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Chemical Engineering for SDGs
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List of Research Funding Agencies in India

« Anusandhan National Research Foundation (ANRF) / Science and
Engineering Research Board (SERB)

* 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 Chemical 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).
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DST - International S&T Cooperation

Under Thematic Cooperation, IC Division is partnering in the
following International programs:

1. International Solar Alliance

2. Mission Innovation

3. International AIDS Vaccine Initiative etc

4. The Laser Interferometer Gravitational-Wave Observatory (LIGO)

The IC Division currently supports three bi-national S&T Centres
which are independent entities:

1. Indo-French Centre for Promotion of Advanced Research (IFCPAR
| CEFIPRA)

2.1ndo-US Science & Technology Forum (IUSSTF)
3.Indo-German Science & Technology Centre (IGSTC)
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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
e




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.
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Energy Sources & Energy Transformations

Primary Energy

r ™
Crude Qil, Hard Coal,

Natural Gas Liquids, Petroleum Products,

Manufactured Solid

Natural Gas
g -
Nuclear Energy, etc. = Fuels and Gases, etc. A
b A ; O
O -
. ™ - wn
Waste —» Electricity and Heat S 4
X ) O 3 O
: { 5 E
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
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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.
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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
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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"(NTHF)

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

Infrastructure Development Physical Connectivity

111 xuunncE HE R
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National Quantum Mission (NQM)

« Quantum Computing « Quantum Sensing & Metrology
* Quantum Communication * 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
|
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Smart Cities Mission

)
S Ministry of Housing

Ay T SMART CITIES
MISSON
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CITY EREr
slies
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Smart Cities Mission
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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
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National Green Hydrogen Mission

UNION CABINET APPROVES
NATIONAL GREEN HYDROGEN MISSION

EXPECTED DELIVERABLES BY 2030

At least

Smmr 60"1 OO GW 125 GW
GH. annual electrolyser capacity RE capacity ,f°'
: GH, generation

E)roanlon and associated
, ‘»-'- transmission

_H network

Total outlay approved: X 19 744 crore

[monéycontrol
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National Green Hydrogen Mission

Natural Gas Fuel Cells
(steam methane reforming _ |
current process today) Engines/Turbines
Energy Storage
Renewable i
Sources Petroleum
(wind, solar, Recovery &
biomass, hydro, Refining
geothermal)
Methanol
Nuclear Production

'3
& Electronics
&

Coal CpQ Ammonia
(with carbon Production
sequestration)
Metal Production &

Kol Fabrication

Cosmetics Processing



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

Hydrogen
Storage Ammonia
Synthesis

N N

Green Hydrogen
Production

Conversion to H; ot
Destination

H, Supply & Distribution M

Network

hiah ‘o ts

Electrolysis Si-Cycle

SO M A
: ¥) Power {iifi Heating
(} L. Power Grid Services Residential Use

-~ Water
s‘—‘x‘ v

aste Heat From l it
\ Nuclear Plants-‘ Water Splitting

Fuel Cell Vehicles -

i

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 (Impact on 3-way catalytic
converters)

* LNG
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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/daily-updates/daily-news-analysis/biofuel-day-2

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

I1TROORKEE H N
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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) -;

77
"""" J_-'--'--" I'"-_J"-"| I"_-'J-'-_--'| l'_'_'_'-'l'""l
Mineralization i Geological | | DeepOcean ! | Saline aquifers | -
B cnger e isinp sngmssupnse R Pormas ool e ol Rl mnas St on s eyl B R comanaen st gen e 2zvaiil 1
! ESG ' EOR | | ECBM ; | EGR |
l --------- l --------------------------- " —
> Utilization
| T | T— NS, R J—
. Fuels . Bulk chemicals ' | Polymers Fine chemicals ;
1 e | ! 1 I
_________________________________________________ ——— J

Different choices of CCS and CCU

EOR (enhanced oil recovery)
ECBM (enhanced coal-bed methane) recovery
EGS (enhanced geothermal systems)
EGR (enhanced gas recovery)
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Schematic route of CO, conversions

Urea (Reactive)
(Amide) reaction medium
Energitic .
co-monomers ;

Polymers <@

H;

- H; 1%
Formaldehyde — Methanol (+DME) CO + H,0 # Hydrocarbons

FT
'HZO ‘HZO

Olefins <
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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.

11 TROORKEE HE N




<
—— e o »n-
- p / v 4 _?j.‘r
> v ‘ gs > i T \
- S T 2 : y .
% « I e O S : ¥ .
P L "« o oy Lp— S
4 W W o e e B I Vi
. v e '{"_‘."v;&.',a,. T
e S 2
pra.<d o - FINL
o PR e e A A W A“,_ ’

Keep visiting lIT Roorkee

& Uttarakhand



