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1. Introduction 

Since the green house gas emission  is the hot  issue not only for the Lao people but for all around the 

world,  the  three  days  workshop  on  capacity  building  on  Accounting  and  Utilizing  GHG  Emission 

Reduction  Measures  for  Local Waste Management  Actors  in  Developing  Asian  Countries  has  been 

organized in  Lanxang Hotel Vientiane Capital City by supporting fund from Ministry of the Environment 

of  Japanese  together  with  the  Institute  for  Global  Environmental  Strategy  (IGES)  and  Asia‐Pacific 

Network for Global Change Research  (APN). The workshop was organized with association of National 

University of Laos (NUOL), Ministry of Public Work and Transportation (MPWT), and Ministry of Natural 

Resource and Environment(MONRE).   

 

Fig. 1 The opening remark by Prof. Dr. Boulinh Soysouvanh  Dean of Faculty of Engineering NUOL 

and Mr. Khamthavy Thaiphachanh Director of Housing and Uban Planning MPWT  

 

 On  the  opening  ceremony,  Prof. Dr.  Boualinh  Soysouvanh, Dean  of  faculty  of  engineering  at NUOL, 

mentioned that the climate change is serious problem which can threaten human survival.  Recently Lao 

people from the north to the south have been faced with high dangerous of the flooding in the cause of 

the climate change. The climate change  is caused of the human activities  like cutting trees,  increasing 

more cars on the road, and mishandling municipal solid waste. On behalf of the education sector, we are 

appreciated a lot, to see that this workshop is organizing with association of MPWT and belief that it will 

give  the  new  experiences  to  the  all  participant  especially  the  Urban  Development  Administration 

Authority (UDAA) of each province  it will be  leading to apply  in the  local area.   He summed up that he 

hoped this workshop would give the methodology of the estimation of the gas emission from the waste 

sector.  That will  be  useful  in  short  and  long  term  for  the  development  of  solid waste management 

project in Lao PDR.  
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2. Summary of the Workshop 

The workshop on capacity building on Accounting and Utilizing GHG Emission Reduction Measures for 

Local Waste Management  Actors  in  Developing  Asian  Countries was  conducted  in  3  days  (4th‐  6th 

October). In the first day mostly presentations of practical work both from local and abroad were made. 

Participants  have  learned  from  various  experience    especially  the methodology  of  composting  and 

biogas generation from the organic waste  in the centralized and decentralized. The failure and success 

of  the projects  in other countries were also  introduced. The  second day  focused  the methodology of 

estimation of GHG emissions from the waste disposal and treatment and assigned group homework. In 

the  last day, each municipal group made presentations  its  finding  solution. During  this workshop, all 

participants were satisfied the workshop content and material.  Proceeding hand out which are covered 

all presentation were distributed. All participants have been conferred the certification of the workshop 

at the end and the workshop were officially closed successfully. 

 

Fig 2. Participants of Workshop 

2.1. Participants and speakers      Total participant is 55 persons 

(1). Provincial Participants:    10 persons 

No  Name  Province 

1  Mr. Chanpheng Philachanh  Khammouan 

2  Mr. Bounthong Vanhdy  Khammouan 

3  Mr. Phetsamone Keophothisane Savanaket 

4  Ms. Anonglak   Keomolakoth  Savanaket 

5  Mr. Bounnath Soumpholphakdy  Champasack 

6  Mr. vathadeth Kinpounsin  Champasack 

7  Ms. Kaisone Keopasert  Luangprabang 

8  Mr. Sengkeo Kanhyason  Luangprabang 

9  Mr. Phongsavath Sibounmai  Sekong 

10  Mr. Sounthone Koulavong  Salavanh 
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(2). Vientiane Municipality: 14 persons 

No  Name  District 

11  Mr. Vanh xaiyalat  Vientiane Capital 

12  Mr. Bounkham Phakasoum  Vientiane Capital 

13  Mr. Khamsouk Saphakdy  Sisattanak 

14  Mr. Sone‐Amphai Phethvilasone  Sisattanak 

15  Mr. Phethanousone 
Phommavong 

Sikottabong 

16  Mr. Bounthy Louanglith  Sikottabong 

17  Mr. Vixai Lovanhak  Chanthabouli 

18  Mr. Chittavong Phanavong  Chanthabouli 

19  Mr. Viengkeo Surinyaphone  Saysetha 

20  Mr. Aloundeth Phonthamaly  Saysetha  

21  Mr. Sengsoulith Sakounsouk  Hatxaifong 

22  Mr. Keosisai Sengdala  Hatxaifong 

23  Mr. Bounxom Sivongsa  Saythany 

24  Mr. Kongseng Dalaseng  Saythany 

 
(3). Ministry and University  

No  Name  Organization 

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

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

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

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

29  Ms. Manichan Vorachit  Dept. of Environment, MNRE 

30  Mr. Langkone Xaignavong  Faculty of Engineering NUOL 

31  Dr. Bounheng Southichak  Faculty of Engineering NUOL 

32  Mr. Soukha Phokhasombath  Faculty of Environment NUOL 

33  Mr. Soulixay Inthasone  Faculty of Environment NUOL 

34  Ms. Vilaiwan Manuch  Supamarin Co. Ltd 

35  Ms. Pimporn Manuch  Supamrin Co. Ltd 

 
(4). Lao  Speakers 5  persons 

No  Name  Organisation 

36  Mr. Souphavanh Keovilai  Lao BPP, MAF 

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

38  Assoc. Prof. Kenchanh 
Sinsamphan 

Faculty of Environment NUOL  

39  Mr. Vanxay Bouttanavong  Dept. of Environment MNRE 

40  Assoc. Prof. Korakanh 
Pasomsouk 

Faculty of Engineering NUOL 

 
 
 



4 
 

(5). International Speakers  9 persons 

No  Name  Organization and Country 

41  Dr. Janya  Sang‐Arun  IGES, Japan 

42  Ms. Phiangphen Sriwiroj  Phitsanoulok  Municipality 
Thailand 

43  Dr. Murakami EMIKO  IGES, Japan 

44  Dr. Yoichi Kodera  AIST, Japan 

45  Mr. Yoshiaki Totoki  IGES, Japan  

46  Dr. Alice Sharp   SIIT  Thailand 

47  Mr. Chau Kimheng  COM PED, Cambodia 

48  MRs. Rungnapa Tubnonghee  Warinchamrab  Municipality 
Thailand 

49  Mr. Sutee Tubnonghee  Warinchamrab  Municipality 
Thailand 

(6). Organizing Committee staff 

No  Name  Organisation 

50  Mrs. Daoheuang Siboriboun  Faculty of Environment NUOL 

51  Mrs. Phengsy  Boudi Phong  Faculty of Environment NUOL 

52  Ms. Phoutkaysone 
Phommavong 

Faculty of Environment NUOL 

53  Dr. Valy Vanaladsaysy  Faculty of Environment NUOL 

54  Mr. Lemthong Chanphavong  Faculty of Environment NUOL 

55  Mr. Phetsakone Bounyanithe  Faculty of Environment NUOL 

     

    

 

 

 

 

 

 

 

 

 



5 
 

2.3. Agenda  
 

Day 1    Tuesday  4  October 20011 

8:30 – 9:00  Registration 

9:00 ‐ 9:05  Introduction to the Workshop   ‐ Dr. Janya Sang‐Arun, IGES 

9:05 ‐ 9:15    Opening Remark  Prof. Dr. Boualinh Soysouvanh Dean of faculty of 
Engineering NUOL 

9:15 ‐ 920  Opening remark  Mr. Khamthavy Thaiphachanh, Director of 

Department of housing and Urban planning 
MPWT 

9:20 ‐ 9:30  Group Photo  All participants

9:30 ‐ 9:45   Coffee Break  All participants

 
9:45 ‐ 10:15 

Introduction of the Lao government policy on 
the solid waste management  

Mr. Sengdara Duanmyxay    Ministry of Public 
work  & Transport 

 
10:15 – 10:45 

Introduction of Solid waste Management and 
Climate change     

Dr. Janya Sang‐Arun, IGES 

10:45 ‐  11:15  Climate Change and Policy Mr. Vanxay Bouttanavong  MNRE 
11:15 ‐ 11:45  Organic Waste Utilization for energy in Laos Assoc. Prof. Korakanh Pasomsouk NUOL

11:45 ‐ 12:15  Introduction to Lao Biogas Pilot Project  (BPP) Mr. Souphavanh Keovilay Project  Director BPP

12:15 ‐ 13:00  Lunch Break  All participants

13:00 ‐ 13:30  Cost  and benefit  analysis of Biogas use  Assoc.Prof. Kenchan Sinhsumphanh   NUOL

13:30 ‐14:00       Overview of urban organic waste management 

for climate change in Thailand    

Dr. Alice Sharp (Sirindhorn International Institute 
of Technology) 

14:00‐14:30      
Decentralized composting in municipal solid 

waste management:  Lessons learned  from 

Surabaya City , Indonesia 

Dr. Murakami EMIKO     IGES  

14:30  ‐ 15:00     Centralized Composting   Kim Heng Chau (COMPED) 

15:00 ‐ 15:15     Coffee Break  All Participant

15:15 – 15:45     Accounting GHG emission reduction from 
plastic  waste recycling 

Dr. Yoichi Kodera (AIST) 
 

15:45 ‐16:15  Plastic waste conversion to liquid fuel in 
Thailand. Case study: Warinchamrap 
municipality 

Ms. Rungnapa tubnonghee,  Warinchamrab 
Municipality 

16:45‐17:15    Plastic recycling    Mr. Suthee Tubnonghee, Warinchamrab 
Municipality 

Day 2    Wednesday  5  October  2011 

8:00  ‐ 8:30    Registration 

8:30‐ 9:00     Lesson learns fro Japanese practices for Urban 
Waste tilization            

Yoshiaki Totoki, IGES

9:00 ‐9:30  Mechanical Bio treatment in Phitsanoulok 
Thailand 

Ms. Piangpen Sriwiroj  Phitsanoulok Municipality 
Thailand 

9:30 ‐9:45  Coffee Break  All participants

9:35 ‐ 10:30  Estimation of GHG emission from the waste 
treatment technology 

Dr. Baasansuren Jansranjav (IPCC/TSU) & Dr. 
Janya Sang‐Arun (IGES) 

10:30 ‐ 12:00  Group Exercise on estimation of GHG emission All participants

12:00 13:00  Lunch  All participants

13:00   17: 00    Group Exercise : GHG emission estimation   All participants
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Day  3     Thursday 6 October 2011 

8:00  ‐ 8:30    Registration 

8:30 ‐ 11:30   Group’s report  All participants

11:30‐12:00      Closing Remark  All participants

12:00   Fare well lunch  All participants

       
 

3.  Summary of Presentation 

Topic (1) Introduction of the Lao government policy on the solid waste management 
Title: Speaker: Mr. Sengdara Duangmyxay 
 
 The  presentation  explained  about  the  overview  of  waste  management  in  Laos 

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

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

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

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

Discussion: 

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

 The throwing of the waste in the Lao festival is remaining unchanged behaviors of Lao 
people. The recommendation was that the festival area should install waste bins. 

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

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

 
Three point where introduced in this presentation,  

 GHG emission from the waste sector  is become  important  issue such as methane gas 
emissions from landfill of organic waste and emissions of carbon dioxide from burning 
of plastic or other waste. However, there  is no data  in the GHG emission from  landfill 
of organic waste for Lao PDR. 

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

Discussion:   

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

     
Topic(3).    Climate change and policy  
Speaker:  Mr. Vanxay Boutanavong 
 
 The global warming effect is increasing caused by GHG emission. The major sources of 

GHG  emission  are  fossil  fuel  consumption  for  energy  purpose  in  the  industries  and 
transportation,  the  land used  change  that  includes  the deforestation and agriculture 
and  livestock  development,  solid  waste  management  related  emission  such  as 
methane from landfill sites and open burning/incineration of waste, etc. 

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

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

 
Discussion: 

 There are six Green House Gases (GHG) such as CO2, CH4, N2O, HFCS, PFCs, and SFs.  

 In Lao there is OSOL office which is working in GMS. 

 Hydro power is also the source of GHG emission when deforestation of upstream are is 
practiced prior to construction of the dam.   

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

 
 By having study data of municipal solid waste management in four major cities (e.g. 

Vientiane, Luangprabang, Savanaket, Champasack) in Lao. Approximately, 350 ton per 

day of solid wastes are transported to landfill to disposal in 2009. Since 75% of total 

waste to go to landfill site is organic matter, which can be utilized for energy 

production. The organic waste (food, vegetable, fruit, etc.) is the main source for 

generating energy from methane production. In Laos, the traditional methods such as 

burning in gardens, dumping outside on surrounding area, and throwing in nearby 

swam and river for the waste disposal are commonly used even in the big city.    

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

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

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

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

 
Topic (5).  Introduction to Lao Biogas Pilot Project  (LBPP) 
Speaker: Mr. Souphavanh Keovilay 
 
By this topic thee points were presented : 
 Regarding the domestic biogas technology, the speaker introduced various technologies 

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

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

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

 
Discussion 

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

 To build biogas digester with size of 4m3, 441USD is required as the budget with around 
50% subsidy from the project.  

    
Topic (6). Cost benefits analysis  in using of Biogas system in Savanaket province 
Speaker:  Assoc. Prof. Kanchanh Sinsamphanh  
 
The presentation is about the research findings, conducted by a research team from national 
university of Laos, Faculty of Environmental science.  The main objective of the research is to 
compare benefits and the cost in the biogas project. 
 
Five points were presented  in this topic: 
 Introduction to the study  which included justification, objective and outcome of the 

study 
 Reviewing the data and related topic of other research. The speaker also mentioned 

about the nature of biogas generation, criteria for selection family to participate the 
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LBPP, introduction to CDM, and criteria of investment analysis for simple project.  
 Methodology for the study included the tool of study, population of study,  data 

formulating, and data analysis. 
 The result showed that the biogas project in Suvanaket is significantly cost effective. 

search findings. Therefore the relevant governmental bodies should promote 
implementation of biogas digestion at household level in their cities.   

 
Discussion 

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

 The biogas project can also help to reduce GHG emission.   
 
 
 
Topic (7).  Overview of Urban organic waste management for climate change mitigation in 
Thailand 
Speaker:  Assoc. Prof. Dr. Alice Sharp 
 
Four points were introduced in this presentation:  
 The  status  of waste  and waste management  systems.  The  speaker mentioned  the 

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

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

 The speaker showed the concept of the GHG emission inventory  
 The  keys  for  the  success  and  recommendation  were  mentioned  like  maximized 

recycle,  good  management,  efficient  technology,  proper  regulation,  and  private 
endorsement.     

 
Discussion 

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

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

 Laos has more potential in hydro power generation. 
 
Topic (8).   Decentralized composting in municipal solid waste management:  Lessons learned  

from Surabaya City , Indonesia    
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Speaker:  Dr.  Murakami EMIKO on behalf of Dr. D.G. J. Premakumara 
 
In this presentation, three points has been presented:   
 Introduction  to  decentralized  composting  in  municipal  solid  waste  management.  

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

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

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

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

 
Discussion 

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

 
Topic  (9).  Centralized Composting 
 Speaker: Mr. Chau Kim Heng    
 
Four points were introduced in this topic.  
 Introduction to COMPED 

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

 Centralized Composting 
The first composting project (2001 ‐2009) was in Phnom Penh on dumpsite Strung 
Meanchey 2000m2. The process treated 5t/day organic waste from market and 
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produced compost 135t/y.  
The second composting project started 2009 on the 8000m2 next dumpsite in 
Battabang, able to process organic from market 10t/day. 
COMPED selected centralized composting because there is no policy on 
decentralized, since recycling activities are not integrated in the part of solid waste 
management, awareness of people is limited and there is no source separation. 

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

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

 
Discussion 

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

 
Topic( 10). GHG reduction through suitable treatment and utilization of waste plastics 
 Speaker: Dr. Yoichi, Kodera 
 
In this presentation the speaker mentioned three points such as characteristic of waste plastic, 
lifecycle of plastic and GHG emission, and recycle method of plastic waste. 
 Characteristic of  the waste  is  related  to  the waste  composition and  the generation 

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

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

 The  life  cycle  of  plastic  is:  Crude  oil  to  naphtha,  Naphtha  to  ethylene  and  other, 
Ethylene to polyethylene and production, plastic product use by consumer, product 
to  waste,  and  recalling  plastic  waste  for  the  new  product.  Regarding  the  CO2 
reduction by using  recycled materials,  the method was  the explained  together with 
the containers and packaging recycling law in Japan.  
 

 
Topic  (11).  Plastic  waste  conversion  to  liquid  fuel  in  Thailand.  Case  study: Warinchamrap 
municipality 
Speaker: Mr. Rungnapa Tubnonghee.  
 
The presentation covered current situation of  transforming municipal plastic waste  to  liquid 
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fuels  in Thailand,  characteristics and quantities of pyrolytic oil  (liquid  fuel), and prospect of 
technology and industry for reforming MPW to useful oil.  
 In  Warinchamrap,  the  waste  generation  rate  is  24‐25  ton/day.  In  these  waste, 

recyclable  is 20% of  total MSW  (12.6% of plastic waste). 90% of plastic waste  is PE 
and PP. Most these waste is disposed in landfill. 

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

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

 
Discussion 

 This  project  can  be  applied  in  Laos  too  but more  study  about  data  in  Landfill  is 
needed to apply in Laos.  

 The by‐product of the pyrolytic process can be used as wax.  

 Private companies are interesting in the project 
 
Topic (12)    Plastic Recycle  
 Speaker Mr. Sutee Tubnonghee 
 
Plastic waste management and recycling technology were presented in this topic:  
 Plastic  waste management  at  source  was  concerned  by  zero  waste  projects.  The 

project  found  that  the  plastic  bag  and  plastic  packaging  are  valuable  resource 
collected  from households  for  recycling process. About 2‐3  ton of plastic waste per 
day would be able to be separated from the total municipal solid waste.  

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

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

 
Discussion 

The same as previous topic, the project will be much benefit if it can apply in Lao PDR.  
 
Topic(13)      Lesson Learns from Japanese Practices for urban waste utilization 

                      Speaker : Mr. Yoshiaki Totoki 
 Urban area is the engine for the development and produces waste from its activities. 

Biomass  town  is  a  practice  in  Japan  to  utilize  biomass  with  strong  ties  among  a 
community and local stakeholders.  

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

 Keys  to  success;  first  priority  on  proper  waste  management,  involvement  of 
stakeholders,  utilization  of  existing  facilities,  technologies,  human  resources,  and 
waste management systems , separation at source and efficient collection.   
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Topic(14)     Mechanical Biological Treatment – MBT in Phitsanulok, Thailand 
                      Speaker:  Ms. Piengpen Sriviroj (on behalf of Dr. Suthi Hantrakul)  
 
 Phitsanulok has the concept of the zero waste through managing sellable materials, 

organic waste, hazardous waste, infectious waste, unsorted waste.  
 This  presentation  focused  on  the  mechanical  biological  treatment.  MBT  is  the 

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

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

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

 
Topic (15)    Estimation of GHG emissions from waste disposal and treatment 
                      Speaker : Dr. Janya Sang‐Arun on behalf of Dr. Baasansuren Jamsranjav 
 
 Explanation  of  IPCC  guidelines  for National GHG  Inventories  and  how  to  estimate 

GHG emissions.  
 IPCC waste model with the FOD method for methane emissions was introduced how 

to calculate the methane emission from the existing landfills with some parameter in 
city level.   

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

 

4. Group exercises 
At  the  last session of  the workshop all participant has been grouped  for workshop activities 
and exercises.  
 
Group 1  International speakers and participants from ministry 
 
The group is responsible for presenting about solid waste Management in Lao PDR. 
In average within Lao PDR, the generation rate  is 0.75kg/day/cap. At the moment within Lao 
PDR about 17 landfills are operating. Total waste generation is 5,000 t/day but only 2,500t/day 
is  collected,  remainder  is  self‐disposed.  The waste  composition  is  as  following:  food  50%; 
paper 6.7%; textiles 1.2%, wood & branches 19.7%; plastic and fossil organic 10.7%.   
 
Problem facing are lack of human resources and institutional framework, low implementation 
related regulations/laws and awareness & willingness to do activities.  
 
Proposed solid waste management in Lao PDR in future: 

 Applying integrated solid waste management 
o Waste separation at sources 
o Collection of different types of waste in different days 
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o Community based recycling center 
o Community based composting center 
o Centralized composting center 

 Selecting implementation of the composting method with the reason of: 
o Low investment 
o Environmental friendly 
o No need high technical skill 
o Support agriculture‐based society (reduce cost of SWM and reduce amount 

of SW) 
The group has also presented the current flow of solid waste with number showing, and at the 
end the table of calculation for GHG emission  in the whole Lao PDR was presented. Total of 
current GHG emission is 3,982,530.50 t/year (CO2equivalent).   
 
Discussion and comment 
Q: Why the Methane gas is increased?   
A: It  is  increased because the composting  is still not applied yet  in the early stages. Thus the 
organic waste is disposed by open dumping in other dumpsites.  
  
Group 2. Vientiane Capital City   
This group discussed more about  landfill management. The existing  landfill  is  located 32 km 
away from Vientiane Capital, about 200 t/day of the waste  is disposed. The applied disposal 
method  is open dumping. The proposed  idea  is to collected unsorted waste and to separate 
recyclables at the disposal site. The city does not have much budget thus this approach seems 
to be practical than promoting waste separation at source and scheduled the collection.   
 
Group 3. Champasack, Sekong, Salavanh 
Pakse  is  the capital city of Champasack province with area of 120 km2, population  is 80,000 
and  11,000  households.  The  generation  rate  of  the waste  is  60t/day  and  about  30t/day  is 
transported  to  landfill  by  the Urban Development  Administration Authority  (UDAA). About 
50% of total generated waste  is collected and transported to the  landfill. The remaining was 
disposed  in gardens or other spaces by burning or dumping. There are  five  trucks  for waste 
transportation, belong to Pakse UDAA and four fifth of area are currently being used and one 
is used as a backup.     
 
The landfill with area of 13.5ha is located in 17km to the north of Pakse. This landfill has been 
constructed under ADB  loan budget and  the Norwegian Agency for Development Cooperation 
(NORAD) project. About 5 ha bas been already used.  
UDAA hires 35 workers: 5‐6 for collection, 1 for driving truck and 7 persons working at landfill.  
 
Problems facing in Pakse SWM are as following: 

 No systematic waste separation at source was practiced 

 Existing waste bins are not suitable for waste separation 

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

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

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

 The  covering  by  clay  for waste  disposal  in  landfill  does  not meet  the  standard  of  
landfills because of lacking equipments and fund supports. 
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At the end speaker showed the table for calculation of GHG emission with total GHG emission 
of 7.14Gt/year of CO2equivalent. 
 
Discussion and comment 
It was discussed in the short briefing for SWM in Salavanh and Sekong province. Salavanh has 
waste generation rate about 8t/day while Sekong is less, about 3t/day. Due to lack of funding 
support and the amount of the waste  is  less, the disposal of the waste  is open dumping and 
burning method. 
     
 Group 4. Luangprabang 
Luangprabang, a heritage city recognized by UNESCO, is located in the central of northern part 
of Lao with population of 82,056.  
 
Two private  stakeholders  are working  in  the waste  collection  and  transportation with  total 
employers of 32 persons. The generation  rate of  the waste  is 50t/day. The collection waste 
service  is  done  twice  a week.  Landfill  is  full, UDAA  of  Luangprabang  asks  budget  from  the 
central government for new landfill construction.     
 
Problems facing in SWM in Luangprabang are as following: 

 Equipments are old and not enough  

 Human resources in this field is lacking  (no specialist in SWM) 

 Low willingness and awareness of people 

 Treatment technologies for various solid wastes are not available 

 The existed landfill is full already, to construct a new landfill it needs much of budget 
 
Recommendation  
Seminars and workshops on the waste management should be organized continuously and  it 
is encourage to have a workshop in Luangprabang. 
 
At the end of presentation, speaker showed the result of calculation of GHG emission. About 
5,978t/year of CO2 equivalent is emitted in Luangprabang.    
 
Group 5. Savanaket , Khammouan   
Savanaket Province is located in the middle of Laos, and Kaison Phamvihane is the main city of 
Savanaket with  population  of  65,724,  31  villages  and  household  of  12,184. At  the  present 
about  4,223  households  are  already  signed  contract  with  UBAA  for  the  waste  collection 
service. Landfill is located at 18km from the city to the south with the area of 16 ha, in which 4 
ha has been used. The method of disposal  is open dumping. The generation rate of the solid 
waste is 50t/day or 18,250t/year with the composition of plastic 15%, food waste 54%, paper 
9%, wood waste 16%, textile 1% and other 5% of the total waste. 
 
Problem facing in the SWM of Savanaket are as following 

 SWM  has  not  reached  to  the  standard  yet  and  lack  of  knowledge  on  solid waste 
management 

 Lack of budgets and human resources 

 Lack of awareness and willingness among people 

 No evaluation and monitoring of the work or project  related to waste management 

 Lack of technologies for the waste treatment 
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The result of calculation showed that GHG emission is about 270t/y of CO2 equivalent. 
 

 5. Evaluation of Workshop. 
In order to get the feedback of the workshop, all participants were asked to fulfill the 
evaluation form which is prepared by organizing committee at the end of seminar,. 
The following is the result of analyzing from the evaluation form 
 
(1). Total number of questionnaire form:   27 
(2).  Organizing committee:    
 Excellence:  66% 
 Good :          34% 
 Fair  :             0% 
 Poor :            0% 
 Failure:         0% 

(3). Speakers and presentation 
 Excellence:  40% 
 Good :          60% 
 Fair  :               0% 
 Poor :              0% 
 Failure:           0% 

(4).  The contents and lesson 
 Excellence:  88% 
 Good :             2% 
 Fair  :              0% 
 Poor :              0% 
 Failure:            0% 

 
(5). Open questions and recommendation 

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

 To control time for presentation  (7 persons) 
 If it is possible, this kind of seminar should be arranged every year 

continuously (5 persons). 
 Time of workshop is too short. (5person) 
 Presentations  were the hot issue and easy to understand (3 person) 
 To control the topic of discussion in the workshop  (1 person) 
 The data using in the seminar is not figured clearly about how much the GHG 

emission is occured (1 person) 
 Microphones  were  not so good in service (1 person) 
 LCD  projector was not clear  1 (person) 
  Per diem is too small not enough for living in Vientiane (1 person) 
 To promote appropriate technology and machine for solid waste disposal in 

Laos. 
 Provincial  participants should have an opportunity for field visit in order to 

upgrade and exchange the experiences with other provinces 
 Association for the solid waste management should be established in order to 

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

1. Pilot project on reduction of waste to landfill  60% by using 3Rs practice in Vientiane  
2. Pilot project on solid waste separation at source in Luangprabang  or in Pakse city. 
3. Pilot project on Biogas generation from the food waste (small digester system suitable 

for kitchen use). The project will concentrate in the communities and household 
where the generation of food waste is high.     

 
 

 
Fig. 3 All participant in the Closing day 
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Overview of waste Overview of waste 
management management 
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Waste generationWaste generationWaste generation Waste generation 

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

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

• In a day about 5 000 tons of waste is generated;In a day about 5,000 tons of waste is generated;

• Vientiane is ranked the third, after Bangkok and 
Kunming in the rate of waste generation in theKunming, in the rate of waste generation in the 
GMS. 
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Waste Generation in GMS countriesWaste Generation in GMS countriesWaste Generation in GMS countries Waste Generation in GMS countries 

Country Capital City
Population 

Growth
Urban 

Population
Generated

WasteCountry Capital City Growth
Rate, %

Population Waste, 
Kg/day/cap

Cambodia Phnom Penh 2 5 27 7 0 46Cambodia Phnom Penh 2.5 27.7 0.46

Lao PDR Vientiane 2.5 15.9 0.75

M Y 2 3 21 6 0 45Myanmar Yangon 2.3 21.6 0.45

Thailand Bangkok 0.8 20.0 1.60

Vietnam Hanoi 1.6 18.3 0.45

Yunan
Province

Kunming 1.2 24.0 0.79
Province

Source: ADBSource: ADB--UNEP, 2004UNEP, 2004
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WastesWastes generation by sourcesgeneration by sourcesWastes Wastes generation by sourcesgeneration by sources

Source: Urban Cleansing Service Center
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Waste collection and disposalWaste collection and disposalWaste collection and disposal Waste collection and disposal 
• Only 17 controlled landfill sites and 38 towns of 143 

h h ll i ihave the collection services;

• 50% of the total wastes are collected and disposed in 
landfill sites (60% in VT) ;
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Waste collection and disposalWaste collection and disposal
Every day about 2,500 tons of wastes are disposed of 
either by open burning or illegal damping into natureeither by open burning or illegal damping into nature 
water ways or vacant  land. 
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Waste recyclingWaste recyclingWaste recycling Waste recycling 
• In large towns recyclable wastes are sold to  

iddlmiddlemen; 

• The plastic and cardboard are sent to Thailand, 
textile wastes are packed in plastic bags and sent to 
Vietnam for further processing;

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

• Composting of organic wastes with the use of 
earthworms “vermiculture”, introduced by a teacher , y
at the teacher training college.
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Waste Management ProjectsWaste Management ProjectsWaste Management Projects Waste Management Projects 
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Landfill site construction projectsLandfill site construction projectsp jp j
• Construction of semi-sanitary landfill in Km18 of 

Vientiane in 1996 ADB & JICA support;Vientiane in 1996, ADB & JICA support; 

• Environmentally sustainable solid waste in four 
d t 1997 2001 t t l b d t f US$secondary towns, 1997-2001, total budget of US$ 

5,863,720,  NORAD & UNDP support;

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

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

• Controlled landfill in KM 39 of VT in 2009.
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Project objectivesProject objectives

• Formulating long-term strategies for waste 

j jj j

management;

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

• Increase the public awareness on environmentally 
sustainable urban planning and managementsustainable urban planning and management 
through the enforcement mechanism for solid 

t twaste management;
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ProjectProject objectivesobjectivesProject Project objectivesobjectives
• Strengthen the institutional and human resources 

capacity in the SWM sector;

• Operationalize the solid waste management p g
scheme;

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

• Demonstrate the economic use of processing and 
recycling organic waste.
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Other activities in waste managementOther activities in waste management

• Public campaign projectPublic  campaign project, 

2008, with  a budget of 

about US$ 120 000;about US$ 120,000;

• Village Cleaning day or the 

d S t d i ired Saturday: giving  

instruction to villagers to 

l h bli iclean the public spaces in 

their villages, 
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Other Other activities in waste managementactivities in waste managementgg

•• Local Local mass media mass media 
d blid bli ttand public and public events:events:

• On average once in 
a week through local 
newspapers;

• almost every day on 
radio,

• 15min/week on TV
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Other activities in waste managementOther activities in waste managementOther activities in waste management Other activities in waste management 

• Promotion of 
Environmental 
Sustainable Cities 
concept;

• Identify “Town 
Cleanliness” as a part 
of town development 
vision 
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MajorMajor laws andlaws and regulationsregulationsMajor Major laws and laws and regulationsregulations

• Environmental Protection (1999),( )

• Law on Industrial Waste (1994), 

• Law on Hygiene Disease Prevention and Health• Law on Hygiene Disease Prevention and Health 
Promotion (2001);

G id li f H it l W t M t (1997)• Guidelines for Hospital Waste Management (1997); 

• Regulation on hygiene in public space (2004)

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

• Other bylaws and regulations
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Waste Waste management institutionsmanagement institutions

• Ministry of Water Resources and 

gg

Environment,

• Ministry of Science and TechnologyMinistry of Science and Technology,

• Ministry of Public Works and Transport

• Ministry of Industry and Mine,

• Ministry of HealthMinistry of Health

• Urban Development Administration 
A h i iAuthorities
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Future policy directionsFuture policy directions
• Reducing wastes and maximizing environmentally sound waste 

reuse and recycling as the first steps in waste management (a (a 
i UNi UN A dA d 21)21)signatory to  UN signatory to  UN Agenda Agenda 21);21);

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

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

• Striving for cost recovery in services;

• Att ti th i t t i th i bi d ith• Attracting the private sector in the services combined with 
public campaign on 3R and environmental protection;

U di th i ti d th f t l dfill t it it• Upgrading the existing and the future landfills to sanitary sites,
SDP of  Urban Development Sector  2011SDP of  Urban Development Sector  2011--20202020
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The challenge aheadThe challenge ahead

It is difficultIt is difficult 
to change 
people’speople s  
behavior in 
waste waste
disposal
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The challenge aheadThe challenge aheadgg

Urban sprawl Urban sprawl 
and and 

uncontrolled uncontrolled 
settlement settlement 
create a big create a big 
burden to burden to 

services and services and 
infrastructure infrastructure 
improvementimprovement
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Thank you for listeningThank you for listening

23
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Institute for Global Environmental Strategies
Sustainable Consumption and Production Group

Introduction of solid waste 
t d li tmanagement and climate 

change

Janya SANG ARUN Policy ResearcherJanya SANG-ARUN, Policy Researcher

Sustainable Consumption and Production Group

Institute for Global Environmental Strategies (IGES)

IGES SCP Group
Waste and climate change

About Institute for Global Environmental 
Strategies

• Established in 1998 as an international environmental think-tank in 
JJapan.

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

• Conducts policy research in response to global environmental 
challenges.

• Three thematic group: Climate Change (including Market 
Mechanism), Natural Resource Management, and Sustainable 

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

Consumption and Production.

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

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

2
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IGES SCP Group
Waste and climate change

Presentation outline
• GHG Emissions from waste managementG G ss o s o as e a age e

• Climate benefits from 3R approach 

• CDM

• Conclusion

Sang-Arun, J. IGES | http://www.iges.or.jp Accounting and utilising GHG emissions reduction measure.., 4-6 October 2011, Vientiane Capital 3

IGES SCP Group
Waste and climate change

Solid waste management in Laos

• Open dumping and burning 
are common practices in 
Laos.

• Most of the disposal sites are 
not well developed.

• These practices can lead to 

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

environmental and health 
impacts on local residents, 
release GHGs to atmosphere 
and discourage efficient use 
of resources 

4
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IGES SCP Group
Waste and climate change

Source of GHG emissions from solid waste 
management

1) Methane gas emissions from landfills of organic ) g g
waste 

2) Emissions of carbon dioxide from burning of 
plastic waste and other wastes (If incineration is used for 
energy purpose then the emissions of CO2 of fossil origin are included 
in Energy sector. However, CO2 emissions (fossil origin) from 
incineration of waste without energy recovery are included in Waste 

Sang-Arun, J. IGES | http://www.iges.or.jp Accounting and utilising GHG emissions reduction measure.., 4-6 October 2011, Vientiane Capital 5

gy y
sector.)

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

IGES SCP Group
Waste and climate change

Waste composition in GMS countries

Country Food Paper Plastic Metals Glass Othersy p

Cambodia 66 3 14 1 1 15

China 50 15 10 3 3 19

Lao PDR 60 15 15 10

Thailand 64 8 17 2 3 6

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

Viet Nam 49 2 16 6 7 20

6
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IGES SCP Group
Waste and climate change

GHG emissions from landfills of organic waste in GMS 
countries

Country GHG emissions in Million ton CO2 equivalent/yearCountry GHG emissions in Million ton CO2 equivalent/year
1994 2000 Present*

China 42.6 45.4 – 113.4

Viet Nam 1.39 5.60 3.0 - 7.4

Thailand 0.41 4.89 5.3 - 13.5

Lao PDR 0.24** No data

C b di 0 124 0 12 0 34

Sang-Arun, J. IGES | http://www.iges.or.jp Accounting and utilising GHG emissions reduction measure.., 4-6 October 2011, Vientiane Capital 7

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

** 1990

Cambodia 0.124 0.12 – 0.34

Myanmar No data No data

IGES SCP Group
Waste and climate change

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

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

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

• Avoiding burning of plastic waste by establishing waste 
recycling business

Sang-Arun, J. IGES | http://www.iges.or.jp Accounting and utilising GHG emissions reduction measure.., 4-6 October 2011, Vientiane Capital 8

Reduce waste flow to disposal site

Reduce cost for waste collection and disposal, reduce 
environmental impact, avoid GHG emissions, etc
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IGES SCP Group
Waste and climate change

How can the 3Rs reduce GHG emissions and enhance resource 
efficiency?

Sang-Arun, J. IGES | http://www.iges.or.jp Accounting and utilising GHG emissions reduction measure.., 4-6 October 2011, Vientiane Capital 9

IGES SCP Group
Waste and climate change

Climate benefits of 3Rs in various sectors

Sectors Climate co-benefits

W t R d d th i i f l dfillWaste - Reduced methane emissions from landfill
- Reduced carbon dioxide emissions from burning of plastics

Energy and 
transport

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

- Reduced emissions from fossil fuels by using energy recovered from 
waste

Industry - Reduced emissions from industrial processes by reducing product 
demand

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

demand
- Reduced emissions from chemical fertilizer production

Agriculture - Avoided nitrous oxide emissions from farmland by reducing use of 
chemical fertilizer

- Increased soil carbon sequestration

Land use change 
and forestry

- Reduced emissions from mining and deforestation

10
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IGES SCP Group
Waste and climate change

How much can 3Rs reduce GHG emissions?

• Direct emissions from SWM
• 20‐98% reduction by composting and 60‐100% by anaerobic
digestion of food waste (compared to landfill).

• Indirect GHG reductions
• 94% by recycling of plastic.
• 80% by recycling of steel.
56 64% b i 50% l d l i

Sang-Arun, J. IGES | http://www.iges.or.jp Accounting and utilising GHG emissions reduction measure.., 4-6 October 2011, Vientiane Capital 11

• 56‐64% by using 50% recycled aluminum.
• 22% by increasing use of recycled glass from 25% to 59%.

IGES SCP Group
Waste and climate change

National climate change action plan and 3Rs

Country Mention of the 
waste sector

Mention of 3Rs Source

China Yes Yes NCCCC, 2007

Thailand Yes Yes ONEP, 2008

Cambodia No No MOE, 2002

Lao PDR No No STEA, 2000

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

Viet Nam No No MNRE, 1999

12
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IGES SCP Group
Waste and climate change

Clean Development Mechanism and urban waste 
management

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

• Projects that have been registered to CDM
– Composting

– Anaerobic digestion

– Landfill gas recovery

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

g y

– Landfill gas flaring

– Controlled combustion

– Refuse derived fuel (RDF)

• Market mechanism for Post 2012 is not fixed yet.

13

IGES SCP Group
Waste and climate change

Conclusions

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

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

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

Sang-Arun, J. IGES | http://www.iges.or.jp Accounting and utilising GHG emissions reduction measure.., 4-6 October 2011, Vientiane Capital 14

emission reduction from various sectors. 

- There is possibility that waste utilization projects can receive 
additional financial revenue through carbon markets (e.g., the 
CDM, NAMA). However, the priority for solid waste 
management should be given to proper waste management 
and utilization of resources.
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IGES SCP Group
Waste and climate change

Thank you for your attention

Sang-Arun, J. IGES | http://www.iges.or.jp Accounting and utilising GHG emissions reduction measure.., 4-6 October 2011, Vientiane Capital 15
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Organic 
Waste 
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in Lao PDR

Assoc. Prof. Korakanh Pasomsouk
Head of Department of 
Mechanical Engineering

Faculty of Engineering NUOL 1

Outline

1. Introduction

2 C Si i f MSW i L2. Current Situation of MSW in Laos

3. Waste To Energy

4. Conclusion

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 2
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Introduction

• Climate Change is recognized as  serious problem  

• It significant impacts on the global environmentIt significant impacts on the global environment, 
economy and society

• It can ultimately threaten human survival

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

f• Rising levels of greenhouse gases are  already 
changing the climate.

• Climate change is a global issue:  
1 tCO2 emitted in  Laos = 1 tCO2 emitted in Japan

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

Introduction

Impact of Climate Change on society

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 4

Climate change will cause heavier tropical cyclones.
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Introduction

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

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

• However, the GHG emissions from the wasteHowever, the GHG emissions from the waste 
sectors are increasing rapidly due to escalating 
waste generation in most country.

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

Introduction

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

• In parallel with the population 
and economic growth, each year 
the quantity of solid waste   

d llincreases  gradually.

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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 8
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Introduction

• In these wastes, the organic 
waste is higher portionwaste is higher portion 

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

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

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

MSW Management in Laos

• In Laos Industrial pollution issues 
are at the early stage.

• Urbanization policy makes urban 
population rapid increasing.

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

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

• The  tourist activities are also 
increasing

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 10
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MSW Management in Laos

• The problem following of those is the increasing 
amount of solid waste and human waste 

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

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

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

• Three   traditional methods for disposing MSW are 
commonly used in Laos: Burning, Dumping and 
Throwing

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

MSW Management in Laos

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

• Organic  waste over 220 tons per day are g p y
transported  together with other waste to 
landfill for disposal 

• Food waste 
• Vegetable &  fruit waste
• Grass  and leaves
• Paper
• Wood and trees residueWood 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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MSW Management in Laos

Sources
• Households Scavengers Recyclable 

Material store

The Flow of MSW

• Market, Shop
• Restaurant
• Institution & 

school
• Office
• Industries
• Public (streets)

Waste Collection 
service

Municipal Solid 
Waste

Material store
• Plastic
• Metal
• Paper
• Glass
• Old machine
• Bronzes
• Aluminums
• Brash
• Other

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 13

Waste

Landfill

O

MSW Management in Laos

Place Quantity 
(t /d )

Percentage  (%)

The sources of Solid Waste  Vientiane 
Four studied cities :
1 Vientiane (ton/day)

Household 178 75

Street 2 1

Shop 36 16

Market 9 4

Hospital 2 1

1. Vientiane,
2. Luangprabang, 
3. Savanaket, 
4. Champasack.

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 14

Hospital 2 1

School and office 2 1

Construction place 6 2
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MSW Management in Laos

Prod./capita/ Amount

Generation Rate

Provinces Population 
person

Prod./capita/
day
kg

Amount  
ton/day

Vientiane CC 330,798 0.64 211.7

Luangprabang 70,481 0.60 42.3

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 15

Savanaket 65,724 0.64 42

Champasack 72,955 0.7 51

MSW Management in Laos

MSW Composition Analyzing

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 16
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MSW Management in Laos

Waste fraction Vientiane
(%)

Luangprabang
(%)

Savanaket
(%)

Champasack
(%)

Composition of MSW   in the main cities 

(%) (%) (%) (%)

Plastic 13 9 15 6

Glass 6 6 2 2

Paper 6 8 9 4

Metal 3 1 1 1

Food Vegetable 30 51 54 62

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

g 30 51 54 62

Textile 2 1 1 1

Wood/Grass/Leaf 19 23 16 21

Other 21 1 2 3

MSW Management in Laos

Food Waste 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 18
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MSW Management in Laos

Source

Vientiane
(Kg/day)

Luangprabang
(Kg/day)

Savanaket
(kg/day)

Champasack
(kg/day)

Generation rate of Food waste

Source

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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 19

Total 129,660 73,704 113,730 78,614

What is The Waste ? 

Th t iThe waste is resource

but it is in the wrong place

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 20
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Waste  Material

Thermal Process Biochemical Chemical

Waste to Energy 
technology

Thermal Process Biochemical Chemical

Combustion

Gasification

Pyrolisis Anaerobic 
digestion  Fermentation Esterification

21

Gasification

Heat and Power
Chemical 
Feedstock Ethanol Biodiesel

Solid waste Separation at source

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

Bio‐ Sellable Toxic and 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 22

Bio
degradable 

SW

Sellable 
SW Hazardous 

SW
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Bio‐Chemical Process: Biogas 

• Within Lao PDR, SNV supports the 
D t t f li t k d Fi h i (DLF)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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos

y

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

23

Biogas  Pilot Program 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 24
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Biogas  Pilot Program 

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

Biogas  Pilot Program 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 26
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Biogas  Pilot Program 

Detail subsidy component for each size of digester 

Digester size 4m3 6m3 8m3 10m3

Total cost                     (LK) 3,651,000 4,232,000 4,894,000 5,584,000

Customer component    
(LK)

1,791,000 2,372,000 3,034,000 3,724,000

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

(LK)

BPP component         (LK) 1,860,000 1,860,000 1,860,000 1,860,000

Biogas  Pilot Program 

Comparison  1m3 of Biogas 
with other  types of energy

Application
1. Cooking     2  Lighting

Type of  Energy Unit Quantity

Wood chip kg 5

Charcoal Kg 1.6

Fuel oil L 0.75

LPG G K 0 45
3. Engine consumption

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 28

LPG Gas Kg 0.45

Electricity W 1.7

g p
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Biogas  Generation 
from Kitchen waste

• High quality left over food can be stored for  
the next mealthe 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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos

g g g g

• One Lao family (3‐5 person) generates  food 
waste 2– 3 kg/day in average

29

Biogas  Generation 
from Kitchen waste

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 30

Biogas Tank is Made of 
plastic water container  
168L 
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Biogas  Generation
from Kitchen waste

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 31

Biogas Tank is Made of plastic water container  168L 

Biogas  Generation 
from Kitchen waste

Biogas 
T k iTank is 
made of 
used steel 
tank  260L 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 32
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Biogas  Generation 
from Kitchen waste

The animal waste 30 kg  mixing  with 20L of  water 
should be filled into biogas tank at the starting day 
1. Separate food waste
2. Collect vegetable and fruit  waste
3. If vegetable  and fruit waste are the big size, chop it 

into small size
4. Mix  these wastes  together with  water 
5. Fill these waste to  biogas tank
6. Do it for every day

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

Biogas  Generation 
from Kitchen waste

Digester  Animal Waste   Food waste   Water input per day Gas generationg
size
m3

input at 
starting day

kg

input  per day

kg

p p y

Littre

g

m3 /day

o.168 30 8 – 10  0.4 –0.48 0.15

0.260 50 10 – 20  1 – 1.5 0.20

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 34
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Thermal Process
Small scale 

Small‐scale such as domestic cooking  can be very 
inefficient, with heat transfer losses of 30 ‐ 90% of 
the original energy contained in the waste. 
This problem can be used of more efficient stove 
technology and the use of dry, compact biomass 
fuels, such as wood.

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

Thermal Process: 
Fuel Briquettes

Material for making fuel briquettes at  house

• Paper waste 40%   with saw dust  60% 
• Grass 
• Paper 
• Charcoal waste 
• Rice husk 60%  with  paper 40% and cassava powder 
• Tree Leave and vegetable

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 38

• Tree Leave and vegetable 
• Mixed waste 
Cassava or corn  starch maybe  needed for binding 
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Fuel Briquette press

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

It is a Cheapest press and made of wood but
powerful Every one can make at home

How to make Fuel Briquette 

Step1. Sorting out material to put into  the briquette  
(paper agriculture waste grass )(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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 40

p q g g y
Step6. Using briquette press
Step7. Realizing briquette  and drying  for few day 

before use
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How to make Fuel Briquette 

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

How to make Fuel Briquette 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 42
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Briquetting  press

A simple Extrusion machine is built 
up in mechanical workshop for p p
making briquettes from charcoal 
waste 

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

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

• The  Community or Family scale  is more  efficiency 
and profitable 

• Less rubbish in the streets and in dumping 
surrounding area

• Less solid waste to transport to landfill

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 44

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

• The Solid waste management is not  very difficult  
but the human attitude changing is too difficult.
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Thank youThank you 
and Please save our 

earthearth

45
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1. Domestic Biogas Technology

 What is Biogas?
 The term 'biogas' is commonly used to refer to a 

gas which has been produced by the biological 
breakdown of organic matter in the absence of 
oxygen. 

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

1. Domestic Biogas Technology
Biogas Plant models
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1. Domestic Biogas Technology
Biogas Plant models

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

 Nepal model customised
for Laos

 Fixed dome, masonry + 
concrete

 No moving parts

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

Inlet

Digester

Outlet

Slurry pitch

Gas pipe

Kitchen 

1. Domestic Biogas Technology
Biogas Plant Component
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1. Domestic Biogas Technology
Biogas plant operation

2. Benefits of Domestic Biogas

 Cooking: Stove, Rice cooker

 Lighting: Biogas lamp

 Heating: Water heater

Energy
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2. Benefits of Domestic Biogas

 Slurry is effective 
organic fertilizer
 Improve soil fertility
 Safer than raw manure 

(no weeds and 
pathogents)

 Improve livestock
 Slurry can be used for 

feeding animal and fish
 Encourages stabling of 

animals

Agriculture

2. Benefits of Domestic Biogas

 Reduce eye irritation 
and respiratory 
diseases caused by 
indoor smoke

 Reduce transmission 
of zoonosis.

Health
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2. Benefits of Domestic Biogas

 Reduce drudgery
 Reduce female and child labour
 Save time from cooking and 

collecting firewood
 Create employment

Social

2. Benefits of Domestic Biogas

 Save money
 Reduce expenses on 

electricity, firewood, 
charcoal and chemical 
fertilizer

 Generate income for 
local masons

Economic
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2. Benefits of Domestic Biogas

Environment  Cleaner village 
(reduce smell and 
insects)

 Better water quality 
(reduce Nitrogen 
contamination)

 Reduce deforestation
 Reduce emission of 

greenhouse gases 

3. Lao Biogas Pilot Program
♦ Introduction

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

 Since 2007, BPP has been 
implemented under the 
Department of Livestock and 
Fisheries, MAF
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3. Lao Biogas Pilot Program
♦ Introduction

Department of Livestock and Fisheries, 
Ministry of Agriculture and Forestry

Implementing 
organization

DGIS, Government of the NetherlandsSupporter

1,109,000 € 550,000 €Budget

2,000 digesters           1300 digestersTarget

2007 - 2010                2011 - 2012Period

5 provinces (Vientiane Capital, 
Savannakhet, Xiengkhouang, 
Vientiane province, Khammouan)

Location

Biogas Pilot Program (BPP)Name of the project

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

 Goal:
 To improve the livelihoods and quality of life of 

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

 Purpose:
 To establish a series of biogas pilot activities to 

form the basis of a future larger scale biogas 
program that will establish a commercially viable 
domestic biogas sector
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3. Lao Biogas Pilot Program
♦ Project Components

1. Program Management 
2. Promotion and Marketing
3. Construction and after sell services
4. Investment and Subsidy 
5. Quality Control
6. Research and Development
7. Training
8. Extension
9. Monitoring and Evaluation
10.Institutional Support

3. Lao Biogas Pilot Program
♦ Program Management

 7 permanent staff and 
2 TA from SNV based 
in BPP office

 4 FAPO staff working 
in each PBPPO

 Each target district has 
district coordinator 

 Project Steering 
committee at 
provincial level

 Biogas Advisory Board 
(BAB) at national level

National 
TA

Program 
Director

Program 
Manager

International 
TA

Financial and 
Administration 

Officer

Admin. 
Assistant

Driver

Promotion 
Officer

Technical 
Officer
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3. Lao Biogas Pilot Program
♦ Program Management

 2007: Started in 
Vientiane Capital

 2008: Expanded to 
Savannakhet and 
Xiengkhouang

 2009: Implement in the 
same 3 provinces.

 2010: Expanded to 
Vientiane province and 
Khammouan

 2011: Implement in 5 
provinces

2007

Phongsaly
Luang
Namtha

Bokeo
Oudomxay Luang

Prabang
Huaphanh

Xiengkhuang

Vientiane 
Province

Xayabouly

Vientiane Capital

Bolikhamxay

Khammouan

Savannakhet

Saravan

Champasack

Sekong

Attapue

2007

2008

2008

Phongsaly

Luang
Namtha

Bokeo
Oudomxay Luang

Prabang
Huaphanh

Xiengkhuang
Xayabouly

Vientiane 
Province

Vientiane Capital

Bolikhamxay

Khammouan

Savannakhet

Saravan

Champasack

Attapue

Sekong

2007

2008

2008

2010

2010

Phongsaly

Oudomxay

Bokeo

Luang
Namtha

HuaphanhLuang
Prabang

Xayabouly

Bolikhamxay

Xiengkhuan
g

Vientiane Province

Vientiane Capital

Khammouan

Savannakhet

Saravan
Sekong

Champasack

Attapue

3. Lao Biogas Pilot Program    
♦ Promotion and Marketing

 Promotion materials 
(brochure, poster…)

 Mass media (TV, radio, 
newspaper)

 Exhibition
 Village meeting
 Direct sell 
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3. Lao Biogas Pilot Program    
♦ Construction and after sell services

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

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

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

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

Biogas plant construction by BPP

110
188

731

937

265

2231

0

500

1000

1500

2000

2500

Y 2007 Y 2008 Y 2009 Y 2010 Y 2011 Total
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3. Lao Biogas Pilot Program    
♦ Construction and after sell services

534

795

571

249

82

0

100

200

300

400

500

600

700

800

VTE SVK XK VTP KM

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

Proportion of biogas plants by different sizes

74%

22%

1% 3%

4 m3

6 m3

8 m3

10 m3
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3. Lao Biogas Pilot Program 
♦ Investment and Subsidy

 Provide subsidy to households

 Incentive for PAFO and DAFO officers to 
implement activities

 Facilitate farmers to access to loan

3. Lao Biogas Pilot Program 
♦ Investment and Subsidy

31%36%43%50%Subsidy Proportion

706615514441Total Biodigester Cost (USD)

219219219219BPP Subsidy (in kind + cash)

487396295222Household Costs

10m38m36m34m3Size:

79%Construction materials  

17%
Unskilled Labor 
(can be household)

4%
Skilled Labor 
(trained mason)

21%Advanced cash subsidy

3%After sale service fund

54%Skilled + Unskilled Labor

22%Accessories
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3. Lao Biogas Pilot Program 
♦ Quality Control (QC)

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

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

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

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

3. Lao Biogas Pilot Program 
♦ Research and Development

 Mini survey on the price 
of construction materials 

 Study on biogas 
appliances (quality and 
price and new devices)

 Study on other biogas 
digester models
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3. Lao Biogas Pilot Program 
♦ Training

 Staff training (QC, Promotion, 
Extension) 

 Mason training (including 
mason refresh training)

 User training

3. Lao Biogas Pilot Program 
♦ Extension

 Bioslurry extension: 
 Direct use
 Produce compost
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3. Lao Biogas Pilot Program 
♦ Monitoring and Evaluation

 Routine follow up (Attend 
monthly meeting of 
PBPPO)

 Organize project steering 
committee meeting every 
quarter

 Conduct annual biogas 
user survey

3. Lao Biogas Pilot Program 
♦ Institutional support

 Capacity building for partner organizations (skills 
improvement)

 Organize Biogas Advisory Board meeting every 
six months

 Organize annual meeting
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3. Lao Biogas Pilot Program 
♦ Impacts of BPP

 About 12.940 people benefit from biogas

 Electricity saving: $198.559/year

 Fertilizer savings: $182.942/year

 Wood and charcoal saving: $230.818/year

 Reduce CO2 emission: 2231 Ton/year

3. Lao Biogas Pilot Program 
♦ Impacts of BPP

*BUS, 200770Per cent (%)
Proportion of wood and 
charcoal replaced by 
biogas

*BUS, 200798.533Kip per month per 
household

Average HH wood and 
charcoal expenditure

Ton of CO2 per HH

USD per year

USD per year

People per household

units

Low Estimate1Biogas Carbon emission 
savings

*BUS, 200782Fertilizer Savings

*BUS, 200789Electricity Savings

*BUS, 20075.8Average Household Size

SourceQtyIndicators

*BUS= Biogas User Survey
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Assoc. Prof. Dr. Alice Sharp

Sirindhorn International Institute of Technology

• Status of Waste  and Waste 
Management Systemsg y

• National Policy & Targets on 
Waste Management

• Example of practices

• GHG emission reduction
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AreaArea

Amount of Solid Waste (ton/day)Amount of Solid Waste (ton/day)

20032003 20052005 20062006 20082008 2009200920032003 20052005 20062006 2008 2008 
(PCD)(PCD)

2009 2009 
(PCD)(PCD)

Bangkok Bangkok  9,3569,356 8,2918,291 8379 8379  8,7808,780 8,8348,834

(+0.6%)(+0.6%)

Municipalities and Municipalities and 
City of City of PattayaPattaya

12,50012,500 12,63512,635 12,91212,912 14,91514,915 16,36816,368

(+9.7%)(+9.7%)

(2007 offices)(2007 offices)

Others  sub district Others  sub district 
administration officesadministration offices

(5,770 offices)(5,770 offices)

18,10018,100 18,29518,295 18,69718,697 17,36917,369 16,20816,208

((‐‐6.68%)6.68%)

TotalTotal 39,95639,956 39,22139,221 39,98839,988 41,06441,064 41,41041,410

Situation in waste managementSituation in waste management

15.16 MT
5.09 MT
Landfill/ incinerator

Waste generated
100% Improperly disposed

60%

7.64 MT
Open dump/burning

Collectable 84%
(12.73 MT)

Disposed at facilities
40%

4

3.34 MT

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

Potential 80%
(12.13 MT)

Recyclable 22% 
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Waste Components

(% of wet weight)

Regions of Thailand

North Central
North‐

East
East South Average

East

Organics 59.71 62.56 67.53 67.53 57.65 61.43

Garden waste 0.96 0.60 0.51 0.77 0.25 0.62

Recyclable  24.06 20.43 20.21 21.61 26.73 22.61

Hazardous waste 0.05 0.34 0.14 0.37 0.19 0.22

Other waste 15.23 16.34 11.61 17.57 15.18 15.19

Total 100 100 100 100 100 100

Waste Density (kg/m3) 179.47 185.28 176.82 167.28 209.40 183.65

Paper
8.2% Metals

Wood
0.7%

Others
3.2%

Fabrics 
1.4%

2.1%

Plastics
16.8%

Rubber/Leather
0.5%

6

Glass
3.5%

Food/
Organic content

63.6%

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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Sanitary landfillSanitary landfill
In operation   94 sites
Terminated 10 sites

Cannot operate 6 sites
Under planning or construction 11 sites Under planning or construction 11 sites

IncineratorIncinerator
Phuket city muni. (250 T/d)
Kao Samui muni* (140 T/d)

  LamPhun** (10 T/d)
  Kao Tao (5T/d)

    *   shutdown for maintenance
** Shutdown

Integrated systemIntegrated system

ขอมูล ณ
 เดือน

7

Integrated systemIntegrated system
Vieng Fang 150 T/d

 Rayong 80 T/d
 Chonburi** 400 T/d
 Mae Sai 60 T/d

**Shutdown

นพฤษภาคม 2554

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

Year
Waste generation

(Ton/day)
Year

Waste 
generation
(Ton/day)( y)

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

1 6 81 2 6 6

8

2012 41,456.81 2020 42,654.65

2013 41,630.50 2021 42,779.57

2014 41,796.11 2022 42,900.26

2015 41,954.36

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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• Applying 3Rs for achieving waste 
reduction & utilization;
P ti th i t t d t• Promoting the integrated waste 
management system to reduce the 
landfill areas and generate the 
renewable energy;

• Encouraging the cooperation of 
adjacent Local Governments for 
t bli h t f t testablishment of waste management 

facility;
• Endorsing public and private sectors 
to participate in waste management 
project.

• National Waste Target
• Waste reduction not less 
th 30 %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%
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Reference on Policy Issues

Reference on Policy Issues
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Reference on Policy Issues

Reference on Policy Issues
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• Several waste management 
j t i Th il d hprojects in Thailand has 

been implemented as a 
result of partnerships 
between local government 
and private sector

Conventional municipal solid wasteConventional municipal solid waste
Municipal solid Municipal solid 
wastewaste ••  Open dumpingOpen dumping

••  Open burningOpen burning

••  IncineratorsIncinerators••  IncineratorsIncinerators

••  LandfillLandfill

??

