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Lecture — 31
Materials and Resources — I

Good morning, welcome to this week of lectures for the online ongoing course on
Sustainable Architecture and I am your instructor Dr. Avlokita Agarwal Assistant
Professor at Department of Architecture and Planning IIT Roorkee. In this week of
lectures we will be talking about the Materials and Resources for Sustainable
Architecture. Before we go on to talk about specifics of how the compliance can be

achieved for sustainable architecture through green building rating programs.

Let us quickly go through some of the terms and definitions which we would be
repetitively using through these lectures. Now, this materials and resources is through the
lifetime of the building right from the construction stage till the post occupancy stage.

So, all these terms and definitions are also spread across the lifetime of the building.
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. A
Terms and Definitions

*” Waste comprises all materials that flow from the building to final disposal.
Examples include paper, grass trimmings, food scraps, and plastics. In other words,
all materials that are capable of being diverted from the building’s waste stream
through waste reduction.

+ /Waste disposal eliminates waste by means of a landfill, combustion in an
incinerator, dumping at sea, or any other way that is not recycling or reuse.

+/ Waste diversion is a management activity that disposes of waste other than
through incineration or the use of landfills. Examples include reuse and recycling,

+/ Waste reduction includes both source reduction and waste diversion through
reuse or recycling,

So, the different terms are first waste, which is very commonly used. So, it comprises of
all the materials that flow from the building to the final disposal. Now, as I said it could
be at any stage and hence the type of waste coming out of the building at different stages

would vary. So, during construction phase of the building the more would be



construction demolition waste or construction waste, while when we move on to the
occupancy stage when the building is occupied the waste could vary from a lot of these
categories including paper, organic garden waste, food scraps, plastics and so on

depending upon the type of building’s we use.

The next is waste disposal. So, waste disposal is the process of eliminating waste by the
means of a landfill, combustion, incinerator, dumping or any other way that is not
recycling or reuse. Through waste disposal it means that we are just discarding the waste

and not utilizing it in a proper manner.

Waste diversion is management of activity in such a manner that it disposes the waste
other than through incineration or the use of landfills. So, for example, there was a
construction waste which was otherwise going to the landfill while during the building
design we use we decide to use this construction waste for paving of a road for the
subgrade of the pavement. Now that through that we have diverted the waste from being

sent for-tothe-te the landfill, that is what waste diversion is.

Waste reduction it includes both the source reduction as well as waste diversion through
reuse or recycling. So, we are talking about the reduction at source of the waste and also

the waste diversion together as part of the waste reduction.
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A
Terms and Definitions

+ / Arecycling collection area is located in regularly occupied space in the
building for the collection of occupants’ recyclables. A building may have
numerous collection areas from which recyclable materials are typically
omitted to a central collection and storage area.

+/ Reuse returns materials to active use in the same or a related capacity as
their original use, thus extending the lifetime of materials that would
otherwise be discarded.

+ /Source reduction reduces the amount of unnecessary material brought
into a building. Examples include purchasing products with less packaging.



Recycling collection area is the area which is located in a regularly occupied space in the
building or on the sitde which is for the collection, segregation and recycling of this
waste. Reuse is returning back the material to it is active use in the same or a related
capacity so, putting back the same material into another use. Source reduction is the
reduction in the amount of unnecessary material brought into the building. For example,
the amount of a particular material that is to be consumed in a building through
construction or later on. So, if the quantity of it can be optimized and reduced thereby

then it comes into the category of source reduction.

So, for example, if we are using a regular concrete slab 100 mm concrete slab and we
calculate the amount of concrete to be used in that slab versus we use a filler slab where
we have used the filler material and thereby we have reduced the volume of concrete by
say around 20 percent or 15 percent, now this 15 percent or 20 percent is source

reduction.

(Refer Slide Time: 04:57)

Waste

Waste is any substance which is discarded after primary use, of no use for the
primary user,

The US. Envionmental Protection Agency
(EPA) defines solid waste as-

ony garbage of refuse, sludge from a wastewater
treatment plant, water supply freatment plant, or air
on contel focility and other discarded
luding  solid,  liquid.  semi-sofid, or

6
. mining, and aaricultural operafions,

and from community activities.

