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Chemical Engineering for SDGs

. 2. Zero Hunger — End hunger, achieve food security and improved nutrition

Sustainable Development and promote sustainable agriculture. (Conduct a Life Cycle Analysis (LCA)

Goals (SDGs) of food)

3. Good Health and Well-Being — Ensure healthy lives and promote well-being
for all at all ages (Chemicals, pollution and contamination of air, water and
soil)

6. Clean Water and Sanitation — Ensure availability and sustainable
management of water and sanitation for all. (Impacts of pollution, dumping
and release of hazardous chemicals and materials on water quality)

7. Affordable and Clean Energy — Ensure access to affordable, reliable,
sustainable and clean energy for all (Different energy types, Environmental

impacts and issues of energy production, supply and usage, low carbon
SUSTAINABLE =2 . . : .

DEVELOPMENT 1 energy solutions, Peak of oil production and energy security)
.-:"f-ALS 9. Industry, Innovation and Infrastructure — Build resilientinfrastructure,
promote inclusive and sustainable industrialization and foster innovation,
(Develop a vision for a world with fossil fuel free transport systems,
Alternative fuels)

11. Sustainable Cities and Communities — Make cities and human settlements
inclusive, safe, resilient and sustainable. (\Waste generation and management,
Management and use of natural resources)

12. Responsible Consumption and Production — Ensure sustainable
consumption and production patterns (Environmental and social impacts of
production and consumption)

13. Climate Action (Greenhouse gases and their emission)

Ref.- UNESCO Education for Sustainable
Development Goals: Learning Objectives
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Steps taken in India for SDGs

MDGs
(2000-2015)

In India, the resposibility of SDG implementation is overseen by NITI Aayog. The
following is a goal-wise summary of India's status and steps to acheive the SDGs :

Global Multidimensional Poverty Index, NO
2018 : In India » declined from POVERTY
54.7%(2005-6) to 27.5%(2015-16)

MGNREGS, National Social Assistance
Programme, Schemes to improve the lot of
Farmers

Improvements in various mortality rates,
eduction in HIV cases but overall infrastructure
remains poo

GOODHEALTH
AND WELL-BEING

National Health Mission,
Ayushman Bharat ,
Mission Indradhanush, etc

Tremendous improvements in gender parity in
iducation but problems like low representation in EE:&EF”
zgislatures, violence against women continues!

Schemes like Beti Bachao Befi Padhao,
Sukanya Samriddhi Yojana, Janani
Suraksha Yojana, efc

Ref.- https://iasscore.in/current-affairs/mains/sustainable-development-goals

SUCCEessar >S DG S

Non-Binding intergovernmental agreement
17 goals
Aim : to achieve by 2030

India's rank on Global Hunger Index, 2018 : 103

» Strengthening of agriculture with numerous
schemes like PMFBY, Rashtriya Krishi Vikas
Yojana, infrastructure improvements

» Ensuring food security (TPDS, NFSA,
National Nutrition Mission, etc )

QUALITY 100% net enrciment ratio in primary
EDUCATION education , 74% literacy rate but quality of

I!!l i education needs huge improvements

CLEAN WATER
AND SANITATION

Ongoing sarva shiksha abhiyan , mid-day
meal scheme , teacher training , efc

Improved water access has reached 90%
of households by 2015-16 but sanitation
facilities remain low , esp. in rural areas

Swachh Bharat Abhiyan, National Rural
Drinking Water Programme, Namami
Gange , efc

IITROORKEE RN N




Steps taken in India for SDGs

Despite improvements, about 20 crore people DECENT WORK AND
still don't have access to electricity. Besides, Se
the growing demand also calls for enhancing s

capacity in renewable sources of energy

Sustained 7% growth levels but jobless
ECOHORG GROWTY 5191'“5 "growth can compound problems

National Skill Development Mission, Atal
Innovation Mission, MGNREGS, National
Service Scheme, efc

Interventions in rural electrification, New
ulfra mega power projects, National Solar
Mission, etc

_ _ _ _ REDUCED Gini coefficient for income inequality :
Growth in manufacturing sector is far behind 10 INEQUALITIES 36.8% (2010) to 33.6% (2015). But >90%
the services sector S of wealth still with less than 10% people
Make in India, Start up India, Pandit Deen 4d =) Ls\ Three pronged "JAM" based programmes
Dayal Upadhyay Shramev Jayate v aim at a comprehensive strategy of inclusion,

Karyakram, etc financial empowerment and social security.

