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Part 1 Introduction

Municipal solid waste in tropical country contains large portion of organic components. In
some area the organic components of waste could be as high as 70 percent. Improper management
of organic waste can further lead to other environmental and sanitary problems. As Thailand is
located in tropical climate, organic waste can easily be decomposed and by products can also create
benefit and act as incentive in organic waste management.

In addition to the economic incentive from proper organic waste management, one
additional benefit that has been overlooked by most of Thai local authorities is the benefit in
Greenhouse Gases (GHGs) emission reductions. When organic components were used to produce
compost or convert into energy (i.e. methane gas, and heat) it can reduce the quantity of waste
entering final disposal site, and thus, reduce GHG emission from landfill sites.

One major obstacle in understanding the role of different technologies that can be
employed in organic waste management in GHG emission reduction is the fact local authorities may
not able to calculate GHG emission from different technologies.

Institute for Global Environmental Strategies (IGES) together with Pollution control Department and
Sirindhorn International Institute of Technology, therefore, have organized the workshop on Capacity
Building on Accounting and Utilising GHG Emission Reduction Measures for Local Waste Management
Actors in Thailand in order to disseminate the relevant of waste management and climate change as
well as to promote the utilization of urban solid waste for food and energy security and climate

protection benefits.

Part 2 Summary of the workshop

The Workshop on Capacity Building on Accounting and Utilizing GHG Emission Reduction
Measures for Local Waste Management Actors in Thailand was held during 25" to 28" of January
2012 at the Twin Towers Hotel, Bangkok, Thailand. The agenda of the workshop can be found in

Appendix 1.



On the 25™ of January, the agenda started with an opening ceremony held by Dr. Daisuke
Sano(IGES), Ms. Sunee Piyapanpong (PCD) and Dr. Alice Sharp (SIIT) have given a warm welcome and
regards to all attendances of this meeting. All speakers also emphasized the importance of organic
waste management and the relationship between technology employed in waste management and

the reduction of GHG emission.

After the opening ceremony, the meeting was organized into four sessions. Session one
emphasized on the National policy and plan for organic waste management: co-benefits on climate
change mitigation, food and energy security. Speakers in this session were from government offices
responsible in drafting and implementing national policy and plan for organic waste in Thailand.

Session two was aimed to present the relationship between solid waste management and
climate change. Session three was the lesson learnt from different countries including Indonesia,
Cambodia, Lao PDR and Japan while Session four was on different kinds of technology employed
locally. Technologies covered in both sections were such as decentralized composting, centralized
composting, anaerobic digestion, and integrated waste management.

The second day, January 26", 2012, participants visited the integrated solid waste
management program at Muangklang municipality in Rayong Province.

On the last day of the workshop, participants were grouped according to their regions to work
on the group exercise on solid waste management and try to calculate greenhouse gas emissions
from the case studies.

In terms of participants, there were 115 participants from local authorities, government
offices including academia and staff from Pollution Control Department. Lists of speakers and

participants were shown in Appendix 2 and Appendix 3 respectively.

Part 3 Summary of presentations

All presentations files can be found in Appendix 4, while photos of the workshop are shown
in Appendix 5.

January 25" Session 1

1. _Policy on Solid Waste Management by Mr. Rangsan Pinthong

Solid wastes compose of mainly of 64% organic wastes followed up by 30% of recycled
wastes. 82% of recycled wastes and organic wastes were used for recycling while half of all the
wastes were done in an appropriate procedure. Several policies were proposed on solid waste

management such as promoting the Reduce Reuse Recycle (3Rs) strategy, integrated technologies,



clustering and cooperation between private and governmental organizations. The 3Rs strategy
consists of several procedures; Resource efficiency, sustainable consumption, increasing the
efficiency in waste reduction and waste utilization and the treatment and disposal of waste with an
appropriate technology. Resource efficiency covers the processes in the production of product
materials that are friendly towards the environment and reduce and preventing the occurrence of
wastes. Sustainable consumption can provide in supporting a better recycling procedure of used
products, reduce the use of dangerous and hard to manage materials in production and encourages
the public to sort out different types of waste after consumption. The increase in waste reduction’s
efficiency and waste utilization supports in sorting out organic wastes based from its origin and
promoting the uses of organic waste management such as creating a waste bank. Treatment and
disposal of waste with appropriate technology includes the development in an appropriate waste
management databases. Factors in succeeding involves in technical and financial factors, capacity

building, appropriate guidelines and motivations.

Question and Answer:

Dr. Pisanu Toochinda asked on the idea of Mr Rangsan on how to effectively raise the awareness
of local people in order to have successful 3Rs Policy. Mr. Rangsan suggested the awareness raising

in all levels in society, starting from family, school, university and in general society.

2. Policies in Organic Waste Management for the Benefits of Health, Environment, Food and

Energy by Ms. Pisamai Satianyanont

This presentation proposes an alternative energy development plan (AEDP: 2012 -2021) and
the waste management strategy for energy production. AEDP consists of the development towards
low carbon society that aims for the uses of renewable energy at 25 percent of overall energy
consumption by year 2021. Two main factors were discussed along with the plan; cost in research
and development and support between the private and governmental organizations. Investments
also depend on the existing amount of waste produced. Strategies in waste management for energy
production involve small scales of biogas production from organic waste from schools, markets and
municipality. Energy produced from municipal waste can be categorized based on their waste
generation. As for municipality that produces less than 5 tons of waste per day and municipalities
with 5-50 tons of waste per day. The system includes biogas production unit and Refuse derived fuel

unit.



Question and Answer:

Dr. Premakumara asked question on the target waste to energy project. As the AEDP plans
to use 25% of energy required by 2021 from renewable source, how municipal solid waste can
contribute to this target. The answer was that within this target 160 MW is expected to come from
municipal so lid waste. As of 2012 there are 25 MW of electricity produced from the conversion of

solid waste to energy.

One participant was asking on type of technology that can convert Biogas to electricity. Ms.
Pisamai answer was on that so far the gas obtained from pilot project is mainly for household and
community consumption in substitute for LPG, the conversion of biogas to electricity may need

technology such as gas turbine.

Participant was asking the question concerning constrains on implementation of biogas pilot
project. Ms. Pisamai answered that the obstacles are varies depending on size and location of
project. For example in biogas from school waste, some schools could not get sufficient amount of
waste to feed the system as a result of school policy that encourage student to eat all their foods,

therefore quantity of organic waste is low.

Another question was on the security measure of the pilot project as the implementation in
school may have increase the risk of accident. Ms. Pisamai answered that the school project
normally have specific area for the biogas tank and the students were trained to operate the system

under close supervision from teacher at the school.

3. Waste Management Project to Prevent Global Warming by Mr. Sorot Saelim; Land

Development Department

Procedures of compost tea production using the accelerator called PD2 invented by Land
Development Department and also the use of another accelerator PD6 in waste water treatment to
reducing odour were introduced. Wastes are distinguished into two categories; a waste that are
easily degraded which are plants’ parts and wastes that are hard to decompose which are meats and
food scraps. Easily degraded wastes are incubated for 7 to 10 days while the other takes 20 to 30
days to decompose. Processes of creating a complete compost tea has to be considered by the
following conditions; Growth of microbes have to be maintained at a low rate, less odours of alcohol

and more sourness, no carbon dioxide gases are present and has an pH value of 3-4.



January 25 Session 2

1. Guidelines in Supporting Organic Waste’s Benefits by Dr. Alice Sharp

This guideline proposes suggestions in supporting organic waste’s benefits. The objective of
the guidelines is in lowering the quantity of waste entering the final disposal site through various
organic waste treatment technologies. The reduction of municipal solid waste can be done by
increasing the efficiency of waste separation at source along with better performance of organizing
waste management. Policies in waste management include the 3Rs Strategy and expected results in
decreasing wastes along with the current statistics of wastes in every parts of Thailand were
presented. Technologies in organic waste treatment include the production of compost, biogas
production from anaerobic digester, Bio-digester, Mechanical-Biological treatment for mixed wastes,
Biogas recovery from landfill were used as example of practices in Thailand. Comments and

suggestions to improve the guidelines were welcome.

2. Integrated Solid Waste Management and Climate Change Mitigation in Thailand by Dr.

Janya SANG-ARUN and Nirmala Menikpura

This presentation covers a general background on Greenhouse Gas (GHG) emissions from
waste management and the evaluations of GHG emissions from selected municipalities in Thailand.
Major areas of GHG emissions from solid waste management come from two main sectors; waste
sector and non-waste sector. Methane gas emissions from landfills/open dumping of organic waste,
carbon dioxide emissions from burning of fossil-derived waste and nitrous oxide emissions from
combustion and composting existed within the waste sector. Non-waste sectors include GHG
emissions from combustion of fossil fuel, grid electricity production and agricultural wastes.
Selected municipalities in Thailand were used for case studies on GHG emissions as a tool for
evaluation. Evaluation comprises of waste, energy, industrial and agriculture sectors. Suggestions of
GHS emission reduction involves in avoiding the disposal of organic wastes in landfill, change of fuel
types from diesel to NGV, and shortening transportation distance. Suggestions for the Nationally
Appropriate Mitigation Actions (NAMAs) were discussed on the current situation of aligning solid
waste sectors in Thailand with the draft law on the 3Rs and promoting the implementation of local

initiatives and application of local wisdom in parallel with import of appropriate technology.



3. Life Cycle Greenhouse Gas Emissions and Other Impacts from Recycling Activities: A Case

Study in Thailand by Nirmala Menikpura

Municipal Solid Waste (MSW) Management of Thailand indicated that volumes of garbage in
Thailand were created approximately 41,410 tons per day. Only 23 percent of generated waste is
separated and sent to the recycling centre while the remaining fraction is disposed at open dumps
and non-engineered landfills. As a result, the promotion of recycling activates in Thailand is crucial in
order to minimize the severity of waste problems. Processes in recycling activities required a
significant amount of energy and materials which results in environmental impacts. A case study on
the effects of recycling was held in the Nonthaburi municipality in order to evaluate the implications
of recycling activities on its sustainability. The LCA framework was used as the basic tool to evaluate
the environmental economic and social impacts. Data collection involves in basic data on material
and energy consumptions, costs and revenues, employment opportunities from various sorting
plants and recycling facilities in Thailand. Composition of the recyclable mix and material recovery
rate of the different materials are important factors to assess the amount of materials that can be
recovered from recycling. GHG emissions from virgin production are significantly higher than
recycling except plastics recycling. Contributions of recycling on saving natural resources are

remarkable compared with extraction of virgin materials.

Question and Answer:

Participants asked Dr. Nirmala for the reason to select Nonthaburi municipality as a case
study and can the number presented be used to compare with other municipalities. Dr. Nirmala
answered that Nonthaburi city municipality was selected based on the availability of data. The
collection of data on recycle activity in Nonthaburi has been carried out for a long time and the data
set is completed. On the issue of comparison with other municipality, it may be to early at this stage

to use this data as a basis for other municipalities as local conditions may be different.

January 25" Session 3

1. Decentralized Composting in Municipal Solid Waste Management by Dr.

D.G.J.Premakumara

Developing cities in Asia are facing tremendous challenge in disposing solid waste in an
environmental friendly manner since most common disposal method disposes waste in an unsafe
manner. These practices could lead to a major environmental and health impacts on local residents,

release GHG to atmosphere and discourages efficient uses of resources. Estimates show that over



half of the waste generated is organic and easily can be composted but have not been utilized
effectively. In decentralized composting, waste is composted near its source using appropriate
technology such as small-scale, labour intensive, locally acceptable and economically affordable.
Compared with centralized composting, decentralized composting provides simple technology, low
cost and provides a number of jobs while centralized composting is highly technical, high cost and
highly mechanized with mostly based on sale purposes. Case studies taken place in Surabaya
indicates that SWM has become a serious environmental issue where the total waste generation was
1,800 tons per day in 2004 and the city's waste collection coverage only 70%. The rest is left within
the streets, ditches and open spaces. Development of SWM strategy based on the success of the
model community under the strong political support of the Mayor by promoting decentralized
composting. Given in smaller size and location, decentralized composting is more flexible in

management and operation and can adapt to changes better in local needs and requirements.

2. Centralized Composting by Mr. Chau Kim Heng

The purpose of centralized composting is to prevent complicate decentralized composting
policy, reduce conflicts on land issues and provide source separation on wastes. Open windrow
turned composting consists of the following procedures; waste separation, pile-up compost heap,
composting, maturing compost, screening and bagging. During waste separation, employees
manually separate wastes until every waste is fully organized in order to pile up compost heap.
Compost process is initiated after waste separation, processing at approximately 4 to 6 months with
the optimal temperature of 65 to 70 Celsius and 65 percent of water content. Screening compost
has to contain organic matter and other nutrients, free of unwanted materials such as plastic, rubber,
metal, glass and stones and moisture level should be less than 45 percent. Current obstacles
involving centralized composing are the lack of responsibility in certain tasks. Source separation in
non-compostable waste consumes a large amount of time and stakeholders do not feel responsible
for the delivery of organic waste to the compost facility. Organic waste is often mixed with
hazardous waste due to the unawareness of people. Possible solutions include constant
communication between waste collectors and the local government by sending reports and provide
feedback. Promotion in compost marketing by demonstrating its use and benefits could also greatly

help the support in centralized composting waste management.

Questions and answers for first and second speakers on compost

The question and answer session for the first two presenter was combined as the topics are

related. Participant from Khon Khean Municipality asked on the raw materials used in compost



project in both cities whether it includes food waste or other components such as leaves and
branches. The answer for Surabaya case is those raw materials come from separated household

organic waste as for the case of Cambodia, the raw material is mainly from market waste.

The second question was on the ownership right for the land. For Surabaya case the land
used in the project is an area set aside at the common area of the community. In case of Cambodia
it is the land owned by local government at the centralized composting facility is also located at the
city landfill site. In some cities the lands belong to private sector who has got the permission to

operate waste collection, transportation and disposal.

In term of measures that will promote the production of compost, Surabaya use tax system

that will be add to water bill or electricity bill and send to the government.

For Cambodia case study, waste collection and transportation was done by the local
authority at the beginning. However, the operation failed due to financial and human resource

constrains, therefore, the responsibility is commissioned to private sector.

Another participant was asking for measures to convince farmers to use compost instead of
chemical fertilizers. In most countries in South East Asian Region, government provide subsidy to
chemical fertilizer to help farmers reducing their cost of production and it is difficult to convince
farmers to change from chemical fertilizer to compost. The answer from both cities is that the
authority should have started their own farm to be used as case study and show to farmers that
compost does give high productivity. Another measure is to have contracted farm to use compost

in comparison with chemical fertilizer and compare productivity.

3. Organic Waste Utilization for Energy in Laos by Assoc. Prof. Korakanh Pasomsouk

Most developing countries are facing the problem of MSW disposal due to lack of budget
and human resources. In parallel with the population and economic growth, the quantity of solid
waste increases gradually each year. It is found that open dumping and burning are commonly used
as the method of disposal MSW. Organic waste such as food, vegetable, fruits, etc. contaminates
other wastes within the landfill where open dumping disposal is used. Human activities are releasing
greenhouse gases (GHG) into the atmosphere which is likely to have a significant impact on the
global environment, economy and society. Laos is having the industrial pollution at the early stages.
Currently, many people in rural areas are moving into the city for employments. Most people
continue to use the traditional methods in disposing daily wastes; burning, dumping waste outside

of the surrounding area and throwing it into a nearby river or swamp. Municipal solid waste



contains about 75 percent of organic material which can be converted to a useful energy. The 3Rs
practice could provide in reducing the amount of MSW. Biogas generation pilot program consists of
creating energy based from food remains to preserve energy usage. Thermal processes suggest the
use of a more efficient stove technology and the use of dry, compact biomass fuel such as wood.
Creation of fuel briquettes benefit in less usage of firewood and charcoal, time and money saving,

energies from the waste are recovered and are able to provide profit in selling.

4. Treating Greenhouse Gases Reduction in an Appropriate Manner and the Benefits of

Plastic Wastes by Prof. Yoichi Kodera

Plastic waste is one of the types that include a significant portion of the total municipal solid
wastes. Production of plastic waste comes from crude oil which is distilled in order to create
polymers and resins, creating 8.4 tons per cycle. In Japan, plastic wastes are produced at 9 million
tons per year, having the share of both the municipality and the industry.17 percent of the plastic
waste is able to be recycled for machinery and 13 percent for consumer products. Wastes based
from kitchenware that is recyclable are distinguished into two types; flammable (food remains,
wood and papers) and resourceful materials (plastics). Challenges in waste management include the
conversion of food scraps into fertilizers, recycled papers and plastics into plastic resins and fuel.
Benefits of recycling plastic wastes can be converted into plastic resin which is one of the clean
development mechanism approved by the UN and uses for energy consumption based on certain
types of plastics which is cleaner than coals or fuels. Plastic resins are created by grinding plastic
wastes, cleaned and converted into pellets. As a result, these recycle materials can be reconstructed
as a house decoration or vehicle parts. Production of fuels based on plastic wastes is executed by

drying and then grind into pellets at 200 degrees Celsius.

