» Can be used with kitchen and organic waste
* No need to have 10 pigs of 5 cows
* Only limited amount of manure required.

» More gas production per kg organic waste compared to
animal manure

» Compact and suitable for urban/peri urban and rural
areas.

1494




» Ease of use

* Installation

» Gas production
» Pressure

» Gas Pumps

» Comparing cost




Model 1: Plastic Bag Biodigester

» Chongqing Wangliun Plastic Bag Digester
» Empty and Full

Model 2: Concrete/lron

» Concrete well ring
* |ron floating dome




Model 3: Plastic Floating Dome

» Two plastic water tanks

Model 4: Closed Water Tanks

» Two plastic water tanks
» Pressure can build up inside

1530




» Modified septic tank
» Can have pressure of gas

11

* One and
 two pit biogas burners
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Gas pressure pumps and filter

» Gas pressure pumps
» Works on solar panel (10 watt)
» Puxin gas filter

13

Advantages Small Size

Biodigester

» Suitable for peri-urban areas, small, cheap.
* No need for large numbers of animals
» Waste can be:

» starchy or sugary feedstock (waste grain flour,
spoilt grain, overripe or misshapen fruit, non-
edible seeds, fruits and rhizomes, green leaves,
kitchen waste, leftover food, etc).

* (5 kg and 10 liters of water) waste produces 100 gr
methane (50gr LPG)

. Shorter ref ime. faster digest

1544




Disadvantages

» Methane gas is hot but the caloric value is lower
compared to LPG (Liquefied Petroleum Gas)

» Natural gas caloric value is 31-38 MJ/m3

* LPG has a caloric value of 94 MJ/m?3

» Biogas has a caloric value of 20-25 MJ/m?3
» Low pressure require gas pumps

15

» Need for biogas option for peri-urban and rural
families without sufficient animals

» Small size biodigester is a good option
» Affordable, reduce cost, create fertilizer for garden

» Need for support to research and setup
dissemination program

1556




Thank you for your
attention

Email: ngin.bunrith@gmail.com
Mobile phone: +855 78 691647

Phitsanulok
Mechanical Biological Treatment — MBT

Suthi Hantrakul Deputy Mayor, Phitsanulok City Municipality
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Area 18.26 km?

32,000 Households

78,000
registered inhabitants

50,000-100,000

EW“C: [}té“’ non-registered inhabitants

[ ‘T"S“"" a Annual Budget
mﬁ?ﬁg%;\;!._. - :’_m 16.6 million USD
"'.' Lo MALAYSIA

s CE0 L ANATI

[Ealabh Mahﬁals][ﬂluluuiuﬁ'ﬁl‘h] azardous Was :[inh:ﬁnmwlm] Unsorted waste
I
[Incinaratim]
Separation at source nrage
Recycle ||Composting |RddGlCl=tll s Screening
compan Biogas

Compost-like substance Plastic Bags

Gasification F’yrnlysis
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Disposed by
Private
Company




Infectious Waste : [Incinerate)




Mechanical Biological Treatment -MBT

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

* 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.
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Scheme of the current windrow and ventilation system
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Dipl.-Bioi. Gabriele Janikowski, IKW GmbH
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Compost-Like Substance

Biomass : For Gasification

Refus

e Derived Fuel :RDF

';..-‘*

165




Pyrolysis to liquid fuel

Conclusion

e Small fraction of inert residue for final treatment
e 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
e Possible to earn carbon credits — additional revenues
e 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
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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

Thank you
For

Your
Attention




Organic
Waste

in Laos

o). Assoc. Prof. Korakanh Pasomsouk
A Head of Department of

A Mechanical Engineering

"% Faculty of Engineering NUOL

Introduction

General Information
Objectives

3Rs Practice

Waste To Energy

QAN s =

Conclusion

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

 |tis found that open dumping and burning are
commonly used as the method of disposal
MSW.

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

‘these wastes, the organi

|
portiow)

* In the landfill where open dump posal is
used, the organic waste (food, veg'eta@_&,;', J;ruit
etc.) mainly contaminates other wastes _

* The organic waste is the main source o“ "

ethz eration
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. Our earth is getting warmer, or even hot for
every year.

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

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

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

* Climate change is likely to have a significant

imgact on the global environment, economy and

-
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€ 0 space
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Climate change will cause heavier tropical cyclones.

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

 To study the appropriate technology and
Method for Organic waste treatment which

is economic and climate change benefit
feasibility

 To promote the 3Rs technology

To point out direction of the proper and

appropriate solid waste management for the
Lao society

Assoc. Prof. Korakanh Pasomsouk, National University of Laos




Laos is a developing country in Asian with Population
of 5.5 million and Area of 236,800 square kilometers

Q
J  The economy has developed so smoothly

) Industrial pollution issues are at the early stage.
J  Urbanization policy makes urban population rapid
Q

O

Q

increasing.

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

Students are interested to study in University rather
than working at the field.

The tourist activities are also increasing

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 9

A

T |
“.y
) The problem following of those is the
increasing amount of solid waste and human
waste

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

J To dispose solid waste in landfill, it will cost
USS5.4 per ton

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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 10
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1 Most Lao people have lived lifestyle in rural
area . They are from agriculture society.

 They continue to use the traditional Methods
for disposing of their daily wastes

Traditional Methods for disposing of waste
1. Burning it in the garden
2. Dumping it outside on the surrounding area

3. Throwing it in nearby swamp, river

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

. Organic waste over 220 tons per day are
transported to landfill for disposal

— Food waste

— Vegetable & fruit waste
— Grass and leaves

— Paper

— Wood and trees residue

* In fact, these organic wastes can be used as
the valuable sources for production

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 12
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-Vientiane Capital City : 50%
e 4 Secondary towns : 47.5%
17 Small province towns : 47%

Of 141 District towns only 14 controlled
landfill sites

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 14
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Quantity Percentage (%)
(ton/day)

Household 178 75
Street 2/km 1
Shop 36 16
Market 9 4
Hospital 2 1
School and office 2 1
Construction place 6 2
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 15

rovinces Population ay on/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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos i
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:-' . :
aste fraction | Vientiane Luangprabang Savanaket Champasack
(%) (%) (%) (%)
13 9 15 6

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 10 1 1 1
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 17

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 18
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Vientane Luangprabang Savanaket Champasack

Source (Kg/day) (Kg/day) (kg/day) (kg/day)
Hotel& Restaurant 3,555 1,008 520 714
Restaurant 7,605 4,992 2,720 4,100
Small 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
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 19

Don’t Waste
your Wastes

educe

JINE
ecycle

Assoc. Prof. Korakanh Pasomsouk, National University of Laos




W¥e¥»eduction
Reduction can be achieved in three basic ways:

1. Reducing amount used per product
2. Increasing lifetime or quality of product

3. Eliminating the need for product

“Your waste Today is less than yesterday and

tomorrow will be less than today”
v ) ,

Al ..-' '- II_ -' J
x5, = LR e e
P
= d ,‘—.‘ l
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 21 ‘
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Many of products are reused without any
processing. These products simply have utility
and value for more than one purpose.