Rapid urbanisation , yet 17% 19 Rsporss Ma"sggmi"t °;.W?§te and p.°"”t?"t35 5
urban population lives in slums. GONSUMPTION ; weal. Larbon Cloxide missions 1s <r

- - highest in world.
68% population lives in rural areas.
° PoP India has committed to reduce emissions

intensity by 33-35% of its 2005 level by
2030. Other steps like National Policy on
Biofuels and National Clean Energy Fund.

Smart Cities Mission, JNNURM, AMRUT,
Pradhan Mantri Awas Yojana

Ref.- https://iasscore.in/current-affairs/mains/sustainable-development-goals 11T roORKEE mu =




Steps taken in India for SDGs

CLIMATE

India has committed to reduce emissions ACTION

intensity by 33-35% of its 2005 level by 2030.

Huge emphasis on clean energy like solar,
mission , etc in recent years.

Degradation in Agricultural Land.

Forest coveris 21% .

Signing of UNCCD (UN Convention to
Combat Desertification), Aichi targets of
CBD, implementation of Nagoya protocol,
National programs on integrated

development of wildlife habitats , efc.
PARTNERSHIPS
FOR THE GOALS

1

India has been an important part of
this new global partnership.

India is a part of SCO, BRICS, SAARC,efc
and various UN Agencies and programmes
around the world.

Huge coastline provides livelihood to 250
million people. Sustainable use of these
resources is posing a problem.

LIFE
BELOW WATER

1

Projects like Sagarmala, National Plan for
conservation of aquatic ecosystems,
Schemes related to Blue Revolution

Garaguntan amounts of pending cases in
courts

Govt initiatives like Pragati Platform, public
grievance redressal system, development
" of gram nyayalayas and other
infrastructure. However, more needs to be
done on a war footing.

Ref.- https://iasscore.in/current-

affairs/mains/sustainable-development-goals
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SDGs and Engineering challenges

Sustainable Development Goals (SDGs)
#1: No Poverty

Grand Challenges of Engineering

#2: Zero Hunger
#3: Good Health & Well-Being
#4: Quality Education
#5: Gender Equality

#6: Clean Water & Sanitation

#1: Advance Personalized Learning

#2: Make Solar Energy Economical

#3: Enhance Virtual Reality

#4: Reverse Engineer the Brain

#5: Engineer Better Medicines

#7: Affordable & Clean Energy
#8: Decent Work & Economic Growth
#9: Industry, Innovation, & Infrastructure
#10: Reduced Inequalities

#6: Advance Health Informatics

#7: Improve Urban Infrastructure

#8: Secure Cyberspace

#9: Provide Access to Clean Water

#11: Sustainable Cities & Communities
#12: Responsible Consumption & Production
#13: Climate Action
#14: Life below Water
#15: Life on Land

#10: Provide Energy from Fusion

#11: Prevent Nuclear Terror

#12: Manage the Nitrogen Cycle

#13: Develop Carbon Sequestration

#14: Tools of Scientific Discovery

#16: Peace, Justice, & Strong Institutions
#17: Partnerships for the Goals

Ref.- Sustainability, 11(11) (2019) 3134
IITROORKEE HE B
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Sustainability: Funding Agencies in India

« Anusandhan National Research Foundation (ANRF)

« Department of Science and Technology (DST)

« Department of Scientific and Industrial Research (DSIR)

» Department of Biotechnology (DBT)

« Ministry of Education (MoE)

« Ministry of Electronics and Information Technology (MeitY)

« Ministry of New and Renewable Energy (MNRE)

 Ministry of Environment, Forest, and Climate Change
(MoEF&CC)

« Ministry of Water Resources, River Development & Ganga
Rejuvenation

« Ministry of Petroleum & Natural Gas

« Ministry of Chemicals and Fertilizers
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List of Research Funding Agencies in India