16

OpportunityOpportunity  ??

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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Integrated Waste Management: Opportunity

Waste reduction/ 
separation at 
sources

Waste Utilization

• Compost

• Waste to energy

Final Disposal

(Sanitary Landfill)

• Waste separation

Current approaches

17

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

CommunityCommunity--Based Waste ManagementBased Waste Management

SourceSource

Waste management Waste management 
facilityfacility

HouseholdHousehold ComCom
m.m.

Waste CompositionWaste Composition

OrganicOrganic
6464%%

Plastics

newspaper

SeparationSeparation

CompostCompost

landfilllandfillCollectionCollection

Recyclable materialsRecyclable materials

Community compostingCommunity composting

BioBio--gasgas

Compost Compost 
teatea

18

6464%%

RecyclableRecyclable
30%30%

HazardousHazardous
3%3%

OthersOthers  33%%

Glass & 
Plastics bottles

Metals/cans

Household composting

Recycle materialRecycle material

OthersOthers

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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1. RDF 10,000 T/d

2. Electricity generation 400 MW

Or

20

MSWMSW  4040,,332 332 TT//dd
Expectation: 100T of MSW can generate 1 MW

IncinerationIncineration

AD GasificationGasification

Electricity

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

Ch b i Bi

  3 3 Power plants in operation Power plants in operation 
44..075 075 MWMW

Power plant under constructionPower plant under construction
22..0202 MWMW

Phuket waste incinerator

2.5 MW 

Rayong biogas and compost system 
625 kW

Kao Chang Biogas 70 kW

Chonburi Biogas 

 950 kW 

21

Racha Thewa landfill gas
950 kW

Nakhon Pathom Landfill 
gas 1 MW

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

Waste input 100 %

Waste sorting system

Integrated Solid Waste Management 

Composting
50 - 60 %

Recycle
20 - 30 %

Other materials
10 - 20 %

22
22

Conversion RDFFinal disposal 5%

Heat and Electricity

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

Organic Wastes

Manual sorter

Metal sorter

Mechanical sorter

Bag Opener

 Integrated Waste Treatment System: Nakhon Ratchasima

180 T/d
8 T/d

G ifi ti  ื  

Power Generator

g

Sludge dryer

Water Separator

Small size organic waste
Light weight (Plastics)

Biogas

Landfill  

 Metal Recyclable

50 T/d
800 kW

Gasification หรอ 
เตาเผาผลิตพลังงาน

Anaerobic 
Digestion 
Tank # 1

Anaerobic 
Digestion 
Tank # 2

Reusable waterWastewater treatment (Aerated 
largoon)

Composting system Compost

(sand/gravel)

Landfill  
(sand/gravel)

Homogenizer

21 T/d

WiangWiang Fang Municipality ISWM SystemFang Municipality ISWM System

 150 T/d Sorting Recyclable materials

24

 ฝงกลบ

Compost Compost

Compaction Landfill

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

70-80 T/d
Sorting Org. waste

25

Gas collection tank

Electricity 625 kW

Biogas

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

Activity Direct Emissions Indirect 
Emissions

Avoided Emissions Emission reducing 
Actions

Gross 
emissions

Net 
emissions

Collection & 
Transport

CO2 from fuels 
consumption

CO2 from fuels 
consumption

CO2 from  electric 
vehicles
O f

‐Use of electric vehicles
‐Use of alternative 
f lCO2 from 

outsourced 
transport 

fuels
‐Change mean of 
transportation

Transfer CO2 from  on‐
site fuels 
consumption

CO2 from on‐
site fuels 
consumption

CO2 from 
electricity 
consumption

‐Actions to improve 
energy efficiency of 
equipments and 
facilities

Mechanical pre‐
treatment

CO2 from  on‐
site fuels 
consumption

CO2 from  on‐
site fuels 
consumption

CO2 from 
electricity 
consumption

‐Actions to improve 
energy efficiency of 
equipments and 
facilities

S i li d O f O f O f id d G G i di i iSorting, recycling and 
recovering

CO2 from  on‐
site fuels 
consumption

CO2 from  on‐
site fuels 
consumption

CO2 from 
purchased 
electricity 
consumption

‐Avoided  GHG in corresponding 
to the emission resulting from 
the production of an equivalent 
quantity of materials
‐CO2 avoided through potential 
production of solid recovered 
fuels.

‐Actions to improve 
sorting rate
‐Recovery of sorting 
rejects

Physico‐chemical
waste treatment

CO2 from  on‐
site fuels 
consumption

CO2 from  on‐
site fuels 
consumption

CO2 from 
purchased 
electricity 
consumption

‐CO2 avoided through potential 
production of alternative fuels

‐Actions  to optimize 
alternative fuel 
production
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Activity Direct Emissions Indirect 
Emissions

Avoided Emissions Emission reducing 
Actions

Gross 
emissions

Net 
emissions

Biological treatment
(Compost & AD)

‐CO2 form 
biomass
‐CO2 from fuels 
consumption
‐CH4 & N2O

‐CO2 from on‐
site fuels 
consumption
‐CH4 & N2O

CO2 from  
purchased 
electricity 
consumption

‐CO2 avoided through energy 
production
‐CO2 avoided through compost use
‐CO2 avoided through recovery of 
the heat produced

‐Optimization of aerobic 
conditions for 
composting processes
‐Optimization of energy 
and/or material 
recoveryrecovery

Landfill ‐CH4 from 
landfill gas
‐CO2 from 
landfill gas
‐CO2 from  on‐
site fuels 
consumption

‐CH4 from 
landfill gas
‐CO2 from on‐
site fuels 
consumption

CO2 from 
purchased 
electricity 
consumption

‐CO2 avoided through energy 
production

‐Optimization of CH4

oxidation, capture and 
combustion
‐Optimization of energy 
recovery

Incineration ‐CO2 from 
waste
‐CO2 from 

‐CO2 from
waste
‐CO2 from 

CO2 from 
purchased
electricity 

‐CO2 avoided through energy 
production
‐CO2 avoided through slag and ash 

‐Optimization of energy  
recovery

additional fossil 
fuels
‐N2O

additional fossil 
fuels
‐N2O

consumption recycling

Mechanical Biological 
Treatment (MBT)

‐CO2 form 
biomass
‐CO2 from fuels 
consumption
‐CH4 & N2O

‐CO2 from on‐
site fuels 
consumption
‐CH4 & N2O

CO2 from 
purchased 
electricity 
consumption

‐CO2 avoided through energy 
production
‐CO2 avoided through compost reuse
‐CO2 avoided through material 
recovery
‐CO2 avoided through potential 
production of alternative fuels

‐Actions to improve 
sorting and compost 
quality
‐Optimization of energy 
and material recovery

• Maximized RecycleMaximized Recycle

• Good Management

• Efficient Technology

• Proper Regulation

• Private Endorsement
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• Sorting plants.

• Upgrading recyclable materialUpgrading recyclable material
plant.

• Electronic waste recycling plant.

• Hazardous waste recycle plant.

• Waste exchange program.g p g

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

29



1

Institute for Global Environmental Strategies （IGES)

DECENTRALISED COMPOSTING 
IN MUNICIPAL SOLID WASTE 

Kitakyushu Urban Centre

MANAGEMENT:
Lessons Learned from Surabaya 

City, Indonesia

D G J PREMAKUMARAD.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 
Asian Countries, 29-31 August 2011, Battambang, Cambodia

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

Presentation outline

• Introduction to Decentralised Composting in t oduct o to ece t a sed Co post g
Municipal Solid Waste Management 
(MSWM)

• Discussion on Surabaya’s Case Study

• Identify Potential and Challenges of GHG 

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

Emissions Reduction through Decentralised 
Composting

• Conclusion and Recommendation
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DECENTRALISED COMPOSTING  IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Developing cities in Asia are facing tremendous challenge to 
dispose the solid waste in environmental friendly manner

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 MSWM
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

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

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).

intensive, locally acceptable, and economically affordable.

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

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)

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

Decentralised Vs Centralised Composting
Decentralised Centralised

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

Case study of Surabaya City

JAKARTA East Indonesia

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

SURABAYA

The city of 3 million people (2010) is the second largest city in Indonesia 
and serves as an important commercial and industrial capital of East 
Java Source: Ema, 2011

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

Expansion of city with its urbanisation

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

Source: Ema, 2011
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DECENTRALISED COMPOSTING  IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Two-tiered System of MSWM in Surabaya (under the Community 
Primary Collection (Copricol) Law in 1980)
Responsibility of Community (Kampong). Waste collection is organised by 
Community-based Organisation (Rukun Warga). Residents pay for waste collection

H/H storage Collection by RW

Transfer station

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

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

collection

Commercial/industrial
Collection by the city

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

SWM became a serious environmental issue in Surabaya 
The total waste generation was 1,800 

tons per day in 2004 (residential 68%, 
markets 16%. Commercial/industrial 11%, 
streets and open spaces 5%)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 

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

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

Model Community in Kampong Rungkut Lor developed under 
the technical cooperation of Kitakyushu City, Japan 

Educated women to 
start H/H business 
from recycling 
materials

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

Collected H/H waste 
t l

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

Model community for community  

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

separately

Organic waste treated at 
composting center 

Rest sell in Market

y y
based SWM (200 H/H) 

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

Development of SWM Strategy based on the success of 
model community under the strong political support of the 
Mayor Organic waste shares more 

than half of total amount of 
waste generationg

Prioratise reduction of organic 
waste 

Promote Decentralised
Composting

W  i   

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

Waste sorting at 
source
Composting at H/H
Composting centers
Promote recycled 
products integrating 
informal sector 

Source: KITA, 2002.  



7

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

Public awareness campaign
Counseling activities

counseling 
To student

Counseling to 
Businessman

Counseling to
community

Environmental campaign

Counseling to 
officer

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

Socialization in school

Source: Ema, 2011

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

Recruitment of Facilitators and training of Environmental 
Leaders (Cadres) for community mobilisation

Community FacilitatorsNumber

Environmental Leaders (Cadres)
Year

Number

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

Developed 
training 
materials 
for 
awareness 
raisingYear

Source: Ema, 2011 Source: Rismaharini, 2011
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DECENTRALISED COMPOSTING  IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Support for starting composting programmes
Distribution of Composting Bin to H/H

Number

Distribution of compost bins to attended to 
training and willing to do residents (Over 
20,000 H/H)

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

Source: RismahariniRismaharini, 2011, 2011

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

Distribution of Composting Centres in the City (16 composting 
centers operate to treat 110 tonnes of organic waste in the city)

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

Promotion of Recycled Product Village integrating informal 
businesses with private sector

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

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

Establish both rewarding and law enforcements for 
motivating community to participate

Rewards are given to the communities willing to participate 
through Surabaya Green and Clean Programme

Reward s are given to Outstanding Environmental Leaders at the 
National Day Awarding Ceremony

Number of communities wiling to 
contest to Surabaya Green and 
Clean Award has been increased

Number

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

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

Year

Source: Ema, 2011
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DECENTRALISED COMPOSTING  IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

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

Recognition of its efforts at national and international level 

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

Source: ema, 2011

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

Achievement: Reduction of waste to be final dumped 
Tonnes Enhanced recycling by removing 

organic matters from the waste 
stream (78% of waste reduction 
from recycling materials)from recycling materials)

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

30% waste reduction to be land 
filled by 5 years

Year

Source: Ema, 
2011
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DECENTRALISED COMPOSTING  IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

30% waste reduction using limited municipal budget
N
O BUDGET BUDGET NOTES2009 % 2010 %

1. Total budget
4.364.366.

780.398
100
%

4.383.712.
427.048

100
%

2.
Environmen
tal budget

4.7
%

4.6
%

Only 1-2% of Cleaning and Landscape 
Department Budget is used for composting

tal budget % %

Sea, 
Fishery and 
Farming 
Developme
nt Program

35.334.13
9.497 0,8%

23.405.280
.994

0,5
%

Farming 
Dept.

Environmen
t Control 
and 
Conservatio
n Program

11.430.78
6.532 0,3%

13.918.825
.429

0,3
%

Bappeko
, 
Farming, 
Transpor
tation, 
Environ
ment

R
p.

 M
ill

io
n

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

ment

Green Open 
Space and 
City Park 
Program

40.652.92
1.024 0,9%

58.200.507
.958

1,3
%

Farming, 
Spatial 
and 
Cleaning 
Dept.

City 
Cleanliness 
Managemen
t Program

118.486.9
23.877 2,7%

105.705.80
9.320

2,4
%

31 
district, 
Cleaning 
Dept

Source: Maeda, 2010; 
Ema, 2011

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

Established public, private and community partnership

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

Lessons Learned: Achieving Sustainable Development

• 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 

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

g g p p
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.

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

Achieving Sustainable Development (continue…)

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

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

IGES -KUC| http://www.iges.or.jp D.G.J.PREMAKUMARA, 29 August  2011 24
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DECENTRALISED COMPOSTING  IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Issues and Challenges in implementing Decentralised 
Composting
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 fertliserMotivating 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

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

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

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

Pre-requisites for Decentralised Composting
Pre-requisite for the promotion of Decentralised composting is not merely 

funds for implementation but rather necessary changes in the solid waste 
management policy and strategy of the responsible authorities and changes of 
mind sets of politicians officials and citizensmind-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 

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

g y p g , g g y
and enforcing existing by-laws.

Municipality needs to provide support for community initiatives by allocating 
lands, providing technical assistance, cost sharing for capital investments, 

Improving market compatibility through establishing quality standards, 
regulating and monitoring the performance, issuing certificates, initiating buy-
back programmes, linking with agricultural and horticultural activities.
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DECENTRALISED COMPOSTING  IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Potential of GHG emission reduction through Decentralised 
Composting

Scenario, Base condition
Waste Quantity: 1.4 tons per 
day

Calculation of Emission 
Reduction based on UNFCCC’s 
AMS 111F for small scale projects

Bratang Composting Centre, Surabaya

IGES -KUC| http://www.iges.or.jp D.G.J.PREMAKUMARA, 29 August  2011 27

day
Organic fraction: 65%
Degradable Organic Carbon, 
Fraction: 0.50
Methane Correction Factor: 1.0
Compost Efficiency: 95%
Crediting Period: 10 Years

AMS-111F for small-scale projects
Emission Reduction (ERs) 
(10 years): 2945 tCO2e 
Certified Emission 
Reduction Pricing: 29,450 
Euro (based on 10 Euro/1tCO2e in 
CER market)

Source: Komalirani, 2011

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

Challenges: Time consuming process for getting CDM approval 

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

IGES -KUC| http://www.iges.or.jp D.G.J.PREMAKUMARA, 29 August  2011 28

Source: Waste Concern, 
2008
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DECENTRALISED COMPOSTING  IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Challenges: High transaction cost in CDM

Project size (tCO2e/a) Transaction costs (Euro/tCO2e)
Baseline Senario Senario Senario Baseline Scenario Scenario Scenario

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).

Baseline 
(Krey,200
4)

Senario 
1

Senario 
2

Senario 
3

Baseline 
(Krey, 2004)

Scenario 
1

Scenario 
2

Scenario 
3

1000000 0.1

100000 0.25

10000 1.8

5250 6

2805 12

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

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   

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

Possibility in bundling small-scale decentralised 
composting schemes in the city 

NO. Compost plant
name

total inorganic organic

m3 m3 m3 tCO2e/
a

ERs (10 
years)

1 Menur 169 51 118.0 2832

2 Keputran 53 0 53.0 1272

3 Bratang 191 68.5 122.5 2945

4 Rungkut 101 24.5 76.5 1824

5 Wonorejo 139 38.5 100.5 2400

6 Liponsos 70 10 60.0 1440

7 Srikana 69.5 22.5 47.0 1200

8 Tenggilis utara 112 28.5 83.5 1990

9
Tenggilis rayon
taman

113 39 74.0 1776

Scenario Certified 
Emission 
Reduction 
Pricing 
(CER)/Euro
(10 Euro/tCO2e)

Transaction 
cost/Euro

Cost/benefits calculation under 
the 3 scenarios

IGES -KUC| http://www.iges.or.jp D.G.J.PREMAKUMARA, 29 August  2011 30

10 Gayungsari 66 17.5 48.5 1152

11 Bibis karah 52 9 43.0 1032

12 Jambangan 80 23 57.0 1368

13 Sonokwijenan 151 48.5 102.5 2448

14 Putat jaya 102 18 84.0 2020

15 Benowo 94 36.5 57.5 1400

16 Sumber rejo 51 10.5 40.5 960

Total 1614 446 1,168 28059

Source: Komalirani, 2011

( )

Scenario1 29450
441750 ☻

Scenario2 280590
336708☻

Secenario
3

525000
315000☺
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DECENTRALISED COMPOSTING  IN MUNICIPAL SOLID WASTE MANAGEMENT:
Lessons Learned from Surabaya City, Indonesia

Risks need to be considered in decentralised composting
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 therisk 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. 
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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.  

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

Policy Recommendations
The contribution that decentralised composting project makes to 
sustainable development and the conservativeness of the 
methodologies (e.g.. Gold Standards) used for monitoring are need to 
consider. Rather than trying to fulfill the perfect requirements of theconsider. 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

IGES -KUC| http://www.iges.or.jp D.G.J.PREMAKUMARA, 29 August  2011 32

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 
and capacity building  
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CAMBODIAN EDUCATION WASTE MANAGEMENT ORGANIZATION

CENTRALIZED COMPOSTING

Chau Kim Heng, COMPED 
O i tiOrganization

Workshop on Capacity Building on Accounting and Utilizing GHG Emission Reduction Measures 
for Local Waste Management Actors in Developing Asian Countries, Vientiane, Laos, 04 ‐ 06 
October 2011. 

• Introduction COMPED1

Contents

• Introduction COMPED 1

• Centralized Composting2

• Open Windrow Composting3

• Difficulties and Solutions 4
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Organization COMPED

• NGO, established in 2000 

• 18 staff members (2011)18 staff members (2011)

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

CENTRALIZED
COMPOSTING



2/22/2012

3

Centralized Composting

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

• Second composting project started 2009 on 8000 m2 next 
to dumpsite Battambang. Able to process organic market 
waste 10 t/day. 

Why Centralized Composting

• No decentralized composting policy, 

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

• Awareness of the people (stakeholders) is limited,

• Land issues,

• No source separation etc. 
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OPEN WINDROW TURNED

COMPOSTING

Pre‐treatment (waste separation)  

• 4 waste pickers working hard at the waste 
separation every day (manually).
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Pre‐treatment (pilling up compost heap )  

• with the piles 3‐5 m wide and 1.5 ‐2 m 
high, 

• waste separation continues.

Composting Process

• Best condition during composting process 

– temperature of the composting pile is 
between 65 °C ‐ 70 °C 

– water content is 65%

• Compost process will take 4 – 6 months.
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Screening compost 

Minimum requirements for composting 
the product 

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

• Compost has to contain organic matter 
and other nutrients.

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

Compost Production 

COMPED Compost 

N nitrogen  > 1.32%  

P phosphorus  > 1.72% 

K potassium  > 2.24%  

pH value of 7.0‐7.5. 
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DIFFICULTIES AND
SOLUTIONS

Difficulties  and Obstacles 

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

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

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

• No incentives from the local government: the waste delivery to the 
composting site is for free but should be either subsidized  or  
chargeable.

• No regulations and guidelines on composting and compost products by g g p g p p y
the government: difficult to develop market strategies.  
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Possible Solutions

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

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

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

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

Prospects

• The Compost Project is a branch of the COMPED 
organization.  With our ongoing project we introduce the 
topic of composting to local and international organizations, 
trying to find project partners and funding for additionaltrying to find project‐partners and funding for additional 
projects. 



2/22/2012

9

THANK YOU FOR YOUR

KIND ATTENTION
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GHG Reduction through Suitable Treatment 

and Utilization of Waste Plastics

i hi O A h S i h S i iYoichi KODERA, PhD, Senior Research Scientist

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

Aug., 2011 Cambodia

Contents
1. Characteristics of waste plastics

2. Life cycle of plastics and GHG emission

3. Recycling methods of waste plastics
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Major components 
of household wastes
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0 

20 

Volume% Weight%-wet

Plastics

Source:  White paper, Ministry of Environment, Japan

Municipal wastes in Bangkok, Thailand

27wt%

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



2/22/2012

3

Typical separate collection of 
household wastes in Japan

Combustibles ResourcesNon-combustibles Hazardous

Waste plastics: plastic resources

WoodKitchen waste

p p
- Containers & packaging :
- PET bottles

Mixed paper: Some cities 
collect it separately

for recycling.
Cans
ferrous/aluminum

Glass bottles
clear, brown, others

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 CO2 emission?
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Why do we recycle wastes?
1.  Local government & waste management company: 

Sell valuable materials to obtain benefits.
2.  Reduce material or energy consumption by using waste resources.
3.  Reduce environmental impact by the conversion of wastes to energy or materials.

Reduction of environmental impact 
through waste plastics utilization

• 1.  As a recycled resin
– Waste plastics that are separately collected can be p p y

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
C34QMRP2YXJ78UHAZVD5FL6   

• 2.  As a cleaner fuel than coal or heavy oil
– 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 CO2
per weight and less NOx.
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Life Cycle of Plastics-3
Crude oil to Consumer products via polymer and resin production

Recycled resin

Crude oil

Oil refinery & 
petrochemical 
processing

Polymer/resin

Production and distribution of 
plastic articles Use by consumers

Life Cycle of Plastics-2
Waste plastics to recycled resin

Recycled resin

Disposal

Collection

Recycling

Crushing,  wa
shing and 
pelletization

Waste plastics Recycled resinPlastic products
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Life Cycle of Plastics-3
Production of recycled plastic articles

Recycled resin

Recycled resin

Exterior articles

Injection molding
Construction material Automobile parts

CO2 Reduction by Using Recycled PS (1) 

Recycled resin

Clean white PS tray Clean but colored tray
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CO2 Reduction by Using Recycled PS (3) 

Consumers
Crude oil New PS PS tray Waste (Clean white tray)    

separate collection 

Environmental Impact Recycled PS 
Tray-60%

New PS
Tray

Energy as Feedstock / GJ 11 32

followed by pelletization Consumers
Recycled PS ＋ New PS Recycled PS tray Waste

60%                   40%

gy

Energy of Transportation and Processing / GJ 25 33

CO2 / ton 2.4 4.5

SOx / kg 1.6 2.7

NOx / kg 2.4 3.2

Solid waste / kg 8.7 22

CO2 Reduction by Using Recycled PS (4)
Tray of 100% New PSTray of 60% Recycled PS resin

Impact reduction

CO2 emission

Handling

Material

54

74

36

46

26

64

(processing & transportation)

0% 20% 40% 60% 80% 100%

Solid waste 40 60

Table:  Environmental impact reduction by using 60% recycled resin 
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Typical end-user application of waste plastics

F l

Recycled

resin

Fuel

Incineration

with

Heat Recovery

Solid fuel
• Production: Crushing and 

pelletization.  Drying process is 
required for wet wastes.  Pelletization
is carried out at ca.200 ˚C.
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Liquid fuel
• Production: Pyrolysis followed by distillation. 

Crushing and separation required for some wastes.

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

Gaseous fuel
Heat Ash Flue

gas

◎ ◎ ◎

Similar
fuel

Liquid fuel
Waste 
plastics

◎ ◎ ◎

◎ ◎ ○

△ or

LNG/LPG

Diesel 
oil

Direct combustion 
for heat recovery

Solid fuel ○ △
△ or 
×

△ × ×

Coal

none

Waste generation with GDP
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Increasing trend in three categories of 
high, middle and low generation

W
as

te
 g

en
er

at
io

n

M.Tanaka、http://www5.cao.go.jp/keizai-shimon/special/pdf/1004item7.pdf

GDP

Urban Solid Waste Generation (1995)

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

*http://web.mit.edu/urbanupgrading/urban
environment/resources
/references/pdfs/WhatAWasteAsia.pdf
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Household wastes (UK) 2006-7

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

Properties of waste fractions

Type LHV Total solid C fossil
CO2 from 
Fossil C

C bio.
CH4

potential

MJ/kg-Wet % Wet base
% Total 

solid
kg/100kg-
Total solid

% Total 
solid

L/kg-Dry 
solid

Plastics 34.1 89.1 79.3 290.8 0.4 0

Paper 12.9 90.5 0.2 0.7 32.7 158.1

KitchenKitchen 
waste

5.8 29.6 0.5 1.8 49 435.7

Garden 
waste

7.5 52.2 0.8 2.9 43.1 114.6

Cardboard 13.6 80.6 2.1 7.7 42.4 154.8

E. Gentil, J. Clavreul, T. H. Christensen, Waste Management & Res., 27, 850 (2009).
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Life Cycle of Plastics-1

Raw

• Crude oil  to naphtha
• Naphtha to ethylene and others

Recycled resin

Raw 
Material • Naphtha to ethylene and others

Polymers

• Ethylene to polyethylene
• Production of other chemicals

M ldi
Plastic 
articles

• Molding 
• Film production

Life Cycle of Plastics-2

Used by

• Sole, mixed or composite
S ft d h d l ti

Recycled resin

Used by 
Consumers • Soft and hard plastics

Collection

• Whole components of wastes
• Separate component of wastes

Treatment

• Disposal/incineration or landfill
• Recycling/recycled resin or fuel
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CO2 Reduction by Using Recycled PS (2)
Life cycle of once-through disposal & recycling 

Delivery
electricity

SalesFuel

electricity

Sheet
production

Container 
molding

Food store

Separate 
or mixed 
disposal

General 
consumers

Waste plastics
Fuel

Recycling 
processNew plastics

Additives
Other materials

Waste
plasticsSeparate collection

electricity

Container 
manufacturer

General 
market

Incineration or landfill

Typical Recycling Laws relating 
to Waste Plastics in Japan 

Name of law Example of plastic recycling Problems

Containers & 
packaging

Resin production is 
preferential to the use as

Higher cost, 80 yen/kg, 
in resin production thanpackaging 

recycling law
preferential to the use as 
coal substitute in cokes oven 
and syngas production

in resin production than 
cokes oven treatment, 
40 yen/kg.

Home appliance 
recycling law

Clean plastic parts are 
recycled in cascade way.  
Vertical recycling by precise 
separation has been 
commercialized.

Mixed plastics and non-
recyclable plastics such 
as polyurethane.

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

End of Life Vehicle 
recycling law 

ASR containing plastics and 
dirt is allowed to incinerate 
for heat recovery.

Precise recovery of 
metals and plastics 
draw attention. 
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総資源化量 リサイクル率
Municipal waste

Obligation for collection, transport 
and disposal is shouldered by local 
authorities.

- 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. 

(%)

Recycling volume and ratio of municipal waste

Status of Recycling

Recycling volume Recycling ratio

(10 000 ton)

703
786 825 864

916 940
1003 1020 1030

978
13.1

14.3 15.0
15.9

16.8
17.6

19.0
19.6 20.3

20.3

0

5

10

15

20

0

200

400

600

800

1000

1200

1400

H11 H12 H13 H14 H15 H16 H17 H18 H19 H20

Produced by households

Industrial Waste

Volume recycled
9.78 million t (20%)

Volume reduced
32.75 million t (73%)

Final disposal volume
5.53 million t (12%)

Companies producing waste are 
responsible for treatment.

Waste

Volume produced
48.11 million 
tons (100%)

(%)(10,000 ton)

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

Produced by business activities Volume recycled
219million t (52%)

Volume reduced
180million t (43%)

Final disposal volume
20.million t (5%)

Regulated by relevant laws

Volume produced
419 million tons 

(100%)

Municipal waste: Data collected in 
FY08.
Industrial waste: Data collected in FY07 Copyright  METI

Containers and packaging waste counts up about 60% of household 
waste (volume ratio)

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.

Background of Containers and Packaging Recycling Law

Paper
8.0%

Plastic
9.1%

Metal
1.5%

Glass
4.1%

Other

Paper
18.6%

Ratio by Weight (FY2008)Ratio by Volume (FY2008)

Other than 
Containers and 

Packaging

38.4%
Other than 

Containers and 
Packaging

Containers 
and 

Packaging
23.3%

Containers 
and 

0.7%

Other
0.2%

Glass
0.7%

Metal
2.0%

Plastic
40.1%

Packaging

76.7%

※ Ratio by volume and by weight was calculated based on the 
sample survey targeting for 6 cities and 3 areas across the nation.

Packaging
61.6%

Copyright  METI
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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）

Overview of Containers and Packaging Recycling Law

(40 billion yen)

Consumers

[Separated disposal]

Specified Container 
Manufacturers, etc

[Obligation to recycle]

Designated Juridical Person:
The Japan Containers And Packaging 

Recycling Association

Distribution Specified
Container/Packaging 

Users
[Obligation to recycle]

Delivery

Collection of 
containers and 

packaging

Payment of recycling costs
(Implementation of obligations)

Paper

Plastic

Glass

Bidding

Recycling Association

Conversion to cullet and 
pellets by recycling 

company

Selling recycled 
products/materials

Local authority
[Separated collection]

(39.7 billion yen)

Monetary flow

Material flow 

Shoulders cost of collection

Hand over of containers and 
packaging

Payment of 
recycling costsAgreement of 

receipt

Plastic

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.

Issues and concerns about the Law

Cost reduction / cost efficiency

Copyright  METI

y
- including social costs of the whole processes:
from separate collection to recycling

Creation/promotion of 
high value-added recycled products

Reconsideration of roles and
responsibilities of relevant players

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

1. efficiency of recycling system 

４

2. improvement of fairness,
transparency and stability

and their cooperation
- based on the idea of EPR

Prevention of free-riders

3. promotion of prevention and
re-use

Methods for setting quantitative
prevention targets and units
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Seeking the possibility and suitable technologies 
of waste plastics recycling for developing countries

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 
M i i litMunicipality

Budget Supporting By
Energy Policy and Planning Office,

Ministry of Energy,
Royal Thai GovernmentRoyal Thai Government

Rungnapa Tubnonghee
Warinchamrap Municipality 

& Muang Sa-ad Co.Ltd

Outline of Presentations
1. Introduction
2 Current status of reforming2. Current status of reforming            

MPW to useful oil in Thailand                
3. Characteristics and qualities of 

the pyrolytic oil (Liquid Fuel)
4 Prospect of technology and4. Prospect of technology and 

industry for reforming MPW to 
useful oil

5. Ackhowledgement
2
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1.Introduction

LLao

CambodiaWarinchamrap Municipality 3

1.Introduction

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

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

4
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90% of municipal plastic waste is PE and PP. 
Most of these waste is disposed in landfill. 

2 4 5

HDPE LDPE PP
5

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

● 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.Municipality. 

6
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2.Current status of reforming MPW 
to useful oil in Thailand 
(Muang Sa-ad Co., plant of Warinchamrap site)

7

Disposed waste at the  
landfill cell (G mine) is 
125,000 tons (7years)

8
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The process consists of 2 parts:

1.Separation of MSW

2 Pyrolysis of MPW2.Pyrolysis of MPW 

9

1. Separation of MSW at the front 
end system

10
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The mixed plastic waste

11

Cleaning and drying

12
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MPW Raw Material for Pyrolysis

2

90% of mixed plastic waste are PE and PP

4 5

HDPE LDPE PP

13

Process flow diagram of MPW Pyrolysis2. Pyrolysis of MPW waste

14
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Concept of Concept of PyrolysisPyrolysis

Process of Plastic Production  is Polymerization

Decomposition of plastic is  DDecomposition of plastic is  De-Polymerization

Natural 

Gas

Natural Gas Plastic

Polymerization

- - Temperature control

-

DepolymerizationCrude Oil 

Natural gas 
and 

Petroleum
- Temperature control              

- - Catalyst

Light
Crude 

Oil 

Pyrolytic oil

Pyrolysis Process

C-H Bond
(Polymer)

-Liquid
-Syn gas

Thermal 
degradation

(Polymer)

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

Catalytic 
degradation

( ) yg
without oxygen and then produce
liquid hydrocarbon and syn-gas
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Pyrolysis Process

17

Pyrolytic oil

18
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Pyrolytic oil in oil tank

Non-condesable gas is Syn Gas return to reactor for 
fuel gas. Eahaust gas was treated by Wet scrubber 
b f l t t h

Exhaust gas scrubbing and             
Syn-gas System

before release to atmosphese.
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By Product; Wax and Carbon Black

21

Ratio and capacity of production

Yield of 
production

60%

3,000
300

10

Mixed plastic waste 
(tons)

12,098.3
1,209.8

40.3
(Barrel)

1,980,000Year
198,000

6,600
(Liter)

Crude oil

MO
Day

22
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3.Characteristics of Pyrolytic oil 

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

23

• Quality Improvement 
of the pyrolytic oil is 

3.Characteristics of pyrolytic oil 

py y
carried out by using 
coagulation 
technique. 

24
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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. 

25

Utilization of Distilled pyrolytic oil 
with diesel engine

26
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Utilization of pyrolytic oil with 
gasoline engine

27

Quality Test of Diesel and Gasoline oil(PTT)

Sample of Infiltrated  diesel oil 5µ Sample of Infiltrated gasoline oil 5µ
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Test Item
(March 2011)

Test 
Method

Result
(Diesel)

Result
(Gasoline)

1 Appearance Visual Hazy C&B

Quality Test of Diesel and Gasoline oil(PTT)

1.Appearance Visual Hazy C&B

2.API Gravity@60◦F ASTM D        
4052‐09

47.35 48.77

3.Specific Gravity 
@15.6/15.6◦C
(Density@15◦C g/cm3)

ASTM D             
4052‐09

0.7912 0.7846

(Density@15 C,g/cm3)

4.Ash,%wt (ไมสูงกวา 0.05) ASTM D             
482‐95

0.02 ‐

5.Flash Point,(P.M),◦C ASTM 93‐09 24.0 ‐

Sample of Infiltrated  diesel oil 5µ Sample of Infiltrated gasoline oil 5µ

Test Item
(March 2011)

Test 
Method

Result
(Diesel)

Result
(Gasoline)

6. Water and 
sediment,%vol                     
ไ

ASTM D 
2709‐96

0.03 ‐

(ไมสูงกวา0.05)

7.Colour,ASTM
/Colour(Hue)

ASTM D          
1500‐98

1.5
/Yellow

Yellow

8.Corrosion Copper  ASTM D           1a 1a
strip(3h/50◦C),No.
(ไมสูงกวาหมายเลข1)

130‐04
ɛ1

ASTM D 
4814

9.Micro Method 
Carbon Residue,%wt
(ไมสูงกวา 0.05)

ASTM D          
4530‐00

0.08 ‐
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■ The technology for reforming MPW to 
oil is applicable for plastic waste

CONCLUSION

oil is applicable for plastic waste 
recycling in Thailand.

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

31

■ The characteristic of PO is similar to crude 
oil. It will be improved to useful fuel oil by 

CONCLUSION

p y
distillation. 

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

32
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Polymer Energy Technology
Green Business : Win- Win Solution
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Plastic Recycle
“Workshop on Capacity Building on Accounting and
Utilising GHG Emission Reduction Measures for Local
Waste Management Actors in Developing Asian Countries,
4-6 September 2011, Vientiane, Lao.”

M R . S U T E E  T U B N O N G H E E

W A R I N C H A M R A P  M U N I C I P A L I T Y
U B O N  R A T C H A T H A N I  P R O V I N C E , T H A I L A N D

Plastic waste management
Part 1: Plastic waste management at 
sourcesource 
-Plastic waste separation in community by the Zero waste 
project .
Part 2: Plastic waste management at 
disposal site.
-Plastic waste separation in demonstration area by the ZeroPlastic waste separation in demonstration area by the Zero 
waste  of  pilot  project .
-Plastic waste separation in landfill by the scavengers.
-Value add of plastic reforming to pellet and oil.
-Sanitary Landfill.
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Plastic waste management at source

- Plastic waste separation in community by the Zero waste project 
.

Solid waste separation at household 
in community

Plastic waste  
from household    

- Plastic bag       
- Package bag
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Landfill Site : Sanitary Landfill

Plastic waste management at disposal site.

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



2/22/2012

4

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

Plastic waste was separated out of the total municipal solid 
waste about 2-3 tons per day of the pilot project.
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Glass bottlesSeparation

Plastic bottles Plastic bags

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

Plastic waste separation in landfill          
by the scavengers
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Plastic waste was prepared for cleaning

Value add of plastic reforming to pellet



2/22/2012

8

Plastic waste separation and cleaning (Original)

Plastic waste from landfill Water basin

Plastic bag washing Drum dryer machine

Plastic waste separation and cleaning (Original)

Sorting out kind of the plastic Rotary dryer machine

Pile of plastic Plastic compactor
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Plastic waste separation and cleaning (Modification)

Oval water basin has length 15 meters

Plastic waste separation and cleaning (Modification)

Two oval water basins was constructed



2/22/2012

10

Plastic waste separation and cleaning (Modification)

Plastic bag was washed and after that was taken to drum dryer

Plastic waste separation and cleaning (Modification)

Drum dryer machine
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Plastic waste separation and cleaning (Modification)

Plastics were selected and sorted out in each types 

Plastic waste separation and cleaning (Modification)

Rotary dryer 
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Plastics were prepared for melting to pellet.

The fractions of plastic were taken to reform to oil.

Melting of plastic to pellet (The private)

Plastic meltor Temperature Control

Hot melted plastic Extrude to press machine
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Melting of plastic to pellet (The private)

Press machine Water basin for condensation

Cutting machine

Melting of plastic to pellet (The private)

pellet

Cutting machine Weigh apparatus Packing for sale
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Melting of plastic to pellet (The private)

PP plastic shredding and cleaning (The private)

Compost plastic bag (PP) Shredder

ถุงปุย
พลาสติก

PP Water basin for washingShredder
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PP plastic shredding and cleaning (The private)

Belt conveyer and hookWater basin for washing

Shredded plastic of PP Plastic meltor

PP plastic shredding and cleaning (The private)

Step and procedure of PP were operated like plastic bag. 



2/22/2012

16

Production of fat trap bucket from 
recycle plastic powder. 

Production of fat trap bucket 
from recycle plastic powder. 
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Plan of Plastic waste management in 5 years
Warinchamrap Municipality , Ubon Ratchatani Province

2010 2011 2012 2013

Plastic waste Canal Drying Grinder Anaerobic 

2006-2009

separation

Cleaning 

Flinging

washer

Heating
Mold 

(waste bin)
Mold (Fat 

trap bucket)

digestion

Black bag

Red bag 

Mold (artificial 
wood) 

Mold (pipe) 

Spinning

Compaction

Pyrolysis

1 2 3 4 5 6
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Institute for Global Environmental Strategies

“Lesson Learns from Japanese 
Practices for Urban Waste Utilization”

Yoshiaki Totoki

Sustainable Consumption and Production

Institute for Global Environmental Strategies

Contact: totoki@iges.or.jp

Workshop on Capacity Building on Accounting and Utilizing GHG Emission 
Reduction Measures for Local Waste Management Actors in Developing 
Asian Countries, Vientiane, Laos, 4-6 October 2011. 

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 
L ?Laos?

Contents
1. Objects and contents of the presentation

2. Urban Area and Biomass Utilization

3. Biomass town

4. A Case of Composts from Organic Wastes

5 A C f Bi f O i W t

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

5. A Case of Biogas from Organic Wastes

6. A Case of Biodiesel from Waste Cooking Oils

7. Waste in Laos

8. A potential of gasification from rice husk in Laos

9. Summary and Keys of success

2
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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)

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

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

3

3. Biomass town 

Conversion Facilities
-Composting  
-Biogas 
-Ethanol and Biodiesel

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

-Gasification 
-Bio plastic etc. 

Energy, Heat, and Materials 
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200
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Traditionally Used as
Waste Biomass

Traditionally 
Non-Utilization Biomass

3. Biomass town (Biomass Source)

Target: 90% Target: 40%
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IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 5
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3. Biomass town (Transforming Tech.)
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IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 6



2/22/2012

4

4. A Case of Composts from Organic Wastes
Motegi Town, Tochigi Prefecture (Population：16,400,  Area: 172 km2) 

Cow dung
3,228 t/y 

Composting
Kitchen garbage
500 t/y

Fallen Leaves 
250 t/y

Saw Dust (pruned branch 
and tree thinning)
200 t/y

Composting 
Primary Fermentation

(25days)

Secondary Fermentation
(65days) 

Dry
(15days)

Compost “Midori” :1,117 t/y
1t (bulk):4000 yen 

10kg pack :500 yen

Liquid Fertilizer: 894 t/y

=>60% of farmers in Motegi use 

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

y (15days) 

Rice Husk
250 t/y

Source: 
Mogi Town Biomass Plan 

7

Avoid Incineration => CO2 reduction: 
=Waste Amount [t/y]* (1- water %[-])* Carbon% [t-C/t]*44/12[t-

CO2/t-C]
=[Kitchen garbage]+[Fallen Leaves]+[Saw Dust]+[Rice husk]
=([500* (1-0.90)*0.442]+ [250*(1-0.80)*0.409]+[200*(1-

Kitchen garbage
500 t/y

Fallen Leaves 
250 t/y

Saw Dust
200 t/y

4. A Case of Composts from Organic Wastes (cont.)
:Simple CO2/CH4 emission reduction 

([ ( ) ] [ ( ) ] [ (
0.57)*0.518]+[250*(1-0.30)*0.409])*44/12

= 581.8 [t-CO2/y]

Cow dung
3,228 t/y 

200 t/y

Rice Husk
250 t/y

Avoid improper methane fermentation  => CH4 reduction:
= [a case of compost]-[a case of pile in field] 
= waste amount [t/y]*(coefficient(pile) [t-CH4/t]-

coefficient(compost) [t-CH4/t])
= 3,228(0.038-0.00044)
= 121[t-CH4/y]

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

AM0025: Avoided emissions from organic waste through 
alternative waste treatment processes --- Version 12.0

= 121[t-CH4/y] 

If you are interested, please see this. 

8
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Hita city, Oita Prefecture (Population： 72,000,  Area: 666 km2 (82.8 %forest  )) 
1.Waste issues on incineration and landfill 
2.Global Warming, 
3.Environmental Issues of stockbreeding 

Electronic Generation
5 620kWh/d ( l )

5. A Case of Biogas from Organic Wastes

Pig’s feces and urine
27t/day (50t/day) 

Kitchen garbage
22 t/day (24t/day)

Sewer Sludge 
5 t/day (6t/day)

Methane 
Fermentation

Facility

Process: Mid 
Temperature 

CO2 reduction as an Alternative electric  
generation

= Ave. Ele Gen(kwh/d)*Day (d)* CO2 emission 
coefficient (t-CO2/kwh)

=4,891*  286* 0.000348 (2009)
= 487 t/y

5,620kWh/day (plan)

8,300 Ca /day
Heat Generation
8,300MCal/day

CO2 reduction as an alternative heat source
= Heat Gen(Mcal/d)*Day (d)* CO2 emission

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

5 t/day (6t/day)

Sake Cake 
16 t/day (0 t/day)

Wet Process  (35 )
80t/day  
340kw

y g
Compost: 300t
50 yen/15kg

qLiquid Fertilizer: 2,500t 

AM0025: Avoided emissions from organic waste through alternative waste treatment 
processes --- Version 12.0

Source: Hita City

 Heat Gen(Mcal/d) Day (d)  CO2 emission 
coefficient (t-CO2/GJ)

=8,300* 286*0.057*4.2/1000
= 568 t/y

9

6. A Case of Biodiesel from Waste Cooking Oils

Higashi Omi city, Shiga Prefecture (Population： 116,797,  Area: 388.58 km2) 

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

Source: Higashi Omi City

10
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6. A Case of Biodiesel from Waste Cooking Oils (cont.)

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

Collection of Waste Cooking Oils

6. A Case of Biodiesel from Waste Cooking Oils (cont.)

2005        2006      2007      2008       2009

Source: 
Higashi Omi City

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

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-CO2/y]

Approved Methodology: ACM0017 “production of biodiesel for use as fuel” 

12
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7. waste in Laos

What can be to 
energy from urban 
sectors in Laos?

How can we use the 
biomass?

• Kitchen Garbage
• Animals’ feces and 

urine
• Waste cooking oils
• Rice husk and Straw 

B

• Existing facility 
• Compost plant
• Biogas refinery 
• Gasification facility
• etc. 

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

• Bagasse, 
• Sludge etc. 
• Coconuts shell
• etc. 

13

Year 
(1000ton)

1996 1997 1998 1999 2000

Rice 1,413 1,660 1,675 2,103 2,155

Corn 77 78 110 96 77

8. A potential of gasification from rice husk in Laos

Sweet Potato 92 94 108 81 52

Vegetables 117 132 150 269 288

Sugar Cane 87 95 170 174 174

Coffee 10 12 17 18 23

Source: FAO

Percentage of Rice production in Laos is high

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

Percentage of Rice production in Laos is high.  
Rice Production is increasing. 
22% of processing amount will be rice husk 

2,000,000 t/y*0.22 => Rice husk production: 440,000t/y.  
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（C6H12O6)ｍ (H2+ CO+CH4+…..+C5H12) 
+  (H2O+…+ CH3OH+CH3COOH+…)
+  C                     

:Gas 
:Liquid
: Char

:Biomass

Heat(500- 600  °C)

8. A potential of gasification from rice husk in Laos

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

Source: www.bioenergy3.org

200kW gasifier with rice 
husks reduced 75% 
diesel consumption 

8. A potential of gasification from rice husk in Laos

(5,500L/month)
6kg of Rice husk 
replaces about 1 liter of 
diesel. (based on the 
Calorie )

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

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

CO2 reduction from Diesel Replacement with a 200kW gasification system  
= diesel reduction* coefficient of CO2 emission of diesel use 
= 5,500*12 [L/y] * 0.000705 [t-C/L]* 44/12 [g-CO2/g-C]
= 170 [t-CO2/y]
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8. A potential of gasification from rice husk in Laos

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

Source: http://www.hedon.info

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, cities, and towns.  

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

Keys of the Success

First priority is proper waste management

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 

Involvement of Stakeholders 

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

Separation at source and  efficient collection are keys for 
success

18
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Kop Chai Lai Lai

IGES | http://www.iges.or.jpYoshiaki Totoki Workshop on Capacity Building, Vientiane,  Laos 4-6th October 2011. 
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Phitsanulok
Mechanical Biological Treatment – MBT

Suthi Hantrakul          Deputy Mayor,  Phitsanulok City Municipality

  ป  
32,000  Households32,000  Households

Phitsanulok

ผูกอมลภาวะเปนผูจาย78,000
registered  inhabitants

50,00050,000--100,000100,000
i t d i h bit ti t d i h bit tnonnon--registered  inhabitantsregistered  inhabitants

Annual BudgetAnnual Budget
16.6 million USD16.6 million USD
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Hazardous  Waste

Drop off

Collection

StorageTransport

Disposed by
Private 
Company

Infectious WasteInfectious Waste  : : Incinerate
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Transfer Station

Mechanical Biological Treatment ‐MBT

• Mechanical is a process of sorting out 
l bl t i l f i d t trecyclable materials from mixed waste stream 

(e.g., metals, glass, paper, furniture, etc.). 

• This can be done manually or by automated 
machinemachine.

• Separation at Source
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Mechanical Biological Treatment ‐MBT

The Biological process can be

• Biodrying (waste is dried by air convection)

• Anaerobic Digestion

• Composting 

• or a combined method.

Scheme of the current windrow and ventilation system

Dipl.-Bioi.  Gabriele Janikowski, IKW GmbH
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MBT on Landfill 

Homoginizer
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Exacavator building the windrow

pallet built ventilation system
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SScreeningcreening

CompostCompost--Like Like SubstanceSubstance

Biomass : For Gasification
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Refuse Derived Fuel :RDF

Pyrolysis  to liquid fuel
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Conclusion
• Small fraction of inert residue for final treatment
• Minimized leachate outflow by using it as an activator 

for the biological processfor the biological process  
• Minimized landfill gas emission as only stabilized 

organic waste is disposed in the landfill  
• Possible to earn carbon credits – additional revenues
• No requirement for daily cover of the landfill 
• Extended lifetime of disposal site by at least twice 
(reduce waste volume by at least 50%
: density > 1.3 t/m³)

- Pyrolysis,  Gasification, RDF 

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

*Per ton
*Thai Baht

Landfill MBT+Landfill MBT+Pyrolysis MBT+Pyrolysis+
Gasification

Investment 
Cost

100 100 100 100

Operating
Cost

200 30 30 30

After Care 50 - - -

MBT 350 350 350

Pyrolysis 150 150

Gasification 100

Total 350 480 330 230
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Thank youThank youThank youThank you

ForFor

Your Your 
AttentionAttention
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Task Force on National Greenhouse Gas Inventories

Estimation of GHG emissions from waste 
disposal and treatment 

Baasansuren Jamsranjav, IPCC TFI TSU   

Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction 
Measures for Local Waste Management Actors in Developing Asian Countries 

4-6 October 2011, Lao People’s Democratic Republic

• Background
• IPCC Guidelines for National Greenhouse Gas Inventories 

Contents

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
• SummarySummary
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• Disposal and treatment of waste produce GHGs
– Typically, solid waste disposal sites (SWDS) are the largest source in the Waste 

sector

Background

• Emissions of GHGs from waste disposal and treatment are expected to increase 
in developing countries 

• Estimating of GHG emissions is an important element of climate actions
• Emission inventory is estimates of all emissions/removals of particular gases 

from given sources from a defined region in a specific period of time
– provides information on emission trends
– enables different policy options to reduce emissions to be compared
– allows to monitor the implementation of the policies
– is a key input to scientific studies on climate change 

• IPCC National Greenhouse Gas Inventories Programme (NGGIP) provides 
internationally accepted methodologies for national GHG inventories for 
estimation of national GHG emissions and removals. Available at 

IPCC Guidelines for National GHG Inventories

est at o o at o a G G e ss o s a d e o a s a ab e at
(http://www.ipcc-nggip.iges.or.jp/)
– “1995” and “Revised 1996” IPCC Guidelines for National GHG Inventories 
– IPPC Good Practice Guidance and Uncertainty Management in National 

Greenhouse Gas Inventories (GPG 2000)
– IPCC Good Practice Guidance for Land use, Land-Use Change and Forestry 

(GPG-LULUCF)
– 2006 IPCC Guidelines for National GHG Inventories

Evolutionary development from previous guidelines through GPG 2000 and 
GPG-LULUCF
Updated/improved methods and default data 
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How to estimate GHG emissions

• Common methodological approach

EFADEmissions ∗=

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 CH4/Gg of waste open-burned)

• Collection of AD and EF/parameters are an integral part of emission estimation
Th  il bilit  f lid t  d t  (d t   lid t  ti  iti  • The availability of solid waste data (data on solid waste generation, composition 
and management etc.) 

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

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

• Mass balance approach
– assumes that all potential CH4 is released in the year of waste disposal

Solid Waste Disposal on Land: CH4 Emissions

assumes that all potential CH4 is released in the year of waste disposal
– estimates potential emission rather than the actual annual emission

.

MSWT: total MSW generated, Gg/yr
MSWF: fraction of MSW disposed to SWDSs
MCF: methane correction factor, fraction

( ) ( ) ( )OXRFDOCDOCMCFMSWMSWyrGgEmissionsCH FFT −•−••••••= 112164

,
DOC: degradable organic carbon, fraction
DOCF: fraction of DOC dissimilated 
F : fraction of CH4 in landfill gas (default is 0.5)
RT: recovered CH4, Gg/yr
OX: oxidation factor, fraction (default is 0)
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• First order decay (FOD) method produces more accurate estimates of annual 
emissions
– accounts for the fact that emissions will occur over many years

Solid Waste Disposal on Land: CH4 Emissions

y y
– estimates actual annual emissions of CH4

• Updated and improved FOD method is provided in Volume 5 of the 2006 IPCC 
Guidelines 
– FOD Spreadsheet model (IPCC Waste Model) with step-by-step guidance
(http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html)

• FOD method requires data for historical disposals of waste 
– 2006 Guidelines provide guidance on how to estimate historical waste disposal 

data 

• CH4 emissions in year T from SWDS (Gg) 

( )T
x

TTx OXRgeneratedCHEmissionsCH −∗⎥
⎦

⎤
⎢
⎣

⎡
−= ∑ 1,44

FOD Spreadsheet Model (IPCC Waste Model)

T : inventory year
X : waste category or type/material
RT : recovered CH4 in year T, Gg
OXT : oxidation factor in year T, fraction

• Estimation of amount of CH4 generated in SWDS is based on FOD
• The basis for calculation is the amount of decomposable DOC in waste - part of the The basis for calculation is the amount of decomposable DOC in waste part of the 

organic carbon that will degrade under the anaerobic conditions in SWDS
• Keeps a running total of the amount of decomposable DOC taking account of the 

amount deposited each year and the amount remaining from previous years 
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• All input parameters are entered into cells colored yellow in the worksheets with 
yellow colored tabs. Other sheets are calculated automatically

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

FOD Spreadsheet Model (cont.)

selection of appropriate region in the Parameters  sheet will adjust the IPCC 
defaults in other sheets

• Two options for estimation of emissions from municipal solid waste (MSW) 
depending on data availability
– Waste composition 
– Bulk waste

• Allows selection of DOC and methane generation rate constant (k) for modeling 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 CH4 generation
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• An aerobic process and a large fraction of DOC in the waste material is 
converted into CO2

– Reduced volume and stabilization of waste 

Biological Treatment of Solid Waste: Composting

– 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.)
• CH4 and N2O can both be formed during composting 

– CH4 can be formed in anaerobic sections of the compost
– Poorly working composts are likely to produce more both of CH4 and N2OPoorly working composts are likely to produce more both of CH4 and N2O
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• Natural decomposition of organic material without oxygen

Biological Treatment of Solid Waste: 
Anaerobic digestion 

• Produces biogas (CH4+CO2) and biosolid
– Generated CH4 can be used to produce heat and/or electricity
– Biosolid (digestate) can be used as fertilizer or soil amendment

• N2O emissions from the process are assumed to be negligible

Biological Treatment of Solid Waste: CH4 Emissions

( )∑ 3

• Estimation of CH4 emissions: 

( ) REFMEmissionsCH
i

ii −••= −∑ 3
4 10

CH4 Emissions: total CH4 emissions in inventory year, Gg CH4
Mi  : mass of organic waste treated by biological treatment type i, Gg 
EFi : emission factor for treatment i, g CH4/kg waste treated
i : composting or anaerobic digestion
R : total amount of CH4 recovered in inventory year, Gg CH4
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Biological Treatment of Solid Waste: N2O Emissions

• Estimation of N2O emissions:  

N2O Emissions: total N2O emissions in inventory year, Gg N2O
Mi : mass of organic waste treated by biological treatment type i, Gg
EFi : emission factor for treatment i, g N2O/kg waste treated
i : composting or anaerobic digestion

3
2 10)( −••=∑

i
ii EFMEmissionsON

CO Emissions: CO emissions in inventory year  Gg/yr

Incineration and Open Burning of Waste: CO2 Emissions

12/44)(2 •••••=∑
i

iiiii OFFCFCFdmSWEmissionsCO

• Based on the total amount of waste combusted: 

CO2 Emissions: CO2 emissions in inventory year, Gg/yr
SWi : total amount of solid waste of type i (wet weight) incinerated or open-burned, Gg/yr
dmi : dry matter content in the waste (wet weight) incinerated or open-burned, (fraction)
CFi : fraction of carbon in the dry matter (total carbon content), (fraction)
FCFi : fraction of fossil carbon in the total carbon, (fraction)
OFi : oxidation factor, (fraction)
44/12 : conversion factor from C to CO2

i  t  f t  i i t d/ b d h  MSW  i d t i l lid t  (ISW)   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 
CO2 emissions as only CO2 emissions of fossil origin (e.g., plastics, certain textiles, 
rubber, liquid solvents, and waste oil) should be included
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CO Emissions: CO emissions in inventory year  Gg/yr

Incineration and Open Burning of Waste: CO2 Emissions

12/44)(2 ••••••= ∑
j

jjjjj OFFCFCFdmWFMSWEmissionsCO

• For municipal solid waste: 

CO2 Emissions: CO2 emissions in inventory year, Gg/yr
MSW : total amount of municipal solid waste as wet weight incinerated or open-burned, Gg/yr
WFj : fraction of waste type/material of component j in the MSW (as wet weight incinerated or open-

burned)
dmj : dry matter content in the component j of the MSW incinerated or open-burned, (fraction)
CFj : fraction of carbon in the dry matter (i.e., carbon content) of component j
FCFj : fraction of fossil carbon in the total carbon of component j
OF : oxidation factor  (fraction)OFj : oxidation factor, (fraction)
44/12 : conversion factor from C to CO2

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

Incineration and Open Burning of Waste: CH4 Emissions

∑ 6

• CH4 emissions result from incomplete combustion of waste and can be affected 
by temperature, residence time, and air to waste ratio

CH4 Emissions: CH4 emissions in inventory year, Gg/yr
IWi : amount of solid waste of type i incinerated or open-burned, Gg/yr
EFi : aggregate CH4 emission factor, kg CH4/Gg of waste
10-6 : conversion factor from kilogram to gigagram
i : category or type of waste incinerated/open-burned (MSW  ISW  hazardous waste

∑ −••=
i

ii EFIWEmissionsCH 6
4 10)(

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 CO2 and N2O emissions from incineration/open burning
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Incineration and Open Burning of Waste: N2O Emissions

• The N2O emissions are mainly determined by technology, combustion 
temperature (emitted at relatively low combustion temperatures 500-950°C) and 
waste composition

N2O Emissions: N2O emissions in inventory year, Gg/yr
IWi : amount of incinerated/open-burned waste of type i , Gg/yr
EFi : N2O emission factor (kg N2O/Gg of waste) for waste of type i
10-6 : conversion from kilogram to gigagram

6
2 10)( −••=∑

i
ii EFIWOEmissionsN

10-6 : conversion from kilogram to gigagram
i : category or type of waste incinerated/open-burned (MSW, ISW, hazardous waste,
clinical waste, sewage sludge, etc.)      

