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The Institution of Engineers (India) or IEl is the largest mulidisciplinary professional body that encompasses 15
engineering discipfines and gives engineers a global platform from which to share professiona] interest. |El has
membearship strength of over 0,8 million, Established in 1820, with its headguarters at 8 Gokhale Road, Kolkata -
00020, |El has served the engineering fraternity for over nine decadeas. |n this penod of time it has been inextricably
linked with the history of moderm-day engineering. In 1935, |El was incorparated by Royal Charler and remains the
only professional body in India to be accorded this honour, Today, its quast for professional excellence has given ita
place of pride in almost every prestigious and relevant organization across the globe. IEl funchions among
profassional enginears, academicians and research workers, |t provides a vast array of technical, professional and
supporting services to the Government, Industries, Academia and the Engineenng fraternity, operating from 125
Centras locatled across the country. The Institution also provides grant-in-ald to its mambers to conduct research and
development on enginearing subjects. |El has been recognized as Scientific and Industrial Research Organization
(SIRO) by the Ministry of Science & Technology, Govt. of India and besides conducting s own research, provides
Grant=-in=Aid to UG/PG/ PhD students of Enginearing Institutes & Univarsities. |El holds the International Professional
Engineers (IMPE) Register for India under the global Intemational Professional Engineers Alliance (INPEA). The
Institution also awards the Professional Enginears (PE) Certification. F or details, please visit www.isindia.org

1. F.LE. (Fellow)

Feliowship (F.LE) is the most senior and mos! reputed engineerning degree of 1El in engineering and
technology awarded by The [nstitution of Engineers (India). Holders are entitled to use the post-nominals,
F.1.E.

2, M.LE.

Member is also a more senior and more reputed engineering degree of IEl in engineering and technology
awarded by The Institution of Engineers {India), Holders are antitled to use the post-nominals, M.LE.

3. A.MLE (Associate Member)

Associate Membar (A.M.LE.) is a professional engineering degrae certification awarded by the Institution.
AMLLE. (Assoctate Member of The Institution of Engingers India) was earlier called A.LE. (Associate of The
Institufion of Engineers India) and was even eadier known as Grade LE. (Graduate of The Institution of
Engineers India).

4, Chartered Enginear

Al Corporate Members of The Institution of Enginears (India) are automatically designated as Chartered
Englnesrs | and they all are antitled to use thelr designation Charterad Enginesr- (C.Eng.) with their name,
and have al right and privilagas of A.M.LE. Engineers, Corporate Members and Chartered Enginears,
Charlered Engineer cenlificate holders are authorized 1o work as a professional praclice in engineering Edd
as Charteraed Engineer s wilh thair own saal am:l slgnam without any Government license.
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Sir M.Visvesvaraya's
Services to The Country

The life, the fortune and the happiness of every one of us depend upon our
knowing something of the rules of a game infinitely more difficult and complicated than
chess. The chessboard is the world, the pieces are the phenomena of the universe, and the
rules of the game are what we call the laws of nature. The player on the other side is
hidden from us. We know that his play 1s always just, fair, and patient. But we also know
to our cost that He never overlooks a mistake, or makes the smallest allowance for
ignorance. To the man who plays well, the highest stakes are paid, with the sort of
overflowing generosity with which the strong shows delight in strength. And one who
plays ill is checkmated- without haste but without remorse. What [ mean by education 1s

learning the rules of this mighty game.

- The Institution of Engineers (India) U.P. State Centre, Lucknow
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A Century of Service to the Nation

Message

It gives me immense pleasure to extend my warm grectings to The Institution of
Engineers (India), Uttar Pradesh State Centre, for celebration of 166% Birth
Anniversary of the eminent engineer-statesman Bharat Ratna Sir M. Visvesvaraya on
15" SBeptember 2026, This day, serves as a solemn reminder of the transformative role
of engineers plaving in nation-building and technological advancement.

The chosen theme of this year, “Engineering Excellence for a sustainable and
technologically Sovereign India®, is both timely and inspiring, underscoring the wvital
role of engineers in steering the nation through an era of rapid innovation and global
challenges. Engineering excellence remains the cornerstone of national progress, while
technological sovereignty is not merely an aspiration but an imperative — ensuring
that India remains self-reliant, resilient, and capable of leading in critical domains
such as infrastructure, energy, digital transformation, defence, and sustainable
development,

I am confident that the souvenir to be released in this occasion for celebration of
59th Engineers' Day will spark fresh ideas, foster collaboration, and strengthen the
resolution of the engineering fraternity to advance India’s journey toward technological
sovereignty. The Uttar Pradesh State Centre deserves high commendation for its
dedicated efforts in promoting professional excellence and nurturing the spirit of
innovation AmMong engineers.,

Om this auspicious occasion, | extend my best wishes for the resounding success
of Engineer's Day 2026 celebrations and for the continued advancement of the
engineering fraternity in building a self-reliant, resilient, and technologically
empowered India.

Er. Manish M. Kothari, FIE
President
The Institution of Engineers (India)

MAPA, D-5, Street No.10, MIDC, Satpur, Nashik 422007, Maharashtra
Mobile: 9422247911, Email:mmkotharister@gmail.com

- The Institution of Engineers (India) U.P. State Centre, Lucknow
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Message

It gives me immense pleasure to extend my warmest greetings to the engineering fraternity on the occasion of the 5%th
Engineers’ Day, being celebrated on 15th September 2026,

Engineers have played an indispensable role in shaping the progress of our nation. From infrastructure and industry to
energy, technology, transportation and maritime development, the contributions of engineers have been central to India’s
Journey of transformation. Engineers’ Day is therefore not merely a celebration of a profession; it is an occasion to recognise
the spint of innovation, problem-solving, dedication and service that defines engineening,

This year's celebrations hold a special significance for the Institute of Marine Engineers (India) with the inauguration of
the IMET Lucknow Chapter. T am particularly delighied that this important milestone 15 being marked alongside
Engineers” Day and through an association with the Institution of Engineers (India), Uttar Pradesh State Centre, The
initiative represents an opporlunily o strengthen professional engagement, knowledge sharing and collaboration between
the wider engineering community and the maritime engineering fraternity.

The maritime sector is undergoing a profound wansformation. Decarbonisation, alternative fuels, autonomous and smart
ships, digitalisation, arfificial intelligence, advanced automation and emerging technologies are redefining the way ships
are designed, operated and maintained. At the same time, the industry must ensure that safety, environmental responsibility
and human competence remain at the heart of this transformation.

This changing landscape places an even greater responsibility on engineers. The engineer of the future must be more than
technically competent, We must be adaptable, innovative, ethical and conscious of the wider social and environmental
impact of our decisions. We must also ensure that our young engineers are given the knowledge, mentorship and
opportunities necessary W lead this transformation.

The establishment of the IME] Lucknow Chapter is therefore much more than the opening of another professional chapter
It is a step towards taking the martime engineering profession closer o new communities, instifutions and aspiring
engineers. [ hope the Chapter will become a vibrant platform for professional development, interaction with academia and
industry, technical exchange and, most importantly, for inspiring voung people to explore the exciting opportunities offered
by the maritime sector,

| sincerely appreciate the efforts of all those who have contributed to bringing this initiative to fraition. T am confident that
the partnership between the engineenng and maritime communities will grow stronger in the yvears ahead.

O this auspicious cccasion, let us reaffirm our commitment to engineering excellence, innovation with purpose,
professional integrity and sustainable development.

My best wishes to all engineers on Engineers” Day, and my heartfell congratulations to the IMEI Lucknow Chapter
on its inauguration.

(M)

Kaushik Seal
President

RECGUSTERED THFICE: 1013 MAKER CHAMBERS- V., 311 NARIMAN FCHNT. MUMBAI - 400 021 TEL #91-22-3283Hi35

The Institution of Engineers (India) U.P. State Centre, Lucknow
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A Century of Service to the Nation

MESSAGE

It gives me immense pleasure to extend my warm greetings to The Institution of Engineers
(India), Uttar Pradesh State Centre, on the occasion of the 165th Birth Anniversary of the
eminent engineer-statesman and Bharat Ratna Sir M. Visvesvaraya, celebrated as Engineers’
Day on 15th September 2026.

The theme, “Engineering Excellence for a Sustainable and Technologically Sovereign
India”, is both relevant and inspiring. It highlights the pivotal role of engineers in shaping a
self-reliant, resilient and technologically empowered nation. Engineering excellence, coupled
with innovation and indigenous technological capabilities, is essential for strengthening
India’s position in critical sectors such as infrastructure, energy, digital technologies, defence
and sustainable development.

Engineers have a vital responsibility to develop solutions that are technologically advanced,
economically wviable and environmentally sustainable. Their expertise, creativity and
commitment will be instrumental in addressing emerging challenges and advancing the
vision of a technologically sovereign India.

