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Lecture No - 18
Recycling of Dry Waste Components
Hello, students, today we will go for last lecture on model 7 that was on suppressing and
processing of solid waste. So we are in the same functional element. So in the previous two
lectures | talked about unit operations for recycling process also talked about MRF material
recovery facility. Now, we can conclude the two lectures like entire dry waste | can say that

commingle dry waste has been segregated in different, different components.

So once the component like separate components like plastic, glass, metal or paper is getting
segregated or separated then now we can go for recycling of that particular component. So here
in this lecture, 1 will talk about the technical view about the recycling and how this paper or
plastic or metal and glass is getting recycled and what kind of new products can come out from
this recycling products.

(Refer Slide Time: 01:41)

RECYCLING
+ Solid Waste Management (SWM) Rules, 2016 defines recycling as “the process of transforming segregated solid

waste into a new product or a raw material for producing new products.”

¢ Advantages of recycling -

M
* For the urban local body (ULB) )
- >
v Reduces waste volume . *\\ / A
v Cost savings in collection, transportation and disposal

v Longer life span for landfills

v Reduced environmental management efforts
» . '—J L,
* For the economy n -
\)

v Reduction of imports of raw materials, fertilizers
v Liveli ihes A Tetcle -
Livelihood opportunities for recyclers T

I

* For environment

v Sustainable use of resources

v Reduced waste volume and hence reduced land requirement for disposal

So based on the solid waste management rule 2016, recycling is the process of transformation of
segregated solid waste into a new product or raw material for producing a new product. So what

are the different advantages? So if you compare the advantages based on the users, we can see



the different advantage like this is special advantage for the local urban body or municipal

corporation or ULB.

So what are the advantages? it will reduce the waste volume. Obviously the waste will go for
recycling once volume gets reduced, cost savings will occur in the collection transportation. This
was obviously not only at the disposal site waste quantity will reduce also during the collection
and transportation also the waste quantity will get reduced. Obviously quantity is reduced means
cost will also get reduced longer lifespan of landfills.

So that is the benefit so that the waste coming to the disposal site will get reduced obviously the
landfill span also life and also will get increased and obviously reduce the environmental
management efforts. So whatever the problem used to come up like for disposing such kind of
ways that is also getting modified. So for the economy the reduction of import of the raw

material fertilizer like from recycling we are producing another product.

So obviously the importance of the raw material for the similar kind of product will get reduced.
So, it is very beneficial for the economy is also and livelihood opportunities for recyclers.
Obviously lot of people will get the jobs and also they can get a lot of money by selling the
recycle product, and for environment obviously sustainable use of products because this kind of
material like paper, plastic, metal, glass is not possible to get degrade very easily, especially the

metal and glass would not grade.

and plastic once it is going, not only to the disposal site, or is going to the any water is getting
mixed obviously water will also get polluted and this kind of environmental problem also will
get modified by having the recycling of this kind of waste. Reducing waste volume and has
reduced the land requirement for the disposal that is one of the very important benefit of this
kind of recycling of such kind of waste.
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Plastic recycling Recyclable groups of plastics

Number 1 « PETE or PET (polyethylene terephthalate)
L‘I‘) ISUSEDIN ... microwavable food trays; salad dressing, soft drink,
water, and beer bottles
PETE  STATUS ............ hard toclean; absorbs bacteria and flavors; avoid reusing
1S RECYCLED TO MAKE . . carpet, furniture, new containers, Polar fleece

Q Plastic recycling is the process of

recovering different types of plastic

materials in order to reprocess them

Number 2 + HDPE (high-density polyethylene)
original form. LZ‘) ISUSEDIN ... I|uu\lc)'|1(\\«|vlmncr;mdxh;nn[\\!bolllux,mtlk jugs, yogurt
ubs
HOPE  STATUS +++.. transmits no known chemicals into food
1S RECYCLED TO MAKE . . detergent bottles, fencing, floor tiles, pens

into varied other products, unlike their

Q An item made out of plastic is recycled

into a different product, which usually

Number3 + Vor PVC (viny)
(.3 A ISUSEDIN .............. cooking oil bottles, clear food packaging, mouthwash
O There are seven different types of polymer D

V. SIS ............ isbelieved to contain phalates that interfere with hormonal
Y r 5 . development
groups which are given numerical coding s

1S RECYCLED T0 MAKE . . cables, mudflaps, paneling, roadway gutters

cannot be recycled again.

from (1to 7).
Q Not all seven group of plastics are

recyclable.

So now first we will go for plastic recycling so plastic recycle is the process of recovering
different type of plastic material in order to reprocess them into various other products unlikely
their original form obviously you will get the varied kind of product by preprocessing of the such
kind of waste plastic. So one more idea made of the plastic is recycled into a different product
which usually cannot be recycled again that is also but maybe this recycle plastic recyclable

products also again getting recycled.