• IPCC EFDB 
– Provides a wide variety of EFs and other parameters with background 

documentation or technical references so that users can select and use 

Tools and other materials to support emission 
estimation 

documentation or technical references so that users can select and use 
appropriate data on their own responsibility

– Accessible at http://www.ipcc-nggip.iges.or.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• Information on TFI website
– FAQ
– Presentations
– Documents (meeting reports, brochures etc.)
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• 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

Summary

/measures to reduce emissions
• IPCC Guidelines for National Greenhouse Gas Inventories provide globally 

applicable methods to estimate national emissions and removals
• Updated and improved methods for estimation of GHG emissions from treatment 

and disposal of solid waste and wastewater are given in Volume 5 of the 2006 
IPCC Guidelines

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

Task Force on National Greenhouse Gas Inventories

Thank you
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ó Ó È ñ ñ š ˆ¦À¹− ó¨Ó¡¼¸¡ñ®¡¾−¥ñ©¡¾−¢šÀ¹¨̂º

¡¾−°½ìò©¢šÀ¹¨̂º

• ¢šÀ¹¨̂ºÁ È́− ņ̃©«÷ ¹ìõ ¦…¤À¦©¥¾¡ ¡¾−©¿ìö¤§ó ò̧©¯½¥¿ ņ̃− 
Áì½¡ò©¥½¡¿ªÈ¾¤Å ê¾¤º©¦½¹½¡¿Áì½¡©¥½¡¿ª¾¤Å ê¾¤º÷©¦½¹½¡¿

• Â©¨¦½ÀìÈ¨ ÁìÉ¸ μøÈ¯½Àê©ì¾¸ £ö−°øÈÎ‡¤°½ìò©¢šÀ¹¨̂º 
0.75kg ªÒ ņ̃−

• Ã− ņ̃−Î̂¤ ó́¡¾−°½ìò©¢šÀ¹¨̂º¯½´¾− 500 Âª−
• Ã−®ñ−©¾ ¯½Àê© GMS,  ¸¼¤¥ñ− Ã−¡¾−°½ìò©¢šÀ¹¨̂º 

«õ¡¥ñ©Ã¹ÉÀ ñ̄−êó 3 ¹ìñ¤¥¾¡ ®¾¤¡º¡«¡¥©Ã¹À¯−ê  3 ¹ì¤¥¾¡ ®¾¤¡º¡,
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¯½Àê© À´õº¤¹ì¸¤
šÀ¹¨ˆººñ©ª¾À²†´

¢›−¢º¤ 
¯½§¾¡º−, %

¥¿−¸− 
¯½§¾¡º−

ºñ©ª¾°½ìò© 
¢šÀ¹¨ˆº

Kg/day/cap

¡¾−°½ìò©¢šÀ¹¨̂º Ã−¯½Àê© GMS

§

¡¿μ øÀ¥¼ ²½− ö´À ñ̄− 2.5 27.7 0.46

¦.¯.¯ì¾¸ ¸¼¤¥ñ− 2.5 15.9 0.75

²½ É́¾ μ È¾¤¡øÉ¤ 2.3 21.6 0.45

Äê ®¾¤¡º¡ 0.8 20.0 1.60

¸¼©−¾´ »È¾Â−¨ 1.6 18.3 0.45

Á¢¸¤ ø̈−È¾− £÷− ò́¤ 1.2 24.0 0.79

Source: ADBSource: ADB--UNEP, 2004UNEP, 2004

¡¾−°½ìò©¢šÀ¹¨̂º ºò¤Ã¦ÈÁ¹ìÈ¤

Source: Urban Cleansing Service Center
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¡¾−À¡ñ® Áì½¡¾−¡¿¥ñ©

• ´ó²¼¤ÁªÈ 17 ¦½¹−¾´¢šÀ¹¨ˆºê†£¸®£÷´ Áì½ 38 
À´õº¤ ¥¾¡ 143 Ä©É´ó¡¾−®ðìò¡¾−À¡ñ®¢šÀ¹¨ˆºÀ´º¤ ¥¾¡ 143 Ä©´¡¾−®ì¡¾−À¡®¢À¹¨º

• 50% ¢º¤¢šÀ¹¨ˆºêñ¤Ïö© «õ¡À¡ñ® Áì½ê¿¡¾−®¿®ñ© 
μ ø¦½Î¾´¢šÀ¹¨ˆº (60% μ øÈ¸¼¤¥ñ−)

• ÁªÈì½¸ñ− ¢šÀ¹¨ˆº¯½´¾− 2,500 Âª− «õ¡¡¿¥ñ© 
Â©¨¡¾−¡º¤À¯ó© ¹ìõ «š´§½§¾¨®ÒÀ¯ñì½®¼®

¡¾−À¡ñ® Áì½¡¾−¡¿¥ñ©

Â©¨¡¾−¡º¤À¯© ¹ì «´§½§¾¨®À¯ì½®¼® 
¦øÈÁ¹ìÈ¤−Õê¿´½§¾© ¹ìõ®Èº−¹¸È¾¤
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• Ã−ªö¸À´õº¤Ã¹¨È ¢šÀ¹¨ˆº°½ìò©£õ−Ä©É Ä©É¦‰¤¢¾¨Ã¹É²Ò£É¾
¯ ò ˜ õ ‰ Ä¯¯ Ä

¡¾−°½ìò©£õ−

• ¯½ì¾¦ªò¡ Áì½À¥˜¨Á¢¤ «õ¡¦‰¤¢¾¨Ä¯¯½Àê©Äê, 
Á°È−Á²«õ¡®ñ−¥÷Ã¦È«ö¤μ¾¤ Áì½¦‰¤Ä¯¹¸¼©−¾´
À²ˆº©¿À− ó−¢˜−ªº−ªÒÄ¯

• ¡ú÷´®ðìò¦ñ© CS −¿Ã§É¯½ì¾¦ªò¡°½ìò©£õ−Ä¹´È °½ìò©êÒ 
PE ª˜¤ÁªÈ¯ó1999PE ª¤Áª¯1999

• ¡¾−®‰´¢šÀ¹¨ˆººò−§óÀ»ñ©±÷È− Â©¨¡¾−Ã§É¢š¡½À©õº−  
Ä©É´ó¡¾−−¿¦½ÀÎóÂ©¨£ø¦º− ¸òê½¨¾Äì£ø

Â£¤¡¾−¡¾−¥ñ©¡¾−¢šÀ¹¨̂º
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Â£¤¡¾−¡¾−¡Ò¦É¾¤¦½Î¾´¢šÀ¹¨̂º
• ¡¾−¡Ò¦É¾¤ ¦½Î¾´¢šÀ¹¨ˆº À£†¤º½−¾Ä´ μ øÈ ¹ìñ¡18 ¢º¤¸¼¤¥ñ− ¯ó 

1996 , ¦½Îñ®¦½Î÷−êô− ADB & JICA 
Â š ˆ É õ ö μ È † ö õ ˜• Â£¤¡¾−¢šÀ¹¨ˆº ¦½²¾®Á¸©ìº´¨õ−¨¤ μ ø ¦†ª¸À´õº¤¢−¦º¤ 
199Œ2001 , ¤ö®¯½´¾− êñ¤Ïö© 5,863,720Â©−ì¾ Â©¨Á´È− 
NORAD& UNDP ¦½Îñ®¦½Î÷−êô−

• ¡¾−¯ñ®¯÷¤¦½Î¾´¢šÀ¹¨ˆº ¹ìñ¡18 ¸¼¤¥ñ− 1ìÉ¾−Â©−ì¾  ¥¾¡ JFPR 
1998

• ¦½Î¾´¢šÀ¹¨ˆºÀ£…¤º½−¾Ä´ μ øÈ 12 ªö¸À´õº¤ ¢º¤SDTSP.2004 Œ 2009 
Â ô É õ É ÂÂ©¨ êô−¡øÉ¨õ´ ê½−¾£¾−ADB  1.2 ìÉ¾−Â©−ì¾

• ¦½Î¾´¢šÀ¹¨ˆº£¸®£÷´ μ øÈ¹ìñ¡ 32 ¢º¤¸¼¤¥ñ− Ã−¯ó 2009 

¥÷©¯½¦ö¤¢º¤Â£¤¡¾−

• ¸¾¤êò©ê¾¤ ÷̈©ê½¦¾© Äì¨½¨¾¸ Ã−¡¾−¥ñ©¡¾−¢šÀ¹¨̂º
• ²ñ©ê½−¾¨ê½¦¾©¯½ªò®ñ©¡¾− Á®® ṏ− ö̈¤ «¾¸º−• ²©ê½−¾ ÷̈ê½¦¾©¯½ª®©¡¾− Á®®¨−¨¤ «¾¸º− 

¦¿ìñ®¡¾−¥ñ©¡¾− ¢šÀ¹¨̂º  μøÈÁªÈì½Â£¤¡¾−À ṍº¤
• À²†´£¸¾´ª̂−ªö¸¢º¤¦¾ê¾ì½−½ Ã−¡¾−¸¾¤°ñ¤À ṍº¤ Áì½ 

¡¾−¥ñ©¡¾− Á®® ṏ− ö̈¤ Áì½ Á¸©ìÉº´ê†©ó 
Â©¨°È¾−¡ö−Ä¡§÷¡ ø̈É ¡¾−¥ñ©¡¾−¢šÀ¹¨̂º.
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• ¦É¾¤£¸¾´À¢˜´Á¢¤Ã¹É ¦½«¾®ñ−, ¦ñ®²½¨¾¡º−´½− ÷© 
Ã− ¢½Á¹−¤ ¢šÀ¹¨ˆº

¥÷©¯½¦ö¤¢º¤Â£¤¡¾−

Ã− ¢½Á¹−¤ ¢À¹¨º
• ¡¾−¯½ªò®ñ©¡¾− Â£¤¡¾− ¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº
• ¦½¹− ñ®¦½¹− ÷− ¡¾−®ðìò¡¾−¯½ìò´¾− 

Â©¨¡¾−¦½Îº¤ ìö©, º÷®¡º−, Áì½ 
À£ˆº¤´õ¡¾−¢ö−¦‰¤¯½À²©ªÈ¾¤ÅÀ£º¤´¡¾−¢−¦¤¯½À²©ª¾¤Å

• §šÁ¥¤©É¾−À¦©«½¡ò© ¢º¤¢½®¸−¡¾−¡¾−°½ìò©£õ− 
¢º¤¢šÀ¹¨ˆººò−§ó

¡ò©¥½¡¿ºˆ−Å Ã−¡¾−¥ñ©¡¾−¢šÀ¹¨̂º

• Â£¤¡¾−¦¾ê¾ì½−½§ö− 2008 Â©¨êô− 
120 000Â©−ì¾120,000Â©−ì¾

• ¸ñ−º½−¾Ä´¯½¥¿®É¾− ¹ìõ ¸ñ−À¦ö¾Á©¤ : Ã¹É ¯½§¾§ö− 
ê¿£¸¾´¦½º¾© ¦½«¾−ê† ¦¾ê¾ì½−½ 
ê†ª˜¤μ øÈ²¾¨Ã−®É¾−À¢ö¾À¥í¾
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¡ò©¥½¡¿ºˆ−Å Ã−¡¾−¥ñ©¡¾−¢šÀ¹¨̂º

• ¦É¾¤¦ˆ¦¾−´¸−§ö− Áì½¦¾ê¾ì½−½: 
ö ñ õ ó ‡ ˜ Ò ò– ì¤¹−¤¦õ²ó´ Î‡¤£¤ªÒº¾êò©

– ºº¡¢È¾¸ê¾¤ ò̧©ê½ ÷̈ ê÷¡Å ņ̃−
– ì¾¨¡¾−  TV 15min/¸ñ−

¡ò©¥½¡¿ºˆ−Å Ã−¡¾−¥ñ©¡¾−¢šÀ¹¨̂º

• ¦‰¤À¦ó´¡¾−¦É¾¤ªö¸À´õº¤Á®®¨õ− ö̈¤ Áì½Á¸©ìÉº´ê†©ó
¿ ö ö õ È È ‡ òÃ ñ• ¡¿− ö© ªö¸À´õº¤¦½º¾© Á´È−¦È¸−Î‡¤¢º¤¸òÃ¦êñ© 

¡¾−²ñ©ê½−¾ªö¸À´õº¤ 
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¡ö©Ï¾¨ Áì½¡ö©ì½®¼®
• ¡¾−¯Éº¤¡ñ−¦½²¾®Á¸©ìÉº´ (1999)
• ¡ö©Ï¾¨ ¡È¼¸¡ñ®¢šÀ¹¨̂º Â»¤¤¾−• ¡©Ï¾¨ ¡¼¸¡®¢À¹¨º Â»¤¤¾−
• ¡ö©Ï¾¨ ¦÷¢½²ò®¾− ¯Éº¤¡ñ−²½¨¾©ì½À®ó© Áì½ 

¡¾−¦‰¤À¦ó´©É¾−¦÷¢½²¾® (2001)
• ¯œ´£øÈ´õ ¡¾−¥ñ©¡¾−¢šÀ¹¨ˆºÂ»¤Ïð 1997)
• ¡ö©ì½®¼® ¦÷¢½²ò®¾− μ øÈ ¦¾ê¾ì½−½ (2004)

Ó ¿ ö ñ ö ó Ò ö• ¢Ó¡¿− ö©¢º¤ìñ©«½ ö́−ªó ªÒ¡ö©Ï¾¨
¡¾−¥ñ©¡¾−¦½Î¾´¢šÀ¨̂º MCTPC(2007) Áì½

• ºˆ− Åºò¤ª¾´ì½®¼®¡ö©Ï¾¨

¦½«¾®ñ− ¡¾−¥ñ©¡¾−¢šÀ¹¨̂º

• ¡½§¸¤§ñ®²½¨¾¡º−ê¿§¾© Áì½Á¸©ìÉº´
ò ñ Â Â μ ó• ¡½§¸¤¸òê½¨¾¦¾© Áì½Àªñ¡Â−Âìμ ó,

• ¡½§¸¤ Â¨ê¾êò¡¾−Áì½¢ö−¦‰¤
• ¡½§¸¤º÷©¦½¹½¡¿ Áì½ ¡¾−£É¾
• ¡½§¸¤ ¦¾ê¾ì½−½¦÷¡

ö ñ ò ö õ• ºö¤¡¾−²ñ©ê½−¾ Áì½®ðìò¹¾−ªö¸À´õº¤
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êò©ê¾¤−½Â¨®¾¨ªÒÎû¾
• ¡¾−¹ì÷©°Èº−¢šÀ¹¨ˆº Áì½ À»ñ©Ã¹ÉÁ¸©ìÉº´©óê†¦÷© Â©¨¡¾− «õÀºö¾ 

¡¾−Ã§É£õ− , ¡¾−°½ìò©£õ− À¯ñ− ®¾©¡É¾¸ê¿ºò© §
¢º¤¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº (¦ñ−¨¾¡ñ® UN agenda 21)

• ¦‰¤¦ó´£øÈ´õ¯½ªò®ñ© ¡¾−¥ñ©¡¾−¢šÀ¹¨ˆºμ øÈ¦÷−¡¾¤ªö¸À´õº¤Ã¹¨È 2015 
(MPWT 2011 Œ  2020)

• êö®ê¸−  ÎÉ¾ê† Áì½£¸¾´»ñ®°ò©§º® ¢º¤¦½«¾®ñ−ªÈ¾¤ÅÀ²ˆº 
À¯ñ−¡¾−À²†´¯½¦ò©êò²¾®Ã¹É¦ø¤¢›−

• ²½¨¾¨¾´ °È¾−°È¾ ªí−êô−¡¾−®ðìò¡¾−Àºö¾£õ−´¾Ã§É• ²½¨¾¨¾´ °¾−°¾ ª−ê−¡¾−®ì¡¾−Àº¾£−´¾Ã§
• ©ô¤©ø© ²¾¡Àº¡§ö− Ã−¡¾−®ðìò¡¾−ì¸´¡ñ−ì½¹È¸È¾¤  ¦¾ê¾ì½−½ Â©¨

3Rs  Áì½ ¯Éº¤¡ñ−¦½²¾®Á¸©ìÉº´

¦…¤êÉ¾ê¾¨Ã−ªÒÎÉ¾

• ´ñ−´ó£¸¾´¨÷É¤¨¾¡¹ì¾¨ ê†¥½¯È¼− ®÷¡£½ìò¡ 
¢º¤¯½§¾§ö»− Ã−¡¾−®¿®ñ©¢šÀ¹¨ˆº¢º¤¯½§¾§»− Ã−¡¾−®¿®©¢À¹¨º
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¦…¤êÉ¾ê¾¨Ã−ªÒÎÉ¾

• °ñ¤À´õº¤ ®ÒÄ©É£¸®£÷´ ¦É¾¤Ã¹É ´ó¡¾−¡Ò¦É¾¤ ¦…º¿−®
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Institute for Global Environmental Strategies
Sustainable Consumption and Production Group

¦½ÀÎó ¡¾−¥ñ©¡¾−¢šÀ¹¨̂º Áì½ 
¡¾− È̄¼−Á¯¤²ø´º¡¾©

• ¥ñ−¨¾Á¦¤º¾ì− − ñ¡£í−£¸É¾©É¾−−½Â¨®¾¨¥−¨¾Á¦¤º¾ì÷−  −¡£−£¸¾©¾−−½Â¨®¾¨
ÎÈ¸¨¤¾− ¡¾−®ðìòÂ²Áì½¡¾−°½ìò©ê†¨õ−¨ö¤ 
¦½«¾®ñ−¨÷©ê½¦¾©¦½²¾®Á¸©ìÉº´Âì¡

• ¦É¾¤ª˜¤¢œ−Ã−¯ó 1998 À¯ñ− £ñ¤£¸¾´£ò© ¦½²¾®Á¸©ìÉº´¦¾¡ö− 
ê†¯½Àê©¨†¯÷−

• ¦¿− ñ¡¤¾−Ã¹¨È μ È »¾¨¨¾´¾ ¨†¯− ¹Éº¤¡¾−©¾¸ê¼´ê†Âª¡¼¸ ¡óª¾¡ó¨§

¡È¼¸¡ñ®¦½«¾®ñ−¨÷©ê½¦¾© ¦½²¾®Á¸©ìÉº´Âì¡ 

• ¦¿−¡¤¾−Ã¹¨ μ ø »¾¨¨¾´¾ ¨¯÷− ¹º¤¡¾−©¾¸ê¼´êÂª¡¼¸ ¡ª¾¡¨ø§÷, 
Â¡À®, ®¾¤¡º¡ Áì½ ¯ñ¡¡ò¤

• ©¿À− ó−¡¾−¸òÃ¥ ¡È¼¸¡ñ®−½Â¨®¾¨ À²ˆº»ñ®´õ¡ñ® ¦…¤êÉ¾ê¾¨
¦½²¾®Á¸©ìÉº´Âì¡

• ´ó¦¾´¹− È¸¨¤¾−¦ô¡¦¾¹ö¸¢Ó £õ : ¡¾−¯È¼−Á¯¤²ø´º¾¡¾© 
(ì¸´Àºö¾¡ö−Ä¡ª½ì¾©) ¡¾−¥ñ©¡¾−§ñ®²½¨¾¡º−ê¿´½§¾©, Áì½ 
¡¾−®ðìòÂ²¡Áì ¡¾−° ìò©Á®®¨õ−¨ö¡¾−®ìÂ²¡Áì½¡¾−°½ì©Á®®¨−¨¤

• ´ó¦†¹− È¸¨¤¾−ª½ì÷´®º−À¹©¡¾−£õ: ¦½²¾®Á¸©ìºÉ´Áì½À¦©«½¦¾©, 
¡¾²ñ©ê½−¾®÷¡£½ì¾¡º−Áì½ ¡¾−¯ö¡£º¤, ê÷ì½¡ò©Áì½ ¦½²¾®Á¸©ìÉº´, 
¡¾−ìòÀìš´²¾¡ìñ©«Éº¤«…−

• Â£¤¡¾−ìñ©«½®¾−»È¸´ (IPCC/TSU, APN) 
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¦¾ì½®¾−

• ¡¾−¯ºÈ¨Á¡¦¦øÈÀ»õº−Á¡É¸ ¥¾¡¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº
ö †Ä ñ ¯ ò ñ 3R• °ö−ê†Ä©»ñ®¥¾¡¡¾−¯½ªò®ñ© 3R

• CDM
• ¦½¹ì÷®

¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºμ øú¯½Àê©ì¾¸
• ¡¾−¡º¤ Áì½¡¾−À°ö¾¢šÀ¹¨̂ºÁ®®À ó̄© 

À ñ̄− ò̧êó¡¾− ®¿®ñ©ê†Ã§É¡ñ−¹ì¾¨Ã− 
¯̄½Àê©ì¾¸

• ¦½¹−¾´¢šÀ¹¨̂ºÀ¡õº®ê÷¡ÅÁ¹È¤ Á È́−®Ò ó́
¡¾− ²ñ©ê½−¾ê†©ó

• ¡¾−¡½ê¿©„¤¡¾¸−š Á È́−¦‰¤°ö−Ã¹É 
Á¸©ìºÉ´ Áì½ ¦÷¢½²¾®¢º¤ °øÈº¾Ã¦μøÈ
êÉº¤«…−, À¡ó©Á¡¦À»õº−Á¡É¸ªÒ ®ñ−êº¤«−, À¡©Á¡¦À»º−Á¡¸ª ®− 
¨¾¡¾©, À ñ̄−¡¾−Ã§É¦ñ®²½¨¾¡º− 
ê†®Ò ó́¯½¦ò©êò²¾® 
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Á¹ìÈ¤¢º¤¡¾−¯ºÈ¨Á¡¦¦øÈÀ»õº−Á¡É¸ ¥¾¡¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº

1) Á¡¦´óÀê−¯Èº¨ºº¡´¾¥¾¡ ¦½Î¾´¢šÀ¹¨ˆº ¢º¤ ¢šÀ¹¨ˆººò−§ó
2)¡¾−¯ºÈ¨Á¡¦£¾®º−Ä©ºº¡Ä§ ¥¾¡¡¾−¥ø© ¢šÀ¹¨ˆº¯½ì¾¦ªò¡ Áì½ 

š ˆ ˆ ˜
ø

¢šÀ¹¨ˆº¯½À²©ºˆ− («É¾Àªö¾À°ö¾¹¾¡«õ¡−¿´¾Ã§É ¦¿ìñ®°½ìò©²½ìñ¤¤¾− −̃− 
¡¾− È̄º¨ CO2 ¢º¤À§œºÀ²ó¤ê†Á»È Á È́−ì¸´Ã¦È²¾¡¦ Ȩ̀− ²½ìñ¤¤¾−, μÈ¾¤Ã©¡ðª¾´
¡¾− È̄º¨ CO2  Ã−Àªö¾À°ö¾ ê†®Ò−¿Àº²½ìñ¤¤¾−¡ñ®´¾Ã§É£õ−Ä©É ¡ð«õ Ȩ̀¾ 
À ñ̄−²¾¡¦È¸−¢šÀ¹¨̂º)

3) ²½ìñ¤¤¾−ê†Ã§ÉÃ−¡¾−À¡ñ®, ¡¾−°½ìò©£õ−, Áì½ºˆ−Å − ˜− ¡ðÁ´È−Á¹ìÈ¤ 
¡¾−¯Èº¨Á¡¦À»õº−Á¡É¸.  Áì½ ¢šÀ¹¨ˆº¥¾¡¡½¦ò¡¿ 
«õ¡¥ñ©Ã¹ÉÀ¯ñ−¡¾−¯ºÈ¨Á¡¦ ¥¾¡²¾¡¦È¸− ¡½¦ò¡¿ ¯È¾Ä´É Áì½«¡¥©Ã¹À¯−¡¾−¯º¨Á¡¦ ¥¾¡²¾¡¦¸− ¡½¦¡¿, ¯¾Ä´ Áì½ 
¡¾−Ã§Éê†©ò− 

ºö¤¯½¡º®¢šÀ¹¨̂º Ã−®ñ−©¾¯½Àê© ì÷È´Á È́−Õ¢º¤ 

¯½Àê© º¾¹¾− À¥É¼ ¯½ì¾¦ªò¡ Âì¹½ Á¡É¸ ºˆ−Å

¡¿ ø̄À¥¼ 66 3 14 1 1 15

¥ó− 50 15 10 3 3 19

ì¾¸ 60 15 15 10

Äê 64 8 17 2 3 6

¹¸¼©−¾´ 49 2 16 6 7 20

6
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¡¾− È̄º¨Á¡¦¦øÈÀ»õº−Á¡É¸ ¥¾¡ ¦½Î¾´¢šÀ¹¨̂º 
¢º¤ ¢šÀ¹¨̂ºê†À ñ̄−ºò−§ó Ã−¯½Àê©ì÷È´Áú−Õ¢º¤

¯½Àê© ¡¾−¯Èº¼ Á¡¦À»º−Á¡É¸ À¯ñ− ²ñ− ton CO2 ê¼®Àê‰¾/ ó̄¯½Àê© ¡¾−¯º¼ Á¡¦À»º−Á¡¸ À¯− ²− ton CO2 ê¼®Àê¾/¯
1994 2000 ¯½¥÷®ñ−*

¥− 42.6 45.4 – 113.4
¹¸¼©−¾´ 1.39 5.60 3.0 - 7.4
Äê 0.41 4.89 5.3 - 13.5
¦¯¯ì¾¸ 0.24** No data
¡¿ ø̄À¥¼ 0.124 0.12 – 0.34ø
²½ É́¾ ®Ò ó́¢Ó ǿ− ®Ò ó́¢Ó ǿ−

7

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

** 1990

¥½ ñ̄® ÷̄¤¡¾−¥ñ©¡¾−¢šÀ¹¨̂º μøÈì¾¸Ä©ÉμÈ¾¤Ã© À²̂ºÃ¹É ó́ °ö−¯½Â¨©» Ȩ̀´
¡ñ− ì½¹ Ȩ̀¾¤ ¡¾− È̄¼−Á¯¤²ø´º¾¡¾© Áì½ ¯½¦ò©êò²¾®¢º¤ 

§ñ®²½¨¾¡º−?

• ì©°Èº−¡¾−°½ìò©¢šÀ¹¨̂ºÂ©¨¡¾− ¦‰¤À¦ó´ì÷©°º−¡¾−°½ì©¢À¹¨ºÂ©¨¡¾− ¦¤À¦´
¡¾−Ã¹ÉÀ¦©¢šÀ¹¨̂º−ºÉ¨ê†¦÷© , ¡¾−−¿Ã§É£õ−, Áì½¡¾−°½ìò©£õ−

• šÀ¹¨̂º§÷¡ ø̈É¡¾−Á¨¡¢šÀ¹¨̂ººò−§ó À²̂º−¿Ä¯Ã§É (À ñ̄−º¾¹¾−¦ñ©, 
®‰´±÷È−, ¡¾−À»ñ©Á¡¦§ó¸½²¾®) 

• ¹ìó¡ì¼¤¡¾−¥ø©¢ššÀ¹¨̂º¯½ì¾¦ªò¡ Â©¨¡¾− ©¿À−ó−ê÷ì½¡ò© 
¡¾−°½ìò©£õ−Ä¹ È́

8

¹ì÷©°Èº−¢šÀ¹¨̂º ê†¦‰¤Ä¯¦½Î¾´®¿®ñ©ìö¤

šì÷©°Èº− ªí−êô−¡¾−À¡ñ®¢ö−¦‰¤ ¡¾−¡¿¥ñ©, ¹ì÷©°Èº− °ö−¡½êö®ªÒÁ¸©ìºÉ´
¹ìó¡ì¼¤¡¾− È̄º¨Á¡¦¦øÈÀ»õº−Á¡É¸, etc
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3Rs ¥½¦¾´¾©¹ì÷©°Èº−¡¾−¯Èº¨Á¡¦ ¦øÈÀ»õº−Á¡É Áì½ 
À»ñ©Ã¹É §ñ®²½¨¾¡º−´ó¯½¦ò©êò²¾®Ä©Éμ È¾¤Ã©?

9

°ö−©óªÒ²÷´º¡¾© ¢º¤3Rs Ã−²¾¡¦È¸−ªÈ¾¤Å
Š ²¾¡¦È¸− °ö−©ó»È¸´ ªÒ²ø´º¡¾©

e šÀ¹¨̂º - ¹ì÷©°Èº− ¡¾− È̄º¨ ´óÀê− ¥¾¡ ¦½Î¾´¢šÀ¹¨̂º
- ¹ì©°ºÈ−¡¾− È̄º¨ £¾®º−Ä©ºº¡Ä§¥¾¡¡¾−¥©¯½ì¾¦ªò¡¹ì÷©°º−¡¾−¯º¨ £¾®º−Ä©ºº¡Ä§¥¾¡¡¾−¥ø©¯½ì¾¦ª¡

²½ìñ¤¤¾− Áì½ 
¡¾−¢ö−¦‰¤

Œ ¹ì÷©°Èº−¡¾− È̄º¨Á¡¦ ¥¾¡¡¾−Ã§É ²½ìñ¤¤¾− Ã−¢½®¸−¡¾− ¢º¤¡¾−¢÷©£í−§ñ®²½¨¾¡º− 
¡¾−¡½À¦©, ¡¾−°½ìò© Áì½ ¥¿ÎÈ¾¨ ¦ò−£É¾ Áì½ ¡¾−¢ö−¦‰¤ Áì½®¿®ñ© ¢šÀ¹¨̂º

Œ ¹ì÷©°Èº−¡¾− È̄º¨Á¡¦¥¾¡¡¾−À§œºÄ³ê†À ñ̄−Á»È
Â©¨¡¾−−¿Àºö¾²½ìñ¤¤¾−¥¾¡¢šÀ¹¨̂º¡ñ®´¾Ã§É

º÷©¦½¹½¡¿ Œ ¹ì÷©°Èº− ¡¾− È̄º¨Á¡¦ ¥¾¡ ¢½®¸−¡¾−°½ìò© ¢º¤º÷©¦½¹½¡¿ Â©¨¡¾− ¹ì÷©°Èº− 
£¸¾´ªÉº¤¡¾−°½ìò©ª½²ñ−ìö¤

Œ¹ì÷©°Èº− ¡¾− È̄º¨Á¡¦ ¥¾¡ ¡¾−°½ìò©¯÷¨À£ ó́

¡½¦ò¡¿ Œ ìö®ìÉ¾¤¡¾− È̄º¨ Á¡¦ −óÀªöë¾ºº¡Ä§ ¥¾¡ÀÎœºê† ø̄¡±ñ¤ Â©®¡¾− ¹ì÷©°Èº−¡¾−Ã§É ÷̄É¨À£ ó́
Œ À²†´£¾¡®º−Ã¹É©ò− Increased soil carbon sequestration

È̄¼−Á¯¤¡¾−Ã§ÉÀ−œºê†
©ò− Áì½¯È¾Ä´É

- šÀ¹¨̂º¹ì÷©°Èº− ¡¾− È̄º¨Á¡¦ ¥¾¡ ®ÒÁ»È Áì½ ¡¾−«¾¤¯È¾

10
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© Ȩ́¨ R3Rs  ¦¾´¾©ì÷©°Èº− ¡¾− È̄º¨Á¡¦¦øÈÀ»õº−Á¡É¸ ¹ì¾¨¯¾−Ã©?

• ¡¾−¯ºÈ¨Â©¨¡ö¤ ¥¾¡ ¢šÀ¹¨ˆº
• 20‐98% ¹ì÷©°Èº−ìö¤Â©¨¡¾−®‰´±÷È− Áì½ 60‐100% Â©¨¡¾−°½ìò©

Á¡©¦§ó¸½²¾® ¢º¤À¦©º¾¹¾− (ê¼®Ã¦È¡ñ® ¦½Î¾´¢šÀ¹¨ˆº).

• ¡¾−¹ì÷©°Èº−¡¾− È̄º¨Á¡¦ Â©¨ê¾¤ººÉ´
• 94% Â©¨¡¾−°½ìò©¯ì¾¦ªò¡£õ−Ä´È.
• 80% Â©¨¡¾− °½ìò©À¹ìñ¡£õ−¹Ä´È

11

• 80% Â©¨¡¾− °½ì©À¹ì¡£−¹Ä´.
• 56‐64% À¹¨ˆºÂ©¨¡¾−−¿Ã§É50% ¢º¤ º¾ìø´ó−¼´ ê†°½ìò©£õ−Ä¹´È.
• 22% šÀ¹¨ˆºÂ©¨¡¾− À²†´¡¾−°½ìò©Á¡É¸£õ−Ä¹´È ¥¾¡ 25% to 59%.

Á°−¯½ªò®ñ©¤¾−¡¾− È̄¼−Á¯¤²÷´º¾¡¾© 
Á¹È¤§¾© Áì½ 3Rs

Country Mention of the 
waste sector

Mention of 3Rs Source

China Yes Yes NCCCC, 2007

Thailand Yes Yes ONEP, 2008

Cambodia No No MOE, 2002

Lao PDR No No STEA, 2000

Viet Nam No No MNRE, 1999

12
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¢šÀ¹¨ˆº ¡ö−Ä¡²ñ©ê½−¾£¸¾´¦½º¾© Áì½ 
¡¾−¥ñ©¡¾−¢šÀ¹¨ˆºªö¸À´õº¤

• CDM Á È́− Á¹ìÈ¤êõ−ê¾¤Àìõº¡Î̂¤ºó¡, 
È ó ˜ Ã É ÉÁª ó́¢−ªº−¨¾¸Ã§ÉÀ¸ì¾¹ì¾¨ Áì½ ªÉº¤¡¾− 

ª̂´¢Ó ÷́−¦½À²¾½¹ì¾¨ÅμÈ¾¤. Áì½ºó¡μÈ¾¤Î‡¤ Á È́ Â£¤¡¾− 
£̃¤©¼¸ / Â£¤¡¾−¦½À²¾½

• ¢šÀ¹¨̂º Â£¤¡¾−ê†Ä©Éìö¤ê½®¼− ¡ñ® CDM
– ¡¾−®‰´±÷È−
– ¡¾−¨Èº¨¦½ì¾¨Á®®¯ò© (Á¡¦§ó¸½²¾®)

¡¾−−¿Àºö¾Á¡¦ ¥¾¡ ¦½Î¾´¢šÀ¹¨ˆº´¾Ã§É– ¡¾−−¿Àº¾Á¡¦ ¥¾¡ ¦½Î¾´¢À¹¨º´¾Ã§
– ¡¾−¥ø©Á¡¦ ¦½Î¾´¢šÀ¹¨ˆº
– £¸®£÷´¡¾− À°ö¾Ä¹´É
– ¯ñ®¯È¼−À¦©Ã¹ÉÀ¯ñ−À§œºÀ²ó¤ (RDF)

• ¡ö−Ä¡¡¾−ª½¹ì¾ ¦¿ìñ® ó̄ 2012 ¨ñ¤®Òêñ−Ä©É ¡¿Îö©Ä Ȩ́
13

¦½¹ì÷®

- ¡¾−¯Èº¨Á¡¦¦øÈ À»õº−Á¡û¸ ¥¾¡²¾¡¦È¸−¢šÀ¹¨ˆº μ øÈ¯½Àê©ì¾¸ ´ó¡¾−À²†´¢›−
† š ˆ‐ 3Rs À¯ñ−¸òêóê¾¤ê† À»ñ©Ã¹É ¯½¦ö®°ö− ¢º¤¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº Á®®¨õ−¨ö¤ 

À− ˆº¤¥¾¡¸È¾ ´ñ−§¸È¨Ã¹É¯½¦òêò²¾®¢º¤§ñ®²½¡º−¦ø¤¢›− Áì½ ìö®ìÉ¾¤ 
¡¾−¯Èº¨Á¡¦¦øÈÀ»õº−Á¡É¸.

Œ ìñ©«½®¾− ¥½ªºÉ¤À− ˜−¹− ñ¡ Ã¹É£¸¾´¦¿£ñ− 3Rs  Ã¹É¡¾¨À¯ñ− ´¾©ª¾¡¾− 
¡¾−®ñ−Àêö¾ ¡¾−¯È¼−Á¯¤²ø´º¾¡¾© 

Œ ´ó£¸¾´À¯ñ−Ä¯Ä©É ê†¥½À»ñ©Ã¹ÉÂ£¤¡¾− ¦¾´¾©´óì¾¨»ñ®¤ö®¯½´¾− À²†´Àªó´

14

¤ ¤
Â©¨°È¾− ª½ì¾©£¾®º− ( À§„− : CDM, NAMA).  μ È¾¤Ã©¡ðª¾´, 
¦…¤¦¿£ñ−¡ºÈ−À²†− ¦¿ìñ® ¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº ¥½ªÉº¤ Ã¹É´ó¡¾−¥ñ©¡¾− 
Áì½−¿Ã§É §ñ®²½¨¾¡º− μ È¾¤«õ¡¸òêó
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ð Ã † È ñ ³ñ

15

¢ð¢º®Ã¥ ê†ê¾−¡½ì÷−¾»®³¤
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ການປຽ່ນແປງດນິຟ້າອາກາດການປຽ່ນແປງດນິຟ້າອາກາດ  
ແລະ ນະໂຍບາຍແລະ ນະໂຍບາຍ

ທ. ວນັໄຊ ບດຸຕະນະວງົ 
020 99778883 
Email: btv vanxay9@hotmail comEmail: btv_vanxay9@hotmail.com

ກະຊວງຊບັພະຍາກອນທາໍມະຊາດ ແລະ ສິ່ ງແວດລອ້ມ

¦¾ì½®¾−¦½ÀÎó

1. ¦¾¨À¹© Áì½ °ö−¡½êö®

2. ¡¾−Á¡ÉÄ¢ Ã−ì½©ñ®Âì¡

3. ¡¾−Á¡ÉÄ¢ μ øÈ ¦¯¯ ì¾¸

2
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I. ສາຍເຫດ ແລະ ແຫຼງ່ກາໍເນດີຂອງການປ່ຽນແປງດນິຟ້າອາກາດ

• ÁÍÈ¤¡¿À− ó© ¢º¤ GHG ´¾¥¾¡:
1. ¡¾−À°ö¾ÄÏû−Õ ñ́−À§œºÄ³ μ øÈ¢½ÁÎ¤ªÈ¾¤Å:

• º÷©¦¾¹½¡¿ ÷̄¤ÁªÈ¤÷ ÷¤ ¤
• º÷©¦¾¹½¡¿©É¾−²½ìñ¤¤¾− 
• ¡¾−¢ö−¦‰¤ 

2. ¡¾−¯È¼−Á¯¤¥¾¡¡¾−−¿Ã§û©ò−:
• ¡¾−ªñ©Ä É́ê¿ì¾¨¯È¾ 
• ¡¾−¯ø¡±ñ¤ Áì½ ìû¼¤¦ñ©
• ¦úò¤À¦©ÀÍõº 

ˆ• ºˆ−Å...

1.1. £¾®º−Ä©ºº¡Ä£¾®º−Ä©ºº¡Ä§§ COCO22 =  =  GWP: GWP: 11

2.2. ´́óªóª¾−¾− CHCH44 = = GWP: GWP: 2121

33 Ä ñ ÄÄ ñ Ä NN OO GWPGWP 310310

CO2

Á¹ùú¤¡¿À−ó© ¢º¤ ê¾©º¾¨²ò©À»õº−Á¡É¸:

3.3. Ä−ªë©ºº¡ÄÄ−ªë©ºº¡Ä§§ NN22O  O  = = GWP: GWP: 310310

4.4. Ä»Â©ëÄ»Â©ë³³ëøºðÂë£¾®ëøºðÂë£¾®º−º− HFCs HFCs = = GWP: GWP: 140 140 –– 1111,,700700

5.5. À¯óÂ©ëÀ¯óÂ©ë³³ëøºðÂë£¾®ëøºðÂë£¾®º−º− PFCsPFCs = = GWP: GWP: 66,,500500–– 99,,200200

6.6. §§ñ−Àñ−À³³óÀº¡óÀº¡§§¾¾³³ëøÂºÄëëøÂºÄë SFSF66 = = GWP: GWP: 2323,,900900

CH4

CO2CO2

C 4
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ÁÍÈ¤¡¿À− ó©¢º¤ê¾©º¾¨²ò©À»õº−Á¡É¸

¢šÀ¢šÀ¹¹¨̈œº œº È̄º¯Èº¨̈ CH4 + N2O

ÁÍÈ¤¡¿À−ó©¢º¤ê¾©º¾¨²ò©À»õº−Á¡É¸

4 2

¦…¤À¦©ÀÍõº, −ÕÀ¯œº−¦…¤À¦©ÀÍõº, −ÕÀ¯œº−¯Èº¯Èº¨̈ CH4

´́ø−¦ñ© ø−¦ñ© ¯Èº¯Èº¨̈ CH4
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ÁÍÈ¤¡¿À−ó©¢º¤ê¾©º¾¨²ò©À»õº−Á¡É¸

®ñ−©¾¡ò©¥½¡¿ê†−¿Ã®ñ−©¾¡ò©¥½¡¿ê†−¿Ã§§ÉÉ²²½ìñ¤¤¾−À½ìñ¤¤¾−À§§œºÄœºÄ³³, «È¾−, «È¾−¹¹ó− ó− ¯Èº¯Èº¨̈   COCO22

CO2

¢½®¸−¡¾−º¢½®¸−¡¾−º÷÷©¦¾©¦¾¹¹½¡¿ ½¡¿ 

¯Èº¯Èº¨̈   COCO22

¡¾−¥¡¾−¥÷÷©©¹¹¨̈É¾Ã−ê†ÂìÈ¤ É¾Ã−ê†ÂìÈ¤ 
¯Èº¯Èº¨̈   COCO22

¯½¡ö©¡¾−À»õº−Á¡É¸¯½¡ö©¡¾−À»õº−Á¡É¸

ຊ ັນ້ບນັຍາກາດ 

ກຸມ່ອາຍພິດເຮອືນແກວ້ 

8
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ການປ່ອຍ GHG

World
Rank

Countries
% of World 
Emission*

China

Countries
% of World 
Emission*

8. United Kingdom 587,261 

9 South Korea 465 643
1

China
7,010,170 

2 USA 6049,435.88

3 Russia 1,524,993

4 India 1,342,962

J

9. South Korea 465,643 

10.Italy 449,948 

14. Indonesia 378,250 

22. Thailand 268,082 

26. Malaysia 177,584 

38 Vietnam 98,663 

5 Japan 1,257,963

6 Germany 860,522

7 Canada 639,403

151. Lao PDR 1,280 

172. Cambodia 5353 

ແຫຼງ່ປ່ອຍຂອງລາວ
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II. ຜນົກະທບົຈາກການປຽ່ນແປງດນິຟ້າອາກາດ

Ä²−Õ«É¸´ μ øÈ ¦¯¯ ì¾¸ 2008
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ຜນົກະທບົຈາກນ ໍາ້ຖວ້ມຜນົກະທບົຈາກນ ໍາ້ຖວ້ມ  

ວຽງຈນັ, ເດອືນສງິຫາ ປີ 2008 

14
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ພະຍເຸກດສະນາ ພາກໃຕຂ້ອງລາວ ປີ 2009 
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°°ö−¡½êö® μ øÈ¦¯¯ì¾¸ö−¡½êö® μ øÈ¦¯¯ì¾¸

°°ö−¡½êö® ö−¡½êö® μμ øÈøÈ ¦¯¯¦¯¯ì¾¸ì¾¸

°°ö−¡½êö®ö−¡½êö®

1.1. ©É¾−¦©É¾−¦÷÷¢½¢½²²¾®¾®

2.2. ©É¾−¡½¦ò¡¿©É¾−¡½¦ò¡¿

3.3. §§ñ®ñ®²²½½¨̈¾¡º−−Õ¾¡º−−Õ

4.4. §§ñ®ñ®²²½½¨̈¾¡º−¯È¾Ä¾¡º−¯È¾Ä´́ÉÉ

5.5. ©É¾−©É¾−§§ó¸½−¾Åó¸½−¾Å²²ñ−ñ−

6.6. ©É¾−À¦©«½¡ò©©É¾−À¦©«½¡ò©

7.7. ¡¾−êÈº¤êÈ¼¸¡¾−êÈº¤êÈ¼¸
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¯ó 1994 ¯ó 2004

«¾−−Õ¡Éº−«¾¸º− ê†º¾ì¾¦½¡É¾ ®ðìòÀ¸−¢í¸Âì¡ÀÎõº«¾−−Õ¡Éº−«¾¸º− ê†º¾ì¾¦½¡É¾ ®ðìòÀ¸−¢í¸Âì¡ÀÎõº

¯ó 1994 ¯ó 2004

ที่มาภาพ : Gary Braasch

¦¯ ¥ó−¦¯ ¥ó−

ÄêÄê
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¡¾−À¡¾−À²²šš´́¢›− ¢º¤Ä¢›− ¢º¤Ä²²ÁÁ¹¹É¤Áìû¤É¤Áìû¤

Drought in Gujarat, India, 1 June 2003

Dry bed of the Usmansagar Lake, in 
Hyderabad, 6 June 2003.

Îº¤−ÕÎº¤−Õ

ºó−À©ñºó−À©ñ¨̈

Drought in Central Java, 

August 2002Drought in India, May 2003

Wivenhoe Dam, Australia

À¢̂º−Ã−ºö©¦½ª¾ìóÀ¢̂º−Ã−ºö©¦½ª¾ìó

ÄÄ²²ÁÁ¹¹É¤ÁÉ¤Áລ້ລ້¤ ¤ ¨̈ñ¤¥½¦õ®ªÒ£ñ¤¥½¦õ®ªÒ£÷÷¡£¾¡£¾´´´´½−½−÷÷© Áì½¦…¤ê† © Áì½¦…¤ê† ´́óó§§ó ò̧©ºˆ−Ã−Âì¡ó ò̧©ºˆ−Ã−Âì¡
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¯¾¡¡ò©¦½«¾−¯¾¡¡ò©¦½«¾−

®ñ¤¡ë¾Á©¦®ñ¤¡ë¾Á©¦
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ó ñó ñºó−À©ñºó−À©ñ¨̈

¹¹¸¼©−¾¸¼©−¾´́¼¼

³³óìó¯ó−óìó¯ó−
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°°ö−¡½êö® μ øÈ¦¯¯ì¾¸ö−¡½êö® μ øÈ¦¯¯ì¾¸

ຝົນຕົກໜັກນ້ຳຖ້ວມຖະຫົນ
ທາງ ແລະ ເຮືອນຊານ ຂອງພວກ

ເຮົາ
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²²¾¾ ÷̈̈÷

²²½½¨̈¾©ì½®¾© Ã−ê‰¸êò©¾©ì½®¾© Ã−ê‰¸êò©²²½½¨̈¾©ì½®¾© Ã−ê¸ê© ¾©ì½®¾© Ã−ê¸ê© 
¢º¤Âì¡¢º¤Âì¡

• ªö¸−¿À§œºì½®¾©
• Âì¡§¾ë

• Ä¢É¹ ņ̃©¦ñ© ó̄¡
• Âì¡ì½®ö®ê¾¤À©ó−¹¾¨Ã¥ 
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27 September 2005

²²½½ ÷̈̈÷ÄªÄª³³÷÷È− êó¦¦ È− êó¦¦ ¹¹¸¼©−¾¸¼©−¾´́

2 October 2006
3 November 2005

Hurricane Katrina (29 August 2005) killed at least 1,500 people and displaced 
thousands, and  caused nearly $100 billion worth of damage.Water level reached 

as high as 4 m.

À»óëóÀ£− À»óëóÀ£− 
¡¾ªëó−¾¡¾ªëó−¾
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Photo: AFP 2008

Photo: Nick Tzolov 2008
Photo: AFP 2008

III. ການແກໄ້ຂ
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Key Environment Issues

Riches of Riches of 
Natural Environment Natural Environment 

And Natural ResourcesAnd Natural Resources

High High (%)(%)

And Natural ResourcesAnd Natural Resources
still continue to declinestill continue to decline

20002000 2010 2010 

Urban Environment Issues Urban Environment Issues 
Are increasing (Air, Water, Are increasing (Air, Water, 

Soil , Noise Pollution Soil , Noise Pollution 
And Waste...)And Waste...)

Low (%)

Forest Cover Forest Cover attainattain
to about to about 7070%%

•• National Environment Strategy, National Environment Strategy, 
•• Forestry Strategy  Forestry Strategy  

HighHigh (%)(%)

20002000 2010 2010 

Low (%)

2020 2020 

State of Urban State of Urban 
Environment IssuesEnvironment Issues

Year of ChangeYear of Change
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ການແກໄ້ຂຂອງລາວ

• ລດັຖະບານລາວໄດລ້ງົນາມ ຕ່ໍ UNFCCC ໃນ 1995. 
Annex 1: ປະເທດ LDC ບ່ໍຮບັຜິດຊອບຕ່ໍການປອ່ຍ GHGs.
N 1 ປ ັ ຮ ັ ຜິ ໍ່ ປ່ GHGNon annex 1: ປະເທດພດທະນາຮບຜດຊອບຕການປອຍ GHGs.

• ລດັຖະບານລາວໄດລ້ງົນາມ ຕ່ໍ Kyoto Protocol ໃນ 2003.
CDM, Clean development mechanism.
REDD+ 

ັ ໄ ້ ໍ ັ ົ ື ່ ່ ັ ່ ິ ້• ລດັຖະບານໄດສາໍເລັດ ບດົສສືານແຫງຊາດກຽວກບັການປຽນແປງດນິຟາ
ອາກາດ. 

ສະບບັທາໍອດິໃນປີ2000. 
ສະບບັທ່ີ 2 ຈະສາໍເລັດທາ້ຍປີ2011. 

ສາໍເລັດ (NAPA) ໃນປີ2009,  
ມີ 45 ໂຄງການ  
ມງີບົປະມານ US$ 85 ລາ້ນ, ກວມເອົາ4ຂງົເຂດງານຄ:ື 
• ກະສກິາໍ. 
• ປ່າໄມ.້ 

ັ ໍ ້• ຊບັພະຍາກອນນາໍ.
• ສາທາ

ສາໍເລັດ ຍດຸທະສາດວາ່ດວ້ຍການປຽ່ນແປງດນິຟາ້ອາກາດປີ 2010.  
ມີ 8 ຂງົເຂດວຽກງານທ່ີຕດິພນັ ຄ:ື 
• ກະສກິາໍ ແລະ ການຄ ໍາ້ປະກນັສະບຽງອາຫານ. 
• ປ່າໄມ ້ແລະ ການປຽ່ນແປງການນາໍໃຊທ່ີ້ດນິ. 
• ຊບັພະຍາກອນນ ໍາ້• ຊບພະຍາກອນນາ.
• ສາທາ. 
• ພະລງັງານ ແລະ ຂນົສ ົ່ງ. 
• ອດຸສາຫະກາໍ. 
• ການພດັທະນາຕວົເມອືງ. 
• ກະຊວງການເງນີ.
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ໂຄງຮາ່ງການຈດັຕ ັງ້ຄະນະກາໍມະການຊນີາໍ

ິ ໍກະຊວງກະສກິາໍ ແລະ
ປາ່ໄມ ້ ຮອງປະທານ

ຮບູແບບຂອງການລງົທືນໂຄງການ CDM

¹©°Èº− GHG´ó£¸¾´¥¿À ñ̄−¹©

Â£¤¡¾−
°øÉìö¤êô−

¹ù÷©°º− GHG 
μ øÈ¯½Àê©¡¿ìñ¤²ñ© 
ê½−¾ 

´£¸¾´¥¿À¯−¹ù÷© 
°Èº−¡¾−¯Èº¨ê¾©
º¾¨²ò©À»õº−Á¡É¸ 

μ øÈ¯½Àê©ê†²ñ©ê½−¾ÁìÉ¸

Carbon credits

40

$
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ªö¸μ È¾¤ 1

Carbon credits

41

$

ªö¸μÈ¾¤ 2

Carbon credits

42

$
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¯½¦ò©êò²¾® ¢º¤²½ìñ¤¤¾− μøÈ¢ö¤À¢©º÷©¦¾¹½¡¿. 

43

Approval CDM projects

Hydropower, 1

Energy Efficiency, 2

Forestry 1Forestry, 1

Biogas, 1
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ການແກໄ້ຂຢູໃ່ນລະດບັໂລກ (UNFCCC) 

45

--À¯í¾Ï¾ຍ¹ìñ¡: “À²̂º£¸®ຄມຸì½©ñ®£¸¾ມເ¢Éມຂຸນ່ ¢º¤ê¾©º¾ຍພິດÀ»õº−Á¡É¸ Ã−®ñ−
ຍ¾¡¾©Ã¹É£ö¤ê†μ øÈÃ−ì½©ñ®ê†¯º©Ä². 