I am confident that the souvenir being brought out on this occasion will provide a meaningful
platform for exchange of ideas, knowledge and experiences, while further strengthening the
professional spirit of the engineering fraternity.

I convey my best wishes to the Uttar Pradesh State Centre for the successful celebration of
Engineers’ Day 2026 and for its continued efforts towards promeoting engineering excellence
and contributing to the nation’s progress.

q 'E. -

VvV B Singh)
Immediate Past President, IEI

4/125, Vishal Khand, Gomti Nagar, Lucknow 226 010, Mobile: 8004288301, E-mail: vbsingh51@gmail.com

- The Institution of Engineers (India) U.P. State Centre, Lucknow
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"A Century of Service to the Nation”

MESSAGE

It gives me immense pleasure to extend my warmest greetings to the engineering fraternity on the
occasion of the 59th Engineers' Day.This vear’s theme, *Engineering Excellence for a Sustainable and
Technologically Sovereign India,” perfectly reflects our nation's current trajectory. As we honor the
enduring legacy of Bharat Ratna Sir M. Visvesvaraya, we are reminded that true engineering prowess

lies in balancing rapid technological growth with ecological responsibility.

On this momentous occasion, 1 also extend my heartiest congratulations and best wishes to The
Institute of Marine Engineers (India) on the auspicious inauguration of their Lucknow Chapter. The
expansion of marine engineering expertise into this vibrant region will undoubtedly strengthen our
collective efforts toward maritime innovation and self-reliance.l congratulate the editorial team and
organizers for bringing out this official souvenir and wish the celebrations every success.

i

(Er. Vijaya Pratap Singh, FIE, FIMARE)
Member, Marine Division Board |EI
&
Chairman

wwwieiup orgin; (5)7839572369; €P@ieiupstate; ) @ieiupstate; EEI@ieiupstate

- The Institution of Engineers (India) U.P. State Centre, Lucknow
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Life Sketch of Bharat Ratna
Sir M. Visvesvaraya

BHARAT RATNA Sir M. Visvesvaraya
was onc of the few of the twentieth century
engineers who have risen to become top national
figures. He reached to such achievements owing
to his discipline and devotion to profession. His
masterly achievements in the field of engineering
and administration outclassed the best of
engineers. Visvesvaraya was born on September
15, 1861 at Chikkaballapur in Kolar District of
Mysore State. He took the Bachelor of Arts
Degree of Madras University in 1880 from
Central College, Bangalore and then entered the
College of Science. Poona in 1881 to pursue
engineering education. Topping the list of
engineering candidates in 1883 he joined
Bombay P.W.D. as an Assistant Engineer. In his
early carcer he was entrusted with direct
execution of some important works like the
design of Water Supply System for Dhulia in
Khandesh Distt.,, Water Supply and Drainage
Schemes for Sukkur in Sind (present day
Pakistan) and Water Works for Surat. The
successful handling of these schemes established
him as an executive of Zeal and ability. His
prominence procured him an invitation from
Indian Irrigation Commission of 1901-1993 to
prepare a memorandum of the Irrigation Works in
Bombay Presidency. He designed and patented a
system of automated floodgates at rise and fall of
water in the reservoir to raise the storage level of
Lake at Khadakvasla permanently without raising
the dam.These gates installed in 1903 are still
working successfully. In 1906 he was deputed to
Aden to prepare schemes for sanitary, water
supply and roads. Sept. 28, 1908, struck headlines
as a day of termible disaster in the history of
Hyderabad due to devastation and deluge caused
by the rivers Musi and Easi overflowing their
banks and leaving behind a iismal trail of death
and destruction. At the mvitation in behalf of his
Exalted Highness the Nizam, WVisvesvaraya

consented to act as Special Consulting
Engineering from April, 15, 1909. After a
thorough nvestigation into the engineering aspect
of the problem ie. set out his scheme for
reconstruction of the city and came out with the
proposals for construction of two reservoirs.

Subsequently he assumed office as
Dewan of Mysore State in November 1912, The
farseeing leadership of this Great Man ushered in
an era of industrial revolution and community
development in the State of Mysore. The
Krishnarajasagar. perhaps the first multipurpose
project in India, and Visvesvaraya Canal, are
living proofs of his creative genius and restless
desire to make use of ingenuity, conviction, faith
in science and technology for translating vision
into reality. A number of Engineering Colleges
and Schools were opened in Banglore during his
period. He voluntarily laid down the office as
Dewan in 1919, where after a new phase of his life
began. At an age when most men will content to
retire and take life easy, he took numerous
assignments for the benefit of the the society. The
chronicle of his activities in this period would be
too numerous and lengthy to enumerate. He was
decorated with C.LLE. and K.C.L.E. by the British
Empire in the years 1911 and 1916 respectively.
He was honoured by Eight Universities who
conferred on him with the Degree of Honorary
Doctorate. Finally Sir Visvesvaraya was
honoured by the President of India in 1955 and
was decorated with the highest Award of the
Land-BHARAT RATNA, This Great Engineer
Administrator of our land passed away in 1962.
Engineers of the land pay a modest homage to this
Great Genius who is a torch to the Indian
Engineers for all times to come by observing
September, 15 as the "Engineers' DAY". Sir M.
Visvesvaraya was the pioneer in bringing
Autombile industry in the Country. By meeting
the then magnates of the fields like Lord Austin

The Institution of Engineers (India) U.P. State Centre, Lucknow
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and the Henry Ford, he met the engineers working
at FIAT, Italy. His daunted efforts resulted in the
establishment of Premier Automobile Company
at Bombay in 1939 by M/s Walchand and
Hirachand.

Britishers were initially opposed to the
idea of Aircraft manufacturing in India but by his
support the Government of Mysore was
succeeded in starting the industry of Aircrafts in
1940 at Bangalore. He was the main person for
sowing the seed for the starting of present HAL.
Sir Mokshagundam Visvesvaraya was an
Engineering Hero who rose on the Indian scene in
the 19th century and continued to serve the
country for more than half of the 20th century. His
was an all embracing personality to which one
could look for guidance in solving India's
problems of today and tomorrow . The test of a
great life lies really in the worth it retains after it is
no longer available to offer guidance, or shed its
illumination on the economic landscape. It's
greatness would, therefore, be decided by the
awareness of the succeeding generations in
respect of its capacity to guide them or pilot their
course on the uncharted sea of economic
problems, with its storms and tempests.

Bharat Ratna Sir M Visvesvaraya
belonged to the group of engineering scientist,
and inventor, an industrialist, an economic
planner, a scientific advisor. and statesman. He
was the key person in formulating the right
direction of Indian engineering temper.

Atthis he has advised in-

1. Village planning to contain their
population.

i }

Compulsory primary education.

3. Free meals, free transport for school going
boys and girls.

4. Adopting block system of Irrigation & Role
ofvillage tank.

5. Additional occupation of farmers.
6. Need forspecialization.
7. Religionisscience.

8. Vitalize the youth of the country.
9. Need formore Universities,
10. Industrialize the knowledge.
11.  Control of population.
12. Scientific Research.

13. Electrical power grid essential for the
development of the country.
14, Engineers should get incentives.

5. Starting of engineering consultancy
SErvices.

16. Starting of Automobiles & Aircrafts
Industry.

With regards to the position of an
engineer in the country's administration he was
sorry to say: "The engineer, whether in the service
of government, a municipal corporation or a large
industrial undertaking does his work unobserved.
He may inspire but cannot shape policies. In the
course of his daily routine he usually does a vast
amount of designing and constructional work,
standing behind a ruler. administrator, financier.
or business syndicate, The majority of engineers
in this country have no independent status. His
books "Reconstructing India" and "Planned
Economy for India" are examples of his vision
and dedication,

On celebration of his 100th birthday in
1961 at Bangalore the then Prime Minister of
India Shri Jawaharlal Ji has rightly said: "We have
gathered here on a memorable occasion, and |
have come here to have the privilege of joining on
this occasion. | would have come, anyhow to
honour the great son of India. But, it so happen
that | occupy a position granted to me by the
goodwill and confidence of the people of India,
and so without any arrogance | may say that in
offering my homage to this distinguished son of
India. I do so on behalf of the people of India".
This simple & strong disciplined person lived for
101 years. We bow to him on this 52" Engineers
Day.