Now, let us come to a little detail of it. So, waste is any substance which is discarded

after primary use, which is of no use for the primary user.
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Solid Waste in India
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if we look at the numbers the numbers are quite alarming quite huge and the per capita
generation of waste municipal solid waste in different Indian cities it varies, but it is
reasonably high as compared to the international trends this number is very low, but
considering the density and the overall population of our country, the overall amount of

waste volume of waste which is generated per day is quite huge.

And it is estimated that with the given lifestyle change that we are witnessing more and
more areas are becoming urbanized and we are changing our lifestyle into a lifestyle
which is more waste producing. So, as per a report from TERI the energy and resources
institute it is estimated that the waste generation will exceed 260 million tons per year by

2047 that is more than 5 times the present level.
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A
Broad Classification of Wastes

v Waostes can be clossified into:

. Biodegradable Wastes

+  The biodegradable wasles are those that con be
decomposed by the nalutal processes and
converted inlo the elemental form,

+ Forexample, kilchen garbage, animal dung, ele

+/ Non-biodegradable Wastes

+  The non-biodegradable wastes are those that
cannol be decompesed and remain as such in the
environmenl.

+  They are persisient and can cause various problems
For example, plastics, nuclear wastes, glass, elc.

If we look at the broad classification of this waste, we can broadly categorize into two
categories; one is a biodegradable waste and the other one is a non biodegradable waste.
Very clearly all of us probably would have read in our schools and all and we know that
biodegradable wastes are those which can be decomposed by natural processes and they

can be converted into the elemental form.

The non biodegradable waste is the waste which cannot be decomposed and it remains as
such in the environment. So, they are persistent and they can cause various problems,

there is a variety of materials which fall under this non biodegradable waste.
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A
Classification of Solid Wastes

Types of selid Description Sources
waile

Food waste Wasles from the preparation, cooking, and serving of food, Households, restaurants and

(garbage) Market refuse, wasle from the handing, starage, and sale of hotels. stieel food comers
produce and meals and vegetable. elc,

Rubbish _ICombustible [primary organic)- Paper, cardboard, cartons wood,  [Households, inshitutions and
boxes, plasfics, rags, cloth, bedding, leather, iubber, grass, leaves, |commercialsuch as hotels,
e immings stores, restourants, maorkets

Non-combustible primary inarganic |- Metaks, tin cans, metal foil ele,
dirl, stenes, bricks, ceramics, crockery. glass bollles, ofher mineral

refuse
Ashes and Residue from fires used for cooking and for heating buildings, Households, small scale
residues cinders, clinkes, thermal power planls. plants, efe,

Bulky waste Large auto party, fyres, stoves refigerators, otheds large appliances, [Shops, houteholds, ele.
fumniture, lorge crates, Irees, branches. paim fronts, stumps.
foolage

Shreet waste Shreet sweepings, did, leaves, calch basin dirt, animal droppings, | Streets, adewalks, alleys,
vacant lols, el

Source: Sobd Woie Jo\unnlmm in oe-mi Counries b| Bhidebd Sondersan, INSDOC ii\ 1983

If we look at the classification of the solid waste as per a report solid waste management

in developing countries we can see different types of waste. So, there is food waste, there
is rubbish as part of that we have two, we have combustible rubbish and we have non
combustible rubbish. As part of combustible rubbish we are talking about the paper,
cardboard, cartons, we are talking about rags and cloth and bedding, leather, rubber,
grass, garden trimmings etcetera. While in non combustible which cannot be burnt to
produce energy, we have metals, all sorts of metals, we have construction waste and the

glass wastes and other mineral refuse. So, this is rubbish.