- ປະຈບຸນັມທີງັໝດົ 193 ປະເທດທ່ີໄດລ້ງົນາມສນົທິສນັຍາ

Moving towards low carbon society

One innovative approach – fossil-fuel free school bus 
(Source: Chow Kok Kee)
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Another innovative approach – More efficient public 
transport system

(Source: Chow Kok Kee)

ລດົ Toyota Prius ທ່ີແລນ່ດວ້ຍໄຟຟ້າ 

ຕກຶອາຄານທ່ີໃຊແ້ຜນ່ຮບັແສງຕາເວັນເພ່ືອຜະລດິໄຟໃຊໃ້ນອາ 
ຄານ (ອດົສະຕາລ)ີ 
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ຂອບໃຈຫຼາຍໆຂອບໃຈຫຼາຍໆ
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¡¾−−¿Ã§É 
¢šÀ¹¨̂ººò−§ó¢À¹¨ºº−§
À¯ñ−²½ìñ¤¤¾− 
μ øÈ ¦¯¯ ì¾¸ø

Assoc. Prof. Korakanh Pasomsouk
Head of Department of 
Mechanical Engineering

Faculty of Engineering NUOL 1

¦¾ì½®¾−

1.¦½ÀÎó

2 ¦ ²¾®¯ ¥®ñ−¢º¤¡¾−¥ñ©¡¾−2.¦½²¾®¯½¥÷®−¢º¤¡¾−¥©¡¾−  
¢šÀ¹¨ˆºÃ− ì¾¸

3.¢šÀ¹¨ˆº À¯ñ−²½ìñ¤¤¾−

4.¦½¹ì÷®

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 2
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¦½ÀÎó

• ¡¾−¯È¼−Á¯¤ ²ø´º¾¡¾© «õ Ȩ̀¾ À¯ñ−®ñ−¹¾¦¿£ñ− …̈¤
• ´ñ−Ä©É¦‰¤°ö−¡½êö®Ã¹ÉÁ¡È ¦½²¾®Á¸©ìÉº´, À¦©«½¡ò© ¤ , «

Áì½¦ñ¤£ö´ ¢º¤Âì¡ 
• ´ñ− ñ̈¤Ä©É−¾®£øÈ¡¾−©¿ìö¤§ó ò̧©¢º¤´¸−´½− ÷©Ã−Âì¡
• ¡ò©¥½¡¿ªÈ¾¤Å¢º¤´½− ÷© Ä©É¦É¾¤Ã¹É´ó Á¡¦À»õº−Á¡É¸ 

¦øÈ®ñ−¨¾¡¾©
• ¡¾−À²†´¢›−¢º¤ Á¡¦À»õº−Á¡É¸ − šÀº¤ ¦‰¤°ö−Ã¹É 

´ó¡¾−¯È¼−Á¯¤²´º¾¡¾©´¡¾−¯¼−Á¯¤²÷´º¾¡¾©
• ¡¾−¯È¼−Á¯¤²÷´º¾¡¾©¥‡¤À ñ̄−À¹©¡¾−¢º¤ê‰¸ê÷¡Á¹È¤ 

Ã−Âì¡
1 tCO2 emitted in  Laos = 1 tCO2 emitted in Japan

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

¦½ÀÎó

°ö−¡½êö®¢º¤ ¡¾−¯È¼−Á¯¤²ø´º¾¡¾© ªÒ¦ñ¤£ö´

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 4

Climate change will cause heavier tropical cyclones.
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6
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¦½ÀÎó

• À²̂º¯Éº¤¡ñ− ¡¾−¯È¼−Á¯¤ ²÷´º¾¡¾© 
²¸¡À»ö¾ªÉº¤ì©°Èº−¡¾− È̄º¨Á¡¦ À»õº−Á¡É¸ìö¤²¸¡À»¾ªº¤ì÷©°º−¡¾−¯º¨Á¡¦ À»º−Á¡¸ì¤

• «É¾ê¼®Ã¦È ²¾¡¦ Ȩ̀−º̂−ÅÁìÉ¸ ¡¾−¯Èº¨Á¡¦À»õºÁ¡É¸ 
¢º¤ ²¾¡¦ Ȩ̀−¢šÀ¹¨̂º Á´È−´ó− Éº¨¡ Ȩ̀¾

• μÈ¾¤Ã©¡ðª¾´, ¨Éº−´ó¡¾−°½ìò©¢šÀ¹¨ˆºÀ²†´¢›−Àìœº¨Å  
Ã−ê¡Å¯½Àê© − ˜− ¥‡¤ À»ñ©Ã¹É ¡¾− È̄º¨Á¡¦ 

›
÷

À»õº−Á¡É¸ À²†´¢›− μÈ¾¤Ä¸¸¾

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

¦½ÀÎó

• ê÷¡Å¯½Àê© ¡¿ìñ¤²ñ©ê½−¾ ¡¿ìñ¤ 
¯½À¦ó−¡ñ®®ñ−¹¾ ¡¾−¥ñ©¡¾− ¢šÀ¹¨ˆº 

È ¯ ‰ š ÉÀ²¾½¸È¾ ¯½Àê©À¹ì‰¾− š ¢¾©Á£−©É¾− 
¤ö®¯½´¾− Áì½®÷¡£½ì¦¡º−

• Â©¨¢½Î¾−¡ñ−¡ñ®¡¾−§½¹¨¾¨ªö¸ 
©É¾− À¦«½¡ò© Áì½¯½¡º− ¢º¤¯½Àê©, 
Ã−ÁªÈì½ ó̄ ¯½ìò´¾−¢šÀ¹¨ˆº¡ÒÀ²†´¢›− 
À§„−©¼¸¡ñ−

š• À¹ñ−Ä©É¸È¾ ¡¾−®¿®ñ© ¢šÀ¹¨ˆºÂ©¨
¡º¤Ä¸ÉÁ®®À ó̄© ¥‡¤À ñ̄− ¸òêó¡¾− 
ê†−¿´¾Ã§É¡ñ−ê‰¸ÅÄ¯

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 8
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¦½ÀÎó

• Ã−®ñ−©¾¢šÀ¹¨̂ºÀ¹ì‰¾− š 
´ñ−¯½¡º® ó́ ¢šÀ¹¨̂ººò−§ó

Ã
§

À¯ñ−¦ Ȩ̀−Ã¹ È̈
• μ øÈ¦½Î¾´¡¿¥ñ©¢šÀ¹¨̂º ê†−¿Ã§É 

ò̧êó¡¾−¡º¤À ó̄©Ä Ȩ́
À²ˆº®¿®ñ©¢šÀ¹¨̂º − ˜−, À¹ñ− Ȩ̀¾ 
¢šÀ¹¨̂ººò−§ó (À¦©º¾¹¾−, °ñ¡, 
¹´¾¡Ä´É, Áì½º‡−Å) À¯ñ−ªö¸ê† 

Ã ‡ ‰
, Å)

²¾Ã¹É ¦ Ȩ̀−º‡−Å À¹− ‰¾À¹´ñ−.
• ¢šÀ¹¨̂ººò−§ó À¯ñ− Á¹ìÈ¤À¡ó© Á¡¦ 

´óÀê− (¡¾−¯Èº¨Á¡¦À»õº−Á¡É)

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

¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

• ¯½Àê©ì¾¸, ö́−ì½²ò©ê¾¤º÷©¦½¹½¡¿ 
ñ̈¤®Òêñ−¹ì¾¨Àêˆº

Â ö õ ñ Ã É• −½Â¨®¾¨¡¾−¢½¹¨¾¨ª¸À´º¤ À»©Ã¹ 
¯½§¾¡º−º¾Ã¦μ øÈªö¸À ṍº¤À²†´¢›−μ È¾¤Ä¸
¸¾

• ¯½§¾§ö−μ øÈ§ö−−½®ö© ñ́¡¥½ì„¤Ä¹ì À¢í¾ 
¦øÈªö¸À ṍº¤  À²̂º§º¡¸¼¡À»ñ©¤¾−ê¿

• − ñ¡»¼− ñ́¡¥½¦õ®ªÒ¡¾−»¼−μ øÈ´½¹¾¸òê½
¨¾Äì ¹ì¾¨¡¸È¾ À»ñ©¸¼¡ μ øÈª¾´Ä»È−¾

• ¥¿−¸−− ñ¡êºÈ¤êÈ¼¸¡ðÀ²†´¢›−

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 10
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¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

• ®ñ−¹¾ê†ª¾´´¾ ¡ð£õ ¡¾−À²†´¢›−¢º¤¢šÀ¹¨̂º− ˜−Àº¤
• Ã−¯ó 2009 êö¸¯½Àê© ì¾¸ ¢šÀ¹¨̂º ¯½´¾− 350 Âª− 

‰ † š ˆªÒ ņ̃− «õ¡¦‰¤Ä¯¡¿¥ñ©ê†¦½Î¾´¢šÀ¹¨̂º
• ¡¾−¢ö−¦‰¤ ¢šÀ¹¨̂ºÄ¯¡¿¥ñ© ê†¦¿Î¾´¢šÀ¹¨̂º 

ªºÉ¤ ó́£È¾Ã§É¥È¾¨ 4.5 USD ªÒÂª−. 
• ¢šÀ¹¨̂ººò−§ó (75%) À¯ñ−ªí−À¹©Ã¹É¦½Î¾´¢šÀ¹¨̂º  

À¯ò½À œ̄º−
˜• ¦¾´ ò̧êó¡¾−¡¿¥ñ©¢šÀ¹¨̂º Á®®©˜¤À©ó´ Ä©É 

ñ̈¤«õ¡−¿Ã§ÉÃ− ¯½Àê©ì¾¸: ¡¾− ø©, ¡¾−¡º¤¯½Ä Ȩ́ 
Áì½ ¡¾−«š´§½§¾¨

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

¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸
• ¯½¥÷®ñ− μøÈ¯½Àê©ì¾¸ ¨ñ¤®Òêñ− ó́ ¡¾−−¿Ã§É¡ö−Ä¡ 

¡¾−Á¨¡¢šÀ¹¨ˆº
• Áªì½¸ñ− ó́¢šÀ¹¨ˆººò−§ó ¯½´¾− 220 Âª− 

õ Ä ñ š ñ ‡
§

«õ¡−¿Ä¯¡¿¥ñ©«š´ »¸È´¡ñ®¦¸È−º‡−Å 
ê†¦½Î¾´¢šÀ¹¨ˆº:
– À¦©º¾¹¾−
– À¦©°ñ¡ Áì½¹´¾¡Ä´É
– ¹¨É¾ Áì½ Ã®Ä´É
– À¥̃¨

Ä´É Áì½¡…¤¹¤È¾Ä´É– Ä´ Áì½¡¤¹¤¾Ä´
• Ã−ªö¸¥ò¤ÁìÉ¸ ¢šÀ¹¨ˆººò−§ó ¦¾´¾©−¿´¾Ã§É 

À ñ̄−§ñ®²½¨¾¡º− Ã¹É¡¾−°½ìò© Ä©É

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 12
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¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

Á¹ìÈ¤°½ìò©
• £º®£ö¸ À»õº− £ö−À¡ñ®§œ¢šÀ¹¨̂º ¦÷−À¡ñ®§œ¢šÀ¹¨̂º 
• ª½¹ì¾© »É¾−£É¾
• »É¾−º¾¹¾−
• ¦½«¾®ñ− Áì½ 

Â»¤»¼−
• ¹Éº¤¡¾−
• º÷©¦½¹½¡¿
• ¦½ê¾ì½−½ (ê¾¤)

¹− È¸¨®ðìò¡¾− 
À¡ñ®¢šÀ¹¨̂º

¢šÀ¹¨ˆºÀê©¦½®¾−

÷
êóÃ§É£õ−Ä©É

• Plastic
• Âì¹½
• À¥̃¨

Á¡É¸
• À£̂º¤Ã§ÉÀ¡‰¾
• êº¤À¹ìõº
• º¾ì÷ ó́−¼´
• êº¤¢¾¸

‡

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 13

¦½Î¾´¡¿¥ñ©

• º‡−Å

¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

Place Quantity 
(t /d )

Percentage  (%)

ªö¸μ È¾¤Á¹ìÈ¤ ¡¾−À¡ó©¢º¤¢šÀ¹¨̂º ê†¸¼¤¥ñ− 

(ton/day)

Household 178 75

Street 2 1

Shop 36 16

Market 9 4

Hospital 2 1

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 14

Hospital 2 1

School and office 2 1

Construction place 6 2
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¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

Prod./capita Amount

ºñ©ª¾¡¾−À¡ó©¢œ−¢º¤¢šÀ¹¨̂º 

Á¢¸¤ Population 

person

Prod./capita

/day

kg

Amount  

ton/day

−½£º−¹ì¸¤¸¼¤¥ñ− 330,798 0.64 211.7

¹ì¸¤²½®¾¤ 70,481 0.60 42.3

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 15

¦½¹ ņ̃−−½À¢© 65,724 0.64 42

¥¿¯¾¦ñ¡ 72,955 0.7 51

¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

¡¾− ò̧À£¾½ ¦ Ȩ̀−¯½¡º®¢º¤¢šÀ¹¨̂º

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 16
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¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

ºö¤¯½¡º® ¸¼¤¥ñ−
(%)

¹ì¸¤²½®¾¤
(%)

¦½¹¸ñ−−½À¢©
(%)

¥¿¯¾¦ñ¡
(%)

¦È¸−¯½¡º®¢º¤¢šÀ¹ ṏº ¢º¤¦†ªö¸À´õº¤ ê†ê¿¡¾−¦ô¡¦¾

(%) (%) (%) (%)

Plastic 13 9 15 6

Á¡É¸ 6 6 2 2

À¥̃¨ 6 8 9 4

Âì¹½ 3 1 1 1

À¦©º¾¹¾−, °ñ¡ 30 51 54 62

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

Á°È−Á² 2 1 1 1

Ä É́/¹ É̈¾/Ã®Ä É́ 19 23 16 21

º̂−Å 21 1 2 3

¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

À¦©º¾¹¾−

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 18
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¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

Source

¸¼¤¥ñ−
(Kg/day)

¹ì¸¤²½®¾¤
(Kg/day)

¦½¹¸ñ−−½À¢©
(kg/day)

¥¿¯¾¦ñ¡
(kg/day)

ºñ©ª¾¡¾−À¡ó©¢º¤À¦©º¾¹¾−

Source

Â»¤Á»´ , »É¾−º¾¹¾− 3,555 1,008 520 714

»É¾−º¾¹¾− 7,605 4,992 2,720 4,100

»É¾−º¾¹¾−− Éº¨ (À±ó) 37,180 13,104 12,240 13,800

£º®£ö¸ ( 3 Œ 5 £ö−) 81,320 54,000 98,250 60,000

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 19

ì¸´ 129,660 73,704 113,730 78,614

¢šÀ¹¨̂ºÁ´È−¹ ñ̈¤

¢šÀ¹¨ˆº Á´È−§ñ®²½¨¾¡º−¢À¹¨º Á´−§®²½¨¾¡º− 
ÁªÈ´ñ−μ øÈ®Ò«õ¡®ºÈ−

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 20
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¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÃ− ¯½Àê©ì¾¸

¡Èº−¡¾−Ã§É 3Rs 
¡Èº−º̂−¹´ö©ªÉº¤Á¨¡ 
¢šÀ¹¨̂º ¢º¤êÈ¾−

¢šÀ¹¨̂º
¢À¹¨º ¢º¤ê¾− 
Ã¹ÉÀ ñ̄−¦¾´¯½À²© 
©„¤− š

¢šÀ¹¨ˆº¨Èº¨ ¢šÀ¹¨ˆº¢¾¨Ä©É ¢šÀ¹¨ˆº 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 21

¦½¹ì¾¨Ä©É
¢À¹¨º¢¾¨Ä©

ºñ−ª½ì¾¨

Waste  Material

Thermal Process Biochemical Chemical

Á°− 
¡¾−−¿Àºö¾¢šÀ¹¨̂º 
À ñ̄−²½ìñ¤¤¾−

Thermal Process Biochemical Chemical

Combustion

Gasification

Pyrolisis Anaerobic 
digestion  Fermentation Esterification

22

Gasification

Heat and Power
Chemical 
Feedstock Ethanol Biodiesel
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¢½®¸−¡¾−À£´ó Œ §ó¸½ : Á¡¦§ó¸½²¾® 

• ê‰¸¯½Àê©, ºö¤¡¾− SNV, Ä©É¦½Îñ®¦½Î÷− ¡ö´¯½´ö¤ 
ò Ä Ã

÷
Áì½ìÉ¼¤¦ñ© ¡½§¸¤¡½¦ò¡¿ Áì½¯È¾Ä´É Ã−¡¾− 
©¿À− ó− Â£¤¡¾− ªö¸Á®®Á¡¦§ó¸½²¾®

• À¯í¾¹´¾¨¢º¤Â£¤¡¾− £õ ¦É¾¤®ÒÁ¡¦Ã¹ÉÄ©É 6,600 ®Ò 
²¾¨Ã−À¸ì¾ 4¯ó
¦½− ñ®¦½Î−êô−¥¾¡ìñ©«½®¾− »º−Áì−

Assoc. Prof. Korakanh Pasomsouk, National University of Laos

• ¦½−®¦½Î÷−ê−¥¾¡ì©«½®¾− »º−Áì−

23

Â£¤¡¾−ªö¸Á®®Á¡¦§ó¸½²¾®

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 24
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Â£¤¡¾−ªö¸Á®®Á¡¦§ó¸½²¾®

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

Â£¤¡¾−ªö¸Á®®Á¡¦§ó¸½²¾®

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 26
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Biogas  Pilot Program 

Detail subsidy component for each size of digester 

Digester size 4m3 6m3 8m3 10m3

Total cost                     (LK) 3,651,000 4,232,000 4,894,000 5,584,000

Customer component    
(LK)

1,791,000 2,372,000 3,034,000 3,724,000

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

(LK)

BPP component         (LK) 1,860,000 1,860,000 1,860,000 1,860,000

Â£¤¡¾−ªö¸Á®®Á¡¦§ó¸½²¾®

¡¾−¯¼®ê¼® 1m3 Á¡¦§ó¸½²¾® 
¡ñ® ²½ìñ¤¤¾− §½− ò©º‡−Å

¡¾−−¿Ã§É
1. ÁªÈ¤¡ò−      2  Á¦¤¦½¹¸È¾¤

§½− ò©²½ìñ¤¤¾− ¹ö¸Î¸È¨ ¥¿−¸−

Ä É́³õ− kg 5

«È¾− Kg 1.6

−Õ ñ́−À§œºÄ³ L 0.75

Á¡¦ LPG K 0 45

¡® ²½ì¤¤¾− §½−©º−Å

3. À©ó−À£̂º¤¥ñ¡

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 28

Á¡¦ LPG Kg 0.45

Ä³³É¾ W 1.7
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¡¾−°½ìò© Á¡¦§ó¸½²¾® ¥¾¡ À¦©º¾¹¾− 

• º¾¹¾−À¹ìõº ê†´ó£÷−½²¾®©ó £¸−À¡ñ®Ä Ȩ́ »ñ®¯½ê¾− 
£¾®ªÒÄ¯£¾®ªÄ¯

• º¾¹¾−À¹ìõº£÷−−½²¾®¯¾−¡¾¤ Áì½ªÔ 
£¸−−¿Ä¯À¡õº¦ñ©

• ¦ Ȩ̀−À¦©º¾¹¾−ê† £÷−−½²¾®®Ò©ó, °ñ¡, ¹´¾¡Ä´É, 
¦¾´¾©À ñ̄− ņ̃©«÷©ò®ê†©ó ¦¿ìñ®°½ìò©Á¡¦§ó¸½²¾® 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos

÷
• £º®£ö¸Î‡¤ (3Œ5£ö−) Â©¨¦½Àìú¨ ÁìÉ¸ °½ìò© 

À¦©º¾¹¾− 2Œ3 kg/day

29

¡¾−°½ìò© Á¡¦§ó¸½²¾® ¥¾¡ À¦©º¾¹¾− 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 30

«ñ¤Á¡¦§ó¸½²¾® °½ìò©¥¾¡ 
«ñ¤− É¿¯½ì¾¦ªò¡   168L 
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¡¾−°½ìò© Á¡¦§ó¸½²¾®
¥¾¡ À¦©º¾¹¾− 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 31

«ñ¤Á¡¦§ó¸½²¾® °½ìò©¥¾¡ «ñ¤− É¿¯½ì¾¦ªò¡   168L 

Biogas  Generation 
from Kitchen waste

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 32

«ñ¤Á¡¦§ó¸½²¾® °½ìò©¥¾¡ «ñ¤Âì¹½   260L 
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¡¾−°½ìò© Á¡¦§ó¸½²¾® ¥¾¡ À¦©º¾¹¾− 
The animal waste 30 kg  mixing  with 20L of  water 
should be filled into biogas tank at the starting day 
1. Separate food waste
2. Collect vegetable and fruit  waste
3. If vegetable  and fruit waste are the big size, chop it 

into small size
4. Mix  these wastes  together with  water 
5. Fill these waste to  biogas tank
6. Do it for every day

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

¡¾−°½ìò© Á¡¦§ó¸½²¾® 
¥¾¡ À¦©º¾¹¾− 

Digester  Animal Waste   Food waste   Water input per day Gas generationg
size
m3

input at 
starting day

kg

input  per day

kg

p p y

Littre

g

m3 /day

o.168 30 8 – 10  0.4 –0.48 0.15

0.260 50 10 – 20  1 – 1.5 0.20

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 34
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¢½®¸−¡¾− £¸¾´»Éº−

Component
Heat
Value

Vientiane LuangPrabang Savanaket Champasack

%
Heat value of
component %

Heat value of
component %

Heat value of
component %

Heat value of
component

ò̧À£¾½£È¾£¸¾»Éº− ¢º¤ ¢šÀ¹¨ˆº

p % component
(kj/kg)

% component
(kj/kg)

% component
(kj/kg)

% component
(kj/kg)

Plastic 32,565 13 4,233.3 9 2,930 15 4,884.6 6 1,953.8

Glass 140 6 8.4 6 8.4 2 2.4 2 2.8

Paper 16,747 6 1,004.8 8 1,339.7 9 1,507 4 669.88

Metal 697.8 3 21 1 6.97 1 6.97 1 6.97

Food 4,472 30 1,341.6 51 2,280 54 2,415 62 277.64

Textile 17,445 2 349 1 174 1 174.4 1 174.4

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 35

Wood 18,608 19 3.535.5 23 4,280 16 2,977 21 3,907.68

Dirt , Ash 6,978 21 1,465 1 690.78 2 139.56 3 21

Total 11,958.6 10,288.8 12,107.3 7,014.17

¢½®¸−¡¾−ê¾¤£¸¾´»Éº− 
Ã§ÉÃ−¢º®À¢©−Éº¨Å

Ã§ÉÃ−¢ö¤À¢© Á£®Å À§ñÈ− Ȩ̀¾ ¡¾−ÁªÈ¤¡ò− ¯½¥¿£º®£ö¸ 
ñ ó¯ ò Ô ó ¯ñ́−¥½ ó́¯½¦ò©ê½²¾®ªÔ À²¾½ ó́¡¾−¦÷−À¦¨¹ì¾¨ ¯½´¾−     

30 Œ 90% ¢º¤²½ìñ¤¤¾−êñ¤¹ ö́©
®ñ−¹¾©„¤¡È¾¸ªºÉ¤Á¡É© © Ȩ́¨ Ã§ÉÀªö¾¯½ ñ̈© Áì½ ¡¾− ºñ© 
¢šÀ¹¨̂º Ã¹ÉÀ ñ̄−Á«È¤ Á¢¤Á¡È− À¹ ṍº−Ä É́

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 36



2/22/2012

19

¢½®¸−¡¾−°È¾−£¸¾´»Éº−: 
¡Éº−À§œºÀ²ó¤

ņ̃©¦½©÷ê†−¿´¾°½ìò© ¡Éº−À§œºÀ²ó¤Ã−£º®£ö¸

• À¥ñ¨À¦© 40%  Áì½ ¢šÀì̂º¨ 60%
• ¹ É̈¾
• À¥̃¨
• À¦©«È¾−
• ¢šÁ¡®60%  ¯½¦ö´¡ñ®À¥̃¨ 40% Áì½ Á É̄¤ ñ́−ªí−

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

• Ã®Ä É́ Áì½°ñ¡¹ É̈¾
• ¢šÀ¹¨̂º¯½¦ö´

Á É̄¤ ñ́−ªí− º¾Ã§ÉÀ²̂ºÀ ñ̄−¡¾¸

À£̂º¤Îó® À»ñ©¡Éº−À§œºÀ²ó¤

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 38

À¯ñ−À£̂º¤ºñ©¹−ó® ì¾£¾«õ¡ À§…¤ À»ñ©©É¸¨Ä É́ ÁªÈ 
´ó¡¿ìñ¤¦ø¤ ê÷¡Å£ö−¦¾´¾©À»ñ©Àº¤Ä©É Ã−£º®£ö¸
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ò̧êó°½ìò©¡Éº−À§œºÀ²ó¤ 

1. £ñ©Àìõº¡ ņ̃©¦½© ê†ªÉº¤¡¾−°½ìò© À¯ñ−¡Éº−À§œºÀ²ò¤÷ ¤ § ¤
2. −¿Ä¯ª¾¡Ã¹ÉÁ¹É¤ ©É¸¨ Á©©
3. §Éº´ ¹ìõ ®ö©Ã¹É´÷È−
4. ¯½¦ö´ ņ̃©¦½©÷©„¤¡È¾¸ ¡ñ®−Õ Áì½Á É̄¤ ñ́−ªí−
5. ¯̃−À ñ̄−¡Éº− Áì½ »È¾¨ìö¤Ã¦È ¡½®º¡¦ø® 
6. Ã§ÉÀ£̂º¤¹− ó® ¹− ó® Ã¹ÉÀ ñ̄−¡Éº−À§õºÀ²ó¤

ö É œ ó ÕÄ¯

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

7. Àºö¾¡Éº−À§œºÀ²ó¤ºº¡¥¾¡¡½®º¡¦ø® Áì½−ÕÄ¯ª¾¡ 
Á©© ¦¾´¦† ņ̃− ¡ºÈ−¥½−¿Ã§É

ò̧êó°½ìò©¡Éº−À§œºÀ²ó¤ 

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 40
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ò̧êó°½ìò©¡Éº−À§œºÀ²ó¤ 

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

ò̧êó°½ìò©¡Éº−À§œºÀ²ó¤ 

À£̂º¤ºñ© «È¾−´÷È− 
Á®®¤È¾¨©¾¨ ºº¡Á®® 

ò †Â È ö ñÁì½°½ìò© ê†Â»¤§È¾¤¡ö−¥ñ¡ 

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

• ¯½¥÷®ñ− ¯½Àê©ì¾¸ ñ̈¤®ÒÀ¹´¾½¦ö´¡ñ® ¡¾−ìö¤êô−¦ø¤ 
À²̂ºÀºö¾¢šÀ¹¨̂ºÀ ñ̄−²½ìñ¤¤¾− (Â»¤¤¾−Ä³³É¾£¸¾´»Éº− (
Â»¤¤¾−°½ìò© Á¡¦§ó¸½²¾®)

• Ã−°½ìò© Ã−ì½©ñ®£º®£ö¸ ¹ìõ§÷´§ö− ¥½À¹´¾½¡ Ȩ̀¾
• À´ˆº´ó¡¾−¥ñ©ª˜¤¯½ªò®ñ© ¥½À»ñ©Ã¹É´ó¯½ìò´¾−¢šÀ¹¨̂º 

ê†¥½Ä¯¡¿¥ñ©−ºÉ¨ìö¤ 
• ´ó°ö−©ó ªÒ¡¾− È̄¼−Á¯¤²ø´º¾¡¾©(¹ìó¡ì¼¤ ¡¾− È̄º¨Á¡¦ 

õ É )

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

À»õº−Á¡¸)
• ¡¾−¥ñ©¡¾−¢šÀ¹¨̂º À ñ̄−Àì̂º¤®Ò¨¾¡ ÁªÈ Ȩ̀¾ 

¡¾− È̄¼−− òÃ¦£ö− À ñ̄−¡¾−¨¾¡ê†¦÷©

Ã¢ð¢º®Ã¥
ê÷¡ÅêÈ¾−

44
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ໂຄງການ ຕວແບບແກສຊວະພາບົ ີ໊

ສພຸາວນັ ແກວວໄລ້ ິ

ຜບູລຫານໂຄງການ້ ໍ ິ

ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ,

ກມລຽງສດົ ັ້ ແລະ ການປະມງົ,

ກະຊວງ ກະສກາິ ໍ ແລະ ປາໄມ່ ້

ຫວຂນາສະເໜົ ໍ ໍ ີ້

1. ເຕກໂນໂລຊແກສຊວະພາບັ ີ ີ໊ ສາລບຄວເຮອນໍ ັ ົ ື

2. ຄນຸປະໂຫຍດ ຂອງແກສຊວະພາບ໊ ີ ສາລບຄວເຮອນໍ ັ ົ ື

3. ໂຄງການ ຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ
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1. ເຕກໂນໂລຊແກສຊວະພາບັ ີ ີ໊ ສາລບຄວເຮອນໍ ັ ົ ື

 ແກສຊວະພາບແມນຫຍງ໊ ່ີ ັ ?

 ແກສຊວະພາບ໊ ີ ແມນອາຍແກສປະສມ່ ໊ ົ ທເກດຈາກການຍອຍີ ີ່ ່
ສະຫລາຍ ຂອງວດຖຸດບອງຄະທາດັ ິ ົ ເຊນຂສດັ ີ ັ່ ້ , ພດຜກື ັ , ໃບໄມ ້
ແລະ ອນຶ່ ໆ ໂດຍຜານການໝກ່ ັ ໃນສະພາບບມອາກາດໍ ີ່ .

 ແກສຊວະພາບ໊ ີ ສາມາດໃຊເປນພະລງງານຫງຸຕມ້ ັ ັ ົ້ ແລະ ໃຊເພອ້ ື່

ຈດຸປະສງອນົ ຶ່ ໆ ຄກບກບແກສື ັ ັ ໊ LPG ທມຂາຍທວໄປີ ີ ົ່ ່

1. ເຕກໂນໂລຊແກສຊວະພາບັ ີ ີ໊ ສາລບຄວເຮອນໍ ັ ົ ື

♦ ແບບຂອງບແກສໍ່ ໊
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1. ເຕກໂນໂລຊແກສຊວະພາບັ ີ ີ໊ ສາລບຄວເຮອນໍ ັ ົ ື

♦ ແບບຂອງບແກສໍ່ ໊

1. ເຕກໂນໂລຊແກສຊວະພາບັ ີ ີ໊ ສາລບຄວເຮອນໍ ັ ົ ື

♦ ແບບຂອງບແກສໍ່ ໊
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1. ເຕກໂນໂລຊແກສຊວະພາບັ ີ ີ໊ ສາລບຄວເຮອນໍ ັ ົ ື

♦ ແບບບແກສຂອງລາວໍ່ ໊

 ດດແປງມາຈາກແບບັ ທນາໃຊີ ໍ່ ້
ຢປູະເທດເນປານ່

 ກສາງດວຍດນຈໍ ິ ີ່ ່້ ້ , ສວນໂຄງ່ ້
ເບອງເທງີ ິ້ (dome) ເທດວຍເບຕງ້ ົ

 ບສາມາດເຄອນຍາຍໄດໍ ື່ ່ ້ ້

 ຂະໜາດຂອງບ່ໍ: 4m3, 6m3, 

8m3, 10m3

ອາງຕມ່ ື່

ອາງຫມກ່ ັ

ອາງລນ່ ົ້

ຂມຸເກບກາກມນູລນັ ົ້

ທສງແກສໍ ົ່ ່ ໊

ເຮອນຄວື ົ

1. ເຕກໂນໂລຊແກສຊວະພາບັ ີ ີ໊ ສາລບຄວເຮອນໍ ັ ົ ື

♦ ໂຄງສາງຂອງບແກສ້ ໊ໍ່
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1. ເຕກໂນໂລຊແກສຊວະພາບັ ີ ີ໊ ສາລບຄວເຮອນໍ ັ ົ ື

♦ ການທາງານຂອງບແກສໍ ໍ່ ໊

2. ຄນຸປະໂຫຍດ ຂອງແກສຊວະພາບສາລບຄວເຮອນ໊ ີ ໍ ັ ົ ື

 ແຕງກນ່ ິ : ເຕາແກສົ ໊ , ໝຫງຸເຂໍ ົ້ ້າ

 ແສງສະຫວາງ່ : ດອກໄຟແກສ໊

 ຜະລດຄວາມຮອນິ ້ : ໝນາອນຸໍ ໍ້ ້ ່

ດານພະລງງານ້ ັ
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 ກາກມນູລນເປນຝນຸຊວະພາບທມົ ັ ີ ີ ີ້ ່່
ປະສດທຜນສງູິ ິ ົ

 ປບປຸງຄຸນນະພາບຂອງດນັ ິ

 ປອດໄພກວາຝນຸຄອກທວໄປ່ ່ ົ່

(ບມແກນຫຍໍ ີ່ ່ າ້ ແລະ ເຊອພະຍາດື້ )

 ປບປງຸການລຽງສດັ ັ້

 ກາກມນູລນສາມາດໃຊເປນອາຫານົ ັ້ ້
ສດັ ແລະ ປາໄດ້

 ຊຸກຍູຊາວກະສກອນລຽງສດໄວໃນ້ ້ ້ິ ັ
ຄອກ

2. ຄນຸປະໂຫຍດ ຂອງແກສຊວະພາບສາລບຄວເຮອນ໊ ີ ໍ ັ ົ ື

ດານກະສກາ້ ິ ໍ

 ຫລດຸຜອນພະຍາດຕ່ າ ແລະ

ພະຍາດທາງລະບບຫາຍໃຈົ

ທເກດຈາກຄວນໄຟີ ີ່

 ຫລດຸຜອນການແຜເຊອພ່ ່ ື້ ະ

ຍາດຕດຕິ ໍ່ ຈາກສດສຄູນັ ົ່ .

2. ຄນຸປະໂຫຍດ ຂອງແກສຊວະພາບສາລບຄວເຮອນ໊ ີ ໍ ັ ົ ື

♦ ດານສຂຸະພາບ້
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 ຫລດຸຜອນວຽກໃນການຊອກຫາຟນ່ ື

 ຫລດຸຜອນແຮງງານ່ ຜຍູງ້ ິ ແລະ

ເດກນອຍັ ້

 ປະຫຍດເວລັ າ ໃນການແຕງຢູຄວກນ່ ່ ົ ິ

 ສາງວຽກເຮດງານທາ້ ັ ໍ

2. ຄນຸປະໂຫຍດ ຂອງແກສຊວະພາບສາລບຄວເຮອນ໊ ີ ໍ ັ ົ ື

♦ ດານສງຄມ້ ັ ົ

 ປະຫຍດເງນັ ິ

 ຫລຸດຜອນຄາໄຟຟ່ ່ ້າ.

 ຫລຸດຜອນຄາໃຊຈາຍ່ ່ ້ ່
ສາລບຊຟນໍ ັ ື ື້ , ຖານ່ ແລະ

ປຸຍເຄມີ

 ສາງລາຍຮບ້ ັ ໃຫແກນາຍຊາງ້ ່ ່
ກສາງໍ່ ້ .

2. ຄນຸປະໂຫຍດ ຂອງແກສຊວະພາບສາລບຄວເຮອນ໊ ີ ໍ ັ ົ ື

♦ ດານເສດຖະກດ້ ິ
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 ບານສະອາດຈບງາມ້ ົ (ຫລດຸຜອນ່
ກນເໝນິ ັ່ , ແມງວນັ ແລະ

ເຊອໂລກື້ )

 ປບປງຸຄນຸນະພາບນາັ ໍ ້ (ຫລດຸຜອນ່
ການປນເປອນົ ື້ ຂອງໄນໂຕຣເຈນ)

 ຫລດຸຜອນການຕດໄມທາລາຍປ່ ້ ່ັ ໍ າ

 ຫລດຸຜອນການປອຍອາຍພດ່ ່ ິ

ເຮອນແກວສອູາກາດື ້ ່

2. ຄນຸປະໂຫຍດ ຂອງແກສຊວະພາບສາລບຄວເຮອນ໊ ີ ໍ ັ ົ ື

♦ ດານສະພາບແວດລອມ້ ້

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ພາກສະເໜີ

 ໂຄງການ ຕວແບບແກສຊວະພາບົ ີ໊ ເປນສວນນງັ ຶ່ ່

ຂອງແຜນງານແກສຊວະພາບອາຊ໊ ີ ີ (7 ປະເທດ) 

ຊງແມນລດຖະບານຂອງປະເທດເນເທແລນຶ ັ ີ່ ່
ໃຫການສະໜບສະໜນູ້ ັ ໂດຍຜານອງການ່ ົ

ພດທະນັ າ ຂອງປະເທດເນເທແລນີ (SNV). 

 ໃນປີ 2006, ໄດມການເຊນບດບນທກຄວາມ້ ີ ັ ົ ັ ຶ

ເຂາໃຈົ້ ກຽວກບການຈດຕງປະຕບດ່ ັ ັ ັ ິ ັ້ ໂຄງການ

ລະຫວາງ່ ອງການົ SNV ແລະ ກະຊວງ

ກະສກາິ ໍ ແລະ ປາໄມ່ .້

 ເລມຈດຕງປະຕບດີ ັ ັ ິ ັ່ ້ ແຕປີ່ 2007 ເປນຕນມັ ົ້ າ

ໂດຍກມລຽງສດົ ັ້ ແລະ ການປະມງົ.
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ກມລຽງສດົ ັ້ ແລະ ການປະມງົ, ກະຊວງ ກະສກາິ ໍ

ແລະ ປາໄມ່ ້
ອງການຈດຕງປະຕບດົ ັ ັ ິ ັ້

ລດຖະບານຂອງປະເທດັ ເນເທແລນີຜໃູຫທນ້ ້ ຶ

1,109,000 ຢູໂຣ 550,000 ຢູໂຣງບປະມານົ

2,000 ບ່ໍ 1,300 ບ່ໍຄາດໝາຍ

2007 - 2010            2011 - 2012ໄລຍະຈດຕງປະຕບດັ ັ ິ ັ້

5 ແຂວງ (ນະຄອນຫລວງ, ສະຫວນນະເຂດັ ,

ຊຽງຂວາງ, ວຽງຈນັ, ຄາມວນໍ ່ )
ທຕງໂຄງການີ ັ່ ້

ໂຄງການ ຕວແບບແກສຊວະພາບົ ີ໊ (BPP)ຊໂຄງການື່

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ພາກສະເໜີ

ເປາໝາຍົ້ :

 ເພອຍກລະດບຊວດການເປນຢູື ົ ັ ີ ິ ັ່ ່ ແລະ ຄນຸນະພາບຊວດີ ິ ຂອງປະຊາຊນົ
ຢູຊນນະບດໃຫດຂນ່ ້ົ ົ ີ ື້ , ຍກລະດບບດບາດຍງຊາຍົ ັ ົ ິ ແລະ ຫລຸດຜອນ່
ການທາລາຍຊບພະຍາກອນປາໄມໍ ັ ່ ້ ໂດຍການສງເສມການນາໃຊົ ີ ໍ່ ້
ແກສຊວະພາບ໊ ີ ທມຜນປະໂຫຍດີ ີ ົ່ ດານພະລງງານ້ ັ , ກະສກາິ ໍ , ເສດຖະ
ກດິ, ສຂຸະພາບ ແລະ ສະພາບແວດລອມ້ .

ຈດຸປະສງົ:

 ເພອດາເນນກດຈະກາຕາງໆຢາງຕເນອງື ໍ ີ ິ ໍ ໍ ື່ ່ ່່ ່ ແລະ ສາງເປນພນຖານ້ ັ ື້

ໃຫແກການຂະຫຍາຍເປນໂຄງການຂະໜາດໃຫຍ້ ່ ່ັ ແລະ ໃຫກາຍເປນ້ ັ
ການບລການດານແກສຊວະພາບໍ ິ ີ້ ໊ ໃນຮບູແບບການຄາ້.

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ເປາໝາຍົ້ ແລະ ຈດຸປະສງຂອງໂຄງການົ
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1. ວຽກງານ ບລຫານໂຄງການໍ ິ

2. ວຽກງານ ໂຄສະນາເຜແຜີ ່

3. ວຽກງານ ກສາງໍ່ ້ ແລະ ບລການຫລງການກສາງໍ ິ ັ ໍ່ ້

4. ວຽກງານ ລງທນົ ຶ ແລະ ສະໜອງເງນອດຸໜນູິ

5. ວຽກງານ ຄວບຄມຸຄຸນນະພາບ

6. ວຽກງານ ຄນຄວົ້ ້ າ ແລະ ພດທະນັ າ

7. ວຽກງານ ຝກອບຮມຶ ົ ົ

8. ວຽກງານ ສງເສມການນາໃຊກາກມນູລນົ ີ ໍ ົ່ ້້

9. ວຽກງານ ຕດຕາມິ ແລະ ປະເມນຜນີ ົ

10. ວຽກງານ ຊຸກຍູສະຖາບນ້ ັ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ກດຈະກາຂອງໂຄງການິ ໍ

 ຫອງການໂຄງການຂນສນູກາງ້ ັ ້ :

ມພະນກງານີ ັ ປະຈາໍ 7 ຄນົ ແລະ

ທປກສີ ຶ່ າ ຂອງ SNV 2 ຄນົ.

 ຫອງການໂຄງການຂນແຂວງ້ ັ ້ :

ມພະນກງານຂອງພະແນກີ ັ ກະສກາິ ໍ

ແລະ ປາໄມ້ ້ ປະຈາຢູໍ ່ 4 ຄນົ.

 ຂນເມອງັ ື້ : ແຕລະເມອງເປາໝາຍ່ ື ົ້

ມຜປູະສານງານໂຄງການຂນເມອງີ ັ ື້ ້

 ຄະນະຊນາໂຄງການີ ໍ້ ຂນແຂວງັ້

 ຄະນະທປກສາໂຄງການີ ຶ່ (BAB)

ທປກສີ ຶ່ າ ຄ/ກ

(ຄນລາວົ )

ອານວຍການໍ

ໂຄງການ

ຜບູລຫານ້ ໍ ິ ໂຄງການ ທປກສີ ຶ່ າ ຄ/ກ

(ຕາງປະເທດ່ )

ພະນກງານັ ການເງນິ

ພະນກງານັ

ຊວຍວຽກ່

ພະນກງານັ

ຂບລດັ ົ

ພະນກງານັ

ໂຄສະນາ

ສງເສມົ ີ່

ພະນກງານັ

ເຕກນກັ ິ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ບລຫານໂຄງການໍ ິ
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 2007: ເລມຈດຕງປະຕບດີ ັ ັ ິ ັ່ ້

ຢນູະຄອນຫລວງວຽງຈນ່ ັ

 2008: ຂະຫຍາຍອອກໄປ

ແຂວງສະຫວນນະເຂດັ ແລະ

ຊຽງຂວາງ

 2009: ຈດຕງປະຕບດຢູັ ັ ິ ັ້ ່ 3 

ແຂວງດງກາວັ່ ່ .

 2010: ຂະຫຍາຍອອກໄປ

ແຂວງວຽງຈນັ ແລະ ຄາມວນໍ ່

 2011: ຈດຕງປະຕບດັ ັ ິ ັ້ ຢູ່ 5 

ແຂວງດງກາວັ່ ່

2007

ຜງສາລົ ີ້

ຫວງນາຼ ໍ ້ ທາ

ບແກວໍ່ ້ ອດຸມໄຊົ

ຫວງພະບາງຼ

ຫວພນົ ັ

ຊຽງຂວາງ

ແຂວງວຽງຈນັ

ໄຊຍະບລີູ

ນະຄອນຫລວງ

ບລຄາໄຊໍ ິ ໍ

ຄາມວນໍ ່

ສະຫວນນະເຂດັ

ສາລະວນັ

ຈາປາສກໍ ັ

ເຊກອງ

ອດຕະປັ ື

2007

2008

2008

ຜງສາລົ ີ້

ຫວງນາຼ ໍ ້ ທາ

ບແກວໍ່ ້
ອດຸມໄຊົ

ຫວງພະບາງຼ

ຫວພນົ ັ

ຊຽງຂວາງ
ໄຊຍະບລີູ

ແຂວງວຽງຈນັ

ນະຄອນຫລວງ

ບລຄາໄຊໍ ິ ໍ

ຄາມວນໍ ່

ສະຫວນນະເຂດັ

ສາລະວນັ

ຈາປາສກໍ ັ

ອດຕະປັ ື

ເຊກອງ

2007

2008

2008

2010

2010

ຜງສາລົ ີ້

ອດຸມໄຊົບແກວໍ່ ້

ຫວງນາຼ ໍ ້ ທາ

ຫວພນົ ັ

ຫວງພະບາງຼ
ໄຊຍະບລີູ

ບລຄາໄຊໍ ິ ໍ

ຊຽງຂວາງ

ແຂວງວຽງຈນັ

ນະຄອນຫລວງ
ຄາມວນໍ ່

ສະຫວນນະເຂດັ

ສາລະວນັ
ເຊກອງ

ຈາປາສກໍ ັ

ອດຕະປັ ື

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ບລຫານໂຄງການໍ ິ

 ຜະລດອປຸະກອນໂຄສະນິ າ

(ແຜນພບັ, ໃບປວິ , ໂພສເຕ…ີ)

 ໂຄສະນາຜານສມວນຊນ່ ື ົ່

(ໂທລະທດັ, ວທະຍຸິ , ໜງສພມັ ື ິ )

 ຈດກອງປະຊຸມຢູຂນບານັ ັ່ ້້

 ເຂາຫາຄອບຄາເປາໝາຍໂດຍກງົ ົ ົ ົ້ ້

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ໂຄສະນາເຜຍແຜີ ່
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 ມາຮອດປະຈບຸນັ ໄດຕດຕງບແກສຊວະພາບ້ ໊ິ ັ ໍ ີ້ ່

ສາເລດແລວໍ ັ ້ 2,231 ບ່ໍ ຢູໃນ່ 727 ບານ້ ,

40 ເມອງື ຂອງ 5 ແຂວງເປາໝາຍົ້ .

 ນາຍຊາງກສາງ່ ້ໍ່ ສະໜອງການບລການໍ ິ ເປນັ

ເວລາ 2 ປີ ຫລງຈາກກສາງັ ໍ່ ້ ພາຍໃຕການ້
ຕດຕາມຢາງໃກສດິ ິ່ ້ ຂອງພະນກງານເມອງັ ື .

 ພະນກງານແຂວງັ ລງກວດກາບແກສົ ໍ່ ໊
ເມອນາໃຊຄບື ໍ ົ່ ້ 2 ປີ ເພອຢງຢນຄນຸນະພາບື ັ ື່ ້

ຂອງການບລການໍ ິ .

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ກສາງໍ່ ້ ແລະ ບລການຫລງການກສາງໍ ິ ັ ໍ່ ້

ຈາໍນວນບໍ່ ແກ໊ສຊີວະພາບທງັໝດົ ທີ່ ໄດ້ກ ໍ່ ສ້າງ ໃນແຕ່ລະປີ

110
188

731

937

265

2,231

-

500

1,000

1,500

2,000

2,500

ປ ີ2007 ປ ີ2008 ປ ີ2009 ປ ີ2010 ປ ີ2011 ລວມ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ກສາງໍ່ ້ ແລະ ບລການຫລງການກສາງໍ ິ ັ ໍ່ ້



13

534

795

571

249
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ນະຄອນຫລວງ ສະຫວນັນະເຂດ ຊຽງຂວາງ ແຂວງວຽງຈນັ ຄາໍມວ່ນ

ຈາໍນວນບໍ່ ແກ໊ສຊີວະພາບທງັໝດົ ທີ່ ໄດ້ກ ໍ່ ສ້າງໃນແຕ່ລະແຂວງ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ກສາງໍ່ ້ ແລະ ບລການຫລງການກສາງໍ ິ ັ ໍ່ ້

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ກສາງໍ່ ້ ແລະ ບລການຫລງການກສາງໍ ິ ັ ໍ່ ້

ອດັຕາສ່ວນຂອງບ່ໍແກ໊ສຊີວະພາບ ຕາມແຕ່ລະຂະໜາດ

73%

23%

1% 3%

4 ມ3

6 ມ3

8 ມ3

10 ມ3
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 ຄອບຄວທຈະສາງບແກສົ ີ ໍ່ ່້ ໊ ອອກທນສມທບຶ ົ ົ

 ໂຄງການ ສະໜອງເງນອດຸໜນູິ ໃຫແກຄອບຄວ້ ່ ົ

 ສະໜອງເງນອດຸໜນູິ ໃຫແກພະນກງານແຂວງ້ ່ ັ ແລະ ເມອງື

ເພອຕອບແທນການເຄອນໄຫວວຽກງານື ື່ ່

 ອານວຍຄວາມສະດວກໍ ໃຫແກຄອບຄວ້ ່ ົ ທມຈດຸປະສງີ ີ ົ່

ຢາກກຢູມເງນ້ ື ິ ມາສາງບແກສຊວະພາບ້ ໊ໍ ີ່

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ລງທນົ ຶ ແລະ ສະໜອງເງນອດຸໜນູິ

31%36%43%50%ທນຂອງໂຄງການຶ ຄດເປນິ ັ %

706615514441ມນູຄາລວມ່ (ໂດລາ)

219219219219
ມນູຄາທໂຄງການອດຸໜນູ່ ີ່ (ວດຖຸັ +

ເງນສດິ ົ )

487396295222ມນູຄາທຄອບຄວປະກອບສວນ່ ່ີ ົ່

10m38m36m34m3ລາຍການ

79%ວດຖຸກສາງັ ໍ່ ້

17%
ຄາແຮງງານຜຊູວຍຊາງ່ ້ ່ ່
(ອາດຈະເປນສະມາຊກຄັ ິ /ຄ)

4%ຄາແຮງງານນາຍຊາງ່ ່

21%ເງນສດິ ົ

3%ກອງທນບລການຫລງການກສາງຶ ໍ ິ ັ ໍ່ ້

54%ຄາແຮງງານນາຍຊາງ່ ່

22%ອປຸະກອນຕດຕງິ ັ ້

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ລງທນົ ຶ ແລະ ສະໜອງເງນອດຸໜນູິ
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 ພະນກງານເມອງັ ື ເປນເຈາການໃນການັ ົ້ ລງຕດຕາມົ ິ

ການກສາງໍ່ ້ ຂອງນາຍຊາງ່ ແລະ ກວດກາເຕກນກັ ິ

ຂອງບແກສຊວະພາບໍ ີ່ ໊ (ມີ 3 ໄລຍະ: ກອນການກສາງ່ ້ໍ່ ,

ຊວງກາລງກສາງ່ ້ໍ ັ ໍ່ ແລະ ຫລງຈາກກສາງສາເລດັ ໍ ໍ ັ່ ້ ).

 ພະນກງານແຂວງັ ລງກວດກາຄນຸນະພາບົ

ຂອງການກວດກາ ເຕກນກັ ິ ຂອງພະນກງານເມອງັ ື

ໂດຍສມຸກວດ່ 20% ຂອງຈານວນບແກສໍ ໍ່ ໊
ທສາງສາເລດີ ໍ ັ່ ້ ໃນແຕລະເດອນ່ ື

 ວຊາການໂຄງການິ ລງກວດກາຄນຸນະພາບົ ຂອງການ

ກວດກາເຕກນກັ ິ ຂອງພະນກງານແຂວງັ ແລະ ເມອງື

ໂດຍສມຸກວດ່ 10% ຂອງຈານວນບແກສໍ ໍ່ ໊
ທສາງສາເລດີ ໍ ັ່ ້ ໃນແຕລະໄຕມາດ່

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ຄມຸຄອງຄນຸນະພາບ້

 ທາການສາຫລວດໍ ໍ ລາຄາວດຖຸກສາງັ ໍ່ ້
ໃນແຕລະທອງຖນ່ ້ ິ່

 ສກສາອປຸະກອນແກສຊວະພາບຶ ີ໊
ທນາເຂາມາຈາກຕາງປະເທດີ ໍ ົ່ ້ ່
(ຄນຸນະພາບ, ລາຄາ, ອປຸະກອນ

ຊະນດໃໝິ ່ ແລະ ຄວາມເປນໄປໄດັ ້
ໃນການຜະລດຢູພາຍໃນິ ່ )

 ສກສາບແກສຊວະພາບຶ ໍ ີ່ ໊ ປະເພດອນຶ່ ໆ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ຄນຄວົ້ າ້ ແລະ ພດທະນັ າ



16

 ຈດຝກອບຮມໃຫແກພະນກງານັ ຶ ົ ົ ັ້ ່ ຂນເມອງັ ື້

ແລະ ແຂວງ ທເຮດວຽກຮວມກບໂຄງການີ ັ ັ່ ່
(ການກວດກາຄນຸນະພາບ, ການໂຄສະນາ

ເຜຍແຜີ ,່ ການສງເສມກາກມນູລນົ ີ ົ່ ້ )

 ຈດຝກອບຮມນາຍຊາງກສາງັ ຶ ົ ົ ໍ່ ້່

(ຝກນາຍຊາງໃໝຶ ່ ່ ແລະ ຝກລມຄນຶ ື ື້

ໃຫແກນາຍຊາງເກ້ ່ ່ ົ່ າ)

 ຈດຝກອບຮມັ ຶ ົ ົ ວທການນາໃຊິ ີ ໍ ້ ແລະ

ບາລຸງຮກສາບແກສໍ ັ ໍ່ ໊ ໃຫແກຄອບຄວ້ ່ ົ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ຝກອບຮມຶ ົ ົ

 ຝກອບຮມການນາໃຊກາກມນູລນຶ ົ ົ ໍ ົ້ ້ .

 ນາໃຊໂດຍກງໍ ົ້

 ຜະລດຝນຸບມິ ົ່ ່

 ທາການທດລອງປະສດທພາບໍ ົ ິ ິ

ຂອງກາກມນູລນ້ົ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ສງເສມການນາໃຊກາກມນູລນົ ີ ໍ ົ່ ້້
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 ຕດຕາມການເຄອນໄຫວວຽກງານິ ື່

ຢູພາກສະໜາມ່ ຢາງເປນປກກະຕ່ ັ ົ ິ

(ເຂາຮວມກອງປະຊຸມປະຈາເດອນົ ໍ ື້ ່
ຂອງຫອງການໂຄງການຂນແຂວງ້ ັ ້ )

 ຈດກອງປະຊຸມັ ຄະນະຊນາໂຄງການີ ໍ້

ໃນທກຸໆໄຕມາດ

 ດາເນນການສາຫລວດຂມນູຜຊູມໃຊໍ ີ ໍ ໍ ົ້ ້ ້
ແກສຊວະພາບປະຈາປ໊ ີ ໍ ີ.

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ຕດຕາມິ ແລະ ປະເມນຜນີ ົ

 ສາງຄວາມເຂມແຂງ້ ັ ້ ໃຫແກອງການຈດຕງທເຮດວຽກຮວມກບ້ ່ ່ົ ັ ັ ີ ັ ັ້ ່

ໂຄງການ (ຍກລະດບຄວາມຮຄູວາມສາມາດຂອງພະນກງານົ ັ ັ້ )

 ຈດກອງປະຊຸມຄະນະທປກສາໂຄງການັ ີ ຶ່ ໃນທກຸໆ 6 ເດອນື

 ຈດກອງປະຊຸມສະຫລບຸວຽກງານປະຈາປັ ໍ ີ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ວຽກງານ ຊຸກຍສູະຖາບນ້ ັ
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 ຫລາຍກວ່າ 12.940 ຄນົ ໄດນາໃຊຜນປະໂຫຍດ້ ້ໍ ົ

ຈາກບແກສຊວະພາບໍ ີ່ ໊

 ປະຫຍດຄາໄຟຟັ ່ ້າ ຫລາຍກວາ່ $198.559/ປີ

 ປະຫຍດຄາໃຊຈາຍັ ່ ້ ່ ໃນການຊປຸຍເຄມື ີ້ ຫລາຍກວາ່ $182.942/ປີ

 ປະຫຍດຄາໃຊຈາຍັ ່ ້ ່ ໃນການຊຟນື ື້ ແລະ ຖານ່ ຫລາຍກວາ່

$230.818/ປີ

 ຫລຸດຜອນການປອຍອາຍກາກໂບນກ່ ່ ິ ສອູາກາດ່ ໄດຫລາຍກວາ້ ່
2,231 ໂຕນ/ປີ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ຜນກະທບຂອງໂຄງການົ ົ

3. ໂຄງການຕວແບບແກສຊວະພາບົ ີ໊ ຢູ່ ສ.ປ.ປ.ລາວ

♦ ຜນກະທບຂອງໂຄງການົ ົ

*BUS, 200770%
ການຫລດຸຜອນການໃຊຟນ່ ້ ື ແລະ

ຖານ່ ຫລງຈາກໃຊແກສັ ້ ໊

*BUS, 2007
1,182,396ກບີ/ຄອບຄວົ/ປີຄາໃຊຈາຍໃນການຊຟນ່ ້ ່ ື ື້ ແລະ ຖານ່

ໂຕນ/ບແກສໍ່ ໊ /ປີ

ໂດລາ/ຄອບຄວົ/ປີ

ໂດລາ/ຄອບຄວົ/ປີ

ຄນົ/ຄອບຄວົ

ຫວໜວຍົ ່

ສະເລຍຕາສດຸ່ ໍ່1ການຫລດຸຜອນ່ ອາຍກາກໂບນກິ

*BUS, 200782ປະຫຍດຄາປຍຸັ ່

*BUS, 200789ປະຫຍດຄາໄຟຟັ ່ ້າ

*BUS, 20075.8ຈານວນຄນໃນຄອບຄວໍ ົ ົ

ແຫລງຂມນູ່ ໍ ້ຈານວນໍຕວຊວດົ ີ ັ້

*BUS= ບດລາຍງານົ ການສາຫລວດຂມນູໍ ໍ ້ ຜຊູມໃຊແກສຊວະພາບ້ ້ ໊ົ ີ
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¦½ÀÎóÂ©¨:
»¦. Á¡È−¥ñ− ¦ò−¦¿²ñ−

ò … É£½−½¸ê½¨¾¦¾© ¦¤Á¸©ìº´
´½¹¾¸òê½¨¾ÄìÁ¹È¤§¾©ì¾¸

22 February 2012 1

1.1 ²¾®£¸¾´À ñ̄−´¾¢º¤®ñ−¹¾:

²¾¡êó 1: ²¾¡¦½ÀÎó

²ñ¡ Œ ìñ©«½®¾− ó́Á°−®øìò´½¦ò©¡È¼¸
¡ñ®¡¾− ȫ¡ ñ̄¡»ñ¡¦¾ ³œ−³ø®øì½−½ È̄¾
Ä É́ Áì½ ¢½¹¨¾¨À− œºê† ȫ¡¹÷É´¢º¤

È̄¾Ä É́Ã¹ÉÄ©É 70% Ã− ó̄ 2020, À²ˆº¯½
ªò®ñ©Â£¤¡¾−À ñ̄−£øÈ»È¸´ ṍ Ã−¢½ÁÎ¤
¡¾− È̄¾Ä É́; À²̂º£÷É´£º¤ È̄¾Ä É́Ã¹ÉÀ¯ñ−
Á¹È¤§ô´§ñ®©©Àºö¾ CO2.Á¹ù¤§´§®©ø©Àº¾ CO2.
¡¾−−¿Ã§É²½ìñ¤¤¾−¥¾¡ Biogas
Á È́−¦È¸−Î‡¤ ¢º¤¡ò©¥½¡¿¯½¥¿ ņ̃−
¢º¤¯½§¾§ö− Íõ§¾¸¡½¦ò¡¿ê†§È¸¨
ì÷©°Èº−¡¾−ªñ©Ä É́¢º¤¯½§¾§ö− ê†´¾
À»ñ©À§œºÀ²ó¤Ä©É À§„−: ³õ−, «È¾−.

22 February 2012 2



2/22/2012

2

1.2 ¥÷©¯½¦ö¤¢º¤¡¾−¦ô¡¦¾:

²¾¡êó 1: ²¾¡¦½ÀÎó

¯¼®ê¼®ºñ©ª¾¦È¸− ì½¹ Ȩ̀¾¤°ö−¯½Â¹¨©
¡ñ®ªí−êô−¢º¤ ¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®
¢º¤¯½§¾§ö−

22 February 2012 3

1.3 ¢º®À¢©¢º¤¡¾−¦ô¡¦¾:

œ †

²¾¡êó 1: ²¾¡¦½ÀÎó :

²œ−ê†¡¾−¦ô¡¦¾Á È́−À ṍº¤¥¿²º− Á¢¸¤¦½¹ ņ̃−−½À¢©.
¦¿ìñ®Äì¨½À¸ì¾¢º¤¡¾− ò̧À£¾½ªí−êô− Œ °ö−¯½Â¹¨©¢º¤¡¾−−¿Ã§û
Á¡Ê¦§ó¸½²¾®Á È́−− ñ®ÁªÈ ó̄ 2009 Œ 2023 À ñ̄−À¸ì¾ 15 ó̄ (− ñ®êñ¤ ó̄«¾−)
À§…¤Àê‰¾¡ñ®º¾ ÷̈¡¾−Ã§É¤¾−¢º¤®ÒÁ¡Ê¦§ó¸½²¾®, Â©¨«õ Ȩ̀¾«¾−¢Ó ǿ−©É¾−
ªÈ¾¤Å Á È́−£ö¤ê†− ñ®ÁªÈ ó̄ 2009 À¯ñ−ªí−´¾.
¡¾−¸òÀ£¾½£¸¾´£÷É´£È¾¢º¤Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾®£̃¤− š Á È́−−¿
Ã É È í ô °ö ¯ Â †Ä É»ñ ¿Ã É Ê¦ óÃ§ ǿ−£¾ª−ê− Áì½ °−¯½Â¹¨©êÄ©»®¥¾¡¡¾−−¿Ã§Á¡¦§¸½²¾®
¦½ÀìÈ¨ªÒªö¸μ È¾¤ Íõ ªÒÎ‡¤®ÒÁ¡Ê¦Àê‰¾− ˜−.
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1.4 ¯½Â¹¨©ê†¥½»ñ®¥¾¡¡¾−¦ô¡¦¾:

»ñ®»É°ö−¯½Â¹¨©ê†Ä©É»ñ®¥¾¡¡¾−−¿Ã§ÉÁ¡Ê¦

²¾¡êó 1: ²¾¡¦½ÀÎó :

»®»ø°−¯½Â¹¨©êÄ©»®¥¾¡¡¾−−¿Ã§Á¡¦
§ó¸½²¾® ê†À ñ̄−»ø®¯½ê¿Í¾¨¢›−. Ï¾¨¸È¾
°ö−¯½Â¹¨©ê†Ä©É»ñ® ¥¾¡¡¾−−¿Ã§ÉÁ¡ü¦§ó¸½
²¾®ê¾¤©É¾−À¦©«½¡ò© Œ ¦ñ¤£ö´ Áì½ ¦…¤
Á¸©ìÉº´− ˜− Á È́−¥½Ä©û«õ¡ ò̧À£¾½Ã¹ÉÀ¯ñ− ǿ−
£È¾ê¾¤À¦©«½¦¾© ê†¸ñ©À ñ̄−ªö¸À¤ò−Ä©É.
À ñ̄−®ö©ªö¸Á®®¢º¤¡¾−¯½À ó́− ǿ−£È¾ê¾¤À¦©

É … É Ã É È ñ ô«½¦¾©©É¾−¦…¤Á¸©ìÉº´ Ã¹ÉÁ¡È− ñ¡¦ô¡¦¾²¾¨
Ã−£½−½¸òê½¨¾¦¾©¦…¤Á¸©ìÉº´, À§…¤−¿Ã§É
À£̂º¤ê¾¤À¦©«½¦¾© À¢í¾Ã−¡¾− ò̧À£¾½£¸¾´
£÷É´£È¾¢º¤Â£¤¡¾−²ñ©ê½−¾ ê†ªò©²ñ−¡ñ®¡¾−
−¿Ã§É§ñ®²½¨¾¡º−ê¿´½§¾© Áì½ ¦…¤Á¸©
ìÉº´.
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R b t B l St h H l Ä É í ö Ê¦Ã ¦ñ ñ ó 17

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.1 ¦½²¾®ê‰¸Ä¯ ¡È¼¸¡ñ®Á¡Ê¦§ó¸½²¾®:
2.1.1 £¸¾´À ñ̄−´¾¢º¤Á¡Ê¦§ó¸½²¾®:
Robert Boyle Áì½ Stephen Hale Ä©£−²®Á¡¦Ã−¦©ª½¸©ê 17
¥¾¡¡¾−¡¸−ª½¡º−Ã−ì¿ê¾− Áì½ ê½Àì¦¾® À§…¤À»ñ©Ã¹É ó́Á¡Ê¦ê†¦¾
´¾©ªò©Ä³Ä©Éìº¨¢›−´¾.
1859 êÈ¾− Sir Humphrey Davy Ä©É£í−²ö® Ȩ̀¾: Ã−Á¡Ê¦ê†À¡ó©¢›−¥¾¡
¢š¤ö¸ − ˜− ó́Á¡Ê¦ ó́Àê−¯½¦ö´μ øÈ−¿.
Ã−ºò−À©¨ 1859 Ä©É¦É¾¤«ñ¤Ïñ¡Á¡Ê¦Ã−¦½²¾¸½Ä»Éº¾¡¾© ¢›−À ñ̄−£̃¤
ê¿ºò©.ê¿º©.
ªÒ´¾ 1985 Ã−ºñ¤¡ò©Ä©É ó́¡¾−£ò©£í−−½ ņ̃©ª½¡¿ÃÏÈ¢›−´¾ Â©¨Ã§É«ñ¤¦…¤
¯½ªò¡ø−°½ìò©Á¡Ê¦ ÁìÉ¸−¿Á¡Ê¦Ä¯ÄªÉÄ³Ã¹ÉÁ¦¤¦½¹ Ȩ̀¾¤ª¾´«½Îö−.
´¾À«ò¤ 1970 ¡ÒÄ©É ó́¡¾−ºº¡¦ò©êò®ñ©¦¿ìñ®«ñ¤Ïñ¡Á¡Ê¦§ó¸½²¾®Ã−Àμ¨
ì½ ñ́−.
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²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.1 ¦½²¾®ê‰¸Ä¯ ¡È¼¸¡ñ®Á¡Ê¦§ó¸½²¾®:
2.1.2 ®ÒÁ¡Ê¦§ó¸½²¾®Á È́−¹ ñ̈¤?

®ÒÁ¡Ê¦§ó¸½²¾® À ñ̄−Àªñ¡Â−Âì
§óÁ®®¤È¾¨©¾¨ ÁªÈêö−ê¾−. À§…¤

ñ́−±ñ¤μ øÈÃ−²œ−©ò− ®Ò ó́²¾¡¦È¸−
Ã©À£̂º−ê† Áì½ ®ÒÃ§É¦¾−À£ ó́.

ñ́−«õ¡ºº¡Á®®´¾Ã¹É ó́º¾ ÷̈Ã§É
Ô

Lao‐Neth Model

÷
¤¾−μ È¾¤ªÔ¦÷© 15 ó̄.
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²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.1 ¦½²¾®ê‰¸Ä¯ ¡È¼¸¡ñ®Á¡Ê¦§ó¸½²¾®:
2.1.3 À¤̂º−Ä¢¢º¤£º®£ö¸ ê†¥½¡Ò¦É¾¤®ÒÁ¡Ê¦§ó¸½²¾®:

ó́£¸¾´ªÉº¤¡¾−μ¾¡−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®μ È¾¤ÁêÉ¥ò¤ Áì½ ó́£¸¾´»ñ®°ò©
§º®Ã−¡¾− −¿Ã§É Áì½ ¡¾−®ö¸ì½®ñ©»ñ¡¦¾®ÒÁ¡Ê¦§ó¸½²¾®¢º¤ªö−.

