',f“[,,/ﬁ\”" '
& 4\
A )& 4

& ey 8 <7
il) g ‘\}
;’ ‘Ul";; =vf @%‘ i oy
NIES-KMUTT-KU Q&2 265
COLLABORATION RESEARCH LABORATORY @y

Appropriate Management of Waste
Disposal Site in Southeast Asia

{2 CEE-PERDO
g ) 4)‘ Cenfer for Energy Technology and Environment
S S GSEE

ergy and Environmen

Tomonori ISHIGAKI
National Institute for Environmental Studies,
Japan

1 /42



What a Waste Disposal Site
(Landfill) is In the Society
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“Primitive” Stage of Waste Management

e~ Environmental capacity vs Urbanization

S = e 4 7 pi_-

Vermination/odor
Projection hazard/Landslides

.

g Open dump

Poor collection
Disposal to street/channel

Generation

Public Health
Conservation of QOL

Open Dumps
Most primitive way of waste handling

Natural born
Posteriori
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Bad Practice

Cracked channel

Open Burning




Developing Stage of Waste Management

Informal recovery L.
Anaerobication
Translation of pollution Unused ? e
Delay of stabilization
source Neglect ? y

GHGs

_ ¢ compost &
Generation m Sanitary LF

Waste amount increases by population and
collection coverage

Waste stream becomes more complicate
Landfills are constructed far from urban area
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Anaerobic Sanitary Landfill
Structure that easily generate Methane

Traditional Sanitary LF

Odor, Vermination

Perched
water

High
leachate level

No or incomplete drainage -> Leakage Aquatic Pollution

6 /42



Disposal Site in Advanced Waste Management

Rejected s Amount decreased

S but...

compost \\
Generation “
Semiaerobic
/\up
)4

segregation Incineration _ _
Debris quality

Environ. Impact

Debris quality become worse
(concentrated) and inhibit growth of
plants or microbes in landfills

Prolonged gas and leachate problem

Costly for all WM -> Sustainability

P
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Toxic Effect of Debris from Recycle Facility

mBiodegradable Organics mGasifiable Organics

BN
o

Biodegradable Org.(mg/qg)
Gasifieble Org. (mg/Qg)
D

o

Y-mix Y-ash Y-uncom Al-3

L

Easily degradable waste
under anaerobic condition
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Toxic Effect of Debris from Recycle Facility

mBiodegradable Organics mGasifiable Organics

8
4
2
ot M m
-3

Y-mix Y-ash

BN
o

Biodegradable Org.(mg/qg)
Gasifieble Org. (mg/g)
(@]

Addition of Separation debrls
(4:1 eluate)

inhibited anaerobic gasification
)

8.9 33mS/m 0.70 0.11 0.17 0.094



Integrated Waste Management
for Comprehensive Solution

Resource

A - .
\ NN Odor, Vermination
Ener i . :
Upstream “e. Y Landslides, Projection
Management Better Landfill
Collection management GHGs, Air pollutants

Pretreat
disposal -ment

-
S~

: : Leakage : | Leachate
Aguatic Pollution / managemen
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Applicability of
Semiaerobic Landfill (SAL)
for Tropical region
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Anaerobic Sanitary Landfill
Structure that easily generate Methane

Traditional Sanitary LF

Odor, Vermination

Perched
water

leachate level cil e : e S e

GHGs, Air pollutants

No or incomplete drainage -> Leakage Aquatic Pollution
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Semiaerobic Landfill (passive ventilation)
Ventilation of waste layer, promotion of waste degradation

Passive Ventilation (LFG out, Air in)
Promotion of biodegradation
Avoidance of methane by aerobication
To keep water level low for ventilation

Cross-sec. of
drain pipe

Alr

Exchange

/ LFG to air
» Leachate
treatment plant

Reasonable management in SEA

Drained leachate management,

/

Leachate drainage system T
Buffer pond



Test cell experiment in the MSW landfill in
Thailand

Leachate collection pipe with gravel

hY
Manhole

Data logging instruments

Leachate collection pipe without gravel \

Preparation house

o
>
cBiol |

Gas extraction pipe_—_ e

— "