Question and Answer:

The first question was on the measures to promote waste separation in Japan as Thais
normally throw away waste as mixed waste especially in urban area. Dr. Kodera answered that
waste separation campaign in Japan has started for more than 30 years and there are measures for
household that do not separate waste such as social sanction if household does not separate waste
or waste collector will not collect waste that have not been separated. The community also take
turn in cleaning the community’s waste collection area, therefore every household tend to be more

responsible for their own activity.

The second question for Dr. Kodera was on the efficiency of incinerators in Japan, whether

there is a plan for energy recovery with the incineration system and how does Japan deal with air

9



emission such as dioxin and SOx. Dr. Kodera answer that energy recovery is not possible because of
the scale of the incinerator. Most incinerators in Japan are of medium size, planned to burn not
more than 300 Tons of waste per day, heat generation from such incinerator is only 10-15%. To
increase heat generation, more waste should be burnt and the incinerator must be of larger scale.
The construction of large scale incinerator is expensive and difficult to construct. It has to be in
remote area and thus increase the cost of transportation. Therefore it may not be appropriate to do
so. On the air emission question, gases are burnt at 120degree Celsius which is also considered as

high energy consumption step.

January 25 Session 4

1. Composting by Mrs. Nongnuch Khanchaiyaphum

Pangkone municipality has started community composting project and the objecting of this
presentation is to share lesson learnt from the activity. Materials that require in composting project
consist of concrete pipe, shovel, and sieve. Tree branches are placed into the concrete pipe for a
significant flow of air. A municipal solid waste which is mainly composed of food scraps are mixed
along with the tree branches inside the concrete pipe. Several key factors in composting relies on
the flow of air in order to decompose organic wastes faster, temperature at 10 to 55 Celsius,
percentage of moisture should be at 40 to 70 and the size of organic matter which smaller in size
provides a faster process. Issues that may face during composting are cases of dryness, wetness,
worms and odours. Water should be added if the process becomes dry, dried leaves should be
added if the materials are too wet, ash water should be added if in cases of worms existing inside

and dried leaves should be added if foul odours existed.

2. Integrated Organic Waste Management by Mr, Somchai Jariyachareon

The Mayor of Muangklang municipality had described the integrated organic waste
management system employed at the municipality. The integrated system includes the separation
of organic waste from the waste collector trucks; fresh organic wastes were then fed to animals such
as pigs, rabbits, and goat for their consumption. The remaining of market waste can be used for
vermin-composting, market waste mixed with leaves and branches were used in the production of
compost. Remaining of organic waste will be used at the anaerobic digestion (AD) system. Apart
from organic waste management, the municipality also managed to convert other waste stream into
energy or raw materials for other products. For example, the fat collected from grease trap is used

to produce solid fuel, which can be used at the municipality slaughter house. In addition milk
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containers were collected to be sent to recycling factory and separate different layers then produce

different products.

3. Phitsanulok Mechanical Biological Treatment — MBT by Dr. Suthi Hantrakul

Mixed solid wastes can be separated into five categories; saleable materials, biological,
hazardous, infectious and unsorted wastes. Saleable materials and biological wastes can be
separated for further uses in recycling and composting biogas. Hazardous wastes are required to be
kept in storage to prevent from major impacts on the environment. All hazardous wastes are
transported and disposed by a private company. Infectious wastes are highly contagious which is
required to be incinerated at all cost. Other unsorted wastes are processed by a mechanical
biological treatment (MBT) and is transported for screening and can be used as plastic bags pyrolysis

and compost-like substance gasification.

4. Benefits in Uses of Gases from Landfills By Mr. Thawatchai Jungmongkolkarn

This company aims to reduce pollution that spreads throughout the areas of the company
location along with the reduction of Greenhouse Gases. Municipal solid wastes could be used to
create landfill gas (LFG) to create electricity of Very Small Power Producer (VSPP). Guidelines in
electrical energy production from LFG are required to take research in mathematic simulations and
databases. Experiment in LFG production covers in measuring gas’s quantity and quality. Landfill
gas consists of 50 percent of CH,, 45 percent of CO, and 5 percent of Nitrogen and other inert gases
which is one of the greenhouse gas types. Production of landfill gas requires consideration with its
components from wastes, quantity of MSW, moisture and landfill management. LFG generation

could provide benefits in the uses of fuel cells, liquid methane and the co-generation method.

5. Operation of Solid Waste Processing into Energy Fuel by Mrs. Rungnapha Tubnonhee

The total amount of municipal solid wastes within the Warinchumrap municipality contains
approximately 24-25 tons per day. Only 20 percent of the wastes are recyclable while 12.5 percent
are plastic wastes. Most plastics wastes are grouped in a polyethylene (PE) type and a
polypropylene (PP) types. Procedures in processing plastic wastes into light crude oil includes in
separation of types of wastes and the process of pyrolysis. Pyrolysis is a thermochemical

decomposition of organic material at high temperatures. This process is a part of depolymerization,
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using temperature control and catalyst in contrast to the creation of plastics which uses
polymerization from natural gas and crude oil. Uncondensed gases result from pyrolysis will be
transported back to the heating process after the process of syn-gases condensation while other
gases will be transported to an exhaust gas scrubbing process. After the process of pyrolysis, wax
and carbon black were created. Crude oils created from pyrolysis has similar properties as a generic

crude oil similar to diesel and benzene.

6. Municipal Solid Waste Incineration in Phuket

The incineration facility of Phuket was first constructed in 1998 and finished in 2001 which is
further fully administered by the Phuket Municipal. This incineration facility is able to incinerate
MSW without the process of separation, incinerating 250 tons of waste per day. Four steps are
divided within the process of incineration; waste gathering, waste incineration, pollution control
after incineration and the production of electric energy. Vehicles that gather wastes are weighed for
recording statistic and wastes are dumped into the transfer station. The process of incineration
consists of the uses of diesel fuel at a temperature of 800 Celsius which can continuously incinerate
for 5 to 6 months. Maintaining gas flow after the incineration process requires several issues in
monitoring. Dust should be filtered before releasing gases and nitrogen Oxide are used in order to
let the incineration exceed 1000 Celsius. Currently, the problem within the incineration process is
the excess amount of waste being produced. This results in transporting overloaded wastes back
into the landfill which the island of Phuket is reaching its landmass limit. Current project by the
Phuket Municipal is to convince private organizations to invest in creating addition incineration

facility in order to handle the excess amount of waste by the next 15 to 20 years.

January 26"

1. Climate Change Mitigation through Integrated Municpial Solid Waste
Management of Muangklang municipality by Janya Sang-arun and Nirmala Menikpura

Estimation of GHG emissions are measured by analyzing the life cycle approach for
evaluation. Waste sectors create methane emission from open dumping and landfill and fossil
carbon dioxide emission from incineration. Energy sector creates combustion of fossil fuel along
with the consumption of grid electricity. GHG emission was estimated from integrated system

considering the effects of individual technologies. Emission reduction was calculated as compared
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to sanitary landfill. A total GHG emission from sanitary landfill was calculated at approximately 3,444
tCO,eq/year of waste disposed. Keys in maximizing GHG emissions reduction could be done by
avoiding landfill of organic waste and increase capacity of waste utilization. A promotion in waste
separation at source is crucial by increase organic waste for utilization such as paper, food, leaves
and wood. Decentralized waste such as animal feeds, composting and anaerobic digestion should
also be promoted to provide utilization. Methane emissions from landfills can be avoided with the
application of MBT for mixed waste at the disposal site or an installation of landfill gas recovery

system.

2. Field trip to Muangklang Municipality

On January 26", participants were taken to field trip at Muangklang Municipality. The
municipality has implemented Integrated waste management concept with the main idea that waste
from one process can be used as raw materials or energy in another process. The field trip started
with the presentation at the Municipality office in order to provide general overview of municipality
waste management activity. Later in the afternoon, participants visited Integrated Solid Waste
Management Learning centre, where they were shown the process of waste management. The
whole process starts with the separation of waste at the separation line, organic wastes are used to
feed animals (i.e. pigs, goat, and rabbits), produce vermin-composting, compost from leaves and

branches, and anaerobic digesters. Other types of wastes are sorted for recycle processes.

Janurary 27"

Estimation of GHG emissions from Waste Dispoal and Treatment by Baasansuren Jamsranjav and
Janya Sang-arun

Typically, solid waste disposal sites (SWDS) are the largest source within the waste sector
which the process of disposing and treatment of waste produce GHGs. It is likely that emissions of
GHGs from waste disposal and treatment will increase significantly in developing countries.
Estimating GHG emissions is an important element to monitor climate actions where estimation is
calculated by all emissions/removals of particular gases from given sources from a defined region at
a specific period of time. A common methodological approach in estimating GHG emission consist of
the activity data (AD) and emission factor (EF). CH; Emissions measurement assumes that all

potential CH, is released in the year of waste disposal. The first order decay (FOD) produces more
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accurate estimates of annual emissions which accounts for the fact that emissions will occur over

many years. This method requires data for historical disposals of waste.

Part 3 Summary and compilation of the group’s reports

On the 27% of January, participants were divided into 6 groups to conduct group activity.

Each group was required to answer 6 main questions which are

1. Selecting the city that will be used as case study and describe the solid waste management

of that city
2. lIdentify problems in solid waste in each city, then identify 5 major problems out of the list.
3.  Calculate GHGs Emission
a. Methane form landfill
i. Quantity of waste to landfill
ii. Depth of landfill
iii. Management at the landfill
iv. Waste composition
b. Methane and nitrous oxide from composting and biogas
i. Type of waste (wet or dry)
ii. Quantity of waste (Ton)
c. Carbon dioxide methane and nitrous oxide from burning
i. Quantity of waste
ii. Waste composition
4. Identify solid waste management improvement measures with supporting reason.
5.  Calculate the new solid waste management measure and compared with point 3.

6. Prepare for presentation.

Result of each group is summarized in Table below. Most groups managed to complete

the whole exercise of calculation.
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Group No. Waste management Problems identified Calculation Improvement measure Calculation Conclusion
(Case City) situation result result
1 Waste generation 80 1 Solid waste from 13425.6 T/yr - - Misunderstood of the
(Phitsanulok) | T/day nearby municipalities of CO, ton/y assignment and did not
Landfill with MBT eq. prepare the improvement
technology measures.

2 110 T/d of waste 1 collection and CH, 1753.08 Biogas production for - Misunderstood of the
(Eastern 18 waste collector transportation of Tiyr organic waste and assignment and did not
region) trucks with GPS waste Pyrolysis for plastic calculate the emission from

2 waste collection fee wastes new measures.
is not clear

3 cannot use landfill

site (public opposition)

3 Waste generation: 400 | 1 Local politics CH4 1,610 Tiyr | Biogas from Food 50% CH, 84.9 Tiyr When use new management
(Central T/day 2 Financial constrain (33,810 CO, Compost from leaves (1,782.9 CO, T/y | measure GHG emissions =
region) Waste collection 300 3 Local waste ton/y eq.) 10% eq.) 2,497.85 CO, ton/y eq.

T/day management 0. = None Recycle from Paper 10% (0, 1.95 T/yr Reduced from the original
Landfill system 4 Awareness of NZCZJ _ None + Plastic 20% N,O 2.3 Tyyr (713 | method 31,312.15 CO, ton/y
Disposal fee 150 B/T citizens Open burning from CO, ton/y eq.) eq. (reduced 92.6%)

5 Central government Textile 5% + Wood 5%

policy

4 Waste 30 tons/day 1 No waste separation | CH, 310 Tyyr To landfill 20% of waste  [CH; 224 Tyr When use new management
(Amnart Use landfill system 2 No waste data CO, = None Organic wastes used for co, T/yr measure GHG emissions =

Charoen) 3 Waste pickers and N,O = None compost 3504 Tons N,O 1.05 Tiyr CH, 224 ton/y eq.

animal
4 Personnel constrain
5 Limited budget

Reduced from the original
method CH, 310 ton/y eq.
(reduced 27.7%)
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Group No. Waste management Problems identified Calculation Improvement measure Calculation Conclusion
(Case City) situation result result
5 Waste 8800 T/day 1 high organic content | 69,195.41 T/yr | Incinerator and 69,195.48 T/yr | eBased on the assumption
(Bangkok) 100% collected 2 low recycle rate of CO, ton/y increasing waste to of CO, ton/y that waste generation will
Use for compost 1000 | 3 policy changes after | eq. compost production eq. be increased but can
T/day and 7800 T/day | each election maintain the GHG emission
send to landfill
6 Incineration 1 Incinerator has been | 130 t/yr Additional incinerator 62 T/yr 52% reduction in
(Phuket) used for 4 years has to For 700T/d capacity implementing the new plan

stop operation quite
often

2 Landfill will be full
soon

3 Higher cost of
operation

4 No waste separation
at source
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Part 4 Summary of comments from participants

At the end of the workshop, evaluation forms were distributed to participants. Forty-eight
guestionnaires were returned. The questionnaire covers three main parts; ceremony and general
management of the workshop, presentation of speakers and content of presentations. The
summary of evaluation forms is shown in the Table below. Overall, this workshop has been
successfully organized and considered as useful for most participants. The opening ceremony and
location was outstanding according to all participants' comments and feedback. All participants that
have attended this conference have given full attention to every program. However, many
participants have commented that there should be a strict policy in presentation timeline since
many presenters tend to stretch their presentation time span ineffectively. As a result, the
workshop has been running its schedule very slowly, making participants uncomfortable in their
time management. Certain participants have also indicated that English language is also another
issue since foreigners find that presentations in Thai are hard to follow. Possible solutions in
language issues are to inform every participant in a better preparation of providing an English
presentation before the day of the workshop conference.

Excellent C\i/:x Good Fair im-:::::e d N/A
Ceremony and General
Management
Details of workshop 23% 77%
Conveying of messages 36% 50% 14%
Sequence of presentation 18% 72% 5% 5%
Time management 8% 64% 14% 14%
Workshop arrangement (venue,
meals and accommodation) 36% 54% 5% 5%
Presentation of Speakers
Easy to understand 36% 55% 9%
Clarity of information 45% 50% 5%
Appropriate content can be apply to
real implementation 31% 64% 5%
Time management 9% 59% 18% 9% 5%
Content of Presentations
Useful for waste management 45% 41% 14%
Possibility to implement locally 18% 50% 32%
Fulfil expectation before joining the
workshop 27% 55% 13% 5%

Part 5 Follow-up activities

The Pollution Control Department had mentioned the follow-up workshop next year, with
the objective to show real implementation of what have been learnt from this workshop. It is
expected that municipalities will be able to apply their knowledge from this workshop in real
situation and can be the speakers for follow up workshop to share their implementation experiences.
However, as the budget for the follow up workshop has not been secured, therefore the workshop
has not been confirmed.
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25 January 2012

Appendix 1

Agenda

Workshop on Avoiding GHG emissions through MSW management in Thailand

25-27 January 2012

Mingmuang Room, 4th floor, The Twin Tower Hotel, Bangkok

Sharing experience

8.30-9.00 Registration
9:00-9:30 Welcoming speech and opening ceremony
® Dr. Diasuke Sano; Director, Institute for Global Environmental Strategies (IGES), Regional
Centre in Bangkok: Introductory note
®  Assoc. Prof. Dr. Alice Sharp; Sirindhorn International Institute of Technology, Thammasat
University : Welcoming speech
® Ms. Sunee Piyapanpong; Deputy Director General, Pollution control Department: Opening
speech
9.30-10.30 Session 1: National policy and plan for organic waste management: co-benefits on climate change
mitigation, food and energy security
Chair: Dr. Alice Sharp, SIIT
®  Mr. Rangsan Pinthong, Director of Hazardous Waste Management Office, PCD
® Ms. Pisamai Satianyanont, Senior Science Expert, Department of Alternative Energy
Development and Efficiency
®  Mr. Sorot Saelim, Senior Agricultural Science Expert, Land Development Department
10.30-10.45 CoffeeBreak
Session 2: Solid waste management and climate change (presentation 15 min, Q&A 5 min)
10.45-11.10 Promoting utilisation of urban organic waste, Dr. Alice Sharp, SIT
11.10-11.40 Integrated solid waste management and climate change mitigation in Thailand, Dr. Janya Sang-Arun,
Institute for Global Environmental Strategies (IGES)
11.40-12.00 Lifecycle greenhouse gas emissions through recycling activities: a case study in Thailand, Dr. Nirmala
Menikpura, Institute for Global Environmental Strategies (IGES)
12.00-13.15 Lunch
Session 3: Lesson learnt from aboard (presentation 15 min, brief translation 5 min, Q&A 5 min)
Chair: Dr. Alice Sharp, SIIT
13.15 Community composting in Surabaya, Indonesia, Dr. D.G.J. Premakumara
13.40 Urban composting in Cambodia, Mr. Chau Kim Heng (COMPED)
14.05 Study on organic waste management in Laos, Assoc. Prof. Korakanh Pasomsouk
14.30 GHG emission reductions through plastic waste recycling, Dr. Yoichi Kodera (AIST)
14.55-15.10 Break
Session 4: Domestic experience (15 min presentation, 5 min Q&A)
Chair: Dr. Janya Sang-Arun, IGES
15.10 Community based composting, Ms. Nongnuch Khanchaipume, Director of Satitation and Environmental
Department, Pangkone Municipality
15.30 Integrated organic waste management, Mr. Somchai Jariyachareon, Mayor of Muang Glang Municipality
15.50 Mechanical Biological Treatment, MD. Suthi Hantrakul, Deputy mayor of Phitsanulok Municipality
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16.10 Landfill gas recovery: Rachatewa landfill, Mr. Tawatchai Jungmongkolgarn, Pirotsompong Co.Ltd.