The Institution of Engineers (India) U.P. State Centre, Lucknow




ENGINEERS' DAY

THEME: “Engineering Excellence for a Sustainable and
Technologically Sovereign India”

/ \\ September 15 is celebrated every year in the country since the year
1967 as “Engineers’ Day” to commemorate the birthday of the
legendary engineer Sir Mokshagundam Visvesvaraya. Sir
Visvesvaraya, an eminent Indian engineer and statesman was born in a
remote village of Karnataka, the State that is incidentally now the Hi-
tech State of the country. Due to his outstanding contribution to the
society, Government of India conferred “Bharat Ratna™ on this legend
in the year 1955, He was also called the precursor of economic
planning in India. His learned discourse on Economic Planning in
India, Planned Economy for India and Reconstructing India, was the
first available document on the planning effort of the country and 1t 15
still held as the parent source matter for economic planners. A theme of
national importance is chosen every year by the Council of the
Institution and deliberated at its various State/Local Centres to educate
the engineering fraternity in general and the society in particular, This

#  year the 58th Engineers’ Day will be celebrated all over the country
Bharat Ratna Sir M ﬁE“ES\'ﬂI’Eﬂ on the theme “Engineering Excellence for a Sustainable and
Technologically Sovereign India".

As we celebrate the 59th Engineers Day and reflect on our journey of engineering excellence, we reaffirm our
commitment to sustainability and national development. Engineering for sustainability is not merely an
aspiration—it is a responsibility to create infrastructure that drives progress while safeguarding our planet for
future generations. From infrastructure and petrochemicals to process industries, information and data security,
automation, and digital transformation, our contributions have consistently supported nation-building through
responsible and sustainable engineering practices. Today, the urgency of climate change and the growing
demand for cleaner, smarter infrastructure have redefined our priorities.

Sustainability is no longer a choice; it is an engineering mandate. Across projects worldwide, we are integrating
energy efficiency, environmental stewardship, and circular economy principles into every stage of design and
execution. Our focus is now on advancing pioneering technologies such as green hydrogen, advanced bio fuels,
Al-driven solutions, and carbon-conscious design. From underground crude storage systems to future-ready
data centres, our engineering solutions are designed to serve both industry and the environment in a balanced and
sustainable manner
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About the Institution of Engineers (India)
Er. Nirendra Kumar Nishad FIE
Hony. Secretary

ADVANCING KNOWLEDGE

The Institution of Engineers (India), the IEL 15
a national organization for engineers in India.
It has more than eight million members in 15
engineering disciplines in 125 centers or
chapters in India and 6 overseas, and is the
world's largest multi-disciplinary engineering
professional society.

The IEI was established in 1920 in
Madras,with Sir Thomas R. J. Ward being the
founding president. It was formally
inaugurated in 1921 by Lord Chelmsford, the
then-Viceroy of British India. On 19
December 1930, the then Viceroy Lord Irwin,
laid the foundation for the 1EI's building at 8
Gokhale Road, in Calcutia. The organisation
moved into the building on 1 January 1932,

In September 1935, following a successful
petition by Sir Thomas Guthrie Russell
(President 1933-34), the IEI obtained a Royal
Charter of Incorporation from King George V
‘to promote and advance the science, practice.,
and business of engineering',

IEI with its presence in 5 Overseas Countries,
is also the first professional body to represent
India in several international Forums like
World Federation of Engineering
Organisations (WFEO). Commonwealth
Engineer Council (CEC). Federation
international du Beton (Fib) Federation of
Engineering Institutions of Asia and the
Pacific (FEIFIC), and Federation of
Engineering Institutions of South and Central
Asia (FEIAP), besides a host of strategic tie-
ups with professional societies across the
globe.

IEI functions with and amongst the
professional engineers, academicians and

rescarch workers and provides a vast array of
technical value-added professional services to
the Government, Industries, academic and
engineering communities.

IET had been conducting it's well recognized
non-formal engineering education
programme since pioneering the same in
1928. acknowledged to be equivalent to a
degree in engineering by the Government of
India. the Union Public Service Commission,
the state Governments and many
Public/Private Sector organizations in the
country. Though matter is under legal dispute
for students registered after 3 st May 2013.

IEI Headquarters in Kolkata, India and
administered by a National Council led by its
President operates through 125 State and
Local Centres, located at the capital cities and
towns of industrial and academic importance
all over the country, along with 6 Overseas
Chapters. The Secrrtary & Director General is
the Chief Executive Officer of the Institution.

IEI SERVICE SPECTRUM FOR
ENGINEERING COMMUNITY

The range of services offered by the
Institution of Engineers (India) to their
Membersincludes:

Dissemination of engineering and
technological knowledge to all
members, planning and organmizing
activities that impact engineering such
as continuation of education courses,
seminars, symposia, workshops,
conventions, conferences, etc at both
national and international levels.

L Providing access to R & D activities
and engineering praclices across
multitude of engineering and
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technological disciplines.

o« Focusing on new developments,
techniques, products, processes and other
issues of topical interest to boost
professional growth.

< Communicating emerging engineering
and technological scenario through IEI
Mews, the institutional Journal published
monthly.

< Providing advanced library services as
well as knowledge interfaces at the [EE
Headquarters and State and Local
Centres.

< Fostering national and international
cooperation to promote new age
gxcellence in engineering and
technology.

@ Acting as an accreditation body for
courses in engineering.

< Acting as qualifying body and conducting
examinations for its non-formal
education programme catering to
aspirations of prospective entrants to the
profession.

L Supporting and rewarding individual
pursuits and achievements in furthering
the art and science of engineering and
technology.

INTERNATIONAL PROFESSIONAL
ENGINEERS' CERTIFICATION

By virtue of being a member of the International
Professional Engineers Agreement (IPEA) since
2009. The Institution of Engineers (India)
represents India and has been empowered to
establish and maintain the India section of the
International Professional Engineers (IntPDE)
Register.

Details are available at https/www.ieindia.org/
inter_prof.aspx.

PROFESSINAL ENGINEERS'
CERTIFICATION

The Institution of Engineers (India)
renders Certificate of Competence to engineers
by way of Professional Engineers Certification
known as P.Eng.(India), Professional Engineers
(PE) Certification not only enhances the
engineering professionals stature , but also makes
them suitable in maintain higher levels of
authority and responsibility, enabling an engineer
to become an independent consultant,
government engineer or an academician.

Details including the Guidelines. application
Form, etc. are available at IEI website:
www.ieindia.org.

IEIMEMB ERSHIP

The Corporate Members of the Institution
15 open to any person with an accredited
engineering degree with required professional
experience. The membership portfolio based on
accumulated professional experience and level of
responsibilities includes Associate Member,
Member and fellow grades, subjecting to strict
scrutiny by a nominated high level Committee at
IEI HQ, Kolkata. For details and onlines
application for IElI membership, wvisit
http:/www.icindia.org.

IEIMEMBERSHIPGRADE
Corporate

Non Corporate

Student Member (SMIT)
Member Technologist (MTIE)
Associate Member Technologist (AMTIE)
Sentor Technician (Sr. Tech.1E)
Technician (Tech.IE)
Fellow(FIE)

Member (MIE)

Associate Member ( AMIE)

The Institution of Engineers (India) U.P. State Centre, Lucknow




PN

— é E’ 50" Engineers' Day 2026 Souvenir EE’@BE
' ) - %;fﬁ

Institutional Member
KEY BENEFITSS
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CORPORATE MEMBERSHIP -

Corporate Members are entitled to
receive Chartered Engineer certificate
on payment of requisite fee.

Eligible for exemption from appearing in
Section A and may appear directly in
Section B in additional branch
examination of IEIL

Provided with e-access to 5 series of
journals of The Institution of Engineers
(India) covering 15 engineering division,
published in partnership with globally
renowned journal publishing house
SPRINGER.

Given the monthly :IEI NEWS' and IEI
Epitome.

&

Entitled to participate in technical events
¢.g. Seminar, Symposia, Conventions,
Workshops etc. organized by IEI Centres
at State. National and International
Levels at a concessional rate of 20%.

Given preference for grant-in-aid on
R&D activities to the Corporate
Members. engaged in academic.

Eligible to participate contest in [EI
clections as per Bye-laws of the
Institution,

Empanelled as internal project guide in
AMIE Examination conducted by 1EI as
pernorms.

PROVIDED WITH THE FACILITY OF
STAYING IN THE iei Guest Houses
spread over all important locations in
India. A list of all the guest houses is
available at IEI website.
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El Nlllﬂ Affecting India's Ecology: Impacts, Ecological

Responses and Climate-Resilient Strategies

Prof. (Dr.) Bharat Raj Singhl, FIE and Sanjeev Pandey2
I Director General (Technical), 2Asst. Professor-11, Civil Engineering Deptt
School of Management Sciences, Lucknow-2265()1

Abstract:

El Nifio is the warm phase of the El Nifio-Southern
Oscillation (ENSO) and represents one of the major
climate phenomena capable of producing
widespread changes in weather and natural

environmental conditions. The unusual warming of

the central and eastern tropical Pacific Ocean
modifies atmospheric circulation, pressure systems,
convection and oceanic processes, which in turn can
influence the Indian Summer Monsoon. In general,
El Nifio episodes are often associated with weaker

monsoon rainfall over India; however, the strength of

this relationship is variable and depends on several
other oceanic and atmospheric factors. Its ecological
influence is much broader than a reduction in rainfall
and may result in drought conditions, higher
temperature, loss of soil moisture, changes in river
discharge and groundwater recharge. forest
degradation, agricultural stress, biodiversity loss,
increased forest-fire risk and disturbances in
freshwater as well as marine ecosystems,

India is comparatively more wvulnerable to such
climatic variations because a major share of its
annual precipitation is received during the southwest
monsoon period, while considerable agricultural
activity still depends directly on rainfall. The 2026 El
Nifio episode and associated monsoon behaviour
provide an mmportant example of this climate-
ecology connection, particularly because rainfall
conditions during the later part of the monsoon
season can have sigmificant implications for soil
moisture, agriculture, water resources and ecosystem
health.