“Please Reuse your product, for more purposes
until it can’t be used”

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 23

Many of the components of MSW can be
recycled for remanufacturing and subsequent
use.

The most important component for recycling
process are: paper, steel, aluminum, plastic,
glass, and kitchen waste

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 24
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- « Before 3Rs

practice, first of all
at your house, the
waste should be
separated in 3
categories

Toxic and

Hazardous
SW

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

Bio-degradable Sellable Toxic and
. Food waste I Hazardous
* Flashlight Batteries

* Vegetable :
. Fg, Paper « Light bulbs

Ll * Glass (bottle) * Fluorescent lamps
* Grass * Metal * Cell phone batteries
* Leave  Furniture * Cans (Spray,
e Tree residue pesticide, chemical)
* Wood ship " st

Assoc. Prof. Korakanh Pasomsouk, National University of Laos NG
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e Biochemical processes:
* Anaerobic Digestion ( Biogas generation)
* Fermentation Ethanol

* Chemical Process
* Esterification

 ..Waste to

L
¥

\i‘l Energy Waste Material

y

Thermal Process Biochemical Chemical

Combustion Pvrolisis Anaerobic | . o
I Y I digestion Fermentation Esterification

Gasification Ir-l

Chemical

Feedstock Ethanol Biodiesel

Heat and Power




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

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

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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 29
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Assoc. Prof. Korakanh Pasomsouk, National University of Laos 31
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Assoc. Prof. Korakanh Pasomsouk, National University of Laos 32
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Digester
size
m3

10

Animal Waste
input at
starting day
kg
1500

2300

3000

3800

Animal Waste
input per day

60— 80

80-100

Water input per day

Gas generation

Littre m3 /day
3.5-4 0.8-1.6
55-6 16-24
7.5-8 24-3.2
9.5-10 3.2-40




- -

Comparison 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 T
Electricity wW 1.7
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 35

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

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

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

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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 25
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Assoc. Prof. Korakanh Pasomsouk, National University of Laos 37

..:,;f?'-:l
1“5 %
- Ny
Biogas
Tank is
made of
used steel
tank 260L




Mix these wastes together with water
Fill these waste to biogas tank
Do it for every day

Digester
size
m3

Animal Waste
input at
starting day

kg

Food waste
input per day

Water input per day

Littre

Gas generation

m3 /day




Paper waste 40% with saw dust 60%
* Grass

* Paper

Charcoal waste

Rice husk 60% with paper 40% and cassava powder
Tree Leave and vegetable

Mixed waste

Cassava or corn starch maybe needed for binding

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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 42
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Assoc. Prof. Korakanh Pasomsouk, National University of Laos 43

A simple
Extrusion
machine is
built up in
mechanical
workshop fo
making
briquettes
from charcoa
waste

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 44
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. Sorting out material you whish 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 briguette press

Step7. Realizing briquette and drying for few day
before use

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 45

- What are the benefits of fuel briquette

Less firewood to shop and charcoal to buy
Saving time and money

Energy from the waste is recovered

Less pressure on nature resource

Can make money from selling fuel briquettes
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)

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 46
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LY niogas facilities present a potential for
emission reductions of :
 Methane from animal manure and organic
wastes
* CO, from using non-renewable fuel wood and
other energy sources for cooking
* CO, from using fossil fuel for lighting
* N,O from Chemical fertilizer for farming
By BBP Lao Overall emission reduction by 1 biodigester
have been calculated as
e 0.779 ton of CO, per annum,
® 0.366 ton of CH, per annum

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 47




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




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

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
0 ; North-
(% of wet weight) North Central East South Average
East
Organics 59.71 62.56 67.53 67.53 57.65 -
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
MSW Waste composition e
Others
3.2% )
Wood Fabrics Paper
0.7% 1.4% 8.2% Metals

Rubber/Leather 21%

0.5% Plastics

16.8%

Food/
Organic content

63.6%

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




e Current waste management (@)
sanitary landfill  technology

| | > In operation 94 sites
[ | » Terminated 10 sites
| .| » Cannot operate 6 sites

> Under planning or construction 11 sites

Incinerator
<+ Phuket city muni. (250 T/d)

ﬂ + Kao Samui muni* (140 T/d)
Ea i M < Lamphun* (10T/d) f

=l + Kao Tao (5T4d)
* shutdown for maintenance
** Shutdown

179 BRED

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

& Forecast quantity of waste =

Year Wa s{Teoitjr;z;?tion Year ge\rll\(/earztt?on

(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 managem
facility;

Endorsing public and private secto
to participate in waste managemen
project.

Policy 1- Waste Reduction (3Rs)

National Waste Target
Waste reduction not less
than 30 %

— 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%




Policy 2 — Waste to Energy

Incineration L |
Landfill Wastewater Treatment Plant

Reference TGEsues

Policy 3- Clustering of Local

Government

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

—




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

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 RGIISIE:




Policy 4 — Partnerships development

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

neLRTURLLNEY

e Open dumping

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




Integrated Waste Management: Opportunity

Waste Utilization
Waste reduction/ |. — |. 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

i
Ld

| Community-Based Waste Management |

Waste management
facility

- fomn -

| = =» landfill
- >
| 4
I |
I Plastics i - —»!
Wasts Composition r Recyclable materials
Organic —— newspaper * Community composting
64%
L Glass &
Recyclable Plastics bottles
30%

—— Metals/cans
'

Hazardous

3%

t---- Household composting

Others 3%
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Phitsanulok — Waste Management Initiatives

& =4 o ‘
aundiloinmiszanyamn
Community Compost Fertilizer Center
gumiualas 21

wiumypulag

& (@)
— Waste to Energy Program T

1. RDF 10,000 T/d

O R

.
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== MSW Power Plant (@)
& =