16.30 Waste Incineration, Mr. Bandit Chantawat, Managing director of BTech Mitsu Corporation Co.Ltd.

16.50 Plastic waste pyrolysis to liquid fuel, Ms. Rungnapa Tubnonghee, Director of Sanitation and
Environmental Department, Warinchamrap Municipality

17.10 Announcement from organiser

18.00-20.00 Welcome dinner

26 January 2012

Field study: Muang Glang Municipality

7.00 Registration at the hotel lobby

7.15 Departure to Muang Glang Municipality

10.30 Presentation on Muang Glang Integrated Solid Waste Mangement, Mr. Somchai Jariyachareon, Mayor

11:45 GHG emission reduction through the municipal solid waste management of Muang Glang Municipality,
Dr. Janya Sang-Arun, IGES

12.00 - 13.00 Lunch

13.00-14.30 Group’s visit to each facility

14.30 Departure to hotel

27 January 2012

Group’s exercise

Facilitator: Dr. Janya Sang-Arun (IGES) & Dr. Alice Sharp (SIIT)

8.30-9.00 Registration

9.00-10.30 Exercise 1: Brainstorming on identifying problem and solutions of municipal solid waste management
and climate change mitigation

10.30-10.45 Break

10.45-12.00 Exercise 2: Estimation of GHG emissions from waste management practices, Dr. Jamsranjav
Baasansuren (IPCC/TSU) & Dr. Janya Sang-Arun (IGES)

12.00-13.15 Lunch

13.15-16.00 Exercise 2 (continue)

15.00-15.15 Break

15.15-16.00 Preparation for group’s presentation

16.00-17.00 Group’s presentation (5 min each)

17.00-18.00 Closing ceremony



Appendix 2
List of Speakers (Based on presentation schedule)

Foreign Speakers

1. Dr. Daisuke Sano Director
IGES Regional Centre
606 SG Tower 6" Floor
161/1 Soi Mahadlek Luang 3
Rajdamri Rd. Pathumwan
Bangkok 10330 Thailand
2. Dr. Nirmala Menikpura Researcher
IGES
2108-11, Kamiyamaguchi, Hayama
Kanagawa, Japan
3. Dr. D. G. J. Premakumar Researcher
IGES, Kitakyushu Urban Centre
International Village Center 2F,
1-1-1 Hirano, Yahata-Higashi-Ku,
Kitakyushu City, Japan 805-0062
4, Mr. Chau Kim Heng Director
Cambodian Education and Waste Management
Organization (COMPED)
#34BEO, Str376, BKIIl, Chamkar Mon (Near Fire Station)
Phnom Penh
Cambodia 855
5. Assoc. Prof. Korakanh Pasomsuk Associate Professor
Faculty of Engineering
National University of Laos
Dongdoke Village, Xaythany District, Vientinane
Lao PDR
6. Dr. Yoichi Kodera Researcher
The National Institute of Advanced Industrial Science
and Technology (AIST)
1-1-1 Higashi, Tsukuba, Ibaraki 305-8561 Japan
7. Dr. Janya Sang-Arun Researcher
IGES
2108-11, Kamiyamaguchi, Hayama
Kanagawa, Japan



Local Speakers

1. Assoc. Prof. Dr. Alice Sharp

2. Ms. Sunee Piyapanpong

3. Mr. Rangsan Pinthong

4, Ms. Pisamai Sathienyanon

5. Mr. Sorot Saelim

6. Asst. Prof. Dr. Pisanu Toochinda
7. Ms. Nongnuch Khanchaiyapume
8. Mr. Somchai Jariyacharoen

Associate Professor

Sirindhorn International Institute of Technology
Thammasat University

99 M. 18 Paholyothin Rd.,

Klong Luang, Pathum Thani 12121 Thailand

Deputy Director General

Pollution Control Department

92 Soi Phahon Yothin 7

Phahon Yothin Road, Sam Sen Nai

Phayathai District Bangkok 10400, Thailand

Director of Waste and Hazardous Substance
Management Bureau

Pollution Control Department

92 Soi Phahon Yothin 7

Phahon Yothin Road, Sam Sen Nai

Phayathai District Bangkok 10400, Thailand

Scientist (Senior Professional Level)

Department of Alternative Energy Development and
Efficiency (DEDE), Bureau of Energy Research

8" Floor, Building#7, 17 Rama | Rd., Kasatsuk Bridge
Pathumwan, Bangkok 10330 Thailand

Special Agricultural Expert

Institute of Research and Development for Soil
Biotechnology

Land Development Department

2003/61 Lard Yao, Jatujak,

Bangkok 10900 Thailand

Assistant Professor

Sirindhorn International Institute of Technology
Thammasat University

99 M. 18 Paholyothin Rd.,

Klong Luang, Pathum Thani 12121 Thailand

Director of Sanitation and Environmental Department,
Pangkone Municipality

Pangkone municipality office,

Sakonnakorn province, 47260 Thailand

Mayor, Muang Glang Municipality

68/1 tessaban 2 Rd. Thangkiawn District , Klaeng ,
Rayong 21110 Thailand



10.

11.

12.

MD. Suthi Hantrakul

Mr. Thawatchai Jungmongkolgarn

Ms. Juntima Mongkol

Ms. Rungnapa Tubnonghee

Deputy Mayor, Phitsanulok Municipality

1299 Baromtrilokkanart2 Rd.Muang District Phitsanulok
65000 Thailand

Pirotsompong Co. Ltd.

17/7 Moo. 2 Petchkasem Rd., Aomyai, Samphan
Nakornpathom,73160 Thailand

Assistant to Sanitary Officer

Phuket City municipality

52/1 Naritsorn Rd. Muang District

Phuket 83000 Thailand

Director of Sanitation and Environmental Department,
Warinchamrap Municipality

Pathumtheppakdee Rd. Warinnchamrap District

Ubon Ratchathani 34190 Thailand



Appendix 3

List of Speakers (Based on Registration Sequesnce)

Local Administrative Office

1. Ms.  Suthinee  Suriyakul
Ayudhaya
2. Mr. Dechchotiwat Yayapao

3. Mr Suchart Juntawong

10. Ms.

. Chusak Raksanor

. Chuchai Lornimitdee

. Buapha Kaewmongkol

. Ploenpit Sripop

. Tippawan Yukasem

. A-nong Tangjai

Nattawan Wechwongwan

Mayor, Lamphoon Municipality

27 Tessabarnl Rd. Muang District, Lamphoon

51000 Thailand

Community Public Health Officer

Lampang City Municipality Office

Clock Tower Junction Chatchai Rd. Muang District,
Lampang 52000 Thailand

Sanitary Officer,

Khelang Nakhorn City Municipality

Boonyawat Rd. Muang District,

Lampang 52000 Thailand

Sanitary Officer

Phitsanulok Municipality

1299 Baromtrilokkanart2 Rd.Muang District, Phitsanulok
65000 Thailand

Sanitary Engineer

Phitsanulok Municipality

1299 Baromtrilokkanart2 Rd.Muang District, Phitsanulok
65000 Thailand

Director of Sanitation and Environmental Department
Nan City Municipality

214 Mahayos Rd. Muang District

Nan Province 55000 Thailand

Director of Sanitation and Environmental Department
Taklee Municipality

Taklee District, Nakhon Sawan Thailand

Director of Sanitation and Environmental Department
Kampangpetch City Municipality

111 By Pass Rd. Muang District, 62000 Thailand
Administrative officer

Mae Sod Municipality

Asia Rd. Mae Sod District, Tak 63110

Water quality management office

Nakhon Pathom City Municipality,

Muang District, Nakhon Pathom Thailand



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Mr

Ms.

. Jirawat Makraksa

. Suchart Arun-muang

. Chaiyan Bunditphollert

. Sakdathep Preedakasemsin

. Prasert Kongharn

. Ronnarong Kaewplard

. Paisarn Petchsuksiri

Warunee Ngampanichkij

. Somsak wajarat

. Karuna Kludnoenklum

. Suwanna Shummana

. Rungroj Koteprom

Sanitary Officer

Aom Noi City Municipality

234 M. 11 Soi Petchkasem 87,

Kratum Ban District, Samut Sakorn 74130, Thailand
Director of Sanitation and Environmental Department
Chainart City Municipality,

58/36 Muang District, Chainart

Assistant to Sanitary Officer

Suphanburi City Municipality

338 Muen Harn Rd.,,

Muang District, Suphanburi, 72000 Thailand
Clerk of Municipality

Samchuk Distict Municipality

995 Samchk District, Suphanburi, 72130 Thailand
Community Public Health Officer

Pakkred City Municipality

1 M. 5, Chaeng Wattana Rd.,

Pakkred District, Nonthaburi 11120 Thailand
Director of Sanitation and Environmental Department
Singhburi City Municipality

Wilaichit Rd. Muang District, Singhburi 16000 Thailand
Head of Administrative Division

Petchaboon Municipality

26 Kasemrat Rd. Muang District,

Petchaboon Thailand

Public Health Administrator

Saraburi City Municiaplity

Muang District, Saraburi, Thailand

Deputy Clerk of Municipality

Prachuab Kirikanh Municipality

Muang District, Prachuab Kirikanh THailand
Pathum Thani City Municipality

Pathum Thani

Civil Engineer

Petchburi City Municipality

46/1 Ratwithee Rd.

Muang District, Petchburi, Thailand

Sanitary Officer

Sakon Nakorn City Municipality Office

1695 Sukkasem Rd.,

Muang District, Sakon Nakorn 47000 Thailand



23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

Mr. Somsak Seangcharoenrat

Mr. Kriengkrai Viriya-asha

Ms. Penporn Supasuk

Ms. Kanokwan Korcharoen

Dr. Suwicha Sapama

Mr. Jumphol Mongkolsindhu
Mr. Phumipat Rasri

Ms. Aumporn Kaewroeng

Mr. Supachai Booharn

Mr. Nitiphan Sansuk

Mr. Baworn Maneerat

Mr. Suthon Sueprasert

Mayor,

Loei City Municipality

146/20 Charoenrat Rd.

Muang District, Loei 42000 Thailand
Deputy Mayor,

Chumpae City Municipality

Chumpae District, Khon Kean, Thailand

Director of Sanitation and Environmental Department

Mahasarakham City Municipality
Mahasarakham 44000 Thailand
Sanitary Officer

Nakhon Ratchasima Municipality

635 Bhodi Klang Rd., Muang District, Nakhon Ratchasima,

30000 Thailand

Director of Sanitation and Environmental Department

Pak Chong City Municipality,

73, Mittaparb Rd. Pakchong District,
Nakhon Ratchasima 30130

Thailand

Khon Kaen City Municipality

Head of Administrative Office

Srisaket Municipality

987/39 Kukanh Rd. Muang District,
Srisaket 33000 Thailand

Public Health Officer

Ubon Ratchathani,

147 Sri Narong Rd. Muang District,
Ubon Ratchathani 34000 Thailand

Civil Engineer

Amnart Charoen City Municipality
Muang District, Amnart Charoen, Thailand
Sanitation Officer

Mukdaharn City Municipality

Muang District, Mukdaharn, Thailand
Director of Sanitation Works Department
Mab Ta Phut Municipality

9 Mueang Mai Mab Ta Phut Sai 7 Rd.
Muang Rayong, 21150, Thailand
Deputy Clerk of Municipality

Rayong City Municipality

Muang District, Rayong 21000 Thailand



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Mr

Mr

Mr

Ms.

. Suthee Tubnonghee

. Nathee Pleumchit

. Kittiwat Amnuayprasert

Srinopparattanakul

Mr

Mr

Mr

Ms

Mr

. Tanaphat Ritthipajarn

. Surin Anake

. Jaruk Wongwanich

. Athorn Ukkati

. Naphat Chatpreteungkul

. Juntima Mongkol

. Kusol Korbkarn

Natchaporn

Director of Sanitation Works Department
Warinchamrap Municipality
Pathumtheppakdee Rd. Warinnchamrap District
Ubon Ratchathani 34190 Thailand

Director of Sanitation Works Department
Rayong City Municipality

Muang District, Rayong 21000 Thailand

Civil Engineer

Chanthaburi City Municipality

39, Wat Mai Sub District, Muang District,
Chanthaburi 22000 Thailand

Head of Administrative office

Chonburi City Municipality

Bang Plasoi, Muang Chonburi, Thailand
Assistant to Sanitary Officer

Sansuk City Municipality

Bang San 2 Rd., San Suk, Chonburi, Thailand
Director of Sanitation and Environmental Department
Panatnikhom City municipality

Panatnikhom District, Chonburi 20140 Thailand
Director of Sanitation Works Department
Surat Thani City Municipality

24/120 Muang District,

Surat Thani Thailand

Mayor

Trang City Municiaplity

103 Wisetkul Rd. Muang District, Trang

92000 Thailand

Assistant to Civil Engineer

Phuket City municipality

52/1 Naritsorn Rd. Muang District

Phuket 83000 Thailand

Assistant to Sanitary Officer

Phuket City municipality

52/1 Naritsorn Rd. Muang District

Phuket 83000 Thailand

Director of Sanitation and Environmental Department
Pangnga City Municipality

195 Petchakasem Rd.

Muang District, Pangnga 82000 Thailand



46.

47.

48.

49.

50.

51.

52.

53.

. Sarat Kiewkong

. Thawatchai Praditukrit

. Montha Chaingarm

. Suraphol Buakaew

. Songkran Phomchaluay

. Tirayuth Santikul

. Decha Tangjai

. Watcharakorn Boonprasob

Director of Sanitation Works Department
Krabi municipality

292 Maharaj Rd. Muang District,

Krabi, 81000 Thailand

Director of Sanitation Works Department
SongKhla City Municipality
Ratchadumnoen Rd., Muang District
Songkhla 90000 Thailand

Director of Sanitation and Environmental Department

Korhong City Municipality

62/65 Soi 5 Had Yai District, Songkhla, 90110

Thailand

Director of Sanitation Works Department
Patthalung Municipality

Surin Rd. Muang District,

Patthalung, Thailand

Community Development Officer

Khon Kaen City Municipality

Deputy Mayor

Mae Sod Municipality

Asia Rd. Mae Sod District,

Tak 63110

Civil Engineer

Mae Sod Municipality

Asia Rd. Mae Sod District,

Tak 63110

Civil Engineer

Amnart Charoen City Municipality
Muang District, Amnart Charoen, Thailand



Other Government Offices

10.

11.

12.

