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Lecture - 35
Landfill Gas Collection and Treatment

Hello students, so we will continue today module 11, the disposal of solid waste. So, in the
previous 2 lectures, I talked about the definition of landfill sites and or types of landfill sites
the factor affecting site selection. And also in the previous lecture, I talked about leachate
generation followed by treatment. Now today we will talk about the gas that whatever the
polluted gas is coming out from the landfill site, how to control and what are the mechanisms
to produce the gases? Different phases of gas production and also a few slides on the
treatment part. So, is a landfill gas collection and followed by treatment.
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LANDFILL GAS (LFG) GENERATION MECHANISMS

* LFG emissions are governed by gas-generation mechanisms and gas-transport mechanisms,
® The three primary causes of LFG generation are - volatilization, biological decomposition, and chemical reactions
VOLATILIZATION

¥ Organic compounds in the landfill volatilize until the equilibrium vapour conceniration is reached.

¥ This process is acceleraied when biological activity increases the temperature of the waste mass and rate at which compounds

volatilize depends on their physical and chemical properties,

¥ Henry's Law d ines the extent of volatilization of a co i dissolved in water and the law states that the amount of any

gas that will dissolve in a given volume of liquid, at constant temperature, is directly proportional o the pressure that the gas

exerls above the liquid. Mathematically,
Py = HyxX,

where, P, = partial pressure of compound A in the gas phase
H,, = Henry's constant of compound A

X, = mole fraction of compound A in liquid phase in equilibrium with the gas phase.
So first, we will go for landfill gas that normally called the LFG, generation mechanism. So,
normally the mechanisms are by gas generation mechanism and gas transport mechanism. So,
there are 3 major causes of landfill gas generation, first is volatilization, biological
decomposition and chemical reaction. So, one by one we will see that what do you mean by

volatilization?

So, what was the different cause of gas production? So, the first is through volatilization. So,
an organic compound in the landfill will volatile or getting degraded without the addition of

any kind of microbes, because microbes will grow very easily, whether it is an aerobic



condition or anaerobic condition until the equilibrium concentration will reach. So, until that

whatever is the volatile substrate is available.

Whatever the amount up to until that it will get volatile these organic compounds and this
process will be accelerated again while the biological activity will increase based on the
temperature also. So, the temperature will also increase and that is what if you see the gas
production in an entire day in the night the gas production will be less compared to the
daytime when the temperature reaches up to 35 or 40 degrees centigrade. So, obviously, at

this temperature, the microbial growth will be very high.

So, in here very easy for those microbes to volatiles the organic compounds, which are very
easy for biodegradation and now, these also we can explain by simply by Henry's law like
mathematically we can explain this by pressure equal to Henry's constant multiplied by mole
function of compound A in the liquid phase in equilibrium with the gas phase. So, likewise,
we can calculate how much is gas production could be possible based on the pressure. How
much is the pressure normally we will find in the gas phase. Now, this is the first one
volatilization.

(Refer Slide Time: 03:50)

BIOLOGICAL DECOMPOSITION AND CHEMICAL REACTIONS

% The stabilization of waste proceeds in five sequential and distinet phases:

Asruble Ansetobiec
; "

Phasel | Phase B Phase B Phase IV

Time (vears)

Next is biological decomposition. So, this biological decomposition we can easily separate
out in the different phases. Normally there are 5 phases by that way we can easily explain the
biological decomposition or what could be the chemical reaction could be possible and
normally, these biological decompositions under the anaerobic condition, so, you already in I

think, last one module, we talked about anaerobic digestion.



So, whatever the phases in the anaerobic digestion, almost those phases also will easily find
in the landfill site. So, based on that you see here and different phases of the different gas
production. So, normally in phase 1 which is a mostly aerobic condition because in the voids
the air will be available? So, in that case, the nitrogen and oxygen gas is nitrogen gas. So, this
is nitrogen gas this is oxygen gas. So, this will be produced very easily, but once it will

change into the anaerobic condition.

So, slowly the hydrogen production will start and after that, carbon dioxide production will
start. So, if you see the carbon dioxide production and methane production, now in the phase
3 mean mostly is the acid phase, where carbon dioxide will be amount will be more
compared to the methane one. And finally, in the last 4th phase, the methane concentration
will higher than compared to the carbon dioxide concentration in the last phase 5th phase will
be the maturation phase finally, which will go one by one the different phases.

(Refer Slide Time: 05:41)

PHASES OF DECOMPOSITION

Phase - 1 {Initial adjustment phase or Aerobic phase)
* Microbial decomposition starts in aerobic condition as a certain amount of air is trapped within the landfill.
* The soil used in daily and final cover is the principal source of aerobic and anaerobic organisms responsible for
waste decomposition. : 7

\(-(,u.,,ch}- 2H,0 = CH,0,+ 2H,

z

Phase - 1T (Acidogenic phase)
* Onygen is depleted and anaerobic condition begins to develop.

+ pH of leachate starts to drop due to presence of organic acids and elevated levels of CO,

CH,0; = 2CH,CH,0H + 20,
CH,04+ 2H, e 2CH,CH,CO0H + 2H,0

CgH,;0, = 3CH,COOH

Phase 1 is an initial adjustment phase or is an aerobic phase. So, as I was explaining about
that in the voids because is a simple waste has been disposed of and if you are not
compacting that waste means the initial period especially will be under the aerobic condition
only because in the voids there will not be any degradation. So, in the void also water would

not be there in the voids so, mostly air will be there.

So, whatever the degradation could possible in that particular conditions will be the aerobic

one and mostly the gases will produce like nitrogen and oxygen gas will get produced. So,



here in the chemical reaction also if you see this is a simple glucose kind of or simple
non-volatile matter organic compounds will get degrade very easily in the aerobic condition.
Now, the next phase is acidogenesis phase, the same as in the anaerobic digestion process, but

in the anaerobic digestion process, the phase 1 will be hydrolysis.

And followed by acidogenesis now, in this case, aerobic phase or initial adjustment phase
followed by acidogenesis phase now, here the oxygen will be depleted and under we
condition begin to develop. So, still, in the same phase 2, the entire amount will not be under
the anaerobic condition clearly now is trying to because in the voids the because of

degradation water will be there so, slowly is going to the anaerobic condition.