The present paper reviews the major pathways
through which El Nifio can influence India's
ecological systems and examines its possible

consequences for agriculture, forests, wetlands,
rivers, groundwater, biodiversity, Himalayan
ecosystems and coastal and marine environments,
An integrated ecological resilience approach is also
proposed, incorporating improved early-warming
mechanisms, water conservation, climate-resilient
agricultural practices, ecosystem restoration,
landscape-level management and better prediction of
ENSO and Indian Ocean Dipole (10D) interactions.

The study emphasizes that El Nifio should not be
considered only as a periodic meteorological
disturbance; rather. it should be viewed as a multi-
dimensional ecological risk multiplier capable of
creating interconnected pressures on India's water
resources, food production, energy requirements,
biodiversity and human livelihoods. Strengthening
ecosystem resilience and local adaptive capacity can
therefore play an important role in reducing the long-
term environmental consequences of El Nifio-related
climatic variability.

Keywords: El Nino, ENSO, Indian Monsoon,
Ecology, Climate Variability, Biodiversity, Drought,
Water Security, Agriculture, Marine Ecosystems,
Indian Ocean Dipole, Climate Resilience

1. Introduction

El Nifio-Southern Oscillation, commonly known as
ENSOQ, is a natural interaction between the ocean and
atmosphere which mainly develops over the tropical
Pacific region. El Nifio is considered as the warm
phase of this phenomenon. During an El Nifio
episode, the surface water temperature over the
central and eastern equatorial Pacific becomes higher
than its normal condition. This abnormal warming
produces changes in atmospheric circulation,
pressure distribution, cloud activity and movement
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of moisture. As a result, its influence is not restricted
to the Pacific region but can also be observed in the

climate and rainfall pattern of far away regions
including South Asia.

India is highly dependent on the behaviour of the
southwest monsoon and therefore it is sensitive to
major changes in ENSO conditions. In most parts of
the country, a very large proportion of yearly rainfall
is received during the monsoon months from June to
September. This rainfall is directly connected with
agricultural production and also plays an important
role in filling reservoirs, recharging groundwater,
maintaining river flow, supporting forests and
sustaining natural ecosystems. Any significant
departure from normal monsoon rainfall can
therefore create a chain of environmental and socio-
economic problems.

It is generally observed that E] Nifio years are more
often related with weak or deficient southwest
monsoon over India, while La Nifia conditions may
support normal or comparatively higher rainfall.
But this connection is not fixed for every year. The
response of Indian monsoon to ENSO may differ
from one region to another and also changes with the
timing and intensity of the event. Studies have
indicated that many El Nifio events do not always
resultin a deficient monsoon in India. Other climatic
influences, such as the Indian Ocean Dipole (10D),
snow conditions over Eurasia, monsoon circulation,
Madden-Julian Oscillation and short-term
atmospheric vanations, can either increase or
reduce the effect of ENSO on Indian rainfall.

Thus, the environmental importance of El Nifio
should not be understood only in terms of less
rainfall. Its mfluence may extend through a much
wider sequence of interconnected changes
involving climate, water availability, soil
moisture, vegetation growth and biodiversity. A
prolonged rainfall deficiency can increase
temperature and evaporation, reduce water
availability, weaken vegetation, affect agricultural
productivity and place additional pressure on

wildlife and natural habitats. Therefore, El Nifio
may act as an important climatic stress multiplier
for India's ecological systems, particularly when it
occurs together with rising background
temperatures and other extreme weather conditions.

2. El Niiio and the Indian Monsoon: Physical
Mechanism

During a strong El Nifio event, warming of the
central and eastern tropical Pacific modifies the
Walker circulation. Enhanced convection over the
Pacific 1s accompanied by changes in atmospheric
subsidence and circulation over the Indian Ocean
and South Asian region. These changes can suppress
monsoon circulation and reduce moisture transport
toward India. The [IPCC has documented a tendency
toward reduced Indian summer monsoon rainfall
during El Nifio years and above-normal rainfall
during La Nifa years, while also noting that the
ENSO-monsoon relationship has changed over
time.

The Government of India similarly reports that El
Nifio generally weakens the Indian summer
monsoon and that the intensity of El Nifio influences
the magnitude of its impact, as shown in Fig.1. Since
1950, 16 El Nifio years have been identified, of
which seven were associated with below-normal
Indian monsoon rainfall. The inverse relationship is
particularly pronounced during the latter part of the
monsoon season, especially September.

El Nifio and the Indian Monsoon: How It Works
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Major physical pathways
El Niio —Pacific warming — altered Walker
circulation— weakened monsoon circulation—

rainfall variability — soil-moisture stress—
ecological consequences

However, the actual outcome depends upon
interactions with other climate modes.

3. Interaction between El Nifio and the Indian
Ocean Dipole

The Indian Ocean Dipole (I0D) is another major
climate mode affecting the Indian monsoon. It is

Climate condition

El Nifio + neutral 10D

Strong El Nifio + negative 10D
El Nifio + positive [OD

La Nifia + positive/neutral 10D
Strong ENSO + climate warming

characterized by a difference in sea-surface
temperatures between the western and eastern
tropical Indian Ocean,

A positive 10D can partially compensate for the
rainfall-reducing influence of El Nifio, whereas a
negative 10D can reinforce monsoon deficiency.
Recent Indian satellite-based climate assessments
emphasize that ENSO and 10D interactions play a
major role in determining Indian Summer Monsoon
Rainfall.

Therefore:

Expected broad influence on Indian monsoon
Increased probability of deficient rainfall

Greater drought risk

El Nifio impact may be partially moderated

Increased probability of above-normal rainfall

Greater potential for compound heat and rainfall extremes

This mteraction explains why every El Nifio event does not produce an identical ecological response.

4. Ecological Impacts of El Nifio on India

‘-.l:"""_
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Fig 2- Ecological impact of El-Nino on India
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4.1 Agriculture and Agro-Ecosystems

Agriculture is one of the first ecological systems
affected by monsoon variability.

Reduced rainfall can cause:

delayed sowing:

reduced soil moisture:
crop-waler stress,

reduced germination;

lower crop productivity;
increased irrigation demand;
groundwater depletion;

increased pest and disease vulnerability;

R R R R AR R

livestock fodder shortages: and

’.

Increased food-price pressure.

The impact becomes especially serious in rainfed
agricultural regions. In 2026, below-normal rainfall
has already raised concerns for crops including
cotton, soybean, maize, rice and pulses, while
declining soil moisture may affect subsequent
winter-crop sowing, Ecological impact as shown in
Fig. 2..

El Nifio therefore creates a cascading ecological
sequence:

Rainfall deficit — soil-moisture decline —
vegetation stress — agricultural productivity
decline — livestock/fodder stress— livelihood
vulnerability.

4.2 Soil and Land Degradation

Persistent moisture deficiency reduces biological
activity in soils and can accelerate land degradation.
Vegetation cover normally protects soil agamnst:
wind erosion;

water erosion,

surface runoff;

nutrient loss;

excessive evaporation; and

R R A s

lemperature extremes.

During drought conditions, declining vegetation

cover exposes soil surfaces. When intense rainfall
subsequently occurs after a prolonged dry period,
the hardened or degraded soil can generate rapid
runoff rather than infiltration.

Thus, El Nifio can produce a drought-flood
ecological paradox:

prolonged dry conditions followed by short-
duration intense rainfall. This is particularly
significant for semi-arid and degraded landscapes.
4.3 Forest Ecosystems

Forest ecosystems depend strongly on temperature,
precipitation and soil moisture.

El Nifio-associated drought and heat can cause:
reduced tree growth;

premature leaf shedding:

reduced regeneration;

increased forest-fire probability;

water stress in wildlife:

changes in flowering and fruiting;
pestoutbreaks; and

R T

habitat fragmentation.

Dry forests and forest edges are especially
vulnerable.

A prolonged moisture deficit can also reduce the
resilience of forests to subsequent extreme events,
Repeated climate stress may gradually shift species
composition toward drought-tolerant species while
reducing moisture-dependent species.