Mr. Kookiet Nimneum

Mr. Chaiyanam Disthaporn

Ms. Kulrassamee Ananpongsuk

Ms. Pikul Katecharnwit

Mr. Montrawee Peerawat

Mr. Wuttichai Chantarasombat

Ms. Nisa Meeseang

Ms. Pisamai Sathienyanon

Ms. Nucharee RUngwittayatorn

Mr. Worapong Bllly

Ms. Yanee Kaewprasit

Ms. Natchnaret Macharoen

Department of Local Administration
Ratchasima Rd. Dusit, Bangkok, Thailand
Land Development Department
2003/61 Lard Yao, Jatujak,

Bangkok 10900 Thailand

Land Development Department
2003/61 Lard Yao, Jatujak,

Bangkok 10900 Thailand

Land Development Department
2003/61 Lard Yao, Jatujak,

Bangkok 10900 Thailand

Land Development Department
2003/61 Lard Yao, Jatujak,

Bangkok 10900 Thailand

Land Development Department

2003/61 Lard Yao, Jatujak,

Bangkok 10900 Thailand

Land Development Department

2003/61 Lard Yao, Jatujak,

Bangkok 10900 Thailand

Scientist (Senior Professional Level)
Department of Alternative Energy Development and
Efficiency (DEDE), Bureau of Energy Research
8" Floor, Building#7, 17 Rama | Rd., Kasatsuk Bridge
Pathumwan, Bangkok 10330 Thailand
Department of Environment

Bangkok Metropolitan Administration
Mitmaitree Rd. Din Dang, Bangkok, Thailand
Department of Environment

Bangkok Metropolitan Administration
Mitmaitree Rd. Din Dang, Bangkok, Thailand
Department of Environment

Bangkok Metropolitan Administration
Mitmaitree Rd. Din Dang, Bangkok, Thailand
Department of Environment

Bangkok Metropolitan Administration
Mitmaitree Rd. Din Dang, Bangkok, Thailand



13.

14.

15.

16.

17.

18.

19.
20.
21.
22.

Ms. Wachiraporn Meesingh

Ms. Wankaew Homnan

Ms. Yanumas Suansamai

Ms. Orasa Siripornchai

Mr. Thongchai Seefah

Mr. Charnchai Obromwan

Ms. Somruthai Phuthong

Ms. Suwanna Boontanont

Asst. Prof. Dr. Kanoksak Eimopart
Mr. Rattapol Jaturapruk

Department of Environment

Bangkok Metropolitan Administration
Mitmaitree Rd. Din Dang, Bangkok, Thailand
Department of Environment

Bangkok Metropolitan Administration
Mitmaitree Rd. Din Dang, Bangkok, Thailand
Department of Environment

Bangkok Metropolitan Administration
Mitmaitree Rd. Din Dang, Bangkok, Thailand
Department of Environment

Bangkok Metropolitan Administration
Mitmaitree Rd. Din Dang,

Bangkok, Thailand

Environmental Research and Training Centre
Klong 5, Klong Luang Pathum Thani Thailand
Nong Kheam Waste transfer centre
Department of Environment

Bangkok Metropolitan Administration
Faculty of Engineering, Mahidol University
Faculty of Engineering, Mahidol University
Faculty of Engineering, Mahidol University
Department of Environment

Bangkok Metropolitan Administration
Mitmaitree Rd. Din Dang,

Bangkok, Thailand



Pollution Control Department (PCD)

Ms.
. Wanich Sawayo
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Napawat Bausuang

. Chaiya Boochit

. Sunantha Poltawong

. Imran Hayeebaga

. Banchakarn Winaipanich
. Jeerawan Kaewma

. Saowaros Seangprasert

. Jiraporn Nualthong

. Wanlop Sonngarm

. Sirinart Boonasa

. Akepatcha Juthamas

. Pattaraporn Srichumni

. Soonthorn Uppaman

. Sirisak Khamkhong

. Prapaisri Asanarattanajinda
. Manorat Rittem

. Panthanut Pongkwan

. Khamkaew Marksup

. Chalalai Rungreung

. Rachane Rajpila

Pollution Control Department

92 Soi Phahon Yothin 7

Phahon Yothin Road, Sam Sen Nai
Phayathai District Bangkok 10400, Thailand
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Metals, 1 ton/d

[ Magnetic Separation |

Bag breaking/
i Homoge nization
e' , e , Size » 40 mm
a gy / T "Roject A"
/ ‘ e 420 ton/d
Manual Sorting

Collected waste
1,200 ton/d

‘ ‘.‘b lL Screening
Recyclable materials
83 ton/d JL
Size < 40 mm.

For composting
696 ton/d
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Electricity 625 kW
Gas collection tan

Status and policy on MSW management for Thailand By Dr. Chao Nokyoo May, 2554
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Recyclable 5 %

Biomass waste
50 %

Bio-Digester

Compost tea
15%

MISW 100%

Combustible
waste 45 %

I Stabilized materials / ashes

I AGliaarees If I Algae culture for protein

| Or carbohydrate production

Incinerator Heat transfer unit

Smoke Filter

I Algae culture for oil

ji

Bio-di | production
Anaerobic digestion for
I Electricity k—l Power generator IF JI ethate gasg

I Organic materials/soil conditioner 15% '.:




Integrated Waste Treatment System: Nakhon Ratchasima

Mechanical sorter

MSW
AEEES
—

180 T/d

Organic Wastes

At

Bag Opener

Metal sorter

Small size organic waste

}
i%f&_j[LJ

Metal

|

50T/d

Landfill |

(sand/gravel)

Light weight (Plastics)

Manual sorter

Recyclable

|

ﬁ ‘Water Separator

|

Biogas

Sludge dryer
—_
—

Power Generator

RDF

8T/d

Gasification %132
LANLNINAANRINY

Anaerobi i .
naerobic Anaerobic Composting system Compost
Digestion Digestion
& 21T/d
Tank # 1 Tank # 2
Homogenizer - —p i
Landfill Wastewater treatment (Aerated Reusable water
(sand/gravel) largoon)
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Activity

msdaos

Direct Emissions

Gross
emissions

[+

Indirect

N9t

2
AOUNIZAN

Avoided Emissions

Emissions

Net
emissions

Emission reducing
Actions

Collection & CO, from fuels ~ CO, from fuels  CO, from electric -Use of electric vehicles
Transport consumption consumption vehicles -Use of alternative
CO, from fuels
outsourced -Change mean of
transport transportation
Transfer CO, from on- CO, from on- CO, from -Actions to improve
site fuels site fuels electricity energy efficiency of
consumption consumption consumption equipments and
facilities
Mechanical pre- CO, from on- CO, from on- CO, from -Actions to improve
treatment site fuels site fuels electricity energy efficiency of
consumption consumption consumption equipments and
facilities
Sorting, recyclingand  CO, from on- CO, from on- CO, from -Avoided GHG in corresponding  -Actions to improve
recovering site fuels site fuels purchased to the emission resulting from sorting rate
consumption consumption electricity the production of an equivalent  -Recovery of sorting

consumption quantity of materials
-CO, avoided through potential

production of solid recovered

rejects

fuels.
Physico-chemical CO, from on- CO, from on- CO, from -CO, avoided through potential ~ -Actions to optimize
waste treatment site fuels site fuels purchased production of alternative fuels alternative fuel
consumption consumption electricity production

consumption




Activity

Biological treatment
(Compost & AD)

Landfill

Incineration

Mechanical Biological
Treatment (MBT)

Direct Emissions

Gross Net
emissions emissions
-CO, form -CO, from on-
biomass site fuels
-CO, from fuels  consumption
consumption -CH, & N,0
-CH, & N,0

-CH, from -CH, from
landfill gas landfill gas
-CO, from -CO, from on-
landfill gas site fuels
-CO, from on- consumption
site fuels

consumption

-CO, from -CO, from
waste waste

-CO, from -CO, from
additional fossil  additional fossil
fuels fuels

-N,O -N,O

-CO, form -CO, from on-
biomass site fuels

-CO, from fuels  consumption
consumption -CH, & N,0

-CH, & N,0

Indirect
Emissions

CO, from
purchased
electricity
consumption

CO, from
purchased
electricity
consumption

CO, from
purchased
electricity
consumption

CO, from
purchased
electricity
consumption

Avoided Emissions

-CO, avoided through energy
production

-CO, avoided through compost use
-CO, avoided through recovery of
the heat produced

-CO, avoided through energy
production

-CO, avoided through energy
production

-CO, avoided through slag and ash
recycling

-CO, avoided through energy
production

-CO, avoided through compost reuse
-CO, avoided through material
recovery

-CO, avoided through potential
production of alternative fuels

Emission reducing
Actions

-Optimization of aerobic
conditions for
composting processes
-Optimization of energy
and/or material
recovery

-Optimization of CH,
oxidation, capture and
combustion
-Optimization of energy
recovery

-Optimization of energy
recovery

-Actions to improve
sorting and compost
quality

-Optimization of energy
and material recovery

dgl s os =\ = d
mamamemalsumlsamsaamavazaunad

aerzyin

gzt 1l weedumngel

Uszinni 3: aazddssinn — a7 A 1@

n15UsuiganisAnuenuaznIsTILTINTEE

Uzt 1 wazdaslssinn — wasawyisdiuagsT lbAa L

Uszinn? 2: azgulseiny — aasslaAald, assduigs




tfl! s as =Y A d
mamamemalsumlsamsaamsvazaunad

°* NISNTTAUNITNAIUSINURINIARIEITUE
— AnaifaNuramidsnuiz aAiady
— nsuszidulasanig
— szuugiuayuiliisana
— mstivAuldngunnauaz@nslszleni

— N15RAMS

dgl s os =\ = d
mamamemalsumlsamsaamavazaunad

* ANFRSNANANIWIUTEAUNDIDY
— NSRS NANLNIWIUSEALADLTU
— NNSRENANLNATNNIINIFIU

— NSASWANENIW I UTTALYNTU




T
WDUAMUAL




Institute for Global Environmental Strategies

Sustainable Consumption and Production Group
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Sustainable Consumption and Production Group
Institute for Global Environmental Strategies (IGES)
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IGES SCP Group

Waste and climate change
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Life cycle greenhouse gas emissions and

other impacts from recycling activities:

\ a case study in Thailand y

Nirmala Menikpura

Institute of Global Environmental Strategies (IGES)

General Background of Municipal Solid Waste (MSW)
Management in Thailand

ﬁn 2009 the volume of garbage in Thailand was approximat%
41,410 tonnes per day

*Only 23% generated waste is separated and sent to recycling
Centers

*The remaining fraction is disposed at open dumps and sanitary
landfill withot gas recovery

*Promotion of recycling activates in Thailand is crucial in order
to minimize the severity of waste problem /




Life Cycle Effects of Recycling Activities
(«All processes ate required significant amount of energy and b
materials and result in environmental impacts due to consumption of
\resources and emission of toxic gases )
Emissions
materials e.g: GHG
i Collection of
[ Avorﬁl;(lfi:fsrgy, ] recyclables

-~
Avoided Recovery of materials materials
Emissions and avoided virgin Pre-processing : cutting,
production chains cleaning, baling

q Emissions
t ’ e.g: GHG

. Transportation to the
Recycling process recycling facility )
. \\ / Energy,
Emissions Energy, Emissions materials

e.g: GHG materials e.g: GHG 3

Recycling as an option to replace virgin production

4 . . .
*Considerable amount of materials can be recovered from recycling

.and therefore materials production via virgin processes can be avoided]
Plastic recycling

1000 kg of Waste
Plastic

900 kg of Recycled
Plastic




Recycling as an option to replace virgin production

Paper recycling

Recycling process 850-950 kg of
1000 kg of Waste & 13518 ’ Recycled Paper
AN e

i l L% LU

Pul Prepaation

2.0- 2.2m3 of
Wood

mivoulaoentvd

),;V/ ;,;-'V‘n\,‘
& )
6L S

S e )

Recycling as an option to replace virgin production
Aluminium recycling

1000kg of Waste . s =" ! . 750kg of Recycled
Aluminium T = S . Aluminium

Only need 6% energy compare to virgin production

Aluminium virgin production process

15.6 MWh

electricity/tonne of
aluminium

22,500 MJ of
thermal

energy/tonne of
aluminium




Quantification of the effects of recycling -A Case Study in
Nonthaburi

onthaburi municipality was selected to evaluate the implications
of recycling activities on the sustainability which is located 20 km
northwest of Bangkok

* The Municipality covers an area of 39 km? hosting a population of
0.27 million

* Nonthaburi municipality is making an effort to maximizing
recycling and minimizing waste generation

* Public participation and awareness raising campaigns were
recognised as key factors for such successful achievements as well
as the strong political will of the local administration

* MSW generation is 370 tonnes per day and approximately 90
tonnes of recyclables separated at the household level and sent to

e recycling facilities

7
LCA Framework for assessment

(*1.CA was used as the basic tool to evaluate the environmental, )

economic and social impacts

*Quantification was done for “recycling of one tonne of waste in-a

(recyclable mix” i

LCA framework for sustainability assessment

]
Point source separated recyclables ]

Inputs q 90 tonnes/day H Outputs
]

Emissions to
Mineral t ‘ Hﬁ
resources g

Air
Collected recyclables by 38 small companies
90 tonne/day

R

Aluminium
226 kg/tonne L —_pFmissions to
~ A water

paper recycling plant Aluminium recycling plant
130 km 25km ©

F;Lseslll > : ¢ Hﬁ
] Emissions
' Pre-processed S to soil
] - - & . .
H Glass recycling plan recyclable§ .at sorting | Steel re;ycllng plant :
! 25 km facility M, 25km '
' Metal : Recovered
H . .
Capital E- Plastic rggy;cr:ng plant ) 9 kgltone :_> materials
i ]
]

Plastc ]
\—> Revenues

33 kg/tonne
PP, T TRT
PR
&:‘go,_f b7
e N

Labour
force

]
]
:—> Community
]

benefits




Data Collection for Sustainability Assessment

*Basic data on material and energy consumptions, costs and revenues,
employment opportunities etc were collected from various sorting

plants and recycling facilities

in Thailand

Indicators for sustainability assessment of recycling

Sustainability

HG emissions

—

v

Y

Environmental

Economic Indicators

Social Indicators

v

'

Abiotic Resources

Damage to human

l Indicators
Global Warming
Potential,

Depletion Potential

Life Cycle Cost ‘

health

Income based
Community Well-

being |

Composition of recyclables and material recovery rate

\amount of materials that can be recovered from recycling

(- . . . .
The composition of the recyclable mix and material recovery
rate of the different materials are important factors to assess the

J

Paper
23%

Steel

40% Plastic

3%

Aluminium
27%

| B Amount of recycled waste B Amount of recovered material |
1200

1000 A
800 -
600 -
400
200 +

0 -

Amount (kg)

Composition of recyclables
mix in Nonthaburi

(weight basis)

Recovery rate of recyclables

10




GHG emissions from recycling

(*GHG emissions from virgin production is significantly higher )
than recycling except plastics recycling

*Benefit of aluminium recycling is outstanding in GHG
\nitigation J

B Recycling B Virgin Production B Landfilling @ Netbalance

M
c _ + values=GHG emissions
S 12,000 Net GHG emissions = A
%_ -4,520_kg CO2-eq/tonne of
2 7,000 | mixed recyclables
3
20001 __®m s B B B..
o . .
™~
7] 4
5 001 ¢ ¥ SPFE g F
2 Q‘g & $ % (?(D o
£ -8,000 - Q § 3
(4} \Q \‘D v
< <)
% _13,000 Q_éﬁ ~ve values=GHG avoidance

Net GHG emissions = GHG emissions from recycling ~GHG emissions from virgin production-GHG
emissions from landfilling of recyclable waste

11
Abiotic (fossil) Resource Depletion Potential from
Recycling
(«Contribution of recycling on saving abiotic resources are remarkable as )
compared to the virgin production processes
*Recycling contribute for saving aboitic/fossil resources that would
otherwise be occurred through virgin production process chains P
HE Recycling B Virgin production B Net impact
80 + values= resources
60 - Net resource depletion = consumption
40 - -21.3kg Sb-eq/tonne of waste“

Resource depletion
(kg Sb-eq/tonne of waste)

v

- Values = resources
saving

Types of recyclables

12




Economic Feasibility of Recycling

4 )

Gross Life Cycle Cost (Gross LCC) = Capital Cost + Operational
and Maintenance Costs + Environmental Cost

Net LCC = Gross LCC - Revenues from recovered materials

B Gross LCC B Revenue B Net LCC

90,000 + values = Cost
h

70,000 -

50,000 -
Net LCC = -11,700

30,000 | baht/tonne

10,000

(31Baht =1Us$)
-10,000 -

Cost & revenue (baht/tonne).