« Defence Research and Development Organisation (DRDO)
* Department of Atomic Energy (DAE)

* Department of Space (DoS)

 Indian Space Research Organisation (ISRO)
 Indian Meteorological Department (IMD)

 Indian Council of Agricultural Research (ICAR)

* Indian Council of Medical Research (ICMR)

e Ministry of Ayush

e Ministry of Coal (MOC)

* Ministry of Power

« Ministry of Earth Sciences (MoES)

« Ministry of Social Justice & Empowerment (MOSJE)
 All India Council for Technical Education (AICTE)
 University Grants Commission (UGC)
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DST - International S&T Cooperation

The IC Division of DST has the mandated responsibility of:

(1) negotiating, concluding, and implementing Science, Technology, and Innovation
(STI) Agreements between India and other countries;

(i1) providing interventions on STI aspects in international forums.

The major functions of I1C Division

« Negotiation, conclusion, implementation and monitoring of India’s international
regional and multilateral S&T cooperation agreements/ frameworks and related
S&T Program of Cooperation (India’s S&T Cooperation with EU, ASEAN,
BRICS, IBSA, SAARC, BIMSTEC, ASEM, EAS);

« India’s engagements vis-a-vis S&T aspects of UN and other international
organizations (India’s S&T engagements with NAM S&T Centre, UNESCO-
TWAS-ICTP, UNCSTD, OECD, IOR-ARC, G-20);

 Indian perspectives at S & T Ministerial Multilateral Platforms and its spin offs
(Carnegie Group Meetings and its spin offs like GSO-GRI, Science and
Technology for Society Forum).
IITROORKEE RN N




Bi-national S&T Centres

\ 1 & Indo-French Centre for the

- :
r Promotion of Advanced
..., Research (IFCPAR / CEFIPRA)

INDO-GERMAN SCIENCE AND TECHNOLOGY CENTRE

77

UK Research
and Innovation

India JUSSTF

HRd Indo-US Science and Technology Forum

A

Gaovernenest

N[
PS5

¥* *

Australia-India
Strategic Research Fund

11 TROORKEE HE N
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Professional S&T Bodies

Indian National Academy of Engineering, New Delhi

Indian National Science Academy, New Delhi
Indian Academy of Sciences, Bangalore
National Academy of Sciences, Allahabad
Indian Science Congress Association, Kolkata
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Research & Development Programmes

* Nano Science and Technology (NS&T)
 National Geospatial Programme (NGP)
 Cognitive Science Research Initiative (CSRI)

National Missions

* National Mission on Interdisciplinary Cyber-Physical
Systems (NM-ICPS)

 National Quantum Mission (NQM)
 National Super Computing Mission (NSCM)

e Climate Change Missions (CCM) 11T ROORKEE NN N
N T




Climate Change Programme

* National Solar Mission

» National Water Mission

* National Mission on Sustainable Habitat
 National Mission for Sustainable Agriculture
* National Mission for a Green India

* National Mission for Sustaining the Himalayan Eco-
system

« National Mission on Strategic Knowledge for Climate
Change

 National Mission for Enhanced Energy Efficiency
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Food-Energy-Water Nexus

ydroelectricity/Cooling/Sludge

@ Treatment/Distribution >
(n

Ref.- Science of the Total Environment, 716 (2020) 136998.

IITROORKEE RN N
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Energy Sources & Energy Transformations

Primary Energy
f ] ™ F
ﬂ:tﬁa?g;a&d ;3?' Petroleum Products,
Natural Gaqs ! Manufactured Solid
g -
Nuclear Energy, etc. = Fuels and Gases, etc. A
b A ; O
O -
. ™ - wn
Waste —» Electricity and Heat S 4
X ) O 3 O
; < z =
Wind, Geothermal, = >
Biomass, ﬁ -]
Hydroelectricity, Biofuels, etc.
Wave and Tidal
Energy, etc. ) \

https://www.watt-watchers.com/activity/energy-resources-primary-vs-secondary/
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National Water Mission

Comprehensive water data base in public domain and assessment of impact of
climate change on water resources

Promotion of citizen and State action for water conservation, augmentation and
preservation
Focused attention to vulnerable areas including overexploited areas

Increasing water use efficiency by 20%

Promotion of basin level integrated water resources management

IITROORKEE RN N




National Mission on Sustainable Habitat

Extension of the Energy
Conservation Building Code.

