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Abstract: Concept of recirculation of resources has been discussed in the Stockholm Conference. Based on that
concept, recently the policy makers, researchers, major global companies and implementers are attracted and
increased their attention towards transition from the existing linear economy model to a circular one. After years of
growing income inequality, concerns about technology-driven displacement of jobs, and rising societal discord
globally, the combined health and economic shocks of 2020 have put economies into freefall, disrupted labour markets
and fully revealed the inadequacies of our social contracts. A new circular economy model is needed to build truly
sustainable businesses —that is recognized by the business leaders gathering at the World Economic Forum. Without
urgent action, global waste will increase by 70% on current levels by 2050, according to the World Bank’s “What a
Waste 2.0: A Global Snapshot of Solid Waste Management to 2050 report. The global annual waste generation is
expected to jump to 3.4 billion tons over the next 30 years, up from 2.01 billion tons in 2016. In 2016, the world
generated 242 million tons of plastic waste or 12% of all solid waste. Out of over 300 million tons of plastics produced
every year, nearly 8 million tons are dumped into the oceans as plastic waste globally, and this will be doubled by 2025
at current rates of consumption and production, if no action is taken up to curb it. The 3R and circular economy are the
way of rethinking our approach to waste. The portion of the write-up is excerpts from the book, CircularEconomy:
Global Perspective, S. K. Ghosh, 2020, Springer Nature, gives a glimpse of the circular economy and its need.
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Status of waste management in a few countires

Bangladesh 864 0.43 Urban:T0% 15%in 3% NA NA 82%
Rural: 35% Dhaka
Bhutan 44 800 0.53 Urban:T0% 10% in 1% NA NA 9%
Rural: 25% Urban
Brazil 799 0972 90.8 % 31.9% 10% 0.1% 4% 59%
Egypt 30 0.4 60 % 11.5% NA NA NA 88%
India 62 0.5 Urban:35% 28 % 12 % 3% 5% 57%
RuralB5%
Italy 295 15 100% 26% 18% 19% 1% 26%
Lebanon 255 10 90% 8% 15% - 10% 0%
Portugal 452 1.26 100% 10% 25% 20% 4%
Nigeria 3259 0.49 0% 7? 77 777 7 7
5. Africa 59 07 T4% 1% unknown 2 90%
5. Korea 17.86 0.95 97.5% 36% 23% 25.3% 0% 15.7%;
3% by'20
Sri Lanka 2.14 04-10 Westemn 15% 5% 80%
Province:59%; Oth
ersi%
USA  1i11/202 254 20 100% 25.3% 9.7% 11.7% - 53.8%
T1h ICEEE ConlErence. CE-viay torwal ESERE] EVERpMENT_Prot. Sadnan K. Gnosh_Cooas_Hongary_15.1 12000
LOST OPPORTUNITY

The study, published in Science Advances, found that of the 8.3 billion tons of total plastic ever produced:
Only 9 percent has been recycled. 90 % of the material recycled was only reused once. About 12 % was
incinerated; 79 % ended up in landfills. 30 % is currently still in use. Packaging only remains in use max. for
about a year. Plastics in construction and machinery remain in use for the longest period of time. If current
production trends hold, total production will be 12 billion tons by 2050. The US lags far behind Europe,
India and China in recycling. 2014 recovery rates: Europe (30 %), India (22%), China (25 %), and the US (9
%).

A prevalent policy dilemma - what should be the priority for government
authorities?

UPSTREAM MEASURES DOWNSTREAM FOCUS

N

Versus

(Product policy towards resource (Resource intensive and hazardous
efficiency) production of expanding markets)
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Many government policies and programs tend to focus on conventional waste management solutions such as
sanitary land filling or incineration — mainly downstream disposal, which is expensive, while failing to
pursue upstream measures to reduce the actual waste load.