So, in that case; your pH also of leachate starts to drop due to the presence of organic acids
and elevated level of carbon dioxide. So, in this case, same whatever has been produced here,
we will again now producing is you see here this is the VFA volatiles fatty acids but is a
mostly the carbon concentration is more into here like is a C,H;COOH. So, that that is in the
acidogenesis means long-chain fatty acids will get produced and you see here because of that
not only the gas production will be different, but also the leachate quality also will get
change.
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Phase - 111 (Acetogenic phase)
+ Production of significant amount of organic acids
+ (0, is the principal gas generated
P
4 * pH ofleachate drops significantly
7 o -_:-\
' QJ[) and ]“J])J of the leachate increases significantly
'\-\._\______./
* Many cssential nutrients are also removed in leachate and if the leachate is not recycled, the essential nutrients
will be lost from the system.

CH,CH,CO0'+ 3H,0 + CH,CO0+ H'+ HCOy+ 3H,
Cl,0¢+ 2H,0 = 2CH,CO0H + 2005+ 4H,
CH,CH,0H + 2H,0 & CH,CO0+ 2H,+H’

Now, the third phase is acetogenesis phase, where, most of these long-chain volatile fatty
acids will convert into a simple acetic acid. So, here the major gas production will be the CO,

and because of that the pH change or the acidic condition will be more into this one and the



COD and BODjs value will be maximum in this phase 3 and if you see the equations also now
these long-chain VFA will convert into simple acetic acid these all acetic acid.
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Phase - IV (Methane fermentation phase)

+ The organic acids and H, gets converted to CH, and CO, by
€Oy 4y CH# 2H,0
2C,H;0H + ('()._:—»['I[_,- 2CH,COOH
CH,CO0H — CH+ CO,

.//" P

methanogens or methane formers

+ The rate of acid formation is considerably reduced.

* The pH rises to more neutral values since the acids are converted to

CH, and CO,
Phase - V (maturation phase)
* Readily available organic material has been converted to CH, and CO,
+ Rate of landfill gases generated diminishes significantly.
+ Principal gases evolved are CH, and CO,,

+ Depending on landfill elosure measures, small amounts of nitrogen and oxygen may also be there.

Now, the 4™ phase is a methane fermentation phase obviously once the VFA production will
be very high, though later on the methane phase will get started. So, now in this case that
whatever the organic acids we are producing there is acidic acid and H, will convert to CH,
and CO, and pH rise to more neutral value since the acids are converted to CH, and CO, and
also nitrogen also will get degrade slowly. So ammonia production also will get increased

because pH also will get neutralize.

So in this case, you can see that the same acetic acids are converting into methane and carbon
dioxide, now the last phase is a maturation phase. So, now is a maturation means most of the
biodegradable matter is got degraded under the rate of landfill gas generation also completely
reduced and but still the principal gases will be the methane and carbon dioxide and also
depending on landfill closure, measure the small amounts of nitrogen-oxygen may also be

there.

So, this is also if you see the graph like in the last phase 5™ phase here, if you see here also
the small amount of nitrogen and oxygen you can find it in the last maturation phase.
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FACTORS AFFECTING LFG GENERATION

O Waste composition

O Temperature

O Moisture

Q |!||

O Atmospheric conditions
O Landfill cover

O Waste density

O Waste age

J£
Now, what are the factors affecting landfill gas generation? So, there are a number of factors

that are affecting when you compare all the factors the waste composition is a major one and
again and again | am saying that if the waste composition will have more biodegradable
fractions or more wet waste, obviously, the gas production will be more and continuously you

are getting the more wet waste or biodegradable matters in the landfill site.

Obviously, landfill gas production generation will be very, very high and again depend upon
the temperature also because as I was sharing that in the daytime the gas production will be
more these also depend upon the local climatic conditions like if the normal temperature in a
day or night if it is more than 20 degree or 25 degree centigrade. So, obviously, gas

productions will be very high.

So, is somewhat good also because your degradation also will finish as early as possible
otherwise, if atmospheric temperature is below 20 degrees, so, the degradation will not be
that fast so, even landfill gas production also will be low and even the entire year also if you
have similar kind of temperature, the degradation time for entire landfill site will be extended

for more time also the moisture and pH are very important.

So, for moisture, I already explained in the last class that is what I think in the US these all
whatever the leachate is getting produced that leachate again is getting recirculated because
the upper part of the landfill area is getting dry and because of dry the microbial growth is not
possible and that degradation also will be very slow. So, the moisture has to be maintained in

the landfill site so that the pH gets neutralized easily.



So it will go for maturation as early as possible. Local atmospheric condition landfill cover is
also important because that only you will be able to get the proper anaerobic condition in the
landfill site. Suppose if it is a hybrid condition in the landfill, like somewhere is aerobic
somewhere the top area will normally in the aerobic, bottom area be anaerobic. So obviously

the gas productions also will be affected by that and waste density wastage.

This is also very important, waste density like if the density is more obvious, the degradation
will be very high, but you have to compact the material. So, the conditions will be more
anaerobic, but the anaerobic process normally is a slow process for degradation. Finally, in
the wastage, the older the waste, the lesser will be the gas production from fresh waste and
more gas production could be possible.
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TRANSPORT MECHANISMS

Transport of landfill gas occurs by the two principal mechanisms- diffusion and advection

Diffusion:

¢ Diffusive flow of gas s in the direction in which its concentration decreases and concentration of a volatile constituent
in the LFG will almost always be higher than that of the surrounding atmosphere,

+ Conceniration gradient between the surface and the interior of the landfill and thus promotes the migration of vapors to

the surface.

Geomembranes in landfill covers will significantly reduce diffusion because the geomembrane prevents gases from
diffusing to the atmosphere,

Advection:

* The rate of gas movement is generally orders of magnitude faster for advection than for diffusion,

+ Gas will flow from higher pressure to lower pressure regions.

+ I a landfill, advective forces result from the production of vapors from biodegradation processes, chermical reactions,

compaction, or an active LFG extraction system.

Now, the waste this landfill gas transport mechanism so, there are 2 major principal
mechanisms obviously, that is in the diffusion and advection these are 2 mechanisms. So the
diffusion is because of concentration. So, obviously the diffuse flow of gas in the direction in
which the concentration decrease and concentration of volatile constituents in the landfill gas

is almost always higher than the surrounding atmosphere.

So, the concentration of gas inside landfills will be higher than the atmospheric condition. So,
whatever gas is getting produced inside the landfill, because of diffusion, the gas will come
out very easily. So, it is because of concentration gradients and this is also one more like
geomembranes in landfill covers will significantly reduce the diffusion, because the

geomembranes prevent the gases from diffusion to the atmosphere.