Talking about the next category is ashes and residue. So, this is the residues from fire
used for cooking and for heating buildings from thermal power plant, cinders and
clinkers all of that comes into this. Bulky waste is huge waste for example, discarded
refrigerator, television, other large appliances, huge trees etcetera. So, this is all bulky
waste street straight-waste is street sweepings and dirt, leaves, the catch basin dirt and

animal droppings and all which is commonly present in on the street.
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A
Classification of Solid Wastes

Types of solid waste Description Soutces
Dead animals Small animals: caks, dogs, poullry ele Streels
Large animals: horses, cows etc
Constuchion & Lumber, rooling, ond sheathing scrops, crop residues Constuction and demclificn
demolition waste  |rubble, bioken concrete, plaster, conduil pipe, wire, sites, remodeling, repainng
insulation ete. sites
Industial waste & | Solicd wastes resulling from indushy processes and Factories, power plants,
sludge manufacturing operations, uch as food procesing Ireaiment planks, efc.

wastes, boler house cinders, wood, plastic and melal

scraps and shaving, ele, Effluent freatment plant dudge
of industies and sewage treatmenl plant sudge, coane
screening. gril & seplic lank

Hozardous wastes  |Hazardous wastes: pathological wasle explosives, Households, hospital
radioactive materiad, foric waste, insfitution,
elc Stores, indushy, elc,
Horficulture wastes [Tree-fimmings, leaves. waste rom parks and Farks, gardens, roodside
‘ Gardens, elc frees, elc

Source Solid Watle Moncgement i Developing Countriss by BhudebA Surderason, INSDOC Agrl, 1983

Then we have dead animals, we also have construction and demolition waste which is of
a great concern when we are talking about sustainable architecture. So, some of these
wastes might not figure as part of the solid waste management scheme when we are
talking of sustainable architecture, but it is imperative to know about all these types of
wastes. Then we have industrial waste and sludge, now this may vary depending upon

the type of industry and the type of processing each industry has.

Then we have hazardous wastes, now this hazardous wastes includes the pathological
wastes which is the medical waste, explosives, radioactive material, toxic wastes. Now,
these types of wastes may be present in limited quantity in buildings depending upon the
usage of the building. Then we have horticultural waste which is the garden waste, now
all this waste as of now in India is largely being disposed on landfill sites they are being

dumped on the land.
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Environmental Impact of Solid Waste Disposal on Land

Ground water contamination by the leachate generated by the waste dump

Surface water contamination by the run-off from the waste dump

fiad odour, pests, rodents and wind-blown litter In and around the waste dump
) Generation of inflammable gas (e.g. Methane) within the waste dump

Bird menace above the waste dump which affects flight of aircraft

U Flres within the waste dump

Acidity to surrounding soll and

Release of green house gas

And we can see huge areas like this and this scenario there the waste is also being
dumped in the rivers alongside rivers and there is a huge environmental impact of this
solid waste disposal on land and the situation is quite alarming. The first and foremost
and the most serious of all is this groundwater contamination by the leachate generated
by the waste dump. Unfortunately in dense areas the first aquifer which is the unconfined
aquifer majority of the aquifer has got contaminated simply because of this leachate

which is generated by the waistwaste which is dumped on the land.

So, this leachate passes percolate through the soil and it reaches the aquifer thereby
contaminating the water. So, when we were talking about the problems related to water,
we talked about contamination and solid waste disposal on land is one of the major
causes of underground aquifer contamination. Another is surface water a contamination
which is what we are seeing here. So, when the waste is disposed in sites which are close

to the surface aquifers for example, rivers or ponds.

So, this leachate is actually going into these water bodies and not just the leachate, but
also they runoff from the waste dump. So, the waste itself and they run off from that
carrying the contaminants is taking taken into the surface water bodies. Then bad odour,
pests, rodents and wind-blown litter in and around the waste dump is seen. So, a lot of
pests and rodents for example, rats and insects and cockroaches and lot of these pests

they thrive around this waste and there is bad odour as well.



There is generation of inflammable gases special methane within the waste dump
because of this decomposition process which is happening. So, there is organic and
inorganic and all types of waste which is mixed and dumped on the land which generates

these gases which is also harmful.

Then there is a lot of bird meanness above the waste dump. So, we have we might have
seen a lot of these birds, scavenger birds for example, eagle who create a menace above
the waste dump. So, it not only affects the flight of aircraft which is one of the major
concerns, but it is also difficult for the habitation around because these birds they create
a lot of menace. Then because of these inflammable gases there are often fires within the
waste dump. So, these gases may catch fire and also if part of the waste is being burnt

which is also the usual practice.

