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Lecture - 04
Sampling and Characteristics

So hello students. Today we will continue model 2; sources, types, and
characterization of solid waste. So in the previous class, we talked about different
sources and based upon the different types of solid waste. Now today we will
continue the same module based on sampling and characteristics of solid waste. So
this is the most important discussion before the discussion about collection, treatment,

or disposal.

And the characterization is very important and along with the sampling also is very
important. Like for water and wastewater, we need not understand much about the
sampling. Most of the students in the colleges take it the drinking water bottle for

collection of water wastewater because is homogeneous most of the cases.

And if you collect the water samples or even wastewater samples from different areas,
| think most of these are homogeneous sampling and very easy to collect. But for
solid waste is a highly heterogeneous waste. So very difficult for the sampling as well
as characterization.
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Sampling: Quartering Method
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So normally sampling we do by the quartering method. This method is given by
NEERI, National Environmental Engineering Research Institute, Nagpur. This
method is called as a quartering method. So normally samplings will be done in the
four-season, whatever the four seasons in the entire year. So is sampling itself is very

difficult for solid waste.

If you want to understand the entirely different type, physical or chemical
characteristics of the solid waste need to collect a sample from the four seasons and
normally in a week entire seven days because weekdays and weekends are the
different way the waste is getting produced and at least twice in a season. So that

characterize sampling itself is very difficult.

If you locate, if you want to do the characterization study for the city, you locate out
the different location and this entire area also you segregated by high-income group,
low-income group areas, commercial areas, these kinds of different locations you can
find it out and in that location collect the waste. | gave one example. Suppose 100 kg

of waste, we put it like this, and now we will go for the quartering method.

With the entire waste will quartering in the four quarters and these two quarters, we
will again put it in the same way, is a 15 kg waste. And likewise, we will go by
quartering the different waste and we will get finally almost 10 to 20 kg of waste that
is a sample final. And from that, we will grind it like this waste will dry it, grind it,
sieve it and which will go for the chemical analysis and final the same waste will go

for the physical analysis.

This is the way we can collect 10 to 20 or 15 kg of waste. That will be your sample.
And the major idea about the quartering method is a need to get it the homogeneous
waste, not heterogeneous waste so that and number of samples could go up to 10 to 30
different numbers of samples from the different locations. So now first we will talk
about the physical analysis and after that chemical analysis.
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Waste Characteristics: Physical

Compositional Analysis
» The wastes are separated on the basis physical properties such as dry, wet, paper, glass, metal, household hazardous,
construction and mixed/ miscellaneous,

* They are weighed and are represented as a fraction of total waste.

Importance of compositional analysis
" Selection and operation of equipment and facilities,

v Design of disposal faclity.

So in physical analysis, normally we do the composition analysis. We know that the
waste is separated different physical properties such as dry, wet waste; how much
amount of paper, plastic, or different kind of waste is available. This normally this
composition analysis we will do manually. We will weight it and represent the

fractions of the total waste.

This is very important for the selection operation of the equipment, facility, and
disposal facility. Suppose, without knowing the composition of different waste, a
physical composition like a wet waste, very difficult to design the composting plant or

biological treatment plant.

And suppose if you are planning for the incineration facility and if you do not know
how much amount of combustible matter or majorly combustible matter, like paper
quantity, plastic quantity, rubber quantity these very important combustible materials

which required for the incineration facility.

So for the not only the treatment process but also for the disposal facility need to
know the how much amount of leachate is getting produced or what kind of waste is
available in the entire, what kind of waste is coming to the disposal site based on that
we can design the disposal facility.
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Municipal solid waste (MSW) characteristics of few cities in India as per Central Pollution Control

Board (CPCB, 2000)
‘ City Paper  Textile * Plastic  Glass  Metal  Inert materials Biodegradable matter
‘ : ) () | (k) | (%) | (%) (%) (%)
| Ahmedabad 6 | 1 3 - - 50 | 40
Bangalore 8 5| 6 | 6 | 3 oAl 45
Bhopa | 10 | 5 | 2 | 1 | - 35 | 45
Mumbai 10 6 | 2 02 44 ‘ 40
Kokt 0 38 3 - Bis 40
| Coimbalore § 9 1 . - 50 35
Delhi 6.6 4 1. 1.2 2.3 313 378
‘ Hyderabad v 1.7 13 - - 50 40
Indore 5 2 1 49 _ 4
Jaipur 6 | 2 | 1 ] 2 | 47 42
Kanpur 5 | 1.5 . - 52.5 40