So, suppose if we do not want to allow the gases to come out through the diffusion, so,
maybe the geomembranes also will help us that is why in the geomembranes also are using
normally in the into the landfill liner also because then it is possible that the gases will go into
the could be a water-soluble into the leachate. So, and it will go to the groundwater that is

also possible.

Now, next is the advection so, the advection is dependent upon the pressure so, the rate of gas
movement is generally the order of magnitude faster for the advection than for diffusion. So,
obviously, the gas will flow from higher pressure to lower pressure, and obviously, inside the
landfill material that waste material obviously, pressure will be more compared to the

atmospheric pressure.

So, in the landfill, this pressure because of the production of vapor from the biodegradation
process, chemical reaction compaction, or active landfill extraction system, the pressure will
be more so, that gases will come out easily into the atmosphere. So, these are the 2 major
mechanisms from where the gases are getting generated in the landfill or getting transported
from the landfill to the atmosphere.

(Refer Slide Time: 17:03)

FACTORS AFFECTING LFG TRANSPORT MECHANISMS

Permeability:
+ The permeability of waste has a large influence on gas flow rates and gas recovery rates.
¢ Coarse-grain wastes exhibit large values of gas permeability and more uniform gas flow patterns and fine-grained
show heterogencous wastes are characterized by small values of gas permeability and gas flow patterns that are not

uniform,
Geologic Conditions;
+ Geologic conditions must be determined to estimate the potential for off-site migration of gas.

Depth of groundwater:

+ The water table surface acts as a no-flow boundary for gas.
+ During design process well construction requirements and the potential for water table upwelling should be
evaluated. (i.c., the upward rise of the water table toward a vacuum well screened in the unsaturated zone).

Next, is the factor affecting these transport mechanisms? So, the first is permeability if there
is a highly permeable waste then obviously; whether is diffusion or whether is an advection
will be very fast if there is a permeability, permeability means a lot of voids are available and

easily that gas can come out from the landfill site to the atmosphere. So, normally these



coarse-grain wastes exhibit large values of gas permeability and more uniform gas flow also

could be possible.

But normally solid waste is coarse, obviously, the bigger size material, but it is not a
homogeneous material. You need to remember that it is a heterogeneous kind of material. So,
I think permeability will be very good. So, that gas can come out very easily. Next, is the
geological condition, so, these are also important geological conditions and must be
determined to estimate the potential off-site migration of gas and depth of groundwater, the

water table is in the non-flow boundary for the gas.

So, what I was talking about the diffusion or advection could not only will possible in the
atmosphere but also into the ground also in the water. So, if there is a water table surface it
acts as a no-flow boundary for the gas during the design process well construct requirement
and potential for water table upflowing should be elevated. So, that the; gas should not be
leach out into the water.

(Refer Slide Time: 19:06)

Man-made features:

* In some instances, underground utilities such as storm and sanitary sewers or the backfill that surrounds these
features may produce short-circuiting of airflow associated with an active landfill gas collection system.
Landfill cover and liner systems:
* Landfill cover systems consist of a vegetated surface component, a drainage layer, and a low permeability layer
composed of one or more of the following: geomembrane, geosynthetic clay liner (GCL), or compacted clay.
* A geomembrane in the cover system will prevent the intrusion of air info the waste,
Barometric pressure:
* The amount of gas escaping from a landfill's surface changes as harometric pressure changes.
* Passive LFG collection system increases in atmospheric pressure and causes a decrease in gas flow from a landfill
because the pressure differential between the inside and the outside has decreased.
* Active gas collection system - Atmospheric air intrusion through the landfill cover during periods when the

barometric pressure is rising.

Next is a manmade feature, it is possible that in some instances like underground utilities
such as storm or sanitary sewer is nearby. So, there could be a possible nearby to the landfill
area could be possible to migrate those gases into such areas. Landfill cover in liner system
so, landfill cover system consists of vegetated surface components or drainage layer and a
low permeable layer composed of one or more following like geomembrane, geosynthetic.

So if that landfill cover is properly with geomembranes are your geosynthetic clay liners.

Obviously, your migrations will be lower down from the landfill to the atmosphere and this



another one like barometric pressure. So, in that case like passive landfill gas collection
system increase the atmospheric pressure and causes the decrease in gas flow from the
landfill, because the pressure difference between the inside and outside has decreased and in

the active gas collection system, this is specially with the collection work.

So, if passive collection systems if you design so, increase the temperature or atmospheric
temperature, so, that because of that your advection will be poor in that case and for active
gas collection system like the atmosphere here, intrusions, through the landfill cover during
periods when the barometric pressure is rising pressure is more so, we can get more amount
of gas.

(Refer Slide Time: 21:00)

IMPACTS, RELEVANCE AND TRENDS OF GAS-PHASE EMISSIONS FROM LANDFILLS

. Concentration  Seale of the . . Expected trend
Compound range Impacts Iype of impacts Relevance of emissions
Carbon dioxide _II-.N];.. global global warming high }

local vegelation, asphyxia high
) T
/ 4 global global warming high A"
Methane 30-60%
K / local vegelation, asphyxia high {slow)
. local explosion and fire hazard high -
Arvomatie HC's mg mr* local health hazard low A
Halogenated HC's mg o' global environmental persistence high
local health hazard, comosion high
CFC's mg nr* global global warming low -
PCDD /F's mg o7’ local health hazard punctually high {fires) -
PA's mg local health hazard punctually high (fires) -
Other NMOC's mg i’ local adours, vegetation (ethylene) low S (slow)
Hydrogen sulphide 0-20gm’ local health hazard, odours, corrosion  high -

Now, here what are the gases the components or compounds are getting produced in the
landfill gas and what is their impacts you can see here like carbon dioxide and methane are
the maximum percentage like see the carbon dioxide and methane percentage is a maximum
in the or you can say the principal gases, but also along with that and you see here their scale

of impacts like global and local both means globally also and locally also could be possible.