CE in post covid-19 Era

CE Definition: "CE is a systems-level approach to economic development and a paradigm shift from the
traditional concept of linear economy model of extract-produce-consume-dispose-deplete (epcd2) to an
elevated echelon of achieving zero waste by resource conservation through changed concept of design of
production processes and materials selection for higher lifecycle, conservation of all kinds of resources,
material and/or energy recovery all through the processes, and at the end of the life cycle for a specific use of
the product will be still fit to be utilized as the input materials to a new production process in the value chain
with a close loop materials cycles that improves resource efficiency, resource productivity, benefit
businesses and the society, creates employment opportunities and provides environmental sustainability"
(Source: Ghosh et al., 2020).
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3R's Principles: Reduction, Reuse and Recycle

Selection of lighter materials with extended life,

Reduction in consumption of energy in the processes,
Reduction in generation of wastes in the processes,

Reduction in manual intervention,

Reduction in the flow or steps in the manufacturing processes,
Reduction in packaging,

Reduction in cycle time,

Reduction of resource consumption by reusing, and many more

Generic Business Framework for Design with intent for Circular Economy

HF;(;:S:U?*: " Eco-Design of products Manufacturing Process #
. # Resource Conservation Energy Efficient
compatible £ Long Life # Faster Process
to adcpt # Product Life Extenzion # Effective parameters Caontrol
Circular # Fewer Resources use # Waste Reuse by close loop
Economy # Slowing Resource Loop # Products more sustainable & recyclable
concapt # Robust Reverse Logistics # Robust Reverse Logistics
# Ease of Disassembly
Zero Disposal Recycle potential after use Reuse potential of Materials
# Zero inert after use D‘ # Material recyclable afier use :) #Enhanced reuses potential
# No impact on environment
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Swachh Bharat Mission & Swachh Survekshan in India Demostrating 3R &
Circular Economy

How India is carrying out Circulation of Resources and Involving the
Citizen

1. Swach Bharat Mission

2. Draft National Resource Efficiency Policy (Nrep)

Contribution of Traditional Practices that
needs to be eliminated

Evolution of environmental legislation in India and its approach

Legal System for establishing “Sound Waste Management” in India

Factories Act, 1881, 1891, 1911, 1922; Factories Act, 1934; Petroleum Act 1934

«Factories Act 1948 , The wild life protection Act 1972,
«The Water (Prevention and Control of Pollution) Act, 1974
«The Water (Prevention and Control of Pollution) Cess Act, 1977
«The Air (Prevention and Control of Pollution) Act, 1981

«The Environment (Protection) Act, 1986

+Hazardous Wastes (Management and Handling) Rules, 1989
«Manufacture, Storage and Import of Hazardous Chemical Rules, 1989
«The Forest (Conservation) Act, 1980

Basic Environmental
Plan [1972 Stockholm
Conference];
{42nd amendment,
Article 48 part IV &
Article 51A(g) in the
Constitution }

— — « Biomedical Waste Management and Handling rules,1998

tal Plan for * Plastics Manufacture, Sale and Usage Rules. 1999

Fundamenta d * MSW (Management and Handling) Rules, 2000
establishing a soun « Batteries (Management and Handling) Rules, 2001

Waste Management « E-waste (Management and Handling) Rules, 2011
\wom and 3R concept 2 « Biomedical waste management and handling rules, 2011
) ‘»———-——r""_] « Battery Rules, 2011

New & Revised Rules in 2016 on Waste Management based on
5R (Reduce, Reuse, Recover, Recycle, Remanufacture) & Circular Economy

/ G .

Aoy aa Other Wastes 2 airactiorand [_Bp medical Waste management Rules, 2016
(Management and Demolition Waste E-Waste (Management) Rules,2016
Transboundary Movement) e
Rules, 2016 Management Rules 2016 |Plastic Waste Management Rules, 2016

[ Solid Waste (Management) Rules, 2016

(Source: S K. Ghosh, 2076, /™ 3K Forum, UNCRD]
SW, Masks and gloves Disposal

ULBs: daily collection of segregated general SW from quarantine centers, home-care and hospitals in
securely tied bags (without opening to ensure waste collector safety and to avoid pilferage).