Maybe one time two times not more than that, and there are different kinds of polymers products
like plastic. So do not see that the all of the plastics are same there are different kind of plastic
and normally 7 different type of plastics are available. We can say Polymers are available in the

city area and that is normally coded by 1 to 7. So, I will just explain here.

What are the different kind of polymers or plastic and what are the different products? Where we
are getting out from such kind of Polymers and what are the different codes are given into such
kind of polymers. And not all 7 group of plastics are recyclable that is also one of the very
important point that all the plastics are not recyclable. I will show you one by one different kind
of polymers of plastic.

So first is the PET that is PETE normally we call them as a PET and the products normally we

get are soft drinks. The water bottle, beer bottle that is a PET bottles and see the status you see



hard to clean adsorb bacteria and flavors and avoid reusing. So what is the status of this kind of
PET products and it is recycle to make it can be recyclable. We can produce furniture new

container this kind of different recycle products we can make it out of that PET polymers.

Next is number 2 this is code. You can see that is a code is given to that is HDPE it is very hard
plastic normally used in the household cleaners, shampoo bottles, like products were getting into
the residential area and what is the status of that is not known chemical into the food people says
that plastic is coming to the food, but | think HDPE plastic is not coming to the order is not
getting mixing into the food. There are the recyclable and possible products like fencing, paints,

floor title or detergent bottle could be possible to get produced from the HDPE waste material.

Number 3 that is you see the code 3 and word is given V or PVC. Normally this PVC used in the
cooking oil bottle, clear food packaging, mouthwash bottle these all form the PVC and the status
is believed to contain pellets and it is not good to use PVC and that is why saying please avoid to
use the PVC and could be recyclable could be produced from cable, it can also be produced from
some other products and can be produced from the PVC materials. But try to avoid the such kind
of material.

(Refer Slide Time: 08:40)

Plastic recycling Recyclable groups of plastics
Q Plastic recycling is the process of A Number 4 « LDPE (low-density polyethylene)
UQ) ISUSEDIN .............. bread and shopping bags, carpet, clothing, furniture
recovering different types of plastic STATUS ............ transmils no known chemicals into food

LDPE  ISRECYCLEDTO MAKE .. envelopes, floor tiles, lumber, trash-can liners

materials in order to reprocess them

Number 5 * PP (polypropylene)

C‘i) ISUSEDIN ............ ketchup bottles, medicine and syrup bottles, drinking

straws

into varied other products, unlike their

original form.

! i PP STATUS ............ transmits no known chemicals into food
Q An item made out of plastic is recycled 1SRECYCLEDTOMAKE . . battery cables, brooms, ice scrapers, rakes
into a different product, which usually Number 8 « S (polystyrene)
= B s 6\ ISUSEDIN.......... disposable cupsand plates, egg cartons, take-out containers
cannot herecycled again. LQ) SATS.......... is believed to leach styrene, a possible human carcinogen,
By O y PS into food @void)
Q0 There are seven different types of polymer 1S RECYCLED TOMAKE . . foam packaging, msulation, light switchplates, rulers

groups “:hICh Ble glven n“mcncal COdl"g Number 7 « Other (miscellaneous)

from (1to 7). U‘) ISUSEDIN........... 5-gallon water jugs, nylon, some food containers
STATUS Y ains bisphenol A, which has been linked to heart
OTHER disease and obesity; avoid

O Not all seven group of plastics are 15 RECYCLED TOMAKE .. custom-made products

recyclable.

Next is the LDPE: It is low density plastics so it is used in the bread and shopping bags, carpet
clothing or furniture. This is a low density plastic and the status is the transport known chemicals



into the food, also similar like PVC and is recycled to make envelope, floor titles are some other
products can produce from this kind of plastic. Next is the PP that is poly propylene. So used in
the different kind of material like medicine or drinking straws and the status also is similar to the
other plastic and is possible to recycle that could be product could be the battery, cables, brooms

would be produced from the such kind of plastic.

Next is the PS Polystyrene and so is used in the disposable cups plates. Ok that kind of product
will come up from that, status is believed to leach, styrene’s and possible to human carcinogenic
into the food that is why try to avoid these kind of material and it is also recyclable so can be
possible to be used in foam packaging and other products could be possible to come up. Last is a

miscellaneous one.

So this is also used in the water jugs, nylon production. Some food containers also are possible
there are also try to avoid. This is also creating some kind of problem to the humans and animals.
And this recycle custom made products could be possible to produce from such kind of material.
So these are the different 7 Types of plastic and mostly are the recyclable one.
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Stages in plastic recycling process
1. Segregation

» Segregation of different plastic items is done by their resin content and color.