-30,000

y
- Values = Revenue
Type of recyclables

*Net earnings from the daily amount of recyclable (90 tonnes)
generated in Nonthaburi municipality is 1.02 million baht 13

Social Impacts of Recycling

l. . Da mage tO h uman hea It Damage to human health (DALYs)
? Permanent death or disabilities \

Infectious diseases, cardiovascular and respiratory diseases
Forced displacement due to climate change

A

Global warming Photo-oxidant formation Human Toxicity
Respiratory diseases

Emissions from MSW management
CO, CH4 N,O , CO, NH3 H,S, NOx, SO, VOCs , PM10

Mortality (YOLL)+
Sever Morbidity (YLD)+

BRecycling B Virgin production BNet impact from recycling A + yalues =
Health risk

0.0280 -

0.0180 -

0.0080 -

-0.0020 -

Damage to human health
(DALYs/tonne)

5 & Kl Net damage = Health damage avoidance
) s
-0.0120 - f § 5 0.0093DALYs/tonne of mixed recyclables
H
-0.0220 =
-0.0320 - values = Health

Processes

damage avoidance 14




Social Impacts of Recycling Activities

*Income based community well-being

1. Indirect Income Generation

2. Employment
Opportunities

1. Income generation potential from selling of recyclables
in Nonthaburi

Collected
type of amount Recyclables Weight Selling Price
waste (tonnes/day) category (tones/day) (baht) /kg | Total price (Baht)
Office paper 1.02 7.00 71315575
Paper 20.63 Newsprint 5.26 5.00 26,319.55
Laminated paper 8.11 3.00 24,324.36
Kraft paper 4.92 5.00 24,621.51
Milk carton 32 6.00 7,895.86
PP 0.77 1.00 766.33
Plastic PET 0.13 13.00 1,704.79
2.96 | PVC 0.20 10.00 1,967.06
PS 0.06 1.00 57.37
Foam(EPS) 0.11 1.00 114.75
HDPE 1.46 10.00 14,630.02
LDPE 0.23 10.00 2,294.90
Clear glass 2.49 0.80 1,994.80
Glass 6.58
’ Amber 3.96 0.50 1,978.05
Green 0.13 0.50 64.43
= Aluminium 23.93 45.00 1,076,969.36
Aluminium 23.93
Metal 35.90 | Metal 35.90 10.50 376,939.27
Total 90.00 90.00 1,569,774.16




2. Potential Employment Opportunities

4 N\

eTotal created employment opportunities from 90 tonnes of recyclables - 675

. J

1
a

Employment
opportunities created —

_J I I I 7 labours /tonne of mixed
e recyclables
] = Y

* '.'

s

O~ INWEA N I
1

Employment oppotunity (Iabours
requirement/tonne)

Type of facility

17

Improvement of Income Based Community Well-being

(Income generation from selling of mix recyclables -17,440 baht/ tonne\

*Wages based income generation potential from recycling -2,900baht/tonne

*Total income generation per tonne of mix waste recycling—
20,340baht/tonne

*This income would sufficient to cover monthly living cost of 4
\lewduals L - /
\/ %
\ Nonthaburi Municipality is a good example for us to
understand the Environmental, economic and social

> effects of recycling on

18




Conclusions

*The evaluation results of this study clearly indicated that the \
recycling activities are significantly contribute for GHG emission
mitigation and well as an option to save the fossil resources

*There are important socio-economic benefits from recycling

*Therefore, recycling would contributes to improve sustainability
of the entire waste management system in place

*This research findings would be useful in strengthening law
enforcement, recommending inclusive 3R policy initiatives for

Qoving towards sustainable MSW management in Thailand /

19

THANK YOU VERY MUCH
FOR YOUR ATTENTION

Dr. Nirmala Menikpura

Sustainable Consumption and
Production (SCP) Group

Institute of Global Environmental
Strategies (IGES)

E-mail: menikpura@iges.or.jp

GES

Institute for
Global Environmental
Strategies




Institute for Global Environmental Strategies (IGES)

Kitakyushu Urban Centre

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

D.G.J.PREMAKUMARA
Policy Researcher, IGES

A Workshop on Avoiding GHG Emissions through MSW Management in -
Thailand, 25-27 January 2012, The Twin Tower Hotel, Bangkok IGEs
Cloba rategies

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

Presentation outline

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

 Discussion on Surabaya’s Case Study
* Conclusion and Recommendation
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efficient use of resou

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

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

resource recovery
(20-30% of waste generation, 15 million urban poor are involved, bring 100 million USD




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

The un-taped potential of organic waste in MS

Recycling efforts are limited to inorganic waste. Very limited or no efforts
have been made to utilize the organic waste that usually comprises over
half of the waste generated in developing countries.

100 -
80 R I
I Other
60 m Metal
40 - m Glass
® Plasti
20 I I astic
Paper
0 - ® Bio-degradable
> > W@ @
Y NS N @. \ L
NN \ob Q \&‘ o Q Q;,b@ &

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

Decentralized composting Is one alternative to
-organic-waste

In decentralized composting, waste is treated near its source
using appropriate technology such as small-scale, labor intensive,
locally acceptable, and economically affordable.

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

Community Composting Centers
(these schemes are usually small scale
and are integrated with the residential
waste collection system. The waste is =
either sorted at source or it is sorted after
collection, depending on the degree of
initiative taken by the residents) :
IGES -KUC| http://www.iges.or.jp D.G.J.PREMAKUMARA, 29 August 2011




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

gecentrailized composting In su

Lo L Total Population (2010) | 2.9 million
- A T M{:' Philppin SFatal land extent (2010) | 33,000 ha
| ” g ks o eyl 0 . 0
Bayof | P i hiw Administrative Districts |31
M Bengal |Gy, D MQ&, Total waste generated in | 1,241 tons per day
¢ o] - Rl the city (2010)
e Mo+ S o S My gﬁpmuppwss Waste composition Organic _72%, Paper
jo TP s L (I8 i, 12%, Plastic 8%, Metal
Solomba Nicobar ¥ Princesa Aﬁ“’ Mindanao ’
Wt 4 P R R oy : jral 1%, Glass 1%, Others
. HBanda Aceh* Ny, r i .
§ N | mavsn S hr, 6%
ety ksl 0 sy 1 Method of disposal Landfill/open dumping
NN el UL AvefaSes ¥ uwgpst for | 23 USS$ per a ton
3 St "ok s,m.,m,,f Pl municipal solid ¥ Syaste
Y Sumatrd, = | { 4 W : &
Ny o ; e management (2010) *
Boghac PTG I | .u’- Brrmea .
S Jova Sen Ujungpandang "
‘ o . . .
Indian Ocean e | N D ONE ¢ East Indonesia .
T JAKARTAZ o .
" SURABAYA L]
o ST [ . 4 .’
. o

P 4
A «®
...lllll“‘

The second largest city in Indonesia and serves as an important

commercial and industrial ca

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

pital of East Java

Source: Ema, 2011

D.G.J.PREMAKUMARA, 29 August 2011

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

Two-tiered system of waste collection in Surabaya (under t

Primary collection: Responsibility of Community (Kampong).

Waste collection is organized by Community-based Organizati

Residents pay fo_ivaste collection

Coll

Transfer station

ection by RW

Secondary collection: Responsibili

Cleansing and Landscaping Department of the

city. Residents pay for collection

Commercial/industrial

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

ty of the

D.G.J.PREMAKUMARA, 29 August 2011




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

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

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

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

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

IGES -KUC| 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

Pusdakota, a local NGO developed a model community in Kampong

6 Educated women |
to start H/H
business from
recycling materials

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

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

2 Collected H/H
waste separately

3 Organic waste treated
at composting center

5 Rest sell in Market

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




Facts findings of the model composting center

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

The coverage of the pilot
project

1,200 households (1,000 for
compost centre and 200 for
household baskets)

Amount of organic waste
treated for composting

0.6 tons per day

Amount of compost
produced

0.1 tons per day

Staff

2 person (a technician and a
worker)

Initial costs for land (15,200
USS$), building (800 USS),
equipments (2,481) and
others (919 USS$)

19,400 US$

Monthly operational costs
for personal (125 USS$) and
management (60 USS)

185 USS

Monthly  income  from
selling compost products
(0.07 USS per kg)

210 USS$

Other incomes from selling
household compost baskets
(1 USS$ per a basket), service
charges and selling of
recyclable materials

15 US$

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

Impacts

=Reduced landfill waste by 300 tons per year (85% of waste
generation in the community)

=Saved municipal budget required for waste collection and
landfill management by 6,900 USD annually

=Potential of GHG reduction can be calculated as 120 tons of
CO, equivalent in 2010

=Provided job opportunities for the residents

=Increased awareness on environmental sanitation
=Improved waste collection service and area became cleaner
and more greener

=Strengthened social capital within community

Challenges

=  Finding capital cost (land was provided by Surabaya
University, cost for building was provided by Kitakyushu
Project, Initial equipment was provided by the city)

= Educating people to separate waste and pay for the
service (continuous awareness programme, service
improvement got people attraction)

=  Finding market for compost products (promoting home
gardening, making business plan, finding new market)

= Technology (getting expert from Kitakyushu city about
native microorganism method)

D.G.J.PREMAKUMARA, 29 August 2011
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Development of SWM Strategy based on the success of moo

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

) Others’ ! Prioratise reduction of organic
Plastic 8% —
8%
Papse 8% Promote Decentralised
Composting
S > Waste sorting at
Street % , 53% source ?
sweeping Organic > Composting at H/H
> Composting centers
> Promote recycled
Woods/bamboo products integrating

Source: KITA, 2002.

informal sector

IGES -KUC| http://www.iges.or.jp
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DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:

Lessons Learned from Surabaya City, Indonesia

Public awareness campaign

counseling Counseling to
To student Businessman community

Counseling to
officer

Environmental campaign

Source: Ema, 20
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NumberCOmMmunity Facilitators
600

500 -
400
300 +
200 +
100
0 . 2 L i L
2005 2006 2007 2008 2009 2010 Year
Environmental Leaders (Cadres)
Number
30000
25000 Pemberdayaan Masyarakat Lewat Kader nmental Event
20000 ~ @ Penghijaunn
15000 1 i ® L * s | | Developed
i & Treatment = training
10000 .
SOFganic: 70% lzﬁganic :26% materials
— 2 barrelof composter Tnorganic waste
5000 @ 10-20basket of composter collection for
Transported to TDS and awareness
0 . Year 5 processed with communal raising
2005 2006 2007 2008 2009 2010 compomer

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




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

Distribution of Composting Bin to H/H

Number
6.000 -

5,000 +
e Takakura Compost

Bin (HH)
4,000 |

m—Basket of

3.000 - - Composter (10-20
Distribution of compo : . Hr
training and willing to do re5|dents (Over 2,000
20,000 H/H)

1,000 +

_—-—"‘*\_
0 + N T Ca ¥ 1 Year

2006 2007 2008 2009 2010
Source: Rismaharini, 2011

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

IGES -KUC| http://www.iges.or.jp D.G.J.PREMAKUMARA, 29 August 2011
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16 composting centers are in operation (created job opportunitic
people from poor families, produced 480 tons of compost monthly for city landscape,

increase the greeneg a by Y’/o r
/ﬂ /~\—\///
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Neighborhood became cleaner and more greener (establish competition
for motivating community to participate)

Number of communities wiling to

»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

~

Ol Asemrowo
P

 obraon |

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

National Day Awarding Ceremony Number

contest to Surabaya Green and
Clean Award has been increased

2500

2000 -

1500

— e 1000 +
Ketintang ‘: S‘

500 1

2005 2006 2007 2008 2009 2010
Year

Source: Ema, 2011

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

D.G.J.PREMAKUMARA, 29 August 2011




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

Motivation of Staff and Local Politicians

~ Capacity building (locally and internationally) for staff and local
politician§

?

ENERGY GLOBE
e 005

ic[ofl e

B

IGE—KUCl http://wwv@es,or.j

DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:

Lessons Learned from Surabaya City, Indonesia

Achievement: Reduction of waste to be final dumpec

Tonnes * Achieved 30% waste reduction
2000 within 5 years.

1800 =@=Eusinessas
usual
1600 -

1400 Beimplementati | © Oaved municipal waste

onof = management costs as about 4
1200 - Decentralise -

d million USD annually

Composting

» Potential of GHG reduction can be
calculated as 2,800 tons of CO,
equivalent in 2010. The carbon

600 - credit can be sold either at certified

(CER) or voluntary (VER) market

and get additional income.

! ! Year
2005 2006 2007 2008 2009 2010

Source: Ema, +  This additional income can be

used for supporting
decentralized composting at
city-wide level.

1000

800

400 -

200
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DECENTRALISED COMPOSTING IN MUNICIPAL SOLID WASTE MANAGEMENT:
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Conclusions and lessons learned

» Decentralized composting could an effective alternative to recycle organic
waste at source rather than at the end-of-cycle.

» It has a great potential in achieving environmental and social benefits with
strong economic benefits.

» Decentralized composting centers (designed to service around 1,000 to
1,500 households and to treat between one to two tons of wastes per day),
can be financially viable and can break even or even make profit.

* The operational costs of the composting center can be covered from three
main regular income sources, such as collection fees from users, sale of
compost products, and sales of recyclables.

* However, these composting centers found some difficulties to secure a
market for its compost production.

* Developing an appropriate marketing strategy, establishing demonstration
sites, distribution of free samples, compost training and education,
municipal council can use compost products for city greening and
landscaping and keeping records for waste, compost, recyclables as well
as monthly cost-revenue balances can be alternatives to improve the
market possibilities.

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

+ Although the pilot composting centers show potential in covering
operational costs, challenges were faced in finding capital to start and
scale-up the approach.

* A partnership, including cost sharing, is therefore essential for the
replication on a city-wide level. The savings of municipal budget and
potential of carbon credits can used for capital costs and city-wide
approach over time.

« Experiences however show that it is not easy for small composting
centers to apply for carbon credit due to high transaction costs, time
consuming procedure and operational and management issues.

* One option is bundle the all small-scale composting centers in the city
into one project, rather than applying as a single composting center.
procedures

«  Community participation to segregate waste at the source and to pay
monthly service fees is required for the sustainability of the
composting schemes.

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

* The reasons for citizens to participate are not merely economic benefits, but
also the local environmental improvements can be more important for many
households. The knowledge and motivation of the households is therefore a
key factor and can be achieved through effective information,
communication and education campaigns, and establishing a competition
among neighborhoods.

» Experience further shows that the successful implementation of
decentralized composting requires to consider a holistic approach,
integrating all the elements of the composting process (waste separation,
collection, transport, treatment and product utilization), and key
stakeholders, who have different interests, skills and resources to participate
in composting.

* A clear vision, strong political commitment and change in attitudes as well as
technical, financial, legal and institutional capacity enabled the necessary
environment for it to happen.

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

CENTRALIZED COMPOSTING

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.
Bangkok, 25-27. January 2012
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Organization COMPED

* NGO, established in 2000
e 18 staff members (2011)
* Activities and experiences:

www.comped-cam.org

Composting site in Battambang

8000 m? next to dumpsite Battambang. Able to process organic
market waste 10 t/day (22m3/day).

;j ﬁﬁ" |y i 1 .-—

Sortmg and compostmg area Screemng, baggmg area Office and social center

‘--U—- .




Why Centralized Composting

* No source separation at all, sorting out of non-compostable
waste (from the beginning till end composting procedure is
required). Big land is required.

* No decentralized composting policy,

* No land available in the community,

* Awareness of the people (stakeholders) is limited, no
acceptance from the people

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

WHY OPEN WINDROW
TURNED COMPOSTING




Why open windrow turned composting

-

Mixed Markel Sold Wasle * Waste not separated at source at all.

Annisisinnwe vAdign

Waste Separation (Compostable,

ool Rl * Sorting out rejected waste is required

Shineisin 0w S31e81d)s) :

RN W S315] while the treatment processes (pre-
Pleup CompostHeap treatment, compost process and

g8dnnNnGAGwthiS

screening activity)

Composting
ginnimiAla

Maturing Compost
gomamigdymw
HInimInUas
* Cause compost quality is required
final sorting out of small rejected
Bagging A . .
030G waste like stone plastic and glasses is

genhimitiAiasst very important.
COMPED

L
Marketing
URRUM

Pre-treatment (waste separation)

-
Mixed Market Solid Waste
Annisisinnwe vAdign

separation every day (manually).