4.4 Biodiversity and Wildlife

Ecological communities respond to changes in
water availability, vegetation productivity and
temperature.

During prolonged El Nifio-related dry periods:

+ natural waterholes may dry earlier;

& wildlife may move toward human
settlements;

+ competition for water may increase;

+ breeding cyeles may be disrupted:

+ food availability may decline;
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+ migration routes may change; and
+ Human-wildlife conflict may increase.

The effects are particularly important in protected
areas where wildhfe populations depend on
seasonal water bodies. Ecological corridors should
therefore be treated as climate-resilience
infrastructure.

5.Impact on Rivers, Wetlands and Groundwater

India's rivers and wetlands are closely connected to
monsoon rainfall. Reduced monsoon precipitation
can lead to:

lower river discharge;

reduced wetland inundation;
declining reservoir levels;
reduced groundwater recharge;
deterioration of water quality;

+ 4+ 4+ 4+ 4+

increased concentration of pollutants; and
+ loss of aquatic habitat.

Groundwater becomes particularly important
during El Niflo years because communities
compensate for reduced surface-water availabihity
through increased pumping.

This can create a feedback loop:

Rainfall deficit — increased groundwater
extraction — reduced aquifer storage —
declining groundwater table — greater
irrigation dependence — ecological water stress.
The solution must therefore move beyond
emergency groundwater pumping toward aquifer
recharge and watershed restoration.

6. Himalayan Ecosystems and El Nifio

Although the Himalaya are not directly controlled
by El Nifio alone, large-scale climate variability
interacts with warming temperatures, glacier
retreat, changing precipitation patterns and extreme
rainfall.

Potential consequences include:

+ reduced snow accumulation in some

periods;

increased glacier melt;
changes in spring discharge:
seasonal water shortages;

vegetation shifts;

4+ 4

increased wildfire susceptibility in dry
periods; and

+

increased vulnerability to landslides and
flash floods when intense rainfall follows
prolonged dryness.

The Himalayan ecological system should therefore
be evaluated using a compound-risk framework
rather than attributing individual disasters solely to
ElNiiio.

The interaction of climate warming, cryospheric
change, extreme precipitation and human
development can increase vulnerability even when
seasonal rainfall totals are not exceptionally low.

7. Coastal and Marine Ecosystems

One of the less widely discussed consequences of El
Nifio is its influence on ocean temperature.

INCOIS has noted that El Nifio can contribute to
stronger and prolonged marine heatwaves in the
northern Indian Ocean, potentially damaging coral
reefs and affecting fisheries and marine ecological
balance.

Marine heatwaves may cause:
+ coral bleaching;:

+ changes in fish distribution;

+ reduced fisheries productivity;

+ changes in plankton communities:

+ stress on mangroves and coastal organisms;
and

+ disruption of marine food webs.

Coastal ecosystems are particularly important
because mangroves, coral reefs, seagrass beds and
estuaries function as natural protection against
storms. erosion and sea-level-related hazards.
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8. El Nifio and Extreme Heat

Rainfall deficiency and increased atmospheric
stability can contribute to elevated temperatures
over parts of India.

Heat stress affects:

+ humans;

+ livestock;

+ Crops;

+ forests;

+ wetlands:

+ urban ecosystems; and
+ Freshwater organisms.

The ecological significance of heatwaves increases
when they occur simultaneously with water
shortages.

This creates a compound climate hazard:

El Nifio — rainfall deficiency + heat —
evaporation increase — soil moisture decline—
vegetation stress — increased fire risk.

Urban areas may experience additional stress
through the urban heat-island effect.

9. El Nifio and the 2026 Indian Ecological
Situation

The 2026 situation provides a contemporary
example of why El Nifio requires ecological
preparedness.

The Ministry of Earth Sciences reported that IMD
had forecast below-normal southwest monsoon
rainfall for 2026, mtally estimating seasonal
rainfall at 92% of the Long Period Average and
subsequently revising the estimate to 90% of LPA.
IMD also indicated the likely development of El
Nifio during the southwest monsoon season.

By late August 2026, IMD expected September
rainfall to remain below normal following a 16%
rainfall deficit in August.

The ecological significance of a deficient late
monsoon is particularly important because
September rainfall contributes to:

late-season crop development;
soil-moisture storage;
groundwater recharge;
reservoir recovery:

preparation for winter crops; and

IR IR S S

Maintenance of seasonal wetlands and
vegetation,

The current situation demonstrates that the
ecological consequences of El Nifio should be
monitored at district, watershed and ecosystem
levels, rather than only through national seasonal
rainfall averages.

10. Why EI Niio Does Not Always Produce
Droughtin India

It is scientifically important to avoid a simphistic
equation:

El Nifio = Indian drought

Historical evidence shows that the relationship is
probabilistic rather than deterministic. Research by
the India Meteorological Department has
demonstrated that while most severe Indian
droughts are associated with El Nifo., fewer than

half of El Nifio events necessarily result in deficient
Indian rainfall.

Regional variability is also substantial. Studies have
found that the ENSO-monsoon relationship varies
across northern, central and southern India and has
changed over historical periods.

Consequently, ecological risk assessment should
incorporate:

+ ENSO intensity;

ENSO phase timing;

10D;

monsoon onset and withdrawal:
intraseasonal oscillations;

sea-surface temperatures;

atmospheric circulation;

antecedent soil moisture;

+ 4+ 4+ 4+ 4+ 4+

land-use change: and

+ glohal warming
o § f )
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11. Ecological Risk Matrix

e
S

g

Ecological El Niiio . .

component velated risk Potential consequence Priority response

Agriculture High Yield reduction Climate-smart agriculture

Soil moisture High Land degradation SARCERINg, Wrafersied
management

Groundwater High Aquifer depletion Managed aquifer recharge

Forests Moderate-High Fire and regeneration stress e ansgecl g

Biodiversity Moderate—High

Habitat and food stress

restoration
Wildlife water planning
Environmental-flow

Rivers High Reduced seasonal flow
management

Wetlands High Drying and habitat loss Wetland restoration
Himalaya Moderate-High Water and ecosystem stress Catchment-based planning
Coral reefs High Marine heat stress Reef monitoring/restoration
Fisheries Moderate—High Distebutign il ety Climate-resilient fisheries

changes
Urban ecology High Heat and water stress Blue-green infrastructure

12. Climate-Resilient Ecological Strategies for
India

12.1 Strengthening ENSO Early-Warning
Systems

India already receives regular ENSO and monsoon
assessments from IMD and climate information
from national institutions. The next step should be to
translate climate forecasts into ecosystem-specific
risk advisories.

Forexample:

ENSO forecast — district rainfall forecast—
watershed water balance — crop advisory —
sroundwater advisory — biodiversity/wildlife
advisory.

12.2 Water Security through Local Recharge

India should strengthen:

+ rainwater harvesting;
+ check dams:

+ recharge ponds;

+ traditional tanks;

+ wetlands;

+ watershed restoration;
+ aquifer recharge structures; and
+ revival of traditional water systems.

The objective should be to retain rainfall locally

rather than allowing intense rainfall to rapidly leave
the watershed as runoff.
12.3 Climate-Smart Agriculture

Farmers in vulnerable regions should be encouraged
to adopt:

3 drought-resistant crop varieties:
short-duration crops:

crop diversification;
micro-irrigation;

precision irrigation;
soil-moisture conservation;

agroforestry;

R IR IR I R

weather-based crop advisories; and
+ integrated crop-livestock systems.
12.4 Forest and Landscape Restoration

Ecological restoration should focus on native
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species, soil moisture conservation and watershed
connectivity.
A landscape approach should integrate:

forest + agriculture + wetlands + rivers +
groundwater + biodiversity corridors.

Such integrated ecological planning can increase
resilience to both drought and intense rainfall.

13. Proposed Integrated "El Nifio Ecological
Resilience Framework"

Anational framework may be developed around five
pillars:

Pillar 1 - Prediction

Continuous monitoring of ENSO, 10D, monsoon
and ocean conditions.

Pillar 2 - Translation

Convert climate forecasts into district- and
ccosystem-specific risk maps.

Pillar 3 - Preparation

Prepare water, agriculture, forest, biodiversity and
disaster-management plans before peak ecological
stress.

Pillar 4 - Restoration

Restore degraded watersheds, wetlands, forests and
groundwater systems.

Pillar 5 - Resilience

Develop local communities capable of adapting to
repeated climate variability.

The framework can be represented as:

Climate Monitoring — Early Warning —
Ecological Risk Mapping — Local Action—
Ecosystem Restoration — Climate Resilience

14. Policy Recommendations

The tollowing measures are recommended:

1. Establish an India El Nifio Ecological Risk
Observatory integrating IMD, I1ITM,
ISRO/NRSC, INCOIS, agricultural,
forestry and water-resource datasets.