So, the waste often catches fire and is further polluting the environment. There are
erosion instability problems relating to the slopes of the waste dump. So, we might have
recently heard that the waste disposal site one of the waste disposal sites in Delhi it
collapse thereby killing couple of people and creating havoc around. So, such problems
also are generated. Then there are epidemics through the stray animals so, because of all

these rodents and pests and all this waste and stray animals coming in contact with them.

So, there is an increased chance of spread of epidemics because of this solid waste
disposal on land. Then the surrounding soil becomes acidic, because of this leachate

percolation.
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A
Environmental Benefits

+ By creating convenient recycling opportunities for all building occupants, a
significant portion of the solid waste stream can be diverted from landfills.

+ Recycling of paper, metals, glass, cardboard, and plastics reduces the need to
extract virgin natural resources, —

* For example, recycling 1 ton of paper prevents the pruurf,sir{&‘_gi 17 trt'g‘;\-,;\‘nd
saves 81 cubic feet offlandfill spaces. —

+ Recycled aluminum requires :;ﬂ?'i‘g. of the energy required to produce virgin
aluminum from bauxite, its raw material formed.

*  Diverting waste from landfills can help minimize land, water, and air pollution.

*+ An occupant education program that addresses the environmental and financial
benefits of recycling can encourage occupants to participate in preserving the
environment.

Now, besides this if we properly manage the solid waste, there are several environmental
benefits which are just opposite of all the environmental impacts that we have just talked
about. For example, if we recycle 1 ton of paper it prevents the processing of 17 trees

and it saves around 81 cubic feet of landfill spaces.

So, it is not just that we are taking care of the environment by ensuring that it is hygienic
it is clean, but simultaneously we are reducing the borrowing of virgin material from the
nature and we are also saving on the land, because currently —there—is—very—land has
become a commodity and it is very highly precious it is scarce in cities. Also we would
be saving on resources like energy hugely. So, for example, if you recycle glass or a-if
we recycle aluminum. So, only 5 to 10 percent of the energy which is otherwise of the
energy which is required to produce virgin material is consumed if the recycling is

happening.

So, not just are we saving on the virgin resource, we are saving on land and we are
saving on energy and same quality of material is again available to be used. So, a lot of

environmental benefits come if we properly manage our solid waste.
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Solid Waste Management

Basic essential services provided by municipal authorities in the
country fo keep urban centres clean.

+ Waste management is the collection,
transport, processing; recycling or disposal
and monitering of waste materials.

+ The two conventional principles of waste
management were: 'Dilute and disperse’
ot ‘concentrate and contain’.

« The main necessity of waste management
is to enrich the resources which are being
depleted due fo msing populofion and
increasing consumption rates.

So, when we are talking about municipal solid waste management what does it imply.
So, it implies the entire process starting from the collection, transport, processing,
recycling and disposable and also the monitoring of these waste materials in case some
toxic waste is there and then we may just need to seal it forever and keep it in isolation.
So, in such cases even the monitoring of waste materials and of the overall activity, all of

this in entirety is solid waste management municipal solid waste management.

So, there are two conventional principles of solid waste management, one is ‘dilute and
disperse’ and the other one is ‘concentrate and contain’. So, when we are talking about
dilute and disperse we are diluting the contamination. So, we are either improving the
quality of it through dilution or through processing and then we are dispersing it. So, that
it is not contaminating and it is not concentrated to create problems. In case we are not
diluting it we are further concentrating it and we are containing it in form of sealed

boxes.
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Solid Waste Management

Objective of Solid Waste (SW) Management

+ /Maintain clean and hygienic cenditions and
reduce the quantity of SW

+ Recovery of waste malerials and energy from
SwW

+ $W disposed of in sanitary landfill facility (SLF) R R R

So, the objective of solid waste management is to maintain clean and hygienic conditions
and reduce the quantity of solid waste, in addition to that to recover the waste materials
and energy from the solid waste. So, none of the resources which is contained in solid
waste should go in vain and we are reducing the amount of solid waste disposed of in
sanitary landfill facilities. So, we have to reduce the amount of waste which is going to

the landfill sites.
(Refer Slide Time: 16:43)
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Solid Waste in India

+ 7.2 million tonnes of hazardous waste Waste Generalion in Class 1 Cilies
with Populafion above 100,000

Types of cities Tonnes/day | Percentof

+ One 3q km of additional landfil area

gaeyyR total garbage
+ Rs 1600 crore for treatment & disposal [ 7The 7 megacities 20100~ 1835 -~
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mostly dumped on open low lying
land areas.