And the type of impact could be global warming is a major one and relevance are very, very
high, because both gases are greenhouse gases is a problem one and if you see their expected
trend of emissions, so, carbon dioxide will be more the expected trend is more and from
methane is low because this methane will produce only in phase 4 of the degradation. So, the

concentration also will be low in that case, but along with that there are other more



compounds like aromatic hydrocarbons, like see here pH this also could be possible along
with that.
(Refer Slide Time: 22:24)

Organosulphides mg ar' local healih hazard, high
-
odours, cormosion low
Carbon monoxide 0-3% local asphyxia, explosion low
~
Hydrogen 0-20% local explosion low
-
Mercury 10-24ngm'a global lispersion and bi lati }
A
local health hazard unknown
Si compounds mg nr* local wearing of equipment unknown 1
Ammonia mg nr* global NOw formation low e
local odours, health hazard low
Nitrous oxide mg nr* global global warming unknown possibl_t
Nitrie oxide mg nr* global acid deposition low ~
Dust | nerosols mg o’ local health hazard high for workers puanihl;}

Carbon monoxide, hydrogen some metals like mercury also will get volatile and ammonia,
nitrogen oxides and you see here the concentration is not that high, but their health hazard
you can see that are the impact are there global or local impacts and the relevance also you
can see is somewhat low. That is what the major relevance from the gases like carbon
dioxide, methane.
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DESIGN OF LANDFILL GAS SYSTEMS

DESIGN OF GAS WELLS
Topsoil
1. Performance quotients for wells (m*/hour per mbar)
+ Large diameter (~900 mm) 50 Separation Sub-soil
» Vertical 1030 Geotextie -
+ Horizontal 10-15 Surface e Surface Water Drainage
e
¥ Site containment
¥ Temporary eapping - Daily cover Cap Sealing Layer
Separation
¥ Permanent capping — Keeps out water and air and
keep in gases and odours. Gas _.0 0 Gas Drainage Layer
Drainage Pipe
¥ Site lining to contain wastes, leachate and gases. T Waste Fill
Gas wells

Now, when you talk about the design of landfill gas systems, so, first is the design of gas
wells. So, normally we calculate the performance quotient for the well that is in the meter
cube per hour or bar. So, normally the diameter, you can see that, here you can see diameter

the vertical and horizontal also you can see and also again we have to see the site



contaminants, what are the contaminants are there like temporary capping, we have to
provide that is the daily cover on permanent capping keeping out of water and air and keep in
gases and odors site lining to contain waste leachate and gas.

(Refer Slide Time: 23:57)

DESIGN OF GAS WELLS (Cont.)

2. Optimising gas well operation

* Minimise the gas velocity

¥ Gas approaching the well - make well diameter large
: Gas well in elevation

& Maximise the effective length

v Make gas well deep and keep it dry
" Provide contingency measures

¥ Flexible connections, movement joints at well heads

And also we have to optimize the gas-well operation and always you are saying that gas
approaching the well, make well diameter large, the large diameter of pipe if you put if you
use for gas collection that will be more beneficial and even the elevations also should be
somewhat good for proper collection of the gas. So, what should be the maximize the
effective length, make gas well deep and keep it dry. The pipe is deep into the waste and
keeps it dry providing some contingency measures like flexible connections, movement joints
as wellheads.
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DESIGN OF PIPEWORK

* Pipes specified by Outside Diameter (OD) and either a Pressure Rating (in Bar) or Standard Diameter Ratio - SDR
(defined as OD/wall thickness)

* For landfill gas typical pipes are 6 Bar or SDR17.6
Gas flow gheaus gives pressure losses

The loss in pressure, P (mbar/m) for gas flow rate of Q (m*/hour) I:]mlll.gh a ‘smoath’ pi]‘n‘ of inside diameter 1D (mm)

estimated using;

P = 60,000 QXID?

Rulle of “100°5"

100 m"/hr flow in 100mm dia pipe 100m long gives 6 mbar loss




Now the design of pipe works so pipe specified by outside diameter and standard diameter
normally we calculate. So, for landfill gas typically pipes are 6 bar and gas flow always gives
pressure losses. So, the loss of pressure P for the gas flow rate of Q through a smooth pipe of
inside diameter estimated using P = 60,000 into Q square / ID 5. So, this ID is the inside
diameter of the pipe and normally we follow this rule we call normally called is a 100s that
rule means, the 100 m* per hour of gas flow in 100 mm diameter pipe, 100 mm long pipe
gives 6 millibar loss. So, normally we calculated based on these basics.
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GAS COLLECTION SYSTEM
Passive gas system

* Passive collection systems can be installed during Vept
GAS
active operation of a landfill or after closure. COLLECTION

. . LAYER
* The collection wells are typically constructed of
| 1)
petforated or slotted plastic and are installed \l
vertically throughout the landfill to depths ranging |

from 50% to 90% of the waste thickness.

* [t may also include horizontal wells located below \,LE-':-“{J

the ground surface to serve as conduits for gas

LIl
LLLLLLL

movement within the landfill.

Passive gas system

Now, for the gas collection system, there could be a passive gas system. So, these passive
collection systems can be installed during the active operation of landfill or after closure also
we can provide the collection wells that are typically constructed of perforated or slotted pipe
slotted plastic pipes and are installed vertically throughout the landfill to a depth ranging
from 50 to 90% of the waste thickness. So, even 50 to 90% thickness of the waste we can
install these vertical pipes. It may also include horizontal wells located below the ground
surface to serve as the conduit for gas movement within the landfill in the bottom also we can
put.
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Active gas system

* Active gas collection systems include vertical and horizontal gas collection wells similar to passive collection systems.
* Wells in the active system should have valves to regulate gas flow and to serve as a sampling port.
* Sampling allows the system operator to measure-
r Gas gn:m'rmitm
# Composition

Landfill

[Fpg. 3
7 Pressure Wasie

# Vacuums or pumps to move gas out of the landfill and

piping that connects the collection wells to the vacuum,

- =
# The size, type, and number of vacuums required in an
active system to pull the gas from the landfill depend on ,
Active gas system Autoes (s Coection Byslem

the amount of gas being produced.
And also active gas system so, active gas collection system includes vertical horizontal gas
collection well similar to passive collection system wells in the active system should have
walls to regulate gas flow and serve as a sampling point. So, here is the vertical one. So,
perforated slots this is normally plastic pipe slotted plastic pipe and now you can see here this
is the sampling port also because time to time we can check what kind of gases are getting

generated sampling allows the system to operate to measure the gas generation.

What are the compositions? What pressure? Vacuum or pump to move out of the gas landfill
and piping that connects the collection well to the vacuum. So, while in the sampling,
normally if you find that it is not possible to get the proper pressure or gas production is low,
but you know that the degradation is there, but the gas production is poor. So, we can provide

Some pump Oor some vacuum pumps.

