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1. ASTUIUMINeANN5eH (Thermal process)
) Incineration
) Gasification

NASHNARNANIINIINVES 0 Pyrolysis

(Waste to Enerey; WITE)

2. ATTUIUNISNINTAAL (Biochemical process)
1 msudnuuul§enne (Anaerobic Digestion; AD)

J frearnnquilsnavaes (Landfill gas, LFG)
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Landfill Gas to Energy (LFGTE)
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Landfill Gas to Energy.

(LFGTE)

msdanavvezvesdszmea lne

* Upklanauveragegnan
gu1au1a (Sanitary Landfill)

* ANsHaNavLUUIMNGY (Open
Dumping)

* NMSENAULUUINBIAIUAL
(Controlled Landfill)
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1. msaningd vien1ssside
[Landfill gas (Fire/Explosion)

2. ANSIAABUENYYRINTY
(migration)
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Sheet1

		EXHIBIT A

		LANDFILL GAS GENERATION AND RECOVERY ESTIMATE (125/0.04)

		Kamphangsaen Landfill

		File No.

		25 October 2000

		Year				Annual				Cumulative		Estimated		Estimated		Estimated		Estimated		Estimated		Estimated		Projected		Actual		Variance		Estimated

						Waste				Waste		CH4		LFG		LFG		LFG		Well		Overall		LFG		LFG		(Estimated		Collection

						Quantity				Disposed		Generation		Generation		Generation		System		Collection		LFG		Recovery		Recovery		vs Actual)		Efficiency

												Rate		Rate		Rate		Coverage		Efficiency		Efficiency		Rate		Rate		(%)		(%)

						(tonnes)				(tonnes)		(m3/Yr)		(m3/Yr)		(m3/Hr)		(%)		(%)		(%)		(m3/Hr)		(m3/Hr)

		1991										0		0		0		0		0		0		0		0

		1992										6,000,000		12,000,000		1,370		0		0		0		0		0

		1993										12,660,000		25,320,000		2,890		0		0		0		0		0

		1994										18,400,000		36,800,000		4,201		0		0		0		0		0

		1995										23,340,000		46,680,000		5,329		0		0		0		0		0

		1996										27,590,000		55,180,000		6,299		0		0		0		0		0

		1997										31,240,000		62,480,000		7,132		0		0		0		0		0

		1998										34,390,000		68,780,000		7,852		0		0		0		0		0

		1999										37,850,000		75,700,000		8,642		0		0		0		0		0

		2000										43,080,000		86,160,000		9,836		0		0		0		0		0

		2001										49,830,000		99,660,000		11,377		0		0		0		1,707		0

		2002										42,890,000		85,780,000		9,792		0		0		0		1,567		0

		2003										36,910,000		73,820,000		8,427		90		80		72		1,433		0

		2004										31,770,000		63,540,000		7,253		90		80		72		1,306		0

		2005										27,350,000		54,700,000		6,244		90		80		72		1,186		0

		2006										23,540,000		47,080,000		5,374		90		80		72		1,021		0

		2007										20,260,000		40,520,000		4,626		90		80		72		879		0

		2008										17,440,000		34,880,000		3,982		90		80		72		757		0

		2009										15,010,000		30,020,000		3,427		90		80		72		651		0

		2010										12,920,000		25,840,000		2,950		90		80		72		560		0

		2011										11,120,000		22,240,000		2,539		90		80		72		482		0

		2012										9,570,000		19,140,000		2,185		90		80		72		415		0

		2013										8,237,000		16,474,000		1,881		90		80		72		350		0

		2014										7,089,000		14,178,000		1,618		90		80		72		300		0

		2015										6,102,000		12,204,000		1,393		90		80		72		250		0
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CH, 45-55 %
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! Proven alternative design approach
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J Incorporated leachate drainage by gravity

J Compatible with ongoing landfill operations
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Anaerobic Digestion
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Waste Compositions

[a] High income [b] Upper-middle income

[c] Lower-middle income [d] Low income

1%

2%

2% 3% 1%

B Food and green M Glass B Metal B Paper and cardboard
M Plastic M Rubber and leather B wWood M Other

Fig. 5 Country income levels and waste composition
(Source: revised by author based on Worid Bank (2018))




Percentage (%)

Plastics for pyrolysis 5.72
(HDPE, LDPE, PP)