Water Resource Management
and Drinking Water Supply in
Urban Areas; waste water
management.

Better Urban Planning and
Modal Shift to Public Transport;
Greater Use of Non-Motorized
Mode (Dedicated lanes for
cycles, use of battery operated
and electric vehicles; use of
alternate fuels etc.)

Municipal Solid Waste
Management
(vermicomposting; Landfills;

Recycling of Material and Urban
Waste Management.

Urban Storm Water
Management.

IITROORKEE RN N



National Jal Jeevan Mission

1=
Piped water supply to Integrated demand and
all rural households supply side management
by 2024 of water at the local level

JAL JEEVAN MISSION
c.i

g’

X (= . Creation of local

Will converge with infrastructure for

other Central and rainwater harvesting,

State Government groundwater recharge

Schemes and management of household
waste water for reuse in
agriculture

11 TROORKEE HE N




National Mission on Himalayan Studies

* Implemented by the Ministry of Environment, Forest & Climate Change

* Nodal and Serving hub with G.B. Pant "National Institute of Himalayan
Environment"(NIHF)

Water Resource Management Livelihood Options & Employment Generation Biodiversity Conservation and Management

Infrastructure Development Physical Connectivity

111 xuunncE HE R
19




Semiconductor Mission

Indn Semicnductor Market

* Rising demand fo — -

consumer electronics Jj Diotec
* Implementation of adv SWX"J;;

anced technology in
SRS

.Drivers

automotive
*Increase in 10T in

industrialization
Restraints #Silicon
o Germenuim
o Carbon
eTin
@ Others

* Malfunctioning
of equipment

_Opportunities//
- —
*Tremendous

growth in electric
vehicle

* Rising automation in
manufacturing industry

maximizemarketresearch.com

lelcon ' .v
ermenuim aw ”
«Carbon ' ' ()
Tin V] CAGR
« Others s XX%
e}

- =<}

B > ]

- om

- 2]

AR B

Fabrication Technologies

» Metalorganic \Emfiase epitaxy
(MOVPE)

« Molecular beam epitaxy (MBE)

« Hydride vapour phase epitaxy (HVPE)

« Liquid phase epitaxy (LPE)

« Metal-organic molecular beam epitaxy

(MOMBE)
« Atomic layer deposition (ALD)

https://www.linkedin.com/company/maxmize-market-research-pvt-Itd/

End User Industry

« Electronics
« Telecommunication

» Information & Technology
- Data Processing

« Automotive

« Industrial Machinary

« Consumer

+ Others

2
L.CWIAXIMIZE

MARKET RESEARCH PVT.LTD.

m

-IC Desngn
+IC Manufacturmg

«|C Packaging and Testing
«0-5-D

Organisation Type

« Large Enterprises
« SMEs

O ——

‘
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Semiconductor Mission

SEMICONDUCTORS
FOR THE WORLD

Scheme for holistic development of Semiconductor
& Display manufacturing ecosystem

To contribute to US $1 trillion digital
economy as a part of US $5 trillion

GDP by 2025 - 2026 % @'ﬁ‘

Production target worth X9.57 lakh
crore over the next 20 years

Exports expected to touch
515 lakh crore over the next
20 years

India Semiconductor Mission (ISM)
to implement policy roadmap

= 3 =« [@

Intel and Samsung Lead Global
Semiconductor Production

Market shares of the world's biggest
semiconductor producers in 2020

intel < I ; -
Primsuncg

ELECTRONICS

|
SK"ﬁynix

MMcron
Qualcomn

© BROADCOM

{i’ Texas
INSTRUMENTS

COLLABORATION

Multiple Small Gompanies Gollaborating To Form JV To Fund And
Drive Development Of Semiconductor Fabrication To Assembly.

CLUSTER APPROACH

KIOXIA
< NVIDIA £

Dedicated Cluster With Large Semiconductor
Manufacturing FABs That Cater To Different Industries

OSAT TO SUPPORT FAB

Slowly Creating Network Of Small OSATs That Can
Drive The Testing And Assembly Requirements.