» Segregation can be manual or mechanical (specially designed machines).

» Contaminates are eliminated.

2. Washing

» Most containers and packages have labels, adhesive, or even food residue that must be removed.

3. Shredding

¥ Shredding is granulating the plastic waste into small particles.

» This increases the surface area of the plastic, making it easier to process, reshape, and transport if needed.

» Additional step to remove any non-plastic waste that might have escaped the previous steps of processing.

There are different stages in the plastic recycling process. First is the segregation. So for the
segregation will be there proper, next is washing completely has to be wash there will be a not

only one but there will be two or three different units for the washing there should not be any



contamination and contamination could be possible like soil could be possible there. Some kind
of chemical could be possible or suppose if your packing the food into the plastic and such
plastic is received by the recycling centre is obviously some contaminants could be possible from
the food materials also into the plastic that has to be washed properly.

Then once it is getting washed will feed it into the different particles. Small particles and also the
additional step to remove any non plastic waste that that could be possible into the plastic
material.

(Refer Slide Time: 11:47)

4. Identification and classification of plastics

» These are tests to determine the quality and class after shredding.
o Density test
v Done by floating the particles in a large tank of water.
v Particles lighter than water will float and denser will sink.
o Air classification test
v Determines how thick or thin a particle is.
v Done by dropping the particles into a small wind tunnel.

v The smaller pieces will fly higher up the tunnel and bigger ones will remain lower.

Then finally go for identification and classification of the plastic. So this is especially as reading
process different sizes could be possible and the classification of testing also we do in the
different way. Different quality and class is getting tested for the plastic. The first is the density
test. This is simple and can be done like a floating the plastic into a large tank water. So
obviously the lighter particle will be float and denser particle will sink into the water. And the air
classification test. This also can be possible to lighter and very strong material or dense plastic

we can segregate based on that.

And the few more additional features normally performed to know the classification of that
plastic like melting point and colour this is also very important but it again depends upon the

product. If such kind of product is not coming and the high-temperature to no need to the made



melting point and colour also I think it is not that important because again depend on the product
and sometimes is possible by adding extra colour we can get it the one particular colour into the

entire plastic material.

And the major process is extruding. That is very important process for recycling of the plastic.
So here are the small particles are smashed and melted together into a plastic pellets. The small
pellets get produced by the extruder method and the pellets can then be used in the production of
other plastic product. So, this is the last process of plastic recycling one extruding method. So |
had come up with one video we can we can see that how this plastic is getting recycled.

Video Start Time: 13:58

This video is from Germany, plastic recycling plant, this is the plastic packaging the major are
the packaged plastics being received in the plant. So this is what the entire plastic material. |
need the entire material is coming to the plant. So this is bulky household plastic. Here all kind

of materials you can see are made by plastics the household used material.

So once it is getting packed then it is getting dried up completely. So here | was talking about
washing and density separation. So, washing for the cleaning purpose and density to segregate
the material in the lighter in densest plastic material lighter denser plastic material, see this is
shredded plastic again the secretion by the colour. Now this is this is the last unit extruding you
can see here the smaller particle has been put it into the extruder. And finally, we will get the

pellet plastic pallets.

You can see here the pellets are a small pellet. These are the pellets you can see the different
colour palette. While in the extruder also the sum colour is adding by getting the final pellet
colour. Now this quality, but | was talked about density and their classification on melting point
and colour. Finally, these pellets are getting to produce the product. So this kind of products is
produced from the recycled plastic.

Video End Time: 18:21
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FEW PLASTIC RECYCLING PLANTS IN INDIA

Plastic pallets after
compounding
Another plastic recycling industry in South India | process

So these are few per plastic recycling plants in India like this is one in Ahmedabad. There are
small units available in India and many units are informal units where plastic is getting recycled.
Some government plants also available for plastic recycling. This is another program from the
South India. This is one | was talking about the plastic pallets after compounding or excluding
process.

(Refer Slide Time: 19:03)

Global plastic recycling status

Global plastic waste generation by industrial sector (tonnes per year)

Per capita plastic products consumption (Kg/person)

Buliang and ( 300 13 milon tomnes
Largest plastic waste nstral achnesy | 1 i onne
production processing
0tonnes 40 million tonnes 80 millo

Source: Geyer et al., 2017

Now there is the Global plastic recycling status if you compared that India is only 11%. Now this
is the per capita plastic consumption 11kg per person. But if you compare with the other country,
like USA or enter Europe China and even for entire world the plastic consumption very high but
in India the consumption is not that high. And this is global plastic waste generation by industrial



sector. So, here | put in the different sector like packaging, textile, consumer or institutional

product, transportation, electronic building and construction industrial machineries.

So, you can see that how much plastic waste getting generated by the different kind of sector and
here you see that the largest plastic waste production by the packaging. That is 141 million tons
per year that much amount of plastic waste is generated by this particular sector.