ó́¥¿−¸−¦ñ©ìÉ¼¤²¼¤²ð ª¾´¢½Î¾©¢º¤®ÒÁ¡Ê¦§ó¸½²¾®:
ó́£º¡¦ñ©«¾¸º− Áì½ ªÉº¤Ã¹É ó́¦ñ©μ øÈ£º¡ μ È¾¤ÎÉº¨ 12 §‰¸Â´¤ªÒ œ́
ó́À− œºê†©ò−¦¿ìñ®¡Ò¦É¾¤®ÒÁ¡Ê¦§ó¸½²¾® ªÉº¤ ó́¢½Î¾©μ È¾¤ªÔ 3 m X 7 m.
ó́ÁÍÈ¤−ÕÃ§Éμ È¾¤²¼¤²ð À²̂ºÃ§ÉÃ−¡¾−¯½¦ö´´−¦ñ© Ã¦È®ÒÁ¡Ê¦§ó¸½²¾®´ÁÍ¤−ÕÃ§μ¾¤²¼¤² À²ºÃ§Ã−¡¾−¯½¦´ ǿ−¦© Ã¦®Á¡¦§¸½²¾®.
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2/22/2012

5

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.1 ¦½²¾®ê‰¸Ä¯ ¡È¼¸¡ñ®Á¡Ê¦§ó¸½²¾®:
2.1.4 Á¡Ê¦§ó¸½²¾®Á È́−¹ ñ̈¤?

Á¡Ê¦§ó¸½²¾® Á È́−Ä©É´¾¥¾¡
¡¾−Ïñ¡ ǿ− ªÈ¾¤Å À§„−: ǿ−¤ö¸
1 ¡òÂì °½ìò©Á¡Ê¦§ó¸½ ²¾®
Ä©É 40 ìò©, ǿ−£¸¾¨ 1 ¡òÂì
°½ìò©Á¡Ê¦§ó¸½²¾®Ä©É 35
ìò©, ǿ−Ïø 1 ¡òÂì °½ìò© Á¡Ê¦

ó Ä É 50 ò Ä È 1

ແກ໊ສ
ຊີວະພາບ

50 – 70% = -ແກ໊ສມີເທນ
(CH4)

30 – 40% = ຄາບອນໄດ
ອອກໄຊ (CO2)

1 Œ 2 % =  -Á¡ü¦Ä−-Âªù- §¸½²¾®Ä© 50 ì©, ǿ−Ä¡ 1
¡òÂì °½ìò©Á¡Ê¦§ó¸½²¾®Ä©É
60 ìò©, ǿ−£ö− 1 ¡òÂì °½ìò©
Á¡Ê¦§ó¸½²¾®Ä©É 50 ìò©.
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ù
À¥− (N2)

5 Œ 10%, --= Ä»-Â©ù-À¥−
(H2)

0 Œ 1%     = ອອກຊີເຈນ
(O2),

0.3%        = ອາຍນໍ້າ
(H2O)

<   -ໄຮໂດຼເຈນ
ຊັນÄ³ (H2S)

¡¾¡´−ìí− Á È́−¢š¦ñ© (¢šÏ ¤ö¸ £¸¾¨ Ä¡È

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.2 ¦½²¾®ê‰¸Ä¯ ¡È¼¸¡ñ®Á¡Ê¦§ó¸½²¾®:

¡¾¡ ǿ−ì− Á´−¢¦© (¢Ïø, ¤¸, £¸¾¨, Ä¡
μ È¾¤Ã©μ È¾¤Î‡¤ Íõ ¯½¦ö´¡ñ−) ê†ìí−ÁìÉ¸ÄÍ
ºº¡´¾¥¾¡®ÒÁ¡Ê¦§ó¸½²¾®, À§…¤Ä©É°È¾−
¡¾−®‰´ À²̂º°½ìò©Á¡Ê¦§ó¸½²¾® Áì½ Ä©û
«õ¡ È̈º¨¦½ì¾¨μ È¾¤ì½º¼© ÁìÉ¸.

«É¾ ó́¡¾−−¿Ã§É¡¾¡ ǿ−ìí− ó́¯½¦ò©êò²¾®ø
¥½À»ñ©Ã¹É£º®£ö¸¢º¤§¾¸¡½¦ò¡º− ¦¾
´¾©À²†´°ö−°½ìò©¢º¤À£̂º¤ ø̄¡¢º¤±ñ¤, Ïø,
¯¾ Áì½ §È¸¨À²†´ì¾¨»ñ®Ä©É À²¾½ªí−
êô−Ã−¡¾−°½ìò©ÍÐ©ìö¤.
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¦¯¯ ì¾¸: ¡¾−−¿Ã§ÉÄ É́³õ−À¯ñ−²½ìñ¤¾−¦½ÀìÈ¨ 1 m3/£ö−/ ó̄

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.3 ¦½²¾®¡¾−−¿Ã§ÉÄ´É³õ− Œ «È¾− μ øÈ ¦¯¯ ì¾¸:

¦¯¯ ì¾¸: ¡¾−−¿Ã§Ä´³−À¯−²½ì¤¾−¦½Àì¨ 1 m3/£−/¯.

2007 Áì½ 2010: ó́¯½ìò´¾−¡¾−−¿Ã§ÉÄ É́³õ−£õ: 4,684,515 m3/£ö−/ ó̄
Áì½ 5,040,563 m3/£ö−/ ó̄ ª¾´ì¿©ñ®.

¡¾−§ö´Ã§É«È¾−¢º¤¯½§¾§ö−ê†º¾Ã¦Ã−À¢©ªö¸À ṍº¤Á È́− 31.9 ¡òÂì
/£ö−/ ó̄ Áì½ À¢©§ö−−½®ö©Á È́− 1 1 ¡òÂì/£ö−/ ó̄ ó̄ 2007 Ä©É ó́¡¾−−¿/£−/¯ Áì½ À¢©§−−½®©Á´− 1.1 ¡Âì/£−/¯. ¯ 2007 Ä©´¡¾−−¿
Ã§É«È¾−À¯ñ−²½ìñ¤¤¾− 17,949 Âª−/ ó̄ Áì½ 19,254 Âª−/ ó̄
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²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.4 ¦½²¾®¡¾−ê‰¸Ä¯¡È¼¸¡ñ® carbon credit:
2.4.1 £¸¾´À ñ̄−´¾¡È¼¸¡ñ® CARBON CREDIT:

ê‰¸Âì¡¡¿ìñ¤¯½¦ö®®ñ−¹¾ Climate Change −¿Ä¯¦øÈ¯½¡ö©¡¾−ê†Àºš−
¸È¾: Greenhouse Effect Íõ Global Warming.
Inter -governmental Panel on Climate Change £¾©¸È¾: Ã−¦ñ©ª½

ņ̃©êó 21 − š Âì¡¥½ ó́º÷−−½²ø´¦½ÀìÈ¨À²†´¢›− 1.4 Œ 5.8 ºö¤¦¾ C, ì½
©ñ®−Õê½Àì¥½À²†´¢›− 0.09 Œ 0.88 Á´ñ©.

ˆ ÉÄ ñ „ È Ã ó̄ 1992 ¯ È Ä É ñ Ó ö ö †

¼

À²ºÁ¡Ä¢®ñ−¹¾©„¤¡¾¸, Ã−¯ 1992 ¯½Àê©ª¾¤Å Ä©-À»ñ©¢ª¡ì¤ê
Àºš−¸È¾: United Nations Framework Convention on Climate
Change (UNFCCC) Â©¨ ó́¸ñ©«÷¯½¦ö¤À²̂ºÍÐ© Áì½ »¡¦¾ì½©ñ®
Greenhouse Gas Ã¹Éμ øÈÃ−ì½©ñ®ê†À¯ñ−ºñ−ª½ì¾¨ªÒ¦½²¾¸½º¾¡¾©
¢º¤Âì¡ÎÉº¨ê†¦÷©.

22 February 2012 12
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²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.4 ¦½²¾®¡¾−ê‰¸Ä¯¡È¼¸¡ñ® carbon credit:
2.4.2 ¡ö−Ä¡¡¾−ÍÐ©Á¡Ê¦À»õº−Á¡É¸²¾¨ÃªÉº½− ÷¦ñ−¨¾¡¼¸Âª:

¡ö−Ä¡§œ Œ ¢¾¨¦ò©¡¾− È̄º¨Á¡Ê¦À»õº−Á¡É¸ (Emission Trading: ET)
¡ö− Ä¡− š Ã§É¦½À²¾½¯½Àê©Ã−¡÷È´ Annex 1.
¡ö−Ä¡¡¾−©¿À−ó−¤¾−»È¸´¡ñ− (Joint Implementation: JI) ¡ö−Ä¡− š
¡¿− ö©Ã¹É¯½Àê©Ã−¡÷È´ Annex 1 ¦¾´¾©»È¸´¡ñ−©¿À− ó−Â£¤¡¾− À²̂º
ÍÐ©¯½ìò´¾− Á¡Ê¦À»õº−Á¡É¸¦È¸−Ã¹ ú̈.

ö Ä ñ † (Cl D l t M h i

Ð ÷ ¼

¡−Ä¡¡¾−²ñ©ê½−¾ê¦½º¾© (Clean Development Mechanism:
CDM) ¡ö−Ä¡−š ¡¿− ö©Ã¹É¯½Àê©Ã−¡÷È´ Annex 1 ¦¾´¾©©¿À− ó−Â£¤
¡¾−ÍÐ©¯½ìò´¾−Á¡Ê¦À»õº−Á¡É¸»È¸´¡ñ®¯½Àê©Ã−¡÷È´ Non Annex 1
Ä©É.

22 February 2012 13

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.4 ¦½²¾®¡¾−ê‰¸Ä¯¡È¼¸¡ñ® carbon credit:
2.4.3 ¦½«¾−½¡¾− ¡¾− È̄º¨Á¡Ê¦À»õº−Á¡É¸ê‰¸Âì¡:

¥¾¡¡¾−£¾©¡¾−¢º¤ Netherlands Environmental Assessment
Agency (PBL) Ã− ó̄ 2007 ê‰¸Âì¡ ó́¡¾− È̄º¨ CO2 À²†´¢›− 3% ª¾´
¡¾−À²†´¢›−¢º¤¯½§¾¡º−Âì¡ Áì½ ¡¾−¢½¹¨¾¨ªö¸ê¾¤©É¾−À¦©
«½¡ò© Â©¨êóú¦¾ê¾ì½−½ìñ© ¯½§¾§ö−¥ó− ó́¡¾− È̄º¨ CO2 Í¾¨ê†¦÷©
£ò©À ñ̄− 24% ¢º¤¯½ìò´¾−¡¾− È̄º¨ CO2 ê‰¸Âì¡, »º¤ìö¤´¾Á È́−
º¾À´ëò¡¾ 21% ¡È´¯½§¾£ö´μÂë® 15 ¯½Àê© Á È́− 12% ºò−À©¨º¾À´ë¡¾ 21%, ¡÷´¯½§¾£´μøÂë® 15 ¯½Àê© Á´− 12%, º−À©¨
8% Áì½ ìñ©À§¨ 6% À ñ̄−ªí−.

22 February 2012 14
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²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.4 ¦½²¾®¡¾−ê‰¸Ä¯¡È¼¸¡ñ® carbon credit:
2.4.4 Carbon Credit Á´È−¹ ñ̈¤?

Carbon Credit Á´È−¡¿´½¦ò©Ã−¯½ìò´¾−Á¡Ê¦À»õº−Á¡É¸ê†ÍÐ©Ä©É
²¾¨ÃªÉ²òêó¦¾−¡¼¸Âª êñ¤ê†À¡ó©¥¾¡Ä¡§œ¢¾¨¦ò©Ã−¡¾− È̄º¨Á¡Ê¦
À»õº−Á¡É¸ (Emission Trading: ET), ¡ö−Ä¡©¿À−ó−»È¸´¡ñ− (Joint
Implementation: JI) Áì½ ¡ö−Ä¡²ñ©ê½−¾ê†¦½º¾© (Clean
Development Mechanism: CDM). ¡¾−§œ Œ ¢¾¨¥½À»ñ©Ã¹É ó́ìñ¡¦½
−½ê†Àºš−¸È¾: Cap and Trade − ˜−Ï¾¨ Ȩ̀¾: ¯½Àê© Íõ °É°½ìò©ì¾¨Ã©−½êÀº−¸¾: Cap and Trade −−Ï¾¨¸¾: ¯½Àê© Í °ø°½ì©ì¾¨Ã©

ó́¡¾− È̄º¨Á¡Ê¦À»õº−Á¡É¸Í¾¨ Íõ ÎÉº¨¡ Ȩ̀¾Â£ªÉ¾¡¾− È̄º¨Á¡Ê¦À»õº−
Á¡É¸¦÷©êòê†Ä©É»ñ®, ¯½Àê© Íõ °øÉ°½ìò© ©„¤¡È¾¸ ¥½¦¾´¾©ê¿¡¾−§œ Íõ
¢¾¨ Carbon Credit ¡ñ®¯½Àê© Íõ °øÉ°½ìò©º̂−Ä©É.

22 February 2012 15

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.4 ¦½²¾®¡¾−ê‰¸Ä¯¡È¼¸¡ñ® carbon credit:
2.4.5 £¸¾´»øÉ¡È¼¸¡ñ®ª½Í¾© Carbon Credit:

ª½Í¾© Carbon Credit ¥½¯½¡º® ó́°øÉ§œÍñ¡ 3 ¯½À²© Ä©ÉÁ¡È:
ìñ©«½®¾−Ã−¡÷È´¯½Àê© Annex 1
¡º¤êô−£¾®º− (Carbon Fund) À¯ñ−¡º¤êô−ê†À¡ó©¢›−¥¾¡¡¾−ì¸´
ªö¸¡ñ−¢º¤ìñ©«½®¾− Íõ ¡÷È´®ðìò¦ñ©Àº¡½§ö− À²̂º»ñ®§œ¡¾−¯½ìò´¾−
¡¾−Í©°Èº−Á¡Ê¦À»õº−Á¡É

ø ¼

¡¾−ÍÐ©°º−Á¡¦À»º−Á¡.
Carbon Broker À¯ñ−−¾¨ÎÉ¾»ñ®§œ£¾®º− À²̂º−¿Àºö¾Ä¯¢¾¨Ã¹É®ðìò¦ñ©
Àº¡½§ö− ¹ùõ ìñ©«½®¾−¢º¤¯½Àê©Ã−¡÷È´ Annex 1.

22 February 2012 16
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²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.4 ¦½²¾®¡¾−ê‰¸Ä¯¡È¼¸¡ñ® carbon credit:
2.4.6 £¸¾´ªÉº¤¡¾− Œ ¡¾−¦½Îº¤ Áì½ ì¾£¾Ã−ª½Í¾© Carbon 

¯½ìò´¾−£¸¾´ªÉº¤¡¾− Carbon Credit Ã− ó̄ 2008 Œ 2012

Credit:

¡÷È´ (¯½Àê©) ¯½ìò´¾− (ìÉ¾−Âª− CO2e)
¡÷È´¯½§¾£ö´μ øÂë® 1,940

† È̄ 450

22 February 2012 17

¨† ÷̄− 450
ºˆ−Å 45

ì¸´ 2,435

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.4 ¦½²¾®¡¾−ê‰¸Ä¯¡È¼¸¡ñ® carbon credit:
2.4.6 £¸¾´ªÉº¤¡¾− Œ ¡¾−¦½Îº¤ Áì½ ì¾£¾Ã−ª½Í¾© Carbon 

¯½ìò´¾−¡¾−¦½Îº¤¢º¤ Carbon Credit ¯½À²©Â£¤¡¾− 2008 Œ 2012

Credit:

Â£¤¡¾− ¯½ìò´¾− (ìÉ¾−Âª− CO2e)
CDM 1 600

22 February 2012 18

CDM 1,600
JI 230

ì¸´ 1,830
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²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.5 ¡¾−©ø©§ñ® CO2 ¢º¤ È̄¾Ä´ÉÃ− ¦¯¯ ì¾¸:

¯½À²© È̄¾ À− œºê† (À»ñ¡ª¾) ¡¾−©©§ñ® CO¯½À²©¯¾ À−ºê (À»¡ª¾) ¡¾−©ø©§® CO2 

Âª−/ ó̄
È̄¾©ö¤©ò®/ È̄¾©ö¤¯½¦ö´ 1,589,873 150
È̄¾©ö¤©ò®/ È̄¾ê†«õ¡ìö®¡¸− 4,033,725 75
È̄¾©ö¤©ò®/ È̄¾À§̂º´Â§´ 2,113,086 50
È̄¾¯½¦ö´ 733,141 125

22 February 2012 19

È̄¾¯½¦ö´À§̂º´Â§´ 600,141 50
È̄¾³œ−ªö¸ÃÏÈ 317,999 75

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.6Á−¸£¸¾´£ò©ê¾¤êò©¦½©ó:
2.6.1 ¡¾−²ò¥¾ì½−¾ Áì½ ¥¿Á−¡°ö−¯½Â¹¨© Œ ªí−êô−:

¡. °ö−¯½Â¹¨©:

°ö−¯½Â¹¨©¥¾¡¡¾−−¿Ã§É§ñ®²½¨¾¡º−¢º¤Â£¤¡¾−Ã©Î‡¤ Á È́−
À¡ó© ó́°ö−¯½Â¹¨© ê¾¤¡ö¤ Áì½ ê¾¤ºÉº´.

ö Â ö É È ÈÃ ö Â°ö−¯½Â¹¨©ê¾¤¡ö¤ Áì½ ê¾¤ºÉº´ Á È́−¥½μ øÈÃ−»ø®¢º¤°ö−¯½Â¹¨©
ê¾¤¡¾−À¤ò− (Financial Benefit) Áì½ °ö−¯½Â¹¨©ê¾¤À¦©«½¦¾©
(Economic Benefit)

22 February 2012 20
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²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.6 Á−¸£¸¾´£ò©ê¾¤êò©¦½©ó:
2.6.1 ¡¾−²ò¥¾ì½−¾ Áì½ ¥¿Á−¡°ö−¯½Â¹¨© Œ ªí−êô−:

¢. ªí−êô−¢º¤¡¾−©¿À− ó−Â£¤¡¾−:

ªí−êô−¥¾¡¡¾−−¿Ã§É§ñ®²½¨¾¡º−¢º¤Â£¤¡¾−Ã©Î‡¤ Á È́−À¡ó©´ó
ªí−êô−ê¾¤¡ö¤ Áì½ ê¾¤ºÉº´.

í ô ö É È ÈÃ í ô òªí−êô−ê¾¤¡ö¤ Áì½ ê¾¤ºÉº´ Á È́−¥½μ øÈÃ−»ø®¢º¤ªí−êô−ê¾¤¡¾−À¤ò−
(Financial Cost) Áì½ ªí−êô−ê¾¤À¦©«½¦¾© (Economic Cost)

22 February 2012 21

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.6 Á−¸£¸¾´£ò©ê¾¤êò©¦½©ó:

2.6.2 ¡¾−¯½À ó́− ǿ−£È¾¢º¤¯½Â¹¨© Œ ªí−êô−À¯ñ−ªö¸À¤ò−:

¡¾−£ò©ì¾£¾¦ò−£É¾ê† ó́ª½Í¾© Áì½ ì¾£¾£½Í¾©®Ò«õ¡®ò©À®õº−:

¡¾−£ò©ì¾£¾¦ò−£É¾ê† ó́ª½Í¾© Áì½ ì¾£¾£½Í¾©«õ¡®ò©À®õº−:

† Ò

ø ¤ ¤

¡¾−£ò©ì¾£¾¦ò−£É¾ê†®Òμ øÈÃ−ì½®ö®ª½Í¾©:

22 February 2012 22
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²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.6 Á−¸£¸¾´£ò©ê¾¤êò©¦½©ó:
2.6.3 ǿ−£È¾ê¾¤©É¾−À¦©«½¦¾© ¢º¤¦…¤Á¸©ìÉº´:

(1). ǿ−£È¾¥¾¡¡¾−Ã§É¯½Â¹¨© (use value) À§…¤¯½¡º®©É¸¨:
ǿ−£È¾¡¾−Ã§É¯½Â¹¨©ê¾¤¡ö¤ (direct use value):
ǿ−£È¾¡¾−Ã§É¯½Â¹¨©ê¾¤ºÉº´ (indirect use value):
ǿ−£È¾À²̂ºÃ§ÉÃ−º½−¾£ö© (option value):

† Ò …(2). ǿ−£È¾ê†®ÒÄ©ÉÃ§É¯½Â¹¨© (Non -use value) À§…¤¯½¡º®©É¸¨:
ǿ−£È¾ê†À¯ñ− ð́ì½©ö¡ªö¡êº© (bequest value):
ǿ−£È¾¢º¤¡¾−£ö¤μ øÈ (existence value):

22 February 2012 23

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤
2.6 Á−¸£¸¾´£ò©ê¾¤êò©¦½©ó:
2.6.5 Íñ¡À¡−ê†Ã§ÉÃ−¡¾−²ò¥¾ì½−¾ ò̧À£¾½¡¾−©¿À− ó−

Â£¤¡¾−Ã©Î‡¤:
¡¾−¯¼®ê¼®ªí−êô− Áì½ °ö−¯½Â¹¨©ªº®Áê−¢º¤¡¾−©¿À− ó−Â£¤¡¾−
Ã©Î‡¤. Íñ¡À¡−ê†− ò ö̈´Ã§É¡ñ−ê‰¸Ä¯Ä©ÉÁ¡È:
Íñ¡À¡− ǿ−£È¾¯½¥÷®ñ−¢º¤°ö−ªº®Áê− Íõ °ö−¯½Â¹¨©¦÷©êò (Net Present
Value: NPV):

ºñ©ª¾°ö− ªº®Áê−²¾¨Ã− (Internal Rate of Return: IRR)

Â£¤¡¾−Ã©Î¤:

º©ª¾°− ªº®Áê−²¾¨Ã− (Internal Rate of Return: IRR)

ºñ©ª¾¦È¸−¢º¤°ö−¯½Â¹¨©ªÒªí−êô− (Benefit – Cost Ratio: B/C ratio).

22 February 2012 24
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û

²¾¡êó 2: êö®ê¸−Àº¡½¦¾− Áì½ ®ö©¸òÄ¥¡È¼¸¢Éº¤

2.7 ®ö© ò̧Ä¥¡È¼¸¢Éº¤:

²÷©¦½¹ Ȩ̀¾¤ Ä²´ ö̧¤, ¦ø−êº− «¾¸ó¸º− (2006) “¡¾−−¿ Ã§ûÁ¡Ê¦§ó¸½
²¾®Áê−Ä É́³õ− Áì½ «È¾− ¢º¤¯½§¾§ö−®É¾−Îº¤²ø¸¼¤ À ṍº¤¯¾¡¤̂´
Á¢¸¤−½£º−Í¸¤¸¼¤¥ñ−”.
Á¦¤²º− ö̧¤²øêº− (2009) “¯½À ó́−¡¾−−¿Ã§ÉÄ É́³õ−À°ö¾«È¾− μ øÈ®É¾−¦ö´
¦½¹¸¾© À ṍº¤¯¾¡¤̂´ −½£º−¹ù¸¤¸¼¤¥ñ−” .
Â´− ó ņ̃− £ø−®øìö´, ²º−¦½¹ ņ̃© ¯¾©¾ ö̧¤, ¦÷²¾²º− £ø−®øìò− (2010)
“ ¯ Â É ¦… É ¿Ã É Ê ó“£÷− -¯½-Â¹ -̈©ê¾¤©¾− -¦¤-Á¸©-ìº´ ¥¾¡-¡¾− -−¿-Ã§-Á¡©§¸½-²¾® ¢º¤
¯½§¾§ö−®É¾−Îº¤²ø¸¼¤ À ṍº¤¯¾¡¤̂´ Á¢¸¤ −½£º−Í¸¤¸¼¤¥ñ−”.

ò̧ê½Ä§ À²ñ©ì¼®, “¡¾−¯½À ó́−£¸¾´°ò© ȫ¡½ªò¢º¤ì½®ö®ê¾¤À©ó−¹¾¨
Ã¥ Áì½ ¦¾−À£ ó́ºñ−ª½ì¾¨ ªÒ²½− ñ¡¤¾−ìö´£ ņ̃−Á°È−μ¾¤ Ã−¦½¹½
¡º−¡º¤êô−¦¸−μ¾¤²¾ì¾ Á¢¸¤¦ö¤¢¾ ¯½Àê©Äê”.

22 February 2012 25

3.1 ò̧êó¡¾−¦ô¡¦¾:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3 1 1 ˆ õ ¦ô ¦3.1.1 À£º¤´¡¾−¦¡¦¾:

¦É¾¤Á®®³º´¦º®«¾´ 1 ¡÷È´ªö¸μ È¾¤£õ: ¡÷È´¦ô¡¦¾ Á È́−¡÷È´ªö¸μÈ¾¤¯½§¾
§ö−ê†−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®.

É̄º−¢Ó ǿ−ìö¤Ã− Ms. Excel À²̂º§º¡¹¾¥¿−¸−À ó̄À§ñ− (percentage),
£È¾¦ ÀìÈ¨ (M ) £È¾°ñ− È̄¼−´¾©«¾− (SD St d d Di i i )

22 February 2012 26

£¾¦½Àì¨ (Mean), £¾°−¯¼−´¾©«¾− (SD: Standard Divisions)
¢º¤¢Ó ǿ−Ã−¡÷È´ªö¸μ È¾¤.
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3.1 À£ˆº¤ ṍÃ−¡¾−¦ô¡¦¾:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3 1 2 Á®®¥¿ìº¤

Á®®¥¿ìº¤¡¾−¯¼®ê¼®ªí−êô− Áì½ °ö−¯½Â¹¨©ªº®Áê−¢º¤¡¾−
©¿À− ó−Â£¤¡¾−:

3.1.2 Á®®¥¿ìº¤

22 February 2012 27

Á®®¥¿ìº¤ê†Ã§ÉÃ−¡¾−êö©¦ö´ ÷́©«¾−ê¾¤¦½«òªò:

3.1 À£ˆº¤ ṍÃ−¡¾−¦ô¡¦¾:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3.1.3 ¦ö´ ÷́©«¾−¢º¤¡¾−¦ô¡¦¾:

ªí−êô−¢º¤¡¾−−¿Ã§ûÁ¡Ê¦§ó¸½²¾® Á È́−ÎÉº¨¡ Ȩ̀¾°ö−¯½Â¹¨©ê†Ä©É»ñ®
¥¾¡¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®¢º¤¯½§¾§ö− Ã−Â£¤¡¾−ªö¸Á®®Á¡Ê¦
§ó¸½²¾® Á¢¸¤¦½¹ ņ̃−−½À¢©.

22 February 2012 28
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3.2 ¡¾−À¡ñ®¡¿ì¸®ì¸´¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3.2.1 ÁÍÈ¤¢Ó ǿ−:
¢Ó ǿ−²¾¡¹Éº¤¡¾−À§„−: ²½Á−¡¡½¦ò¡¿ Œ È̄¾Ä É́Á¢¸¤¦½¹ ņ̃−−½À¢©,
Â£¤¡¾−ªö¸ Á®®Á¡Ê¦§ó¸½²¾®¦ø−¡¾¤ Áì½ Á¢¸¤¦½¹ ņ̃−−½À¢©,
®ñ−©¾¡½§¸¤ê†¡È¼¸ ¢Éº¤, Internet À§„−: www.google.com/biogas,
www.biogaslao.org Áì½ º̂−Å.

Ó œ †

22 February 2012 29

¢Ó ǿ− ²¾¡¦½Î¾´Á È́−Ä©É¥¾¡¡¾−¦¿Í¸©²œ−ê†ªö¸¥ò¤, ¡¾−¦¿²¾©
²¾¡¦È¸−¡È¼¸¢Éº¤, ¡¾−¦É¾¤Á®®³º´¦º®«¾´¡÷È´¦ô¡¦¾.

3.2 ¡¾−À¡ñ®¡¿ì¸®ì¸´¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3 2 2 ¯½§¾¡º− Áì½ ¡È´ªö¸μ È¾¤:3.2.2 ¯½§¾¡º− Áì½ ¡÷´ª¸μ¾¤:

¯½À²©®ÒÁ¡Ê¦ ¥¿−¸−¯½§¾¡º− ¢½Î¾©¢º¤ªö¸μ È¾¤

4 m3 95 39

6 m3 10 09

22 February 2012 30

8 m3 00 00

10 m3 02 02

Total 107 50
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3.3 ¡¾− ò̧À£¾½¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3.3.1 ¡¾−¸òÀ£¾½ªí−êô−¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®:
í(1). ªí−êô−¢º¤¡÷È´ªö¸μ È¾¤ Ã−¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®:

Á»¤¤¾−¢÷©®ÒÁ¡Ê¦
Äì¨½À¸ì¾ê†Ã§ÉÃ−¡¾−¢÷©®ÒÁ¡Ê¦
£È¾º÷¯½¡º−¡Ò¦É¾¤®ÒÁ¡Ê¦
Á»¤¤¾−¡¿´½¡º−§È¸¨¸¼¡¡Ò¦É¾¤®ÒÁ¡Ê¦
Äì¨½À¸ì¾ê†Ã§ÉÃ−¡¾−¡Ò¦É¾¤®ÒÁ¡Ê¦

22 February 2012 31

Äì¨ À¸ì êÃ§Ã−¡ −¡¦ ¤®Á¡¦
À− œºê†©ò−ê†Ã§ÉÃ−¡¾−¡Ò¦É¾¤®ÒÁ¡Ê¦
Äì¨½À¸ì¾Ã−ê†Ã§ÉÃ−¡¾−Àªó´ ǿ−¦ñ©Ã¦È®ÒÁ¡Ê¦
Á»¤¤¾−ê†Ã§ÉÃ−¡¾−Àªó´ ǿ−¦ñ©Ã¦È®ÒÁ¡Ê¦
−Õ ñ́−ìö©

3.3 ¡¾− ò̧À£¾½¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

í3.3.1 ¡¾−¸òÀ£¾½ªí−êô−¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®:
(2). ªí−êô−¢º¤Â£¤¡¾−ê†¯½¡º®Ã−¡¾−¦É¾¤®ÒÁ¡Ê¦:

º÷¯½¡º−ê†¯½¡º®Ã−¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®
¦ö´êö®êô−¡Ò¦É¾¤®ÒÁ¡Ê¦Ã¹É¯½§¾§ö−
£È¾£Õ¯½¡ñ−Ã−¡¾−¦É¾¤®ÒÁ¡Ê¦ ó̄êó 2

22 February 2012 32

£¾£Õ¯½¡−Ã−¡¾−¦¾¤®Á¡¦¯ê 2
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3.3 ¡¾− ò̧À£¾½¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3.3.2 ¡¾−¸òÀ£¾½°ö−¯½Â¹¨©¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®:
†(1). °ö−¯½Â¹¨©ê†¡÷È´ªö¸μ È¾¤Ä©É»ñ®¥¾¡¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®:

ÍÐ©°Èº−©É¾−À¸ì¾Ã−¡¾−Ä¯Àºö¾³õ−
ÍÐ©°Èº−£È¾Ã§É¥È¾¨©É¾−−Õ ñ́−Ã−¡¾−Ä¯Àºö¾³õ−
ÍÐ©°Èº−Á»¤¤¾−Ã−¡¾−Ä¯Àºö¾³õ−
Í©°Èº−£È¾Ã§É¥È¾¨Ã−¡¾−§œ³õ−
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ÍÐ©°º−£ Ã§¥ ¨Ã−¡ −§³−
ÍÐ©°Èº−£È¾Ä³³É¾
ÍÐ©°Èº−¡¾−§œ ÷̄Ë¨À£ ó́

ó́ì¾¨»ñ®¥¾¡¡¾−¢¾¨¡¾¡ ǿ−ìí−
ÍÐ©°Èº−£È¾Ã§É¥È¾¨Ã−¡¾−À©ó−ê¾¤Ä¯ …̄− ȫ¸²½¨¾©ê¾¤ì½®ö®¹¾¨Ã¥

3.3 ¡¾− ò̧À£¾½¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3.3.2 ¡¾−¸òÀ£¾½°ö−¯½Â¹¨©¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®:
(2). °ö−¯½Â¹¨©ê†¦ñ¤£ö´Ä©É»ñ®:

Á È́− ǿ−£È¾¡¾−Ã§É¯½Â¹¨©ê¾¤ºÉº´ (indirect use value) Íõ Á È́− ǿ−
£È¾ê†¦½êÉº−À«ò¤£¸¾´À²…¤²ðÃ¥¢º¤¦ñ¤£ö´Ä©É»ñ®¥¾¡¦…¤Á¸©ìÉº´ ê†À¡ó©
¢›−¥¾¡¡¾−Í©°Èº−¡¾−ªñ© ªí−Ä É́´¾À ñ̄−³õ− Áì½ À°ö¾«È¾−.
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ÍÐ «
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3.4 ¡¾−ªó£¸¾´Ï¾¨¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

ñ í ô Ã É Ê ó ñ ö ò3.4.1 ¡¾−¸ñ©ªí−êô−¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®À ñ̄−ªö¸À¤ò−:

Á»¤¤¾−¢÷©®ÒÁ¡Ê¦,
Äì¨½À¸ì¾ê†Ã§ÉÃ−¡¾−¢÷©®ÒÁ¡Ê¦,
Á»¤¤¾−¡¿´½¡º−§È¸¨¸¼¡¡Ò¦É¾¤ ®ÒÁ¡Ê¦,
Äì¨½À¸ì¾ê†Ã§ÉÃ−¡¾−¡Ò¦É¾¤®ÒÁ¡Ê¦,
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¤
À− œºê†©ò−ê†Ã§ÉÃ−¡¾−¡Ò ¦É¾¤®ÒÁ¡Ê¦,
Á»¤¤¾−ê†Ã§ÉÃ−¡¾−Àªó´ ǿ−¦ñ©Ã¦È®ÒÁ¡Ê¦
Äì¨½À¸ì¾ ê†Ã§ÉÃ−¡¾− Àªó´ ǿ−¦ñ©Ã¦È®ÒÁ¡Ê¦.

3.4 ¡¾−ªó£¸¾´Ï¾¨¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

ñ ö Â Ã É Ê ó ñ ö ò3.4.2 ¡¾−¸ñ©°ö−¯½Â¹¨©¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®À ñ̄−ªö¸À¤ò−:

°ö−¯½Â¹¨©ê†®ÒÀ¯ñ−ªö¸À¤ò−¥¾¡¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾¨:
¡¾−ÍÐ©°Èº− Á»¤¤¾−Ã−¡¾−Ä¯Àºö¾³õ−,
¡¾−ÍÐ©°Èº−©É¾−À¸ì¾Ã−¡¾−Ä¯Àºö¾³õ−,
¡¾−Í©°Èº−¡¾−ªñ©ªí−Ä É́´¾À ñ̄−³õ− Áì½ À°ö¾«È¾−.

22 February 2012 36

ÍÐ «
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3.4 ¡¾−ªó£¸¾´Ï¾¨¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3.4.3 ¡¾−ªó£¸¾´Ï¾¨£¸¾´£É´£È¾¢º¤Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾®:3.4.3 ¡¾−ª£¸¾´Ï¾¨£¸¾´£÷´£¾¢º¤Â£¤¡¾−ª¸Á®®Á¡¦§¸ ²¾®:

¡¾−¸ñ©£¸¾´£÷É´£È¾ ¢º¤Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾®Á¢¸¤¦½¹ ņ̃−
−½À¢© Â©¨¡¾−¦ô¡¦¾¢Ó ǿ−¥¾¡¡÷È´ªö¸μÈ¾¤− ˜− Á È́−¯½ªò®ñ©Ä©É©É¸¨
¡¾−¯¼®ê¼®ªí−êô− Áì½ °ö−¯½Â¹¨©¢º¤Â£¤¡¾− Â©¨−¿Ã§ÉÍñ¡
À¡− ǿ−£È¾¯½¥÷®ñ−¢º¤°ö−ªº®Áê− Íõ °ö−¯½Â¹¨©¦÷©êò (Net Present
Value: NPV), ºñ©ª¾°ö−ªº®Áê−²¾¨Ã− (Internal Rate of Return:

ñ È ö Â Ò í ô
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IRR) Áì½ ºñ©ª¾¦È¸−¢º¤°ö−¯½Â¹¨©ªÒªí−êô− (Benefit – Cost
Ratio: B/C ratio).
ºñ©ª¾¦È¸−ÍÐ© ê†Ã§ÉÃ−¡¾−£¿−¸−£̃¤− šÁ È́− 12%

3.4 ¡¾−ªó£¸¾´Ï¾¨¢Ó´ø−:

²¾¡êó 3: ¸òêó¡¾−¦ô¡¦¾

3.4.4 ¡¾−êö©¦º®¦ö´´©«¾−:3.4.4 ¡¾−ê©¦º®¦´ ÷́©«¾−:

«É¾£È¾¢º¤ Z − Éº¨¡È¸¾£È¾¸ò¡ò©, ¦½Á©¤ Ȩ̀¾¯½ªòÀ¦© H0 Ï¾¨£¸¾´ Ȩ̀¾:
©É¸¨ì½©ñ®£¸¾´À§œºÏ˜− 95%, ¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®¢º¤¯½§¾§ö−
²¾¨Ã−Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾®Á¢¸¤¦½¹ ņ̃−−½À¢© Á È́−À¡ó©

ó́°ö−¯½Â¹¨©¥¾¡¡¾−¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾® ¦ø¤¡È¸¾ªí−êô−¢º¤¡¾−
−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®μ È¾¤ÁêÉ¥ò¤.
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«É¾£È¾¢º¤ Z Ã¹ È̈¡È¸¾£È¾¸ò¡ò© , ¦½Á©¤ Ȩ̀¾¨º´»ñ® H0 Ï¾¨£¸¾´ Ȩ̀¾:
©É¸¨ì½©ñ®£¸¾´À§œºÏ˜− 95%, ¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®¢º¤¯½§¾§ö−
²¾¨Ã−Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾®Á¢¸¤¦½¹ ņ̃−−½À¢© Á È́−À¡ó© ó́
°ö−¯½Â¹¨©¥¾¡¡¾−¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾® ¦ø¤¡È¸¾ªí−êô−¢º¤¡¾−
−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®®Ò ó́£¸¾´À ñ̄−¥ò¤.
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4.1 ¦½²¾®ê‰¸Ä¯ ¡È¼¸¡ñ®²œ−ê†¡¾−¦ô¡¦¾:

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

ñ ó ö ó È œ óÁ¢¸¤¦½¹ ņ̃−−½À¢© ó́ GDP ¦ö¡ ó̄ 2009 Œ 2010 Á´È− 6,918.55 ªœ¡ó®
À§…¤¦½ÀìÈ¨ªÒ¹ö¸£ö−Ä©É 897 Â©ë¾¦½¹½ìñ©.
Â£¤¯½¡º®ê¾¤©É¾−À¦©«½¡ò©¢º¤Á¢¸¤: ©É¾−¡½¦ò¡¿ Œ È̄¾Ä É́
49.04% À²†´¢›− 7.29%, º÷©¦¾¹½¡¿ 24.54% À²†´¢›− 16.28% Áì½
¡¾−®ðìò¡¾− 26.42% À²†´¢›− 16.50%.
À ṍº¤¥¿²º−ª̃¤¹È¾¤¥¾¡ê†ª̃¤¢º¤Á¢¸¤¦½¹ ņ̃−−½À¢© Ä¯ê¾¤êò©ª¾
À ņ̃−ºº¡ 54 ¡òÂìÁ ñ́© GDP ¦ö¡ ó̄ 2009 2010 ¦½ÀìÈ¨ªÒ¹ö¸£ö−Ä©É
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À¸−ºº¡ 54 ¡ÂìÁ´©. GDP ¦¡¯ 2009 Œ 2010 ¦½Àì¨ª¹¸£−Ä©
9,699,074 ¡ó®
Â£¤¯½¡º®ê¾¤©É¾−À¦©«½¡ò©À ṍº¤¥¿²º−: ¡½¦ò¡¿ Œ È̄¾Ä É́ ¡¸´
80.32% , º÷©¦½¹½¡¿ Œ ¹ñ©«½¡¿¡¸´ 14.49% Áì½ ©É¾−®ðìò¡¾−
¡¸´ 5.19%

4.1 ¦½²¾®ê‰¸Ä¯ ¡È¼¸¡ñ®²œ−ê†¡¾−¦ô¡¦¾ (ªÒ):

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

BPP/SVK Á´È−«õ¡¥ñ© ª̃¤¢›−Ã−¸ñ−êó 10 ó́«÷−¾ 2008
Â©¨Á È́−ÁÎ¤¡¾−¯½ ö́¤ Áì½ ìÉ¼¤¦ñ© ²½Á−¡¡½¦ò¡¿ Œ È̄¾Ä É́Á¢¸¤
¦½¹¸ñ−−½À¢© À ñ̄−°øÉ¥ñ©ª̃¤¯½ªò®ñ©Â£¤¡¾−.
ÎÉ¾¸¼¡¢º¤Â£¤¡¾− ó́©„¤− š:

(1) ±ô ö ö ñ ò
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(1). ¸¼¡¤¾−¡¾−±¡º®»´²½−¡¤¾−¸§¾¡¾−:
Œ ±ô¡ºö®»ö´²½− ñ¡¤¾−¸ò§¾¡¾−¢̃−Á¢¸¤Ä©É 4 êÈ¾−
Œ ²½− ñ¡¤¾−¸ò§¾¡¾− ¢̃−À ṍº¤ 13 êÈ¾−
Œ −¾¨§È¾¤¦¿ìñ®¦É¾¤®ÒÁ¡Ê¦ 60 êÈ¾−.
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4.1 ¦½²¾®ê‰¸Ä¯ ¡È¼¸¡ñ®²œ−ê†¡¾−¦ô¡¦¾ (ªÒ):

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

(2). ¸¼¡¤¾−Â£¦½−¾ Áì½ ¦‰¤À¦ó´¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®:¼

ó̄ ¥¿−¸−®É¾− °øÉÀ¢í¾»È¸´êñ¤Ïö© ò̈¤

2008 78 4,100 1,621

2009 67 3,536 1,289

22 February 2012 41

2010 47 2,303 690

ì¸´ 192 9,939 3,600

4.1 ¦½²¾®ê‰¸Ä¯ ¡È¼¸¡ñ®²œ−ê†¡¾−¦ô¡¦¾ (ªÒ):

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

(3). ¸¼¡¤¾−¡Ò¦É¾¤®ÒÁ¡Ê¦§ó¸½²¾®:

À´õº¤ 2008 2009 2010 ì¸´

Ä¡¦º−²ö´ ò̧¹¾− 12 61 12 52

º÷ê÷´²º− 9 28 6 43

Ä§²øêº¤ 9 26 5 40

¦º¤£º− 6 52 15 73

º¾©¦½²ñ¤êº¤ 15 82 28 125

¥¿²º− 4 66 20 90
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Ä§®øìó 1 19 2 22

º¾©¦½²º− 0 23 8 31

§ö−−½®øìó Na 3 5 8

²½ì¾−Ä§ Na Na 0 0

²ó− Na Na 1 1

ì¸´ 56 360 102 518
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4.2 ¦½²¾®ê‰¸Ä¯¢º¤¡÷È´ªö¸μ È¾¤:

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

À²© ¥¿−¸− (£ö−) À¯óÀ§ñ− (%)

¨ò¤ 12 24

§¾¨ 38 76

22 February 2012 43

ì¸´ 50 100

4.2 ¦½²¾®ê‰¸Ä¯¢º¤¡÷È´ªö¸μ È¾¤ (ªÒ):

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

ó óº¾§ó® ¥¿−¸− (£ö−) À¯óÀ§ñ− (%)

²½− ñ¡¤¾−ìñ© 7 14

ê½¹¾− 2 4

ª¿Í¸© 1 2
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¯ø¡±ñ¤ Œ ìÉ¼¤¦ñ© 36 72

£É¾¢¾¨ê‰¸Ä¯ 4 8

ì¸´ 50 100
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4.2 ¦½²¾®ê‰¸Ä¯¢º¤¡÷È´ªö¸μ È¾¤ (ªÒ):

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

À¡−º¾ ÷̈¦½´¾§ò¡
Ã−£º®£ö¸

¥¿−¸−£ö− À¯óÀ§ñ− (%)

ì¸´ ò̈¤ ì¸´ ò̈¤

ªÔ¡È¸¾ 15 ¯ó 2 1 28.57 25

15 Œ 60 ¯ó 4 2 57.14 50

22 February 2012 45

60 ¯ó¢›−Ä¯ 1 1 14.29 25

ì¸´ 7 4 100 100

4.2 ¦½²¾®ê‰¸Ä¯¢º¤¡÷È´ªö¸μ È¾¤ (ªÒ):

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

ó †Ã ó ó¯óê†Ã§ÉÁ¡Ê¦§ó¸½²¾® ¥¿−¸− £º®£ö¸ À¯óÀ§ñ− (%)

2008 (1) 9 18

2009 (2) 22 44

2010 (3) 13 26
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2011 (4) 6 12

ì¸´ 50 100

£È¾¦½ÀìÈ¨ 2.32
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4.3 ªí−êô−¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®¢º¤¡÷È´ªö¸μ È¾¤:

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

ªí−êô−¢º¤¡÷È´ªö¸μ È¾¤ªÒ 1 ®ÒÁ¡ü¦ ªí−êô−Â£¤¡¾−ªÒ 1 ®ÒÁ¡Ê¦
Ò£È¾Á»¤¤¾−£÷´¢÷´®ÒÁ¡Ê¦ 252,000 ´ø−£È¾º÷¯½¡º−¡¾−Ã§ÉÁ¡Ê¦ 302,000

£È¾º÷¯½¡º−¡Ò¦É¾¤®ÒÁ¡Ê¦ 784,000 À¤ò−¦ö´êö®¡¾−¡Ò¦É¾¤®ÒÁ¡Ê¦ 820,000
£È¾Á»¤¤¾−¡¿´½¡º− 189,000 »ñ®¯½¡ñ−£÷−½²¾®®ÒÁ¡Ê¦ 200,000
´ø−£È¾À− œºê†©ò−¡Ò¦É¾¤®ÒÁ¡Ê¦ 1,575,000
´ø−£È¾Á»¤¾−Àªó´ ǿ−¦ñ© 25,440
−Õ´ñ−ìö© 15,400
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ì¸´ 2,840,40 1,322,000
ªí−êô−Ã−¯ó«¾− (0: 2009): 3,922,000
ªí−êô−¯óêó 1 (2010) 240,840
ªí−êô−¯óêó 2 (2011) À¯ñ−ªí−´¾ 40,840

4.4 °ö−¯½Â¹¨©¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®¢º¤¡÷È´ªö¸μ È¾¤:

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

°ö−¯½Â¹¨©¢º¤¡÷È´ªö¸μ È¾¤ªÒ 1 ®ÒÁ¡ü¦ °ö−¯½Â¹¨©¢º¤¦ñ¤£ö´ªÒ 1 ®ÒÁ¡Ê¦
´ø−£È¾¡¾−Ã§É−Õ´ñ− 18,800 ´ø−£È¾¡¾−©ø©§ñ® CO2

¢º¤ ªí−Ä´Éê†£ö¤μ øÈ
1,280,000

´ø−£È¾Á»¤¤¾−ê†®ÒÄ©ÉÄ¯Àºö¾³õ− 82,080
´ø−£È¾¡¾−§œ³õ−ê†ì÷©ìö¤ 84,000
´ø−£È¾ì÷©°Èº−£È¾Ä³³É¾ 107,560
´ø−£È¾¡¾−ì÷©£È¾§œ¯÷Ë¨À£´ó 2,100,000
´−£È¾¡¾−¢¾¨¡¾¡´−ìí− 14 000
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´ø−£¾¡¾−¢¾¨¡¾¡´ø−ì− 14,000
ǿ−£È¾ì÷©£È¾Ã§É¥È¾¨¡¾−Ä¯ …̄−¯ö¸

²½¨¾©ì½®ö®ê¾¤À©ó−¹¾¨Ã¥
15,000

°ö−¯½Â¹¨©¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®− ñ®ÁªÈ¯ó
êó 1 À¯ñ−ªí−´¾

3,701,440
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4.5 ¯¼®ê¼®ºñ©ª¾¦È¸−ì½¹ Ȩ̀¾¤°ö−¯½Â¹¨© ¡ñ®ªí−êô−¢º¤¡¾−
−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®¢º¤ªö¸μ È¾¤:

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

¡¾−¸òÀ£¾½£¸¾´£÷É´£È¾¢º¤Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾® ¥¾¡¡÷È´ªö¸
μ È¾¤©„¤¡È¾¸ Ã−Äì¨½À¸ì¾ 15 ó̄ (− ñ®êñ¤ ó̄«¾−), £õ−ñ®ÁªÈ ó̄ 2009 Œ
2023. Â©¨«õ Ȩ̀¾«¾−¢Ó ǿ−©É¾−ªÈ¾¤Å Á È́−£ö¤ê†− ñ®ÁªÈ ó̄ 2009 À¯ñ−ªí−
´¾. ÁªÈ¡¾− ò̧À£¾½£¸¾´£÷É´£È¾¢º¤Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾®£̃¤−š
Á È́−−¿Ã§É ǿ−£È¾ªí−êô− Áì½ °ö−¯½Â¹¨©ê†Ä©É»ñ®¥¾¡¡¾−−¿Ã§ÉÁ¡Ê¦
§ó¸½²¾®¦½ÀìÈ¨ªÒªö¸μÈ¾¤ Íõ ªÒÎ‡¤®ÒÁ¡Ê¦Àê‰¾− ˜−. ì¾¨ì½º¼©À®…¤ª¾ª½

ÒÄ¯ š
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ì¾¤ªÄ¯−

ó̄êó (t) CG PVCG= CG/(1+0.12)t BG PVBG= BG/(1+0.12)t NPV

2009 (0) 3,922,000 3,922,000.00 Œ Œ (3,922,000.00)

2010 (1) 240,840 215,035.71 3,701,440 3,304,857.14 3,009,217.39 

2011 (2) 40,840 32,557.40 3,701,440 2,950,765.31 2,767,939.51 

2012 (3) 40,840 29,069.11 3,701,440 2,634,611.88 2,406,903.92 

2013 (4) 40,840 25,954.56 3,701,440 2,352,332.04 2,092,959.93 

2014 (5) 40,840 23,173.71 3,701,440 2,100,296.46 1,819,965.16 

2015 (6) 40,840 20,690.81 3,701,440 1,875,264.70 1,582,578.40 

2016 (7) 40,840 18,473.94 3,701,440 1,674,343.48 1,376,155.13 

2017 (8) 40,840 16,494.59 3,701,440 1,494,949.54 1,196,656.63 

2018 (9) 40,840 14,727.31 3,701,440 1,334,776.37 1,040,570.99 
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2019 (10) 40,840 13,149.39 3,701,440 1,191,764.62 904,844.34 

2020 (11) 40,840 11,740.52 3,701,440 1,064,075.55 786,821.16 

2021 (12) 40,840 10,482.61 3,701,440 950,067.46 684,192.31 

2022 (13) 40,840 9,359.47 3,701,440 848,274.51 594,949.84 

2023 (14) 40,840 8,356.67 3,701,440 757,387.96 517,347.69

Total 4,693,760 4,371,265.82 51,820,160 24,533,767.01 16,859,102.39
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4.5 ¯¼®ê¼®ºñ©ª¾¦È¸−ì½¹ Ȩ̀¾¤°ö−¯½Â¹¨© ¡ñ®ªí−êô−¢º¤¡¾−
−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®¢º¤ªö¸μ È¾¤ (ªÒ):

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

¥¾¡ª¾ª½ì¾¤¢É¾¤Àêò¤− ˜− À¹ñ−¸È¾:¥¾¡ª¾ª ì¾¤¢¾¤Àê¤−− À¹−¸¾:
Œ NPV = 16,859,102.39 ¡ó®.
Œ B/C = PVB/PVC = 5.61
Œ IRR = 90.90%

Ä©É¥¾¡:
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4.6 ¡¾−êö©¦º®¦ö´´÷©«¾−¢º¤¡¾−¦ô¡¦¾:

²¾¡êó 4: °ö−Ä©É»ñ®¢º¤¡¾−¦ô¡¦¾

¥¾¡¡¾−êö©¦º®¦ö´´©«¾− À²̂º¸ñ©°ö−¢º¤¡¾−¦ô¡¦¾¢Ó´−ªí−êô− Áì½¥¾¡¡¾−ê©¦º®¦´ ÷́©«¾− À²º¸©°−¢º¤¡¾−¦¡¦¾¢ ǿ−ª−ê− Áì½
°ö−¯½Â¹¨©¦½ÀìÈ¨¥¾¡¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾® ¢º¤¡÷È´ªö¸μÈ¾¤Á È́−
À¹ñ− Ȩ̀¾: Z = - 9.84 À§…¤− Éº¨¡È¸¾£È¾¸ò¡ò©, ¦½Á©¤ Ȩ̀¾: ¯½ªòÀ¦© H0
Ï¾¨£¸¾´ Ȩ̀¾: ©É¸¨ì½©ñ®£¸¾´À§œºÏ˜− 95%, ¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½
²¾®¢º¤¯½§¾§ö− ²¾¨Ã−Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾® Á¢¸¤¦½¹ ņ̃−
−½À¢© Á È́−À¡ó© ó́°ö−¯½Â¹¨©ê†Ä©É»ñ®¥¾¡¡¾−¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½
²¾®¦ø¤¡È¸¾ªí−êô−¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®μ È¾¤ÁêÉ¥ò¤.
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5.1 ¦½ÍÐ®°ö−¢º¤¡¾−¦ô¡¦¾:

²¾¡êó 5: ¦½ÍÐ® Áì½ ¡¾−¦½ÀÎóÁ−½

• ªí−êô−Ã−¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾® ¦½ÀìÈ¨ªÒªö¸μÈ¾¤Á È́−: 4,162,840
¡ó®. °ö−¯½Â¹¨©¦È¸−À²†´ê†Ä©É»ñ®¥¾¡¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®¦½ÀìÈ¨

Ò
§ §

ªÒªö¸μ È¾¤Á È́− 3,701,440 ¡ó®.
• ºñ©ª¾¦È¸−ì½¹ Ȩ̀¾¤°ö−¯½Â¹¨© ¡ñ®ªí−êô−¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦ªÒªö¸μ È¾¤

Àê‰¾¡ñ® 5.61, ǿ−£È¾¯½¥÷®ñ−¦÷©êò¢º¤¡¾−−¿Ã§û Á¡Ê¦§ó¸½²¾®ªÒªö¸μ È¾¤
Àê‰¾¡ñ® 16,859,102.39 ¡ó® Áì½ ºñ©ª¾°ö−ªº®Áê−²¾¨Ã−ªÒªö¸μÈ¾¤
Àê‰¾¡ñ® 90.90%. Ï¾¨£¸¾´ Ȩ̀¾: Ã−ªö¸μ È¾¤ê†À»ö¾¦ô¡¦¾− ˜− Â£¤¡¾−ªö¸
Á®®Á¡Ê¦§ó¸½²¾®Á¢¸¤¦½¹ ņ̃−−½À¢© Á´È− ó́£¸¾´£÷É´£È¾Ã−¡¾−
ìö¤êô−.
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ì¤ê−.
• ©É¸¨ì½©ñ®£¸¾´À§œºÏ˜− 95%, ¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾® ¢º¤¯½§¾§ö−

²¾¨Ã−Á¢¸¤¦½¹ ņ̃−−½À¢© Á´È−À¡ó© ó́°ö−¯½Â¹¨©ê†Ä©É»ñ®¥¾¡¡¾−
−¿Ã§ÉÁ¡Ê¦§ó¸½²¾® ¦ø¤¡È¸¾ªí−êô−¢º¤¡¾−−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®μ È¾¤
ÁêÉ¥ò¤.

5.2 ¡¾−¦½ÀÎóÁ−½:

²¾¡êó 5: ¦½ÍÐ® Áì½ ¡¾−¦½ÀÎóÁ−½

1. Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾®¦ø−¡¾¤ Œ Á¢¸¤ Œ À ṍº¤ »È¸´ ṍ
¡ñ® ¢½ÁÎ¤¡¾−¦‰¤À¦ó´¡¾−¯ø¡±ñ¤ Œ ìÉ¼¤¦ñ©μ È¾¤¥ò¤¥ñ¤ Ã−¡¾−−¿
Ã§É¡¾¡´ø−ìí−¥¾¡®ÒÁ¡Ê¦ Ã¹ÉÀ¡ó©°ö−¯½Â¹¨©¦ø¤¦÷©

2. Â£¤¡¾−ªö¸Á®®Á¡Ê¦§ó¸½²¾®¢̃−Ã©¡Òª¾´, ªÉº¤¦‰¤À¦ó´Ã¹É¯½
§¾§ö−Ä©É−¿Ã§ÉÁ¡Ê¦§ó¸½²¾®Ã¹É«õ¡¡÷È´À í̄¾Ï¾¨μ È¾¤ÁêÉ¥ò¤.