“#*called pyrolysis plastics**

Plastics, not for pyrolysis 3.31

(PS, PVC, and PET)

“*called non-pyrolysis plastics**

Others 11.53

Total 100.00

Sample 1

Sample 2 Sample 3 Average

12.88 10.97 9.86

4.10 4.44
72.62 74.26 75.44
10.40 8.86 10.26

100.00 100.00 100.00
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® Anaerobic digestion is the biological process by which microorganisms convert

organic matter into biogas in an oxygen-free environment

“ Degradation in a digestion system is caused by the decomposition of organic

matter by microorganisms

* Key examples of dominant microbial genera

* Acidogenesis microorganisms (Acidogens) : Clostridium, Bacteroides,

Anaerobic digeSﬁOIl Streptococcus, Lactobacillus

° Acetogenesis microorganisms (Acetogens) : Acetobacterium,

Syntrophobacter, Syntrophomonas

° Mathanogenesis microorganisms (Methanogens) : Methanosarcina,

Methanobacterium, Methanospirillum, Methanosaeta

* The degradation period is approximately 20 - 100 days, depending on the type

of organic matter and the control of the operating conditions.
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1. Hydrolysis : M38osaateens luana g n/aouassussTuanalvaid
Taseadedudion v udle Tviiu vaz Talsiu WnareduTuanavnadni
azaern 18 5w 1hana ngTaa n3meziTu uaznsaluiiu Taoldien laian
vaunsaudldes

2. Acidogenesis (M3&519059) : acidogens 13U UABULTA Tagi
Tuanavnadnwaniunaden i vEas co, H,

Digestion process

. A Y g’/ A a A (A VN ~4 Aaa
3. Acetogenesis : ﬁWTVlhlﬂEDTﬂGUH@]@H‘V] 2 %%Qﬂfﬂqﬂu“ﬂﬁﬂ!ﬁﬂﬁﬂuiﬁlﬂuﬂﬁﬂﬂg"h’ﬁﬂ
t 2 kS Aa
FuiluasaIduueINIIHan CH,

H Aan <
4. Methanogenesis : Methanogens 9z1/asunsaaz@an co, H, 1¥ina1eilu CH,
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* Type and * Temperature » Tank Size and * Biogas
: Composition « Hydraulic Shape Utilization
Factors to consider , o _
» Carbon-to- Retention « Mixing System * Digestate
for dlgester SyStem Nitrogen (C/N) Time (HRT) . Temperature Management
design Ratio  Organic Control
Loading Rate o Gas
(OLR) Management

System




Rottaler Modell

Options for Anaerobic digestion

FEEDSTOCK
(animal manures and other
organic material)

!

Storage and
any pre-
treatment (such
as mixing
feedstocks a.o.)

BIOGAS Biogas

Digester » Cleaning
DIGESTATE i
torage and Separator
distributio optional :
Biogas
tora
i |
Straight 0\«
G ¢ |
Vehicle Engine or Gas burner/
Engi turbi boil
ibri
Composting )« v v v v
Transport combined electricity Process heat
heat and space heating
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Av. Acc.Gas Production
(Banana & Papaya)
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[49.66 Litre/30 days
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(36.91 Litre/10 days
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|

33.25 Litre/20 days
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Biogas composition

H, (0-1%)

N, (25-75%)

CO, (25%)

H_S, NH, (0-3,000 ppm)

CH, (45-65%)

“ Depends on the type of organic
matter entering the system and
the control of the digestion

process
°“ Note: LFG -->45-55 %

Waste water --> 55-65%
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Definitions relating to

AD

Dry matter (DM or Total Solid, TS)

Amount of substance after water removal. The dry matter content is
measured by drying the fresh substance (original sample) to constant
weight at 105 °C

Volatile solids (VS)

the portion of total solids in a sample that are lost when heated to high
temperatures (typically 550°C or 1020°F) in the absence of oxygen. This

process is called ignition.
Digestate

Liquid or solid residues from the anaerobic treatment of biogenic waste

streams

13
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Retention Time

Retention time

Retention time in the anaerobic digestion (AD) process refers to the average
amount of time that the organic material (or wastewater) remains inside the

digester.

Hydraulic Retention Time (HRT) : The average time the liquid phase stays in the
digester.