(Refer Slide Time: 20:18)

Estimated share of global plastic waste by disposal method

Wincinersted  25.50%

Global L} :s:mea 1:;3:
plastic waste
recycling e

percentage is
considerably low

1980 1985 1990 1995 2000 2005 2010 2015

Source: Geyer et al., 2017

And now if you see the estimate share of global plastic waste by disposal method, so you here
you see that in 1985, the recycling was 0% and the most of the material like 95.5% used to goes
to goes to disposal site. But in 2005 globally, the recycle was increased and the was the 12.5%
and integrated based also is around 20% and still was 70% used to go to landfill site but in 2015
again the recycle quantity has been increase and again, also the recycling of plastic also has been
increased but still 55% is reaching to the disposal site.

So still is required globally required to increase the awareness about plastic recycling and the use
of recycled material that kind of information also has to given to the user. Global plastic waste
recycling percentage consider we low.

(Refer Slide Time: 21:34)



Plastic recyclmg status in India peceniage  Percentage recycling rates in the US for various materials
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Source: The Hindu (28-04-18)

Much higher than
that in the US and
even global average
of plastic recycling

Drawn in 2019 by explainthatstuff.com. Data for plastic is for the year 2015.

Original sources- Steel: US Geological Survey; Alumimm: US Geological Survey; Aluminum cans:
Aluminum Association; Paper: US EPA; Glass: Glass Packaging Institute; Rubber: US Tire

Me ers Association; Plastic: Association of Plastic Recyclers (APR) and the American
Chemistry Council (ACC)

Now plastic recycling status in India you see here It is one of the news where recycling rates of
plastic is around 60% is a very high see globally also is not more than 19 to 20%. But in India
the plastic recycling rates are very high. Now here this is a one graph showing that percentage
recycling rates in the US but various material and you see here the plastic material like in India
60% and in US only 29% plastic is getting recycled so much higher than the US and even the
Global percentage compared to the Global average also is very high in India.

(Refer Slide Time: 22:30)
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So this was some news latest India recycle 90% of its PET waste it was very high compared to
the Japan Europe in US.
(Refer Slide Time: 22:41)



India’s plastic recycling potential...

University o

namoorth

gamanan K12

Houston

Now India's plastic recycling potentials that was one of the news was given that recycling plastic
in India converting plastic waste to fuel the unrealized potential. India is already trying to recycle
more plastic materials and that this also one of the news that could be the future be in India
plastic recycling.

(Refer Slide Time: 23:15)

Metal recycling Some facts and figures

OMetals are valuable materials that can be recycled | i\ pug s
+

repeatedly without degrading their properties.

QScrap metal not only has a financial incentive but also \

an environmental imperative.

QScrap metal is classified as either ferrous (containing

iron, such as steel) and nonferrous (everything else).

Q Steel and iron are the most recycled materials in the
world as large structures can be recovered from them [e

with easy reprocessing.

Q Use of magnets in the sorting process enables recyclers

to easily separate steel and iron from the mixed waste

Source: https://www.steelsustainability.org/recycling

stream.

Now the Metal Recycling these and other material so metals are valuable material that can be
recycle repeatedly without degrading its property. That is the very important one was the metal is
recycled the property should be almost same. So scrap metals not only has a financial incentive
but also its environmental imperatives. Scrap metal is classified idle ferrous ions such a steel and

nonferrous. These are the two different kind of scrap metals, which can be seen that steel and



iron are the most recycled material in the world, the last structures can be recovered from them

with easy reprocessing of the ferrous metal.

Ok and the non ferrous like the use of magnet in the sorting process enables recyclers to easily
separate steel and iron that is also one of the benefit of having large recycling of almost recycling
of steel and iron. So that was one of the news like steel is the world most recycled material., and
around 400 million tons of metals are recycled worldwide every year.

(Refer Slide Time: 24:43)

Metal recycling Some facts and figures

QO Metals are valuable materials that can be recycled Ar S
&
repeatedly without degrading their properties.
A L ', T

O Scrap metal not only has a financial incentive but also ’ i ‘

an environmental imperative. \ v Around 400 million tons of metal are recycled worldwide
QSerap metal is classified as either ferrous (containing STV

iron, such as stecl) and nonferrous (everything else). v Steel is the world's most recycled material with a rate of

86% in 2014.

O Steel and iron are the most recycled materials in the
world as large structures can be recovered from them % v In India, the metal recycling sector currently employs
with easy reprocessing. y  about 1.75 million people and contributes around 2% to

I GDP.