Waste Separation (Compostable,
Recyclable and Rest)

fnadinns (wnnfgAge
1¢)5)
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Pileup Compost Heap
o8NnGAGwthiS
Composting
ginnimiAla
Maturing Compost

gomamigdymw
HIONIAMIAUAS

Screening
Lisdta

Bagging
Ho3UAYAS

genhimitiAiasst
COMPED
-

Marketing
URRUM

4 waste pickers working hard at the waste




Pre-treatment (pilling up compost heap )

Annniisisinnwe vafign

, ] * with the piles 3-5 m wideand 1.5-2 m

Mixed Market Solid Waste .
high,

Waste Separation (Compostable,
Recyclable and Rest)
fnsainnn (anrniAia
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Pileup Compost Heap
08ANNIGAGAhIS

Composting
ginnimiAla

.Maturing Compost
ﬁn{ném:qqglmw
HINimMIAYAS

Screening
LisAta
=
Bagging
Ho3UAYMAS

geinhimitiAoast
COMPED

< _L L 7 .
* waste separation continues.
URRYAS

Annnsisisinnwa uabigpi

[ Mixed Market Solid Waste }

Composting Process

* Best condition during composting process | Waste Separation (Compostabie,
Recyclable and Rest)

= i ilei fnaainnas (WanandAta
temperature of the composting pile is | s i
between 65 °C- 70 °C

5 Pileup Compost Heap
— water content is 65%
‘ N _ Composting
dHnimIAY A

1
Maturing Compost

gampmiodmw
HNIMIA U

Screening
hiddtaw
1

Bagging
HoQUAUA

grnimitgAvaitst
COMPED

 Compost process will take 4 — 6 months. [ arketng ]




Screening compost

Minimum requirements for composting
the product

* The moisture of the compost has to be
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.

Mixed Market Solid Waste
AnnasTssinnwa vafigpi

Waste Separation (Compostable,
Recyclable and Rest)
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Pileup Compost Heap
nsIANAGAGwthd

Composting
grnimiAUa

Maturing Compost
gomamiogmw
SINNIMIAUA

Screening
hidAta

Bagging
1o 90A G

geinimitgAvastst

COMPED

Marketjng
uAn L'fo

Compost Production

COMPED Compost

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

AnnasTssinnwa vafigpi

{ Mixed Market Solid Waste

Waste Separation (Compostable,
Recyclable and Rest)

¥naainnn (nniig Al

ANNHaO W S3IG)516)8)

Pileup Compost Heap
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Composting
grnimiAUa

Maturing Compost
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Screening
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Bagging
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Introduction

Climate Change is recognized as serious problem

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

* |t can ultimately threaten human survival

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

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

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

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

Climate change will cause heavier tropical cyclones.

Assoc. Prof. Korakanh Pasomsouk, National University of Laos







Introduction

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

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

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

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

facing the problem of MSW
disposal because of lacking of
budget and human resources.

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

* Itis found that open dumping 58
and burning are commonly usec

"~ - -3

as the method of disposal MSW. ==

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




* In these wastes, the organic
waste is higher portion

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

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

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

. Urbanization policy makes urban f&%
population rapid increasing.

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

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

. The tourist activities are also
increasing

Assoc. Prof. Korakanh Pasomsouk, National University of Laos
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@ VISW 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 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
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SW Management in Laos

&%+ So far no waste separation mechanism are
applied in Laos.

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

* Food waste

* Vegetable & fruit waste
e Grass and leaves

* Paper

* Wood and trees residue

* In fact, these organic wastes can be used

as the valuable sources for production

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 12




The Fl

Sources
Households
Market, Shop
Restaurant
Institution &
school
Office
Industries
Public (streets)

ow of MSW

Scavengers Recyclable
Material store
* Plastic

. ¢ Metal
Waste Collection - Paper

service « Glass
Old machine
Bronzes
Aluminums
Municipal Solid Brash
Waste Other

Landfill

Four studied cities

: Quantity Percentage (%)
Vientiane, (ton/day)

1.

2.
3.
4

The sources of Solid Waste Vientiane

Luangprabang,
Savanaket,
Champasack.

Household 178 75
Street 2 1
Shop 36 16
Market s 4
Hospital 2 1
School and office 2 i
Construction place 6 2




'ﬁ-_-. -

Generation Rate

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




Composition of MSW in the main cities

Waste fraction Vientiane Luangprabang EVELELGS Champasack
(%) (%) (%) (%)

Plastic

Glass 6 2

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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos
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Generation rate of Food waste
Vientiane | Luangprabang Champasack

Kg/d Kg/d kg/d
Source (Kg/day) (Kg/day) (kg/day)

Hotel& Restaurant 3,555 1,008 714
Restaurant 7,605 4,992 4,100
Small restaurant 37,180 13,104 13,800
Household (3-5ps) 81,320 54,000 60,000
78,614

129,660

73,704

a
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P
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Waste to Energy

technolo
EY Waste Material

Thermal Process Biochemical Chemical

Combustion Pyrolisis Anaerobic

s Fermentation Esterification

Gasification

Chemical -
Heat and Power Feedstock Biodiesel

21

* Before 3Rs
practice, first of all
at your house, the
waste should be

separated into 3

categories

Toxic and
Hazardous
SW




@B i0-Chemical Process: Bioga ?.ES

Global Environmental
Strategies

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

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

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

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 23
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Biogas Pilot Program ?,_Ws

Global Environmental
Strategies

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 25
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Biogas Pilot Program GES

clolnl E-vlmnoml

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

Customer component 1,791,000 |2,372,000 | 3,034,000 3,724,000
(LK)

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

Biogas Pilot Program GES

clolnl E-vlmnoml

Application

Camarison im3ofBiogas 1. Cooking 2 Lighting
with other types of energy

Wood chip kg 5
Charcoal Kg 1.6
Fuel oil L 0.75

3 Engme consumptlon
LPG Gas Kg 0.45 -
Electricity w 1.7

Assoc. Prof. Korakanh Pasomsouk, National University of Laos




Biogas Generation GES
from Kitchen waste o S

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

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

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

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

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

Biogas Generation GES
from Kitchen waste e

e -
i -

168L

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




Biogas Tank is finer 168L

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

Biogas
Tank is
made of
used steel
tank 260L

Assoc. Prof. Korakanh Pasomsouk, National University of Laos




Biogas Generation ES
from Kitchen waste e T e

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 3

Biogas Generation GES
from Kitchen waste e T e

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

size input at input per day
m3 starting day Littre
kg kg
0.168 30 8-10 0.4-0.48 0.15
0.260 50 10-20 1-15 0.20

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 34




Thermal Process

Heating Value of SW

Vientiane LuangPrabang Savanaket Champasack
Heat Heat value of Heat value of Heat value of Heat value of
Component | Value % |component |% |component % | component % | component
(kj/kg) (kj/’kg) (kj/kg) (kj/kg)
Plastic 32,565 |13 4,2333 9 12,930 15 |4,884.6 6 1,953.8
Glass 140 |6 |84 6 |84 2 |24 2 2.8
Paper 16,747 |6 |1,004.8 8 |1,339.7 9 (1,507 4 1669.88
Metal 697.8 |3 |21 1 697 1 697 1 6.97
Food 4,472 |30|1,341.6 51 12,280 54 2,415 62 |277.64
Textile 17,445 |2 |349 1 (174 1 [174.4 1 174.4
Wood 18,608 [19 |3.535.5 23 14,280 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
Assoc. Prof. Korakanh Pasomsouk, National University of Laos 35

Thermal Process
Power Plant from MSW

w——— ; City Capacity
T B [ Vientiane 30MW
Luanprabang 5MW
Savanaket 6MW
! Pakse 4AMW

Waste-to-Energy System aecrical switehyord

Assoc. Prof. Korakanh Pasomsouk, National University of Laos 36




Thermal Process GES
Small scale crn e

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: GES
| Fuel Briquettes T

Y
aterial for making fuel briquettes at house

M

e Paper waste 40% with saw dust 60%

* Grass

* Paper

Charcoal waste

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

* Mixed waste

Cassava or corn starch maybe needed for binding

38

Assoc. Prof. Korakanh Pasomsouk, National University of Laos
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Fuel Briqguette press

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

Step?2.
Step3.

StepA4.
Step5.
Stepé.
Step7.

S

ow to make Fuel Briguette ?m

Global Environmental
Strategies

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

Drying material under sun

Chopping or crashing material up into small
piece

Mixing the material with cassava starch in water
Squeezing mixed material and loading Cylinder
Using briquette press

Realizing briquette and drying for few day
before use

Assoc. Prof. Koraka

40

nh Pasomsouk, National University of Laos
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up in mechanical work
making briquettes fro

=y
o
2=

Conclusion

Strategies

s9S0 far in Laos, there is not suitable for the high
investment of the waste to energy (Power plant or
Biogas factory)

The Community or Family scale is more efficiency
and profitable

* Less rubbish in the streets and in dumping

surrounding area

e Less solid waste to transport to landfill

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

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

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







GHG Reduction through Suitable Treatment

and Utilization of Waste Plastics

Yoichi KODERA, PhD, Senior Research Scientist

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

= AIST

Oct., 2011 Laos &Thailand

Contents

1. Material flow of plastics in Japan

--- Production and waste management
2.Characteristics of waste and waste plastics
3. Life cycle of plastics and GHG emission
4. Recycling methods of waste plastics
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1. Material flow of plastics in Japan

Crude oil to Consumer products via polymer and resin production

r\.d. o

Crude oil
p?ellt:sgtr:eer%cil Plastics in products
processing 8.4 mill. ton

Production and distribution of
Polymer/resin  plastic articles Use by consumers

=z AIST

Material flow of plastics : Waste management

Export for mechanical Consumer products
Recycling 1.5 mill. ton, 17% P
@ Intermediate treatment

—
T
—————

Recycler
Need to be 1 332/0

reduced

U )

[

Generation of Plastic recycling

waste plastics - Mechanical,

9 million ton / year domestic 0.5
(Municipal 50% > - Solid fuel 0.4
Industrial 50%) B |- Cokes oven or other

- 0.3
Incineration Landfill Million ton / year
60% 10%




Major components
of household wastes

100
Others

— ——

(]
o

(o)}
o

Composition, %
5

N
o

Volume% Weight%-wet

Source: White paper, Ministry of Environment, Japan

Municipal wastes in Bangkok, Thailand

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




Typical separate collection of
household wastes in Japan

Combustibles Non-combustibles | Resources Hazardous

Kitchen waste Wood

Waste plastics: plastic resources
- Containers & packaging :

QET bottles /

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

\ for recycling. / ferrous/aluminu 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 CO, emission?




Why do we recycle wastes?

1. Local government & waste management company:
Sell valuable materials to obtain benefits.
2. Reduce material or energy consumption by using waste resources.
3. Reduce environmental impact by the conversion of wastes to energy or materials.

Reduction of environmental impact

through waste plastics utilization

» 1. As arecycled resin

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

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

* http://cdm.unfccc.int/UserManagement/FileStorage/T1INGS9
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 CO,
per weight and less NO,.




Recycling technologies }if
as the countermeasures -3,

Relatively clean waste plastics

Melting and pelletizing
ca 200 °C

Recycled resin

Briquette
preparation

ca 200 °C

Pyrolysis
ca 500°C

‘ L Liquid fuel substltutmg to petro fuel
Propertles of wastes <= Technology <= Products

Life Cycle of Waste Plastics

Waste plastics to recycled resin
D e

Crushing,
washing and
pelletization

| Recycling

Plastic products Waste plastics Recycled resin




Life CyC|e of Plastics continued
Production of recycled plastic articles

Recycled resin

- Automobile parts

o ) Construction material
Injection molding

Recycled resin

CO, Reduction by Using Recycled PS (1)

Clean white PS tray Clean but colored tray




CO, Reduction by Using Recycled PS (2)

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

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

Environmental Impact Recycled PS New PS
Tray-60% Tray

Energy as Feedstock / GJ 11 32
Energy of Transportation and Processing / GJ 25 &)
CO, / ton 24 4.5
SO, / kg 1.6 27
NO, / kg 24 3.2
Solid waste / kg 8.7 22

CO, Reduction by Using Recycled PS (3)

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

—
Impact reduction
| | l
Material “ 64 l

Handling 26

(processing & transportat

A s )

Solid waste / 60

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

CO2 emission

Table: Environmental impact reduction by using 60% recycled resin




[ Heat recovery through waste plastics-derived J
fuel and incineration
2l [l

.|
.‘ I '&j? g

' Solid fuel

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




Liquid fuel

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

Gaseous fuel

* Production: crushing and pyrolysis.

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

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

Lo i

©

£
Shredder Feeder =
C D) ] Gas Gas Engine
R Scruber Holder  generator

Rotary kiln Char

designed screen Tar

inside Cooler Qil

Scruber

Separator




Plastics as fuel source ~“<AIST

Thermoplastics melting at Thermosetting plastics not melt
heating at heating
A A
-~ N N
P ABS PET— PVC PUR :"Omi"ated
oX
:; PMMA PVDC Phenol resin St

Epoxy resin

Elemental composition

CH +N +0 +Cl +N,O +N,Br

Suitability as a feedstock by fuel type

AN
/N Gy X

/N K
X X
A VA

X
X

N/CN

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

et | aan | Fo I
Gaseous fuel fuel

© © © LNG/LPG

, ) Diesel
. 8 5 © © O ;
i Liqiid fue oil
Vigr> N IR
S A A or
BN o 2 4% coa
Direct combustion A X X none

for heat recovery
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Service Contract (feuaunnslyiusnng)

Management Contract
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Lease Contract (feyaurn1stlvitain)

Concession (fuin1u)

Build — Operate — Transfer
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Divestiture (nsunafianig)
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® Carbon black
Wax, 40%
® Gasoline oil

" Diesel oil
B Kerosene
Kerosene, 5%

M Wax

R _ o Yiudu(tnisladn)

ALTWANAANFIN(HU) | Wasdwsuav _
ANSWAR (an%) (un3a)
60% 6,600 40.3

198,000 1,209.8
1,980,000 12,098.3
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Page 10f1

Certificate of Anabvsis Lertificate of Analvis

Product : Gasoline Product : Gaseline

Cen No T-1104883 Cent No T-11/14844

Samiple Lab No OP-1114387 Delivery Dute 08 Jun 2011 Sample Lab No. OP1N4GS8 Delivery Date 08 Jn 2011

CustomerSupplier - Extemal Customer (Testing Service) Date of Test 08 Jun 2011 CustomerSupplier - External Customer (Testing Service) Dute of Test % Jen 2011

Sample Location @aunshimgen | Date of Samping 08 Jun 2011 Sample Location @acahinied 2 Date of Sampling 08 Jun 2011

Sample Condtion - Normal Sample Condition - Noamal

Product Source ny well dunoy iy Hi% Product Source e 4 HI1%

TEST ITEM TEST METHOD LIMIT RESULT TESTITEM TEST METHOD LIMIT RESULT

* 1 Appeannce, Visual - CRB * 1. Appearance, Visual -- C4B

* 2 APIGravity @ 60 °F."APL ASTMD %052 09 e BT * 2 APIGravity @ 60 FUAPI ASTMD 4052 09 e 0%

* 3 Density @ 1§ ‘Cglem* ASTMD 408209 e 0782 * 3 Demsity @ 15 “Cglem’ ASTMD 3082 09 e 0T

* 4 Octane Number, Rescarch Method, ASTMD 2699 97 - 910 * 4. Octane Nember, Rescarch Method, ASTMD 2699 97 - M2

* S Dry Vapour Pressawe @ 378 'CkPa ASTMD 5191 99 89 * S Dry Vapour Pressure @ 378 ‘CkPa ASTMD 5191 .99 S16

6. Distilation : Initial Bosling Poirt,'C ASTMD 3607 —ee M8 6 Distillation ; Initial Boiling Point,'C ASTMD 8607 - 35

Drstilation - 10% vol. Evapoeated'C ASTMD 86 07 509 Dastillation © 10% vol. Evapoeated *'C ASTMD 86 0T 551
Distillation - $0% vol. Evaporated'C ASTMD 8607 e 789 Distillation : S0% vol. Evapoeated'C ASTMD 8607 e 82
Distillation : 9% vol. Evaporuted'C ASTMD 8607 —ee 1538 Distillation - 90% vol. Evapoeated 'C ASTMD 8607 e 1836
Distillation  End Poirt,"C ASTMD 8607 e 1850 Distilation - End Point,'C ASTMD 8607 —ee 1882
Distifltion - Recovery, % vol ASTMD 86 078 .99 Distillation : Recovery, ASTMD 8607 cee 983
Distillation : Residoe. % vol ASTMD 8607 12 Distillation * Residue, ASTMD 8607 12

* 7. Colour (Hoe), Visual cee Yellow * 7. Colour (Hue) Visual cee Yelkw

* % Water Content % wt ASTMD 6304 40 e OR * % Water Content % wt ASTM D 6304 00 cee 001

* 9. Suphur Coetert, s wt ASTMD 262248 —ee 000283 * 9. Sulphur Cortent,% Wt ASTMD 2622 08 -=- 0007