Digester tank volume

Calculated as: HRT =
Influence flow rate per day

Y
JTYTINYDYTAY %uﬂgﬂﬂﬁﬂ13$1ui$ﬂﬂﬂi\lﬂ UMDY BUAVDIIAR

=
AT
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Digestion Process

Temperature

) Psychrophilic digestion < 30 °C

] Mesophilic digestion ~ 30-40 °C (35/37 °C)

] Thermophilic digestion 40-55 °C (55°C)

15
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Digestion Process

Retention time

] Psychrophilic digestion --> 40 -100 days

J Mesophilic digestion --> 25 - 40 days

] Thermophilic digestion --> 15 - 25 days

16





http://images.google.co.th/imgres?imgurl=http://blog.hunsa.com/user/runzaaa/upload/6XO43cgEminus.jpg&imgrefurl=http://blog.hunsa.com/runzaaa/blog/16177&h=368&w=550&sz=27&hl=th&start=5&um=1&tbnid=w40fV6bANAJPGM:&tbnh=89&tbnw=133&prev=/images?q=%E0%B9%81%E0%B8%95%E0%B8%87%E0%B9%82%E0%B8%A1&um=1&hl=th

dm

e JFIINS

L=
BT .

SIOIGEE, s 'h" Rl . SI

b
- |




19

dm

® JFIINS




dni

e JFIINS

Isanamiaalui

(94 =
VINN BB INTN

1150% CH,

a A d'! d
ﬂi%ﬂﬂﬁﬂ1wqﬂ!ﬂﬁﬂﬂﬂuﬂ

madlnih (vw)

Flow rate
(Nm¥/hr) wan Inih
(%)
600 40 1.20
600 35 1.05
600 30 0.90
600 25 0.75
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dvBaInaIHSL
o v = q
NISNIDAVEZDUNIE

Y
Taelss2
v oY =
HINPIBY INTN

U 4 .
NMIAAULNVBIZAUNIG (Source Separation)

malulagNvanzau (Appropriate Technology) 1% modular technological

systems, 1-stage digestion, 2-stage digestion
U3UNVINDI0H (Municipal Context)

UleeUD s g11a (Government Policy, laws, regulations, permits,

pollution standards)

N13a31U (Investment and Financial Support investors and energy pricing)
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1.

2.

3.

mMsHanumeBINea (Compressed Biogas, CBG)
mswanumaBamwriad (Liquified Biogas, LBG)

mswanmilumalalasiou (Hydrogen — SMR)

22



dm

e JFIINS

Biogas Utilization as

CNG/CBG

N

{ y
~—



dm

e JFIINS

CNG/CBG Plant from
Biogas
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CNG/CBG Plant from

Biogas (China:2011)
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LFG and Biogas
Utilization (Hydrogen

Production)

W Hy-Green 300
! 3 Hydrogen Generator (SMR)

HYUNDa

Hydrogen Production Modules (SMR : Steam Methan Reformer)
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Thermal WTE

and Biorefinery Concepts
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Factors

to be considered

Waste quantity (t/d), characteristics/compositions, logistic
Available technologies (local/import) Proven technology ??
Environmental management (leachate/odors/digestate/ash/residues)
CAPEX and OPEX

IRR /payback period and Funding/investor

Energy policies (PPA, grid availability, FIT, Tipping fee)

Law and regulations (Permit, concession, environment impact)
GHG mitigation/carbon tax

Social acceptance (Public participation)

Politic
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Waste quantity

MBT Hub Northern zone : 90-100 t/d
MBT Hub Central zone: 110-120 t/d

MBT Hub Southern zone : 30 t/da

A municipality in the central zone wants to

produce electricity from waste??
Investment about 1,200 mB by private investor

Study tour/site visit at Nongkham incineration,

BMA

wIaUns

Uszna avilan

gy
Heuaulng - a1

a8

a.ih a.idaanans

uaz a.9jadne

fudsninihu-a

UIOIHiA asdias
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The Three Pillars of Thermal WtE

Thermal WE technologies are primarily differentiated by the level of oxygen used in the process, which dictates
their primary goal and products.

Incineration

Full oxidation (excess oxygen).
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Incineration

Fundamental

Principle

¥ ¢
ﬂﬁgﬂguﬂ‘lﬁlw‘ﬂﬁuﬂﬂuﬂﬁm

* Yagilszasnndn Aemsan
P3nsveavezas 80-90%
uazwaanasnuluzlvesnny
Souuaz lvivh
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1.