3 Power plants in operation
4.075 MW

Power plant under construction
2.02 MW

Chonburi Biogas

Phuket waste incinerator
2.5 MW

950 kW

Kao Chang Biogas 70 kW

Rayong biogas and compost system
'| 625 kW

Nakhon Pathom Landfill

Racha Thewa landfill gas
950 kW

( ]
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{T:’f‘ E’ Integrated Solid Waste Management

Waste input 100 %
. =
Waste soing system
Composting Other materials

- 60 %

=E e

10 - 20 %

Final disposal 5%

Heat and Electricity
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Integrated Waste Treatment System: Nakhon Ratchasima

MSW = ¥ Mechanical sorter Manual sorter RDF
Bag Opener
AEEES &, con
—_— . . 87/d
180 T/d \@/ | A
Metal sorter — |
Organic Wastes - u L‘k—l =
& . Gasification 1192
. ; Metal Recyclable a o
. Small size organic waste LALHINARANAINTUY
Light weight (Plastics)
50 T/d W
d Biogas

‘Water Separator

Sludge dryer
—_—
Landfill
(sand/gravel)

== P iness Anaerobic Anaerobic Composting system Compost
i s . Digestion Digestion
i 8 2 21 T/d

Tank # 1 Tank # 2

Landfill Wastewater treatment (Aerated Reusable water

(sand/gravel) largoon)

T —
Wiang Fang Municiﬁalitx ISWM sttem
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GHG Emission Inventory

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

T




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

Keys to success

Maximized Recycle
Good Management
Efficient Technology
Proper Regulation
Private Endorsement




Recommendations

e 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.

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

Workshop on Capacity Building on Accounting and Utilizing GHG Emission iGEs

Reduction Measures for Local Waste Management Actors in Developing

Asian Countries, Battambang, Cambodia, 29-31 August 2011.
Stratesite




1. Objects and Contents of the Presentation

Objects

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

* To consider what can be to energy/materials from urban sectors in
Cambodia?

Contents

1. Objects and contents of the presentation

2. Urban Area and Biomass Ultilization

3. Biomass town categorization

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. Urban waste in Cambodia

8. A case of gasification from rice husk in Cambodia

9. Summary and Keys of success

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)

€ This biomass is included waste from urban activities.

@ This biomass can be included agro waste.
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3. Biomass town categorization (Biomass Source)

350 Traditionally Used as Traditionally
2 Waste Biomass Non-Utilization Biomass
% 300
|_
P 20— —
®
€ 20044 ——— —
Q
E % ++ — — —
s}
—
© 0w+ —— —
e!
gso-—-i———————————————
z L AN /
0 T T T T T T T T T T T T T T T T 1
W@ S o> > S 9 & . S O o > o
S ¥ @ N ¢ Y © > X (% X O & D@ P & K
& 2 ¢ N ) & & & & 2
& $6 ‘\<‘°"0 & @e\b (\49 o Q’bQ \\\’6g & &7 Q’\@Q fb\é\\ @Qé\ rb‘{\o & ~\°0
o Ol O N @ VW @ £ 0 S
\{‘é“ © c,ob & & é\og & Q\\}Q & AR ée& NY &
X N N S SR ¢
¢ F & F KO & AP AR N
& ¥ © L &K S R
S o0 N & PR
& & @ o & F
>N 2 © & D
N g AR\
& O\
Q¢ &
&
&

350

Use

300 1 Material Use Ener

©
<

250 ++—

200 ++—

150 {— ——

100 +—

50 —

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

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

Cow dung o
3,228 tly \p/
Kitchen garbage , Composting ,
Primary Fermentation T

500 tly (25days) Compost “Midori” :1,117 tly
Fallen Leaves Y 1t (bulk):4000 yen
250 tly —— | Secondary Fermentation 10ka.pack..o00.yen..

(65days) =>60% of farmers in Motegi use
saw Dust (pruned branch | | (__Liquid Fertiizer: 894 tly
and tree thinning) Dry
200 tly (15days)
Rice Husk /¥/
250 tly

Source:
Mogi Town Biomass Plan

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

:Simple CO2/CH4 emission reduction

Kitchen garbage

500 tly /" Avoid Incineration => CO2 reduction: N

Fallen Leaves =Waste Amount [t/y]* (1- water %[-])* Carbon% [t-C/t]*44/12[t-

250 tly QOZ/t-C] |

Saw Dust =[Kitchen garbage]+[Fallen Leaves]+[Saw Dust]+[Rice husk]

230 t,yus =([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 ty \ = 581.8 [t-CO2/y] J
fAvoid improper methane fermentation => CH4 reduction: \

= [a case of compost]-[a case of pile in field]

= waste amount [t/y]*(coefficient(pile) [t-CH4/t]-
Cow dung coefficient(compost) [t-CH4/t])

32281y = 3,228(0.038-0.00044)
= 121[t-CH4ly]

(In Developing Country... b
Avoid methane emission from Landfill of Kitchen Garbage and
Pruned Branches
\_= CH4 reduction: 7?7 Y,
AMO0025: Avoided emissions from organic waste through
alternative waste treatment processes --- Version 12.0

If you are interested, please see this.
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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 )
L 5,620kWh/day (plan) )
Pig’s feces and urine Q CO2 reduction as an Alzprnative electric
generation
27t/day (50t/da N = Ave. Ele Gen(kwh/d)*Day (d)* CO2 emission
y( ) Methane_ coefficient Et-COZ)kwh el
Kitchen garbage Fermentation =4,891* 286* 0.000348 (2009)
A gl S Facility \ = 487 tly J
ay ( ay) Heat Generation
VT 8.300MCal/day )
Sewer Sludge / ?rocess' Mid /COZ reduction as an alternative heat source\
5 t/day (6t/day) emperature = Heat Gen(Mcal/d)*Day (d)* CO2 emission
Wet Process (35) coefficient (t-CO2/GJ)
pTTTm Ty ; =8,300* 286*0.057*4.2/1000
' Sake Cake | 80t/day \_= 568 tly Y.
- 16 t/day (0 t/day) : 340kw f Compost: 300t )
_____________________________________ -~ 50 ven/15kq )

(

Liquid Fertilizer: 2,500t

Source: Hita City

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

Waste amount (t)

Monthly Waste Production (burnable waste)

1,400
' Waste charge ' Separation of

1,200 | 1 started i— Kitchen waste

- ‘; ;,-E:-— ; started

,000 :
) f.f\,‘ xw.\ =

800

"R ?’- i -K’ I’.....-. Pl R oe_o® o

600

/

g

400

l Carried in waste ‘ Collected waste

i Collected kitchen waste
l

200

llllll

@ﬂ'@aﬂl\%ﬁﬁﬁw

s A

U i A A A
HIE.4A TR 10K 1H Hll ﬂl I'H lOll IH Hl&‘ﬂ IN IOH IH HIOIH ﬂ

IUI IH mm il'ﬂ IDR U| I'EI UI lﬂ IOJI IH B

Source: Hita City

» succeeded waste reduction after the separation of kitchen waste
From average 900t/month to 600t/month.
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6. A Case of Biodiesel from Waste Cooking Oils

Higashi Omi city, Shiga Prefecture (Population : 116,797, Area: 388.58 km2)
BETHREREY 25 A
[ GES LS T

1y )U i.?‘

i

Source: Higashi Omi City
Yoshiaki Totoki IGES | http://www.iges.or.jp Workshop on Capacity Building, Battambang, Cambodia, 29-31 August 2011.