COUNTRY SPECIFIC FAB SouiEe: Garther

Focusing On Semiconductor Fabrication Technology That Is
Affordable To Build And Is Also High On Demand.

PRIVATE PLAYERS

Investment From Private Players By Taking
Advantage Of Government Incentives And Schemes.

11 TROORKEE HE N
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National Quantum Mission (NQM)

« Quantum Computing « Quantum Sensing & Metrology
* Quantum Communication e Quantum Materials & Devices

_National Quantum Mission (NQM) to scale up
R&D & leverage India into a leading nation in the area

f India DST

11 TROORKEE HE N




National Quantum Mission (NQM)

.
]

4y

Total cost of Rs.6003.65 crore from 2023-24 to 2030-31

Mission to develop magnetometers with high sensitivity in
atomic systems and Atomic Clocks for precision timing,
communications and navigation

Support design and synthesis of quantum materials such
as superconductors, novel semiconductor structures and
topological materials for fabrication of quantum devices

Single photon sources/detectors, entangled photon
sources to be developed for quantum communications,
sensing and metrological applications

0 be implemented by Department of Science &
echnolagy in partnership with other departments

1
|

T ROORKEE HE B
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Smart Cities Mission

)
S Ministry of Housing

Ay T SMART CITIES
MISSON

-] LI
CITY EREr
slies
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Smart Cities Mission

Smart Town Planning

Smart Security Smart Transportation / e Dot

Mobility b

R
Ld

Fuidebad Oseut @ Buely X Gangook lmaga

Jagx Cngrim’ Nkl 8 B
s " ARLO Ko AV e Ne— I

ma Smart Water & e Tl e, e S
° Bhar’ Sharl
Governance Sanitation s ¢ Do’ B T o A, e A
° Jabalp o
"':" @ Vadodara ,:mw e = Neviows Kokea
s s.'- < Reerkels
A 0
e g A N :‘.v.n.v.
Thare & ® Kby A 3 M
M..r-pcu»r.a
S ::-' .
Vbl shapamanacs.
smaft @ Belagei O iats
Pmap @ @ Hobd-Dharwad
Infrastructure el T
Samp @ r-:- ofthe Smart City Challenge
Mangsheu @ " e © Round | = Lighthouse Cities
Ropta s.:-‘."". A ® Rousd | - Fast.track Cities .

Tewgper Post T
@ Bod Temicappus © Round 2 Cities

» \ oo Thawjrvw ® Rousd 3 Citses
£x Smart Energy o s

® Rownd 4 Cities

Smart Healthcare
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National Solar Mission

CE MAP . WORLD BANK GROUP

TEworD BvK JEC

Total grid-connected solar power generation (ORIZONTAL IRRADIATION i
capacity of 31,696 MW set up foo =y - |

Projects of capacity 17,998 MW at | i _ge;!h; s
various stages of installations .

Varanasi 4 W by

\b "‘ JAhmedabad ,8hopal

\ Nagpur

Tenders for 36,278 MW capacity |
projects issued already '

*Visakhapatnam

Bangalore, ,Chennai

= N

Total funds released
by Govt: 8,518 crores et _ ,
(from 2016- 2019) ) i .

= ,.._,...,,..’ ﬁ’?,ﬂ - ..,.,,,.s.-z,v:,

;;7;};;?;1;1557’ = "’a.v ‘“{Wf 7

Z e =
= e -..\»; T A
e 5T ; R SRS R
%ﬁ% Z e it m;.'.a .; .;: »}eﬁa AR .

usm!_\w e
{‘,“%‘.‘%\‘&,“““ Tony -

LI
, ”" ZZTTTF

TITEIETTIS B TS T EITITTN TS EITETITTAETIAS IS

- = S RS = ¥

;\ T = 2 =F > =

a’l’l’/wmmu = - ”~ - . - - s

(7277777 7 T 21 MY 1 = - 4 2 : Il I RDDRKEE . . .