* 10, Corrosion Sifver Strp ( 330 °C Wusmber ASTMD 4814 (ANNEX A) 06 ~-e 1 * 10. Corrosion Sifver Strip { 350 °C ) Number ASTMDABI4(ANNEX A) 06 ==« 1

* 1. Scivent Washed Gum,mg/| (L. ASTMD 381 4 cie. O * 11 Solvent Washed Gum mg/1 00mL. ASTMD 381 04 cee 08

Remark  * Testmarked "Not TIS Accredted” in this Cerificate are ot included i the TIS! Accreditation
Schedule for our Laboratory

Agpeovedby - Phunita Pothisuk
Position Tle - Quality Control Divemon Mamger
Dateoflssue = 10 han 2011

{Thas certificate relates only 10 the sample tested. Reproduction of it or any of s constituent part & not permisted
-1huh=umnct(¢\.lu) Control Division mamager)

Remack ©  * Test marked "Not TISI Accredfied” i this Certificate se mot mchuded m the TISI Accreditation
Schedule for cer Laboratory

Approvedby - Phurita Peehisik
Position Tile - Qualty Control Division Mansger
Dateoflssue: 10 Jun 2011

(Thas certificate relates only to the smple tested. Repeoduction of it or any of its consteuent part & not permitted
without the consent of Quality Comtrol Division manager)

NmsgIuLsznIAnsNgsNanasny w.A.2993 (uuduaaninu9i)

m%‘wmﬂ@uqmmwﬁﬁﬁu(ﬂmw)

Remark  * Test marked "Not TISI Accredted” in this Certificate are ot included i the TIS! Accreditation
Schedule for our Laboratory

Agpeovedby - Phunita Pothisuk
Position Tle - Quality Control Divemon Mamger
Dateoflssue = 10 han 2011

(Thas certificate relates only to the tested. Repeoduction of it or any of s constituent part & not permisted
without the umncm\.m) Control Division mameger)

Page 10f1
Centificate of Anabvsis Certificate of Anabvvis
Product : Gasoline Product : Gaseline
Cent. No 1104845 Cent. No T-11/14346
Sample Lab No OP11/143%9 Delivery Dute 08 Jun 2011 Samtple Lab No. OP-11114360 Delivery Date 08 n 2011
CustomerSupplier - Extemal Customer (Testing Service) Date of Test 08 Jun 2011 CustomerSupplier - External Customer (Testing Service) Dute of Test % Jen 2011
Sample Location @anshinged 3 Date of Samping 08 Jun 2011 Sample Location @it 4 Date of Sampling 08 Jun 2011
Sample Condtion - Normal Sample Conditn - Noemal
Product Socrce ey well dunoy iy Hi% Product Source e 4 HI1%
TEST ITEM TEST METHOD LIMIT RESULT TESTITEM TEST METHOD LIMIT RESULT
* 1 Appeasnce, Visual - CRB * 1. Appearance, Visual -- CA4B
* 2 APIGravity @ 60 °F."APL ASTMD 405209 e R4 * 2 APIGravity @ 60 FUAPI ASTMD 4052 09 N -+ ]
* 3 Density @ 1§ ‘Cglem* ASTMD 408209 e 0798 * 3 Demsity @ 15 “Cglem’ ASTMD 3082 409 cee OO0
* 4 Octane Number, Rescarch Method, ASTMD 2699 97 e, B4 * 4 Octane Number, Rescarch Method, ASTMD 2699 97 e B2
* 5 Dry Vapour Presswe @ 378 ‘ChPa ASTMD $191 .99 cee 458 * $ Dry Vapow Pressure @ 378 ‘CkPa ASTMD $191 .99 cee 380
6. Distilation : Initial Bosling Point,'C ASTMD 8607 e 36 6 Distillation ; Initial Boiling Point,'C ASTMD 86-0Ta e )|
Distitlation - 10% vol. Evapoeated'C ASTMD 86 07 e $97 Dustillation * 10% vl Evapoeated 'C ASTMD 86 078 s 661
Distillation : $0% vol. Evaporated 'C ASTMD 8607 e 897 Distillation : S0% vol. Evapoeated'C ASTMD 86 0T cee 964
Distillation : 9% vol. Evaporuted'C ASTMD 8607 —ee 1504 Distilation : 90% vol. Evapoeated 'C ASTMD 86-0Ta e 194
Distillation : End Poirt,"C ASTMD 8607 e 1870 Distilation - End Point,'C ASTMD 8607 s 1B
Distillation - Recow ASTMD 36 07 - %l Distillation : Recow ASTMD 86078 e m
Distillation * Residoe, ASTMD 86 0% 10 Dustillation : Residue, ASTMD 86 0T 16
* 7. Colour (Hoe), Visual cee Yellow * 7. Colour (Hue) Visual - Yelkw
* % Water Conternt % wt ASTMD 6304 40 e 002 * % Water Content % wt ASTM D 6304 00 e 002
* 9. Suphur Coetert, s wt ASTMD 262248 ee 000288 * 9. Sulphur Cortent,% Wt ASTMD 2622 08 —ee 000328
* 10, Corrosion Sifver Strp ( 330 °C Wusmber ASTMD 4814 (ANNEX A) 06 ~-e 1 * 10. Corrosion Sifver Strip { 350 °C ) Number ASTMDABI4(ANNEX A) 06 ==« 1
* 1. Scivent Washed Gum,mg/| (L. ASTMD 381 4 e <08 * 11 Solvent Washed Gum mg/1 00mL. ASTMD 381 04 10

Remack©  * Test marked "Not TISI Accredfied” i this Certificate se mot mchuded m the TISI Accreditation
Schedule for cer Laboratory

Approvedby - Phurita Peehisik
Position Tile - Qualty Control Division Mansger
Dateoflssue: 10 Jun 2011

(Thas certificate relates only to the smple tested. Repeoduction of it or any of its consteuent part & not permitted
without the consent of Quality Camtrol Dwvisin manager)

WmsgIuLsznIAnsNgsNanaInu w.A.2993 (uuduaannu9i)
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Test Item Result Result Result
(Diesel) (Gasoline) (Gasoline)

March 2011 March 2011 June 2011

1.Appearance Visual

2.API Gravity@60°F ASTM D

4052-09
3.Specific Gravity ASTM D
@15.6/15.6°C 4052-09
(Density@15°C,g/cm?)
* Octane Number ASTM D

2699-97
4.Ash,%wt ASTM D
(laigen3n 0.05) 482-95

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

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

6. Water and ASTM D
sediment, %vol 2709-96
(laigvn310.05)

7.Colour,ASTM ASTM D
/Colour(Hue) 1500-98
8.Corrosion Copper ASTM D
strip(3h/50°C),No. 130-04%"
(Ligeninnunaaul)

9.Micro Method ASTM D

Carbon Residue,%wt  4530-00
(laigvn3n 0.05)

10.Sulphur ASTM D
Content,%wt 2622-08
(laigwn71 0.05)

11.Solvent washed ASTM D
Gum, mg/100ml 381-04
(Lagen3n 4.0)
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Test Item Test Result Result Result
Method (Diesel) March (Gasoline) (Gasoline)
2011 June 2011

12. Distillation ASTM D
:Initial boiling point, °C  86-07a

:10% vol. Evaporated,’C ASTM D
(laigeni170°C) 86-07a

:50% vol. Evaporated, ‘C  ASTM D
(luen3nzocc-110°c)  86-07a

:90% vol. Evaporated, ‘C  ASTM D

(laigwni1170°C) 86-07a
:End Point, °C ASTM D
(laigen3n200°C) 86-07a
:Recovery, %vol ASTM D
86-07a
:Residue, %vol ASTM D

(mMntihsfu'ligenin2.0) 86-07a
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Waste and climate change

Estimation of GHG emissions

+ Life cycle approach is used as the tool for evaluation
— Waste sector > Methane emission from open dumping and landfill
- Fossil carbon dioxide emission from incineration
— Energy sector - Combustion of fossil fuel, Consumption of grid electricity
— Agriculture sector
— Industrial sector

* GHG emission was estimated from integrated system
considering the effects of individual technologies

* Emission reduction was calculated as compared to sanitary
landfill (without gas recovery)

IGES SCP Group
Waste and climate change
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Waste and climate change

LCA framework developed for Muang Glang Municipality:
Integrated solid waste management

Lifecycle Fuel/diesel Electricity Capital Labourpower
inputs = ,L VL ‘l, ¢
H == - == - "
: Preparation of recvclables Cleanigg, baling and
H forselling —p  sendinglothe
H ? ;
1 “ 0.5 tonnes/day recycling facilitles

Collection of Material recovery .
MSW S.5km process through a Takm Landﬁl.h.ng
19 tonnes/day 17 tonnes/day treatment

convevor belt

from collection vehicles/'composting

Waste water from processing of waste draining
15 'd

0.2 tonnes'day Recovery of Biogas

(use for slaughter house heat

suﬂ‘.emen i)

Anaerobic digestion
17 tonnes/day

Point source separated .
Food and vegetable waste Co..ec(’:olx:ta::ntz:zsf‘omuen Composting Liquid fertili
2.0tonnes/day - ¥ 1.5 tonnes/day iquid fentilizer
- 1 ronne/day
| Animal feed
0.3 tonne/day Compost
0.3 tonme/day |

Life cycie

outputs Emissi)nsto Biogas/compost/liquid R]'evenues Empiléyment

air/water/soil fertilizer opportunities
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Waste and climate change

GHG emissions from waste collection and transportation

Waste transportation route  Collection point to the MLEC to the Landfill

MLEC
Amount of waste transport 21 17
(tonnes/day)
Transportation distance (km, 17 28
round trip)
Diesel consumption (L/day) 45 60
Total fuel consumption (L/day) 105

* GHG types = CO,, CH, (21 times), N,O (310 times)
* Net GHG emissions from waste transportation = 103 tCO,eq/year

* The front-end waste separation for recycling and thereby reduce
GHG emissions from transportation by 14 tCO,eq/year or 12%.

IGES SCP Group
Waste and climate change
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Waste and climate change

2. GHG emissions from front-end waste separation

» Grid electricity consumption for operation of the conveyor belt
6.16 KWh

» Separated recyclables at front-end system 0.5 tonnes/day
* GHG emissions through electricity generation 0.57 tCO,/MWh

* Net GHG emissions from front-end waste seperation 1.3
tCO,eqlyr

S

'M”l LN
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Q
rm
o

!

2. mstlasaMaiSeunszananmsuenuaz 3 lsRaneaenIUa 1

o a1l lumsduaeniu 6.16 Alasad/dlua
* g3 ladaiinen1d (lisowvezdun3d) 0.5 du/fu
*  mstdesmansounszansuiiosainmsnannszuda i 0.57 du
14 L= 1 1 ] v Aa v d ‘L
msvou lason laaneumiaeniewunladad/4) T

J 2] A a a csy o s I A VoA
° ﬂ'lﬁ‘]Jﬁﬂﬂﬂ"l“]ﬂﬁﬂuﬂi%ﬂﬂq%‘ﬁﬂlﬂﬂﬂ%ﬂiﬁﬂu 1.3 Gluﬂ'lﬁU’f]ulllﬂ’f]’f]ﬂll"HﬂWlUU!ﬂ"lﬁﬂﬂ

Bprltss;

i




IGES SCP Group
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3. GHG emissions from sanitary landfill

* Waste disposal at the landfill 17 tonnes/day

+ Estimation based on the First Order Decay Model that
suggested by IPCC - continuous of emissions for 100 years

* Methane generation factor

— Type of landfill > Deeper than 5 m and compaction (MCF = 1)

— Quantity of organic waste - 20% food (3.4t), 5% wood (0.9t), 10%
paper (1.7t) .

« Total emissions
- 3,444 tCO,eql/year of waste disposed

IGES SCP Group
Waste and climate change
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4. GHG emissions from use of organic waste as an animal

feed

Input 0.3 tonne/day of food waste

4
0 [

|Manure emission Avo| dfill Ne

GHG emissions (tCO.,eq/yr)
A
o

-120 -

Note: Not including benefits of using manure for cultivation due to lack of data

96% reduction

IGES SCP Group
Waste and climate change
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Waste and climate change

5. GHG emissions from composting
Input 1.5 tonnes/day of food waste - 0.3 tonne of compost
200 A
97
. 100 A
E‘ 0 s . -1
g Shredding Fermentation  Avoided  Avoided urea Net emissjons
N_100 A (CH4,N20)  chemical use (CO2)
o fertiliser
9 2200 - production
2 . 127% reduction
g -300 - 229 '
[)]
¥ -400 A
g 500
0] -489
I . J
5 600
-700 -
Note: Exclusion of carbon sequestration due to lack of data
IGES SCP Group
Waste and climate change iGES
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6. GHG emissions from anaerobic digestion
Input 0.2 tonne of food waste + 1.5 tonne of wastewater per day
20.0 -
0.5 2
= 0.0 v v v v
> Shredding Leakage (CH4) Replacement Avoided lapdfill Net ons
gN 20.0 1 of LPG
O L]
Q  -40.0 - 35
g 60,0 - 112% reduction
2 -80.0 A
€
S 1000 ]
T -120.0 - -107
O -120
-140.0 -
Remark: Not including emissions from use of liquid fertiliser due to lack of data

IGES SCP Group
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6. GHG emissions from anaerobic digestion
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Summary of GHG emissions from integrated waste
management system in Muang Glang Municipality

Waste and climate change
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— 1
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Waste and climate change

7. GHG emissions from recycling (outside municipality)

Net emissions

GHG emissions _GHG emission_s _ GH_G emissions T e

Type of from recycling" avoidance frorrl1 virgin avo_ldance from

recyclables A) process sanitary landfill A
(B) (©) (D) = (A)-(B)-(C)
(tCO,-eq/tonne of waste)

Paper 1.27 0.97 2.38 -2.08

Plastic 2.15 1.90 0 0.25

Aluminium 0.39 12.47 0 -12.08

Steel 1.10 2.95 0 -1.85

Glass 0.57 1.03 0 -0.46

Remarks: Menikpura, 2011

IGES SCP Group
Waste and climate change
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GHG emissions from recycling (rough estimation)

Recyclables Weight GHG emissions per tonne Total emissions

(tlyr) (tCO,eq) (tCO,eqlyr)
Paper 43 -2.08 -89.87
Plastic 93 0.25 23.25
Aluminium 3 -12.08 -36.27
Steel 3 -1.85 -5.55
Glass 6 -0.46 -2.70
Net 148 -111.14

If this emission is included, 60% GHG emissions reduction (LCA) can be achieved.

Note: Roughly estimation of GHG emissions from recycling of recyclables with assumption of 40% paper, 40% plastic,
10% glass, 5% steel, 5% aluminium in recyclable mix (58 t/yr) (PCD)

IGES SCP Group
Waste and climate change iGES
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Waste and climate change

Key to maximise GHG emissions reduction: Avoided landfill
of organic waste and increase capacity of waste utilisation

1. Promoting waste separation at source
— Increase organic waste for utilisation (e.g. paper, food, leaves, wood)
— Decrease organic waste to landfill thus avoid methane generation

— Reduce emissions from energy use for sorting of waste

2. Promoting decentralised waste utilisation (e.g. animal feed,
composting, anaerobic digestion)

3. Application of MBT for mixed waste at the disposal site or
installation of landfill gas recovery system
- Avoid methane emissions from the landfill

IGES SCP Group
Waste and climate change IGES
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Estimation of GHG emissions from waste
disposal and treatment

Baasansuren Jamsranjav, IPCC TFI TSU

Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction
Measures for Local Waste Management Actors in Developing Asian Countries
12-14 October 2011, Ban%ok, Thailand
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+ Background
+ |PCC Guidelines for National Greenhouse Gas Inventories
* How to estimate greenhouse gas (GHG) emissions from

- Solid waste disposal on land

— Biological treatment of solid waste

- Incineration and open burning of waste

+ Tools and other materials to support estimation of GHG emissions
«  Summary
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Background

+ Disposal and treatment of waste produce GHGs

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

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

+ Estimating of GHG emissions is an important element of climate actions

+ Emission inventory is estimates of all emissions/removals of particular gases
from given sources from a defined region in a specific period of time

provides information on emission trends

enables different policy options to reduce emissions to be compared

allows to monitor the implementation of the policies

- is a key input to scientific studies on climate change

C‘%“ o~ i D c c

INTERGOVERNMENTAL PANEL oN ClimaTe chanee

IPCC Guidelines for National GHG Inventories

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

- “1995” and “Revised 1996” IPCC Guidelines for National GHG Inventories
- IPPC Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories (GPG 2000)
- IPCC Good Practice Guidance for Land use, Land-Use Change and Forestry
(GPG-LULUCF)
— 2006 IPCC Guidelines for National GHG Inventories
Q Evolutionary development from previous guidelines through GPG 2000 and
GPG-LULUCF
0 Updated/improved methods and default data

ipcC
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How to estimate GHG emissions

+  Common methodological approach
Emissions = AD * EF

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

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

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

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

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

D o IpcC
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Solid Waste Disposal on Land: CH, Emissions

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

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

CH,Emissions(Gg/yr) = (MSW, e MSW, e MCF ¢ DOC ¢ DOC; ¢ F 16/12—R)e(1—OX)

MSW;: total MSW generated, Gg/yr

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

F : fraction of CH, in landfill gas (defaultis 0.5)
R;: recovered CH,, Gg/yr

OX: oxidation factor, fraction (defaultis 0)

if‘\%"“} Vf“ I D c c
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Solid Waste Disposal on Land: CH, Emissions

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

ipcC
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FOD Spreadsheet Model (IPCC Waste Model)

CH, emissions in year T from SWDS (Gg)
CH,Emissions = {ZCH‘tgeneratedx_T R, } *(1-0X;)

T : inventory year

X : waste category or type/material

R;: recovered CH, in year T, Gg

OX; : oxidation factor in year T, fraction

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

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

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

ipcC
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FOD Spreadsheet Model (cont.)