L Collection of Waste Cooking Oils
30,000 -
25,000
20,000
15,000 |--
10,000 --
5,000 |

Source:
Higashi Omi City

0
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”

Yoshiaki Totoki IGES | http://www.iges.or.jp Workshop on Capacity Building, Battambang, Cambodia, 29-31 August 2011.




7. Urban waste in Cambodia

What can be to energy
from urban sectors in How g?:m“;zgge the
Cambodia? :

* From Urban Sector
» Kitchen Garbage

» Waste cooking oils
 Sludge etc.
 Agricultural waste

 Animals’ feces and
urine

Rice husk and Straw
Bagasse,

Coconuts shell

* etc.

Existing facility
Compost plant
Biogas refinery
Gasification facility
etc.

8,000,000 . . No. of Rice /Annual Processing
= Rice Production (dry) (t) City/Province .
7,000,000 . . . Mill amount (t)
Rice Production (Rain) (t) Phnom Penh NA 1.055
6,000,000 Battambang 344 422,956
Banteay Meanchey 346 79,400
5,000,000 — — — |[Kampong Cham 2,134 21,678
Kampong Chhnang 889 28,452
4,000,000 +ggr——— — — — — — — — Kampong Speu 5,339 114,004
I Kampong Thom 5,514 107,376
3,000,000 - — —F— — — — Kampot 2,851 424,475
Kandal 1,358 32,635
200000 —E— W 0 B B B B B Koh Kong g 96,827
Kratie 520 49,320
A I I B B BB Mondol Kiri 33 NA)
o ' . . ' ' . . ' . . Pursat 1,740 N.A.
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 ~ |-reah Vihear 36 N.A,
Rice Production in Cambodia Prey Veng 2.869 13,607
Rattanakiri 5| 340
Siem Reap 1,308| 53,782
. . . . Sihanouk Ville N.A, N.A
» Rice Production is increasing. Stung Trong 11l 1,002
> large number of Rice Mill plants | Svay Reang 909 26,685
: Takeo 730 25,549
and prOCGSSIng amount' . Oddormean Chey 40 2,235
» 22% of processing amount will Kep 38 67
be rice husk Pailin ! 300
1,502,000 t/y*0.22 - Total . . 27,148 . 1,502,735
, L No. Rice Mill and processing amount
Rice husk production: 330,000t/y. _
(Unknown year) Source: NEDO
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8. A case of gasification from rice husk in Cambodia

(cont.)

» In 2003, small pilot project (7kW) was initiated.
» 200kW rice husk gasification system (Ankhur technologies) with diesel engine was
developed.
» 200kW gasifier with rice husks reduced 75% diesel consumption (5,500L/month)
» There are 53 biomass gasifiers in Cambodia for generating electricity for rural
electrification or SMES.
» 6kg of Rice husk replaces about 1 liter of diesel.
Source: P.A. Salam et al.(2010)

( cO2 reduction from Diesel Replacement with a 200kW gasification system h

= 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]

_= 242,000 [t-CO2/y]

(¢ CO2 reduction potential from Diesel Replacement by rice husk.

= rice husk production *diesel alternative [L/kg]* coefficient of CO2 emission of
diesel use

= 330,000*1000[kg/y]*1/6[L/kg]*0.000705[t-C/L] *44/12 [g-CO2/g-C]
\_= 142,000 [t-CO2/y]

VAN

A

9. Summary and Keys of success

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, cityies, and towns.

» Cambodia has a high potential of the waste biomass
utilization for energy generation, waste management with
GHG reduction.

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
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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
29-31 August 2011, Battambagg, Cambodia

IDCC
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Contents

+ Background
2006 IPCC 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

) @ iDGG

INTERGOVERNMENTAL PaNEL o ClimBTe chanee

wea LMER

Background

« Disposal and treatment of waste produce GHGs
« Emissions of GHGs from waste disposal and treatment are expected to increase
in developing countries
« Emission inventory: 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
- is a key input to scientific studies on climate change

« [PCC NGGIP provides internationally accepted methodologies for national GHG
inventories for estimation of national GHG emissions and removals

@) @ iDGG

INTERGOVERNMENTAL PaNEL o ClimBTe chanee
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2006 IPCC Guidelines for National GHG Inventories

* Evolved from the Revised 1996 Guidelines through GPG 2000 and GPG-
LULUCF

« Updated/improved methods and default data
(http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html)
 Emissions and removals are grouped into following main sectors
- Energy
— Industrial Processes and Product Use (IPPU)

— Agriculture, Forestry and Other Land Use (AFOLU)
- Waste

H® oG

INTERGOVERNMENTAL FANEL oM ClimaTte chanee

Weo LN

2006 IPCC Guidelines for National GHG Inventories (cont.)

* Volume 5 gives methodological guidance for estimation of CO,, CH, and N,O
emissions from Waste sector

- Solid waste disposal
— Biological treatment of solid waste
— Incineration and open burning of waste
- Wastewater treatment and discharge
« Typically, solid waste disposal sites (SWDS) are the largest source in the
Waste sector
* Biogenic CO, emissions are not included in the Waste sector estimates

« All greenhouse gas emissions from waste-to-energy should be estimated and
reported under the Energy sector

INTERGOVERNMENTAL PaNEL o ClimBTe chenee




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, Gg/yr)

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)

) @ IPCC

INTERGOVERNMENTAL PaNEL o ClimBTe chanee

Weo LN

How to estimate GHG emissions (cont.)

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

* |tis good practice that countries use country-specific data as the basis
for their emission estimation
* The availability of solid waste data is a major issue in Waste Sector
— Data on solid waste generation, composition and management etc.