0 Use of magnets in the sorting process enables recyclers |5

to easily separate steel and iron from the mixed waste v But metal recycling rates in India is low. Let's have a look

stream. Source: The Hindu, Business Line, 28-08-2018

Steel is the world's most physical material with the rate of 86% in 2014 compared with the
plastic in India the Metal Recycling sector currently employs around 1.7 million people and
contribute around 2% to the to GDP also how beneficial of this Metal Recycling but rates in
India is low, let us; you can read some of the news also here.

(Refer Slide Time: 25:12)



Metal recycling status in India
vs USA percentage  Percentage recycling rates in the US for various materials
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Source: The Hindlu (28-04-18)

Much lower than

that in the US and Drawn in 2019 by explainthatstuff.com. Data for plastic is for the year 2015.

even global average Original sources- Steel: US Geological Survey; Al US Geological Survey; Aluminum cans:
of metal recycling 4Iummum Association; Paper: US EPA; Glass: Glass Packaging Institute; Rubber: US Tire
ers Association; Plastic: Association of Plastic Recyclers (APR) and the American

Chemistry Council (ACC)

So, Metal Recycling status in India compared to US so recycling rates in India metals is 25% and
if you compared with the US here these are different kind of ferrous metals. So their percentage
is always the steel is 100% recycled and even aluminium also is more than 40% is there
recycling. So in India much lower than the US and even Global average of Metal Recycling in
India Metal Recycling is low.

(Refer Slide Time: 25:51)

Alook at India’s secondary aluminium status

* Current aluminium recycling rate in India is

25%, while the world average is 45%.

Annual demand for secondary (recycled)
aluminium accounts for nearly 30% of total

consumption.

90% of secondary aluminium consumed is

imported even though a significant amount

of scrap is generated in the country.

In line with lightweighting, secondary

aluminium is anticipated to play a vital rol

in the automotive industry from 2020

onwards.
Source: CISION PR Newswire, 26-03-2020

Look at India secondary aluminum status, currently aluminum recycling rates in India is 25%
while the world average is 45% annual demand of secondary aluminium accounts for nearly 30%
of total consumption. This is very important point. 90% of secondary aluminium consumed in
the imported even though a significant amount of scrap is generated in the country still 90% of



secondary aluminum is getting imported to the country and obviously although we are producing

a significant amount of scrap metal scrap in this country.

So this was one of the news India largest maker of aluminium based die casting alloy used by
automobile in their equipment manufacturers by recycling scrap Aluminium. India also is trying
to increase their Metal Recycling quantity. So, secondary Aluminium is anticipated to play a
vital role in the automotive industry from 2020 onwards. So because of the India is one of the
largest country to use the recycling scrap into the automotive industry industries. This is one of
another news.

(Refer Slide Time: 27:31)

Stages in metal recycling process
1. Segregation

» Involves separating metals from the mixed scrap metal stream or the mixed multi-material waste stream.
» In automated recycling operations, magnets and sensors are used to aid in material separation.
2. Shredding

» Promotes the melting (next) process using comparatively lesser energy, as small shredded metals have a large

surface to volume ratio.
» In general, aluminum is converted into small sheets, and steel is changed into steel blocks.
3. Melting

» Scrap metal is melted in a large furnace where each metal is taken to a specific furnace designed to melt that

particular metal.

» Based on the size of the furnace, the degree of heat of the furnace and volume of metal, melting can take from just a

few minutes to hours.

So, stages in metal recycling process similar to the plastic like first as to be segregated.
Segregated from the mixed scrap metal to the particular kind of metal then shedding proper
shading has to be based on the and then see promote the melting process using comparative
lesser energy if the smaller is the size of the melting process will be somewhat more economical.
So the small shredded metals have a larger surface to volume ratio easy to get combusted during

the production of new material.

In general, aluminum is converts into a small sheets and steel is changed into a steel blocks then
melting in the large furnaces.
(Refer Slide Time: 28:26)



4. Purification

» Ensures high quality final product free of contaminants.

# One of the most common methods used for purification is electrolysis.

5. Solidifying

» Melted metals are carried by the con;/eyor belts to cool and solidify the metals.

» In this stage, scrap metals are formed into specific shapes such as bars for easy production of various metal products.

6. Transportation of the Metal Bars

» After solidifying, metals bars are transported to various factories where they are used as raw material for the

production of brand new products.

And then purification ensure high quality final product free of contaminants of the common

method is a electrolysis, you can read on to electrolysis, and solidifying them then melted metals

are carried out by the conveyor belts to cool and solidify the metal. So in this stage the scrap

metals are formed into a specific shape such as bar for easy production of various metal product

and then finally transportation of these metal bars for production of the new products.

(Refer Slide Time: 29:01)

Glass recycling

* [tis processing of waste glass into usable products.

Crushed glass before remelting is called cullet.