e Liquid disinfectant (1% sodium hypochlorite solution) may be sprayed over bags containing general
wastes prior to collection or disposal. General SW may be disposed as per SWM Rules, 2016, in
landfills, waste to energy plants, as is available infrastructure.

o Identify dedicated area on landfill and the bags should be spread and covered daily with layer of soil
or stabilized waste after sprinkled with lime/bleaching powder. Access to landfills sites should be
restricted;

e Masks and gloves used by persons other than COVID-19 patients should be kept in paper bag for a
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minimum of 72 hours prior to disposal of the same as general SW after cutting the same to prevent

reuse.

cite ol BN\
Reqdmg

Autoclave
medicare T ms.nfm
« Tubing's
. Shams Shredded

*S
+ Plastic bags
- -

Collection Vehicles
Incineration plant

* Human anatomical
Waste

« Animal waste .
Incinerator

« Microbiology
& biotechnology waste
« Discarded medicines &
cytotoxic drugs
» Items contaminated with

blood and bedy fluids
including cotton dressings

Incinerator,

Water-energy-environment nexus
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ENERGY REUSE

Wastewater
NUTRIENT ORGANIC
RECOVERY (N,P) FERTILIZER

Energy & Resource recovery: A promising solution for wastewater
treatment systems

e Achieving water, energy, and environment security pre-requisite for human welfare

e One third of countries (Northern Africa, Western, Central and Southern Asia) face medium to high
levels of water stress (UN’s SDGs report, 2019)

e  Wastewater could contribute to address SDG

e  Wastewater discharged to water bodies without any treatment (~ 90%)

e UN’s Water Development Report, 2017; United Nations SDGs report, 2019 highlighted the
importance of recovery of energy, nutrients and other recoverable by-products

e Paris Climate Agreement: energy recovery in wastewater treatment plants (WWTPs) has been given
arenewed sense of urgency

e Implementation of principles of 3R & Circular Economy

Recovery from wastewater

e Common recovery options: internal water reuse from treated effluent and sludge reuse for
agricultural application

recovery
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e Organic substances — source of chemical energy for useful energy (electricity and heat) via direct
anaerobic treatment, anaerobic digestion of excess sludge and combined heat and power (CHP)

e Recovered Energy - offset energy need of plant (energy is consumed during sewage collection,
transportation, effluent treatment, sludge treatment and disposal)
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Anaerobic digestion: Energy recovery Processes
e AD - a widely used biological method - convert organic wastes into methane - leads to the
stabilization & waste reduction
e Robust & efficient treatment of municipal wastewater & part of the process to treat
biodegradable waste & sewage sludge
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Biogas production; bio-solid incineration
e Provides electricity; Reduce the organic & inorganic loads of wastewater

Biogas generation: sewage
sludge pretreatment + AD
I process for biogas production
+ post-treatment of the
pisintegration | digested sludge and the gas

H \lrm;_—/
Gas treatment, storage
Dewatering

|

I Sieving thickening

\ 4
I Anaerobic digestion

v
I ] Upgrading to biomethane
or utiisation in CHP
- —
Dewatered sludge Process water
e e AD processes in a
WTP

i
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AFR in Indian
Cement
Industry

"Co-processing
of wastes : A
True business

Model of Circular
Economy in
Muddapur

Plant"

Energy consumption - Indian cement industry

Cement production in India is about 545 MioTPA
e India is 2nd largest cement producer after China
e Estimated coal required - 40 MioTPA
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India has the potential to use the entire hazardous/Non-hazardous waste generated, if suitable for
co-processing.