3. «É¾− ñ¡¦ô¡¦¾êÈ¾−Ã© ê†¦ö−Ã¥¡È¼¸¡ñ®¹ö¸¢Ó¢º¤¡¾−¦ô¡¦¾©„¤¡È¾¸
š È óÃ É ó ô ¯ í ô ö ¯ Â
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−, Á´−¦½ÀÎÃ¹´¡¾−¦¡¦¾¯¼®ê¼®ª−ê− Œ °−¯½Â¹¨©
ê†Ä©É»ñ® ©É¸¨¡¾−¦ô¡¦¾¥¾¡¡÷È´¦ô¡¦¾ ¡ñ® ¡÷È´¯¼®ê¼®μ È¾¤
§ñ©À¥−.
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Thanks for your Attention
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».¦. º¾ìó¦  §¾®¯
¦½«¾®ñ− Àªñ¡Â−Âìμó −¾Å§¾© ¦òëó−êº−

• ¦½«¾−½²¾® ¢º¤¢šÀ¹¨ˆº Áì½ 
ì½®ö®¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº

Â È• −½Â¨®¾¨Á¹È¤§¾© 
Áì½À¯í¾¹´¾¨¢º¤¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº

• ²¾¡¯½ªò®ñ©ªö¸μ È¾¤
• ¡¾−¹ì÷©°Èº−¡¾− È̄º¨Á¡¦¦øÈÀ»õº−Á¡É¸
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À− œºêÀ− œºê††
¯½ìò¯½ìò´́¾− ¢šÀ¾− ¢šÀ¹¹¨̈ˆº  (Âª−/¸ñ−)ˆº  (Âª−/¸ñ−)

20032003 20052005 20062006 20082008 2009200920032003 20052005 20062006 2008 2008 
(PCD)(PCD)

2009 2009 
(PCD)(PCD)

®¾¤¡º¡ ®¾¤¡º¡ 9,3569,356 8,2918,291 8379 8379  8,7808,780 8,8348,834

(+0.6%)(+0.6%)

ÀêÀê©¦½®¾− ©¦½®¾− 
Áì½ªö¸ÀÁì½ªö¸À´́õº¤²ñ©ê½õº¤²ñ©ê½¨̈¾¾
(2007 É )(2007 É )

12,50012,500 12,63512,635 12,91212,912 14,91514,915 16,36816,368

(+9.7%)(+9.7%)

(2007 ¹º¤¡¾−)(2007 ¹º¤¡¾−)
ÀÀ´́õõº¤−Éºº¤−Éº¨̈º̂−Åº̂−ÅÁì½ Áì½ 
¹¹ºÉ¤¡¾−®ðìòºÉ¤¡¾−®ðìò¹¹¾−À¾−À´́õº¤º‡−Åõº¤º‡−Å  

((55,,770 770 ¹¹Éº¤¡¾−)Éº¤¡¾−)

18,10018,100 18,29518,295 18,69718,697 17,36917,369 16,20816,208

((‐‐6.68%)6.68%)

ì¸ì¸´́ 39,95639,956 39,22139,221 39,98839,988 41,06441,064 41,41041,410

¦½¦½²²¾®¡¾− Ã−¡¾−¥ñ©¡¾−¢šÀ¾®¡¾− Ã−¡¾−¥ñ©¡¾−¢šÀ¹¹¨̈ˆº̂º
15.16 MT

5.09 MT
À°ö¾ê†¦½¹−¾´¢šÀ¹¨̂º

¢šÀ¹¨̂̈º 
100% ¡¿¥ñ©®Ò«õ¡¸òêó

60%

7.64 MT
À°ö¾Á®®¡º¤À¯ó©

¦¾´¾©À¡ñ®Ä©É 84%
(12.73 MT)

¡¿¥ñ©ê†¦½¹−¾´¢šÀ¹¨̂º
40%

4

3.34 MT

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

£¸¾´¦¾´¾©®ö´§Éº−80%

(12.13 MT)
°½ìò©£õ−Ä¹´È 22% 
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ºö¤¯½¡º®¢šÀ¹¨̂º

(%  ¢º¤−ÕÎñ¡¯¼¡)

²¾¡ª¾¤Å¢º¤¯½Àê©Äê

ÀÎõº ¡¾¤
ª¾À¸−ºº¡

¦È¼¤ÀÎõº
ª¾À ņ̃−ºº¡ ÃªÉ ¦½À¹ìú È̈

¦¼¤ÀÎº

ºò−§ó 59.71 62.56 67.53 67.53 57.65 61.43

¢šÀ¹¨̂º¥¾¡¦¸− 0.96 0.60 0.51 0.77 0.25 0.62

°½ìò©Ä¹´ÈÄ©É 24.06 20.43 20.21 21.61 26.73 22.61

š ˆ ñ¢šÀ¹¨̂ººñ−ª½ì¾¨ 0.05 0.34 0.14 0.37 0.19 0.22

¢šÀ¹ ‡̈ºº‡−Å 15.23 16.34 11.61 17.57 15.18 15.19

ì¸´êñ¤¹´ö© 100 100 100 100 100 100

Waste Density (kg/m3) 179.47 185.28 176.82 167.28 209.40 183.65

Paper
8.2% Metals

wood
0.7%

Others
3.2%

Fabrics 
1.4%

2.1%

Plastics
16.8%

Rubber/Leather
0.5%

6

Glass
3.5%

Food/
Organic content

63.6%

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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¦½Î¾¦½Î¾´́¢šÀ¢šÀ¹¹¨̂̈ºˆº
©¿À−ó−¡¾−Ä©É   94 Á¹È¤
Àªñ´ÁìÉ¸ 10 Á¹È¤
®Ò¦¾´¾©©¿À−ó−¡¾−Ä©É  6 Á¹È¤
Un¡¿ìñ¤¸¾¤Á°−¹ìõ¡Ò¦É¾¤11 Á¹È¤ Un¡¿ì¤¸¾¤Á°−¹ì¡¦¾¤11 Á¹¤

Àªö¾ÀÀªö¾À°°ö¾ö¾
Àê¦½®¾−À ṍº¤²øÀ¡© (250 T/ ņ̃−)
Àê¦½®¾−À ṍº¤ ¦½ ÷́¨* (140 T/ ņ̃−)

  ì¿²ø−  ** (10 T/ ņ̃−)
  Kao Tao (5T/¸ñ−)

    * ò̄©À²̂º§ºÉ´®¿ì÷¤»ñ¡¦¾
** ò̄©

ì½®ö®¯½¦öì½®ö®¯½¦ö´́½¦¾−¡ñ−½¦¾−¡ñ−

ขอมูล ณ
 เดือน

7

ì½®®¯½¦ì½®®¯½¦´́½¦¾−¡−½¦¾−¡−
¸¼¤³ñ¤ 150 T/¸ñ−

 ë½¨º¤  80 T/¸ñ−
 ¥ñ−ê½®øìó** 400 T/ ņ̃−
 À´Ã¦    60 T/ ņ̃−

** ò̄©

นพฤษภาคม 2554

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

¯ó ºñ©ª¾°½ìò©¢šÀ¹¨̂º
(Âª−/ ņ̃−) ¯ó ºñ©ª¾°½ìò©¢šÀ¹¨̂º

(Âª−/ ņ̃−)

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

1 6 81 2 6 6

8

2012 41,456.81 2020 42,654.65

2013 41,630.50 2021 42,779.57

2014 41,796.11 2022 42,900.26

2015 41,954.36

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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• −¿Ã§É 3Rs À²̂º®ñ−ì÷ ¡¾−ì÷©°Èº−¢šÀ¹¨̂º & ¡¾−−¿Ã§É;
• ¦‰¤À¦ó´ì½®ö®¡¾−¥ñ©¡¾−¢šÀ¹¨̂ºÁ®®¯½¦ö´¯½¦¾− À²̂ºì÷©°Èº− 

À−œºê†¢º¤¦½Î¾´¢šÀ¹¨̂ºìö¤ Áì½°½ìò©²½ìñ¤¤¾−êö©Áê−¤ ¤ ¤¤
• À²ó´ê½ ó̧¡¾−»È¸´ ṍ¡ñ− ¡ñ®²¾¡ìñ© μÈ¾¤Ã¡É¦ò© 

À²̂º¦É¾¤¦…¤º¿−¸¨Ã¹É¡¾−¥ñ©¢šÀ¹¨̂º
• º½−÷ ñ́© Ã¹É¦¾ê¾ì½−½§ö− Áì½Àº¡§ö− 

À¢í¾»È¸´Â£¤¡¾−¡¾−¥ñ©¡¾−¢šÀ¹¨̂º

• À¯í¾¹´¾¨¢šÀ¹¨ˆºÁ¹È¤§¾©
• ¡¾−¹ì÷©°Èº−¢šÀ¹¨ˆºìö¤ ®ÒÃ¹ÉªÔ¡¸È¾ 30%

¿Ã É 3– −¿Ã§É 3Rs
– ¦ñ−¹¾¦ó¢¼¸

• ì½®ö®¡¾−¥ñ©¡¾−¢šÀ¹¨ˆºÁ®®¯½¦ö´¯½¦¾−
– ¡¾−¡¿¥ñ©¢šÀ¹¨̂º Ã−ê¾¤¯½ªò®ñ© 

Á®® ò̧¦½¸½¡¿®ÒÃ¹É¹ì÷© 40%
• ì½®ö®¡¾−¥ñ©¡¾−¢šÀ¹¨ˆººñ−ª½ì¾¨

É ñ š ˆ ñ Ã É õ ò ó– ªÉº¤¥ñ©¡¾−¢šÀ¹¨ˆººñ−ª½ì¾¨Ã¹É«õ¡¸òêó
μ È¾¤ÎÉº¨®ÒÃ¹É¹ì÷© 30%
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Reference on Policy Issues

Reference on Policy Issues
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¢½Î¾©¢º¤À¢© ¡¾−»ñ®²¾ì½¢šÀ¹¨̂º¦øÈì½®ö® Âª−/ ņ̃−
À¢©¢½Î¾©Ã¹¨È >500
À¢©¢½Î¾©¡¾¤

M1 250 ‐ 500

M2 100 ‐ 250

M3 50 ‐ 100

À¢©¢½Î¾©ÎÉº¨ < 50

Reference on Policy Issues

Reference on Policy Issues
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• ó́¹ì¾¨Â£¤¡¾− ¡¾−¥ñ©¡¾− ¢šÀ¹¨̂º 
μøÈ¯½Àê©Äê Ä©É«õ¡−¿ 

ˆ
ø «

Ä¯¯½ªò®ñ©Ã¹ÉÀ¡ó©°ö− À−̂º¤ ´¾¥¾¡ 
¡¾−À ñ̄−¹÷É−¦È¸−¡ñ−ì½¹ Ȩ̀¾¤²¾¡ ìñ© 
Áì½²¾¡Àº¡§ö− 

¢šÀ¹¨ˆºªö¸À´õº¤ª¾´Á®®ê¿´½©¾
¢šÀ¢šÀ¹¹¨̂̈ºªˆºªö¸Àö¸À´́õõºº ••  ¡º¤Ä¸ÉÁ®®¡º¤Ä¸ÉÁ®®À¯óÀ¯ó©©

••  ÀÀ°°ö¾Á®®ö¾Á®®À¯óÀ¯ó©©

••  ÃÃ§§ÉÀªö¾ÀÉÀªö¾À°°ö¾ö¾••  ÃÃ§§Àª¾ÀÀª¾À°°¾¾

••  ¦½Î¾¦½Î¾´́¢šÀ¢šÀ¹¹¨̈ˆºˆº

Â ?Â ?

16

¡¾ì½Âº¡¾©?¡¾ì½Âº¡¾©?

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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¡¾−¥ñ©¡¾−¢šÀ¹¨ˆºÁ®®»È¸´¡ñ−: ¡¾ì½Âº¡¾©

¡¾−¹ì÷©¢šÀ¹¨̂ºìö¤
/¡¾−Á¨¡ 
μøÈ®ºÈ−°½ìò©

¡¾−−¿Ã§É ¢šÀ¹¨̂º

•¡¾−®‰´±÷È−

• ¢šÀ¹¨̂ºÀ ñ̄−²½ìñ¤¤¾−

¡¾−Á¨¡¢™À¹¨̂º

¡¿¥ñ©¢˜−¦÷©êÉ¾¨
(¦½Î¾´¢šÀ¹¨̂º)

• ¡¾−Á¨¡¢À¹¨º

¸óêó©¿À− ó−¡¾−¯½¥®ñ−

17

¸ê©¿À−−¡¾−¯½¥÷®−
 ¡¾−¥ñ©¡¾− ¢šÀ¹¨ˆº Á®®§÷´§ö−À ñ̄−¹ìñ¡
¢šÀ¹¨ˆº À¯ñ−²½ìñ¤¤¾−
 ¡¾−¥ñ©¡¾− ¢šÀ¹¨ˆº Á®®»È¸´¡ñ−

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

¡¾−¥ñ©¡¾−¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº Á®®§÷´§ö− À¯ñ−¹ìñ¡ 

ÁÁ¹¹ìÈ¤ìÈ¤
¦…¤º¿−¸¦…¤º¿−¸¨̈¼ Ã¼ Ã¹¹É É 
¡¾−¥ñ©¡¾−¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº 

HouseholdHousehold ComCom
m.m.

Waste CompositionWaste Composition

OrganicOrganic
6464%%

Plastics

newspaper

SeparationSeparation

CompostCompost

landfilllandfill¡¾−À ¡ñ®  ¡¾−À ¡ñ®  

Recyclable materialsRecyclable materials

Community compostingCommunity composting

BioBio--gasgas

Compost Compost 
teatea

18

6464%%

RecyclableRecyclable
30%30%

HazardousHazardous
3%3%

OthersOthers  33%%

Glass & 
Plastics bottles

Metals/cans

Household composting

Recycle materialRecycle material

OthersOthers

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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1. RDF 10,000 T/d

2. ¡¾−¡¾−°°½ìò©¡½Á¦Ä½ìò©¡½Á¦Ä³³³³É¾É¾ 400 MW

Or

20

MSWMSW  4040,,332 332 TT//dd
Expectation: 100T of MSW can generate 1 MW

Àªö¾Àªö¾ÀÀ°°ö¾ö¾

AD GasificationGasification

¡½Á¦Ä³³É¾

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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Â»¤¤¾−Ä³³É¾£¸¾´»Éº− ¥¾¡¢šÀ¹¨ˆºªö¸À´õº¤

¦ ó ² ® ö−® ó

  3  3  Â»¤¤¾− ÄÂ»¤¤¾− Ä³³³³É¾ ©¿À−ó−¡¾−μøÈ É¾ ©¿À−ó−¡¾−μøÈ 
44..075 075 MWMW

Â»¤¤¾− ÄÂ»¤¤¾− Ä³³³³É¾ ¡¿É¾ ¡¿ìñìñ¤¡Ò¦É¾¤¤¡Ò¦É¾¤
22..0202 MWMW

Àªö¾À°ö¾ ¢šÀ¨ˆº²øÀ¡© 

2.5 MW 

Á¡¦§ó¸½²¾® Áì½ ±÷−¹´ñ¡ê† ë½¨º¤ 
system 625 kW

Á¡¦§ó¸½²¾® À¢ö¾§É¾¤         
70 kW

Á¡¦§¸½²¾® ¥−®øì 

 950 kW 

21

Á¡¦¥¾¡ ¦½Î¾´¢šÀ¹¨̂º ê† 
ë¾¥¾êó¸¾©
950 kW

Á¡¦¥¾¡ ¦½Î¾´¢šÀ¹¨̂º 
−½£º−¯½«ö´ 1 MW

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

¢šÀ¹¨ˆº É̄º−À¢í¾ 100 %

ì½®ö®Á¨¡¢šÀ¹¨̂º

¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº Á®®»¸È´¡ñ−

¹´ñ¡À»ñ©±÷È−
50 - 60 %

°½ìò©£õ−
20 - 30 %

¸ñ©¦½©÷ºˆ−Å
10 - 20 %

22
22

¯È¼−À ñ̄−RDF¡¿¥ñ©¦÷©êÉ¾¨ 5%

£¸¾´»Éº− Áì½ ¡½Á¦Ä³³É³

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

Organic Wastes

Manual sorter

Metal sorter

Mechanical sorter

Bag Opener

 ì½®ö®¡¾−®¿®ñ©¢šÀ¹¨ˆºÁ®® »È¸´¡ñ−: −½£º−ë¾§¦ó´¾

180 T/d
8 T/d

G ifi ti  ื  

Power Generator

g

Sludge dryer

Water Separator

Small size organic waste
Light weight (Plastics)

Biogas

Landfill  

 Metal Recyclable

50 T/d
800 kW

Gasification หรอ 
เตาเผาผลิตพลังงาน

Anaerobic 
Digestion 
Tank # 1

Anaerobic 
Digestion 
Tank # 2

Reusable waterWastewater treatment (Aerated 
largoon)

Composting system Compost

(sand/gravel)

Landfill  
(sand/gravel)

Homogenizer

21 T/d

ì½®ö®¡¾−¥ñ©¡¾−ì½®ö®¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº »È¸´ ê† 
Àê©¦½®¾−¸¼¤³ñ¤

 150 T/d Á¨¡ ¸ñ©«÷êó°½ìò©Ä¹´ÈÄ©É

24

 ฝงกลบ

®ö´±÷È− Compost

ºñ©À¯ñ−¡Éº− Landfill

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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ì½®ö®¡¾−¥ñ©¡¾−ì½®ö®¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº »È¸´ ê† 
Àê©ë½¨º¤

70-80 T/d ¢šÀ¹¨̂ººò−§óÁ¨¡

25

«ñ¤À¡ñ®Á¡¦

¡½Á¦Ä³³É¾ 625 kW

Biogas

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

Activity Direct Emissions Indirect 
Emissions

Avoided Emissions Emission reducing 
Actions

Gross 
emissions

Net 
emissions

Collection & 
Transport

CO2 from fuels 
consumption

CO2 from fuels 
consumption

CO2 from  electric 
vehicles
O f

‐Use of electric vehicles
‐Use of alternative 
f lCO2 from 

outsourced 
transport 

fuels
‐Change mean of 
transportation

Transfer CO2 from  on‐
site fuels 
consumption

CO2 from on‐
site fuels 
consumption

CO2 from 
electricity 
consumption

‐Actions to improve 
energy efficiency of 
equipments and 
facilities

Mechanical pre‐
treatment

CO2 from  on‐
site fuels 
consumption

CO2 from  on‐
site fuels 
consumption

CO2 from 
electricity 
consumption

‐Actions to improve 
energy efficiency of 
equipments and 
facilities

S i li d O f O f O f id d G G i di i iSorting, recycling and 
recovering

CO2 from  on‐
site fuels 
consumption

CO2 from  on‐
site fuels 
consumption

CO2 from 
purchased 
electricity 
consumption

‐Avoided  GHG in corresponding 
to the emission resulting from 
the production of an equivalent 
quantity of materials
‐CO2 avoided through potential 
production of solid recovered 
fuels.

‐Actions to improve 
sorting rate
‐Recovery of sorting 
rejects

Physico‐chemical
waste treatment

CO2 from  on‐
site fuels 
consumption

CO2 from  on‐
site fuels 
consumption

CO2 from 
purchased 
electricity 
consumption

‐CO2 avoided through potential 
production of alternative fuels

‐Actions  to optimize 
alternative fuel 
production
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Activity Direct Emissions Indirect 
Emissions

Avoided Emissions Emission reducing 
Actions

Gross 
emissions

Net 
emissions

Biological treatment
(Compost & AD)

‐CO2 form 
biomass
‐CO2 from fuels 
consumption
‐CH4 & N2O

‐CO2 from on‐
site fuels 
consumption
‐CH4 & N2O

CO2 from  
purchased 
electricity 
consumption

‐CO2 avoided through energy 
production
‐CO2 avoided through compost use
‐CO2 avoided through recovery of 
the heat produced

‐Optimization of aerobic 
conditions for 
composting processes
‐Optimization of energy 
and/or material 
recoveryrecovery

Landfill ‐CH4 from 
landfill gas
‐CO2 from 
landfill gas
‐CO2 from  on‐
site fuels 
consumption

‐CH4 from 
landfill gas
‐CO2 from on‐
site fuels 
consumption

CO2 from 
purchased 
electricity 
consumption

‐CO2 avoided through energy 
production

‐Optimization of CH4

oxidation, capture and 
combustion
‐Optimization of energy 
recovery

Incineration ‐CO2 from 
waste
‐CO2 from 

‐CO2 from
waste
‐CO2 from 

CO2 from 
purchased
electricity 

‐CO2 avoided through energy 
production
‐CO2 avoided through slag and ash 

‐Optimization of energy  
recovery

additional fossil 
fuels
‐N2O

additional fossil 
fuels
‐N2O

consumption recycling

Mechanical Biological 
Treatment (MBT)

‐CO2 form 
biomass
‐CO2 from fuels 
consumption
‐CH4 & N2O

‐CO2 from on‐
site fuels 
consumption
‐CH4 & N2O

CO2 from 
purchased 
electricity 
consumption

‐CO2 avoided through energy 
production
‐CO2 avoided through compost reuse
‐CO2 avoided through material 
recovery
‐CO2 avoided through potential 
production of alternative fuels

‐Actions to improve 
sorting and compost 
quality
‐Optimization of energy 
and material recovery

• ¡¾−°½ìò©Ä¹´È¦¤¦©ø¤ ÷
• ¡¾−¥ñ©¡¾−ê†©ó
• Àªñ¡Â−Âìμó ó́¯½¦ò©êò²¾®
• ì½®¼®¹ìñ¡¡¾−«õ¡ªÉº¤§ñ©À¥−

ñ Ã É ö È• º½−÷ ñ́©Ã¹É²¾¡Àº¡¡½§ö−¦È¸−
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• Â»¤¤¾− Á ¨¡¢šÀ¹¨̂º
• ö̈¡ì½©ñ®Â»¤¤¾−°½ìò©£õ−Ä¹ È́¤¤
• ¢šÀ¹¨̂ºÂ»¤¤¾− °½ìò©£õ−Ä¹ È́ ¦¿ìñ®¢šÀ¹¨̂º

ÀºÀìñ¡Âªë−ò¡
• ¢šÀ¹¨̂ºÂ»¤¤¾− °½ìò©£õ−Ä¹ È́ ¦¿ìñ®¢šÀ¹¨̂º

¯½À²©ºñ−ª½ì¾¨
• Â£¤¡¾−Áì¡ È̄¼−¢šÀ¹¨̂ºÂ£¤¡¾−Áì¡¯¼−¢À¹¨º
• ¢šÀ¹¨̂º À ñ̄−²½ìñ¤¤¾− Œ ó́£¸¾´¦ö−Ã¥¹ì¾¨

¦¿ìñ®−ñ¡ ò̧Ã¥ Áì½−ñ¡ìö¤êô− (²¾¨Ã− Áì½
ªÈ¾¤¯½Àê©) Ã−¡¾−°½ìò©²½ìñ¤¤¾−Ä³³É¾
Áì½ −Õ ñ́−

29
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¡¾−®‰´±÷È−Á®®Á¨¡ºº¡À¯ñ−²¾¡¦¸È− 
Ã ñ š ˆÃ−¡¾−¥ñ©¡¾−¢šÀ¹¨̂º

®ö©»¼− ¥¾¡ À´õº¤¦÷ì½®¾¨μ¾ ºò−Â©À−À§ñ¨

D.G.J PREMAKUMARA

Policy Researcher, IGES

¹ö¸−¿¦½ÀÎó

• ¦½ÀÎó¡È¼¸¡ñ® ¡¾−®ö‰´±÷È−Á®®Á¨¡À¯ñ−²¾¡¦È¸− 
š ˆ

¼ ÷
Ã−¡¾−¥ñ©¡¾−¢šÀ¹¨ˆºªö¸À´õº¤

• ¦ö−ê½−¾ ¡ðì½− ó¦ô¡¦¾  ¦÷ë¾®¾¨μ¾
• ¡¿− ö©£¸¾¦¾´¾©®‰´§Éº−Áì½ ¦…¤ê¾Éê¾¨

ªÒ¡¾−¹ì÷©°Èº− ¡¾−¯Èº¨Á¡¦¦øÈÀ»õº−Á¡É¸Â©¨
ö‰ ±È ¯ñ È¡¾−®ö‰´±÷È−Á®®Á¨¡À¯ñ−²¾¡¦È¸− 

• ¦½ÍÐ®Áì½¦½ÀÎó
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À ṍº¤êóú²¸´²ñ©ê½−¾ μøÈ º¾§ó¡¿ìñ¤¯½À¦ó−¹−É¾¡ñ®®ñ−¹¾ 
¡¾−¡¿¥ñ©¢šÀ¹¨̂º À²̂ºÃ¹É ñ́−À ñ̄− ò́©¡ñ®¦…¤Á¸©ìÉº´

£¸¾´®‰´§ºÉ− ¢º¤¢šÀ¨ˆºªö¸À´õº¤ ê†®Ò¦¾´´¾©¨÷©¨˜¤Ã©É 

¦½Á©¤Ã¹ÉÀ¹ñ−Â©¨¯½´¾−¸È¾ ¹ì¾¨¡¸È¾À£†¤Î‡¤ ¢º¤¯½ìò´¾−¢šÀ¹¨ˆº 
ê†°½ìò©¢›− Ã−¯½Àê© ¡¿ìñ¤²ñ©ê½−¾ º¾§ó À ñ̄−¢šÀ¹¨ˆººò−§ó §‡¤´ñ−¦¾´¾© 
®‰´À»ñ©±÷È−Ä©É¤¾¨Å ÁªÈ®Ò´ó¯½¦ò©êò²¾® 

Source: Visvanathan (2006), APO (2007), Sang-Arun et al. (2011), Premakumara (2010)
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Â©¨ ò̧êó ¡¾−®ö´±÷È−Á®®²¾¡¦ Ȩ̀− 
Â©¨¸òêó ¡¾−®‰´Á®®Á¨¡À¯ñ−²¾¡¦È¸−− š ¢šÀ¹¨ˆºÄ©É´¾®‰´ μ øÈÃ¡É¡ñ® Á¹ìÈ¤°½ìò© , 
−¿Ã§ÉÀªñ¡Â−Âìμ ó ê†À¹´¾½¦ö´¡¸È¾,  ¢½Î¾©− Éº¨, Á»¤¤¾−®Ò¹ì¾¨, 
´ó¡¾−¨º´»ñ®, ©É¾−À¦©«½¡ò© ÁìÉ¸¦¾´¾©¥ñ®¥È¾¨Ä©É. 
¡¾−®ö´±÷È−¥¾¡¢šÀ¹¨ˆº¥¾¡½Î¾´¹¨ûÈ¾ ¹ìõ 
¡¾−®‰´³È− Á®®£ö¸À»õº− (À¹´¾½¦ö´¡ñ®£º®£ö¸ê† 
´óì½©ñ®£¸¾´¦¿− ô¡¦ø¤ ¦¿ìñ®¡¾−®‰´ Áì½´ó¦¸− 
£ö¸¦¿ìñ®¸¾¤«ñ¤®ö´ Áì½−¿Ã§É°½ìò©ª½²ñ−

¡¾−®‰´Á®®ì¸´¦÷−¢º¤§÷´§ö− 
(¯ö¡½ªòÀ¯ñ−ì½®ö®− Éº¨ Áì½ »¸È´¡ñ− ¡ñ® 

š ˆ † Ãì½®ö®À¡ñ®¢šÀ¨ˆº¢º¤ê†²ñ¡º¾Ã¦. 
¢šÀ¹¨ˆºÁ´È−«õ¡Á¨¡Ã−®Èº−°½ìò© ¹ìõ 
²¾¨¹ìñ¤¡¾−À¡ñ® Â©¨¢›−¡ñ® 
ì½©ñ®¡¾−ìòÀìš´¢º¤§÷´§ö−− ˜−  

¦ö´ê¼®¡ñ−ì½¹¸È¾¤ ¡¾®‰´Á®®ì¸´¦÷− 
Áì½Á®®Á¨¡À¯ñ−²¾¡¦¸È−

Á¨¡À¯ñ−²¾¡¦¸È−
Àªñ¡Âìμ óªÔ Áì½¤È¾¨©¾¨

ì¸´¦÷−
Àªñ¡− ò¡¦¤• Àª¡ÂìμªÔ Áì½¤¾¨©¾¨

• Á»¤¤¾−¯½¥¿
• Ììö¤êô−− Éº¨
• O&M − Éº¨
• ¡¾−¢ö−¦‰¤− Éº¨
• ¯½¦¾−¡ñ®À²ˆº−®É¾−

‡

• Àª¡−¡¦ø¤
• Á»¤¤¾−−ºÉ¨
• ìö¤êô−¦ø¤
• O&M ¦÷¤
• ¡¾−¢ö−¦ö¤¦ø¤
• ´ó¡¾−¯½¦¾− Éº¨

• ¦−º¤¤¾−ê¿¥¿−¸−Î‡¤
• ¯ø¡±ñ¤¥ò©¦¿− ô¡
• ºò−§ó¥¾¡ ³¾´Ã¡É£¼¤

• ¡ö−Ä¡Ã¹¨È
• ¥ò©¦¿− ô¡¦¸úÈ−®÷¡£ö−
• êñ¤Ïö© Á´È−À²ˆº¢¾¨
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¡ðì½−ó¦ô¡¦¾ À ṍº¤¦÷ë½®¾¨μ¾

JAKARTA
East Indonesia

SURABAYA

¯½§¾¡º− 3ìÉ¾−£ö− ó̄ (2010) À ñ̄−À ṍº¤Ã¹ È̈ºñ−©ñ® ¦º¤ Ã− ºò−Â©À−À§¨,  
«õ Ȩ̀¾À ñ̄−À ṍº¦¿£ñ−ê¾¤©É¾−¡¾−£É¾¢¾¨ Áì½ À ñ̄−À ṍº¤¹ì¸¤º÷©¦½¹½¡¿ 
Ã−²¾¡ª¾À ņ̃−ºº¡

Source: Ema, 2011

¡¾−¢½¨¾¨ªö¸À ṍº¤ºº¡Ä¯ Â©¨¡¾−²ñ©ê½−¾ªö¸ ṍº¤

Source: Ema, 2011
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¦º¤ì½®ö®¯ö−¡ñ− Ã−¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº ªö¸À´º¤ ¦÷ë¾Ä®¨¾( 
»ñ®°ò©§º®¡¾−À¡ñ®Â©¨§÷´§ö− ¡ö©Ï¾¨ ¯ó 1980

£¸¾´»ñ®°ò©§º®¢º¤§÷´§ö− (¡¿¯ö¤)Ã ¡¾−À¡ñ®¢šÀ¹¨ˆº Á´È ¥ñ©ª˜¤ 
Â©¨ºö¤¡º−¢º¤§÷´§ö−. °øÈμ øÈº¾Ã¦ªÉº¤¥È¾¨£È¾À¡ñ®¢šÀ¹¨õúº

H/H storage Collection by RW

Transfer station

»ñ®°ò©§º®¢º¤²½Á−¡¡¾−º½−¾Ä´ Áì½ 
¡¾−»ñ¡¦¾²œ−ê†©ò−Ã °Èμ Èº¾Ã¦¥È¾¨À¤ò−£È¾ ø ø ¤
À¡ñ®¢šÀ¹¨ˆº

Commercial/industrial Collection by the city

¢šÀ¹¨̂ºªö¸À ṍº¤¡¾−À ñ̄−®ñ−¹¾ê†¦¿£ñ− ò̈¤ ¢º¤À ṍº¤ ¦÷ì¾®¾¨μ¾

• ¡¾−°½ìò©¢šÀ¹¨ˆºêñ¤Ïö© Á´È− 1,800 Âª−ªÒ¸ñ− ¯ó2004 
(ê†²ñ¡º¾Ã¦ 68%, ª½ì¾© 16%, ¦÷¡¾−£É¾/º÷©¦½¹½¡¿ 11%, 
«½− ö− Áì½®Èº−¹¸È¾¤ 5%)«½−− Áì½®º−¹¸¾¤ 5%)

• ¡¾−À¡ñ®¢šÀ¹¨ˆº¢º¤À´õº¤ Ä©ÉÁªÈ 70% À¹ìõº− ˜−  «š´Ä¸Éª¾´
«½− ö−,£º¤−Õ, Áì½®ºÈ−¹¸È¾¤.

• ¦½Î¾´®¿®ñ©Á¹È¤¦÷©êÉ¾¨ À¡²÷©ªò Á´È−Ä©É¯ò©Ã§É ÁªÈ¯ó 2001 
¦¾¨À¹©¨Éº− ¡¾−ªÉ¾−¢º¤¦ñ¤£ö´ Áì½ ´óÁªÈ ¦½Î¾´¦÷©êÉ¾¨ μ øÉ
À®−Â−¸¾ ¡ðìí−¢ó©£¸¾´¦¾´¾©ÁìÉ¸, °ì½¥½§º¡Á¹È¤Ä¹ È́ § ¤
¡ð¨¾¡¹ì¾¨À²¾½¸È¾ ©ó−¦¾ê¾ì½¹¾¨¾¡

• ¦½Î¾´¡¿¥ñ© ®ÒÄ©²ñ©ê½−¾©ó, °ì½ ¡¾−¥ø© ¡¾−¡º¤ ¢šÀ¹¨ˆº 
À¯ñ−¡¾−−¿´¾¯½ªò®ñ©¡ñ−ê‰¸ÅÄ¯
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§÷´§ö−ªö¸Á®® μ øÈ ¡¿Â¯¤ëñ¤¡÷©ìð Ä©É²ñ©ê½−¾²¾¨ÃªÉ 
¡¾−»È¸´´õê¾¤Àªñ¡−ò¡ ¢º¤ À´õº¤¡òª¾¡óºø§÷ ®†¯÷È−

÷ ¦ô¡¦¾Ã¹ÉÁ È́ ò̈¤
»øÉÀ»ñ©ê÷ì½¡ò©8šÀ¹
¨̂º°½ìò©£õ−Ä¹ È́

š ˆ š

Model community for community  

÷ ¦ô¡¦¾Ã¹É ¯½§¾§ö−»øÉÁ¨¡¢šÀ¹¨̂º¡ºÈ«š´
Áì½¡¾−®‰´±÷−

¦ô¡¦¾Ã¹É¯½§¾§ö−Àìó´À»ñ©³¾´ºò−§ó 
μøÈÀ»õº−¹ìõ§÷´§ö− À¡ñ®¢šÀ¹¨̂º¥¾¡£ö¸À»õºy y

based SWM (200 H/H) 

ø ÷
− Á¨¡ªÈ¾¤¹¾¡

÷ ¢šÀ¹¨̂º«õ¡®¿®ñ©μøÈ
¦÷−®ö´±÷È−

÷ ¦È¸−À¹ìõº
¢¾¨μøÈª½ì¾©

²ñ©ê½−¾ ÷̈©ê½¦¾© SWM ºò¤Ã¦È °ö−¦¿Àìñ© ¢º¤§÷´§ö−ªö¸Á®® 
²¾¨ÃªÉ ¡¾−¦½Îñ®¦½Î÷−¢º¤−¾¨ ö̈¡Àê¦½ ö́−ªó

¢šÀ¹¨ˆººò−§ó´ó¯½ìò´¾−¡¸´Àºö¾
À£†¤Î‡¤ ¢º¤ ¢À¹¨õºêñ¤Ïö©

÷ Ã¹É®÷ìò´½¦ò© ¡¾−ì÷©°Èº−¢º¤¢šÀ¹¨̂ººò−§óìö¤

¦‰¤À¦ó´¡¾−®ö´±÷È−Á®®Á¨¡À ñ̄−²¾¡¦

Source: KITA, 2002.  

÷
Ȩ̀−.

• ¡¾−Á¨¡¢šÀ¹¨̂ºμøÈÁ¹ìÈ¤°½ìò©
• ¡¾−®‰´±÷È−μøÈÀ»õº−
•¦÷−®ö´±÷È−
• ¦‰¤À¦ó´ °½ìò©ª½²ñ−ê† 
°½ìò©£õ−Ä¹ È́ ¯½¦ö´¯½¦¾− 
¡ñ®²¾¡¦ Ȩ̀−º‡−Å 
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Counseling activities

¡¾− ø̄¡±ñ¤¥ò©¦¿−ô¡¢º¤¦ñ¤£ö´

Environmental campaign

ºö®»ö´−ñ¡»¼− ºö®»ö´Ã¹É ²¾¡ê÷ì½¡ò© ºö®»ö´Ã¹É§÷´§ö− ºö®»ö´Ã¹É²½®ñ¡
¤¾−¹Éº¤¡¾−

Socialization in school

Source: Ema, 2011

Community FacilitatorsNumber

»ñ®¦½Ïñ¡Àºö¾²½−ñ¡¤¾−º¿−¸¨£¸¾´¦½©¸¡©É¾−ªÈ¾¤Å 
Áì½¹ö¸ÎÉ¾¡¾−¥ñ©±ô¡ºö®»ö´ ¦½²¾®Á¸©ìÉº´ À²̂ºÀ£̂º−Ä¹¸ 

À»ñ©¸¼¡ ª¾´§÷´§ö−ªÈ¾¤Å

Environmental Leaders (Cadres)

Year

Number

Developed 
training 
materials for 
awareness 
raising

Year

Source: Ema, 2011 Source: Rismaharini, 2011
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Distribution of Composting Bin to H/H
Number

¦½Îñ®¦½Î÷− ¡¾−Àìš´ªí−Â£¤¡¾−¡¾−®‰´±÷È−

Á¥¡¨¾¨«ñ¤®‰´±÷È− À»ñ©Ã¹ÉÀ¢í¾» Ȩ̀´
¡¾−±ô¡  ¯½§¾§ö− ¦ ñ́¡Ã¥ 20,000 ££ 

Source: RismahariniRismaharini, 2011, 2011

¦½Îº¤¦…¤ê†¥¿À ñ̄− À²̂ºÀ»ñ©Ã¹É ¦¾´¾©Àìš´
À ñ̄−¦÷−®‰´±÷−¢º¤§÷´§ö−: À£̂º¤ê¿£¸¾´¦½º¾©, 
À£̂º¤ ó́®‰´±÷È−,, êó©ò−Áì½ªí−êô− À²̂º¡Ò¦É¾¤ Áì½ 
§œ °½ìò©ª½²ñ− ±÷È−Ïñ¡ À²̂ºªö¸À ṍº¤¦ó¢¼¸

¢½¹¨¾¨ ¦÷−®‰´±÷È−ººÄ¯Ã¹Éê‰¸À´õº¤ (16 ¦÷−  
¦¾´¾©®¿®ñ©¢šÀ¹¨ˆººò−§óÃ−ªö¸À´õº¤ Ä©É110Âª−

Source: Ema, 2011
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¦‰¤À¦ó´°½ìò©ª½²ñ−¥¾¡¡¾−°½ìò©£õ−Ä¹´È¢º¤®É¾− 
Â©¨¦ö´êö®Á®®²òÀ¦©¡ñ®ê÷ì½¡ò©²¾¡Àº¡§ö−

Source: Rismaharini, 2011

Number

¦É¾¤Ã¹É´óì¾¤¸ñ− Áì½¡¾−¯½ªò®ñ©ì½®¼® À²ˆº§÷¡¨øÉÃ¹É 
´ó¡¾−À¢í¾»È¸´¹ì¾¨¢›−

• ´º®ì¾¤ ņ̃−Ã¹ÉÁ¡È §÷´§ö−Ã©ê†¦ ñ́¡Ã¥À¢í¾»È¸´Â£¤¡¾− 
À ṍº¤¦÷ë¾®¾¨¾ ¦ó¢¼¸ Áì½ ¦½º¾©

• ´º®ì¾¤ ņ̃−Ã¹ÉÁ¡È °øÈ−¿²¾¦½²¾®Á¸©ìÉº´ ê†Àºö¾Ã¥Ã¦È 
Ã− ņ̃−´ºì¾¤ ņ̃−Á¹È¤§¾©

÷ ¥¿−¸−°øÈÀ¢í¾»È¸´Â£¤¡¾−À²†´¢›−

§

Year

Source: Ema, 2011

¯½ªªò®ñ©ì½®¼®¡ö©Ï¾¨μÈ¾¤À£„¤
£ñ© ªÒ °øÈ ®Ò¯½ªò®ñ©¡¾−À¡ñ® É́¼− 
¢šÀ¹¨̂º
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¡¾−¥ø¤Ã¥²½− ñ¡¤¾− Áì½ − ñ¡¡¾−À´õº¤êÉº¤«…−
÷ ¡¾−¡Ò¦É¾¤®÷¡£½ì¾¡º− (²¾¨Ã− Áì½ ªÈ¾¤¯½Àê©) ¦¿ìñ® ²½−ñ¡¤¾− Áì½−ñ¡¡¾−À ṍº¤êÉº¤«…−

»ñ®»º¤ £¸¾´²½¨¾¨¾´ £¸¾´¦¾´¾© ê¾¤²¾¨Ã−Áì½ªÈ¾¤¯½Àê© 

Source: ema, 2011

Tonnes

¯½¦ö®°ö−¦¿Àìñ©: ì÷©°Èº−¢šÀ¹¨ˆºê†¥½−¿Ä¯®¿®ñ©¢̃−¦÷©êÉ¾¨Ä©É

÷ ¦‰¤À¦ó´¡¾−°½ìò©£õ−Ä¹ È́ Ã¹É¹ì¾¨¢›− 
Â©¨¡¾−Á¨¡Àºö¾¦…¤ê†À ñ̄−ºò−§óºº¡ 
¥¾¡8óÀ¹¨̂ºì¸´ (78% ¢º¤¢šÀ¹¨̂º 
ê†ì©ìö¤¥¾¡¢šÀ¹¨̂º°½ìò©£ô−ÄÏÈ)êì÷©ì¤¥¾¡¢À¹¨º°½ì©£−ÄÏ)

Year

Source: Ema, 
2011÷30% ¢šÀ¹¨̂ºÄ©Éì÷©ìö¤ êó¥½®¿®ñ© 

μøÈ¦½Î¾´¢šÀ¹¨̂º



2/22/2012

11

N
O BUDGET BUDGET NOTES2009 % 2010 %

1. Total budget
4.364.366.

780.398
100
%

4.383.712.
427.048

100
%

2.
Environmen
tal budget

4.7
%

4.6
%

Only 1‐2% of Cleaning and Landscape Department 
Budget is used for composting

¡¾−¹ì÷©°Èº−¢šÀ¹¨ˆºìö¤ 30% 
Â©¨¡¾−¡¿¥ñ©¡¾−−¿Ã§É¤ö®¯½´¾−Àê¦½®¾−

tal budget % %

Sea, 
Fishery and 
Farming 
Developme
nt Program

35.334.13
9.497 0,8%

23.405.280
.994

0,5
%

Farming 
Dept.

Environmen
t Control 
and 
Conservatio
n Program

11.430.78
6.532 0,3%

13.918.825
.429

0,3
%

Bappeko
, 
Farming, 
Transpor
tation, 
Environ
ment

R
p
. M

ill
io
n

ment

Green Open 
Space and 
City Park 
Program

40.652.92
1.024 0,9%

58.200.507
.958

1,3
%

Farming, 
Spatial 
and 
Cleaning 
Dept.

City 
Cleanliness 
Managemen
t Program

118.486.9
23.877 2,7%

105.705.80
9.320

2,4
%

31 
district, 
Cleaning 
Dept

Source: Maeda, 2010; 
Ema, 2011

¦É¾¤°øÈ´ó¦È¸−»È¸´ êñ¤²¾¡¦½ê¾ì½−½, Àº¡§ö− Áì½ §÷´§ö−
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«º©«º−®ö©»¼−: °ö−¦¿Àìñ© ¡¾−²ñ©ê½−¾Á®®¨õ−¨ö¤
• ¡¾−®‰´±÷È−Á®®Á¨¡À¯ñ−²¾¡¦¸È− ê÷¡Àêõº ¥½ªÉº¤Ä¯£¼¤£øÈ¡ñ® ¡¾− 

®ìò¡¾−¡¾−À¡ñ®¢šÀ¹¨ˆº, §ˆ¤À¯ñ−¡¾−¯ñ®¯÷¤¡¾−¯½ªò®ñ© ¢º¤ ¡¾− ®ðìò¡¾− 
¡¾−À¡ñ®¢šÀ¹¨ˆº Àê¦®¾− ì¸´êñ¤¡¾−¦½²¾®¦÷¢½º−¾Ä´ Ã−À¢© 

ò ˜ ó
÷

¡¾−®ðìò¡¾−− ˜−ºó¡©É¸¨
• ¡¾−®‰Ã“´±÷È−Á®®Á¨¡À¯ñ−²¾¡¦¸È− ¦½¡ñ©¡˜− ²¾¡¦¸È− ºò−§ó ê†À¯ñ−¦¸È− ê†Ã¹¨È 

Ã−¯½ìò´¾−¢šÀ¹¨ˆºªö¸À´õº¤, Ã¡É¡ñ®Á¹ìÈ¤°½ìò©, ì÷©°Èº−ªí−êô− ¡¾−¢ö−¦‰¤, 
¨õ©º¾¨÷¡¾−¢º¤¦½Î¾´¢šÀ¹¨ˆº, ¦‰¤À¦ó´Ã¹É ¡¾−°½ìò©£õ−Ä¹´È

• Á®®Á°−¢º¤¡¾−®‰´±÷È−Á®®Á¨¡À¯ñ−²¾¡¦¸úÈ− ¤È¾¨Ã−¡¾−¥½ìòÀìš´
®ÒªÉº¤¡¾−¡¾−ìö¤êõ−¦ø¤. Áê−ê†¥½ª˜¤À¯ñ−Â»¤¤¾−Á®®ì¸´¦ø−Ã¹¨ÈÅ 
Á®®Á¨¡À¯ñ−²¾¡¦È¸− ¦¾´¾©¡Òª˜¤À¯ñ−¦¸È−−ºÉ¨¹ì¾¨ Á¹È¤Ã§ÉÀ¸ì¾¹ì¾¨Å¯ó 

Ã É ô μ Ä¯ È ¯Áì½Ã§Éêô−Á¥¡μ¾¨Ä¯ÁªÈì½¯
• ´ó¢½Î¾©ÎÉº¨ªÉº¤¡¾−®ºÈ−ª˜¤− Éº¨, ¡¾−®‰´±÷È−Á®®Á¨¡À¯ñ−²¾¡¦È¸− 

´ó£¸¾´¨õ©μ ÷È− Ã−¡¾−¥ñ©¡¾−Áì½¡¾−©¿À− ó−¡¾− Áì½ ¦¾´¾©»º¤»ñ®¡ñ® 
¡¾−¯È¼−Á¯¤ £¸¾´ªÉº¤¡¾−¢º¤êÉº¤«…−Ä©É©ó

«º©«º−®ö©»¼−: °ö−¦¿Àìñ© ¡¾−²ñ©ê½−¾Á®®¨õ−¨ö¤ (ªÒ)

• ¡¾−®‰´±÷È−Á®®Á¨¡À¯ñ−²¾¡¦¸È− ¦½Îº¤Ã¹É´ó¡¾−¥É¾¤¾− Á¡È À²ˆº− 
®É¾−  ê†À¯ñ−£ö−¤¾− ê†À¢í¾Ã¥Àªñ¡Â−Âìμ óÄ©É¤È¾¨ êóÁê©À¹¾½¡ñ® ¦½²¾® 
À¦©«½¡ò© ¦ñ¤£ö´ ¢º¤êÉº¤«…−− ˜− ´ñ−À¯ñ−¡¾− ¦½Îº¤Âº¡¾© Ã¹É´óÀ¦©«½¡©Œ¦¤£´ ¢º¤êº¤«−−−. ´−À¯−¡¾− ¦½Îº¤Âº¡¾© Ã¹´ 
ì¾¨»ñ®ê†Ä¹´È Áì½»ñ®¯½¡ñ− Â©¨¦½²¾½ÁìÉ¸Ã−À¢© ê†ê÷¡¨¾¡ ê¿¤¾− 
¡ñ®®Èº−ê†®ÒÏ̃−£ö¤

• ¡ò©¥½¡¿ Áì½ ¡¾−²ö¸²ñ− ¡ñ® §÷´§ö− Ã−¡¾−«š¢šÀ¹¨ˆº, ¦÷¢¾º½−¾Ä´, 
¡¾−ê¿£¸¾¦½º¾©, Áì½ ¦½²¾®Á¸©ìÉº´ ¢º¤ ¡¾−®‰´±÷Èú−Á®® 
Á¨¡ºº¡À¯ñ−²¾¡¦È¸−  ¦¾´¾©¦‰¤À¦ó´Ã¹É ´ó£¸¾´¦½´ñ¡Ã¥Ã−§÷´§ö− 
Áì½ ªí−êô−¢º¤¦ñ¤£ö´´ó£¸¾´À¢˜´Á¢¤Áì½ ª−ê−¢º¤¦¤£´´£¸¾´À¢´Á¢¤  
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®ñ−¹¾ Áì½ ¦…¤êÉ¾ê¾¨Ã¹É¡¾−®‰´±÷È−Á®® Á¨¡À¯ñ−²¾¡¦È¸−
®ñ−¹¾ê¾¤¦ñ¤£ö´
Á¨¡¢šÀ¹¨ˆº μ úøÁ¹ìÈ¤°½ìò©
¦½Îñ®¦½Î÷−¥¾¡ °øÈ−¿§÷´§ö−, ¡÷È´¦½´¾£ö´Â¨ê¾ Áì½ £º®£ö¸
À»ñ©¡¾−¥ø¤Ã¥Ã¹ÉÁ¡È§÷´§ö−
¥ø¤Ã¥Ã¹É ³¾´¹ñ−´¾Ã§É±÷È−Ïñ¡Áê−¯÷ËÀ£´ó

®ñ−¹¾ê¾¤¡¾−À¤ò−Áì½ ¡¾−ª½ì¾©
¢¾©À¤ó−®¿ì¤¤ ÷¤
£È¾Á»¤¤¾− ¡¾−¦Éº´®¿ì÷¤ ²¼¤ÁªÈÄ©É¥¾¡¡¾−¢¾¨ ±÷È− È
¢¾¨ì½®ö®¡¾−¥È¾¨¢º¤°øÈ§ö´Ã§É
¡¾−¯ñ®¡¾−ê¿¤¾− ¢º¤ O&M
£¸¾´ªÉº¤¡¾−¢º¤ª½ì¾©− Éº¨ ®Ò²¼¤²ð
£÷−½²¾®ªÔÁì½ Á¢È¤¢ñ−¡ñ®¯÷¨À£´ó
®ñ−¹¾ê¾¤Àªñ¡− ò¡
¢¾©®÷¡£½ì¾¡º− /¦½«¾®ñ− ê†¦¾´¾©Ã¹É£¸¾´»øÉ ¸òêó ¡¾−®‰´±÷−
¢¾©Á£−£¸¾´Àºö¾Ã¥Ã¦È Áì½£¸¾ê»øÉ ¡È¼¸¡ñ®¢½®¸−¡¾−ê¾¤ºò−§ó
¢¾©¡¾−¯½¡ñ−£−−½²¾® Áì½ ´¾©ª¾«¾−»º¤®ö´±Èú−¢¾©¡¾−¯½¡−£÷−−½²¾® Áì½ ´¾©ª¾«¾−»º¤®´±÷−

®ñ−¹¾ ¦½«¾®ñ− Áì½ −½Â¨®¾¨
¢¾©−½Â¨®¾¨,£øÈ´õÁ−½−¿¹ìñ¡¡¾−,Áì½  ¡ö©ì½®¼®Ã−¡¾−®‰´±÷È−
¢¾©¡¾−»¸¡ñ−ì½¹¸¾¤ ¡¾−¥ñ©¡¾−¢šÀ¹¨ˆºªö¸À´õº¤
®Ò´ó¡¾−¥ñ©Á¥¤¦½«¾®ñ− Áì½¡¾−¯½ªò®ñ©ê†Á− È−º−
−½Â¨®¾¨¯È¼−Á¯¤Àìœº¨Å À¯ñ−−½Â¨®¾¨®Ò©ö−
¢¾©¡¾−¦½Îñ®¦½Î÷− ¥¾¡°øÈ−¿ªö¸À´õº¤Áì½²½− ñ¡¤¾−¢º¤²½Á−¡¡È¼¸¢Éº¤

£¸¾´ªÉº¤¡¾−À®šº¤ªí− ¢º¤¡¾−®ö´±÷È−Á®®Á¨¡À ñ̄−¦È¸−
£¸¾´ªÉº¤¡¾−À®šº¤ªí− ¢º¤¡¾−®ö´±÷È−Á®®Á¨¡À ñ̄−¦È¸− ®ÒÁ È́−¤ö®¯½´¾−μÈ¾¤©¼¸ 
ÁªÈ ñ́−ªÉº¤¡¾− ¡¾− È̄¼−Á¯¤−½Â¨®¾¨Áì½ ÷̈©ê½¦¾© Ã−¡¾−¥ñ©¡¾−¢šÀ¹¨̂º 
¢º¤º¿−¾©êÉº¤«…−  Áì½¡¾− È̄¼−Á¯¤ §÷©Á−¸£ò©¢º¤ −ñ¡¡¾−À ṍº¤ ²½−ñ¡¤¾− 
¹ö¸¹−É¾¹Éº¤¡¾−
¡¾−®ö´±÷È−Á®®Á¨¡À ñ̄−¦È¸− £¸−À ñ̄−¦ Ȩ̀−» Ȩ̀´¡ñ® ÷̈©ê½¦¾© ¡¾−¥ñ©¡¾−¢šÀ¹¨̂º  ©ó¡ Ȩ̀¾ 

Â Â
÷ ÷

¥½À ñ̄−Â£¤¡¾−Â©©©È¼¸
ñ́−ªÉº¤¡¾− Ã¹É ó́ ¡¾−À¢í¾»È¸´ Áì½ ¡¾−» Ȩ̀´ ṍ ¢º¤°øÈ ó́¦ Ȩ̀−»È¸´êñ¤¹ì¾¨ ì¸´êñ¤ 

ºö¤¡¾−¢º¤ìñ©Á¹È¤§¾©, Àê¦½®¾−, §÷´§ö−êÉº¤«…−, °øÈ°½ìò©¢šÀ¹¨̂º, Áì½ ²¾¡ Àº¡§ö−
¡¾−À¢í¾»È¸´¢º¤§÷´§ö− ¦¾´¾©¯½ªò®ñ©Ä©ÉÂ©¨ ò̧êó ¦É¾¤Â£¤¡¾−¦½Ïñ¡Ã¥À¢í¾» Ȩ̀´, 
¡É¾¤ì½®ö®¡¾−Ã¹Éì¾¤ ņ̃− Áì½¡¾−¯½ªò®ñ©¡ö©Ï¾¨Ä¹´È
Àê©¦½®¾−À ṍº¤ªÉº¤¡¾− ¦½Îñ®¦½Î÷−¡¾−ìòÀìš´¢º¤§ø´§ö− Â©¨¡¾−¥ñ©À−œºê†©ò− 
Ã¹É¡¾− ô̄¡¦¾ê¾¤Àªñ¡−ò¡ ªí−êô− Áì½¡¾−ìö¤êô−.
ñ̄®¯¤¡¾−ª½ì¾© ¡¾−©¿À−ó−¡¾−Ã¹ÉÁê©À¹´¾½¡ñ® £−−½²¾®´¾©ª¾«¾−, 

š ‰
÷¤ ÷ «

¡ö©ì½®¼®Áì½ªò©ª¾´,  ´º®Ã® ñ̈¤, ìòÀšì´¡¾−§õ ņ̃©«÷À¡‰¾´ ¦É¾¤¦¾¨²ö¸²ñ−¡ñ® 
¡ò©¥½¡¿²¾¡¦È¸−¡½¦ò¡¿
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£¸¾´¦¾´¾©®‰´§ºÉ− ¡¾−ì÷©°Èº−¡¾ È̄º¨Á¡¦¦øÈÀ»õº−Á¡É¸

Á−¸ê¾¤,  ºò¤Ã¦È ¦½²¾® 
¯½ìò´¾−¢šÀ¹¨̂º% 1.4 Â− ªÒ ņ̃−

†

¡¾−£ò©ÄìÈ ¡¾−ì÷©°Èº−¡¾− È̄º¨Á¡¦ ºò¤Ã¦È
UNFCCC’s AMS 111F ¦¿ìñ® 
Â É

¦÷−¡¾¤¡¾−®‰´±÷È−ê†À ṍº¤ ®ë¾ªÉº¤,¦øë¾®¾¨μ¾

27

²¾¡¦ Ȩ̀−ê†À ñ̄−ºò−§¾ : 65%
¡¾− È̈º¨¦½¹ì¾¨ ¢º¤ºò−§ó £¾®º−:0.50 
¦ Ȩ̀− ¢º¤ ó́Àê−  1.0
¯½¦ò©êò²¾®¡¾−®‰´ 95%
Äì¨½À¡ë©ò© : 10 ¯ó

Â£¤¡¾−¢½Î¾©−Éº¨
¡¾−¹ì÷©°Èº−¡¾− È̄º¨Á¡¦ ERs  
(10 ó̄) , 2945 tCO2
μ̃¤μõ−¡¾− È̄º¨Á¡¦
÷́−£È¾ ¹ì÷©°Èº− 29,450  Euro

(ºò¤Ã¦È 10Euro/1tCo2  μøª½ì¾© CER 

Source: Komalirani, 2011

¦…¤êÉ¾ê¾¨:  Ã§ÉÀ¸ì¾ ©ö−À²ˆº¢½®¸−¡¾− »º¤»ñ® CDM 

§‡¸È¾, ¡¾−²ñ©ê½−¾ Â£¤¡¾− CDM  ¦¿ìñ®¡¾−®‰´Á®®Á¨¡¦¸È− μ øÈ ®ñ¤£½ì¾Àê¦ 
Ã§ÉÀ¸ì¾ ¡¸È¾ 4¯ó

28
Source: Waste Concern, 
2008
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Project size (tCO2e/a) Transaction costs (Euro/tCO2e)
Baseline Senario Senario Senario Baseline Scenario Scenario Scenario

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).