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

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

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

- Waste composition
- Bulk waste

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

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

IpCC

INTERGOVERNMENTAL PANEL on ClimaTte chanee

= ~ B = D E T |

1

z Parameters Country |

3 Region Asia- Southesst =]

4 Please enter parameters in the yellow cells. Ifino national data are available, copy the IPCC default value.

5 Help on parameter selection can be found in the 2006 IPCC guidelines

6

7 IPCC default value Country-specific parameters

8 Value Reference and remarks

9 Starting year 1950 1950

10 I

11 DOC (Degradable organic carbon) | waste by compasition B

12 {weight fraction, wet basis) Range Default

13 Food waste 0.08-0.20 015 015

14 Garden 0.18-0.22 02 02

15 Paper 0.36-0.45 0.4 04

16 Wood and straw 0.39-0.46 0.43] 0.43

17 Textiles 0.20-0.40 0.24] 0.24

18 Disposable nappies 0.18-0.32 0.24 0.24

19 Sewage sludge 0.04-0.05 0.05) 0.05

20

21 Industrial waste 0-0.54 015 015

22

23 DOCT (fraction of DOC dissimilated) 0.5 0.5

24

25 Methane generation rate constant (k) | wet temperate >

26 (years™) Range Default

27 Food waste 01-02 0185 0.185

28 Garden 0.06-0.1 0.1 0.1

29 Paper 0.05-0.07 0.06 0.06

30 Wood and straw 0.02-0.04 0.03] 0.03

H Textiles 0.05-0.07 0.06] 0.06

32 Disposable nappies 0.06-0.1 0.1 0.1

33 Sewage sludge 0.1-0.2 0.185 0.185

34

35 Industrial waste 0.08-01 0.09 0.09 ™
4= 36 L’
!.‘(‘ 37 Delay time (months) G| 5]
wid 4 » vi[ | parameters ~MCF ~ Activity . Amnt Deposiced ~ Recovery OX Theory ,~Defauls ;“Food 71 & €
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1
2 Methane calculation from: Food waste
3
4
Mational
5 values
6 DOC noc 015
T DOCE poct 0500
3 Methane generation rate constant k 0.185
9 Halflife time (t.2. years) h = In(2yk 3.7
10 expl explok) 083
11 Process start in deposition year Month M M 13 00
12 |exp2 XDk (13-MW12)) 1.00
13 Fraction to CH4 F 0500
14
DDOCm
Decomposa |[DDOCMm not| decampos DDOCm
ble DOC reacted. ed. accumulated in

Amount ({DDOCm) | Deposition | Depesition | SYWDS end of DDOCm CH,

15 Year |deposited| MCF deposited ear ear ear decomposed | generated
D =W *DOC * C=D*(1- | H=B +(Hup e ® [E=C+Hep oo | Q=E = 18/2

16 W MCF DOCTf*MCF | B=0D *exp2 £Xp2} expl) (1-exp1) *F
17 Gg fraction Gg Gg Gg Gg Cg Cg
18
19 1950 693 0.71 37 37 1] 37 [1] [1]
20 1851 693 0.71 37 37 0 67 6 4
21 1952 6893 0.71 37 37 1] 92 11 8
22 1953 693 0.71 37 37 a 113 16 10
23 1954 693 0.71 37 37 a 131 19 13
24 955 693 07 37 37 1] 45 22 5
25 956 693 07 37 37 1] 58 25 6
26 957 693 [ 37 a7 0 68 27 8
27 958 693 [ 37 37 0 76 28 9
28 959 693 07 37 37 a 83 30 20
29 960 693 07 37 37 a 39 31 21
30 961 693 0.7 37 37 1] 93 32 21
31 962 693 [ 37 37 1] a7 33 22
32 963 693 07 37 37 1] 201 33 22
33 964 693 [ 37 37 0 203 34 23
34 1965 6893 0.71 37 37 1] 206 34 23
35 1966 693 0.71 37 37 a 208 35 23
36 1967 693 0.71 37 37 a 209 35 23
37 968 693 07 37 37 1] 210 35 24
38 969 693 07 37 37 1] 212 36 24
39 a70 693 [ 37 a7 0 212 36 24
40 a71 AA3 07 ar a7 0 213 36 24
44 > b Parameter: JCE Chivity mnt _Depositad Recovery O PR Theor Default: Eocod Garden

Biological Treatment of Solid Waste: Composting

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

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

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

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

IpCC
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Biological Treatment of Solid Waste:
Anaerobic digestion

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

L3
9o inc
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Biological Treatment of Solid Waste: CH, Emissions

* Estimation of CH, emissions:

CH,Emissions = » (M, e EF,)e10~° - R

CH, Emissions: total CH, emissions in inventory year, Gg CH,

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

i : composting or anaerobic digestion

R : total amount of CH, recovered in inventory year, Gg CH,

L3
@r‘ﬁ &) I D C C
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Biological Treatment of Solid Waste: N,O Emissions
* Estimation of N,O emissions:

N,OEmissions =»_ (M, e EF,)e10°°

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

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

i : composting or anaerobic digestion

ve ice
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Incineration and Open Burning of Waste: CO, Emissions
« Based on the total amount of waste combusted:

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

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

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

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

OF; : oxidation factor, (fraction)

44/12 : conversion factor from C to CO,

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

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

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

rubber, liquid solvents, and waste oil) should be included o
9o ipce
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Incineration and Open Burning of Waste: CO, Emissions
* For municipal solid waste:

CO,Emissions = MSW e > (WF; edm, e CF; e FCF, e OF;) 44 /12
i

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

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

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

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

OF; : oxidation factor, (fraction)

44/12 : conversion factor from C to CO,

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

°
* - I c c
i.ﬁ“ 'y
& M}
N
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Incineration and Open Burning of Waste: CH, Emissions

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

CH,Emissions =) (IW, e EF,) #10°

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

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

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

10 : conversion factor from kilogram to gigagram

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

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

if‘\%"“} Vf“ I D c c
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Incineration and Open Burning of Waste: N,O Emissions

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

N,OEmissions = > (IW; e EF) #10°

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

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

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

10 : conversion from kilogram to gigagram

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

IpCC
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Tools and other materials to support emission
estimation

+ |IPCCEFDB

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

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

+ 2006 IPCC Guidelines Software

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

- FAQ

- Presentations

— Documents (meeting reports, brochures etc.)

ipcC
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Summary

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

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

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

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

. ipcc

INTERGOVERNMENTAL PANEL on ClimaTe change

Thank you
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Workshop on Capacity Building on Accounting and Utilising GHG Emission Reduction
Measures for Local Waste Management Actors in Developing Asian Countries
4-6 October 2011, Lao People’s Demoqatic Republic
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FOD Spreadsheet Model (IPCC Waste Model)
) o ]
LULUUNITATUIU FOD (IPCC LHJLLII“LI“UEIZ)
+  CH, emissions in year T from SWDS (Gg) msides CH, il T in SWDS (Gg)
CH,Emissions = {ZCH‘tgeneratedx_T -R } *(1-0X;)
X
T : inventory year fagseud
X : waste category or type/material 1szinnves w3e 1lszian/3ag
R;: recovered CH, in year T, Gg CH, #igau1&13 T, Gg
OX; : oxidation factor in year T, fraction  ilsdsmssuiumseendiou Wil T, wwdau
+  Estimation of amount of CH, generated in SWDS is based on FOD msszainanifunaves CH,
fifatulu widsisavezyades Hiiuguan FOD
*  The basis for calculation is the amount of decomposable DOC in waste - part of the organic
carbon that will degrade under the anaerobic conditions in SWDS n Anwiugfelsinamsdes
oo davsnsuoudunididouramd Tuaag fruaasmsuauinanwiasaadn 1w lug
oangiouTuunaaiidavesyares
* 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 fiuswiuswvea/5inu nr C C
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C

| B [ O E = |
1
2 Parameters Country |
3 Region Asia- Southesst =]
4 Please enter parameters in the yellow cells. Ifino national data are available, copy the IPCC default value.
5 Help on parameter selection can be found in the 2006 IPCC guidelines
6
7 IPCC default value Country-specific parameters
8 Value Reference and remarks
9 Starting year 1950 1950
10
11 DOC (Degradable organic carbon) | waste by compasition EJ
12 {weight fraction, wet basis) Range Default
13 Food waste 0.08-0.20 015 015
14 Garden 0.18-0.22 02 02
15 Paper 0.36-0.45 04 04
16 Wood and straw 0.39-0.46 0.43 0.43
17 Textiles 0.20-0.40 0.24 0.24
18 Disposable nappies 0.18-0.32 0.24 0.24
19 Sewage sludge 0.04-0.05 0.05 0.05
20
21 Industrial waste 0-0.54 015 015
22
23 DOCT (fraction of DOC dissimilated) 0.5 0.5
24
25 Methane generation rate constant (k) | wet temperate el
26 (years™) Range Default
27 Food waste 01-02 0.185 0.185
28 Garden 0.06-0.1 0.1 0.1
29 Paper 0.05-0.07 0.06 0.06
30 Wood and straw 0.02-0.04 0.03 0.03
H Textiles 0.05-0.07 0.06 0.06
32 Disposable nappies 0.06-0.1 0.1 0.1
33 Sewage sludge 0.1-0.2 0.185 0.185
34
35 Industrial waste 0.08-0.1 0.09 0.09 o)
PpEd U
I& Delay time (months) 6 6
wild 4 r Parameters < MCF -~ Activity Amnt_Deposited Recovery OX Defaults .~ Food Qe
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1
2 Methane calculation from: Food waste
3
4
Mational
5 values
6 DOC Doc 015
T DOCE poct 0500
3 Methane generation rate constant k 0.185
9 Halfife time (t. .. years) n 37
10 expl expt. 083
11 Process start in deposition year Month M M 13 00
12 exp2 Expi-k*((13-MW12}) 1.00
13 Fraction to CH4 F 0500
14
DDOCm
Decomposa |[DDOCMm not| decampos DDOCm
ble DOC reacted ed accumulated in

Amount ({DDOCm) | Deposition | Depesition | SYWDS end of DDOCm CH,

15 Year |deposited| MCF deposited rear /i decompose generated
D =W *DOC * * [E=C+Hepoo | Q=E = 1612

16 W MCF DOCTf*MCF | B =D *exp2 (1-exp1) *F
17 Gg fraction Gg Gg Cg Gg
18
19 1950 693 0.71 37 37 1] [1] [1]
20 1851 693 0.71 37 37 0 6 4
21 1952 6893 0.71 37 37 1] 11 8
22 1953 693 0.71 37 37 a 16 10
23 1954 693 0.71 37 37 a 19 13
24 955 693 07 37 37 1] 22 5
25 956 693 07 37 37 1] 25 6
26 957 693 [ 37 a7 0 27 8
27 958 693 [ 37 37 0 28 9
28 959 693 07 37 37 a 30 20
29 960 693 07 37 37 a 31 21
30 961 693 0.7 37 37 1] 32 21
31 962 693 [ 37 37 1] 33 22
32 963 693 07 37 37 1] 33 22
33 964 693 [ 37 37 0 34 23
34 1965 6893 0.71 37 37 1] 34 23
35 1966 693 0.71 37 37 a 35 23
36 1967 693 0.71 37 37 a 35 23
37 968 693 07 37 37 1] 35 24
38 969 693 07 37 37 1] 36 24
39 a70 693 [ 37 a7 0 36 24
40 a71 AA3 0 ar a7 0 36 24
44 b b Parameter [CE ACtivity Amnt Deposited Recovery O JEh e Theory Default Food .~ Garden
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msthdavezyareaFedinm . msddeais CH,

« Asussifiunislaaadie CH,

CH,Emissions = (M, ¢ EF,)e10° - R

i
)
myasaine CH, : m3ases CH, iaviualudindil Gg CH,
M; @ wavezdunsdnihiadieitmsthiadedanm i, Gg
EF; :ilsdemildearionsiinia i, g CHy/kg wezininiauda
i : mahijonSeomsdovaarsdrvorna

R : 131 CH, fanuafidauun1dlu 1yl Gg CH,
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Summary ay/

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
mslsziiumstdesmamieiadnlassmalideyassiunazuuamavesmstldosmaaz e liaunsnianamsfiia
auuToune tagdalSuamsaansdaosig

IPCC Guidelines for National Greenhouse Gas Inventories provide globally applicable methods
to estimate national emissions and removals Tassmsifaaimse unTRIRUINA s M e ninn1# 4
inTanifledsziiumsidesimanazmsmamiandand

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

Tuwani IPCC atuit 5 71 2549 venigiidsulsalifuamiaio 1dussiiunsdesmmieunizanninmstiniauas
Miavezyaroouazinge

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

1. Identify solid waste management situation of selected city
2. Identify problem in waste management and rank the priority of problem from 1to 5
3. Calculate GHGs emission from municipal solid waste management

a. Methane from landfill (Mass Balance and FOD)
i. Quantity of waste entering landfill (Ton/year)

ii. Depth of Landfill (m)

iii. Management at landfill
iv. Waste Composition
b. Methane and Nitrous Oxide from Compost and biogas
i. Type of waste (wet or dry)

ii. Quantity of waste (Ton)

c. Carbondioxide, methane and nitrous Oxide from open burning

i. Quantity of waste burnt (wet weight)

ii. Waste composition
Measure to improve solid waste management with supporting reasons
5. Calculate GHGs Emission from new measure. Comparison of GHGs emission from current
method and the new method proposed.
6. Prepare for presentation



Template for GHG emission estimation
Name of province:
Waste generation : ...........ccccoevuennee. tons/day

Waste composition

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

Current solid waste management

Types Quantity of waste CH,4 emission N,O emission CO; emission
(ton/year) (ton/year) (ton/year) (ton/year)

Open dumping (<5 m
depth)

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

Landfill (>5 m
managed)

Composting

Anaerobic digestion

Open burning

Future waste management (as discussed with your team)

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

Open dumping (<5 m
depth)

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

Landfill (>5 m
managed)

Composting

Anaerobic digestion

Open burning




Appendix V

Opening session: Dr. Alice Sharp (SIIT), Ms. Sunee Piyapanpong (Deputy Director-PCD), Dr. Daisuke
Sano (Director, IGES-BRC)

Presentation from relavant Ministries: Ms. Pisamai Satianyanont (Department of Alternative Energy
Development and Efficiency-DEDE), Mr. Rangsan Pinthong (PCD), Mr.Sorot Saelim (Land
Development Department-DLD)



Parts of speaker’s team

Registration counter



Parts of participants

||||\|'m| '.'umlllll\, |

Parts of participants



Souvenirs for all speakers (contributed by PCD)



Site visit at Muangklang Municipality

Ygriadt

Some vegetable waste is used for animal feed



Anaerobic digestion



Take a shot before going back to Bangkok



PCD deliver a suvinir to Muangklang Municipality

Time for group’s exercise



Calculation of greenhouse gas emissions

Reporting time (Yes! | can do it)



NSV UNASSIN I

Deliver certificate to participant completing the training course



-~

Last group’s photo before going home (many ran to the bus terminal already)



We will strengthen our collaboration (IGES, PCD, SIIT)
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