2. Prepare district-level El Nifio ecological

vulnerability maps.

3. Integrate ENSO forecasts into district
disaster-management plans.

4. Develop seasonal groundwater budgets for
drought-prone districts.

5. Establish ecological thresholds for rivers,
wetlands and protected-area water bodies.

6. Expand climate-resilient agriculture and
drought-tolerant crops.

s Strengthen forest-fire early-waming and
prevention systems.

8. Monitor marine heatwaves and coral
ecosystems in the Indian Ocean.

9. Protect and restore wetlands as natural
water-storage systems.

10. Promote traditional water-harvesting
systems alongside modern infrastructure.

11.  Develop climate-resilient urban planning
using blue-green infrastructure.

12.  Strengthen public communication so that El
Nifio forecasts are translated into practical
local advisories.

15. Conclusion

El Nifio 15 not hmited to the Pacific Ocean; its
atmospheric effects can influence India's monsoon,
temperature, water resources, agriculture, forests,
wildlife and marine environment. Although 1t
generally increases the chance of weak monsoon
rainfall, its impact can vary due to the Indian Ocean
Dipole and other climate factors.

Its ecological effect can be viewed as a connected
chain:

El Nifio 7 weak/variable monsoon ? water shortage 7
soil and vegetation stress ? crop loss 7 biodiversity
pressure ? livelihood risk.

A dry period may also be followed by sudden heavy
rainfall, creating both drought and flood hazards.
Therefore, rainfall quantity alone is not enough for
ecological planning.
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India needs to prepare before the climatic stress
becomes severe through rainwater harvesting,
groundwater recharge, ecosystem restoration,
chimate-resilient farming, biodiversity protection
and improved early warning systems. The 2026
experience again shows the importance of such
preparedness, particularly during the later monsoon
period.
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Future-Ready Engineers: Addressing the Challenges
of Technical Education through Deep-Tech Innovation

Abstract

Engineering education is standing at a decisive
crossroads. Artificial Intelligence (Al), Generative
Al, semiconductor technology, gquantum
computing, robotics, autonomous systems, 6G
communication, cybersecurity, digital twins,
advanced materials and green technologies are
rapidly changing the nature of engineering practice.
The challenge before technical institutions is
therefore not simply to add a few new subjects to an
existing curriculum, but to fundamentally transform
the way engineering is taught, leamed, researched
and applied.

For Uttar Pradesh, this transformation is particularly
important. The State is emerging as an important
destination for semiconductor, electronics, defence,
manufacturing, digital infrastructure and emerging
technology investments. Its Semiconductor Policy
2024 explicitly emphasises curriculum
enhancement, industry-academia linkages, faculty

training, internships, research centres and Centres of

Excellence.

This article argues for a transition from
conventional engineering education to Deep-
Tech-oriented, problem-driven and innovation-
led education. The future engineer must possess
strong fundamentals, specialised technological
depth, Al and digital competence, interdisciplinary
thinking, research capability, entreprencurial
orientation and a strong sense of ethics and
sustainability.

Keywords: Future-ready engineers, Deep Tech, Al,
Generative Al, semiconductor, VLSI, Industry 4.0,
engineering education, innovation, Uttar Pradesh

Introduction: Engineering Education at a Turning

Dr.MNeelam Srivastava,
EC Member ET Division,
UP State Center Lucknow

Point

For decades, the conventional engineering
education model has broadly followed:

Syllabus — Lecture — Laboratory —
Examination — Degree —Placement

This model produced generations of competent
engineers and must not be discarded completely.
Mathematics, physics, engineering sciences,
programming, circuit theory, mechanics, materials
and core engineering principles will remain
essential.

However, the technological environment has
changed dramatically.

Today's engineer may work with Al models,
semiconductor devices, autonomous robots, digital
twins, quantum algorithms, photonic systems,
intelligent sensors, cyber-physical systems or
renewable-energy technologies. Consequently,
merely completing a prescribed curriculum is no
longer sufficient.

The new model should become:

Problem — Kknowledge — Experiment —
Prototype — Validation — Patent/IP —
Industry/Startup — Societal Impact

This represents a change not merely in curriculum
but in institutional mindset.

The fundamental question should change from:
"What subjects have we taught?"

to:

"What problems have our students learned to
solve?"

2. From Emerging Technology to Deep
Technology
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The expression Deep Tech refers to technologies
based on substantial scientific and engineering
knowledge and capable of creating long-term
technological and economic value. Al, quantum
technologies, semiconductors, robotics, advanced
materials, biotechnology, photonics. advanced
communication systems and clean-energy
technologies are representative areas.

Deep-Tech education cannot be created simply by
introducing a one-semester course titled "Artificial
Intelligence” or "Quantum Computing".

It requires a layered educational architecture:

IMathematics + Science + Engineering
Fundamentals

| Domain Specialisation

L Al+ Data+ Digital Competence
LInterdisciplinary Deep-Tech Skills
LResearch + Innovation + Entrepreneurship

At every level, the engineer must develop ethics,
sustainability, communication, creativity and
lifelong-learning capability.

Thus. the objective should not be to produce

students who merely use technology, but engineers
capable of understanding, designing, validating and
creating technology.

3. What Does Research Tell Us?

Recent engineering-education research provides a
strong warning as well as an opportunity. A 2024
IEEE Transactions on Engineering Management
study identified 65 important Industry 4.0 skills for
engineering students-17 technological, 12 digital, 5
computational and 31 soft skills-and reported a gap
between university education and the skills expected
in smart-industry environments. This is significant.
The future engineer is not simply a technical
specialist, He or she must combine:

+ technological expertise,

digital competence,

computational thinking,

problem-solving,

communication.

teamwork,

+ 4+ + 4+ 4+ 4+

adaptability.
+ creativity and leadership.

Tablel. Industry 4.0 Skill Distribution

Skill category Number of skills
Technological 17
Digital 12
Computational 5
Soft skills 31
Total 65

The message is clear: technical depth and human
capability must develop together.

4. Al and Generative Al: Do Not Ban It-Teach It
Properly

Artificial Intelligence is perhaps the most immediate
disruption facing engineering education. A 2025
systematic review of 161 studies identified seven
major applications of Al in engineering education,
including virtual experiments, learning analytics,
mtelligent tutoring systems, engineering-education

robots, automatic assessment and assisted leamming.
Another 2025 IEEE Access scoping review analysed
146 studies on Generative Al in engineering and
computing education and highlighted the need to
integrate GenAl with curriculum, Al literacy and
prompt-engineering skills while addressing
associated risks.

Therefore, the question for engineering colleges
should not be:

"How can we stop students from using AI?"
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The better question is:

"How can we teach students to use Al without
allowing Al to replace their thinking?"

Forexample, instead of assigning:

Design a digital circuit.

a future-ready assignment could be:

Design and simulate the circuit using Al-assisted
tools; independently verify the output, identify
errors or limitations, compare alternative designs
and document how Al was used.

This changes Al from a shortcut into a learning and
engineering tool.

Students must learn to:

Prompt— Generate — Verify — Test — Critique
— Improve

The principle should be:

Al-assisted engineering, not Al-dependent
engineering.

5. The Semiconductor Opportunity: A Wake-Up
Call for Uttar Pradesh

One of the most compelling examples of why
engineering colleges must change 1s the
semiconductor sector.Uttar Pradesh has established
a dedicated Semiconductor Policy 2024 with the
objective of developing a semiconductor ecosystem.
The policy supports semiconductor manufacturing,
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ATMP/OSAT, compound semiconductors, silicon

photonics, sensor fabs and chip-design activities. It
also provides support for faculty training,
internships, Centres of Excellence and R&D
infrastructure.

The policy specifically recognises the importance of
stronger industry-academia connections,
curriculum enhancement and regular updating of
electronics education.

This creates a major opportunity-and a major
responsibility-for engineering institutions.

If Uttar Pradesh wants to become a semiconductor
destination, its colleges must not continue
producing only conventional electronics graduates.
They must produce:

Semiconductor Engineers

with knowledge of;

Digital Electronics — FPGA —Embedded
Systems — VLSl Design — Semiconductor
Devices — 1C Design — Verification — Al
Hardware — Advanced Packaging — Photonics
This can become one of the most important
engineering-education transformations for the State.

6. Future Engineering Specialisations
Engineering institutions should anticipate
technology demand rather than react to it

Table 2: High-Potential Deep-Tech Domains

Domain Emerging Engineering Opportunities
Al & GenAl Al engineering, foundation models, edge Al
Semiconductor VLSI, chip design, verification, packaging
Quantum Quantum computing, sensing and communication
Robotics Autonomous robots, industrial robotics, drones
6G & Photonics Intelligent networks, optical/photonic systems
Cybersecurity Cyber-physical security, zero-trust systems
loT & Digital Twins Smart manufacturing, predictive maintenance
Green Technology Green hydrogen, batteries, smart grids
Advanced Materials Nanotechnology, functional materials
Biomedical Engineering Medical Al biosensors, wearable systems
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The purpose should not be to create dozens of
narrowly defined degrees.Instead, colleges can
create flexible interdisciplinary pathways,
minors, specialisations, laboratories and Centres
of Excellence.