¦…¤êÉ¾ê¾¨ : ÷́−£È¾¡¾−§œ¢¾¨ CDM ¦ø¤

Baseline 
(Krey,200
4)

Senario 
1

Senario 
2

Senario 
3

Baseline 
(Krey, 2004)

Scenario 
1

Scenario 
2

Scenario 
3

1000000 0.1

100000 0.25

10000 1.8

5250 6

2805 12

29

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   

NO. Compost plant
name

total inorganic organic

m3 m3 m3 tCO2e/a

ERs (10 
years)

£¸¾´¦¾´¾©À ñ̄−Ä¯Ä©É ê†¥½ì¸´Àºö¾®ñ−©¾¡¾−®‰´¢½−Éº¨Å 
²¾¨Ã−À ṍº¤ì¸´¡ñ−À¢í¾

1 Menur 169 51 118.0 2832

2 Keputran 53 0 53.0 1272

3 Bratang 191 68.5 122.5 2945

4 Rungkut 101 24.5 76.5 1824

5 Wonorejo 139 38.5 100.5 2400

6 Liponsos 70 10 60.0 1440

7 Srikana 69.5 22.5 47.0 1200

8 Tenggilis utara 112 28.5 83.5 1990

9
Tenggilis rayon
taman

113 39 74.0 1776

Scenario Certified 
Emission 
Reduction 
Pricing 
(CER)/Euro
(10 Euro/tCO2e)

Transaction 
cost/Euro

Cost/benefits calculation under the 
3 scenarios

30

10 Gayungsari 66 17.5 48.5 1152

11 Bibis karah 52 9 43.0 1032

12 Jambangan 80 23 57.0 1368

13 Sonokwijenan 151 48.5 102.5 2448

14 Putat jaya 102 18 84.0 2020

15 Benowo 94 36.5 57.5 1400

16 Sumber rejo 51 10.5 40.5 960

Total 1614 446 1,168 28059

Source: Komalirani, 2011

( )

Scenario1 29450
441750 ☻

Scenario2 280590
336708☻

Secenario
3

525000
315000☺
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¥¿À ñ̄−ªÉº¤²ò¥¾ì½−¾£¸¾´¦È¼¤ Ã−¡¾−®‰´±÷È−Á®®Á¨¡ºº¡À¯ñ−²¾¡¦¸È−

• ¡¾−ì¸´ªö¸¡ñ−À¢í¾¢º¤Â»¤¤¾−−Éº¨Å Á È́− ó́°ö−©ó, ÁªÈ¡¾−¥ñ©¡¾− Â£¤¦É¾¤ ¡¾−ì¸´ªö¸
ê† ó́Â»¤¤¾− È̈º¨¹ì¾¨Â»¤¤¾−−̃− À»ñ©Ã¹É ¡¾−ªò©ª¾´Áì½¡¾− ©¿À−ó−¡¾− ÷̈É¤¨¾¡
¹ì¾¨. ñ́−¥½ ó́£¸¾´¦È¼¤ê† Ȩ̀¾ ¡¾−ì÷©°Èº−¡¾− È̄º¨Á¡¦º¾©¥½ ®ÒÄ©É»ñ®°ö−©„¤ê†£¾©Ä Ȩ́
¹ìõ Ȩ̀¾ ¡¾−¹ì÷©°Èº−¡¾−¯ºÈ¨Á¡¦ Ä©É»ñ®°ö− ÁªÈÂ£¤¡¾− º¾©ªò©ª¾´®ÒÄ©É

• £¸¾´¦È¼¤ê¾¤ ò̧¦½¸½ Á È́− ó́−Éº¨ ¦¿ìñ®Â£¤¡¾−¡¾−®‰´±È− Á®®Á¨¡À ñ̄−¦ Ȩ̀−−š É̈º− Ȩ̀¾• £¸¾´¦¼¤ê¾¤¸¦½¸½ Á´−´−º¨ ¦¿ì®Â£¤¡¾−¡¾−®´±÷− Á®®Á¨¡À¯−¦¸−− ¨º−¸¾
ºò¤Ã¦È ¤È¾¨©¾¨, Á»¤¤¾−Àìñ¤ìñ©, Àªñ¡ÂìÂì ó̈ªÔ,

• À«ò¤μÈ¾¤Ã©¡ðª¾´, £¸¾´¦½À«¨ì½²¾® Ã−Äì¨½¨¾¸ Áì½ ¡¾−©¿À−ó−¡¾− ó́£¸¾´
¦È¼¤¦ø¤. ±÷È−®‰´ º¾©®Ò ó́°øÈ§œ ¦‰¤°ö−Ã¹É ó́£¸¾´¦È¼¤ê¾¤¡¾−À¤ò− À²¾½ Ȩ̀¾Â£¤¡¾−º¾© μøÈ®Ò
¹ìº©. ¡¾−¦½Îñ®¦½Î÷−¢º¤, §÷´§ö−Ã−¡¾−¦½Îº¤ ¢šÀ¹¨̂ºê† ó́¡¾−Á¨¡ ÁìÉ¸¥È¾¨À ñ̄−
ì¾¨À©õº−¦¿ìñ®¡¾−®ðìò¡¾−À¡ñ®¢šÀ¨̂º Á È́− ó́£¸¾´êÉ¾ê¾¨ Áì½ £¸¾´¦È¼¤¦ø¤

• ¡¾−¦½Îñ®¦½Î÷−¢º¤ °ø−¿¡¾−À ṍº¤, ¹ö¸ÎÉ¾¹Éº¤¡¾− Áì½ °øÈ ó́¦È¸−»È¸´º̂−Å
Á È́− ó́£¸¾´¦È¼¤, ¡¾− È̄¼−¡¾À ṍº¤¢º¤À ṍº¤μÈ¾¤¡½êñ−¹ñ−

• ¡¾−¡Òª̃¤¦½«¾®ñ− ¡ð£¸−²ò¥¾ì½−¾ ¡¾−¡Òª̃¤¦½«¾®ñ−¢½¨¾¨ªö¸¢›−Â©¨ ì½©ñ®¢º¤• ¡¾−¡ª¤¦½«¾®− ¡£¸−²¥¾ì½−¾. ¡¾−¡ª¤¦½«¾®−¢½¨¾¨ª¸¢−Â©¨ ì½©®¢º¤
¡¾−Á¨¡ºº¡À ñ̄−²¾¡¦ Ȩ̀−. À¥í¾¢º¤¡ò©¥½¡¾−¢º¤¡¾−ì÷©°Èº−¡¾− È̄º¨Á¡¦ ó́°ö−
À−̂º¤¥¾¡ Â£¤¡¾−¡¾−®‰´±÷− ê†®ÒÁ¥É´Á¥É¤ Ã−®¾¤¦½«¾−½¡¾− §̂¤À¥í¾¢º¤®ÒÀ¢í¾Ã¥Áû¥É¤
À§„−©¼¸¡ñ−

Á−½−¿−½Â¨®¾¨
• ¡¾−¯½¡º®¦È¸− §‡¤Â£¤¡¾−¡¾−®‰´±÷È−Á®®Á¨¡ À»ñ©Ã¹ÉÀ¯ñ−¡¾− ²ñ©ê½−¾

Á®® ṏ−¨ö¤ Áì½ ¸òêó¡¾−Á®®À¡‰¾ (Gold standards) Ã§É¦¿ìñ®ªò©ª¾´− ˜−
£¸−´ó¡¾−²ò¥¾ì½−¾ªˆ´. ¨¾¡ ê†¥½¯½¦ö®°ö−¦¿Àìñ© ª¾´´¾©ª¾¡¾−¢º¤
Gold standards. Â©¨¦ñ¤À¡©ªö¸Àì¡¤È¾¨Å À§„− ¥½ªÉº¤¦½Á©¤ Ã¹ÉÀ¹ñ−

ò Ä È Ò ö È ˆ ˜ Ã Ã ö ñ È Â¡¾−£©Äì ª¹¸Î¸¨ À²º£¸¾´Ï−Ã¥ Ã−¡¾−¦´ê¼®¡−ì½¹¸¾¤ Â£¤¡¾−
ê†´ó¢½Î¾© Áì½§½− ò©©¼¸¡ñ−

• À²ˆºÀ ñ̄−¡¾−¹ì÷©°Èº−ªí−êô−ìö¤, ªÉº¤ ¹ Ó̈¸òêó¡¾−¡¸©¡¾ªò©ª¾´ Ã¹É− Éº¨ìö¤,
ìö¤ê½®¼−ì¾£¾ªÔ ¦¿ìñ®Â£¤¡¾−−ºÉ¨, ¹ìõº¾©¥½ìö®ºº¡ ¹ìõ Àºö¾Ä¯À¯ñ−¤ö®
¡¾−ìö¤ê½®¼− Ã−¢½−½©¼¸¡ñ− ¡¾−ìö¤ê½®¼− ¢º¤Â£¤¡¾−Ã¹¨È ¥½ªÉº¤
À²†´¢›−

• μ øÈ²¾¨−º¡ ¢º¤CDM, ª½ì¾©Á®®¦½Ïñ¡Ã¥ ªÉº¤¡¾−Ã¹É ´ó£¸¾´ À¢˜´Á¢¤
ê†¥½À¯ó©Âº¡¾© À²ˆº ¡¾−¢¾¨¡¾−ì©°Èº−¡¾−¯Èº¨Á¡¦ μ È¾¤Ã©¡ðª¾´ê¥½À¯©Âº¡¾© À²º ¡¾−¢¾¨¡¾−ì÷©°º−¡¾−¯º¨Á¡¦. μ¾¤Ã©¡ª¾´
®ñ−¹¾¢º¤ ñ́− ¡ð´óμ øÈ¸È¾ ó́¢È¾¸¦¾− ¢Ó´÷−−ºÉ¨¹ì¾¨ Ã−¯½Àê© ê†¡¿ìñ¤²ñ©ê½−¾
¡È¼¸¡ñ®ª½ì¾©¦½Ïñ¡Ã¥ Áì½¢¾© £¸¾´¦½´ñ¡Ã¥ Áì½ ®÷¡£½ì¾¡º−.
Ã−¡ðì½− ó− š ¦¾´¾© Á¡ÉÄ¢Ä©É Â©¨¡¾−¦É¾¤À£õº¢¾¨ À´õº¤ªÒÀ´õº¤ Ã¹ÉÀ¢˜´Á¢¤
À²ˆº¥½Ä©É Áì¡¯È¼−¢Ó´ø−¡ñ− Áì½ ¡Ò¦É¾¤®÷¡£½ì¾¡º−.
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ºö¤¡¾−¡¾−¦ô¡¦¾ ¡¾−¥ñ©¡¾−¢šÀ¹¨̂º Á¹È¤¯½Àê© ¡¿¯øÀ¥¨

Chau Kim Heng, COMPED

¡¾−®‰´±÷−Á®®ì¸´¦÷−

Chau Kim Heng, COMPED 
Organization

Workshop on Capacity Building on Accounting and Utilizing GHG Emission Reduction Measures 
for Local Waste Management Actors in Developing Asian Countries, Vientiane, Laos, 04 ‐ 06 
October 2011. 

• ¦½À¹−ó ¡È¼¸¡ñ® COMPED1

¦¾ì½®¾−

¦½À¹− ¡¼¸¡® COMPED 1

•• ¡¾−®‰¡¾−®‰´±÷´±÷−Á®®ì¸−Á®®ì¸´́¦¦÷÷−−2

• ¡¾−®‰´Á®®¡º¤À ó̄©3

• ®ñ−¹¾¢É¹ ÷̈É¤¨¾¡ Áì½ ò̧êóÁ¡É4
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ºö¤¡¾− COMPED

• NGO, ¦É¾¤À´ˆº 2000 

• ²½− ñ¡¤¾−êñ¤Ïö© 18 £ö−  (2011)¤ ¤ ( )

• ¡ò©¥½¡¿ Áì½ ¯½¦ö®¡¾−: ¡¾−¸òÀ£¾½ 
¢šÀ¹¨ˆº, ¥ñ©±ô¡ºö®»ö´, ²ñ©ê½−¾¯œ´£øÈ´õ, 
¡¾−ª½ì¾©Ã¹É¦ñ¤£ö´,°ø¡²ñ−¡ñ®¦ñ¤£ö´, 
¡¾−®‰´±÷È−  

¡¾−®‰´±÷−Á®®ì¸´¦÷−
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¡¾−®‰´±÷−Á®®ì¸´¦ø−
• Â£¤¡¾−®‰´±÷−£˜¤ê¿ºò© ¯ó (2001 – 2009) μ øÈê†²½− ö´À¯ñ−  ê† 

¦½Î¾´¢šÀ¹¨ˆº Stung Meanchey, 2000 m2. ¢½®¸−¡¾−¨‰´
ó š ˆ ó5 t/¸ñ− (1152 t/ ó̄) ¢šÀ¹¨ˆººò−§ó¥¾¡ª½ì¾©.  °½ìòª½²ñ− ±÷È−¹´ñ¡      

135 t/¯ó.  
• Â£¤¡¾−®‰´±÷−£˜¤ êó ¦º¤ Àìš´ ¯ó 2009  À− œºê†  8000 m2 Ã¡É¡ñ® 

¦½Î¾´¢šÀ¹¨ˆº ®ñ©ª½®º¤.  ¦¾´¾©®‰´±÷È−¥¾¡ ¢šÀ¹¨õººò−§ó 
¥¾¡ª½ì¾© 10 t/¸ñ−. 

À ñ̄−¹¨ñ¤ ¥‡¤®‰´±÷È−Á®®ì¸´¦ø− 
• ®Ò´ó−½Â¨®¾¨¡¾−®‰´±÷−Á®®Á¨¡ 
• ¡¾−°½ìò©£ô−Ä¹´È ®ÒÄ©É−¿´¾Ã§É »È¸´¡ñ−¡ñ®¡¾−¥ñ©¡¾−¢šÀ¹¨ˆº, §

¡¾−®‰´±÷−¥‡¤À¯ñ−Â£¤¡¾−Î‡¤ 
• £¸¾´ªˆ−ªö¸ ¢º¤¯½§¾§ö− (°øÈê†´ó¦È¸−»È¸´) ´ó¥¿¡ñ© 
• ®ñ−¹¾À− œºê†©ò− 
• ®Ò´ó¡¾−Á¨¡¢šÀ¹¨ˆºμ øÈÁ¹ìÈ¤°½ìò© Áì½ º‡−Å. 
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¡¾−®‰´±÷ú−Á®®¡º¤À¯ó© 
Áì½¯š−

¡¾−®¿®ñ©À®œº¤ªí− (¡¾−Á¨¡¢šÀ¹¨ˆº)  

• °øÉÀ¡ñ®¢šÀ¹¨ˆº 4£ö− ê¿¤¾−¹− ñ¡ ê÷¡¸ñ− 
μ øÈ®Èº−Á¨¡¢šÀ¹¨ˆº (Á¨¡©É¸¨´õ).
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¡¾−®¿®ñ©À®œº¤ªí− (À»ñ©¢šÀ¹¨ˆºÀ¯ñ−¡º¤¨¾¸)  

• ¡º¤¢šÀ¹¨ˆº ¡¸É¾¤ 3-Œ5 m Áì½ ¦ø¤ 1.5 -2 m 

• waste separation continues.

¢˜−ªº−¡¾−®‰´±÷È−
• ¦½²¾¸½¢½®¸−¡¾−®‰´±÷È−ê†©óê†¦÷©

– º÷−¹½²ø´¡¾−®‰´ Ã−ì½¹¸È¾¤  65  Œ  70  ðC
– £¸¾´§œ−  65%

• Compost process will take 4 – 6 months.
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¡¾−¡¸©¦º® ±÷È−¹´ñ¡ 

£¸¾´ªÉº¤¡¾−¢˜−ªí− ¦¿ìñ® °½ìò©ª½²ñ−±÷È−®‰´
• £¸¾´§œ−¢º¤±÷È−®‰´ ¥½ªÉº¤Ã¹ÉªÔ¡¸È¾ 45%
• ±È−®‰´¥½ªûº¤¯½¡º®©É¸¨ ¦¾−ºò§ó Áì½• ±÷−®´¥½ªº¤¯½¡º®©¸¨ ¦¾−º§ Áì½ 

¦¾−º¾¹¾−ºˆ−Å
• ±÷−®‰´ ¥½ªÉº¤¯¾¦½¥¾¡ 

¸ñ©¦½©÷ê†®ÒªÉº¤¡¾−À§ñ− ¯ì¾¦ªò¡, μ¾¤¨õ©, 
Âì¹½, Á¡É¸, Áì½¡Éº−¹ó−.  

°½ìò©ª½²ñ− ±÷È−®‰´

COMPED Compost 
Ä−ÂªëÀ¥− N > 1.32%  
³ö¦³ðëñ¦    P   > 1.72% 
ÂÂ¯ª¾§º´K > 2.24%  
£È¾¢º¤     pH  7.0-7.5. 
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¢Ó¹¨÷É¤¨¾¡ Áì½ 
¸òêó¡¾−Á¡ÉÄ¢

¢Ó¹¨÷É¤¨¾¡ Áì½ º÷¯¦ñ¡ 
• ®Ò´ó¡¾−Á¨¡¢šÀ¨ˆºμ øÈÁ¹ìÈ¤°½ìò©: Á¨¡Àºö¾¦…¤ê†¨Ò¦¾´¾©¨‰´Ä©Éºº¡ 

(¥¾¡ªí−¥ö−¢˜−¦÷©êÉ¾¨ ¢º¤¢½®¸−¡¾−¡¾−®‰´ Ã§ÉÀ¸ì¾¹ì¾¨)
• ¡¾−®ö´±÷È−®Ò¯½ªó®ñ©»È¸´¡ñ® ¡¾−¥ñ©¡¾−¢šÀ¹¨ˆºªö¸À´õº¤: ®Ò´óÃ°

(°È´ó¦È¸−»È¸´) »ñ®°ò©§º® −¿Àºö¾ ¢šÀ¹¨ˆº¯½À²©ºó−§ó ¦‰¤Ã¹É ¦−®‰´±È−(°ø´¦¸−»¸´) »®°©§º® −¿Àº¾ ¢À¹¨º¯½À²©º−§ ¦¤Ã¹ ¦÷−®´±÷−
• £÷−−½²¾®¢ô¤±÷−®‰´:  ¯½§¾§ö− ¢¾©¥ò©¦¿− ô¡  ªÒ°ö−¡½êö®ªÒ¦ò¤Á¸©ìÉº´, 

¥½²ö®À¹ñ−μ øÈÀìœº¨Å ¢šÀ¹¨õúººñ−ª½ì¾¨ Ä©É¯ö−´¾¡ñ®¢šÀ¹¨ˆºªö¸À´õº¤.
• ®Ò´ó¡¾−¡½ª÷¡§÷¡¨øÉ ¹ìõ¥ø¤Ã¥ ¥¾¡ ²¾¡ìñ©:  ¡¾−¢ö−¦‰¤¢šÀ¹¨ˆº¦øÈ¦÷−®‰´ Á´È− 

®Ò´ó£È¾Ã§É¥È¾¨ ÁªÈ´ñ−£¸− Ã¹É´ó¡¾−§ö©À§ó¨ ¹ìõ À¡ñ®À¤ó−Ä©É
• ®Ò´ó¡ö©ì½®¼® Áì½£øÈ´õÁ−½−¿ Ã−¡¾−®‰´±÷È− Áì½ °½ìò©ª½²ñ−±÷È−®‰´ø ÷ ÷

Â©¨²¾¡ìñ©: ¡¾−¢½¹¨¾¨ª½ì¾©´ó£¸¾´¹¨÷É¤¨¾¡¹ì¾¨
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¸òêóê¾¤ Á¡ÉÄ¢®ñ−¹¾ 

• ªò©ªÒ²ö¸²ñ−¡ñ® ²¾¡ìñ©êÉº¤«…− Â©¨¡¾−¦‰¤®ö©ì¾¨¤¾− μ È¾¤À¯ñ−¯½¥¿ 
Áì½»Éº¤¢ð ¡¾−¦½Îñ®¦½Î÷− («É¾¥¿À¯ñ−)

• ªò©ªÒ²ö¸²ñ−¡ñ®°øÈÀ¡ñ®¢šÀ¹¨ˆº Áì½ «¾´Àºö¾¢šÀ¹¨ˆº
• ²½¨¾¨¾´¢ö−¢¸¾¨¹¾Á¹ìÈ¤êô−¦½Îñ®¦½Î÷− À²ˆº«ö´¢÷´ªí−êô−
• ºº¡Á»¤μ È¾¤¹− ñ¡¹− È¸¤©É¾−¡¾−ª½ì¾© Â©¨¡¾− §šÁ¥¤ ¡¾−−¿Ã§É 

Áì½°ö−ê†Ä©É»ñ® ¥¾¡ ¡¾−®‰´±÷È− 

£¸¾´£¾©¹¸ñ¤

• Â£¤¡¾−¡¾−®‰´±÷È−Á È́− ¢½ÁÎ¤Î‡¤¢º¤ ºö¤¡¾− 
COMPED.Â©¨¡¾−©¿À−ó−Â£¤¡¾− −š ²¸¡À»ö¾Ä©É ¦½ÀÎó   CO . ¾ ¿À £¤ ¾ À ¾Ä ¦ À
¹ö¸¢Ó ¡¾−®‰´±÷− ¦øÈ ºö¤¡¾−²¾¨Ã−Áì½ªÈ¾¤¯½Àê© 
²½¨¾¨¾´ £øÈ»È¸´Â£¤¡¾− Áì½êô− À²̂ºÂ£¤¡¾−Ä¹ È́ºó¡.
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¢ð¢º®Ã¥ 
ê†êÈ¾−¡½ì÷−¾ª˜¤Ã¥³ñ¤



2/22/2012

1

¡¾−ì÷©°Èº−Á¡¦À»õº−Á¡É¸ Â©¨ ¡¾−®¿®ñ© 
¿Ã É š ˆ ¯ ¦ ò μÈ ¦öÁì½¡¾−−¿Ã§¢À¹¨º¯½ì¾¦ª¡ μ¾¤À¹´¾½¦´

Yoichi KODERA

¦¾ì½®¾−

1. £÷−ìñ¡¦½−½¢º¤¢šÀ¹¨ˆº¯½ì¾¦ªò¡
2 ó ò ¯ ò2. »º®¸¼−§ó¸ò©¢º¤¯½ì¾¦ªò¡ 

Áì½¡¾−¯Èº¨Á¡¦GHG
3. ¸òêó°½ìò©¯½ì¾¦ªò¡Ä¹´È£ô−
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ºö¤¯½¡º®¹ìñ¡¢º¤ ¢šÀ¹¨̂º £ö¸À»õº−

80

100 

º‡−Å

40 

60 

80 

ºö¤
¯½

¡º
®,

 %

¢šÀ¹¨̂º 
À»õº−£ö¸

À¥̃¨

0 

20 

Volume% Weight%-wet

Plastics

Source:  White paper, Ministry of Environment, Japan

¢šÀ¹¨̂º¥¾¡Àê©¦½®¾− À ṍº®¾¤¡º¡ ¯½Àê©Äê

27wt%

http://gec.jp/gec/en/Activities/EST/2009/wasteplatics/D2_AliceSharp.pdf
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¡¾−À¡ñ®¢šÀ¹¨̂ºÁ®®Á¨¡ μøÈ¯½Àê© †̈ ÷̄È−

¥ø©Ä¹´ÉÄ©É ®Ò¥ø©Ä¹´ÉÄ©É Á¹ìÈ¤
¢šÀ¹¨ˆºÀ¯ñ−²ò©

¢šÀ¹¼ºÀ»õº−£ö¸ Ä É́

¢šÀ¹¨̂ ¯ ì¾¦ªò¡

À¥̃¨¯½¦ö´

¢À¹¨º¯½ì¾¦ª¡

¡½¯Êº¤ Âì¹½ Á¡É¸

¦…¤êÉ¾ê¾¨ªÒ¡¾−¥ø©À°ö¾Áì½¡¾−°½ìò©£õ− 
¢º¤¦½¹−¾´¢šÀ¹¨ˆº À²ˆº¥÷©¯½¦ö¤Ã©Î‡¤

À¦©º¾¹¾− ¡¾−®‰´±÷È−

Increase recycling amount of waste plastics

À¥̃¨¯½¦ö´ ¡¾−°½ìò©À¥̃¨£õ−Ä¹ È́

Environmental impact such as CO2 emission?

¯½ì¾¦ªò¡ μ¾¤ Áì½−Õ´ñ−°½ìò©£õ−Ä¹´ú
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À¯ñ−¹¨ñ¤ ²¸¡À»ö¾¥‡¤°½ìò©£õ−Ä¹´È?
1. ìñ© Áì½®ðìòˆº´ó¦ñ©¥ñ©¡¾−¢šÀ¹¨ˆº ¢¾¨¦…¤ê†´ó£È¾ À²ˆº´ó°ö−ªº®Áê−
2. ¹ì÷©°Èº−¡¾−Ã§É¸ñ©¦½©÷ Â©¨¡¾−Ã§É¢šÀ¹¨ˆºÁê−
3. ¹ì÷©°Èº−°ö−¡½êö®ªÒÁ¸©ìÉº´Â©¨¡¾−¯Ë¼−¢šÀ¹¨ˆºÃ¹ÉÀ¯ñ−²½ìñ¤¤¾−

¹ì÷©°ºÈ−°ö−¡½êö®ªÒÁ¸©ìÉº´ Â©¨¡¾−Ã§É¯½ì¾¦ªò¡À¡‰¾

1. ¡¾−°½ìò©μ¾¤£õ−
¢šÀ¹¨̂º¯½ì¾¦ªò¡ ¦¾´¾−¿À¢í¾¢½®¸−¡¾−°½ìò©– ¢À¹¨º¯½ì¾¦ª¡ ¦¾´¾−¿À¢¾¢½®¸−¡¾−°½ì© 
À ñ̄−μ¾¤Ä©É. ¥¿²¸¡ÀêóÂ´¯½ì¾¦ªò¡ À§„− PE, PP Áì½ 
PS À ñ̄−Á¹ìÈ¤ ņ̃©«÷

– −šÁ È́−CDM ºó¡μÈ¾¤Î‡¤ ê†»º¤»ñ®¥¾¡ UN
2. À¯ñ−À§œºÀ²ó¤ê†¦½º¾© ¡¸È¾ «È¾−¹ó−, Áì½−Õ´ñ−©ò®

– ¯½ì¾¦ªò¡®¾¤¯½À²© ¦¾´¾©−¿´¾°½ìò©Ã¹ÉÀ ñ̄−– ¯½ì¾¦ª¡®¾¤¯½À²© ¦¾´¾©−¿´¾°½ì©Ã¹À¯− 
À§œºÀ²ó¤Á¢¤, Á¹ì¸ Áì½ º¾¨ Ä©É. À§œºÀ²ò¤©„¤¡È¾¸ 
Ã¹Éº¾¨£ ņ̃−¦½º¾©¡ Ȩ̀¾«È¾−¹ó− Áì½ −Õ ñ́−  §‡ Ȩ̀¾ ó́ 
CO2 −Éº¨ªÒ´¸−¦¾− Áì½ COx −Éº¨
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Recycled resin »º®¸¼−§ó ò̧©¢º¤¯½ì¾¦ªò¡Œ3
−Õ´ñ−©ò®Ä¯À«ò¤ °½ìò©ª½²ñ−§ö´Ã§É Á´È− °½ìò©ª½²ñ− Â¯ìóÀ´ó Áì½ μ¾¤

Oil refinery & 
petrochemical 
processing

¡„−−Õ´ñ− 
5¢½®¸−¡¾−À£

´ó−Õ´ñ−

−Õ ñ́−©ò®

Polymer/resin

Production and distribution of 
plastic articles
¡¾−°½ìò© Áì½ ¥¿ÎÈ¾¨
À£̂º¤¯½ì¾¦ªò¡ −¿Ã§ÉÂ©¨°øÈ®ðìòÂ²¡

»º®¸¼−§ó ò̧©¢º¤¯½ì¾¦ªò¡Œ2
°½ìò©ª½²ñ−¯½ì¾¦ªò¡¦øÈ °½ìò©μÈ¾¤£õ−Ä¹ È́

Disposal

Collection

Recycling

Crushing,  wash
ing and 
pelletization

°½ìò©ª½²ñ−¯½ì¾¦ªò¡ ¢™À¹¨̂º¯½ì¾¦ªò¡ μ¾¤ê†°½ìó©£õ−Ä¹´È
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Recycled resin
»º®¸¼−§ó ò̧©¢º¤¯½ì¾¦ªò¡Œ3

°½ìò©ª½²ñ−¥¾¡μ¾¤À¡‰¾

À ñ́©μ¾¤°½ìò©£õ−Ä¹ È́

À£ˆº¤Ã§É²¾¨−º¡È

§ó©À¢í¾À®í¾¹ìÒÈ ņ̃©¦½©÷¡Ò¦É¾¤È
§š−¦È¸−ìö© ö̈−È

Recycled resin

¡¾−¹ì÷©°Èº−CO2 Â©¨¡¾−Ã§É°½ìò©ª½²ñ− μ¾¤À¡‰¾ (1) 

²¾§½−½¢¾¸¦½º¾© ²¾§½−½¦½º¾© ÁªÈ Ã§É¦ó
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Consumers
−Õ´ñ−©ò® PSÄÏÈ ²¾§½−½ PS  ¢šÀ¹¨ˆº (²½§½−½¦½º¾©¢¾¸)    

¡¾−À¡ñ® Áì½Á¨¡
òÂ

¡¾−¹ì÷©°Èº−CO2 Â©¨¡¾−Ã§É°½ìò©ª½²ñ− μ¾¤À¡‰¾ (3) 

Environmental Impact Recycled PS 
Tray‐60%

New PS
Tray

Energy as Feedstock / GJ 11 32

followed by pelletization ®ðìòÂ²¡
°½ìò©£õ− PS ＋ PS ÄÏÈ ²¾§½−½°½ìò©ÄÏÈPS t ¢šÀ¹¨ˆº

60%                   40%

gy /

Energy of Transportation and Processing / GJ 25 33

CO2 / ton 2.4 4.5

SOx / kg 1.6 2.7

NOx / kg 2.4 3.2

Solid waste / kg 8.7 22

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

Impact reduction

¡¾−¹ì÷©°Èº−CO2 Â©¨¡¾−Ã§É°½ìò©ª½²ñ− μ¾¤À¡‰¾ (4) 

CO2 emission

Handling

Material

54

74

36

46

26

64

(processing & transportation)

0% 20% 40% 60% 80% 100%

Solid waste 40 60

Table:  Environmental impact reduction by using 60% recycled resin 
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¡¾−−¿Ã§É ¢̃−¦÷©êÉ¾¨ ¢º¤μ¾¤À¡‰¾

À œ Ä³À§ºÄ³

μ¾¤À¡‰¾

À°ö¾À»ñ©£¸¾´»Éº−

À§œºÀ²ó¤Á¢¤

¡¾−°½ìò©: ®ö©Ã¹É´÷È− Áì½°½ìò©À´ñ©, ºö®Á¹É¤ 
«É¾¢šÀ¹¨ˆº¯¼¡. °½ìò©À´ñ© Ã−º÷−¹½²ø´ 200 ºö¤¦¾ 
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À§œºÀ²ó¤Á¹ì¸
¡¾−°½ìò©: Ä²ÂëÄì¦ó¦ ª¾´©É¸¨ ¡¾¡„−. 
¡¾−®ö© Áì½¡¾−Á¨¡ º¾©´ó£¸¾´ªÉº¤¡¾−¦¿ìñ® 
¢šÀ¹¨ˆº®¾¤§½− ò© 

À§œºÀ²ó¤Á¡¦
• ¡¾−°½ìò©: ®ö©Ã¹É ÷́È− ¢½®¸−¡¾− Ä²ÂëÄì§¦ó¦
•°½ìò©º¾−−ÕŒ¡¿ìñ¤¤¾− ¹ìó Á¡¦Àêó®¾¨
•®ñ−¹¾¹ìñ¡: ó́ tar ¹ì¾¨ ªÉº¤ ó́ ò̧êóÁ¨¡ºº¡¥¾¡ Á¡¦
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Heat Ash
Flue
gas

◎ ◎ ◎

Similar
fuel

¡¾−¹ì÷©°Èº−°ö−¡½êö®ªÒÁ¸©ìÉº´ Â©¨¡¾−−¿Ã§É À§œºÀ²ò¤¦½º¾© 
¥¾¡ ¢šÀ¹¨̂º¯½ì¾¦ªò¡

À§œºÀ²ò¤Á¡¦

◎ ◎ ◎

◎ ◎ ○

△ or

LNG/LPG

Diesel 
oilÀ§œºÀ²ò¤Á¹ì¸

œ ò ○ △
△ or 
×

△ × ×

Coal

none

¢šÀ¹¨ˆº¯½ì¾¦ªò¡
À§œºÀ²ò¤Á¢¤

¥ø©À°ö¾Â©¨¡ö¤
À²ˆºÄ©É£¸¾´»Éº−

1

Singapore

¡¾−°½ìò© ¢šÀ¹¨ˆº ¦ö®ê¼® GDP

0.4

0.6

0.8

M
S

W
 g

en
er

at
io

n 
pe

r 
ca

pi
ta

/(
kg

/d
ay

)

Cambodia
Nepal

Indonesia

Japan

Malaysia

y = 0.137x0.190

0

0.2

0 2000 4000 6000 8000 10000 12000 14000 16000 18000
GDP

/USD per capita
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Á−¸Â−É´À²†´¢›− Ã−ìñ¡¦½−½ ¡¾−°½ìò© ¦ø¤,¡¾¤, ªÔ
W

as
te

 g
en

er
at

io
n

M.Tanaka、http://www5.cao.go.jp/keizai‐shimon/special/pdf/1004item7.pdf

GDP

¡¾−°½ìò©¢šÀ¹¨ˆºªö¸À´õº¤ 1995

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

*http://web.mit.edu/urbanupgrading/urb
anenvironment/resources
/references/pdfs/WhatAWasteAsia.pdf
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¢šÀ¹¨ˆº¥¾¡£ö¸À»õº− ¯½Àê© ºñ¤¡ò© 2006 Œ 7 

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

Type LHV Total solid C fossil
CO2 from 
Fossil C

C bio.
CH4

potential

£÷−¦ö´®ñ© ¢º¤ºö¤¯½¡º®ª¾¤Å¢º¤¢šÀ¹¨ˆº

MJ/kg‐Wet % Wet base % Total solid
kg/100kg‐
Total solid

% Total solid
L/kg‐Dry 
solid

Plastics 34.1 89.1 79.3 290.8 0.4 0

Paper 12.9 90.5 0.2 0.7 32.7 158.1

Kitchen waste 5.8 29.6 0.5 1.8 49 435.7

Garden waste 7.5 52.2 0.8 2.9 43.1 114.6

Cardboard 13.6 80.6 2.1 7.7 42.4 154.8

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

»º®¸¼−§ó¸ò©¢º¤ ¯½ì¾¦ªò¡ 1

• −Õ ñ́−©ò® ¦øÈ −¾®ª¾
ˆRaw Material

Polymers

í Ò

• ÀºªóÁì−¦øÈ Â¯ìóÀºªóÁì−
• ¡¾−°½ìò© Áì½ ¢½®¸−¡¾−À£ ó́

•−¾®ª¾¦øÈ ÀºªòÁì− Áì½º̂−Å

Plastic 
articles

• À®í¾¹ìÒ 
• °½ìòª½²ñ−³ó´

Used by

Recycled resin

»º®¸¼−§ó¸ò©¢º¤ ¯½ì¾¦ªò¡ 2

• ©È¼¸, ȫ−, ¹ìõ ¯½¦ö´
¯ ò ÉUsed by 

Consumers

Collection

• ¯½ì¾¦ªò¡ −÷É´ Áì½ Á¢¤

• êñ¤¹ ö́©¦ Ȩ̀−¯½¡º®¢º¤ ¢šÀ¹¨̂º
• ¡¾−Á¨¡ºö¤¯½¡º®ªÈ¾¤¢º¤¢šÀ¹¨̂º

õ š ˆ

•*Treatment

• ¡¿¥ñ©/À°ö¾ ¹ìõ ¦½¹−¾´¢šÀ¹¨̂º
•¡¾−°½ìò©£õ−, μ¾¤ ¹ìõ À§õºÀ²ò¤
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Delivery
electricity

Sales
Fuel

electricity

¡¾−¹ì÷©°Èº− CO2 Â©¨¡¾−−¿Ã§É PS °½ìò©£õ− (2
»º®¸¼−§ó¸ò© °È¾−¡¾−¡¥ñ©£˜¤Î‡¤ &¡¾−°½ìò©£õ− 

Separate 
or mixed 
disposal

Waste plastics
Fuel

¹ìÒ«ñ¤®ñ−¥÷ ®ñ−¥÷º¾¹¾− ®ðìòÂ²¡ê‰¸Ä¯°½ìò©Á°È−

New plastics
Additives

Other materials

Waste
plasticsSeparate collection

electricity

Container 
manufacturer

General 
market

Incineration or landfill

°½ìò©£õ−

¡ö©Ï¾¨¡¾−°½ìò©£õ−Ä¹´È ê†²ö¸²ñ− Ã¹É ¢šÀ¹¨ˆº¯½ì¾¦ªò¡¢º¤¯½Àê©¨†¯÷È−

§ˆ¡ö©Ï¾¨ ªö¸μ È¾¤¯½ì¾¦ªò¡
°½ìò©£õ−Ä¹´È

®ñ−¹¾

¡¾−°½ìò©£ô−Ä¹ È́
Ò

°½ìò©ª½²ñ−μ¾¤ 
Ä ò ò Ã ó

°½ìò©ª½²ñ− μ¾¤ ì¾£¾¦ø¤ 
²¾§½−½®ñ−¥÷ Áì½¹÷É´¹Ò Ä©É»ñ®¦ò©êò−¿Ã§É «È¾−¹ó− 

À ñ̄−¦¾−¦ Ȩ̀−¯½¦ö´°½ìò©ª½
²ñ−

ø
80 Àμ−/kg 
¡ Ȩ̀¾Àªö¾«¾−¹ó− 
40Àμ−/kg

¡ö©¹´¾¨À£ˆº¤Ã§É£ö¸À»õ
º−¥¾¡¯½ì¾¦ªò¡°½ìò©
£õ−

§™−¦ Ȩ̀−¯½ì¾¦ªò¡¦½º¾© 
ê¿¡¾−°½ìò©£õ−Ä¹´
Ã−»ø¨Á®®¸ñ©«÷ê¼´. 
¡¾−°½ìò£ô−ê¾¤ª̃¤ 
Â©¨¡¾−Á¨¡ê†§ñ©À¥−

¯½ì¾¦ªò¡¯½¦ö´
Áì½¯½ì¾¦ªò¡ê† Ò̈Ä©É

°½ìò©£õ−À§„− Â¯ìóëóÀê−

Â©¨¡¾−Á¨¡ê§©À¥−
Ä©É©¿À−ó−ê¾¤²¾−ò© 

¡ö©¹´¾¨ ¡¾−°½ìò©£õ−
ìö©¨ö− Äì¨½¦÷©êÉ¾¨

ASR ¯½¡º® ó́ ¯½ì¾¦ªò¡ 
Áì½ ±÷È−À œ̄º− º½−÷¨¾ 
Ã¹ÉÀ°ö¾ À²̂ºÄ©É£¸¾´»ºÉ−

Àºö¾Ã¥Ã¦È¡¾−−¿Àºö¾ 
Âì¹½ Áì½ ¯½ì¾¦ªò¡ 
´¾Ã§É£õ− μ È¾¤§ñ©À¥−
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総資源化量 リサイクル率
Municipal waste

Obligation for collection, transport 
and disposal is shouldered by local 
authorities.

- 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. 

(%)

Recycling volume and ratio of municipal waste

¦½«¾−½²¾®¡¾−°½ìò©£õ−

Recycling volume Recycling ratio

(10 000 ton)

703
786 825 864

916 940
1003 1020 1030

978
13.1

14.3 15.0
15.9

16.8
17.6

19.0
19.6 20.3

20.3

0

5

10

15

20

0

200

400

600

800

1000

1200

1400

H11 H12 H13 H14 H15 H16 H17 H18 H19 H20

Produced by households

Industrial Waste

Volume recycled
9.78 million t (20%)

Volume reduced
32.75 million t (73%)

Final disposal volume
5.53 million t (12%)

Companies producing waste are 
responsible for treatment.

Waste

Volume produced
48.11 million 
tons (100%)

(%)(10,000 ton)

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

Produced by business activities Volume recycled
219million t (52%)

Volume reduced
180million t (43%)

Final disposal volume
20.million t (5%)

Regulated by relevant laws

Volume produced
419 million tons 

(100%)

Municipal waste: Data collected in 
FY08.
Industrial waste: Data collected in FY07 Copyright  METI

Containers and packaging waste counts up about 60% of household 
waste (volume ratio)

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.

Background of Containers and Packaging Recycling Law

Paper
8.0%

Plastic
9.1%

Metal
1.5%

Glass
4.1%

Other

Paper
18.6%

Ratio by Weight (FY2008)Ratio by Volume (FY2008)

Other than 
Containers and 

Packaging

38.4%
Other than 

Containers and 
Packaging

Containers 
and 

Packaging
23.3%

Containers 
and 

0.7%

Other
0.2%

Glass
0.7%

Metal
2.0%

Plastic
40.1%

Packaging

76.7%

※ Ratio by volume and by weight was calculated based on the 
sample survey targeting for 6 cities and 3 areas across the nation.

Packaging
61.6%

Copyright  METI
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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）

Overview of Containers and Packaging Recycling Law

(40 billion yen)

Consumers

[Separated disposal]

Specified Container 
Manufacturers, etc

[Obligation to recycle]

Designated Juridical Person:
The Japan Containers And Packaging 

Recycling Association

Distribution Specified
Container/Packaging 

Users
[Obligation to recycle]

Delivery

Collection of 
containers and 

packaging

Payment of recycling costs
(Implementation of obligations)

Paper

Plastic

Glass

Bidding

Recycling Association

Conversion to cullet and 
pellets by recycling 

company

Selling recycled 
products/materials

Local authority
[Separated collection]

(39.7 billion yen)

Monetary flow

Material flow 

Shoulders cost of collection

Hand over of containers and 
packaging

Payment of 
recycling costsAgreement of 

receipt

Plastic

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.

Issues and concerns about the Law

Cost reduction / cost efficiency

Copyright  METI

/ y
‐ including social costs of the whole processes:

from separate collection to recycling

Creation/promotion of 
high value‐added recycled products

Reconsideration of roles and
responsibilities of relevant players
(i.e. consumers, local governments and Designated Manufacturer/Users)

1. efficiency of recycling system 

４

2. improvement of fairness,
transparency and stability

and their cooperation
‐ based on the idea of EPR

Prevention of free‐riders

3. promotion of prevention and
re‐use

Methods for setting quantitative
prevention targets and units
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Seeking the possibility and suitable technologies 
of waste plastics recycling for developing countries

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

ขยะเปนน้ํามันขยะเปนนามน
ไดรับการสนับสนุนงบประมาณจาก

กองทุนเพื่อสงเสริมการอนุรักษพลงังาน
สวนอนุรักษพลังงานและพลังงานหมุนเวียน
สํานักงานนโยบายและแผนพลงังาน

กระทรวงพลงังานกระทรวงพลงงาน

รุงนภา ทับหนองฮี
(rungnapa2511@gmail.com)

สุธีร  ทับหนองฮ ี(hs3isp@gmail.com)
บริษัทเมืองสะอาดจํากดั

หัวขอในการนําเสนอ
1. บทนําและที่มาของโครงการ
2 สถานการณปจจบันของการแปรรป2. สถานการณปจจุบนของการแปรรูป

ขยะพลาสติกเปนน้ํามันในประเทศไทย
3. คุณสมบัติและคุณภาพของน้ํามันดิบ

จากขยะพลาสติก
4 โอกาสการพัฒนาเทคโนโลยีและ4. โอกาสการพฒนาเทคโนโลยและ

อุตสาหกรรมการแปรรูปขยะพลาสติกเปน
น้ํามันในประเทศไทย

5. กิตติกรรมประกาศ
2
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1.บทนําและที่มาของโครงการ

ลาว

กัมพูชาเทศบาลเมืองวารินชําราบ 3

1.บทนําและที่มาของโครงการ
● ปริมาณการเกิดขยะมูลฝอยในเทศบาลเมืองวารินชาํราบ
ประมาณวันละ 24-25 ตัน จากจํานวนประชากร 30,000 
คน ในพื้นที่รับผิดชอบ 12 9 ตารางกิโล มตรคน ในพนทรบผดชอบ 12.9 ตารางกโลเมตร

● ปริมาณขยะรีไซเคิลมีประมาณรอยละ 20 ของปรมิาณ
ขยะมูลฝอยทั้งหมดที่เกิดขึ้น

● วิเคราะหองคประกอบขยะมูลฝอย พบวามีขยะพลาสติก
คิดเปนรอยละ 12.6 ของปรมิาณขยะมูลฝอยทั้งหมด

4
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ปริมาณขยะพลาสติก90% จะเปนขยะพลาสติกชนิด
PE :Polyethylene และPP : Polypropylene 
ซึ่งสวนใหญจะอยูในหลุมฝงกลบขยะมูลฝอย

2 4 5

HDPE LDPE PP
5

● รัฐบาลไทยมีนโยบายที่จะสงเสริมการใชพลังงานทดแทน
โดยใหองคกรปกครองสวนทองถิ่นทําการคัดแยกและ
แปรรูปขยะมูลฝอยใหเปนพลังงานทดแทน

● สํานักงานนโยบายและแผนพลังงาน กระทรวงพลังงาน● สานกงานนโยบายและแผนพลงงาน กระทรวงพลงงาน
ของรัฐบาลไทย จึงไดสนับสนุนงบประมาณใหแกองคกร
ปกครองสวนทองถ่ิน จํานวน 3 แหง ไดแก เทศบาลเมือง
วารินชําราบ เทศบาลนครพิษณุโลก และเทศบาลนคร
ขอนแกนในการกอสรางระบบคัดแยกและระบบแปรรูป
ขยะพลาสติกเปนน้ํามัน ในป 2009-2010ขยะพลาสตกเปนนามน ในป 2009 2010

6
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2. สถานการณปจจุบันของการแปรรูปขยะ
พลาสติกเปนน้ํามันในประเทศไทย
(บริษัทเมืองสะอาด จํากดั ผูลงทุนโรงงานในพื้นที่เทศบาลเมอืงวารนิชําราบ)

7

ปริมาณขยะมูลฝอย                      
ที่ฝงกลบในบอฝงกลบ               

บอG จํานวน 125,000 ตนั
ระยะเวลา 7 ป (ป 2000-2007)

8
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กระบวนการแปรรูปขยะพลาสติกเปนน้ํามัน
แบงออกเปน 2 สวน

สวนที่ 1 ระบบการคัดแยกขยะ

สวนที่ 2 ระบบการแปรรป(ไพโรไลซิส)สวนท 2 ระบบการแปรรูป(ไพโรไลซส)

9

1.ระบบการคัดแยกขยะมูลฝอยดวย
เครื่องจักรกล(the front end system)

10
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ขยะพลาสติกท่ีทําการคัดแยกได
จากบอฝงกลบ

11

การทําความสะอาดและการทําใหขยะพลาสติกแหง

12
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วัตถุดบิขยะพลาสตกิเตรยีมพรอม              
กระบวนการไพโรไลซิส

2

สวนใหญจะเปนขยะพลาสติกประเภท LDPE, HDPE และ PP

4 5

HDPE LDPE PP

13

Process flow diagram of MPW Pyrolysis2. กระบวนการไพโรไลซิส

14
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แนวคิดของกระบวนการ                 แนวคิดของกระบวนการ                 
แปรรูปพลาสติกเปนน้ํามัน  แปรรูปพลาสติกเปนน้ํามัน  

การผลิตพลาสติก คือ โพลิเมอรไรเซชั่น
[Polymerization]

โ ื ี โ

Natural 

Gas

Natural Gas Plastic
Polymerization

-

l i i

การทําลายโครงสรางพลาสติก คือ ดี-โพลิเมอรไร
เซชั่น [De-Polymerization]

กาซ
ธรรมชาติ
และ
้ํ ั ิ

-ควบคุมอุณหภูมิ
-ตัวเรงปฏิกิริยา

- - Temperature control              
- - Catalyst

DepolymerizationCrude Oil 

Light
Crude Oil 

นํ้ามันดิบจากพลาสติก

นํามันดิบ
ปโตรเลียม

กระบวนการไพโรไลซสิ
คือ การเผาดวยความรอนสูงเพื่อ

ทําลายโครงสรางทางเคมีของพลาสติก

ดวยความรอน
(thermal degradation)

C-H Bond
(Polymer)

-ของเหลว
-กาซเชื้อเพลิง

ดวยตัวเรงปฏิกิริยา
(catalytic degradation)

เดินเครื่องไดที่อุณหภูมิสูงประมาณ
(< 500oC)เกิดผลิตภัณฑสวนใหญ
เปนเช้ือเพลิงเหลว และสวนนอย
เปนกาซเชื้อเพลิงไฮโดรคารบอน



22/02/55

9

กระบวนการแปรรูปขยะพลาสติกเปนน้ํามัน
ดวยกระบวนการไพโรไลซิส

17

ผลิตภัณฑที่ไดจากกระบวนการไพโรไลซิส 
คือ นํ้ามันไพโรไลติก (Pyrolytic oil)

18
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ผลิตภัณฑที่ไดจากกระบวนการไพโรไลซิส 
คือ นํ้ามันไพโรไลติก (Pyrolytic oil)

กาซที่ไมควบแนนจะถูกนํากลับเขาไปเปนพลังงานความรอนใหมภายหลังการ
ทําใหสะอาดขึ้นแลว (Syn Gas) สวนกาซที่ถกปลดปลอยออกภายนอก

ระบบการบําบัดกาซดวยเครื่องบําบัดอากาศ              
พนละอองฝอยน้ํา (Exhaust gas scrubbing)และการนํา

กาซเชื้อเพลิงไปใชใหม (Syn-gas)

ทาใหสะอาดขนแลว (Syn Gas)  สวนกาซทถูกปลดปลอยออกภายนอก
บรรยากาศจะถูกนําเขาสูเคร่ืองบําบัดอากาศพนละอองฝอยน้ํา(Wet crubber)
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ผลพลอยไดจากการผลิต:แวกซ(Wax)และ               
ผงคารบอน(Carbon Black) ที่เปนของเสยีที่เหลือ          

จากการเผาไหมในถังปฏิกิริยาไพโรไลซิส

21

สัดสวนและอัตรากําลังการผลิต

ผลลัพธของ
การผลิต
60%

3,000
300

10

ขยะพลาสติกรวม(ตัน)

12,098.3
1,209.8

40.3
(บาเรล)

1,980,000ป

198,000
6,600

(ลิตร)

น้ํามันดิบ(ไพโรไลติก)

เดือน

วัน

22
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3.คุณสมบัติและคุณภาพของน้ํามันดิบ

คุณสมบติัสวนใหญของน้ํามันคลายน้ํามันดิบและ
บางสวนคลายน้ํามันดีเซล คีโซลิน และเบนซีน 23

• การทดลองปรับปรงุคุณภาพ
เพ่ือใหสามารถใชประโยชน

3.คุณสมบัติและคุณภาพของน้ํามันดิบ

เพอใหสามารถใชประโยชน
ไดในรูปน้ํามันเชื้อเพลิงดวย
กระบวนการตกตะกอนและ
กระบวนการกลั่นตามจุด
เดือดทั้งในประเภทน้ํามัน

้ดีเซลและน้ํามันเบนซิน

24
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4. โอกาสการพัฒนาเทคโนโลยีและ
อุตสาหกรรมการแปรรูปขยะพลาสติกเปน
น้ํามันในประเทศไทย

25

กระทรวงพลังงานไดประกนัราคาขายหนาโรงกลั่น
จํานวน 18 บาทตอลิตร ซึ่งจะตองทาํการขนสงไปที่
จังหวัดระยอง ทําใหเพ่ิมตนทุนมากขึน้ และยังไมมี
แนวทางการจําหนายที่ถูกตองตามกฎหมาย

การใชประโยชนของน้ํามันดีเซลที่ไดจาก
การกลั่นน้ํามันดิบจากขยะพลาสติก

26
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การใชประโยชนของน้ํามันเบนซินท่ีได
จากการกลั่นน้ํามันดิบจากขยะพลาสติก

27

การทดสอบคุณภาพน้ํามัน(ปตท)

ตัวอยางน้ํามันดีเซลผานการกรอง5µ ตัวอยางน้ํามันเบนซินผานการกรอง5µ
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การทดสอบคุณภาพน้ํามัน(ปตท)
Test Item

(March 2011)
Test 

Method
Result
(Diesel)

Result
(Gasoline)

1 Appearance Visual Hazy C&B1.Appearance Visual Hazy C&B

2.API Gravity@60◦F ASTM D        
4052‐09

47.35 48.77

3.Specific Gravity 
@15.6/15.6◦C
(Density@15◦C g/cm3)

ASTM D             
4052‐09

0.7912 0.7846

(Density@15 C,g/cm3)

4.Ash,%wt (ไมสูงกวา 0.05) ASTM D             
482‐95

0.02 ‐

5.Flash Point,(P.M),◦C ASTM 93‐09 24.0 ‐

ตัวอยางน้ํามันดีเซลผานการกรอง5µ ตัวอยางน้ํามันเบนซินผานการกรอง5µ

Test Item
(March 2011)

Test 
Method

Result
(Diesel)

Result
(Gasoline)

6. Water and 
sediment,%vol                     
ไ

ASTM D 
2709‐96

0.03 ‐

(ไมสูงกวา0.05)

7.Colour,ASTM
/Colour(Hue)

ASTM D          
1500‐98

1.5
/Yellow

Yellow

8.Corrosion Copper  ASTM D           1a 1a
strip(3h/50◦C),No.
(ไมสูงกวาหมายเลข1)

130‐04
ɛ1 ASTM D 4814

9.Micro Method 
Carbon Residue,%wt
(ไมสูงกวา 0.05)

ASTM D          
4530‐00

0.08 ‐
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■ เทคโนโลยีในการแปรรปูขยะพลาสติกเปนน้ํามัน 
มีความเปนไปไดในการนํามาประยุกตใชใน

บทสรปุ

ุ
กระบวนการรีไซเคิลในประเทศไทยและ             
ประเทศอืน่ๆในโซนอาเซยีน

■ เทคโนโลยีในการแปรรปูขยะพลาสติกเปนน้ํามัน 
ชวยในการประหยัดพื้นที่การฝงกลบขยะมูลฝอย
การนําพืน้ที่กลับมาหมนเวียนใชใหม และยืดอายการนาพนทกลบมาหมุนเวยนใชใหม และยดอายุ
การใชงานของบอฝงกลบ รวมทั้งลดการปลอย
กาซเรอืนกระจกกาซ CO2จากการเผาขยะมลูฝอย
และขยะพลาสติก

31

■ คุณสมบัตแิละคุณภาพของน้าํมันไพโรไลตกิ 
คลายกบัน้ํามันดิบและสามารถปรับปรุงใหมี

้ ้

บทสรปุ

คุณสมบัติคลายน้ํามันดีเซลและน้ํามัน
เบนซนิไดดวยกระบวนการกลัน่

■ นอกจากนี้ กระบวนการกลัน่น้ํามันดบิสาม
รถพัมนาปรับปรุงคุณสมบัตแิละคุณภาพของ
้ํ ั ี ้ํ ั ิ ใ  นํามันดีเซลและนํามันเบนซินใหคลายและ
ใกลเคียงกับน้ํามันในทองตลาดในเชิง
พาณิชยไดตามมาตรฐานและความปลอดภัย
ของเครือ่งยนต 32
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● บริษัทเมืองสะอาด จํากัด และศูนยความเปนเลิศ
ในการจัดการสิ่งแวดลอมและของเสียอันตราย 

กิตติกรรมประกาศ

มหาวิทยาลัยอุบลราชธานี ประเทศไทย 
สนับสนุนงบประมาณและองคความรูในการ
ศึกษาวิจัยและพัฒนา

● รองศาสตราจารยธาราพงษ วิทิตศาสตร 
อาจารยประจําคณะวิทยาศาสตร จฬาลงกรณอาจารยประจาคณะวทยาศาสตร จุฬาลงกรณ
มหาวิทยาลัย ที่ใหคําแนะนําและขอเสนอแนะใน
การพฒันาปรับปรุงคุณภาพน้ํามัน

33

34
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Plastic Recycle

“Workshop on Capacity Building on Accounting and
Utilising GHG Emission Reduction Measures for Local
Waste Management Actors in Developing Asian Countries,

b i i ”

M R S . S U T E E  T U B N O N G H E E

W A R I N C H A M R A P  M U N I C I P A L I T Y
U B O N  R A T C H A T H A N I  P R O V I N C E , T H A I L A N D

4-6 September 2011, Vientiane, Lao.”

แนวทางการจัดการขยะพลาสตกิ

สวนที1่การจดัการตัง้แตตนทางแหลงกาํเนดิ
การคดัแยกขย มลฝอยในชมชนโครงการชมชนปลอดขย-การคดแยกขยะมลูฝอยในชมุชนโครงการชุมชนปลอดขยะ 

หรอื Zero Waste Project 

สวนที ่2การจดัการทีป่ลายทางแหลงกาํจดั 
-การคดัแยกขยะมลูฝอย(โครงการนาํรองขยะฐานศนูย)
-การคดัแยกขยะทีบ่อฝงกลบประเภทขยะพลาสตกิ
-การแปรรปูขยะใหมมีลูคารปูแบบตางๆ เชน การหลอมเมด็

    พลาสตกิ และการแปรรปูขยะพลาสติกเปนน้าํมนั
-การฝงกลบแบบถกูหลกัสขุาภบิาล
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การจดัการขยะมลูฝอยทีต่นทางแหลงกาํเนดิ

-การคัดแยกขยะมูลฝอยในชุมชนโครงการชุมชนปลอดขยะ

การคัดแยกขยะทีบ่านเรอืนในชุมชน

ขยะพลาสตกิ
จากครวัเรอืน    
-ถุงพลาสตกิ

-ถุงหหูิว้
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สถานทีก่าํจดัขยะมลูฝอยแบบถกูหลกัสขุาภบิาล

การจดัการขยะมลูฝอยทีป่ลายทางแหลงกาํจดั

-การคัดแยกขยะมูลฝอย (โครงการนํารองขยะฐานศูนย)



2/22/2012

4

การคัดแยกขยะมลูฝอยทีศ่นูยสาธิต            
(โครงการนาํรองขยะฐานศนูย)

การคัดแยกขยะมลูฝอยวนัละ 2-3 ตนั
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ขวดแกวการคัดแยก

ขวดพลาสตกิ ถุงพลาสตกิ

ขยะบางสวนทีเ่หลอื?
พวกเศษอาหารนาํไปหมกัทําปุยและขยะอื่นๆ
นําสวนที่เหลือไปฝงกลบตามหลักสขาภิบาลนาสวนทเหลอไปฝงกลบตามหลกสุขาภบาล 
ซ่ึงจะมีปริมาณลดนอยลงมาก ลดคาใชจาย
ในการเก็บขนและกําจัดลดลง
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การคัดแยกขยะทีบ่อฝงกลบประเภทขยะพลาสตกิ

ถุงพลาสติกเตรยีมลางทําความสะอาด
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การแปรรปูขยะพลาสตกิใหมมีลูคา            
รปูแบบการหลอมเมด็พลาสตกิ

กิจกรรมการจดัการขยะถงุพลาสตกิ(เดมิ)

ถุงพลาสตกิจากบอฝงกลบ คลองวนเวยีน

การลางถุงพลาสตกิ เครื่องสะบดัแหง
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กิจกรรมการจดัการขยะถงุพลาสตกิ(เดมิ)

การคดัแยกชนดิพลาสตกิ ปนแหงดวยกรงกระรอก

แยกกองชนดิพลาสตกิ เครื่องอดักอนพลาสตกิ

กจิกรรมการจดัการขยะถงุพลาสตกิ(พฒันา)
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กจิกรรมการจดัการขยะถงุพลาสตกิ(พฒันา)

กจิกรรมการจดัการขยะถงุพลาสตกิ(พฒันา)



2/22/2012

10

กจิกรรมการจดัการขยะถงุพลาสตกิ(พฒันา)

เครือ่งสะบดัแหง

กจิกรรมการจดัการขยะถงุพลาสตกิ(พฒันา)

การคดัแยกประเภทพลาสตกิ
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กจิกรรมการจดัการขยะถงุพลาสตกิ(พฒันา)

เครือ่งปนแหงแบบกรงกระรอก

พลาสตกิทีร่อการหลอมเมด็

เศษพลาสตกินาํไปแปรรปูน้าํมนั
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กจิกรรมการหลอมเมด็พลาสตกิ(เอกชน)

เครื่องหลอมพลาสตกิ ตูควบคมุอณุหภูมกิารหลอมเหลว

พลาสตกิทีห่ลอมเหลว สงตอไปยงัเครือ่งรดีเสน

กจิกรรมการหลอมเมด็พลาสตกิ(เอกชน)

เครื่องรดีเสนพลาสตกิ หลอเยน็ดวยรางน้าํ

เครื่องตดัเสนพลาสตกิ
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กจิกรรมการหลอมเมด็พลาสตกิ(เอกชน)

เมด็พลาสตกิ

เครื่องตดัเสนพลาสตกิ เครื่องชั่งน้าํหนกั บรรจกุระสอบ

กจิกรรมการหลอมเมด็พลาสตกิ(เอกชน)
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กิจกรรมการบดยอยและหลอมเมด็พลาสตกิถงุปุย

ถุงปุยพลาสติกPP เครือ่งบดยอยถงุปุย

ถุงปุย
พลาสติก

PP รางน้าํลางถงุปุยเครือ่งบดยอยถงุปุย

กิจกรรมการบดยอยและหลอมเมด็พลาสตกิถงุปุย

รางน้าํลางถงุปุย สายพานเกีย่วถงุปุยบดยอย

ถุงปุยที่บดยอยแลว เครือ่งหลอมพลาสตกิ
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กิจกรรมการบดยอยและหลอมเมด็พลาสตกิถงุปุย

ขัน้ตอนการหลอมและตดัเมด็พลาสตกิถงุปุย(เชนเดยีวกนั)

กิจกรรมการบดยอยและหลอมเมด็พลาสตกิถงุปุย
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การนําผงพลาสติกรไีซเคิลผลิตผลิตภัณฑ

การผลติถงัดกัไขมนั

การนําผงพลาสติกรไีซเคิลผลิตผลิตภัณฑ

การผลติถงัดกัไขมนั
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การนําผงพลาสติกรไีซเคิลผลิตผลิตภัณฑ

การผลติถงัดกัไขมนั

แผนการจัดการขยะพลาสติกระยะ 5 ป
โครงการอนุรักษสิ่งแวดลอม เทศบาลเมืองวารินชําราบ

ป2553 ป2554 ป2555 ป2556

การคัดแยก
ิ

เคร่ืองลาง เคร่ืองเปา
ิ

เคร่ืองบด


เคร่ืองผลิต
ั ไ โ 

ป2549-2552

ถุงพลาสติก

เคร่ืองลาง
ถุงพลาสติก

เคร่ืองสะบัด
ถุงพลาสติก

แบบรางยาว

เคร่ืองหลอม
เม็ดพลาสติก

ถุงพลาสติก ยอยผง
พลาสติก

เคร่ืองผลิตถัง
ขยะพลาสติก

เคร่ืองผลิต 
ถังดักไขมัน

ถังไบโอกาซ

ถุงดํา
ขยะทั่วไป

ถุงแดง
ขยะติดเชื้อ

เคร่ืองขึ้นรูป
ไมพลาสติก

เคร่ืองขึ้นรูป
ทอพลาสติก

เคร่ืองปนกรง
กระรอก

เคร่ืองอัดกอน
พลาสติก

เคร่ืองแปรรูป
ขยะพลาสติก
เปนน้ํามัน

1 2 3 4 5 6
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Institute for Global Environmental Strategies

É ò ò † È̄“ É®ö©»¼−  ¥¾¡ ¡¾−¯½ªò®ñ©ªö¸¥ò¤ ¢º¤ †̈ ÷̄È− 
¦¿ìñ® ¡¾−−¿Ã§ÉÀ¦©¢šÀ¹¨̂º ªö¸À ṍº¤

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

Workshop on Capacity Building on Accounting and Utilizing GHG Emission 
Reduction Measures for Local Waste Management Actors in Developing Asian 
Countries, Vientiane, Laos, 4‐6 October 2011. 