//-" 5

// -

. =
N\
A%
X

\
\
\
\)
\

Dimension: Approx. 45m x 42 mxh4m
Volume: Approx. 7,000 m’
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Gas emission from each landfill operation

120
L CO2
S 100 + LFG emission is low e 'CH4-
2 ¢y | -Solubilized organics flow out thorough leachate -
= -Dried and preserved
2 % 7" High CO, ratio: more Aerobic
E 40
()
& 20
0
120
: m CO2
T 100 Longer water retention
9 Hard to discharge = Cria
£ 80 ge
= —more Anaerobic
2 High CH, ratio
E 40
()
& 20
0
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Leachate Quality

=== |nner_ SM ===Inner_ CT

Eff SM =—Eff CT

BOD: Insignificant
difference

TKN: Low in SAL

—promotion of
aerobic reaction
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Development of GHGs emission model expressing
simultaneous aerobic/anaerobic degradation

Dissolution Hydrolysis__

i hyd C; - Solubilized DOC
Cit :Wi,T'DOC'Kl_e_k j-(l—e_k ﬂ-e L; - DOC in liquid state
F; - Discharged DOC
Lir=Li71tCit- Gir-Fit Solubilis G, - Gasified DOC
0 atign A ;: Anaerobically degraded DOC
For=(Lita+C T—l)'(—]' | |
CoT e ©°r oM D N O Em
Anaerobic deg. Aerobic deg. — s 50 | _
Gir=Lim1 - (ARl .. ISR S
n& k£ Gagifica = 40 1 i CT
IT = Li,T—l '|:(1_e 2 )} tio % 30 A
S -
CH, emission= [%,(EF;, * A7)~ R] * (1- OXy) 2 20 4, .
S % 10 1 I-. u, ) |
foz{l—ﬁj Precipitation . 0 . - m.nE = . .
[ 02 60 -
ey el 5 mm/ D g Wet Wet Wet Wet Wet
Inhibition on 400 mr>;l(/y)(W) T 50 | o =
anaerobic degradation _ >
: n: 0.5 < 40 -
by O, existence S
02: [CT] 2 30 - SM
‘. :( Sap j 4.5% (D) 5 w0 |
Kix+ S0, 1.0% (W) g 10 -
Inhibition on aerobic 0,: [SM] £ )
degradation by O, 6.8% (D) )

shortage 4.5% (W) month



Technical Guidance of SAL In Thailand
(in SEA)

End of drainage pipe must be open to air, not be in sunk

Air permeation in SEA highly depended on the condition of drainage end than
that in Japan, because of lower difference of temperature between
atmosphere and inner landfill.

Over (rapid) drainage will cause the lack of moisture in landfills

Control of moisture (Operation of leachate irrigation)
Control of drainage (Design of drainage system)

Rapid drainage may also link to water environment pollution

Poor surface may contribute to air permeation, but it also increase
the potential of gas/water leakage

Comprehensive management of Waste and Water (precipitation
control, moisture control, leachate management) must be necessary
taking into consideration of Co-benefit 18/a0



Applicability of
Mechanical Biological Treatment
(MBT) for Pretreatment of Landfilling

19/42



Waste Treatment in MBT

M: Mechanical (Physical) Process B: Biological Process

\ (erobic degradation

Biod[ying

| Anaerobic
; digesticD

Resource / \) Biogas (energy)
Recovery v v
Solid Recovered Fuel Debris

et

///'

to Industry
or
MSW incineratiol

L., to Landfill
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Survey on MBT Plant in Thailand

/ Collected MSW

AR BB bl
g -mw'lstmln

- “_uwwnwn .
#8113

LI 7
e L L

v
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Features of MBT 1n Thailand

moisture High moisture by garbage
6000kJ/Kg [ _ :
60-70% High degradable fraction/ low calorie

Waste: High moisture and Degradable fraction
Money: Limitation of Budget
Output: Limitation of RDF Consumer

Allowed by Cement furnace only (but highly rejected)
Not pelletized but bulk RDF was transported




Mass balance in MBT plant in Thailand

MSW
18,000 t/y
(100%)