So, we can provide so that the gas can be collected by putting some pump and again the size
and type and number of vacuums required in an active system to pull out the gas from the
landfill depends on the amount of gas being produced. Otherwise, I think that even the
pressure has to be fixed properly otherwise from these openings the water will come out
easily.
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HOW IS AN EFFECTIVE ACTIVE GAS SYSTEM DESIGNED?

An effective active gas collection system incorporates the following design elements-
* Gus-moving equipment including vacuums and piping, capable of handling the maximum landfill gas generation rate.
* Collection wells placed to capture gas from all areas of the landfill.
¢+ The number and spacing between each extraction well depends on -
v Waste type
¥ Depth
¥ Compaction
¥ Pressure gradients created by the vacuums
¥ Moisture content of the gas
¢+ The ability to monitor and adjust flow from individual extraction wells include-
¥ Valve
¥ Pressure gauge
v Condenser

¥ Sampling port at each collection well (For monitoring pressure and measuring gas generation)

So, how is an effective active gas collection system can be designed with the following
design elements the gas moving movement includes vacuum and piping capable of handling
the maximum landfill gas generation rate, collection wells placed to capture gas from the oil
areas of the landfill. The number and spacing between each extraction well depend on waste
type, depth, compaction, pressure gradient created by the vacuum, moisture content of the

gas.

So, again, I think it again depends upon the, what kind of waste? What kind of depth you are
going? Based on that we can provide the number of gas collection pipes and even the spacing
between those pipes also we can see that, the ability to monitor and just flow from the
individual extraction will include the valve, pressure gauge, condenser, like when sampling
port it each collection well.
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CONNECTION OF ELEMENTS OF A LANDFILL GAS EXTRACTION INSTALLATION

Geas extraction wells and horizontal pipes can be connected in one or two ways-

Collective headers Tor o Lkt - Emc

* Individual wells and horizontal headers are
connected to the main headers, which supply

gas 1o the collection station,

* (as extraction wells are linked to several
collective headers of 100 - 160 mm

diameter.

LAROPL 5108 / LNM[K‘HI‘A‘II

So, the connection of elements of a landfill gas extraction installation. So these gas
extractions well and horizontal pipes can be connected in 1 or 2 ways. So the individual
header could be possible. The individual headers required a single pipe running directly from
each well to the gas collection system and the most popular pipe is 50 to 63 mm size pipe

diameter size pipe is very common, so is an individual header.

So, each pipe directly from that directly gas going to the collection station, this is with the
individual header and with collective headers, the gas extraction will link to the several
collective headers of 100 to 160 mm pipe diameter. So, in this case, this will be your main
collector header, this will be the main one and from these, the gases will come to the main
collector header and will go to the collection stations finally.
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GAS COLLECTION STATION

O The gas collection station is comprised to the following units:

¥ Central collectors connected to pipelines to transmit gas off the landfill

. . 5 COMpressor r
¥ Blowers to exiract gas from the landfill =

¥ Filters to remove solids

From landfill
¥ Reservoirs where condensate is removed from the gas

¥ Instruments for control of gas extraction and transport

¥ Measuring & control equipment.
Knockout vessel

Schematic diagram of a gas collection station



And, these gas collection stations also one side the entire gas is coming to the gas collection
stations. So, which comprise the different units like central collector connected to a pipe to
transmit gas of the landfill, blower to extract gas from the landfill and after that, we will be
required 1 small filter to remove the solids could possible to come out and reservoir to
condense it to remove from the gas and instruments for the control of gas extraction, transport
and measuring and control equipment. These are the facilities you require in gas collection
stations.
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WHY ARE EMISSIONS MONITORED AT LANDFILLS ?

I Landfill gas emissions may be monitored for one or more of the following reasons:
% Landfill gas control system
% To determine the general composition and volume over time of air contamination emanating from the landfill

% Emission rate estimates or monitoring may also be used to assess whether it is technically and economically

feasible to recover and use the landfill gas for energy production.
Monitoring of gases that originate from landfills falls into the following five categories-
+ Soil gas monitoring
+ Near surface gas monitoring
* Emissions monitoring
*+ Ambient air monitoring
+ Indoor air monitoring

Why are emissions monitored at the landfill? So, landfill gas emission may be monitored for
one or more following reason for landfill gas control system to determine the general
composition volume or time for air contamination and emission rates estimated or monitoring
may also be used to assess whether it is a technically and economically feasible to recover

and use the landfill gas for energy production.

These are also the important point to monitor the landfill gas and monitoring of gases that
originated from landfills falls into a 5 category. So, the soil gas monitoring, surface gas
monitoring, emission monitoring, ambient air monitoring, indoor air monitoring.
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Key features of different types of monitoring of landfill gases
Monitoring  Description of Monitoring Typical Parameters Reported Relevance to Public Health
Soil Gas * Soil gas monitoring programs measure the * To report levels of methane around + Because soil gas monitoring data at
concentrations of chemicals in the vapor the landfill perimeter. Oxygen, many MSW landfills typically
spice of soils, Measurements of soil gas  carbon dioxide, and nilrogen are  (though nol always) characlerize
levels are taken at depth with the use of frequently reported. levels of only methane, the data are
probes or wells, + Sometimes H.S and oﬂl:cr specific  generally useful for evaluating risks
NMOCs, such as vinyl chloride, of explosion and for getting a
qualitative sense of whether landfill
ases are migrating in the soils to off-
site locations.

Near Surface  + Measures the concentrations of gases ai a * Methane is the most common gas * Monitoring can qualitatively indicate
Gases point no higher than 4 inches above the  monitored bul VOCs and H,5 are  whether high levels of landfill gas
ground surfice. somelimes reporied. are escaping from the landfill surface

or whether the landfill gas collection

and control system is working well

1o minimize emissions,
So we will go one by one. Here you can see the monitoring of soil gas what kind of
monitoring descriptions are required and what are the parameters normally measure in this
particular soil gas monitoring phase and what is the relevance to public health.
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Key features of different types of monitoring of landfill gases
Monitoring Description of Monitoring Typieal Parameters Reported Relevance to Public Health
Soil Gas * Soil gas monitoring programs measure the * To report levels of methane around + Because soil gas monitoring data ot
concentrations of chemicals in the vapor  the landfill perimeter. Owygen, many MSW  landfills typically
space of soils, Measurements of soil gas  carbon dioxide, and nitrogen are  (though not always) characterize
levels are taken at depth with the use of  frequently reported. levels of only methane, the data are
probes or wells, + Sometimes H.S and oﬂ;cl specific  generally useful for evaluating risks
NMOCs, such as vinyl chloride. of explosion and for gefiing a
qualitative sense of whether landfill
ases are migrating in the soils to off-
site locations.