2.

1 (Y] . 1 9, Y 1
103095 VVYE (waste pit) NOUVUAIFIAUNT (furnace)
INM (incineration furnace) MIMIWINGUNNN WINNI 850 °C
9 Y o Yy 3 o A Ao 1
52UV 1FANNTOU ATz UV NN ImEuAIaINgaIQuAINI1 200 °C

o [ . kS
izuummmazmﬂmcﬂm%a (flue gas cleaning system) 39NN NNI BN

I?!‘L! (bag filter)

o A 9 o 9
JZUVAUAYUDULASNIIALD (ash)
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<

generation

Power

Heat utilisation

Boiler

< I@
N

Secondary
combustion

Primary

combustion air
Bottom ash

L

Flue gas |
treatment unit

APC residue
(Fly ash)

Fig. 8 Example of a stoker-type incinerator
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Stoker - type p Vs
© Plant walstﬁ\rﬂter -
incinerator i
&
: Ca
s Waste flow o Steam flow wocge Ashflow e » Condenzate flow
Symbols
seene  G@3 flow -+ Wastewater flow e Al flow

€ Platform @ Ash crane ® APC residue (fly ash) (P Induced draft fan

@ Waste pit O Treated ash pit treatment equipment (P Steam-type gas re-heater

€) Waste crane © Combustion chamber D Bag filter €D Catalytic reactor

O Primary forced draft fan ) Ash pusher P Steam reservoir €0 Wastewater treatment equipment

© secondary forced draft fan & Boiler @ Turbine generator 8 ACC (Air-Cooled Condenser)

© Ash pit B Cooling tower @ Condensate tank € Stack

Fig. 7 Example of a conventional incineration plant configuration — Stoker type furnace

Ref: CCET guideline series on intermediate municipal solid waste, Waste-to-Energy Incineration, June 2020
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Fluidized bed - type

Incinerator

" 4
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r

-

Combustion [ :
chamber . -
L ﬂ . : ’ Y 1
4

Secondary combustion air |8 &

=rrammw il =
Circulation sand N
gl

MSW

Diffuser

Incombustible

10
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= Ta waste
heat recovery
and flue gas
cleaning

Pyralysis
gasifier

Secondary
combustion
chamber

Sand and
incombustibles

[a] Fluidised bed-type gasification
melting furnace: Main components

Waste crane

Stack
Catalytic
reactor
Induced
draft fan Steam turbine
generaton
—(]
APC residue
o — —‘- {ﬂ? ﬂsh]
To melting lreatment

[b] Shaft furnace-type gasification melting furnace system

=P Flow of solid waste mmp- Flow of molten materials m=- Flow of air
== Flow of ashes == Flow of flue gas e Flow of steam

11
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Combustion

principles

The typical air ratio of primary air supplied to a solid combustion

chamberis 1.2to 1.4

In order to prevent incomplete combustion of flue gas, a temperature
of 850 °C or more and a retention time of two seconds or longer with

enough turbulence are required in the secondary combustion zone

12
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Pollution Control

Aa A Y Y
NﬂW‘]&l‘ﬂﬁN@’lﬂ’lﬁ‘lﬂﬁﬂﬂﬂTﬂﬂNﬂﬁgﬂ@‘]Jﬂ’JEJ

I #u (dust)

& A . 1
2. meiunsa (acid gases) 19534 HCI, SO,
3. o9 lsavod luTasu NOx
() a . . a Aanan .
4. la®®n% Dioxins (Lﬂﬂcluﬂg]ﬂim De Novo Synthesis)

5. Uson Mercury , Hg

13
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(%4

) szuuthiiauansneernma Ndnwne 9ansosdu (bag filters)

) wanmshanuuesszuugensesdu fe

" Nodenszgnauinginsosdu 9z nNaunl lime powder 1182 powdered

activated carbon

o ' v = A d 1
= 1sgTenivesmsvivasainane Mantlunsa 1y HCI uag SO,
inlgnseinuaig tazgniiia
" 15 lapendu tazilsen gRILVURIVDI powdered activated carbon