There are two types of cullet -
v Internal cullet- Composed of defective products
detected and rejected by a quality control process.
v External cullet- Waste glass collected or reprocessed

with the purpose of recycling.

End-of-waste cullet is external cullet.

Glass waste needs to be purified and cleaned of
contaminants before recycling. So, depending on the end
use and local processing capabilities, it needs to be

separated into different colors.

The most common colors used for consumer containers are

clear (flint) glass, green glass, and brown (amber) glass.

Source: https://www.greensutra.in/glass-recycling-process

(30-01-2019)
J ?
clear green brown

Now the glass recycling: It is processing of waste glass into usable product crushed glass before

re-melting is called cullet that word you remember that your cullet. So there are two types of

cullet like internal composed of defective product detected in rejected by the quality control

process. So this internal cullet is producing what your products is getting produced from the



glass. is getting some defection or rejection based on the quality is finding and to such kind of

product.

And external cullet like waste glass collected or reprocess with a purpose of recycling obviously
use product that that called is in external cullet. So end of waste cullet is external cullet that was
mix colour glass cullet you can see here in a different color. So the glass waste needs to be
purified cleaned of contaminants before recycling. So to prepare the; final product or recycle
product so the most common colour used for the consumer containers are clear glass, green glass

and brown glass.

So this is the different three different colours clear, green and brown. Approximate only 25% of
glass waste get recycled in India every year of the news.
(Refer Slide Time: 30:41)

status as of 2018

Global glass recycling

Source: Statistica, 2020

in USA (USEPA)
T

Glass recycling status
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And global glass recycling status statuses of 2018 so volume recycle that 27 million metric tons
percentage of Glass produce that is recycled 21 million metric tons recycling rate is 35% is also
very low recycling rate here. So here in this is one of the graph the in USA the glass recycling.
(Refer Slide Time: 31:17)



Stages in glass recycling process
1. Segregation
» Contaminants are sorted firstly.

» Common contaminants include ceramics, Pyrex,
aluminum cans, light bulbs, cardboard, window frames,

and mirrors.

2. Glass breaking

» Glasses are broken into crude particles for future optical
sorting.

» A slight water mist is applied when necessary to control

airborne particulates.

So what are the different stages in the glass recycling process? First the segregation, 2 is to
remove the contamination like the segregation include ceramics, light tubes, cardboards, window

frames, mirror that has to be segregated first. Then glass breakings are broken into the crude

particles for future optical sorting.
(Refer Slide Time: 31:44)

|
TITITTTIN

L

3. Trommel

-

v

Broken glass particles are passed through a

revolving screen and sorted into 3/8” and 3/4” sizes.

v

Fans propel the paper labels detached during

v

breaking through the trommel and into a paper

recycling bin.

v

Items that don’t shatter and cannot fit through the

screens (corks, caps, lids, errant labels) are

v

collected and recycled.

and next is the processes once is the trammel from a different size is segregated that it will goes

to the fluidized bed dryer where here is heated to 190 degree Fahrenheit using Natural Gas in

. Fluidized bed dryer

A smooth ribbon of glass particles enters the drier.

Vibratory action moves the particles through the drier.

Air is heated to 190 degree F, using natural gas and

forced through the bed of the drier.

Sugars and bacteria are burned and label glue is

loosened.

Residue floats to the top and is sucked away via our

vacuum system.

Then it is putting into the trommel to get the different sizes. So this is the trommel you can see

force to the bed of the dryer. So here it enters, glass is getting dried out.

(Refer Slide Time: 32:19)



5. Primary rotary screen

7 Dried and cleaned glass is screened to cull

out specific sizes.

6. Pulverizer

» Glass particles that are too big to fit through the primary screen are sent

through the pulverizer.

» It uses multiple hammers inside a small enclosure to aggressively reduce

particles size.

» All particles recirculate until they finally pass through the primary screen.

And finally primary Rotary screen. So there will be a different screens and different sizes again
the dried and clean glasses screen to kill off rule out specific sizes, and then to the pulverizer. So
final process is the pulverized glass particles that are too big to fit to the primary screen are sent
through a pulverizer. It uses multiple hammers inside a small enclosure to aggressively reduce
particle size. All particles recirculated until they finally passed through a primary screen.

(Refer Slide Time: 33:00)

7. Secondary Rotary Screen Size Classifier

v

Particles that are small enough to pass through the
primary screen are then processed through the

secondary screen.

v

Particles are separated into four size grades:
v' 12 mesh to 20 mesh
v' 20 mesh to 40 mesh
v' 40 mesh to 70 mesh

v' 70 mesh and smaller

v

Each size grade is used for different end markets.

So idea is to produce different sizes and this finally goes to the secondary rotary screen size
classified. So different sizes you can see hereby this is the physical unit by this different size of
the glass material or different graded of glass material is getting segregated, and its size grade is
used for different end product. So whatever the sizes are given this for the different product.