Energy consumgtion pattern in camsent Industry
electrical
9%

ﬂ thermal thermal
_ _g 5 o

e Energy cost is 50-70% comprising of both thermal and electrical energy of total cost of
production.

e The energy distribution is given as:
e The conservation of energy and use of cheaper renewable alternate fuel have assumed
greater importance for improving productivity and reducing thermal energy consumption

Total Waste & potential in INDIA

| PROJECTED IN 2030

| Waste Generation (Mio Tons/Year) |

28

Dumped in
Landfill

Waste Management hierarchy

1. Reduce
3 Reuse VOLUME OF WASTE

< When prevention/reuse not feasible

3. Recycle-Re-processing
¥# Recycling of end of life cementitious product

<+ When Re-processing is not feasible

4. Resources Co-processing in existing Ell's
¥# Process specific guidelines

* Pre-processing is key

<+ When Co-processing is not applicable

5. Waste disposal activities
# For organic : Incineration
*  Waste to energy programs
*  Energy efficiency is key
¥# For Minerals: Land filling
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Alternative Fuel - Fact & Figures

Average utilisation of alternative fuels in selected countries

Recent database analysis B

J0 %
shows that the green 60 %
.. 50 %
house gases emission 0
reduction potential 0
o‘* c?'
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through waste utilization .
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extremely higher.

Goals & Challenges
Global Individual
Goals Goals Challenges
Saving of . )
|| et | | Earning Identification
disposal fee | of New Source
resources
'Reduction of : ] i )
| | co2 | | Negative Preparation of
emission fuel cost || waste to AFR
Thermal & Stronger Installation of
—  material L market — AFR handling
recycle position equipment

AFR-Feeding Points in Cement Plant
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Types of Waste

Non
Hazardous Municipal/
Municipal solid Domestic = Paper
waste = Wooden
All kind of Organic Packaging = Plastic Bags « Cloths Non Edible
Residues, Wastes, materials = Bottles +  Resins Rice Husk
Sludge Scraps (Waste *  Rubber «  White Goods Corn Stover
Paint Sludge cloths/Fiber) = Vegetables «  Rubber Waste Agro Residue, ete
Distillation Packing Paper, +  Food Waste, etc = Plastic from
Residue Plastic packing & other
Spent Carbon Waste from office, users (Non-
Process Waste etc. recyclable), etc.
= Spent Catalyst = Insulation
= ETP Sludge = Lining
*  Resin Material,
etc.
Pre-Processing

Pre-Processing

~ Pre-processing Facility (PPF) is a “Preparatory” or
Emissions
Pre-treatment unit
0
' - ~ Most wastes are not suitable for direct utilization ,
¢
» ’ Difficulties in unloading, Storage & Feeding
~ Process & Product Quality Disturbance
~ According to the granulometry of solids, a size
reduction may have to be considered to fit the fuel
Industry (Elly
to the desired kiln feeding point.
Key Ste.ps n Screening M Homnge_niring
Processing of reduction and mixing
Waste:

Sources of Alternate Raw material

CHEMICAL
THERMAL POWER PLANTS INDUSTRY
Axh, cakium-based fue gan a0d  Gojyms, plasicn
shudye cloanng Rsidues and sluciges

OL INDUSTRY . -
RN R i L FOOD NOUSTRY
Exbauat oils, ::‘r:: 2 'r g X Plastics, Class
®- zerea L
7 \ i, i Y
WASTEWATER
AITOMOTIVE > e
Can N, Saraptyres . B S
® ; 1 | T
X
CERAMIC AND WASTE TREATMENT
ROF - refuse-gerived fuel:

BRICK

INDUSTRY

Processing wastes. Mue
002 cleaning residuss.

- ! E

- =
-

w_ ( FOUNDRIES

! Siudges, fumace aiags

N

R - ®

WASTE INCINERATORS |
Asn, viag

BUILDING &
CONSTRUCTION
Asbesns-tee

demoliion wasies

MINING NDUSTRY |
Crifling mud, min=g
1 quamyng wastes

MOLDING & ROLUING
Sludges. rolling scales

Alternate Fuels & Potential
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Alternate Fuels & Potential

= MSW generation estimoted to be 140 Mio Tons by 2025
. = By effective management of MSW 22 types of diseases can be
prevented/ controlled
= >80% of the waste is sent to dump yards