So, if we look at the waste generation in class 1 cities with population above 1 _1ac80600
we see that 7 mega cities in India, are responsible for around 18.5 percent of the total
landfill which is alarming. So, are the bigger the city is the rate of waste generation per
day is also higher and the overall percentage of waste which is generated. Looking at 28
metro cities, -i-they are generating around 17 percent of the total waste and 388 class 1

towns are generating around 37.07 percent.

If you look at the percentages which is in tons per day collectively and if we calculate for
per city basis then we see that per city waste generation is much higher for mega cities as

compared to the rest of the class 1 towns.
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-
Impacts of Improper Solid Waste Management
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Now, when we are talking about an effective solid waste management we have already
discussed the different environmental benefits that come along, but then the solid waste
management has to be proper we have to look at a sustainable solution. Now, when we
are talking about sustainable solution we are talking about the environmental dimension,
we are talking about the environmental impacts and benefits from the selected process
selected strategy. In addition to that we are also talking about the economic dimension so
in the long run how economic is the strategy for treating the solid waste management and

also the social acceptance.

So, how people can be brought in and it is not just human beings we are also taking care

of the stray animals, the cows and dogs and all of those animals who are straying on the



streets. So, collectively we have to see that, what is the solution which will be beneficial
for all. If you look at the health impacts of solid waste disposal on land we see that it
causes tremendous health problems to human beings, we are not even talking about the

stray animals, but to human beings because of all forms of pollution.
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Health Impact of Solid Waste Disposal on Land

[ Air pallution

This solid waste management improper solid waste disposal causes further air pollution
and water pollution and soil contamination all of which have a large impact on human
health including the risk to have cancer, the skin problem is nausea, cardiovascular
illnesses which is becoming quite rampant common in today’s times, respiratory
illnesses, a lot of contamination, lot of infection which is caused because of bacteria,
parasites and chemicals as well. A lot of problems which are caused because of these air

pollution and inhaling of these air pollutions the presence of pesticides.

So, all of this is quite costly if we look at it in terms of the GDP the percentage which is
being invested on human health if we manage your solid waste properly a lot of
investment which is required from for health facilities can automatically be reduced and

diverted.



(Refer Slide Time: 20:11)

eSS 000
waste Collection in India

e ikt 1
Primarly by the city municipality Y E[ HEE

-Mo gradalien of wasle product eg bio- ; \
degradable, glasses, polybags, poper shieds
eic

-Dumps these wastes 1o the cily oulskirls

Local raddiwala / kabadiwala (Rag pickers) e sy
-Colleching small iron pieces by magnets
Callecting glass bollles
Collecling paper for recycling

So, if you look at this waste collection in India primarily it is the responsibility of city
municipality, unfortunately there is no gradation of waste product into by degradable and
recyclables and non-biodegradable across the municipalities after the ambitious program
of government of India this segregated waste collection has been initiated in several
cities of our country. And there is a Swacchtha Servekshan which is carried out by
government of India and it is encouraging municipalities to collect all the waste and
segregate it right at the source or later and then process it recycle it put into the recycling

plants.

So, as of now not all the municipalities are actually collecting the segregated wastes, but
yes collection through the municipality is happening now in majority of the cities. The
next is through rag pickers. So, we as a community we as a society I am talking about
Indian society at large have this habit of storing anything that is recyclable. So, whether
it is paper or plastic or glass, metal. So, we have been in the habit of storing these recycle
recyclables and these recyclables are then taken up by the local [FL] or what we call as

rag pickers.