We will give one example like this is one study has been done by the CPCB in 2000,
municipal consisting of few cities in India in 2000. If you see these entire data, you
will see the paper and plastic quantity is very low. You see the plastic quantity was in
2000 was 3%, 2%, and a very small quantity. Paper quantity is also a maximum of
10%. But if you see the inert quantity and the biological quantity was more than 40%,

50% most of the cities.

And even the inert content which is not dry and wet is a different the soil content,
more soil content that was very high was around 50%.
(Refer Slide Time: 06:16)

Cont..
City Paper  Textile  Plastic  Glass ~ Metal  Inert materials ~ Biodegradable matter
o) | Ch) | (%) (%) | (%) (%) (%)
Kochi 49 - H| - - 36 58
Lucknow 4 2 4 - | 49 40
Ludhiana 3 5 3 - - 30 _ 40
Madas 10 5 S 33 _ 44
Madurai 5 1 3 46 Q 45
Nagpur | 45 | 7 | L2 12 | 035 534 | 30.4
Patna 4 S 6 20 1 35 43
Punc ) b 10 15 55
Surat 4 5 3 3 - 45 40
Vadodara 4 7 49 _ 40
Varanasi 3 4 10 - - 35 | 48

[
o
o

Visakhapatnam =~ 3 30 35



If you see the other cities like the other cities also like in Madras 10% paper quantity,
plastic is only 3% inert content is 33% and biodegradable concentration was almost
was more than 50%.

(Refer Slide Time: 06:34)

Compositional variation

- y Compasitional variation of MSW in India
Variation in composition depends on:
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3. Economy: Fraction of dry waste generated
from HIG houscholds i high compared 1o
that of LIG houscholds.

Source: Planning Commission Repory, 2014
But, if you see in the this is another report by the Planning Commission in 2014. If
you compare with these data with 2000 you will be surprised that the plastic quantity
was very 3%, 1% was increased in 2000 was more than 10%. And even the inert
content was very high in 1996 or around 2000 about 45% was reduced to only 17%.
And by but see the very surprisingly the biodegradable quantity was 42%, 47%, and
even in 2011 2014, 15 42%.

Still currently in 2020 also you see that the biodegradable fraction is almost 50% and
the paper and plastic quantity was increased to the 15 to 20% and inert content was
reduced to 30%, 35%. One more waste is added construction and demolition waste.
That quantity with the day with the industrialization and developing the into the city

that quantity is also increasing now.

This composition variation depends upon the different parameters like first is the
location. So is the location wise, what kind of commercial activity in that particular
location and simply with the plane areas and hilly areas, these compositions, the entire
physical composition will change. Even in the warm and cold areas, these physical

compositions are getting changed. And the season.



Now that is why when | talked about the sampling, | said that the sampling should be
in different seasons. Because the season-wise the entire waste or commercial facility,
commercial materials also availability is different. So the season also is one of the
important parameters to know about the different components of solid waste.

Now another the economy. So that is why when you do the sampling, | asked you if
you collect the sampling from the city area, we need to the entire area has to be
separate into the high-income group, low-income group, and commercial areas market
areas, vegetable market. So that based on that with the time and with the economy is

getting changed different waste compositions.

So it is very important to know about the waste composition. So when you are
planning for the sampling also needs to be planned every after 10 years, 15 years. You
need to do the sampling and to know about the different physical compositions are
changing with the time so to design the recycling facility or any disposal facility.
(Refer Slide Time: 09:27)

Specific Weight
* Specific weight is defined as the weight of a material Typical specific weight values of Asian countries
per unit volume, el weigh :l."'::: Components Density (kg/m’)
v Generally, higher waste density (400-600 kg/m') is
observed in India may be because of high amount of  Food wastes 130480 290
inert material, Paper 40-130 89
* Itis helpful to know the collection vehicle capacity 1. ciec 40130 i
and landfill capacity also. Vo Wastes 655 10
" It is often reported as loose, as found in containers,
Glass 160-480 194
uncompacted, or compacted,
. o Tincans 50-160 89
% It varies with season of the year, geographic location ©
Aluminum 65-240 160

and length of time in storage.