» Domestic & widely available 32% of total primary energy
derived from biomass

»  Used extensively in power generation

= As per MNRE 120 Mio Tonnes/ annum available as surplus

TYRE WASTE = (.83 Mio tons of used tyres generated annually
= AF with high heat content
= Better managed in Cement Kiln

el SV SN | = 0.6 Mio tons of incinerable hazardous waste generated annually
< = 41,523 HW generating units in India
= New HWM 2016 considers co-processing as a preferred option

Energy From AFR Projected 25% TSR @ 2025

Energy from different fuels (TSR % )

E TR
MSW
=00
= Spent Pot
= Liner
14.27 1 Bio mass

25,66
)

100a 8.49 B Hazardous
waste
0.0 0.87 1.83 Waste tyres
oam — W— - p— P— S —
U.E%
® S e o B 3
{'{S‘ qi?‘} ﬂfg’;} {P‘E{’ @. __}?
L 0 o~
L & -
- ae !.;-":‘
o o
& A
£ el

Anticipated Benefits By 25% TSR @ 2025

Coal Consumption reduced by 25% F
92
'iand filling area requirement in the
country will be reduced by 20%
— — 38.53 39.68

~

GHG emissionfmmﬂ:elreduoes by 25% COAL CONSUMTON  CARBON EMISSIONS LANDFILLING AREA
) (MILLION TPA)  FROM FUEL (MILLIONS FOR MSW
R S S G S - S TONS OF CARBON (1000XHECTARES)

DIOXIDE)

Reduce imports & increase economic
activity of the country ® BAU(Business as usual) 25% TSR
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AFR Coal Savings & CO2 Reduction

Coal saved Conventional fuel reduction by Volume ( 20-25 %) and

€02 Reduction PAT target to reduce 5% MTOE will be helpful by using
FY19-20 : 8004 MT AFR
22| Reduction of global emission

1186 High temperature around 1400 Deg C &

97(gag residence time around 5-6 Seconds
Double valorization: organic and minerals totally

destroyed

High efficiency and total recovery
No adverse effect in cement product quality

Problem in burning and operational stability, reduction in thermal efficiency

(If feed size is > 50 mm )

Handling as well as additional heat is required for drying, reducing thermal efficiency (If
Moisture content is > 15 %)

Not suitable for direct feeding, required additional cost for conditioning, causes increase in
specific power (Low Calorific value < 2500 Kcal/Kg)

Effect of minor component on clinker quality
( Proper selection of AFR/RDF )

Glimpses of Liquid AFR System

Glimpses of Liquid AF
. L
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__Q _ Evolution of Swachh Survekshan

2017

434 Cities 4203 Cities

4242 Cities

Physical Output - . . Instit ing
m Swachhats reeme A

No.1 Cities I
Mysuru] Indore TBD | TBA

Iransformation from ‘Monitoring Tool” to ‘Implementation A

Gy e

Swachh Survekshan - 2021 Total Marks 6,000

SS-2021

New Performance Category

Prerak DAUUR Samman
- . Total :

Service Level Progress = — 2000 Marks
1. SEGREGATED COLLECTION 2,000 Marks y - Number of Indicators: 7

ﬁ  dut for each Indicator

Processing & Disposal

800 Marks
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800 Marks

11th ICEEE Conference: CE
Development
Ghoszh_CSEAS_Hu

19/11/2020

Samarye Treatmmm Plan

40%

Processing & Disposal

800 Marks

19/11/2020 Development_Prof. Sadhan K
Ghndy CSFAS Hunesry 10 11 2000
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‘ Possible technologies : MSW ‘

L
‘Wet Waste
e =
Green Recycling Hazardous Waste

Food
Waste d e

//“'
Ps ~ ]
\ RowdMaking| | ] i

Vez. |-~

Pyrolysis

Co-processing
Glazs
Individual

Recycling

JIIE

—
-

CONCLUSION

e Resource consumption must be reduced in all the countries

e Comply with the requirements of SDG 2030,

e Resource Efficiency need to be enhanced in all the countries by implementing 3Rs(Reduce,
Reuse and Recycle) and Circular Economy
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