So, we select these items which are recyclables and these rag pickers they take these
recyclables and sell it to recycling industries, where a useful product is for the formed

produced out of this collected recyclables. Unfortunately with the changing lifestyle and



a lot of westernization of our culture even the recyclables are going towards the waste

which is what we never did earlier.

So, rag pickers have a great role to play every locality we have at least 2 to 3 rag pickers
who would keep visiting every week and they collect all the recyclables. So, these are the
two means of waste collection in India and if you look at the structure of municipal solid

waste.
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Structure of Municipal Solid Waste
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We can see that the municipal solid waste is divided into broad two categories, one is

trash and the other one is refused. Now, trash usually contains the bulky waste and refuse
contains the organic matter and the inorganic matter, the non biodegradable matter. The
biodegradable matter if is further processed, it is decomposed and the manure or the
useful compost can be produced out of that while rubbish can actually go depending

upon the what kind of material it is.

So, if it is glass, rubber, metal, plastic so, all of that can actually go into recycling while
some of this lowly degradable material for example, paper, wood products, textiles, may

be sent for further composting.
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L
Hiercrchy of Infegrated Solid Waste Management
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So, if you look at the hierarchy of integrated solid waste management. So, couple of
years ago almost 15 years back we were not talking about the integrated solid waste
management. So, there were different activities within solid waste management, but they
were not integrated, fortunately enough today we have we are talking about only
integrated soil solid waste management and here we talked about as the first strategy

waste minimization.

After waste minimization whatever municipal solid waste is created generated, we talked
about segregation at source and then the collection. So, it could be either this route or if it
is segregation at source then it goes to the collection from source to segregation centers
and then segregated into biodegradable and non biodegradable, for non biodegradable
waste it is taken to recycling plants and for biodegradable waste we take it to aerobic
composting or anaerobic composting any form of composting. There are mechanical
composters as well which go for anaerobic composting and then to our gardens and

agricultural lands etcetera.
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LA
Dealing with Material Use and Wastes
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So, when we are talking about the material use and waste there are 3 distinct priorities.
So, the first priority is to prevent the waste and primary pollution so, reducing the
amount of waste which is generated. So, we have to reduce the different types of product
consumption and thereby the generated waste for example, reduction in the packaging
waste, reduction in the food waste, reduction in the paper waste, reduction in all types of

waste that is possible.

The second is we are talking about the reuse and repair, reuse, repair and recycle. Now
again this has been an intrinsic quality of our community of our society where recycling
and repair and reuse of the products was an integral part of our lifestyle. So, there was
nothing which would directly immediately go as waste. For example, the mop which is
commonly known as [FL] so, couple of years back almost 20 years back none of the
market shops would have a mop which would be available out there, because all the

households would be using the used cloth as mop and that was a very common practice.

Unfortunately after the influence of western global market culture even the mops are
now available. So, that is where a lot of waste cloth which is generated in the household
now goes to landfills it now goes out as a waste, while earlier none of it would actually

go as waste because it would further be reused we had this culture of repair we still have.

So, almost for everything we have a repair mechanic whether it is we it would be shoes

or slippers or clothes or the equipment for example, mixer juicer or microwave or



whatever we have repair shops, while if you look at the developed countries they do not
have the concept of repairing and reusing a product we still have and we have to further
encourage it. So, first we reduce the amount of waste which is generated, second we
repair and reuse repair recycle and reuse all these products and the last priority is that we
treat the ways to reduce the toxicity or we incinerate it or burfy it in the landfills or we

release the last is to release the waste into environment for dispersal or dilution.

We should avoid all of this which our priority should be to reduce or to recycle and reuse
and there should not be any waste we should actually be going into the environment

through any of the means.
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Principles of Municipal Solid Waste Management

*Municipal Solid Waste Management
involves the application of principle of
Integrated Solid Waste Management

(ISWM| to municipal waste. Waste H-mr(hy
JSWM is the application of suitable "= b5
techniques,  technologies  and i
management programs covering all

types of solid wastes from all sources

to achieve the twin objectives of e

(a) waste reduction and

(b) effective management of waste
st produced aofter  waste
reduction.