Now another parameter in the physical characterization is the specific weight or
density. This very important to know about how much volume. | think normally when
you talked about the solid waste we normally talked about in the weight, but the
volume is also very important to know about how much area will be required into the

disposal site. So that in the disposal site how much land will be required.



For that, we also need to know how much what will be the density or the volume of
the solid waste. And this specific weight or density is calculated by weight by volume.
Normally in India or the developing countries have very high-density waste that goes
to 400 to 600 kg per meter cube. Is because of inert content, more inert content. And

more | also told about the construction and demolition waste.

That is also because of that, we are getting a very high density of waste. So if more
density means your collection facility will be different based on that. This is one of
the data for the specific weight values of the different Asian countries of mostly Asian
countries. If you see that food waste, especially for food waste the density is very

high. Likewise, for paper and plastic, the density is very low.

Like just 100 kg per meter cube. So is also changing with the different season because
the compositions are changing. Based on the composition density will also change.
(Refer Slide Time: 11:13)
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Particle Size

* The size and distribution of the waste material are an important consideration in the recovery of materials, especially
with mechanical means such as trommel sereen and magnelic separator,

* The size of the waste component maybe defined by one or more of the following equations:

. 5=l

1

v So=( x w)
1
¢ Se=(Ixwxh)

S, = size of the component (mm)
1= length (mm)

W - width (mm)

h ‘;eiy‘.u (inm}

Another parameter is called particle size. These parameters normally are important for
the recycling facility because there we need to know what kind of size. Even for the
degradation process also we need to know the particle size. There are different ways
of calculation of particle size like there are different ways based on the length and
width or height of that particular material.

(Refer Slide Time: 11:39)
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So and these are the few machines normally or equipment we use to separate the

different sizes of the particle. Like this is Trommel. This is simply one of the other
Trommel screens.
(Refer Slide Time: 11:55)

Mounted at discharge end

Direction of Balt
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L ‘ Working principle of a magnetic separator l

This is a magnetic separator. Like here one another magnetic separator. So from that,
the magnetic particle is getting separated from the main waste.
(Refer Slide Time: 12:14)



Field Capacity
* The field capacity of solid waste is the fotal amount of moisture that can be retained in the waste sample subject to
the downward pull of gravity.
® [tis very important in determining the formation of leachate in landfill.
v Water in excess of the field capacity will be released as leachate.

* The field capacity varies with the degree of applied pressure and the state of the decomposition of the wastes,

So this is another physical parameter is the field capacity. This field capacity is the
total amount of moisture that can be retained in the waste sample subject to the
downward pull of gravity. This parameter is very important to know about how much
leachate is getting produced once the waste goes to the disposal site. So is an excess

of the water over the field capacity will be released as leachate.

Normally this analysis you can understand by this photograph, the solid waste. Once
the rain onto the disposal site will get the leachate production. That is called the field
capacity.

(Refer Slide Time: 12:56)

So I will show you some of the photographs. So these are the leachate. Is the leachate

produced after the rain onto the solid waste? This is also another photograph of



leachate. These normally if you know this quantity before the waste goes to the
disposal site, we will be able to design the collection facility and treatment facility of
the leachate.

(Refer Slide Time: 13:22)

Waste Characteristics: Chemical

Information on the chemical composition of the components that constitute MSW is important in evaluating alterative

processing and recovery options.

Proximate analysis
The proximate analysis is important in evaluating the combustion properties of waste or waste derived fuel (refuse
derived fuel). The fractions of greatest interest are:
Moisture content:
v Loss of moisture occur when heated o 104°C for 24 h,
v Moisture adds weight (o the waste/fuel without increasing its heating value and the evaporation of water
reduces the heat released from the fucl,
Ash:
v Weight of residue alter combustion at $50°C (for 2 hours) in an open crucible.

v Ashalso adds weight without releasing any heat during combustion.
Now the chemical characteristics. This chemical characteristic is very important,
especially for the treatment processes. Now the first is the proximate analysis. The
proximate analysis normally analyzes to know about the combustion property of the
solid waste to design the incineration facility or combustion facility of the solid waste.