National Green Hydrogen Mission

EXPECTED DELIVERABLES BY 2030

At least
Smmt 60-1 00 GW 125. GW
GH, annual electrolyser capacity 25 :;gsgrtayt ifgrl;

and associated

) ' transmission
/gi' network
O: FH; i3 -:-.
T HT :

e

Total outlay approved: X 19,744 crore

- _—

IITROORKEE RN N
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National Green Hydrogen Mission

Natural Gas _ Fuel Cells
(steam methane reforming _ _
current process today) Engines/Turbines
Energy Storage
Renewable
Sources Petroleum
(wind, solar, Recoye'ry &
biomass, hydro, Refining
geothermal)
Methanol
Nuclear Production
~
(0\0 Electronics
Coal C\\e Ammonia
(with carbon Production
sequestration)
Metal Production &
Fabrication
Cosivsali Food
LA Processing
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National Green Hydrogen Mission

Green hydrogen in India National Hydrogen Mission

Global demand for  ~yp
hydrogen is around <=
70 million tonnes

per year. In 2020,

more than 7 Mt H2

was used in India.

4S5 Launched in August 2021 by Prime Minister Narendra Modi, the plan aims to develop
India into a global hub for manufacturing of hydrogen and fuel cell technologies, It
sets hydrogen adoption targets for some of the key sectors that could be
decarbonised more effectively using the fuel, including ammonia and fertilisers

Bottlenecks for green
hydrogen production in India

Making the cost of hydrogen production competitive

Nearly all hydrogen
demand is met
through domestic

hinges on policy support and strategic research priorities:

The flexibility of the grid

production based ‘_ ,
on fossil fuels 15% to absorb high amounts
coal aad of excess electricity

by-product
o refireres

of storage
india is yet to carry out

(®) oo con

of electrolyser
technology

Hydrogen demand in India
will grow to close to 11 Mt
H2 by 2030 due to growing
population needing
ammonia (fertiliser for food
production) and new
infrastructure

extensive analysis to map
prospective sites for

storing hydrogen The distance of areas of

high hydrogen demand from

areas where wind and solar

@ Despite being a critical source of future energy is avallable
demand, Asian countries are barely involved

n the development, demaonstration or

deployment of green hydrogen technologies
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Sustainable Hydrogen Economy Concept

Electricity Generation :
Agriculture Use

Wind ‘ h Solar Hydrogen
g S'orage Ammonia
Synthesis

2 N N
» »

Conversion to H, ot
Destination

H, Supply & Distribution 0,0 o 0) .U

Network

Green Hydrogen
Production

i aint e

ﬁ ¥) Power Il Heating

Residential Use

Electrolysis Si-Cycle

SO

“. Water
e 14
Waste Heat From

\i Nuclear Plants-‘

Power Grid Services

2 Fuel Cell Vehicles

Water Splitting

Industrial Applications
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Cleaner/Alternative Fuel

« Hydrogen

« Oxygen-containing additives reduce air requirement. e.g.,
ethanol, MTBE (Hazardous), DME, DMC, etc.

 Ethanol: GASOHOL (10 % ethanol & 90% Gasoline)

e Methanol: (Less photochemically reactive VOC, but emits
HCHO (eye irritant), difficult to start in winters: Can be
overcome by M85 (85 % methanol, 15 % gasoline)

* CNG: Low HC, NOx high, Inconvenient refueling, leakage
hazard.

« LPG: Propane, NOx high (Ilmpact on 3-way catalytic
converters)

* LNG

11 TROORKEE HE N




National Policy on Biofuels

s ) =
§HH 8
An indicative target of
20% blending of
ethanol in petrol and
5% blending
of biodiesel in diesel is
proposed by 2030.

Develop National
Biomass repository by
conducting
appraisal of biomass
across the Country.

https://www.drishtiias.com/daiIy-updates/daiIy-news-analys.is/biofuel-day-2I

Pl

N)

With a thrust on Advanced
Biofuels, the Policy
indicates a viability gap
funding scheme for 2G
ethanol Bio refineries of
Rs.5000 crore in 6 years in
addition to additional tax
incentives, higher purchase
price as compared to

1G biofuels.

a

Categorization of Biofuels
into Basic Biofuels - First
generation(1G) Bioethanol
& biodiesel and “Advanced
Biofuels”- Second
Generation(2G) ethanol,
drop-in fuels, algae based
Third Generation( 3G)
Biofuels.