(Refer Slide Time: 33:30)

8. Final product

» Glass cullet is classified in sizes that can range from pebbles to sand and even powder.

/5

and final product that glass pellets is classified in sizes that range from pebbles to sand and even
powder form. You can see here this is the pebble size larger size material. This is sand kind and
finally this you can see is powder form of glass material. These are the glass pellets.

(Refer Slide Time: 33:54)
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So this was a very known news in India, that Delhi teen uses discarded glass bottle to make
stronger sand for construction and these glasses used in to the crushed glass is using into the
construction purpose.
(Refer Slide Time: 34:15)



Cardboard recycling

* Cardboard recycling is the reprocessing and
reuse of thick sheets or stiff multilayered papers
that have been used, discarded or regarded

as waste.

* Cardboard boxes are usually heavy-duty (sturdy,
malleable and relatively inexpensive) or thick-
sheets of paper known for their durability and

hardness.

* Some examples of cardboard include packaging

boxes, egg cartons, shoe boxes, and cereal boxes.

* Great number of applications and can be reused

or broken down easily at a recycling station.

Now finally the cardboard recycling: So cardboard recycling is the reprocessing and use of thick
sheets and different kind of paper. So there are different kind of cardboard sintered packaging
boxes, carton, shoe boxes or cereal box, here you can see cardboard waste. This is the large
percentage and specially used in the packaging industries this kind of products is coming into the
larger quantity.

(Refer Slide Time: 34:57)

Stages in cardboard recycling process
1. Sorting
* In recycling facility cardboards are sorted as corrugated cardboard and boxboard.
v Boxboards — They are thin such as those used for cardboard drink containers or cereals boxes
v Corrugated boxes- Bigger and sl{ﬂ"er commonly used for packaging transport goods.
2. Shredding and Pulping
* Shredding is done to break down the cardboard paper fibers into minute pieces.

* Once the material is finely shredded into pieces, it is mixed with water and chemicals to breakdown the paper fibers

into a slurry substance. This process is pulping.

* The pulped material is then blended with new pulp, generally from wood chips that ultimately help the resulting

substance to solidify and become firmer.

So there are different kinds of recycling stages: So, first is sorting. So here the 2 major sorting
one is the cardboard they are thin such as those used for the cardboard drink container or cereal

boxes and corrugated boxes bigger and stiffer commonly used for packaging transport goods. So



this is 2 different kind of cardboard material. Shedding and pulping: Shedding is to do and
finally pulp is getting produced from the cardboard material.
(Refer Slide Time: 35:38)

3. Filtering, conterminal removal

* The pulp material is then taken through a comprehensive filtering process to get rid of all the foreign materials

present as well as impurities such as strings, tape or glue.

* The pulp further goes into a chamber where contaminants like plastics and metals staples are removed through a

centrifuge-like process.
* Plastics float on top while the heavy metal staples fall to the bottom after which they are eliminated.
4. De-Inking/cleaning

* The next process, de-inking which involves putting the pulp in a floatation device made up of chemicals that take

away any form of dyes or ink via a series of filtering and screening.

® This step is also called the cleaning process as it cleans the pulp thoroughly to ensure it is ready for the final

processing stage.

Then filtering and conterminal remove that process has to be run and finally De-inking and
cleaning process. You can go to this write up for a proper understanding.
(Refer Slide Time: 35:47)

Timeline variation of recycling as a percentage of MSW generation in the USA

1960 | 1970 | 1980 ‘ 1990 | 2000 | 2005 | 2010 | 2045 | 2016 | 2047
Paper and " ” - ‘ i il . . . “
1M | 15% | 21% | 28% | 43% | 50% | 63% | 67% | 68% | 66%
Paperboard
Glass B | 1% | 5% | 2% | o | aw | o | % | % | o
Plastics Neg. | Neg. | <1% | 2% 6% | 6% 8% | %% 9% | 8%
Yard "
X g | Neg. | Neg. | 12 5% | 62 58% | 6: 66% | 69
Trimmings
Lead-acid . . ‘ . . . . . . -
Neg. | 76% | 70% [ 97% | 93% | 96% | 99% [ 99% | 99% | 9%
batteries
"Neg." means less than 5,000 tons or 0.05 percent.

Source: United States Environmental Protection Agency (USEPA), 2017

And finally finishing for reuse: The clean pulp is blended with the new production material after
which it is put to dry on a flat conveyor belts and heated cylindrical surfaces. So this time line

varies from recycling as a percentage of MSW generation in USA you can see here. Paper and



cardboard in 1916 was 17% and 1916 and 1917 was 66% how the recycling of paper and

cardboard has been increased to very high percentage.