Normally it analyzes the four parameters. The first parameter is the moisture content.

Moisture content normally is analyzed by 104 degrees centigrade in a hot air oven for
24 hours. Normally this moisture adds weight to the waste without increasing its
heating value. So once the way you are designing for the incineration facility is very

important to know the moisture content.

If more moisture content will be required, so more this unnecessary adding the weight
into the waste and there would not be any increase in the heating value with having
the moisture content into the waste. Another parameter is called ash. These analyze at
550 degrees centigrade for two hours in the open crucible. Is analyzed and this also
added the waste without releasing any heat into during the combustion process.

This is also a very important parameter. After conversion, if the waste is producing a

large amount of ash, it is very difficult to dispose of such kind of ash material.



(Refer Slide Time: 14:51)

Volatile matter:
v Additional loss of weight on ignition at 700-950°C in a covered crucible.
v Volatile matter is that portion of the waste that is converted to gas before and during combustion. The gases are
passed through a combustion chamber where rapid combustion occurs.
Fixed carbon:
v Combustible residue left after volatile matter is removed.
v Fixed carbon represents the carbon remaining on the surface of grates as char. Waste or fuel with a high
proportion of fixed carbon requires a longer retention time on the furmace grates to achieve complete combustion

than does waste/fuel with a low proportion of fixed carbon,

Moisture (%) + Ash (%) + Volatile (%) + Fixed carbon (%) = 100%

Another parameter the third parameter is the volatile matter. This was also analyzed
by 700 to 950 degrees centigrade in the covered crucible. VVolatile matter is a portion
of waste that converts to gas before and during combustion. This is a very important
parameter for the combustion facility. If for incineration facility more volatile solids

are there more will be the heating value of the waste.

More energy could be possible to produce. So another parameter is a fixed carbon.
These fixed carbon represent the carbon remaining onto the surface of the grid where
the waste is getting incinerated in the incineration facility as char and this is
unnecessary waste is getting produced in the while combustion of the solid waste.

Normally this fixed carbon is calculated by all these four parameters should be 100%.

So you can calculate the moisture content, ash content, volatile and also we can
calculate the fixed carbon. If more fixed carbons are there in the waste, very difficult
to go for the combustion facility.

(Refer Slide Time: 16:02)



An example of a tabulated proximate analysis of MSW of Jalandhar city of Punjab, India

High income  Middke income  Low income
Parameters Units Commercal — Slums group group group Institute Avenge

Proximate analysis
Moisture content % by wet weight  30.1(+5.12) 344(£566) 27.1(£4380)  285(+488)  323(27.00)  258(£234)  30.0{£5.06)
Volatile matier % by dry weight  193(+4.54)  19.2(£5.00) 25.8(+460) 192(£401)  189(£638)  204(x20)  204(x445)
Ash content % by dry weight  428(£7.60) 38J(£120) 402(£430) 451(£465) 407(4803)  471(£576)  42.0{£7.05)
Fixed crbon S by dry wesght ~ 78(+4.60)  83(498) 69(:456)  7.2(+40) S1(£6.12)  67(:180)  7.5(2434)
Calorific value kl/kg 191(121.6) 3956(£234)  4521(+1544) 4 U9(+1458) 4,182(x2509) 4517(+54.78) 4.270(1160.2)

Source: Sethi, Sapna & Kothiyal, N.C. & Nema, Arvind & Kaushit, M. (2013). Characterization of Municipal Solid Waste in Jalandhar City; Piyjab,
India, Journal of Hazardous, Toxic, and Radioactive Waste, 17, 97-106.

Average values for proximate analysis of MSWY, Bhopal

@ Moisture (%)
WAsh (%)
@Fixed carbon (%)

Source: Kativar, R.B. & Sundaranrthy, Suresh & Sharma, A.K. (2013). BVolatile matter (%)

Characterisatton of municipal solid waste generated by the ity of Bhopal
Indice. International Journal of ChemTech Research. §. 623.628.