« The 2006 IPCC Guidelines provide default data and detailed guidance
on data collection

IDCC

INTERGOVERNMENTAL PaNEL o ClimBTe chanee
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Solid Waste Disposal on Land: CH, Emissions

» CH, emissions in year T from SWDS (Gg)

CH ,Emissions = {Z CH ,generated  , — RT} *(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

-
- ipce
L) b INTERGOVERNMENTAL PaNEL ox CliMBTE Chanee

WwWeo |

Solid Waste Disposal on Land: CH, Generation

 Decomposition of organic materials under anaerobic conditions
- slow and complex process
— vary with the conditions in the SWDS
« Mass balance method in the previous guidelines estimates “potential emission”
rather than the actual annual emission

— assumes all the emissions occur in the current year, ignoring the fact they will occur
over many years

* First order decay (FOD) method produces more accurate estimates of annual
emissions
- time dependence of the emissions; estimates of actual emissions of CH,
 The method in the 2006 IPCC Guidelines is based on FOD method
— FOD Spreadsheet model (IPCC Waste Model) with step-by-step guidance
(http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html)
FOD model requires data for historical disposals of waste
— 2006 Guidelines provide guidance on how to estimate historical waste disposilﬁc c

@) @

WD LMY
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FOD Spreadsheet Model (IPCC Waste Model)

+ The basis for calculation is the amount of Decomposable Degradable Organic
Carbon (DDOCm) in waste which is the part of the organic carbon that will
degrade under the anaerobic conditions in SWDS

DDOC,, =W e DOCe DOC, ¢ MCF

DDOCm : mass of decomposable DOC deposited, Gg

W : mass of waste deposited, Gg

DOC : degradable organic carbon in the year of deposition, fraction, Gg C/Gg waste
DOC; : fraction of DOC that can decompose (fraction)

MCF : CH, correction factor for aerobic decomposition in the year of deposition
(fraction)

) @ IPCC

INTERGOVERNMENTAL PaNEL o ClimBTe chanee
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FOD Spreadsheet Model (cont.)

« Most useful to Tier 1, but can be adapted for use with all tiers

— Tier 1is the basic method, Tier 2 intermediate and Tier 3 most demanding in
terms of complexity and data requirements. Tiers 2 and 3 are generally
considered to be more accurate.

— Tier 1 FOD method uses mainly default activity data and default parameters.

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

— Waste composition
— Bulk waste

« 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

« Default regional AD and parameters are incorporated in the spreadsheet

INTERGOVERNMENTAL PaNEL o ClimBTe chanee
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FOD Spreadsheet Model (cont.)

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

Selection of appropriate region in the “Parameters” sheet will adjust the IPCC
defaults in other sheets

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

Calculates the amount of CH, generated from each waste component on a
different worksheet

IDCC

YR

By
) @
weio UNEP INTERGOVERNMENTAL FaneL ox ClimBTe change
- A, B L =] E F L
1
5 Paramelers Country |
3 Region [ acsia- St [=]
4 Please enter paramaeders in e yellow cells Fina nadional data ane available, copy the IPCC defaull valse
5 Help on parameter selecion can be found in the 2006 IPCC guidelines
G
7 IPCC default value Country-specific parameters
8 _ Valus Reference and remarks
) Starting year 1850 1850
10 I
11 DOC (Degradable organic carban) | wearm by compossion | =
1z {weight fraction, wet basis) Range | Default
13 Food washe 0.0E-0 20| 015 015
14 Garden 0.18-0.22 o2 02
15 Paper 0,38-0.45 {ﬁ| 0.4
16 Wood and straw 0.30.0 46 0.43] [ |
17 Texdilas 0. 20-0.40 D24 D24
18 Disposable nappies 0.18-0.32 024 024
19 [Sewage sudge 04-0.05 0.05] 005
20 |
21 Indusirial waste 0-0.54 015 015
22
23 DOCT (fraction of DOC dissimilated) 0.5 0.5
24
25 Methane generation rate constant (k) | it e -
2 | [years™) Range | Default _
27 Food wasie 0.1-0.2 O.185 0165
28 [Garden — 0.06—01 1 EXE]
20 | [Paper : 0.06]
30 Wood and straw - 0.03]
o e 005007 fR |
32 Disposable nappies DD 1 o [N
33 Sewage shdge R IJ.‘IBEI 0185
34
35  |indusinal waste 0.08-01 a.09] 009 c
436 | [ |
(<37 [Delay time (months) | B |
WA v w] | Poramamers o MCF  Acowmy | AT _DeDosTec _ Recovary_O% _seiEe i CRIER A Th Datawrs  Fa220 16 E
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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

@) @ iDGG
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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

@) @ | D CC
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Biological Treatment of Solid Waste: CH, Emissions

» Estimation of CH, emissions:

CH ,Emissions = 2 (Ml. o LF )0 107° - R

1
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,. If the recovered gas is flared,
the emissions should be reported in Waste Sector

INTERGOVERNMENTAL PaNEL o ClimBTe chanee




Biological Treatment of Solid Waste: N,O Emissions
« Estimation of N,O emissions:

N,OEmissions = Z (M,eEF)e10”

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

@@ IpCC
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Incineration and Open Burning of Waste: CO, Emissions

» Based on the total amount of waste combusted:

CO,Emissions =) (SW, edm, e CF, e FCF, ¢ OF,) 44/12

1

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

SW, : total amount of solid waste of type i (wet weight) incinerated or open-burned, Gg/yr
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 ipc c
o ol INTERGOVERNMENTAL PaNEL on ClimaTe chenee
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Incineration and Open Burning of Waste: CO, Emissions

* For municipal solid waste:

CO,Emissions = MSW @ (WF, edm, e CF, e FCF, e OF ) 44/12
J

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 jin 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)

H® oG
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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 = Z (IW, e EF,)e10°°

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

- INTERGOVERNMENTAL PaNEL o ClimBTe chanee
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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 = Z (IW, e EF)e10™°

N,O Emissions: N,O emissions in inventory year, Gglyr

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.)