Bio diesel production to
be encouraged from non
edible oilseeds, used
cooking oil, short
gestation crops and
development of supply
chain mechanisms.

A

Thrust on research,
development and
demonstration in the field
of Biofuel feedstock
production, advanced
conversion technologies
from identified feedstock.

Increase scope of raw
material for ethanol
procurement by encouraging
Intermediate ( B-Molasses),
Sugarcane Juice, other
Sugar containing materials
and damaged as well as
surplus food grains.

Setting up of National
Biofuel coordination
committee (NBCC)
under Ministry of
Petroleum &
Natural Gas and Working
Group on Biofuels.
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Environmental sustainability with biofuels

cradle to grave (well to wheel)

cradle to gate (well to tank)

15t generation

food crops
e corn

* wheat

* sugar beet

* sugar cane
* palm oil

* rapeseed oil

* soya bean oil
* sunflower oil

* microalgae

energy crops
* Miscanthus
* switchgrass
* poplar

e willow

* Jatropha

e Camelina
waste

e corn stover
e straw

* manure

* MSW

* food waste
* waste wood

preparation
e cultivation

* harvesting

* collection

* drying

* milling/crushing

processing

* esterification

* fermentation

* Ficher-Tropsch
» gasification

* hydrolysis

* methanization
* pyrolysis

* distillation

* purification

* bioethanol

* biodiesel

* biogas

* butanol

* dimethylether
* dimethylfurane
* hydrogen

» methanol

» mixed alcohols
* vegetable oil

* transport
* energy
e chemicals

by-products
* glycerine

* DDGS
* electricity/heat
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Circular Economy

RECYCLING &
MATERIALS
RECOVERY

DESIGN

CIRCULAR
ECONOMY

COLLECTION

—

@b

MATERIALS
AS LONG AS
POSSIBLE
CONSUMPTION PRODUCTION &
= (RE)MANUFACTURING
00

DISTRIBUTION
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CCS (carbon capture and sequestration) and CCU (carbon
capture and utilization)

Industry Power generation Others -'

. _—
...........

Separation (adsorption, absorption, membrane, cryogenic) -;

"""" J“""--" l'_'-_J"-"l I_'_-'J-'-_--' l'_'_"'-'l'""l
Mineralization i Geological ; | Deep Ocean :: Saline aquifers : -
PP ksl ATl ) Biiiciiaismm it )/
' ESG ' EOR | | ECBM ; | EGR |
l --------- l --------------------------- - —
> Utilization
| T | T— RS SR S
. Fuels Bulk chemicals ' | Polymers Fine chemicals
1 | -
_________________________________________________ ——— .)

Different choices of CCS and CCU

EGS (enhanced geothermal systems)
EOR (enhanced oil recovery)
ECBM (enhanced coal-bed methane recovery)
EGR (enhanced gas recovery)
IITROORKEE HE N



CO, conversion to chemicals

DME Organic Acids Organic
Alcohols *Fuel additive *Surfactants carbamates
+*Solvents *LPG substitute *Food industry +Pesticides
*Detergents . *Pharma industry «Polymer precursor
*Isocyanate precursor
Aldehydes \ / * Agrochemicals
*Polymers *Cosmetics
*Solvents *Preservatives
*Dyes
* Cosmetics \ Salicylic acid
— *Aspirin
Methanol
*Aceticacid -
«Ethylene, Cyclic carbonates
propylene — — | *Solvent
+*DME *ElectrolytesinLl
*Fuel / batteries
+Polymer / *Intermediate for
precursor l polymer synthesis
Formic acid Urea
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Conclusions

« Sustainability / SDGs must be incorporated
Into the teaching and research planning

« Most of the recent policies in India have
Incorporated the concept of ‘Sustainability’.

« Funding opportunities with the concept of
‘Sustainability’, are enormous.

* Need to collaborate within the Heritage
Network to tap these funding opportunities.

Keywords: Water, Food, Energy, Health, Environment, Climate, Disaster Mitigation,
Hydrogen, CCS, CCU, Waste Valorization, Circular Economy, etc.
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