20 . ‘ An example of proximate analysis of MSW of Bhopal city of Madhya Pradesh, India

This is one example of one study that has been done for Jalandhar city in Punjab by

few authors. And you can see here the approximate analysis of the different high-
income groups, middle-income groups, and low-income group areas. And you will see
you see the data of volatile solids, volatile solids data for the high-income group is

25%, middle-income group 19%, and the low-income group is 18%.

So with the different areas, we did that sampling in different areas. Based on that your
entire the proximate analysis is getting changed and you see the fixed carbon 6.9, 7.2,
8.1. It is getting an increase in the low-income group area compared to the high-
income group area. Similarly, the moisture content also is very low in the high-

income group area and more into the low-income group area.

Likewise, with the different areas of different proximate analyses, we will understand
what will be the even you see the calorific value of the waste is getting changed in the
different areas. So this is another data of Bhopal, where you will see the volatile solid
is 46% and moisture content is 28%. So based on that we can understand whether the
waste can get combustible or can go for the combustion facility.

(Refer Slide Time: 17:37)



Ultimate analysis

V' Ultimate analysis of waste is carried out to determine the proportion of carbon, hydrogen, oxygen, nilrogen and
sulphur (C, H, 0, Nand §).

V' The ultimate analysis is useful during mass balance caleulation for chemical and thermal process.

V' The results are used to characterize the chemical composition of organic matter of MSW.

v Also used to define proper mix fo achieve suifable C/N ratio for biological conversion processes.

v It can be analyzed by using CHONS analyzer.

Now the ultimate analysis. Normally the ultimate analysis of the waste is carried out
to determine five different parameters like carbon, hydrogen, oxygen, nitrogen, and
sulfur. These are the five components normally analyzed for the waste to know the
ultimate analysis. So these data like here, if you know the hydrogen concentration is
very good for the combustion facility, even carbon concentration is more very good

for the combustion facility.

If you know the nitrogen concentration is very good to know the biodegradability of
the waste or if you want to design the composting plant anaerobic digestion plant, if
you know the carbon to nitrogen ratio, that is very good for the designing of such kind
of biological treatment facilities. And it is analyzed by a CHONS analyzer. This is
one particular instrument where we can analyze these five different components.
(Refer Slide Time: 18:44)



An example of a tabulated ultimate analysis of MSW of Jalandhar city of Punjab, India

High income  Middle income  Low income

Paramelers Units Commercial Slums Lroup Lroup group Istitute Average
Ulimate analysis

Carbon fo by dey weight  280(£230) 30.0(x361) 27.1(x432) 275(x066) 208(+256) 268(x432) 282£328)

Hybogen % by dryweight 3S6EL3) 498(2376) 3042086) DAS(ELET)  449(248)  AI0(231) A7)

Sulphur G by dry weight  0.62(£008) 0.71(2050) 0.69(=070)  059(20.12)  061(£005)  0.56(006)  0.63(£0.65)

Nitrogen S by dry weight  LOA(E145)  132(z089) 121(z067)  109(x150) 12(10)  L06(x004)  LI6(£112)
Oxygen by dry weight 19.68(£1.58)  209(x526) 17.0(x643) 176(x234)  190(+4.12)  165(579) 1B4(£745)
Source: Seihi, Sapna & Kothiyal, N.C. & Nema, Arvind & Kaushik, M. (2013). Characterization of Minvicipal Solid Waste in Jalandhar Cify, Panjaby

India. Jowrnal of Hazardous, Taxic, and Radioactive Waste, 17. 97-106,

Average values for ultimate analysis of MSW,
Bhopal
L1098

wC (%)
ni (%)
AN (%)
10(%)
S (%)
Source: Katiyay, RB. & Sunckaraamirthy, Suresh & Sharma, A.K. (2013),
Characterisation of municipal solid waste genercated by the city of Bhopal
India. Intesnational Josrnal of ChemTech Research. 3. 623628

D06 G | An example of ultimate analysis of MSW of Bhopal city of Madhya Pradesh, lndiaJ

So for example, again | got some data for carbon, hydrogen, and sulfur. If you see

here the hydrogen concentration is 3%, 3%, 4% hydrogen concentration. The carbon
concentration is 27 to 29%. So based on that we will come to know even nitrogen also
1.21% is good for the degradation facility. And this is another data where carbon
concentration is 26% and nitrogen is 47.7% means more waste is good for the
biological treatment facility.