Near Surface  * Measures the concentrations of gases at o * Methane is the most common gas + Monitoring can qualitatively indicate
Giases point nio higher than 4 inches above the  monitored but VOCs and H,S are  whether high levels of landfill gas
ground surface. sometimes reported, are escaping from the landfill surface

or whether the landfill gas collection

and control system is working well

fo minimize emissions,
So, you can go through this like for emissions ambient air.
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Key features of different types of monitoring of landfill gases (Cont.)

Indoor A + Indoor air monitoring programs * Indoor air monitoring for methane is * Indoor air moniforing data are useful for

measure levels of confamination  required at structures on many landfill ~ evaluating nsks  of explosions  and

in indoor air spaces. properties. Methane moni al off- T 1o i within homes,
site loeations and NMOC monitoring is ~ Emissions from household produets and

usually only performed to address site-  tasks might confound these measurements,

specific concems. and levels measured in one home generally

are not representative of levels in other

homes, even nearby reside.

And finally for indoor air like just an example like indoor air monitoring program measure
levels of contamination indoor air spaces. So, indoor air monitoring of methane is required to
structure on mini landfill property like methane monitoring of off-site locations is important
to address the site-specific concern and indoor air monitoring data are useful for evaluating
the risk of explosion and explosion to contaminants within homes. This is regarding public
health.
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Direct methane measurement
+ Landfill methane measurement is the direct measurement of methane emissions from landfills. Four ways to measure

landfill methane directly are- flux chamber testing, plume measurement, and dispersion modeling.

Flux chamber testing

4 Flux chamber testing measures methane flux (mass emissions per area) at points on the landfill surface using flux
chambers.

% Flux sampling methods are generally standardized, but there are no industry-accepted standardized methods for the

extrapolation of site-wide emissions.

Ny
T 57
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And there is another way we can calculate the methane concentration by direct methane
measurement. So, there are 3 major methods or different ways we can calculate the direct
method measurement like flux chamber testing and plume measurement and dispersion

modeling. So, in flux chamber, this is one of the easiest methods you go to the one particular

flux chamber this you can fabricate anytime very simple.



And with this one, we can collect how much is methane is getting produced that you can
check in the laboratory how much is methane production could possible. So, normally
researcher those who are working on to the landfill one and specially or air pollution
scientists they want to know the how much is the gas production could be possible from
landfill area? So, they can use this method very easily and can measure the methane
concentration.
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Plume measurement
% Plume measurement methods use ground-based optical sensors to measure the methane plume coming from the

landfill and those plume measurements are then used to caleulate the landfill’s methane emission rate.

Air dispersion modeling
% Air dispersion modeling can be used to determine emission rates from landfills,

% This method monitors on-site and/or downwind methane concentrations using a dispersion model to calculate methane

emissions from the landfill.

Next is the plume measurements flow measure methods are ground-based optical sensors to
measure the methane plume coming from the landfill. And the air dispersion modeling also
could be possible can be used for landfill gas this method monitor on-site and downwind
methane conservation using a dispersion model to calculate methane emission from the
landfill.
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LANDFILL GAS MODELING

Models Equations
Zero-Order Decay Model Mi,
= Wasie is assumed to be Constant with time, ﬁ forystsy
+ Effect of waste age is not incorporated in the yere
model. Q = Methane generation (m*/yr);

M = Mass of solid waste in place (yr);
Ly = Ultimate methane generation potential
(m'yr);
t=Time (yr);
1, = Lag time (time between waste placement and gas generation)
(yr):
17 Time to the end of gas generation (yr).
First-Order Decay (FOD) Model Q = MLge~*t-4)
* Landfill gas generation in a certain amount of

waste is assumed fo decrease exponentially, Where
The first-order decay equation is used in US k = first-order decay rate constant (yr').
EPA’s LandGEM.



So, now, I think once we know that how much is methane is produced or if you have the data
for 10 years 15 years for methane production or gas production from the landfill we can
model that and there are majorly few models are available initially started with the 0 order
decay model is a simple model where the methane generation we can calculate by mass of

solid waste or how much is the mass is available?

And how much is the ultimate methane generation potential that L, by that way we can
calculate and again this has been modified with these zero-order decay model, then it has
come to the first-order decay model this is the very popular one which is this also had been
used by environmental protection agency the US in the LandGEM model, which I am going
to discuss.
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* This model assumes that methane generation from 0=Ml, ks (1- g-ste=t) (et
0
a certain amount of waste may be initially low 4

due to the “lag phase”).
(due to the “lag phase™) Where

* The generation then rises to o peak before ; -
& P k = first-order decay rate constant (yr');

declining exponentially like in the first-order :
i 5= first-order rise phase rate constant (yr')
decay model.
First-Order Multi-Phase Decay Model Q
* The first-order multi-phase decay model assumes L
= -kylt-t, =k (t-t
that differentfractions of the waste decay at = ) MiLoF; (ke 00) 4 By (ke ™10

different rates. _ F:l{k’ e"‘*“"“]]

« The waste s divided into three (or more) fractions, ' Fiy F, = fraction of rapidly, moderately or slowly
depending on the rate of their decay. decomposing wastes;
ke kg b,
= first-order decay constants for rapidly,
maoderately, slowly degrading wastes
(yr');
= age of "increment (yr).

So, is a modified first-order model and first-order multiphase decay model these are the few
models are available and those who are interested to know that how these gas generations are
changing with the time or different environmental condition how the concentration of these
gases is possible to change that we can easily model out.
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LandGEM maodel
# It uses simple first-order decay equation,
# Input parameters;
® The potential methane generation capacity (L) describes the total amount of methane gas potentially produced by a
metric tonne (Mg) of waste as it decays,
* The methane generation rate constant (k) describes the rate at which refuse decays and produces methane and is

related to the half-life of waste based on the following equation: half-life = In(2)/k.

Landfill Type Ultimate methane k value (yr Iy
potential (y) (m*/Mg)

Conventional
(Rainfall > 25 in/yr)
And Area 170 0.02
(Rainfall < 25 in/yr)

Conventional 100 0.04
(Rainfall = 25 in/yr)

And Area 100 0.02
(Rainfall < 25 inyr)

Wel (Bioreactor) 6 0.7

Now, and we have 2 major models. In that way, we can know how much is the gas emissions
could be possible this is very simple is a first-order decay equation, where the input
parameter is the same within potential methane generation capacity L 0 and by that way
describe for a different amount of methane gas potential produced by the metric tonnes of

waste as it decays and methane generation rate constant k described.