7. A Proposed 70:20:10 Model for Future
Engineering Education

A practical institutional framework could be as per
need of future is:

70% - Core Engineering Fundamentals

Mathematics, science, programming, engineering
principles and domain fundamentals.

20% - Emerging Deep-Tech Specialisation

Al, VLSI, robotics, quantum, cybersecurity, 6G,
green technology. ete.

10% - Innovation and Entrepreneurship

Hackathons, prototypes, patents, startups, industry
projects and societal problem-solving.

The 70:20:10 ratio is a proposed strategic
framework rather than a universal prescription.
Individual institutions should adapt it according to
discipline, resources and regional industry needs.

The central idea 1s that fundamentals should never
be sacrificed for fashionable technology.

8. From Engineering Laboratory to Innovation
Laboratory

Many engineering laboratories continue to operate
primarily as places where students perform
predefined experiments.Future laboratories must
become places where students design experiments
and build solutions.

A modern engineering institution should
progressively establish:

£ Al and Data Science laboratories

+ Semiconductor/VLSI laboratories

+ Robotics and Autonomous Systems
laboratories

+ loT and Digital Twin laboratories

+ 5G/6G and Photonics laboratories

_—
/g

+ Cybersecurity laboratories

+ Renewable Energy and Green Hydrogen
laboratories

+ Advanced Manufacturing laboratories

+ Biomedical and Healtheare Technology
laboratories

More importantly, laboratories should be
interconnected. For example in figure 3

Diagram 1: Agriculture Problem-
Interdisciplinary Approach

— loT Sensors

e Al Analytics
— Drone Imaging
- Communication Network

— Edge Computing
— Automated Decision System

One problem thereby becomes a multidisciplinary
engineering project.

9. The University as a Deep-Tech Ecosystem

Engineering colleges in Uttar Pradesh should
increasingly function as regional innovation
engines.

A possible model is:

Local Problem

+

Engineering College

i

Deep-Tech Centre of Excellence

|
-

Industry +Startup + Government
}

Prototype

|

Patent/1P
l

Commercialisation

Societal Impact
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This model can be applied to the State's major
sectors,

Agriculture

Al+drones +sensors + loT — AgriTech

Defence

Robotics + sensors + Al + communication—
DetfenceTech

Healthcare

Al + biomedical sensors + data analytics—
HealthTech

Manufacturing
Robotics + Al + digital twins — Industry 4.0
Electronics

VLSl + embedded systems + Al hardware—
Semiconductor Technology

Thus, the engineering college becomes more than a
teaching institution-it becomes a technology-
development institution.

10. Faculty Transformation is Equally Important

Curriculum reform will fail if faculty development
does not accompany it. The role of a faculty member
is evolving from;

Teacher

Lo

Teacher + Researcher + Mentor + Innovator +
Industry Collaborator

Faculty members need regular exposure to:
emerging technologies,

industrial tools.

Al-assisted engineering,
interdisciplinary research,

patents and intellectual property,
startup ecosystems,

technology transfer,

IR IR IR

indusiry projects.

UP's Semiconductor Policy already provides
support for faculty training, workshops and

awareness activities, creating an opportunity for
institutions to systematically build semiconductor
capability.

A strong institutional mechanism would be;

Annual Faculty Deep-Tech Development Plan

with measurable targets for certification, industrial
training, research publications, patents, sponsored
projects and technology prototypes.

11. Research Must Begin Earlier

Research should not remain restricted to Ph.D.
scholars.

Undergraduate students should experience research
through:

first-year problem-solving projects,
literature reviews,

simulation studies,

design challenges,

mini research projects,

industry problems,

hackathons,

patent-oriented projects,

TR R R SR R SR AR

undergraduate research publications.
A student who learns to ask "Why?", "Can this be
improved?" and "Can | design something

better?" has already begun developing a research
mindset.

Project evaluation should therefore move beyond:
"Did the prototype work?"

to:

"What problem does it solve?"

"What is novel?"

"What evidence validates it?™

"Can it be patented?"

"Can it be scaled?"

12. Measuring the Future-Ready Institution

Placements remain important, but they cannot be the
only indicator of institutional success.
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A future-ready engineering college should track:
patents filed and granted,
prototypes developed,
startups incubated,
industry-sponsored projects,
research grants,

technology transfers,
student publications,
interdisciplinary projects,
international collaborations,
faculty industry training,

technology commercialisation,

R R I R T R R S

societal impact.

The institutional dashboard should therefore evolve
from:

Placement Rate

to:

Innovation + Research + Entrepreneurship +
Employability + Societal Impact

13. Five Immediate Actions for Engineering
Colleges in Uttar Pradesh

1. Establish Deep-Tech Centres of Excellence

Begin with regional strengths-semiconductors, Al,
robotics, defence technology, agriculture
technology, healthcare technology or green energy,
2. Introduce Interdisciplinary Minors

Allow an electronics student to study Al a
mechanical student to study robotics; a civil student
to study digital twins; and an electrical student to
study energy storage and smart grids.

3. Convert Conventional Labs into Innovation Labs
Provide open-ended projects, prototyping facilities,
simulation tools and industry challenges.

4. Build Industry as a Co-Creator

Industry should participate in curriculum design,
laboratories, internships, projects, faculty
development and assessment.

5. Create an Innovation-to-Industry Pipeline

Idea — Prototype — Patent — Incubation—
Funding — Industry — Product

This is how technical education can contribute
directly to regional economic development.

14. Conclusion: From Job-Ready to Future-
Ready

The greatest challenge before technical education
today is not technological-it is institutional mindset.

If engineering colleges continue to operate with
yesterday's curriculum, yesterday's laboratories and
yvesterday's assessment systems, students will enter
tomorrow's industries with yesterday's capabilities.
The transformation must therefore begin now.

We need to move:

From Skill to Deep SKill

From Digital Literacy to Technology Creation
From Classroom Learning to Problem Solving
From Projects to Prototypes

From Publications to Translational Research
From Placement-Centric Education to
Innovation-Centric Education

From Job-Ready Engineers to Future-Ready
Engineers

For Uttar Pradesh, the opportunity is particularly
significant. The State's semiconductor and broader
technology policies provide an emerging ecosystem
in which engineering institutions can connect
education with advanced manufacturing, R&D,
entrepreneurship and technology development.

The engineering college of tomorrow must therefore

not merely prepare students for the future.

It must enable students to create the future.
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3D Printed Check Dams: A Digital Revolution in
Check Dam Construction

Pratik Ranjan Chaurasia
Water Resources and Management expert, water conservation and protection activist,
writer & peer reviewer. Ex-HOD & Chief Engineer, Department of Minor Irrigation,
Government of UP, Ex-Director, Groundwater Department, Government of UP

The construction of masonry check dams has been a
primary focus for water conservation and
groundwater recharge, particularly in the droughi-
prone Bundelkhand and Vindhyan regions. The
Minor Irrigation Department 1s a pioneer agency for
constructing masonry check dams in the state of UP.
The department has constructed over 6000 masonry
check dams across the state. These check dams are
constructed using stone and cement-sand mortar, as
well as plain concrete. Associated problems with
such technology include leaks due to numerous
weak mortar joints, high wastage (resulting from
stone cutting), slow work speed, difficulty in
constructing curved or tapered structures, piping
from the sides of the wing wall, and challenges in
ensuring quality.

3D Printing is a cutting-edge technology, and its use
has surged in every field due to its numerous
advantages, including speed, accuracy, quality
assurance, and flexibility, particularly in rugged
terrain. Constructing masonry check dams via 3D
printing represents a shift from traditional labour-
intensive "wet trade"” masonry to Digital Additive
Manufacturing. Instead of manually laying stones
and mortar, a robotic system deposits material layer-
by-layer based on a precise digital model. There are
two approaches in practice; one is the "Digital
Masonry Approach (Modular)” in which a 3D
printer is used to create complex, interlocking
masonry blocks off-site. Another is "Monaolithic On-
site Printing (The Seamless Dam)", which is more
commonly known as the "Construction 3D Printing
(C3D P)" method. In it, a robotic arm or gantry is
brought directly to the gully or stream bed. The robot
extrudes a specialised concrete or geopolymer mix

in a continuous loop to form the dam's perimeter. To
mimic the weight and stability of a heavy masonry
dam, the printer creates a hollow double-wall shell
which is then filled with local rubble, earth, or a
secondary concrete pour.