- - Loss
Biodrying CO, H,0

Process (64%0)

Necessity of drying first because
of bad separation of wet waste
Mechanical Effect of volume reduction

Separation
Process

Debris (7.5%0) ...> 15-20%067
Fuel 1350 t/y

(28%)

Rejected for 20-30%0
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Composition of Debris

Initial MSW After Biodrying

Plant @ plastics

Fine

debris fraction

Stone Textile

shells Metal
Animal Bricks
debris

Fine
fraction

24



MBT as Pretreatment of Landfilling

140 200
>
120 180 2
160 3
© -
C 100 140 2
. o
52 80 120> O
X 100 » B
SO e 2
2 -
g 40 60 ®
- 0 &
. 20 S
0 MSW RDF Debris 0
(kdZ7kg) 5,200 12,400 6,100
C/N 140 304 17

Organics potential of landfilling was reduced (70-80%0)
Not enough from viewpoints of emission from landfills
Separation efficiency will affect the organics in debris



Applicability of
Constructed Wetland

for landfill leachate
IN Tropical region
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Function of Leachate Pond

T

« Buffer zone before discharging
* Natural purification

e Dilution

« Evaporation

e “petter than nothing”

More proactive approach on pond
Wetland management
-Natural Wetland
-Constructed Wetland
Increase capacity of purification
Transpiration _—




Water Balance at landfill in Rainy Season

Rainfall

124,836 m3

(100%0) :

Evaporation
' (21%)
Surface <_
SO ‘ Leachate
(0)
(50%0) —p 30,581 M3
(25%0)

Leakage
(4.3%0)
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Water Balance at pond In Rainy Season
Capacity of Ponds
46,460 m3 (1009%90)

Rainfall Evaporation
(47%) (0.47%)

Leachate ‘ T

30,581 m3 Discharge
(6690) _’\ /» 33,019 m3

(71%)

Diluted to 1.1 times

Leakage
(41%0)
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Benefits of Constructed Wetland for
Landfill Leachate Management

4 )

Evapotranspiration
.. Absorbed by plants

precipitation

leachate

o LAt e

Constructed Wetland

Volume reduction and Quality
iImprovement of leachate
GHGs emission reduction

\_ _/

Overflow risk in rainy season

Natural Evaporation
& Oxidation

Discharge

VAN
YRV
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Site Description

Direct landfill

o
1p Ther

nnnnn

aaaaa

11111

A :
NIRRT S

A
Phno Penh

oo

o G

. A0V i T
Accumulated
landfill leachate
surrounding
waste layer

Water analysis [Median (min-max)]

pH9.5 (9.3-10), EC 16.4 (10.1-21.0) (mS/cm),
TS 14,400 (11,000-16,800), SS 190 (160-320),
CODcr 1,800 (960-2000), TOC 620 (340-670), TP
7 (6-11), TN 73 (51-81) (mg/L)
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Pilot-scale of CW

{ Plant

Tank M{ j ! Cattail (Typha)

N
\*r \E( ‘i*(.! ‘i*( Fﬁ“

El e é K

SEERE o

32 O O
250mm 2000mm 250mm

made of concrete with dimensions of (1.0
m [width] x2.0 m [length]x 1.0 m [depth])




Effects of Operation of Constructed Wetland

Free Water Surface Horizontal Sub-Surface Flow

(3]
g O

(mm/d).
o

Water reduction
Water reduction

ou

5
0 ' < e
1 week 1 month Gradually dried Once/d 5 times/d

o

B FWS

Removal efficiency of the
contaminants in HSSF is higher
than that in FWS

Removal (%)
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Nitrogen Balance

'Plant uptake:
6% of input

O = = NN
o o o o o

Loading rate of TN
(N-g m=d+)

0.0

Low contribution of plant uptake of nitrogen
will save the work for harvesting of plant
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Application of Constructed Wetlands
to landfill Leachate Management

e Constructed Wetlands are reasonable technology
to sustainably manage the landfill leachate

* indigenous plant, low operation labor, cost, energy
 Effective reduction of the risk of overflow

e Operation mode must be optimized for scale-up
Implementation

e Constructed Wetlands (and other leachate
treatment system) must not stand alone.