1. ¥÷©¯½¦ö¤ Áì½ ¦½ì½®¾−¡¾−®ñ−®¾¨

¥÷©¯½¦ö¤
• À²̂º»¼−ëøÉ ¡¾−−¿Ã§É ¢šÀ¹¨̂º μøÈªö¸À ṍº¤Â©¨¡¾−¦ñ¤À¡©À¹ñ− ²¾¡¯½ªò®ñ© μøË ¯½Àê© †̈ ÷̄È−
• À²̂º²ò¥¾ì½−¾À®†¤ Ȩ̀¾ ¥½¦¾´¾©À»ñ©À ñ̄−²½ìñ¤¤¾−Ä©ÉÁ−¸Ã©/ ņ̃©¦½©÷ªÈ¾¤Å ¥¾¡ªö¸À ṍº¤ ¢º¤ 

¯½Àê©ì¾¸ 

¦½ì½®¾−
1. ¥÷©¯½¦ö¤ Áì½ ¦¾ì½®¾− ¢º¤ ¡¾−¦½À−óÀ¢©À−œºê†
2. À−œºê† ¢º¤À ṍº¤Ã¹ È̈Áì½ ¡¾−−¿Ã§É §ó¸½´¸−
3. À ṍº¤§ó¸½´¸−
4. ¡ðì½−ó ¢º¤¡¾−®‰´±÷È− ¥¾¡¢šÀ¹¨̂ººò−§ó
5. ¡ðì½−ó ¢º¤¡¾−À»ñ©Á¡¦§ó¸½²¾® ¥¾¡¢šÀ¹¨̂ººò−§ó
6 ¡ðì½−ó ¢º¤¡¾−À»ñ©−Õ ñ́−§ó¸½²¾¨ ¥¾¡¢šÀ¹¨̂ººò−§ó ¡¸©¡¾£ô−6. ¡ì½− ¢º¤¡¾−À»©−Õ´−§¸½²¾¨ ¥¾¡¢À¹¨ºº−§ ¡¸©¡¾£−
7. ¢šÀ¹¨̂º ¡ðì½−ó ¡¾−°½ìò©−¿ ñ́−§ó¸½²¾®¥¾¡ −Õ ñ́−£ö¸¡ò−ê†Ã§ÉÁìÉ¸
8. ¢šÀ¹¨̂º Ã−¯½Àê©ì¾¸
9. £¸¾´¦¾´¾®‰´§Éº− ¢º¤ Á¡¦§óÄ³Àºó ¥¾¡ ¢šÁ¡®À¢í¾ Ã−¯½Àê©ì¾¸
10. ¦½¹ì÷®¦¾¨À¹©ê†²¾Ã¹É ó́°ö−¦¿Àìñ©

2
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2. À¢©À ṍº¤Ã¹ È̈ Áì½¡¾−−¿Ã§É §ó¸½´¸−

À¢©ªö¸ À´õº¤ Á´È−£É¾¨£õ¡ñ®À£ˆº¤¥ñ¡§½− ò©Î‡¤ ê†ê¿¡¾−°½ìò© ¢šÀ¹¨ˆº 
¥¾¡¡ò©¥½¡¿ªÈ¾¤Å¢º¤´ñ−

Ä É ó ð ó † š ˆ ö õ ¿Ã É ¯ñ ñÄ©É´ó¹ì¾¨Å¡ðì½− ó ê†¢šÀ¹¨ˆº¥¾¡ªö¸À´õº¤ ¦¾´¾©−¿Ã§ÉÀ¯ñ− ¸ñ©¦½©÷ Áì½ 
²½ìñ¤¤¾− Â©¨¡¾−¯½ªò®ñ©êñ¤¡¾−¥ñ©¡¾−¢šÀ¨ˆº Áì½ ¡¾−¹ì÷©°ºÈ−Á¡¦ 
À»õº−Á¡É¸ìö¤

¡¾−¯½ªò®ñ©Á®®¨†¯÷È−: À´õº¤§ó¸½´¸−, §÷´§ö−ê†´ó¡¾−Ã§É§ó¸½´¸− 
§‡¤´ó¦¾¨¦¿²ñ−¡ñ−Á®®Á¢¤Á»¤ ¡ñ®§÷´§ö− Áì½ °øÈê†´ó¦È¸−»¸È´ 318 
ªö¸À´õº¤ (2011. ¡ðì½¡ö©) 

§ó¸½´¸−, Á´È−Á¹ìÈ¤²½ìñ¤¤¾−êö©Áê−, Á´È−¸ñ©¦½©÷ºò−§ó
¥¾¡¦…¤ê†´ó§ó¸ò© ¹ìõ ¥¿²¸¡ºö¤£½ê¾©ê†´ó§ó¸ò©μ øÈ. §ó¸½´¸−− š Ä©Éì¸´´ó
¢šÀ¹¨ˆº ¥¾¡¡ò©¥½¡¿ªÈ¾¤¢º¤ªö¸À´õº¤ Áì½ À¦©¥¾¡¡½¦ò¡¿   

3

3. ¢šÀ¹¨ˆº Á¹È¤À´õº¤§ó¸½´¸− 

º÷®¯½¡º−¦¿ìñ®Á¯»ø®
•®‰´±÷È−
•Á¡¦§ó¸½²¾®Biogas 
• −Õ ñ́− Àºª¾Â−− Áì½ Ä®Âº©óÁ ¢šÀ¹¨̂º Á§ì

š ˆ
§

• ¢šÀ¹¨̂º Á¡¦§ó³òÀ¡§ñ−
•¢šÀ¹¨̂º  ¯½ì¾¦ªò¡§ó¸½²¾®

À´õº¤ ²½ìñ¤¤¾−, £¸¾´»Éº− Áì½ ¸ñ©¦½©÷



2/22/2012

3

200

250

300

350

¸½
´¸
−

¡¾−Ã§ÉÁ®®©˜¤À©ó´ À ñ̄−À¦©§ó¸½´¸− ¡¾−Á®®©˜¤À©ó´ ê†®ÒÀ ñ̄−§ó¸½´¸−

3. ¢šÀ¹¨ˆº À´õº¤Á¹È¤§ó¸½´¸− ( Á¹ìÈ¤ §ó¸½´¸−)

¢šÀ¹¨̂ºÀ í̄¾¹´¾¨: 90% À í̄¾¹´¾¨:Target: 40%
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3. À ṍº¤§ó¸½´¸− (¢šÀ¹¨̂º Àªñ¡Â−ÂìμóÁ¯»ø®)
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4. ¡ðì½−ó ¡¾−®‰´±÷È− ¥¾¡ ¢šÀ¹¨̂ººò−§ó
š œÀ ṍº¤Â´ªóμò , Àê¦½®¾−À ṍº¤ Âª¥óμó( ¢šÀ¹¨̂º ¯½§¾¡º−：16,400,  À−œºê†: 172 km2) 

¢š¤ö¸
3,228 t/ ó̄

š ¡¾−®‰´±È−¢šÀ¹¨̂º ¥¾¡À»õº−£ö¸
500 t/ ó̄

Ã®Ä É́¹ì‰−
250 t/ ó̄

¢šÀì̂º¨(¡…¤¹¤È¾ Ä É́)
200 t/ ó̄

¡¾−®´±÷−
¹ ñ́¡£̃¤ê¿ºò© 
(25 ņ̃−)

¹ ñ́¡£̃¤êó¦º¤
(65 ņ̃−) 

ª¾¡Á¹É¤

÷̄¨¹ ñ́¡“Midori” :1,117 t/y
1t (bulk):4000 yen 
10kg pack :500 yen

÷̄Ê¨−Õ÷̄Ê¨−Õ: 894 t/y

=>60%  ³¾´μøÈMotegi Ä©É−¿Ã§É

¤
(15 ņ̃−) ¢šÁ¡®À¢í¾

250 t/ ó̄

Á¹ìÈ¤:
À ṍº¤§ó¸½´¸− Â´μó

7

( ìö®ìÉ¾¤¡¾−¥ø©À°ö¾=> CO2 (ì÷°Èº−ìö¤: 
= (¯½ì½´¾−¢šÀ¹¨̂º [t/y]* (1‐ (−Õ %[‐])* (£¾®º−% [t‐C/t]*44/12[t‐CO2/t‐C]
=[(¢šÀ¹¨̂º ¥¾¡À»õº−£ö¸]+[(Ã®Ä É́¹ìÈ−]+[(¢šÀì̂º¨]+[¢šÁ¡®]
=([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
= 581.8 [t‐CO2/y]

(¢šÀ¹¨̂º ¥¾¡À»õº£ö¸
500 t/y

Ã®Ä É́¹ì‰−
250 t/y

(¢šÀì̂º¨
200 t/y

4. (¢šÀ¹¨ˆº ¡ðì½− ó ¢º¤¡¾−®‰´±÷È−¥¾¡ ¢šÀ¹¨ˆººò−§õ (ªÒ)

 581.8 [t CO2/y]

(¢š¤ö¸
3,228 t/y 

200 t/y

(¢šÁ¡®
250 t/y

¢šÀ¹¨̂º¡¾−ìö®ìÉ¾¤ ¡¾− ñ́¡Ã¹ÉÀ¡ó© ó́Àê− => CH4  ¹ì÷©°Èº−ìö¤:
= [ ¡ðì½−ó®‰´±÷È−]‐[ ¡ðì½−ó ¡¾−¡º¤μøÈê‰¤)
= (¯½ìò´¾−¢šÀ¹¨̂º [t/y]*(¯½¦ò©êò²¾¨((¡º¤) [t‐CH4/t]‐ ( ¯½¦ò©êò²¾®t(¡¾−®‰´) 

[t‐CH4/t])
= 3,228(0.038‐0.00044)
= 121[t‐CH4/y]

AM0025: Avoided emissions from organic waste through 
alternative waste treatment processes ‐‐‐ Version 12.0

= 121[t‐CH4/y] 

If you are interested, please see this. 
8
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À ṍº¤ »óª½ Àê¦½®¾− Âº−ª¾ ((¯½§¾¡º−： 72,000,  Area: 666 km2 (82.8 %forest  ) 
1.®ñ−¹¾¢šÀ¹¨̂º Ã−Àªö¾ Áì½ ¦½Î¾´ ¢šÀ¹¨̂º
2. Âì¡»Éº− 
3. ®ñ−¹¾Á¸©ìÉº´¢º¤ ¦ñ©ìÉ¼¤ °½ìò©Ä³³É¾

20k h/d ( l )

5. ¡ðì½− ó Á¡¦§ó¸½²¾® ¥¾¡ ¢šÀ¹¨ˆººò−§ó

¢™Áì½−Õ¹¤È¼¸¹ ǿ
27t/ ņ̃− (50t/ ņ̃−) 

¢šÀ¹¨̂º¥¾¡À»õº−£ö¸
22 t/day (24t/day)

º÷©¥½ì½¢º¤£ö−
5 t/day (6t/day)

º÷¯½¡º−; ñ́¡À»ñ©Á¡¦´óÀê−

¢½®¸−¡¾−: 
º÷−¹½²÷´¯¾−¡¾¤

¢½®¸−¡¾−¯¼¡: (35)
Wet Process  (35 )

CO2 rì÷©°Èº−ìö¤Â©¨¡¾−Ã§ÉÀ ñ̄−¦…¤°½ìò©Ä³³É¾Áê−
= Ave. Ele Gen(kwh/d)*Day (d)* CO2 emission 

coefficient (t‐CO2/kwh)
=4,891*  286* 0.000348 (2009)
= 487 t/y

5,620kWh/day (plan)

8,300 a /day
°½ìò©£¸¾´»Éº−
8,300MCal/day

CO2 reduction as an alternative heat source
= Heat Gen(Mcal/d)*Day (d)* CO2 emission5 t/day (6t/day)

À¡¡À¹ìí¾§½À¡½
16 t/ ņ̃− (0 t/ ņ̃−)

80t/ ņ̃− 
340kw

‰
y g

±÷È−®‰´ 300t
50 yen/15kg

÷̄¨−Õ÷̄¨−Õ 2,500t 

AM0025: Avoided emissions from organic waste through alternative waste treatment processes ‐‐‐ Version 
12.0

Source: Hita City

= 

 Heat Gen(Mcal/d) Day (d)  CO2 emission 
coefficient (t‐CO2/GJ)

=8,300* 286*0.057*4.2/1000
= 568 t/y

9

6. ¡ðì½− ó Ä®Âº©óÀ§− ¥¾¡−Õ´ñ−£ö¸¡ò−
œÀ ṍº¤ ¹ó¡¾§ó Âº ó́´ Àê¦½®¾− §ó¡¾(¯½§¾¡º−： 116,797,  À−œºê†: 388.58 km2) 

Source: Higashi Omi City
10
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6. ¡ðì½−ó Ä®Âº©óÀ§− ¥¾¡−Õ ñ́−£ö¸¡ò−(ªÒ)

¡¾−À¡ñ® À¦© −Õ£ö¸¡ò−

6. ¡ðì½−ó Ä®Âº©óÀ§− ¥¾¡−Õ ñ́−£ö¸¡ò− (ªÒ)

2005        2006      2007      2008       2009

Source: 
Higashi Omi City

CO2 ì÷©°Èº−ìö¤ Â©¨¡¾−Ã§É −Õ ñ́− Äº©óÀ§ì,  
= ¡¾−°½ìò©Ä®Âº©óÀ§ì * ªö¸£ø− ¡¾− È̄º¨Á¡¦ CO2 ¢º¤¡¾−Ã§É©óÀ§ì
= 25,000 [L/y] * 0.000705 [t‐C/L]* 44/12 (g‐CO2/g‐C)
= 64.6 [t‐CO2/y]

Approved Methodology: ACM0017 “production of biodiesel for use as fuel” 

12
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7. ¢šÀ¹¨ˆºμ øÈ¯½Àê©ì¾¸
´ó¹¨ñ¤Á©È Ã−ªö¸À´õº¤¢º¤ì¾¸ 
ê†¦¾´¾©−¿À¯ñ− ²½ìñ¤¤¾−Ä©É 

š

¡ðì½−¥½¦¾´©−¿Ã§É 
§ó¸½´¸−Ä©ÉÁ−¸Ã©?

†• ¢šÀ¹®̂º¥¾¡À»õº−£ö¸
• ÷́−¦ñ© Áì½−Õ¹¤È¼¸
• À¦©−Õ ñ́−£ö¸¡ò−
• ¢šÁ¡® Áì½À³õº¤
• ¢šºÉº¨

• º÷¯½¡º−ê† ó́μøÈÁìÉ¸
• Â»¤¤¾−®‰´±÷È−
• À£õº¤¡ñ−ªº¤Á¡¦§ó¸½²¾®
• º÷¯¡º− Á¡¦§óÄ³Àºó
• etc• ¢ºº¨, 

• º¾¥ö´ etc. 

• ¡½Â¯½¹´¾¡²É¾¸
• etc. 

• etc. 

13

¡ ó̄
(1000ton)

1996 1997 1998 1999 2000

À¢í¾ 1,413 1,660 1,675 2,103 2,155

¦¾ìó 77 78 110 96 77

8. £¸¾´¦¾´¾© À»ñ© Á¡¦§ó³ò¡À£§ñ−¥¾¡ Á¡®À¢í¾ Ã−¯½Àê©ì¾¸

ñ́−±ì„¤ 92 94 108 81 52

õ°ñ¡ 117 132 150 269 288

ººÉ¨ 87 95 170 174 174

¡¾À³ 10 12 17 18 23
Source: FAO

íÀ ó̄À§ñ−¡¾−°½ìò©À¢í¾ ¢º¤ì¾¸¦¤À¯À§−¡¾−°½ì©À¢¾ ¢º¤ì¾¸¦ø¤
¡¾−°½ìò©À¢í¾ À²†´¢›−
22% ¦¾ìó Ã−−̃− 22% Á È́− Á¡®À¢í¾

2,000,000 t/y*0.22 => °½ìò©Á¡®À¢í¾: 440,000t/y.  
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（C6H12O6)ｍ (H2+ CO+CH4+…..+C5H12) 
+  (H2O+…+ CH3OH+CH3COOH+…)
+  C                     

:Á¡¦
:¢º¤Á¹ì¸
: «È¾−

:Biomass

Heat(500‐ 600  °C)

8.  £¸¾´¦¾© À»ñ© Á¡¦§ó³óÀ¡§ñ− ¥¾¡ Á¡®À¢í¾ Ã−¯½Àê©ì¾¸

Source: www.bioenergy3.org

8. £¸¾´¦¾© À»ñ© Á¡¦§ó³óÀ¡§ñ− ¥¾¡ Á¡®À¢í¾ Ã−¯½Àê©ì¾¸

Source: http://www.hedon.info
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9. ¦½¹ì÷® Áì½¦¾¨À¹©ê†²¾Ã¹É´ó°ö−¦¿Àìñ©
¦½¹ì÷®

Ä©É´ó À¦©§ó¸½´¸−¹ì¾¨Åμ È¾¤ Ã−À¢©ªö¸À´õº¤ Áì½ ¯½¡ö©´ó 
Àªñ¡Â−Âìμ ó ¹ì¾¨μ È¾¤ ê†¦¾´©−¿´¾Ã§É ¡ñ®§ó¸½´¸−ê†´óμ øÈ. §‡¤¸È¾ 
¡¾−¯½¦ö´¯½¦¾−¡ñ− ¡¾−Ã§É À¦©§ó¸½´¸− ¥½ È̄¼−Ä¯ª¾´ ¯½Àê© 
À´õº¤À´º¤
¯½Àê©ì¾¸ ´ó£¸¾´®‰´§ºÉ−¦ø¤ Ã−¡¾−−¿Ã§É §ó¸½´¸− 
À²ˆº°½ìò©²½ìñ¤¤¾− Áì½Ã§À¯ñ−¸ñ©¦½©÷

¦¾¨À¹©ê†²¾Ã¹É ¯½¦ö®°ö−¦¿Àìñ©
ºñ−©ñ®ê¿ºò©¡úºÈ−¹´ø Á´È− ¡¾−¥ñ©¡¾−ê†«õ¡¸òêó

ö ñ ñ È ó È È¡¾−²ö¸²ñ−¡ñ® °øÈ´ó¦È¸−»È¸´
¡¾−−¿Ã§É º÷¯½¡º−, Àªñ¡Â−Âìμ ó, §ñ®²½¨¾¡º−´½− ÷© Áì½ 
ì½®ö®¡¾−¥ñ©¡¾−
¡¾−Á¨¡¢šÀ¹¨ˆºμ øÈ®Èº−°½ìò© Áì½ ¯½¦ò©êò²¾®¡¾−À¡® 
Á´È−¢ð¡÷−Á¥Ä¯¦øÈ°ñ−¦¿Àìñ©

17
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¡¾−®¿®ñ©¢šÀ¹¨̂º Á®®¡ö−¥ñ¡  §ó¸½²¾® MBT  
À ṍº¤²ò©¦−÷Âì¡ 

Suthi Hantrakul          Deputy Mayor,  Phitsanulok City Municipality

À−œºêÀ−œºê† † 1818..2626KmKm22

3232 000000 £º®£ö¸£º®£ö¸

Phitsanulok

3232,,000 000 £º®£¸£º®£¸
78,000

¥¿−¸−²ö− ê†ìö¤ê½®¼−

5050,,000000--100100,,000000
¥¿−¸−²ö− ê†®Òìö¤ê½®¼−¥¿−¸−²− ê®ì¤ê½®¼−

¤ö®¯½¥¿ ó̄¤ö®¯½¥¿ ó̄
1616..6 6 ìÉ¾−ìÉ¾− USDUSD
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£¸¾´À¯ñ−¦ø−¢º¤¦½Î¾´¢šÀ¹¨ˆº

¢šÀ¹¨ˆº¯½¦ö´

š ˆ Ä É š ˆ ò ó š ˆ ñ ¢šÀ¹¨ˆºªò© š ˆ Ò¢šÀ¹¨ˆº¢¾¨Ä©É ¢šÀ¹¨̂ººò−§ó ¢šÀ¹¨ˆººñ−ª½ì¾¨ ¢À¹¨ºª© 
À§œºÂì¡ ¢šÀ¹¨ˆº®ÒÁ¨¡

À°ö¾Ã¦ÈÀªö¾
À¡ñ®´û¼−Á¨¡ μ øÈ®ºÈ−°½ìò©

®ðìò¦ñ© ¡ −®‰´±È− ®ðìò¦ñ©Àº¡§ö− Á¨¡®ì¦©
°½ìò©£õ−Ä¹´È

¡¾−®´±÷−
Á¡¦§ó¸½²¾®

®ì¦©Àº¡§−

®‰´±÷È− Œ ¸ñ©«÷ê¾©
Á¡¦§óÄ³Àºó

«ö¤μ¾¤¯ì¾¦ªò¡
Ä²ÂëÄì¦ò¦ 

Á¨¡
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¡º¤Ä Ȩ́

¢šÀ¹¨ˆº ºñ−ª½ì¾¨

À¡ñ®

¡¿¥ñ©Â©¨

À¡ñ®»ñ¡¦¾¢ö−¦È¤

¡¿¥©Â©¨
®ðìò¦ñ©Àº¡§ö−

Incinerate¢šÀ¹¨ˆº ªò©À§œºÂì¡ À°ö¾
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Transfer Station
¦½«¾−ó ¢ö−«È¾¨

¡¾−®¿®ñ© Á®® ¡ö−¥ñ¡ §ó¸½²¾® -MBT

• ê¾¤¡ö−¥ñ¡ Á È́− ¢½®¸−¡¾− Á¨¡ Àºö¾¦…¤ê†°½ìò©£õ−Ä©É
ºº¡¥¾¡¢šÀ¹¨̂º¯½¦ö´ À§„− Âì¹½ Á¡É¸ À¥̃¨ À³ó−óÀ¥ó º‡−Åºº¡¥¾¡¢À¹¨º¯½¦´, À§− Âì¹½, Á¡¸, À¥¨ À³−À¥ º−Å

• ¢½®¸−¡¾−−š º¾© ¯½ªò®ñ©Â©¨ ṍ ¹ìõ À£̂º¤¥ñ¡ º©ª½Â− ñ́© 
• ¡¾−Á¡¢šÀ¹¨̂º ê†Á¹ìÈ¤°½ìò©
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¢½®¸−¡¾−ê¾¤§ó¸½²¾® Ä©ÉÁ¡È

¡¾−®¿®ñ© Á®® ¡ö−¥ñ¡ §ó¸½²¾® -MBT

• ¡¾−ºö®Á¹É¤ ( ¢šÀ¹¨ˆº «õ¡ºö®Á¹É¤Â©¨ º¾¡¾©»Éº−) 
• ¡¾−¨Èº¨¦½ì¾¨Á®®¯ò©º¾¡¾© 
• ¡¾−®‰´±÷È−

õ ò ó ö ñ• ¹ìõÁ®¸òêó¯½¦ö´¯½¦¾−¡ñ−

»ø®¦½Á©¤ ¡º¤ê†Ã§É¯½¥÷®ñ− Áì½ì½®ö®¡¾−ì½®¾¨º¾¡¾©

Dipl.-Bioi.  Gabriele Janikowski, IKW GmbH
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MBT on Landfill 

Homoginizer
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ìöìö©¥ö¡ ¡Ò¦É¾¤ ¡º¤¢šÀ©¥ö¡ ¡Ò¦É¾¤ ¡º¤¢šÀ¹¹¨̂̈ºˆº

pallet built ventilation system
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SScreeningcreening

¡¾¡¡¾¡´÷́÷− − ±÷±÷È− Œ À ñ̄−¦¾− ņ̃©«È− Œ À ñ̄−¦¾− ņ̃©«÷÷

§ó¸½´¸−: ¦¿ìñ® Á¡¦§óÄ³Àºó
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Refuse Derived Fuel :RDF

Ä²ÂëÄì§ó¦  : À¯ñ−−Õ´ñ−À§œºÄ³Á¹ì¸
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¦½¹ì÷®
• ó́¦ Ȩ̀−À¦©À¹ìõº²¼¤À¹ìñ¡−Éº¨ À²õºÄ¯®¿®ñ©¢̃−¦÷©êÉ¾¨

ó́À¦©º¾¹¾−ª¿ê†¦÷© Â©¨¡¾−Ã§ÉÃ¹É ñ́− À ñ̄−ªö¸−¿ 
Ã−¢½®¸−¡¾− ¡¾−À¡ó©Á¡¦§ó¸½²¾®

š ˆ † ‡ š ˆ
§

¡¾− È̄º¨Á¡¦¢º¤¦½Î¾´¢šÀ¹¨̂º−Éº¨ê†¦÷© §‡¤ ¢šÀ¹¨̂ººò−§ó
ê†Ïñ−£ö¤  «õ¡ ®¿®ñ© μøÈ¦½Î¾´¢šÀ¹¨̂º
ó́£¸¾´À ñ̄−Ä¯Ä©É ê†¥½¢ð carbon credits À²̂ºÃ¹É ó́ 

ì¾¨»ñ®ª̂´
®ÒªÉº¤¡¾− ȫ¡£÷´ ¦½Î¾´¢šÀ¹¨̂º¯½¥¿ ņ̃−

μõ š ˆ μÈ É ‰¦¾´¾©μõ©º¾ ÷̈¡¾−¢º¤¦½Î¾´¢šÀ¹¨̂º μ¾¤−º¨¦º¤Àê¾ 
(ì÷©°Èº−®ðìò´¾©ìö¤ μÈ¾¤−Éº¨¦º¤ 50% : £¸¾´Î¾Á¹−É− 
1.3t/m3 )

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

*Per ton
*Thai Baht

Landfill MBT+Landfill MBT+Pyrolysis MBT+Pyrolysis+
Gasification

Investment 
Cost

100 100 100 100

Operating
Cost

200 30 30 30

After Care 50 - - -

MBT 350 350 350

Pyrolysis 150 150

Gasification 100

Total 350 480 330 230
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¢ð¢º®Ã¥¢ð¢º®Ã¥¢¢º®Ã¥ ¢¢º®Ã¥ 
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¯ È ¯È õ É¡¾−¯½´¾−£È¾ ¡¾−¯Èº¨Á¡¦À»õº−Á¡É¸ 
¥¾¡¡¾−¡¿¥ñ© Áì½ ¡¾−®¿®ñ©¢šÀ¹¨ˆº

Baasansuren Jamsranjav, IPCC TFI TSU   

Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction 
Measures for Local Waste Management Actors in Developing Asian Countries 

4-6 October 2011, Lao People’s Democratic Republic

¦¾ì½®¾−

• £¸¾´À¯ñ−´¾
• £È´õ IPCC ¦¿®ñ−§ó¡¾−¯Èº¨Á¡¦À»õº−Á¡É¸Á¹È¤§¾©• £ø´ IPCC ¦¿®−§¡¾−¯º¨Á¡¦À»º−Á¡¸Á¹¤§¾©
• ¸òêó£ò©ÄìÈ¡¾−¯Èº¨Á¡¦¦øÈÀ»õº−Á¡É¸¥¾¡

– ¡¾−¡¿¥ñ©¢šÀ¹¨̂ºÀêó¤ÎÉ¾©ò−
– ¡¾−®¿®ñ©¢šÀ¹¨̂ºÁ®® §ó¸½²¾®
– ¡¾−¥ø©À°ö¾ ¢šÀ¹¨̂ºμøÈÀªö¾ Áì½ Á®®À ó̄© 

ˆ ˆ ‡
ø ø

• À£ˆº¤´õ Áì½ À£ˆº¤¯½¡º®º‡−Å ¦½− ñ®¦½Î÷−Ã¹É¡¾− 
£ò©ÄìÈ ¯½´¾−¡¾−¯Èº¨Á¡¦ À»õº−Á¡É¸

• ¦½¹ì÷®
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• ¡¾−¡¿¥ñ© Áì½ ¡¾−®¿®ñ©¢šÀ¹¨ˆº À¡ó©´ó Á¡¦À»õº−Á¡É¸ GHG
– Â©¨¦À²¾½ÁìÉ¸ ¦½Î¾´¢šÀ¹¨̂º À ñ̄−Á¹ìÈ¤Ã¹ È̈¡ Ȩ̀¾ Ã−²¾¡¦ Ȩ̀−¢šÀ¹¨̂º

¦½ÀÎó£¸¾´À ñ̄−´¾

• ¡¾−¯Èº¨Á¡¦À»õº−Á¡É¸ ¥¾¡¡¾−¡¿¥ñ© Áì½ ¡¾−®¿®ñ©¢šÀ¹¨ˆº £¾©¸È¾ 
¥½À²†´¢›− Ã−®ñ−©¾ ¯½Àê©¡¿ìñ¤²ñ©ê½−¾êñ¤¹ì¾¨

• ¡¾−¯½´¾− ¡¾−¯Èº¨Á¡¦ GHG Á´È− ¦¸È−¦¿£ñ−¹ì¾¨
¢º¤¦½²¾®º÷−¹½²ø´

• ®ñ−§ó¡¾−¯Èº¨Á¡¦ Á´È−¡½¯½´¾− ¥¾¡ ¡¾−¯ºÈ¨êñ¤Ïö©/¡¾−Á¨¡ºº¡ 
¢º¤Á¡¦¦½À²¾½ ¥¾¡Á¹ìÈ¤°½ìò© ®Èº−ê†¡¿Îö©Ã¹É Ã−Äì¨½À¸ì¾ê†¡¿Îö©Ä¸É

Ó ú– ¦½Îº¤ ¢Ó ÷́−¢ú¾¸¦¾− ¡È¼¸¡ñ® Á−¸Â−É´¡¾− È̄º¨Á¡¦
– ¦¾´¾© ó́ê¾¤Àìõº−½Â®®¾¨ À²̂ºì÷©°Èº−¡¾− È̄º¨Á¡¦ ê†¦¾´¾©¦ö®ê¼®¡ñ−
– À ñ̄−¦…¤ É̄º−À¢í¾¹ìñ¡ À²̂ºê¿¡¾−¦ô¡¦¾ê¾¤ ò̧ê½¨¾¦¾© Ã−¡¾− È̄¼−Á¯¤²ø´º¾¡¾©

£øÈ ṍ IPCC ¦¿®ñ−§ó¡¾− È̄º¨Á¡¦À»õº−Á¡É¸Á¹È¤§¾©

• Â£¤¡¾− PCC ¦¿®ñ−§ó¡¾− È̄º¨Á¡¦À»õº−Á¡É¸Á¹È¤§¾© (NGGIP) 
¦½¹−º¤ ò̧êó£ò©ÄìÈ ê†¦¾¡ö−»ñ®»øøÉ Ã¹É ®ñ−§óGHG Á¹È¤§¾© À²̂º ¡¾−¡½¯½´¾− 

È̄ õ É È † ö Ä É †¡¾− È̄º¨Á¡¦À»õº−Á¡É¸ Á¹È¤§¾© Áì½¡¾−Á¨¡ºº¡.  ê†§º¡Àºö¾Ä©Éê† 
(http://www.ipcc‐nggip.iges.or.jp/)

– 1995 ©ñ©Á¡É 1996  IPCC £øÈ ṍ ¦¿ìñ®®ñ−§ó¡¾− È̄º¨Á¡¦À»õº−Á¡É¸Á¹È¤§¾©
– IPCC £øÈ ṍ¯½ªò®ñ©ê†©ó Áì½ ¡¾−¥ñ©¡¾−£¸¾´®ÒÁ−È−º−Ã− ®ñ−§ó Á¡¦À»õº−Á¡É¸ 

Á¹È¤§¾© (GPG2000)
– IPCC £øÈ ṍ¯½ªò®ñ©ê†©ó ¦¿ìñ®¡¾−Ã§Éê†©ò−,  ¡¾− È̄¼−Á¯¤¡¾−Ã§É ê†©ò− Áì½ È̄¾Ä É́ 

(GPG‐ LULUCF)

– 2006 IPCC £øÈ ṍ¦¿ìñ®®ñ−§ó Á¡¦À»õº−Á¡É¸
• ñ̄® ÷̄¤¥¾¡ £øÈ ṍ¦½®ñ®¡Èº− Â©¨°È¾− GPG2000  and GPG‐LULUCF
• ©ñ©Á¡É/ ñ̄® ÷̄¤Á®® ò̧êó Áì½ ª̃¤¢ð ǿ−Ä Ȩ́
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EFADEmissions ∗=

¥½¡½¯½´¾−¡¾−¯Èº¨Á¡¦À»õº−Á¡É¸Ä©ÉÁ−¸Ã©

• Á®® ò̧êó ê†Ã§É¡ñ−ê‰¸ÅÄ¯ 

AD (Activity data):  ¢Ó ÷́− ¡ò©¥½¡¿¢½−¾©Ã¹ È̈ ¢º¤´½−÷© ê† ó́°ö−Ã¹É¡¾− È̄º¨/ ö̈¡ºº¡´¾ 
¢º¤Á¡¦  μøÈ¦½«¾−ê† , Äì¨½À¸ì¾ ( À§„−  ¡¾−¥ø©¢šÀ¹¨̂º Á®®À ó̄© Gg/ ó̄

EF (Emission factor) ªö¸£ø− ¯½ìó´¾−¡¾− È̄º¨ ¹ìõ ¡¾ ö̈¡ºº¡ ¢º¤ Á¡¦ ªÒ¹ö¸ÎÈ¸¨¡ò©¥½¡¿ 
(À§ñ− kg CH4/Gg ¢º¤¢šÀ¹¨̂ºê†¥ø©Á®®À ó̄©)

• ¡¾−À¡ñ®¡¿ ¢Ó ǿ− AD  Áì½ EF  Á´È−¦ Ȩ̀−» Ȩ̀´¡ñ−¡ñ® ¡¾−¯½´¾−¡¾− È̄º¨Á¡¦
• ¢Ó´−§º¡Ä©É ¡È¼¸¡ñ® ¢šÀ¹¨̂º (¢Ó´− ¡È¼¸¡ñ® ¡¾−°½ìò©¢šÀ¹¨̂º ¦È¸−¯½¡º® Áì½• ¢ ǿ−§º¡Ä© ¡¼¸¡® ¢À¹¨º (¢ ǿ− ¡¼¸¡® ¡¾−°½ì©¢À¹¨º, ¦¸−¯½¡º® Áì½ 

¡¾−¥ñ©¡¾− Áì½º‡−Å 
• £øÈ ṍ IPCC ¦¾´¾©¦½Îº¤¢Ó ǿ−À©ó´ê†ª̃¤£È¾Ä Ȩ́ Áì½ ì¾¨ì½º¼©¢º¤¡¾−À¡ñ®¢Ó ǿ−

¡¾−¡¿¥ñ©¢šÀ¹¨̂ºÀêó¤ÎÉ¾©ò−: ¡¾− È̄º¨ CH4

• ©ñ©Á¡É 1996 IPCC £øÈ ṍ ¦½Îº¤Ã¹É ¦º¤ ò̧êó : ¡¾−©÷È−©ú¼¤´¸−¦¾− Áì½ 
ºñ−©ñ®¡¾−¦½ì¾¨À−‰¾¯̂º¨ (FOD) 

• ª¾´Á®®¸òêó©÷È−©È¼¤´¸−¦¾− 
• ¦ö ÷́© Ȩ̀¾ £¸¾´®‰´§ºÉ−¢º¤CH4  êñ¤Ïö© Á È́−À¡ó© ó́ Ã− ó̄ê†ê¿¡¾−®¿®ñ©¢šÀ¹¨̂º−̃−

‰ É ó ó ò Ã ó ‡

MSWT: total MSW generated, Gg/yr
MSWF: fraction of MSW disposed to SWDSs
MCF: methane correction factor, fraction

( ) ( ) ( )OXRFDOCDOCMCFMSWMSWyrGgEmissionsCH FFT −•−••••••= 112164

÷
• ¯½´¾− £¸¾´®‰´§ºÉ−¡¾− È̄º¨Á¡¦ ¹ì¾¨¡¸È¾ ¡¾−À¡ó© ó́¥ò¤Ã− ó̄Î‡¤

,
DOC: degradable organic carbon, fraction
DOCF: fraction of DOC dissimilated 
F : fraction of CH4 in landfill gas (default is 0.5)
RT: recovered CH4, Gg/yr
OX: oxidation factor, fraction (default is 0)
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¡¾−¡¿¥ñ©¢šÀ¹¨̂ºÀêó¤ÎÉ¾©ò−: ¡¾− È̄º¨ CH4

• ò̧êó ºñ−©ñ®¡¾−¨ºÈ¨¦½ì¾¨¡ºÈ−(FOD) ¦¾´¾© Ã¹É£¸¾´§ñ©À¥−¡ Ȩ̀¾ Ã−¡¾−¯½´¾− 
¡¾− È̄º¨Á¡¦¢º¤¯ó
– ¡¾−£ò©ÄìÈ ¦¿ìñ®¡¾− È̄º¨¥ò¤ÁìÉ¸ Á È́−¥½À¡ó© ó́Ä©É Ã−¹ì¾¨ ó̄
– ¯½´¾−¡¾− ¡¾− È̄º¨Á¡¦¥ò¤ªÒ ó̄ ¢º¤CH4

• Á®® ò̧êó FOD ê† ñ̄® ÷̄¤Ä¹´È Á È́− ó́Ã− £øÈ ṍ IPCC  2006  volume 5 
– ªö¸Á®®ª¾ª½ì¾¤£ò©ÄìÈ FOD  (IPPC waste Model) ¯½¡º®´ó  £øÈ ṍ

ÀêõºÈì½¡É¾¸  (http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html)
• Á®® ò̧êó FOD ªÉº¤¡¾− ó́¢Ó ÷́− ¯½¹ ņ̃©¢º¤¡¾−¡¿¥ñ© ¢šÀ¹¨̂º

– 2006 £È ṍ ó́ ¡¾− Á−½−¿ ò̧êó¡¾−¯½´¾−¢Ó´−¯½¹ ņ̃© ¡¾−¡¿¥ñ©¢šÀ¹¨̂º– 2006 £ø´ ´ ¡¾− Á−½−¿ ¸ê¡¾−¯½´¾−¢ ÷́−¯½¹¸© ¡¾−¡¿¥©¢À¹¨º

• CH4 ú̄º¨ºº¡ªÒ ó̄ T ¥¾¡ ¢šÀ¹¨̂º ®¿®ñ© (Gg) 

( )T
x

TTx OXRgeneratedCHEmissionsCH −∗⎥
⎦

⎤
⎢
⎣

⎡
−= ∑ 1,44

ª¾ª½ì¾¤ªö¸Á®® FOD (IPCC ªö¸Á®®¢šÀ¹¨ˆº)

T : inventory year
X : waste category or type/material
RT : recovered CH4 in year T, Gg
OXT : oxidation factor in year T, fraction

x ⎦⎣

• ¡¾−¯½´¾− ¯½ìò´¾−¢º¤ CH4  ê†°½ìò©ºº¡Ä©É Ã− ¢šÀ¹¨̂º®¿®ñ© Á È́−ºò¤Ã¦È FOD
• ²œ−«¾−¡¾−£ò©ÄìÈ Á È́− ¥¿−¸−ê† È̈º¨¦½ì¾¨Ä©É Ã− ¢šÀ¹¨̂º Œ ²¾¡¦È¸− ºò−§ó £¾®º− 

ˆ Ò
« §

êó¦¾´¾©¨ºÈ¨¦½ì¾¨Ä©É ²¾¨ÃªÉÀ¤̂ºÄ¢®Ò ó́º¾¡¾© Ã− SWDS
• »ñ¡¦¾ ¡¾−£ò©ÄìÈ Â©¨Ã§É ¥¿−¸−ì¸´¢º¤¡¾− È̈º¨¦½ì¾¨Ä©É, £ò©ÄìÈÀºö¾ 

¥¿−¸−¦½¦ö´Ä Ȩ́ÁªÈì½ ó̄ Áì½ ¥¿−¸−À¹ìõº ¢º¤ ó̄°È¾−´¾
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ª¾ª½ì¾¤ªö¸Á®® FOD (IPCC ªö¸Á®®¢šÀ¹¨ˆº)

• ªö¸Á¯êñ¤Ïö© «õ¡ É̄º−À¢í¾Ã¦È Á§ì ê†¹´¾¨À ñ̄−¦óÀ¹ìõº¤ Ã−ª¾ª½ì¾¤£ò©ÄìÈ
ê†À ñ̄−¦óÀ¹ìõº¤
È ˜ Ä É ¿ ñ œ AD ö ¯ ñ í Ã ò Ä È• £¾ª¤Ä¸ ¦¿ì®²¾¡²œ− AD  Áì½ª¸Á¯ ì¸´¡−À¢¾ Ã−ª¾ª½ì¾¤£ò©Äì Áì½¡¾− 

Àìõº¡Àºö¾²¾¡²œ−ê†Áê©À¹´¾½ Ã− “Parameters” ª¾ª½ì¾¤ ¥½¯ñ® È̄¼− £È¾ê†ª̃¤Ä Ȩ́ 
¢º¤ IPCC Ã−ª¾ª½ì¾¤Ä¹ È́ªÒÄ¯

• ¦º¤ê¾¤Àìõº¡ ¦¿ìñ®¡¾−£ò©ÄìÈ¯½´¾−¡¾− È̄º¨Á¡¦¥¾¡¢šÀ¹¨̂ºªö¸À ṍº¤ 
Â©¨¢œ−¡ñ®¢Ó ǿ− ê†º¾©§º¡Äû©É:
– ¦È¸−¯½¡º®¢º¤¢šÀ¹¨̂º
– ¢šÀ¹¨̂ºêñ¤Ïö© 

• º½−¨¾©Ã¹ÉÀìõº¡Àºö¾ DOC Áì½ ºñ©ª¾¡¾−°ìò©Á¡¦´óÀê−À¯ñ−£ö¤£È¾(k) 
ˆ š ˆ š ˆ

÷ ¤ ( )
À²ˆºÃ§ÉÃ−ªö¸Á®® À¯ñ−¦¸È−¯½¡º®¢º¤¢šÀ¹¨ˆº ¹ìõ Á®® ¢šÀ¹¨ˆºêñ¤Ïö©

• º½− ÷¨¾©Ã¹É Àìõº¡Àºö¾£È¾ (k) ê†ª˜¤Ä¸É¦½À²¾½À¢©²ø´º¾¡¾©
• º½− ÷¨¾©Ã¹É ¡¿− ö© À¸ì¾§ñ¡§É¾

– Äì¨½À¸ì¾ê†¦‰¤¢šÀ¹¨̂ºÀ¢í¾Ä¯ Áì½ Àìš´ ó́Á¡¦´óÀê−ºº¡´¾
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¡¾−®¿®ñ©¢šÀ¹¨ˆºÁ®® §ó¸½²¾®: ¡¾−®‰´±÷È−

• ¢½®¸−¡¾−®‰´ Áì½ ºö¤¯½¡º®¦ Ȩ̀−Ã¹ È̈¢º¤ DOC μøÈ ¢šÀ¹¨̂º Á È́− È̄¼−À ñ̄− CO2
– ®ðìò´¾©¹ì÷©ìö¤÷
– ó́£¾®º−¥¿−¸−Îôú¤ ¯½ ȫ−μøÈ À¦©¢º¤¡¾−®‰´±÷È−
– Â©¨¢›−¡ñ® £÷−−½²¾®¢º¤ ñ́− ±÷−®ö´¦¾´¾©−¿´¾°½ìò©Ä¹ È́ À ñ̄− ÷̄¨ ¹ìõ©ò− 

(À²†´²¸¡ºò−§ó, ¦¾´¾©§õ´§ñ®−Õ¹ì¾¨¢›− Áì½ º̂−Å)
• CH4 Áì½ N2O  êñ¤¦º¤¦¾´¾© ¡Ò»È¾¤¢›− Ã−À¸ì¾®‰´

– CH4  ¦¾´¾©¡Òªö¸¢›−Ã−À¢©¢º¤¡¾−®‰´ê†®Ò ó́º¾¡¾© 
– «É¾¡¾−®‰´±÷È−®Ò©ó ¥½¡ÒÃ¹ÉÀ¡ó© ó́ CH4   Áì½ N2O ¹ì¾¨
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• ¡¾−¨Èº¨¦½ì¾¨ê¾¤ê¿´½§¾©¢º¤¸ñ©¦½©÷ºò−§ó ¯¾¦½¥¾¡ºº¡§óÀμ−
ò ó ò

¡¾−®¿®ñ©¢šÀ¹¨̂º Á®®§ó¸½²¾®: ¡¾−®‰´Á®®¯ò©(À»ñ©Á¡¦)

• °½ìò© Á¡¦§ó¸½²¾®(CH4+CO2) Áì½ ºò−Á¢¤
– CH4 ê†°½ìò©ºº¡´¾Ä©É ¦¾´¾© °½ìò©À¯ñ−£¸¾´»Éº− Áì½/ ¹ìõ ¡½Á¦Ä³³É¾
– ºò−§óÁ¢¤¦¾´¾©Ã§É À»ñ©¯÷Ê¨ ¹ìõ¯ñ®¦½²¾®©ò−

• N2O ¡¾−®¿ê†¯Èº¨ºº¡ Ã−¢½®¸−¡¾−®Ò

¡¾−®¿Á®®§ó¸½²¾® ¢º¤ ¢šÀ¹¨̂º: ¡¾− È̄º¨ CH4

( )∑ 3

• ¯½´¾−¡¾−¯Èº¨CH4 : 

( ) REFMEmissionsCH
i

ii −••= −∑ 3
4 10

CH4 Emissions: ¡¾− È̄º¨ CH4 êñ¤Ïö© Ã−®ñ−§ó ªÒ ó̄ Gg CH4
Mi  : ´¸−¦¾− ¢º¤ºò−§ó êó −¿´¾®¿®ñ© Á®®§ó¸½²¾® , Gg
EFi : Á³¡Àªó ¡¾−®¿®ñ©, g CH4/kg ¢šÀ¹¨̂º®¿®ñ©

‰ ±È õ ñ ói :  ¡¾−®‰´±÷È− ¹ìõ ¡¾−À»ñ©Á¡¦§ó¸½²¾®
R : ¥¿−¸− CH4 êñ¤Ïö© ê† É̈¾¨ºº¡Ä¯ªÒ ó̄, Gg CH4
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¡¾−®¿®ñ©Á®®§ó¸½²¾®¢º¤¢šÀ¹ ṏº: ¡¾− È̄º¨ N2O

• ¡¾−¯½´¾− ¡¾−¯Èº¨ N2O

N2O Emissions: ¡¾− È̄º¨N2O  êñ¤Ïö©Ã−®ñ−§óÁ¡¦ªÒ ó̄ , Gg N2O
Mi : ´¸−¦¾− ¢º¤ºò−§ó êó −¿´¾®¿®ñ© Á®®§ó¸½²¾® i, Gg
EFi :  Á³¡Àªó ¡¾−®¿®ñ©, g N2O/kg ¢šÀ¹¨̂º®¿®ñ©
i : ¡¾−®‰´±È− ¹ìõ ¡¾−À»ñ©Á¡¦§ó¸½²¾®

3
2 10)( −••=∑

i
ii EFMEmissionsON

i : ¡¾−®´±÷− ¹ì ¡¾−À»©Á¡¦§¸½²¾®

CO Emissions: ¡¾− È̄º¨CO Ã−®ñ−§óªÒ ó̄ Gg/yr

¡¾−À°ö¾¢šÀ¹¨̂ºÃ−Àªö¾À°ö¾ Áì½ À°ö¾À ó̄©: ¡¾− È̄º¨ CO2

12/44)(2 •••••=∑
i

iiiii OFFCFCFdmSWEmissionsCO

• ºò¤Ã¦È¯½ìò´¾−¢šÀ¹¨ˆºêñ¤Ïö©ê†−¿´¾À°ö¾: 

CO2 Emissions: ¡¾−¯º¨CO2 Ã−®−§ª¯ Gg/yr
SWi : ¯½ìò´¾−¢šÀ¹¨̂ºêñ¤Ïö©¯½À²© i / −Õ¹−ñ¡¯¼¡ ê†−¿´¾À°ö¾μøÈÀªö¾ ¹ìõÀ°ö¾À ó̄© Gg/yr
dmi : ņ̃©«÷Á¹É¤¯½¡º®μøÈÃ−¢šÀ¹ ṏúº (−Õ¹−ñ¡¯¼¡)À¢í¾Àªö¾À°ö¾ ¹ìõÀ°ö¾Á¹É¤ (fraction)
CFi : ¦ Ȩ̀−¢º¤£¾®º− Ã−¦ Ȩ̀− ņ̃©«÷ê†Á¹É¤(£È¾£¾®º−êñ¤Ïö©), (fraction)
FCFi : ¦È¸−¢º¤ £¾®º−¥¾¡Â³§óì Ã−¥¿−¸−£¾®º−êñ¤¹ ö́©, (fraction)
OFi : Á³¡Àªó ºº¡§óÀ©§ñ−, (fraction)
44/12 : Á ³¡Àªó È̄¼− C to CO2

i : ¯½À²©¢šÀ¹¨̂ºê†−¿´¾À°ö¾ Ã−Àªö¾ ¹ìõ À°ö¾Á®®À ó̄© À§„− ¢šÀ¹¨̂º¥¾¡ªö¸À ṍº¤i : ¯½À²©¢À¹¨ºê−¿´¾À°¾ Ã−Àª¾ ¹ì À°¾Á®®À¯© À§− ¢À¹¨º¥¾¡ª¸À´º¤, 
¢šÀ¹¨̂º¥¾¡º÷©¦½¹½¡¿,¢šÀ¹¨̂º¹Éº¤−Õ, ¢šÀ¹¨̂ººñ−ª½ì¾¨, ¢šÀ¹¨̂º¥¾¡ Â»¤Ïð.

• ¡¾−¯½´¾− ¯½ìò´¾− ¢º¤ £¾®º− ¥¾¡ Â³¦§óì Á È́− Á³¡Àªó¦¿£ñ−¹ì¾¨
Ã−¡¾−£ò©ÄìÈ§º¡¹¾ ¡¾− È̄º¨ Á¡¦ CO2 . À§ñ−©¼¸¡ñ−¡¾− È̄º¨ CO2 ¢º¤Â³¦§ó− ÁêÉ
(e.g., plastics, certain textiles, rubber, liquid solvents, and waste oil) should be included
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CO Emissions: ¡¾− È̄º¨CO Ã−®ñ−§óªÒ ó̄ Gg/yr

12/44)(2 ••••••= ∑
j

jjjjj OFFCFCFdmWFMSWEmissionsCO

• ¦¿ìñ® ¢šÀ¹¨ˆºªö¸À´õº¤: 

¡¾−À°ö¾¢šÀ¹¨̂ºÃ−Àªö¾À°ö¾ Áì½ À°ö¾À ó̄©: ¡¾− È̄º¨ CO2

CO2 Emissions: ¡¾−¯º¨CO2 Ã−®−§ª¯ Gg/yr
MSW : ¯½ìò´¾−¢šÀ¹¨̂º¥¾¡ªö¸À ṍº¤êñ¤Ïö©¯½À²© i / −Õ¹−ñ¡¯¼¡ ê†−¿´¾À°ö¾μøÈÀªö¾ ¹ìõÀ°ö¾À ó̄© Gg/yr
WFj : ¦È¸−¢º¤¯½À²©¢šÀ¹¨̂º/ºö¤¯½¡º®¸ñ©¦½©÷ j  Ã− MSW (−Õ¹−ñ¡¯¼¡ Ã−À°ö¾μøÈÀªö¾  ¹ìõÀ°ö¾À ó̄©  
dmj : ņ̃©«÷Á¹É¤¯½¡º®μøÈÃ−¢šÀ¹ ṏúº j À¢í¾Àªö¾À°ö¾ ¹ìõÀ°ö¾Á¹É¤ (fraction)
CFj : ¦ Ȩ̀−¢º¤£¾®º− Ã−¦ Ȩ̀− ņ̃©«÷ê†Á¹É¤(£È¾£¾®º−êñ¤Ïö©) j
FCFj : ¦È¸−¢º¤ £¾®º−¥¾¡Â³§óì Ã−¥¿−¸−£¾®º−êñ¤¹ ö́© j
OFj : Á³¡Àªó ºº¡§óÀ©§ñ−, , (fraction)
44/12 : Á ³¡Àªó È̄¼− C to CO44/12 : Á ³¡Àª ¯¼− C to CO2

j : ¯½À²©¢šÀ¹¨̂ºê†−¿´¾À°ö¾ Ã−Àªö¾ ¹ìõ À°ö¾Á®®À ó̄© (e.g., plastics, certain textiles, rubber)

∑ 6

• ¡¾− È̄º¨ CH4 ¡¾−À° ó́°ö−´¾¥¾¡¡¾−À°ö¾Ä¹´É®Ò¦ö´®ø−¢º¤¢šÀ¹¨̂º Áì½¦¾´¾© ´ó°ö− ¥¾¡ 
º÷−¹½²ø´,À¸ì¾ Áì½ ºñ©ª¾¦ Ȩ̀−º¾¡¾©ªÒ¢šÀ¹¨̂º

¡¾−À°ö¾¢šÀ¹¨̂ºÃ−Àªö¾À°ö¾ Áì½ À°ö¾À ó̄©: ¡¾− È̄º¨ CH4

CH4 Emissions: CH4 emissions in inventory year, Gg/yr
IWi : amount of solid waste of type i incinerated or open-burned, Gg/yr
EFi : aggregate CH4 emission factor, kg CH4/Gg of waste
10-6 : conversion factor from kilogram to gigagram
i : category or type of waste incinerated/open-burned (MSW  ISW  hazardous waste

∑ −••=
i

ii EFIWEmissionsCH 6
4 10)(

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

• ¯½ìò´¾− Áì½ ºö¤¯½¡º®¢º¤¢šÀ¹¨̂º ¥½ªÉº¤ ¯½¡º® ó́¢Ó ǿ−¡ò©¥½¡¿ ê†Ã§É Ã−¡¾− 
£ò©ÄìÈ¯½´¾−¡¾− È̄º¨ CO2 and N2O ¥¾¡¡¾−À°ö¾Ã−Àªö¾ ¹ìõ À°ö¾À¯ó©
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• ¡¾− È̄º¨ N2O Á È́−¡¾−§º¡¹¾ Â©¨Àªñ¡Â−Âìμó , º÷−¹½²ø´¢º¤¡¾−À°ñ¾, ( ó́¡¾− È̄º¨
Ã−À´̂º º÷−¹½²÷´¡¾−À°ö¾ªÔê†¦÷© 500 Œ 950  ðC) Áì½ ºö¤¯½¡º®¢º¤¢šÀ¹¨̂º

¡¾−À°ö¾¢šÀ¹¨̂ºÃ−Àªö¾À°ö¾ Áì½ À°ö¾À ó̄©: ¡¾− È̄º¨ N2O

N2O Emissions: N2O emissions in inventory year, Gg/yr
IWi : amount of incinerated/open-burned waste of type i , Gg/yr
EFi : N2O emission factor (kg N2O/Gg of waste) for waste of type i
10-6 : conversion from kilogram to gigagram

6
2 10)( −••=∑

i
ii EFIWOEmissionsN

10-6 : conversion from kilogram to gigagram
i : category or type of waste incinerated/open-burned (MSW, ISW, hazardous waste,
clinical waste, sewage sludge, etc.)      

• IPCC EFDB 
– ¦½Îº¤ EF μÈ¾¤¡ Ȩ́¾¤¢¸¾¤ Áì½ ªö¸Á¯ º‡− ê†À ñ̄−Àº¡¦¾−μ̃¤μõ− 

Áì½ºÉ¾¤ºò¤ê¾¤Àªñ¡−ò¡, §‡¤ Ȩ̀¾ °ÈÃ§É ¦¾´¾©Àìõº¡Ã§É¢Ó´−ê†Áê©À¹´¾½

À£̂º¤ ṍ Áì½ À£̂º¤¯½¡º®º‡−Å ¦½−ñ®¦½Î÷−Ã¹É¡¾− £ò©ÄìÈ
¯½´¾−¡¾− È̄º¨Á¡¦ À»õº−Á¡É¸

Áì½º¾¤º¤ê¾¤Àª¡−¡, §¤¸¾ °øÃ§ ¦¾´¾©Àìº¡Ã§¢ ǿ−êÁê©À¹´¾½
– Accessible at http://www.ipcc-nggip.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

P t ti– Presentations
– Documents (meeting reports, brochures etc.)
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• ¡¾−¯½´¾−¡¾− È̄º¨Á¡¦  ¹ìõ ®ñ−§ó¡¾− È̄º¨Á¡¦ Ä©É ¦½¹−º¤¢Ó ÷́−¢È¾¸¦¾− À«ò¤ì½©ñ® 
Á−¸Â−É´ ¢º¤¡¾− È̄º¨Á¡¦ Áì½ ¦¾´¾©ªò©ª¾´¡¸©¡¾¡¾−¯½ªò®ñ© −½Â¨®¾¨, 
/´¾ª¾¡¾− Ã−¡¾−¹ì÷©°Èº−.

¦½¹ì÷®

÷
• £øÈ ṍ IPCC  ¦¿ìñ®®ñ−§ó ¡¾− È̄º¨Á¡¦À»õº−Á¡É¸ Ä©É ¦½Îº¤ Ã¹Éê‰¸Âì¡ ¡¾−−¿Ã§É ò̧êó

¡¾−¯½´¾− ¡¾− È̄º¨Á¡¦Áì½ ¡¾− É̈¾¨ºº¡ Á¹È¤§¾©
• ò̧êóê† ñ̄® ÷̄¤ Ã¹Éêñ−¦½Ä¹´ ¦¿ìñ®¯½´¾− ¡¾− È̄º¨Á¡¦À»õº−Á¡É¸¥¾¡ ¡¾− ®¿®ñ© Áì½¡¾− 

¡¿¥ñ© ¢šÀ¹¨̂º  Áì½ −ÕÀ œ̄º− Á È́− ó́μøÈ Volume 5  ¢º¤ £øÈ ṍ IPCC  2006

• IPCC TFI Ä©É ¦½Îº¤À£̂º¤ ṍ Áì½ ¦…¤º¿−¸¨ ¦¿ìñ® ¡¾− ¯½´¾−£È¾¡¾− È̄º¨/ É̈¾¨ºº¡ 
¢º¤Á¡¦ (EFDB software and other materials on TFI website)¢º¤Á¡¦  (EFDB, software and other materials on TFI website)

Thank you
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