So, when we are talking about municipal solid waste management the same priorities
become the principle. So, we are talking about the waste reduction and then we are
talking about the effective management, where we are talking about recycling repair
reuse. So, if you look at the hierarchy of waste management options we would first try to

reduce the waste at source.
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Hierarchy of Waste Management Options

The hierarchy of Waste management strategies usually adepted is

(a) Waste minimisation/reduction at source //

[b) Reeycling

[chWaste processing (with recovery of resources Le. materials (products) and encrgy)

{d] Waste transformation (without recovery of rewurces‘]//

S| CEN | S S— S—

(e} Disposal an land (landfilling] g

Then recycle it, process the waste, transform it and after that whatever little is left we

will then dispose it on land after it has been converted into inert waste. Now all this is in
a hierarchical manner. So, it is not that simultaneously all these steps would be taking

place.
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Effective Management of Solid Waste

The activities associated with the management of municipal selid wastes from the
point of generation to final disposal is grouped into the six functional elements:

(b) waste
handling and
(o) waste sorting,
generation storage, and
protessing at
the source

{d) sarting, (¢) transfer
(¢) eollection processing and and
transfarmation transpart

We will be going from one step to the other step in a hierarchical manner and thereby
reducing the amount of waste which is generated at each site and the ultimate aim is to

reduce the amount of each waste which is finally, disposed.
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So, if we look at all these steps of solid waste management in detail at waste collection
we need to collect the waste from each facility and it should be collected from door to
door or through a centrally organized facility. Once the waste has been collected either
the waste is segregated at source or it is segregated with before it is sent for

transportation and processing at a central facility.

If the waste has to be transported to the recycling facility then it we have to ensure
proper transportation through covered transportation. So, that there is no littering which
is happening, through transportation we will be sending it to the processing units where
different types of wastes will be treated processed differently. So, recyclables will be
going to specific industrial units where there will be recycled, the organic waste may be
sent to mechanical composers or vermi composting or whatever appropriate strategy
depending upon the waste type and once it has been processed it is either taken back for

reuse or if it is inert.

For example, the compost has been created out of mechanical compost or so then it can
be disposed. Now, this is a harmless waste it is not hazardous and it has been broken
down decomposed to it is elemental form which can be then returned back to the

environment.
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Problems in Dealing With Solid Waste

Education & voluntary compliance

Collection of waste

Technologicalinterventions
[nstitutions & regulatory framework

Absence of mandatory standards for waste reduction

Market action for waste reduction

Now, there are several problems in dealing with solid waste. One of the major problems
is in education and voluntary compliance. So, when we request the occupants to
segregate their waste at source there is the biggest challenge and also the resistance.
Then collection of waste which is efficiently being done handled by municipalities, then
we are talking about technological interventions. So, not all technologies are appropriate

for all scales and types of wastes so, identifying selecting the right type of technology.

And then institutions and regulatory framework so, how this regulation has to be
enforced one creator and then enforced also in a country like ours. We have absence of
mandatory standards for waste reduction specially, at the industrial level also monitoring
of it. And then market action for waste reduction. Fortunately with a lot of impetus from
the government through policies and kings a lot of this solid waste management and the

policies, frameworks, action plans are being seen on ground.
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Waste Minimisation

Methods To reduce the amount of waste generated at the source:

(i) the adoption of industry standards for product manufacturing and packaging that use
less material,

(ii) the passing of laws that minimise the use of virgin ma in consumer products,

(iii) the levying (by communities) of cess/fees for waste management services that penalise
generators in case of increase in waste quantities.

oSorting atf source, recycling at source and processing at source
(e.g. yard composting) help in waste minimisation,

So, when we are talking about waste minimization we have to adopt the methods to
reduce the amount of waste which is generated at source. So, we talking about adoption
of industry standards for product manufacturing, we are talking about passing of laws to
minimize the use of virgin materials in consumer product and we are talking about
levying of fees, cess on communities for waste management services that penalize
generation of waste and increase in the waste quantities. Then we are talking about

resource recovery through material recycling.
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Resource Recovery Through Material Recycling

Sorting of source
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|d) Hazardous material in household waste,
|e) Construction and Demclition waste, and
{f) Commingled MSW [mixed waste].