LAZDIUNDBNINTLUY

1 =~ U ) 9 . .« . 2 A Aa
HUBLTIA Tuaraad] w.a. 2533 (7.8.1990) sz‘uuqqmmv!umgmmﬂmmu electrostatic precipitator mquqmgumwmzﬁﬂu
o A A 0 A o Ay o a a A v & =2 g = v v v
MINMANUNYUHNYN 200 “C 130NN medlosnumsmadis laeensu senniuaisdsen suilulaveiszme’ld NIVAIYYN
niovfuldvdafilsz@nsnmihaungungiia
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Pollutant

. Total Suspended Particulate (TSP)

. Sulfur Dioxide (SOz)
. Nitrogen Oxide (NoX as NOZ)

. Hydrogen Chloride (HC1)
. Mercury (Hg)

. Cadmium (Cd)

. Lead (Pb)

. Dioxin Compounds (PCDD/PCDFs) calculated

as Toxic Equivalent

(I-TEQ)

. Opacity

Unit

mg/m>

ppm

ppm

ppm
mg/m?
mg/m>
mg/m>

ng/m’

Percentage (%)

Emission Limit

Existing Incinerators

(>50 tons/day)
Not Exceeding 120

Not Exceeding 30

Not Exceeding 250

Not Exceeding 80
Not Exceeding 0.05
Not Exceeding 0.5
Not Exceeding 0.5

Not Exceeding 0.5

Not Exceeding 10

New Incinerators

(>50 tons/day)

Not Exceeding 70

Not Exceeding 30

Not Exceeding 180

Not Exceeding 25

Not Exceeding 0.05
Not Exceeding 0.005

Not Exceeding 0.5

Not Exceeding 0.1

Not Exceeding 10
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Air Pollution Control (APC)
O Residue often called “fly ash”

O APC residue (fly ash) must be
disposed properly as hazardous

waste (Secure landfill)

O Bottom ash ~ 15% approx

O Fly ash

~ 5% approx

16
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First Incineration in

Thailand (Phuket)

250-300 t/d

17
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Gasification

Fundamental

Principle

¢ QGasification i1s a thermochemical
conversion process that uses partial
oxidation to convert carbonaceous

waste into a combustible gas.

° Primary Goal: To produce a
versatile fuel/chemical intermediate

called "syngas" (synthesis gas).
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Gasification

Products & By-

products

* Primary Product:

® Syngas: A mixture primarily
composed of carbon monoxide
(CO) and hydrogen (H,), with
smaller amounts of CO.,,
methane (CH ), and nitrogen
(NV,) (if air is used).

* By-products:

® Tar: A complex mixture of
heavy hydrocarbons that can
condense and cause operational
problems. Tar removal is a

major technical challenge.

® Ash/Slag: Solid inorganic

residue.

20
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LLimitations

of

gasification

Homogeneous feedstocks
Low MC (preferable <20 %)
Uniform sizes of feedstock

Low LHV about 4-6 MJ/Nm’

21
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Equivalence Ratio ((I)):

® Defined as: Actual fuel-air ratio/ theoretical fuel —air ratio

¢ (I) > 1 —> Rich mixture (more fuel than needed for complete combustion)

° (I) < 1 — Lean mixture (less fuel than needed)

Lambda (}\):

® Defined as: Actual air-to-fuel ratio/ Theoretical air-fuel ratio

® A>1—> Lean mixture (excess air)

* A\ <1 —> Rich mixture (deficient air)

Practical Insight

® Both are dimensionless and used to assess combustion efficiency, emissions, and flame stability.

® Engineers often use A in automotive and engine diagnostics (especially with oxygen sensors), while (I) 1S more common
in combustion modeling and academic analysis.

® For example, in gasoline engines:

® Stoichiometric A/F = 14.7:1 — A = 1, (I) =1

® Rich burn (A =0.85) — P = 1.18

® Lean burn (A=1.2) — P = 0.83
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Pyrolysis: Fundamental Principle

Pyrolysis 1s the thermal decomposition of organic materials in the complete absence of an oxidizing agent
(like oxygen)

Primary Goal: To break down large organic molecules into smaller, more valuable molecules in solid, liquid,
and gaseous forms

It acts as a "material fractionation" platform, separating waste into distinct chemical streams
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Type of Plastic Properties/Characteristics Examples of Typical Usage

(Polyethylene Terephthalate)

HDPE
(High Density Polyethylene)

PVC
(Polyvinyl Chloride)

LDPE
(Low Density Polyethylene)

Clear, strong, tough, resistant to tear, and

preventing the permeation of carbon dioxide

Strong, tough, opaque, slightly flexible like
LDPE

Can be made to be flexible or hard, depending

on the application

Tough, flexible, and more opaque than HDPE

® Drinking water bottles

o Milk bottles

® Shampoo/detergent bottles

® Trash bins

® Chemical bottles/tanks

® Water pipes
® FElectrical insulation

® Wires/cables

® Shopping bags
® Food packaging
® Toys

Can be recycled to make

thread and fabric.