H® oG
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Amount of waste open-burned

» Statistics may not be available. Where the data are not available, total amount of
MSW open-burned can be estimated

MSW,=PeP, eMSW,eB, 3650107

MSWj; : Total amount of municipal solid waste open-burned, Gg/yr

P : population (capita)

P, « fraction of population burning waste, (fraction)

MSW, : per capita waste generation, kg waste/capita/day

B;., : fraction of the waste amount that is burned relative to the total amount of waste treated
365 : number of days in year

10+ : conversion factor from kilogram to gigagram

4 INTERGOVERNMENTAL PaNEL o ClimBTe 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-ngqip.iges.or.jp/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.) .
@@ IDCC
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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
/measures to reduce emissions

+ 2006 IPCC Guidelines for National Greenhouse Gas Inventories provide globally
applicable methods to estimate national emissions and removals

« 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

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

@@ IpCC
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Thank you
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GHG Reduction through Suitable Treatment

and Utilization of Waste Plastics

Yoichi KODERA, PhD, Senior Research Scientist

National Inst. of Advanced Industrial Science &
Technology (AIST) at Tsukuba
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1. Characteristics of waste plastics
2. Life cycle of plastics and GHG emission
3. Recycling methods of waste plastics

Major components
of household wastes
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Volume% Weight%-wet

Source: White paper, Ministry of Environment, Japan
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Municipal wastes in Bangkok, Thailand

http://gec.jp/gec/en/Activities/EST/2009/wasteplatics/D2 AliceSharp.pdf

Typical separate collection of
household wastes in Japan

Combustibles Non-combustibﬁ_ Hazardous

Kitchen waste  Wood

L3 \ Waste plastics: plastic resources
.7.!‘.- E - Containers & packaging :
4 QET bottles /

Mixed paper: Some cities
collect it separately Cans Glass bottles
m

K for recycling. / ferrous/aluminu clear, brown, others
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Challenges from incineration and landfill
recycling for some purposes

Food waste :> Compositing

Mixed paper ::> Recycled paper

Increase recycling amount of waste plastics

Plastics |::> Recycled resin and fuel

Environmental impact such as CO, emission?

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.
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Reduction of environmental impact

through waste plastics utilization

* 1. As a recycled 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
C34QMRP2YXJ78UHAZVDSFL6

« 2. As a cleaner fuel than coal or heavy oill

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

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
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Recycled resin

Life Cycle of Plastics-2

Waste plastics to recycled resin
| 1 4.

- ¢
- )
- [ 4 aa
& P
4 =
#
>

Crushing,
washing and
pelletization

™| Recycling

Plastic products Waste plastics Recycled resin

Recycled resin

Life Cycle of Plastics-3

Production of recycled plastic articles

Construction material -M"e parts

Injection molding
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Recycled resin

CO, Reduction by Using Recycled PS (1)

Clean white PS tray Clean but colored tray

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 2.4 3.2

Solid waste / kg 8.7 22
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CO, Reduction by Using Recycled PS (4)

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

—
l Impact reduction l
d

Material 64
Handling 26
(processing & transportation)
CO2 emission 46
Solid waste / / 60 /
0% 20% 40% 60% 80% 100%

Table: Environmental impact reduction by using 60% recycled resin

{Typical end-user application of waste plastics }
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' Solid fuel

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

Liquid fuel

* Production: Pyrolysis followed by distillation.
Crushing and separation required for some wastes.

......




Shredder —>

Feeder

Gaseous fuel

* Production: crushing and pyrolysis.

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

* Major trouble: pluging of tar-ash mixture at
a tubing between a kiln and gas-tar
separator.

Lk [ T

1O

N

e 3}:
R

Rotary kiln
designed screen
inside

N
Char

Gas Gas Engine
Scruber Holder  generator
Tar _
Cooler > Oil
Scruber
Separator

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

Gase

Similar
fuel

© © © LNG/LPG

ous fuel

Diesel
© © O ol
A or
o A 9 Coal
Direct combustion A X X none

for heat recovery
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Waste generation with GDP

1
Singapore e
©
S 08 Japan
©
(6]
3 .
e Malaysia
S3 06 :
T o Indonesia
2=
(0]
[@)]
= 04 Nepal
= Cambodia
0.2
y = 0.1373x0-1909
0 1 1
0 5000 10000 15000 20000
GDP
/USD per capita
Increasing trend in three categories of
high, middle and low generation
800 r
y = 100, 725> 1%
s R'=0.7518
700 =
3 = 0. 8462
E§ Esam - = e
.l:: 4 ™ A
. e : .
8 S 400 i L] ® <High Generation Rate Group>
5z H_,—c—’_'r’_‘__'—’- y = 27,544 5% USA. Australia, Ireland. Hungary
o _E A - R = 0.8852 <Middle Generation Rate Group>
O < 300 7 Canada, Mexico, 5 Krea, Austria,
00 5 Belgium, Czecho, Dermark, Finland,
_‘_) . etner 5. way, A
% § #High Generation Rate Group Pomﬁ‘,h:“& :;.;:::::m
B 100 eMiddle Generation Group Q“LE‘J‘::::S:‘ F:';m“’“""
aLow Generation Rate Group oo Sy
o i i A i i i
0 5000 10000 15000 20000 25000 30000 35000 40000 45000

GDP (USD/capita)
GDP

Fig.4 Relationship of GDP per capita and MSW generation rate

M.Tanaka, http://www5.cao.go.jp/keizai-shimon/special/pdf/1004item7.pdf
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Urban Solid Waste Generation (1995)

Country GNP Per Capita' Current Urbon  Current Urban
(1995 US S) Population ~ MSW Generation
(% of Total)®  (kg/capita/day)

“What a waste: Solid waste
management in Asia,” The International
Bank for Reconstruction, and
Development/ THE WORLD BANK

*http://web.mit.edu/urbanupgrading/urban ,,‘ kk of 9700

environment/resources Hong Kong 7299
/references/pdfs/WhatAWasteAsia.pdf Sapen sl
Japan 29,640
"World Bank, 1997b See Figure 7 for comparison to 2025,
“United Nations, 1995
*estimated GNP

Household wastes (UK) 2006-7

Misc non-combustible Other wastes
Misc combustible
1%
Sanitary
5%

WEEE
1%
“:::d Food waste
33%

Textiles
4%

Plastics
14%

Metals
3% ~__Garden waste
Gl 6%
ass
5% \_O‘Iher organic
Card 3%
5% Paper
12%

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

Type

Plastics

Paper

Kitchen
waste
Garden
waste

Cardboard

LHV Total solid C fossil

% Total

MJ/kg-Wet % Wet base

solid
34.1 89.1 79.3
12.9 90.5 0.2
5.8 29.6 0.5
7.5 52.2 0.8
13.6 80.6 21

CO, from
Fossil C

kg/100kg-
Total solid

290.8
0.7
1.8
29

7.7

C bio.