 Leachate quality control with the landfill operation
will be required
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Comparison of

Impact of Landfill Management
(10 years landfill +20 years PCC)
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Objective

e To evaluate the impact of comprehensive landfill
management in tropical Asia
— [Landfill management] x [Leachate management]

— landfill construction and operation, post closure care,
leachate management

— GHGs, Leachate impact, Financial Cost, Energy

/ Landfill Management
Open Dump

Sanitary Landfill
LFGTE

N

(with anaerobic landfill)

\ Semiaerobic IandfiII/

X

/ Leachate Management \

Oxidation Pond

Leachate Treatment Plant

Constructed Wetland

o 3

N



From Impact Assessment
(10 years landfill +20 years PCC)

"Open dump" Is not cheap but finally cost from
environmental viewpoint

Impact of Pond (Lagoon) management will cancel
benefit of advanced landfill treatment

Semiaerobic management can reduce impact of
water pollution (+CW is the best)

LFGTE possess high potential for GHGs reduction
— High leachate impact must require advanced LTP

Package management of landfill and leachate
must be necessary
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Summary

Landfills must play an important role in the material
cycle society or advanced waste management
system

Consideration of reduction of environmental
emission from Whole waste management

Tropical condition may result in the fail/difficulty of
advanced landfill management.
— Adaptive management must be required

Combination of MBT x Semiaerobic Landfill x
Constructed Wetlands
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Suggested Package of
Landfill Management

LFGTE with capped landfill
X Leachate Treatment Plant

Imperme
able cap.

Biodegradation
%%% Denitrification

CH4 generation

Drainage

Leachate
Treatment
Plant GHGs Reduction

Semiaerobic Landfill
X Constructed Wetland

GHGs reduction

Biodegra

Constructed Wetland

Reduction of Impact of Water Pollution
42/42




Evaluation of Water Balance
through landfill management
INn Tropical Asia
(case study In Thailand)

Field monitoring X
meteorological statistics X
expert assumption
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Model Landfill

Landfill area:
126,480 m?

Landfill volume:
527,640 m3

44142



Water Balance at landfill in Dry Season

Rainfall

42,371 m3

(100%0)

Evaporation

(62%)
Surface
SCIIe) Leachate
(30%0) ., 2833m3
(6.7%0)

Leakage
(0.9%90)
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Water Balance at landfill in Rainy Season

Rainfall

124,836 m3

(100%0) :

Evaporation
' (21%)
Surface <_
SO ‘ Leachate
(0)
(50%0) —p 30,581 M3
(25%0)

Leakage
(4.3%0)
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Water Balance at pond in Dry Season
Capacity of Ponds
46,460 m3 (1009%90)

Rainfall Evaporation
(16%) (1.1%0)

Leachate ‘ T

2,833 m3 Discharge
(6.190) _’\ /» 8,082 m3

(17.4%)

Diluted to 2.9 times

Leakage
(3.4%0)

47/42



Water Balance at pond In Rainy Season
Capacity of Ponds
46,460 m3 (1009%90)

Rainfall Evaporation
(47%) (0.47%)

Leachate ‘ T

30,581 m3 Discharge
(6690) _’\ /» 33,019 m3

(71%)

Diluted to 1.1 times

Leakage
(41%0)
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Landfill Gas to Energy (LFGTE)
with capped Anaerobic Landfill

Impermeable cap

Dry Tomb

Bottom barrier

Minimize leachate

1 andfill gas extraction and flarng pant arangarmant

Impossible to prevent penetration in pluvial climate
Energy grid (transmission capacity, distance)
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Fallure case

Low efficiency of Surface exclusion
Ineffective drainage

Escape LFG

Long-term leachate pollution
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Landfills iIn Waste Stream

LUk

h= Odor, Vermination
generation
Landslides, Projection

What and How affect?
how many and how far?

Water
utilization

Ieakage' = fis
Aguatic Pollution "

Inadequate management of landfill
IS not always "problem"



Landfills iIn Waste stream

4 reduce

\
~yJecycle

disposal

leak
caxage eachate

Aquatic Pollution treatme
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