Used for making equipment
and components that are not

intended for contact with

food.



Type of Plastic Properties/Characteristics Examples of Typical Usage

LLDPE Properties are intermediate between ® School equipment

(Linear Low Density Polyethylene) LDPE and HDPE ® Shrink film

PP Hardest plastic, very tough, and ® Straws

(Polypropylene) resistant to heat (can be used in ® Plastic chairs
microwave ovens) ® Food containers/lids

PS (Polystyrene) Clear, shatters easily, poor resistance to ® Foam Plastic that should be avoided
chemicals, cannot be used in a ® Food trays (e.g., for eggs),  because it takes a very long
microwave oven CD cases time to decompose.

® Hangers

Other plastics that are not included  Plastics that are not specified but are ® Reusable water bottles
in the 6 types of standard plastics tougher and more flexible than the 6 ® Medical equipment
(which are all plastics labeled with  standard types ® Electrical components

the number 7)
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Pyrolysis system — Batch type, 3 ton/day




1. Waste input (kg)

' 3,160 kg 3.16 ton
2.3 Moisture (%owb) 43.92 % Wet basis
2.4 Waste density (kg/m’) 111.94 (kg/m’) Bulk density
5
4, Pyrolysis oil (output) ,Litre 1,980 Litre Measured in storage tanks
5. Density of pyrolysis oil 787 kg/m’ Hydrometer at 31.5 °C

6 Performance (Litre/kg waste) 0.6267
Or L/ton of waste 626.7 Output depends on percentage of plastics

7. System specification See catalog



Greenhouse Gas Mitigation
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Greenhouse Gases

Carbon dioxide (COz) ------------- GWP 100 1] =
Methane (CH,) ---------=----------- GWP =28
Nitrous Oxide ( N20) ------------- GWP =273

Hydrofluorocarbons (HFCs) ----- GWP = 12,000 -12,400
Perfluorocarbons (PFCs) --------- GWP =6,630- 11,100
Sulfur Hexafluoride (SF) -------- GWP = 22,800 - 25,200

Nitrogen Trifluoride (NF3) ------- GWP = 17,400
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http://www.google.co.th/imgres?imgurl=http://phuketnews.phuketindex.com/wp-content/uploads/2011/06/230.jpg&imgrefurl=http://phuketnews.phuketindex.com/environment/phuket-to-collect-data-of-phuket-low-carbon-model-town-185662.html&h=269&w=400&tbnid=p81HSJfErh3YXM:&zoom=1&docid=tbWKHmGyikHVWM&ei=OLmtVManIoqiugT0q4LQAw&tbm=isch&ved=0CGoQMyg9MD0&iact=rc&uact=3&dur=752&page=6&start=58&ndsp=12
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http://www.google.co.th/imgres?imgurl=http://phuketnews.phuketindex.com/wp-content/uploads/2011/06/230.jpg&imgrefurl=http://phuketnews.phuketindex.com/environment/phuket-to-collect-data-of-phuket-low-carbon-model-town-185662.html&h=269&w=400&tbnid=p81HSJfErh3YXM:&zoom=1&docid=tbWKHmGyikHVWM&ei=OLmtVManIoqiugT0q4LQAw&tbm=isch&ved=0CGoQMyg9MD0&iact=rc&uact=3&dur=752&page=6&start=58&ndsp=12
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NDC action plan

for mitigation

2021 -2030
(MSW sector)

Waste management methods

Mitigation target
(MtCO,e)

total target 5.11

1. LFG (Flaring, electricity generation and others)
2. Thermal process (Incineration)

3. Semi-aerobic landfill

4. Composting

5. Anaerobic digestion (AD)

6. MBT

1.86
2.13
0.00
0.44
0.01

0.67
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