In this table you can see a plastic and glass remaining materials are very large quantity is getting
recycled.
(Refer Slide Time: 36:48)

Paper recycling
Q Aprocess by which waste paper is turned into new paper products.

Q There are three categories of paper that can be used as feedstocks for

making recycled paper-

* Mill broke — Includes paper trimmings and other paper scrap

from the manufacture of paper, and is recycled in a paper mill.

*  Pre-consumer waste — It is the material which left the paper mill

but was discarded before it was ready for consumer use.

* Post-consumer waste — It is the material discarded after

consumer use, such as old corrugated containers (OCC), old

magazines, and newspapers.

: P S‘_wnsumcr
waste

Now paper recycling: This is also similar to the cardboard recycling process by which waste
paper it turns into new paper products. So there are three categories of paper that can be used as
feedstock for making recycle paper that is first is the mill broke include paper trimming and
other paper scrap from the manufacturing of paper and recycled into a paper mill. Pre consumer
waste it is a material which left the paper mill but was discarded before it was ready for the

consumer use.

It is both the materials are producing inside the paper industries itself. And finally post-consumer
waste it is the material discarded after consumer use. So this is what | finally post-consumer
waste.

(Refer Slide Time: 37:46)
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Give their different stages for Is the collection paper is taken to the local collection centre then

segregation everything is separated and bundled based on the composition. You can see here
different bundles newspaper, cardboard and different kind of paper material. Then bundling the
same the bundling followed by shredding the paper is tossed into a pulper which is basically here
giant blender with chemical that dissolve paper fiber bond with shredding it into a tiny fibers.
The idea is to produce the smaller particle of that.

(Refer Slide Time: 38:27)
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' DRYING
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Next is pulping, ok the pulp is getting prepared and followed by this pulp is getting washed by
cleaning chemicals are steered into a remove tiny dirt oil or other contaminants. Then De-Inking
the pulp is doing by sticking it in a chemical solution blowing bubbles through it that is called as



de-inking process and finally bleaching then the pulp is bleach. Ok and then there it is then

spread into a white screen that let the water drained of in the drying process.

and finally pressurizing process is the

last unit that long sheet of semi dried fall for the input

through heated pressure which apply in a pressure to turn them into small sheet smooth sheet of

paper and finally rolling process paper is rolled up into a huge rose.

(Refer Slide Time: 39:36)

Paper recycling status in India

vs USA

Percentage recycling rates in the US for various materials

Percentage

Recycling rates in India

WPlastic (%) ®Paper (%) W Metals (%)

100

oE53838888388

Much lower than
that in the US and
even global average
of metal recycling

Source: The Hindu (28-04-18)

Drawn in 2019 by explainthatstuff.com. Data for plastic is for the year 2013.

Original sources- Steel: US Geological Survey; Aluminum: US Geological Survey; Aluminum cans:

Alumimum Association; Paper: US EPA; Glass: Glass Packaging Institute; Rubber: US Tire
Manufacturers Association; Plastic: Association of Plastic Recyclers (APR) and the American
Chemistry Council (ACC)

Now paper recycling status in India compared to US so in India 27% is the recycling rate and in

US 69 to 71% see all paper cardboard

newspaper and that is much lower in India compared to

US and even Global average also is higher than India India's recycling rate, ok then so this is

what I think here we saw that different kind of recycling stages for the different metal.

(Refer Slide Time: 40:15)
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So finally we believe that the reduce reuse and recycle should be the best idea behind the dry
waste material and see here | give only few material stages, the different stages of recycling like
paper, plastic, metal, glass few more components, like rubber leather, you know that tyre are
easily recyclable and few more whatever components it mostly the dry components are

recyclable components.

So suppose like India kind of country where this kind of materials are going up to 20 to 25% that
what if it is getting segregated from the waste material then easy to get recycle also. And
whatever stages | explained about the stages are very easy and you can find different plants

recycling units in the smaller size or smaller capacity to a larger capacity also could be possible.

Now, I think will finish the recycling here, but also see that this dried material suppose if you are
not planning for recycling because this again, the very important point of discussion is that the
acceptability of recycle matter this recycled material specially for the human purposes are
household purposes. This is one of the very important one. And suppose some of the country is

not allowing to use the recycled material.

So we cannot run the recycling process so another technology could be possible for such kind of
material specially the paper plastic material or cardboard material that could be possible like we

can go for combustion of these kind of materials because these are dried material and once you



preheat properly this kind of material. These are highly combustible matter. The calorific value

could be possible to get it around 3000 to 5000 kilo calorie per kg.

So this is another one more treatment could be possible for this kind of material. So from next
module we will go for chemical transformation under that we will discuss the integration or
combustion and the similar way the same dry material how best we can use as a fuel or how best

we will be able to produce energy out of such kind of material. Thank you for today.