(Refer Slide Time: 19:26)

Energy Content (Calorific Value)
The energy content of the organic components in MSW can be

determined by:

# using a full scale boiler as a calorimeter,
# using laboratory bomb calorimeter, or
# Calculation, if elemental composition s known.

Because of difficulty in instrumenting a full-scale boiler, most of the

data on the energy content of the organic components of MSW are
based on the results of bomb calorimeter tests. BOMB CALORIMETER

In India energy content measured in keal’kg unit.
1J=0.24g cal

1 BTU=1055.06)

Energy content (BTUD): 145 C + 610 (Hz1/8 0,) + 408 + 10N 2326 BTUb = 1 Kikg

D Hz"(‘);, SN- @crcenlage by weight

There is another parameter called energy content or calorific value. This is normally
designed by a full-scale boiler as in calorimeter or laboratory one bomb calorimeter.
This is one small diagram of the bomb calorimeter. In a vessel, the waste is getting
combusted. And normally this energy content we calculated by this formula having
the concentration of carbon, hydrogen, oxygen, sulfur, and nitrogen.



But in India, we analyze by the bomb calorimeter and in India, we analyze the energy
content measured in kilocalorie per kg unit. This is one unit we are using in India
kilocalorie per kg. So one Joule is equal to 0.24 grams of calories. So just for
understanding.

(Refer Slide Time: 20:26)

Calorific Value and Moisture Content of MSW in Indian Cities (Source: CPCB:NEERI, 2006)

Cities Net Calorific Value Moisture Content (%)
(keal/kg)
’Min (Max Mean  [Min  'Max  Mean

Cities with population less than 1 lakh | 1234 3414 2149 42 65 )

Cities with population of 1-Slakh 591 3766 2162 |24 63 30

Cities with population of §-10 lakh 591 12391 1481 |17 04 48

Cities with population of 1020 lakh I520 262|141 |25 65 4l

Cities with population above 20 lakh 834 2632 1712 21 063 47

So this is some data we collected from CPCB NEERI 2016, where they characterize
the entire waste based on the different populations of the city. So cities with a
population less than one lakh the calorific value are 2149 kilocalorie per kg and with
the moisture content 52%. Like if you compare with the same, the cities with the
population are above 40 lakhs your calorific value is less 1772, and moisture content
is 47%.

So if you see the entire data calorific value is very high maybe because of paper and
plastic or combustible matter, but because of more food waste, more biological
matter, the moisture content is very high is 47, 50%. So such kind of waste is very
difficult for the combustion facility. So is good if it is getting segregated, the
biological waste will go to the composting plant and the dry matter will go to the
combustion facility. That is the best thought of this kind of data.

(Refer Slide Time: 21:41)



Calorific Value of Different Fractions of Waste (Source: ISWA, 2013)

Faction Net Calorific Value (kcal/icg) ‘
Paper and cardboard 3821 ‘
Organic material 955 ‘
Plastic |8359 |
Glass 0 |
Metal 0

Textile 4538

Other materials 2627

So another table you see that it was given by the International Solid Waste
Association in 2013. The different fraction of waste what will be the net calorific
value? If you see the paper, plastic, and textile, how very high net calorific value. But
if you see the order organic material is very low concentration, is just 900 kilocalorie

per kg. So such kind of waste is not good for the combustion facility.

If you get separated like paper, cardboard, plastic, textile, this material is highly
combustible. Will easily get the net calorific value more than 3000 to 5000-kilo
calorie per kg and metal and glass do not have any calorific value.

(Refer Slide Time: 22:28)

Metal content (Trace elements)
The metal content (i.e, Cd, Cr, Hg, Ni, Zn, Mn, Pb, As etc.) should also be determined because of its potential harmful

environmental effects.

Principle of AAS
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Fig: Atomic absorption spectroscopy

Now another parameter is metal content. Also is very important to analyze once the
waste is going to the disposal site. Once the leachate is getting produced in the



disposal site, these metals are adding into the leachate and getting polluted the
groundwater. So for that also is very important to know the metal analysis. These

analyses normally we do by atomic absorption spectroscopy.