% Total
solid

0.4

32.7

49

43.1

42.4

CH4

potential

L/kg-Dry

solid

0

158.1

435.7

114.6

154.8

E. Gentil, J. Clavreul, T. H. Christensen, Waste Management & Res., 27, 850 (2009).

Recycled resin

Life Cycle of Plastics-1

Plastic

articles

e Crude oil to naphtha

* Naphtha to ethylene and others

« Ethylene to polyethylene

* Production of other chemicals

* Molding
* Film production
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Recycled resin

Life Cycle of Plastics-2

2l Soft and hard plastics

Consumers

» Sole, mixed or composite }

* Whole components of wastes
* Separate component of wastes

 Disposal/incineration or landfill
» Recycling/recycled resin or fuel

J

CO, Reduction by Using Recycled PS (2)

Life cycle of once-through disposal & recycling

electricity electricity

Delivery
Fuel

v

Sales

Sheet Container General

production molding Food store consumers
lastics Separate
Fuel or mixed
¢ disposal
_ Recycling < Wast.e
New plastics process Separate collection plastics
Additives
Other materials @
Container General Incineration or landfill

manufacturer electricity market »




Typical Recycling Laws relating RRB
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

Status of Recycling

- Waste is separated into industrial waste produced by business activities and all other municipal waste
(mainly produced by households).

- 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 | s Recycling volune —e— Recyciing ratio
authorities. (10,000 ton (%)

Produced by households Volume recycled ) 1400 4 203
20.3

9.78 million t (20%) ) 19.6 <

1200 -

Volume produced
48.11 million Volume reduced | 1000 -
Waste tons (100%) 32.75 million t (73%) | 500 |

1003 10201030

978 45

J

Final disposal volume 600 1

5.53 million t (12%) | 400

200 -

" Companies producing waste arcﬂ 0l 0
Atz NYesie responsible for treatment. FY:99 00 01 02 03 04 05 06 07 08
Produced by business activities Volume recycled
219million t (52%) |
Volume produced \ (—==== =s==== =s=======—
419 million tons 1§§$$Z;etd(”:;§)
(100%) 2 Regulated by relevant laws
Final disposal volume
20.million t (5%)

Municipal waste: Data collected in
FYO08.

Industrial waste: Data collected in FY07 Co pyrl g ht METI
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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 18.6%
Containers and
Packaging
38. 4%
Containers
and

Packaging
61. 6%

Other
0.2%
Metal
2.0%

Plastic
40.1%

Glass

0.7%

Ratio by Weight (FY2008)

Glass

4.1%

Plastic
9.1%

Paper
8.0%

Other than
Containers and
Packaging
76. 7%

Containers
and
Packaging
23.3%

Metal
1.5%

Other
0.7%

¥ 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

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)

Distributionl . Delivery
Consumers 1 spseifiel Specified Container
)| Container/Packaging
Manufacturers, etc
[Separated disposal] ! Users [Obligation to recycle]
cparated disposa 1] [Obligation to recycle] 2

Payment of recycling costs

Collection of
containers and
packaging

(Implementation of obligations)@ (40 billion yen)
Designated Juridical Person:

The Japan Containers And Packaging
Recycling Association

Agreement of
receipt

Local authority
[Separated collection]

Hand over of containers and
packaging

Shoulders cost of collection

W < Payment of
S ecycling costs
N
Bidding *( . (39.7 billion yen)
N\

Conversion to cullet and
pellets by recycling
company

Copyright METI
2

Paper
Z Plastic

|:> Monetary flow
‘ Material flow

Selling recycled
products/materials

-
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Issues 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.

: . . . N
v" Cost reduction / cost efficiency
- including social costs of the whole processes:
1. efficiency of recycling system L from separate collection to recycling )
X

p
v’ Creation/promotion of

L high value-added recycled products )

/\/ Reconsideration of roles and )

responsibilities of relevant players

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

} and their cooperation
<

- based on the idea of EPR
\ )
p

~

transparency and stability

[2. improvement of fairness,

v Prevention of free-riders
g J

p
3. promotion of prevention and __| ¥ Methods for setting quantitative
re-use prevention targets and units

Seeking the possibility and suitable technologies
of waste plastics recycling for developing countries

(&) e
()

\&;5 ‘g/y National Institute of
o Advanced Industrial Science
UNEP and Technology
United Nations
fn'-;'.rf)nn[‘.f;zc.r'll Programme A’sr
/ B
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.
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Plastic waste conversion to
liquid fuel in Thailand.
Case Study : Warinchamrap
Municipality

Budget Supporting By

l" Energy Policy and Planning Office,
( ) Ministry of Energy,

Royal Thai Government

Rungnapa Tubnonghee

Warinchamrap Municipality
- & 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
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Warinchamrap Municipality Cambodia 3
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

6
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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 i
125,000 tons (7years) :




The process consists of 2 parts:

1.Separation of MSW

1. Separation of MSW at the front
end system




The mixed plastic waste

drying

= |
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MPW Raw Material for Pyrolysi

e )

-"""H

90% of mixed plastic waste are PE and PP "

2. Pyrolysis of MPW waste

Gas Scrubbar
Cooling Tower
| Condansars
Exhaust Gas J
Plping il Starage
| % : Tanls
dwa
! Lepsiibne |
S :
J Cailbios
L | =g Bu S agy
Frralys Urit
Wasts Renctor

A centralier

Bumar




Concept of Pyrolysis

Process of Plastic Production is Polymerization

Decomposition of plastic is De-Polymerization

Polymerization

Natural gas
and
Petroleum

Depolymerization

- Temperature control
- Catalyst

W
Light
Crude

Oil

Pyrolytic oil

Pyrolysis Process

®e
(Polymer) :' ®000000°

C-H Bond #....*0:0.,“*»%

Thermal 96 0000080908 % o0e, B
degradation LT i
| Operate with high temperature
l’ (< 500°C) in absent oxygen or
Catalytic without oxygen and then produce
degradation liquid hydrocarbon and syn-gas
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By Product; Wax and Carbon Black

Ratio and capacity of production

Kerosene, 5%

Mixed plastic waste
(tons)

Yield of
production

60%
q

® Carbon black
® Gasoline oil
= Diesel oil

W Kerosene

m Wax

Crude oil

(Liter) (Barrel)
6,600 40.3

198,000 1,209.8
1,980,000 12,092.3




3.Characteristics of Pyrolytic oil

]
i B B

2xz2BRE:
gﬁ_ - - E

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

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

22
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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

l "-{'

24
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Utilization of pyrolytic oil with
gasoline engine