And these are the different values are given for ultimate methane potential in the different
areas and the k value for that there is methane generation rate constants. And by that way, this
model can calculate how much gas concentration is possible.
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Assumiptions
% LandGEM assumes that the waste is a completely homogeneous; hence L is assumed to be constant with space and

time
% The model doesn’t include categorization of waste,
% LandGEM assumes that waste composition affects Ly and not k.

% The default values separately for variations in moisture content due to rainfall or leachate recirculation, but do not

account for variations in temperature and waste composition,
LandGEM limitations for modeling sites outside of the 1.8

® LandGEM may not be appropriate for countries with significantly different climates or a different mix of waste

types,

There are a few assumptions here like it is assumed that waste is completely homogeneous

which is one assumption that has to be there in the LandGEM model, and the model does not



include categorization of waste. LandGEM assumes that waste composition affects L, and not
k. So, likewise, there are some other limitations of the model.
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IPCC model
% The model was developed for countries to estimate methane emissions from waste disposal using regional per capita

wasle generation rates and population estimaes, with deductions for LFG collection and oxidation.
% It uses multiphase first-order decay model.

%It incorporates the degradability of waste components and waste composition while computing the methane generation

rate,
% Input paramelers:
* kvalues for rapidly-degrading waste, slowly degrading waste, and moderately-degrading wastes
Assumptions
® First approach assumes that degradation of different types of waste 1s dependent or i1s influenced by each other.

v Second approach assumes that degradation of different types of waste 1s completely independent of each other

And next is an IPCC model which is a modified one, the model was developed in the
countries to estimate within emission from waste disposal using regional per capita waste
regeneration rate a population estimates with reduction of landfill gas collection oxidations, it
uses the multi-phase, first-order decay model and it incorporates the degradability of waste

components and waste compositions while computing the methane generation rate.

The input parameters are the same k value for rapid degrading ways and our assumptions also
simple the first approach is to assume degradation of different types of is dependent or is
influenced by each other and one is an independent.
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Limitations of the IFCC Model
While the IPCC Model’s four climate categories represent an improvement over LandGEM's two climate category
approach, limitations exist, including the following:

(1) Temperature has a smaller impact on LFG generation than precipitation and should not be assigned equal weight in
assigning climate categories.

(2) PET data are usually not available for most locations and should not be a basis for assigning climate in temperate
regions even if they are scientifically more valid,

(3) The 1,000 mm/year precipitation threshold for separating tropical climates into dry vs. wet categories is better than
the LandGEM threshold of 635 mm/year (25 inches/vear) but is likely too coarse to account for the effects of
precipitation across the wide range of values encountered.

% Most of the models automatically caleulate collection efficiency based on answers to the following factors: overall site
conditions (dump site or managed landfill); waste depth; waste compaction practices; size of the tipping area; botiom
liner type; percent of disposal area with operating extraction wells; percent of disposal area with daily, intermediate and

final cover; and evidence of elevated leachate levels.



The limitations are also they consider 4 climate categories. So, most of the models
automatically calculate collection efficiency based on answer to the following factors overall
site conditions waste air, waste compaction practice, size of tipping area, the bottom liner
type, percent of disposal area with operating extraction well, percent of disposal area with
daily intermediate and final cover evidence of elevated leachate level I think by these 2

models you can easily calculate.

But again, I think I believe that for developing countries like India or other South Asian
countries where more amount of biological waste is there. So there and here also the different
kinds of biological waste are reaching to the disposal site. So, we need to have a special
model for us. And our climatic conditions are also different in the entire country are different.
Like if you take the example of the northeast where atmospheric conditions are completely
different than the mainland part of India.
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LANDFILL GAS CONTAMINANTS AND THEIR REMOVAL
*+ Direct use of collected raw landfill gas is impaired by gas contaminants such as hydrogen sulphide, siloxanes, moisture
€lc.
+ Landfill gas needs to be treated due to its relatively high content of contaminants.
+ The treatment should be comprised of the following stages:
Stage I
Primary treatment, consisting of the removal of solids and liquids, and gas drying.
Stage I
Advanced freatment:
* Desulphurisation
* Removal of organic silicon compounds
+ Removal of other gaseous contaminants, such as hydrocarbons and ammonia,

¥ The type of gas ireatment used is dependent on the technical and economic consiraints

So, landfill gas contaminations and their removal direct use of collected landfill gas impaired
by gas contamination such hydrogen, sulphide, siloxanes and moisture, landfill gas need to be
treated due to a relatively high content of contaminations. And there are contaminations in
stage 1 and stage 2. The primary treatment considered removal of solids, liquid and gas
drying, that is the major treatment, and the stage 2 desulphurization or organic silicon
compounds removal.
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PRIMARY TREATMENT

+ Reduce the amount of contaminants in the landfill gas using simple physical process aperations.
* Main contaminanis removed are:
o Water {referred to as ‘condensate”)
o Particulates
Water/condensate knockout
* The presence of liquid water in landfill gas pipework can have a detrimental effect on plant performance.
* Accumulation of water reduces the space available for gas flow and raises the pressure loss.
* Depending on the source of the gas and the application or proposed use of the treated landfill gas, three components
can be treated-
v Liquid water capture
¥ Foam removal

¥ Vapour reduction
So, the primary treatment is very simple to remove the water in the gas particulates.
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Siloxane removal ’

s

The key methods used for siloxane removal are:

o At landfills, low molecular weight siloxanes

volatilize info landfill gas.

When this gas is combusted o generate power Adsorption on activated cosl

(such as in gas turbines, boilers or internal
combustion engines), siloxanes are converied o + Adsorption in a liquid hydrocarbon mixture

silicon dioxide (Si0;), which can deposit in the + Gas cooling with concurrent water knockout

combustion and/or exhaust stages of the
equipment + A gas may be cooled down as much as to

Evidence of siloxanes in landfill gas is found in = T0°C, resulting in 99% siloxane reduction.
the form of a white powder in heated gas turbine

El'll'l'lp('l]'l.t'l'll!i.