This also | think because is a solid material, the powder material, dried, ground to
powder material has to be digested and converted into the liquid sample and get it
analyzed by atomic absorption spectroscopy instrument.

(Refer Slide Time: 23:13)

Waste Characteristics: Biological

The most important biological characteristic of the organic fraction of solid waste is that all of the organic components
can be converted biologically to gases and relatively inert organic and inorganic solids. The production of odor and

generation of flies are also related to the putrescible nature of the organic materials.

Volatile Solids

+ Volatile solids content is often used as a measure of the biodegradability of the organic fraction of solid waste,
+ Itis not an exact indicator of biodegradability.

+ Some organic constituents are highly volatile but low in biodegradability. Eg: newsprint,

Low
biodegradability,
high volatility

Z
Now the biological characteristic. This is one of the very important characteristics
also to know that the biodegradable fraction of the solid waste. This normally we do
by volatile solids the same way, the way we analyze the solid waste for solid volatile

content. This is not the exact indicator of the biodegradability.

But if you know the volatile quantity both way for the incineration facility and
biological treatment facility both these parameters are very important. Just for one
example, like paper, print newspapers are highly volatile matter. Is a very good
combustible material. But it is not biodegradable. Is highly volatile, but is not

biodegradable.

So it needs to be understood that both the dates are not the same as every volatile
material is not biodegradable material. But every biodegradable matter is volatile in
nature. So | think for this paper and plastic, even plastic also volatile matter, highly

volatile matter but is not degradable matter.



(Refer Slide Time: 24:35)

Biodegradable Fraction (BF)
Alternatively, the lignin content of a waste
can be used to estimate the biodegradable

fraction, using the formula:

BF=0.83-0.028 LC

BI = biological fraction expressed on a V§
basis,

0.83 & 0,028 = empirical constant

LC = lignin Content of the VS expressed as

a percent of dry weight

So for degradable fraction we normally we
biodegradable fraction is 0.83 - 0.28 lignin content. So if you know the lignin content
of the waste, is easy to calculate the biodegradable fraction of the solid waste. If you

see the one particular data of India, the percentage of MSW of the different data like

Biodegradable fraction of a typical MSW of a city in India

e
e e e |

Component Percentof MSW | Percent of each component
that is blodegredable

Paper and paperboard 6 050

Glass 58 0

Ferous mefals 51 0
Aluminum 13 0

Other nonferrous metals 06 0
Plastics 99 0

Rubber and leather 30 0

Totiles 38 05

Wood 53 07

Other materiats 18 05

Food waste 101 082

Yard timmings 128 07
Miscellaneous inorganic 15 08

food waste is 10%. The glass is 5.5%, plastic is 9.5%.

But the biodegradability of this particular percentage is very low except the food
waste having 10% in the MSW is having 0.82% of the biodegradable fraction. So and

this yard trimming is also highly biodegradable. So from this, we can easily

analyze by one equation like

understand how much is the biodegradability of the particular fraction.
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Breeding of Flies

* During warm climates, breeding of flies is an important factor to be considered

for the on-sight storage of wastes.

* Flies can mature in less than two weeks after the eggs are laid.

¢ The larval (maggot), once developed, is very dillicult to remove [rom the

containers.

Odour

* Typically, the formation of odours indicates the anaerobic decomposition of the

readily decomposable organic components found in solid waste are emptied.




So another few more parameters normally we never analyze such parameter but need
to understand that. The breeding of flies. Normally it will take one week to two
weeks. Once it is getting through that particular location. This is very important to
know while designing the dustbins inside the city. If waste is getting stored for the

longer period | think the breeding of flies is possible in such kind of locations.

And the odor also. This is very important. This odor normally is come from the two
major gases like methane and ammonia gases. Normally methane is a very low
concentration of methane is getting produced, but ammonia because the wastes

contain a lot of biodegradable matter so nitrogen content is very high.

And these organic nitrogen is converted into the during degradation process or
anaerobic condition this organic nitrogen is converted into ammonia and that creates
the odor issue. Thank you. So with these characteristics, we will easily understand the
different characteristics of the solid waste. Based on that we will be able to design the
collection facility and also treatment facility. Yeah, thank you.