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.
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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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Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction Measures for Local Waste Management Actors in
Developing Asian Countries , 29-31 August 2011, Hotel Khemara 1 Battambang, Cambodia

vsvgepae miggipwugnlgngiias

[~
Mr. Meng Chanvibol &S U§37¢ 95/ NBP

2 s _ So ) La S
9. MIEHNRIN amummxmummsmﬂaﬁazwv
Q o,
. NBP BTG AYWES AYI LY I BR]R NS (ABP) SFUESWHIHADUE T U IE MY
T FMI SNV
Q 1 o
- NBP AMAYIBYWIVR/ GR/IVIALS RIHIMISNV S50 00%
1
- BamAMNITD £ 1009009 (NWHSSAESIANTA TGS OC000
o ' = ° =Y a QoS
- NBP BAmAmMUTOSFUmSTSWR DGIS, SNV, GIZ S5 PIN (People in Need) 81987 mPCarbon
Emission Reduction Trade

- NBP MISIRAAMIVSSAMAMUT® 09M 1099

. FAaes] SIRAYMN
Srscd): NBP wIsSasesTve S5 51787 R 5518 U AVENWRISIMN RiaSgpicsips
@ :NNAMGGEAYD
. Qﬁvmwmm_@@m@umsgﬁmgygmmmo%oomx CSITAMBEIE 09
- POSIMIVSE QRSB 2R SRR MNP
- T ORISR MOPPRIGRI SRS
- O@EIRYEMMTVRINGP RIGymINIRNIRs g PBPO (I MmN T I TV
AYIGeR:
- VeSEmIIRCNERI R AT R U AV Y EME mqaiuwﬂmhﬂmaazww@ay

MIRNIRSG SECRDAYREBWwRanIaslig]o

1
Mr. Meng Chanvibol_Introduction to National Biodigester Programme

Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction Measures for Local Waste Management Actors in
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Methane calculation from: Food waste

Mational
values
Dac Doc 0.15
Doct Docf 0.500
Methane generation rate constant k 0.185
Half-life time (.2, years) 37
expl 0.83
Process start in deposition year. Month M 13.00
exp2 exp(-kH((13-M12}) 1.00
Fraction to CH4 F 0.500
DDOCm
Decomposa|DDOCm not| decompos DDOCm
ble DOC reacted ed accumulated in
Amount (DDOCm) | Deposition | Deposition | SWDS end of | DDOCm CHy
Year |deposited| MCF | deposited year year year decomposed | generated
D=W*DOC* C=D*(1- ® |E=C +Hug e *| Q= E = 16112
W WMCF DOCF*KWCF | B=D *exp2 exp2) (1 -exp1) *|F
Gy fraction Gg Gy Gy Gy Gy
1950 693 0.71 37 kI 0 i 0 0
1951 693 071 37 3 0 67 G 4
1952 693 071 37 37 0 92 1 8
1953 693 071 37 3 0 13 16 10
1954 693 071 37 37 0 131 19 13
1955 693 071 7 3 0 145 22 15
1956 693 0.71 37 37 0 158 25 16
1957 693  0.71 37 37 0 168 27 18
1958 693 071 37 3 0 176 28 19
1959 693 0.71 kI kI 0 183 30 20
1960 693 071 37 3 0 169 31 21
1961 693 0.71 kI kI 0 193 32 21
1962 693 071 37 3 0 197 33 22
1963 693 0.71 37 kI 0 201 33 22
1964 693 071 37 3 0 203 M 23
1965 693 071 37 37 0 206 4 23
1966 693 071 7 3 0 208 35 23
1967 693 071 37 37 0 208 35 23
1968 693 071 7 3 0 210 35 24
1969 693 0.71 37 37 0 212 36 24
1970 693 071 37 37 0 212 36 24
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http:/iwww5.cao.go.jp/keizai-shimon/special/pdf/1004item7 .pdf
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Country GNP Per Capita'  Current Urban  Current Urban
(1995US S) Population ~ MSW Generation
(% of Total)?  (kg/capita/day)
Low Income 490 27.8 0.64
Nepal 200 137 050
Banglodesh 240 18.3 0.49
Myanmar 10" 26.2 045
Vieinam 2140 208 0.5
Mongolia 30 609 0.60
India 340 26.8 046
Loo PDR 350 07 0.69
China 620 303 079
Sri Lanka 700 24 0.89
Middle Income 1,410 37.6 0.73
Indonesia 980 354 0.76
Philippines 1.050 542 0.52
Thatland 1740 200 1.10
Malaysia 3890 537 : 081
High Income 30,990 79.5 1.64
Korea, Republic of 9,700 8l.3 1.59
Hong Kong 22,99 950 507
Singapore 26,730 100 1.10
Japan 39,640 76 147
'World Bank, 1%7b See Figure 7 for comparison to 2025,
*United Nations, [%3
“estimated GNP
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http://www.resourcesnotwaste.org/upload/documents/webpage/RRF%20Advisory
%20Committee/JulianParfitt(2010)presentation. pdf
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Municipal waste: Data collectedin FYGS
Industrial waste: Data collected in FY07

r2_% o 1 ]
GPUEALT RrANUEIGIY

& u.m.\smgmww%&u.@sqaawgm AR DY

w3ialg Soviwanrran S

ey siume —a~Reopigra

100 |
203
1250 V ==

100310201030 Ew
;S

15
ﬂha 825 56
800 :S
600 | _ — —

ﬂq 89 00 01 02 03 04 05 08 OF 08

a._m 42

Copyright METI

Revefangvyweralyming

o
2ALEY USRI AR AN BER a nuS&J weslsans v§ SS?:SE«@?

misa:mmc @an00% m.u.d.,saJmﬁ BRIz

,
_

Ratio by Volume (FY2008)

Other than
Canlainers and
Packaging

38.4%

Containers
and
Packaging
61.6%

Qthar
0.2%
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3 Ratio by volume and by weight was calculated based on the

sample survey targeting for G cities and 3 areas across the nation
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Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction Measures for Local Waste Management Actors in
Developing Asian Countries , 29-31 August 2011, Hotel Khemara 1 Battambang, Cambodia
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. Rungnapa_Plastic waste conversion to liquid fuel in Thailand

Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction Measures for Local Waste Management Actors in
Developing Asian Countries , 29-31 August 2011, Hotel Khemara 1 Battambang, Cambodia
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Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction Measures for Local Waste Management Actors in
Developing Asian Countries , 29-31 August 2011, Hotel Khemara 1 Battambang, Cambodia
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