Centralised Sorting
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So, we are talking about segregation at source which will then lead to the resource
recovery. Now, this resource recovery could be in terms of energy, in terms of material,
for example, glass, metals, the entire material can be recovered resource can be
recovered or we can also talk about the garden waste, the organic waste for example, bio
waste or garden waste which can be then recycled to extract the elements the nutrients
which are contained in it. So, we have different types of processes we have biological

processes which can be anaerobic processes and aerobic processes .s-
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Resource Recovery Through Waste Processing
Biclogical Processes
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And-aerobie—proeesses—asAs we have also seen in the solid waste, water processing,

recycling the difference between aerobic and anaerobic processes.
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Resource Recovery Through Waste Processing
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There are thermal processes which include combustion which is incineration where the

products are burnt and the harmful gases are controlled they are captured before they are

released into the environment. So, incineration is another process which is one of the

thermal processes, but all the thermal processes require a lot of energy. Then pyrolysis

where combustion in the complete absence of oxygen is taking place and then

gasification where we are combusting in presence of very little amount of air.
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Resource Recovery Through Waste Processing
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There are many other processes for example, hydrolysis to recover organic acids,
chemical processes to recover oil, gas and cellulose. Ffluidized waste by reactors for
cellulose production and ethanol production. So, a lot of technological processes are now
available, in addition to that we are talking about the transformation processes where
prior to the disposal the level of hazard that these materials contain that can be reduced.
So, the hazardous materials can be converted into non hazardous materials and then they

can be disposed.
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Disposal on Land

Wasle is disposed off on land in units called landfills
which are designed lo minimise the impact of he
wasle on the environment by containment of the
waste

Usually three types of landlills are adopted

Landlills in which municipal waste s placed are
designaled as "MSW  Londfils’ or “Sanitary
Landfills"

Landtills in which hazardous waste s placed are
designaled as “Hazardous Waste landfills”

Landiills in which a single Iype of wasle is placed
leq. only conshuction waste) are designaled os
“Monafills”

The disposal or land should be the last type of the last step if nothing else works and it

can be classified or it can be designated as municipal solid waste landfill or sanitary
landfill. Now, these sanitary landfills they are there are proper guidelines for them, how
they have to be arranged in layers, what are the different layers and how high they can

go, what is the total volume that each landfill site can contain and all of that.
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Disposal on Land

Other than municipal solid waste, the following types of waste may alse be generaled in urban
centres:

Industrial Waste - hazardous and non-hazardous waste from industrial areas within municipal limits.

M Biomedical Waste - waste from hospitals, slaughter houses etc,

Thermal Power Plant Waste - Flyash from coal-based electricity generating plant within municipal limits.
P Effluent Treatment Plant Waste - Sludge from sewage treatment plants and industrial effluent treatment plants,

Other Wastes - Special wastes from non-conforming areas or special units.

So, besides the municipal solid waste which we have been discussing so far, there are

different types of wastes which are also generated in urban centers. We have industrial
wastes which are generated out of our industries and we can see that the industrial towns
have a very huge number of wastes, huge amount of waste which was generated because

it is largely the industrial waste which is coming in.

Then we have biomedical waste. So, we have proper guidelines to collect the biomedical
waste and treat it separately_s—So; that it does not get mixed with the other municipal
solid waste. We have thermal power plant waste which is largely the fly ash from coal
based power plants. Now, we have identified different ways of reusing this waste product
which is the fly ash because it is an inert material and can be used in multiple ways. For
example, making fly ash based cement mixing it with cement making fly ash bricks and

several other materials.

Then we have a-effluent treatment plant waste. So, this is the sludge which is generated
from the sewage treatment plants which we have seen in the previous lectures as well.
This can be used for multiple purposes specially for composting fer-to be used as manure
because it is quite rich in nutrients organic nutrients and there are many other different

types of waste which are special waste from non conforming areas or special units.

So, we will stop here today and in the next lecture we will talk about more concepts

related to the waste materials and resources.



Thank you and see you again.