And siloxane removal this in the basic removal. But normally these siloxane removals could
be possible by absorption on activated coal is one of the easiest methods to remove these
concentrations.
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ADVANCED TREATMENT

+ Advanced treatment can be defined collectively as secondary treatment, in which remove generated emissions like
H,8, siloxane, ammonia; aromatic hydrocarbons (BTEX) and halogens.
Hydrogen sulphide removal
* Hydrogen sulphide is an extremely toxic and flammable gas, harmful to the environment. Under temperature, hydrogen
sulphide reacts with steam to produce sulphuric acid, which has a significant effect on the useful life of a LFG plant.

* A comparison of the economics of various methods of landfill gas desulphurisation is shown below.

Mathod Throughpat rale Capltal expenditure  Operating costs
Biological desulphurisation Medium Medium Low

Treatment with iron chloride Medium Low Medium

Water washing High High Medium
Activated carbon High High Medium

Tron oxide or hydroxide High Medium Medinm
Sodium hydroxide High Medium High

And for advanced treatment like desulphurization like hydrogen sulphide removal could
possible and there are different methods you can see like biological desulphurization or water
washing activated carbon is also a method to treat these gases.
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Other landfill gas contaminants
* Alandfill gas may also contain the following other contaminants:
o Ammonia
o Aromatic hydrocarbans, i.c., benzene, toluene, ethylobenzene, xylene
o Halogens
v These contaminants are usually present in landfill gas at concentrations below the detection level.

* The concentration of ammonia is below 0.1 mg/m?, that of aromatic hydrocarbons — below | mg/m’ and that of
halogens ~ below 0.1 mg/m', facilitating immediate use of gas without the need for any additional treatment

systems,

And some more like other gas pollutants could be ammonia, halogens or aromatic
hydrocarbons could be possible and there are a number of contaminants are there, but their
concentration very below to the detection level also.
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LANDFILL GAS ENERGY TECHNOLOGIES
There are several ways to effectively utilize landfill gas for energy-
* Boilers, which are the most common type of direct use and can

often be easily converted to use LFG alone or in combination

with fossil fuels.

Direct thermal applications, which include kilns (e.g., [§
cement, pottery, brick), sludge dryers, infrared heaters, paint
shop oven burners, tunnel fumaces, process heaters, and

blacksmithing forges, to name a few.

Leachate evaporation, in which a combustion device that uses

LFG is used to evaporate leachate (the liquid that percolates
X Boiler fuelled by Landfill gas
through a landfill). Leachate evaporation can reduce the cost

of treatment and disposal of leachate,

Now, energy technology the major energy whatever gas is purified gas is a combustible gas
consist of methane and hydrogen. So, boiler technology is the most common technology to
produce energy out of that or direct thermal application which includes kilns, sludge dying
directly we can use these gas for energy production.
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———— -

BIOMETHANE PRODUCTION

Biomethane production also is possible because the major gas concentration is methane,
hydrogen, carbon dioxide, if you are able to remove these or separate out these carbon
dioxide and methane like same in the anaerobic digestion process. So, we can get proper
biomethane production could be possible and the CO, removal also could be possible by
different methods like membrane separation and other techniques are available for that.
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OVERVIEW OF CO, REMOVAL PROCESSES

Final Content

Separation Method — Prycess Functioning Principle Methane
Adsorpion Pressure Adsorption Swing Adsorption of CO, a molecular sieve > 96 Vol.-%
Dissolution of CO, in water at high
wcctirized Wech Wate : > 96 Yol.-%
Physical absorption Pressurized Wash Water - Wl
. pressure
Chemical
. Maonoethanolamine (MEA) - Wash  Chemical reaction of CO, with MEA - gy 0,
absorption '

Polymer membrane gas separation

Membrane ~ Membrane permeability of H,S and > 80 Vol.-% and
SILrane (dry) and Membrane gas separation o - 06 Vol %
€0, is higher than CH, '
separation (wel)
Phase transformation of CO, to liquid,
('r‘r"gpnjc process Low lemperature process while CH, remains gascous > 40 9 Vol %

So, these are the different methods in that way we can remove carbon dioxide from the gas to
get the proper biomethane.
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REASONS FOR LANDFILL GAS CONTROL

The following is a list of common reasons for controlling the gas produced by a landfill:
* Prevent air pollution and comply with regulatory air emission criteria
*  Reduce hazards due to off-site migration.
*  Prevent damage to the landfill cover slope stability
*  Odor control.

" Energy recovery. Prevent vegetation distress.

What are the reasons for landfill gas control? There are the following reasons like prevent air
pollution and comply with regulatory air emission criteria, reduce hazard due to off-site
migration, prevent damage to the landfill cover slope stability, odor control and also energy
recovery is possible. So, you see here now as a conclusion that the gas collection not only is a
difficult task, but also the treatment is also another difficult task in these particular for the

treatment of these landfill gases.

So, again I am saying the same thought the major production is volatilization and biological
decomposition, there is a major cause of this gas production. So if you are not allowing the

biological waste to enter into the landfill area, then there will not be any volatilization there



will not be any biological decomposition. So your gas generation also will be very low. So
you need not worry much and because the gas concentration is low means here are the major

mechanisms like diffusion and advection that is will be also very poor.

So, a very small concentration of gas will come up, this odor issue will be always there
because methane is also odorless gas and along with that the ammonia, hydrogen sulphide
production. This is always there but that that concentration also very, very poor. If you are not
allowing the biological material to enter into the landfill area and is not only the landfill gas
production will be very low, but also the leachate production also will be very poor in that

casec.

So, see saying that we have the sanitary landfill is available with us, you will be required very
skilled manpower to collect the leachate and gas followed by treatment process will be
required a lot of money, a lot of funds is required for running such kind of facilities. And
there is no income from these kinds of facilities. So, rather than working for the again, I am
proposing that rather than working for landfill or to get the sanitary landfill for us we need to

more focus on the treatment facilities like biological treatment facility.

We can put a lot of fun into that, why not propose more recycling more in even the insulation
facility, the capital cost will be very high, but I think you need not work into the landfill area
because this is in an open area, the landfill and is a highly affected by the local conditions.
And we cannot change the local conditions or atmospheric conditions, we have to work along

with the local condition and difficult to work.

So, here were finishing the complete landfilling one, but in my next lecture I was thinking
about having some examples or some numerical we will solve, and also here is very
important to talk about legacy waste or the old land fields. Suppose, Indore has come up with
a new sanitary landfill but before that, they have to remove out the old landfill or we can say
they have to bio mine or bioremediation has to do in that site so that we will talk in the next

lecture. Thank you.