Why 3D Printa Check Dam

+ Complex Hydraulies: Traditional masonry
1s limited to simple flat or arched walls. 3D printing
enables energy-dissipating textures, which reduce
downstream erosion.

+ Speed in Remote Areas: A 3-meter check
dam that might take a crew a month to build
manually can be printed in less than 12 hours of
active run-time.

+ Engineering for Resilience: Traditional
masonry dams often fail at the mortar joints. 3D
printing enables topological optimisation, creating
shapes that distribute stress more naturally.

+ The "Double-Skin" Wall: The robot prints
two parallel walls with an internal "zigzag" lattice.
This creates a massive structure that uses less
material than a solid stone dam but provides higher
shear resistance.

+ Variable Layer Thickness: To handle the
"impact" of rolling boulders during a flood, the
printer can thicken the layers at the base (the "toe")
of the dam and use more fibre-dense material in the
"spillway" section.

+ Material Optimisation: By using hollow-
core designs for wing walls, core wall and aprons,
material consumption can be reduced by 30-50%
while maintaining structural stability through
geometry.
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+ Preventing Piping along the Wing Wall:
3D printers are programmed to extend the "beads of
concrete mix" directly into a pre-excavated trench
in the riverbank, creating a keyed connection that is
much tighter than the usual earth fill after
constructing a stone masonry wing wall and
prevents water from bypassing.

Constructing wing walls and aprons via 3D
Concrete Printing (3DCP) replaces traditional
construction formwork with a robotic extrusion
process. In this workflow, a 6-axis robotic arm or
gantry system follows a digital path to deposit high-
performance concrete layer-by-layer.

Wing Walls: Design and Tie-ins

Wing walls are typically vertical or canted
structures designed to funnel water and protect
stream banks. 3D printing allows these to be
monolithic extensions of the dam body.

+ Curved Geometry: Unlike flat formwork,
3D printers can easily create logarithmic curves or
tapered profiles. These shapes are hydraulically
superior as they reduce turbulence and prevent
"dead zones" where sediment might collect.

+ "Keying" into Banks: To prevent water from
bypassing the wall (piping), the printer can be
programmed to extend the "beads" of concrete
directly into a pre-excavated trench in the stream
banks. This creates a "keyed" connection that is
much tighter than a poured-against-earth joint.

+ Internal Reinforcement: Since wing walls
face lateral earth pressure, the printer typically
creates a hollow-core wall (two parallel "skins" with

a z1g-zag mfill), Steel rebars or vertical tie-rods can
be inserted into these cavities and grouted manually
after the print is complete.

Upstream and Downstream Aprons

Aprons are horizontal or slightly sloped slabs that
protect the gully bed from erosion. In C3DP, they
are constructed using "Pavement-Style” or
"Hyhbrid" methods.

A.The "Waffle" or Ribbed Method

Instead of printing a solid block of conerete (which
is slow and uses excess material), the robot prints a
ribbed "waftle" structure.

+ Energy Dissipation: The downstream apron
can be printed with an intentional surface roughness
or "stepped" texture. These "teeth" act as micro-
bafTles to break the water's velocity.

+ Infilling: The printed "cells" are often filled
with local stone or gravel, and then topped with a
final "skin" of printed concrete to create a robust,
heavy armour layer.

B. Non-Planar Printing

For transition areas where the apron meets the dam
toe, a 6-axis robotic arm can use non-planar slicing.
This means the robot doesn't just print in flat layers;
it can move the nozzle in 3D curves to follow the
slope of a spillway bucket or the curvature of the
gully floor, ensuring a seamless transition between
the vertical dam and the horizontal apron.

The Construction Work{low

A typical 3D-printed check dam project follows
these steps:

Step Action

Description

1. Site Preparation| Excavation

The stream or riverbed is cleaned and trenched to receive the
printed layers.

2. Base Print Apron first

The robot first prints the downstream and upstream aprons to
provide a stable, level working surface.

3. Core & Wings | Monolithic

The printer builds the main dam body and wing walls
print simultaneously in one construction path to avoid cold joints,

4. Finishing

Reinforcement | Steel bars are inserted into the printed voids, and a high-strength
grout is poured to solidify the structure.
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For transition areas where the apron meets the dam
toe, a 6-axis robotic arm can use non-planar slicing.
This means the robot doesn't just print in flat layers;
it can move the nozzle in 3D curves to follow the
slope of a spillway bucket or the curvature of the
gully floor, ensuring a seamless transition between
the vertical dam and the horizontal apron.

The Construction Workflow

A typical 3D-printed check dam project follows
these steps:

Step Action Description

1. Site Preparation Excavation The stream or
riverbed is cleaned and trenched to receive
the printed layers.

2, Base Print Apron {irst The robot first prints

the downstream and upstream aprons to
provide a stable, level working surface.

3. Core & Wings Monolithic print. The printer
builds the main dam body and wing walls
simultaneously in one construction path to
avoid cold joints.

4, Finishing Reinforcement Steel bars are
inserted into the printed voids, and a high-
strength grout is poured to solidify the
Structure.

First, a drone performs a LiDAR survey of the
stream's topography to create a digital twin of the
site, CAD software generates a dam shape
optimised for the stream's specific flow. A
specialised mix 1s loaded into a circular mixer, The
robot extrudes the material in horizontal layers. The
layers are printed perpendicular to the flow to
maximise shear resistance. If the dam is high head,
the robot may pause to allow for the msertion of
vertical steel bars or fibre mesh layers between the
masonry beads. The printer follows these "Digital
Masonry" rules:
1. Foundation Keying: The robot prints the
first 5 layers into a pre-dug trench to "key"
the dam into the bedrock.

2. Horizontal Reinforcement; Every10th layer,

the robot pauses for a human (or second
arm) to lay a galvanised steel mesh or carbon
fibre grid across the path.

L

Tapering: The width of the print path
narrows as the height increases.

[fthe pump fails and the concrete hardens before the
next layer is printed, a "cold joint"-a massive weak
point is created. Authentic 3D printing requires a
"non-stop" toolpath to ensure the dam acts as one
monolithic stone.

Material

Constructing a masonry check dam with 3D printing
requires a specialised material palette designed to
balance pumpability (flowing through the hose) and
buildability (holding its shape without moulds).
Standard concrete used in traditional dams is too
"soupy" for 3D printing. Instead, a High-
Performance Fibre-Reinforced Mortar (HPFRM)
comprising Portland Pozzolana Cement (PPC) type
I, silica fume, fly ash, graded sand, and
polypropylene or cellulose 1s used. PCC acts as a
primary binder, fly ash improves flow and reduces
heat (preventing cracks), silica fume increascs
"stickiness", for high-layer stacking, fine sand acts
as a bulk aggregate, polycarboxylate acts as a
superplasticiser, and polypropylene fibre provides
strength to prevent sagging.

The Companies and Technology & Service
Providers

The primary players or companies that
manufacture, supply, or provide the machinery (the
actual 3D printers) or technology and services in
India, capable of building hydraulic structures like
check dams, are:

AJAX Engineering

MiCoB Private Limited

Simpliforge Creations

Cretebots

Tvasta Construction

L&T Construction

Apsuja Infratech

4+ 4+

+
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Road Safety and Highway Construction: Building
Safer Roads for a Safer India

Masarrat Noor Khan, FIE
Chief Engineer, U.P. PWD (Retd.)

Introduction

Roads are the lifelines of a modern nation.
They connect villages with towns, cities with
markets, industries with ports, and people with
opportunities. India has witnessed remarkable
growth in the construction of National Highways,
Expressways, bridges and other transport
infrastructure during the last few decades.

However, road development cannot be

measured only by the length of roads constructed or
the speed at which vehicles can travel. The real
measure of a successful highway is how safely and
efficiently 1t carries people and goods, Road safety
must therefore be treated as an integral part of
highway planning, design, construction, operation
and maintenance.
India continues to face a serious road-safety
challenge. A large number of crashes occur every
year, resulting in deaths, serious injuries, loss of
family income and considerable economic loss.
Many of these accidents can be reduced through
better engineering, disciplined construction
practices, effective enforcement and responsible
road-user behaviour.

The Human Cost of Road Accidents

Number of .
Road Category | .10 Persons Killed
National Highways
including 1.50,177 63,112
Expressways
State Highways 1.05.662 39,439

The seriousness of India's road-safety challenge
becomes clear from the casualty figures. During the
decade from 2015 to 2024, nearly 16 lakh people lost
their lives in reported road accidents in India. The
number of fatalities was 1, 46,133 in 2015 and
increased to 1, 50,785 in 2016, It was 1, 47,913 in
2017 and 1, 57,593 in 2018, In 2019, 1, 51,113
persons were killed. During the COVID-19 aftected
year 2020, fatalities declined to 1, 38,383, However,
they increased thereafter to 1, 53,972 in 2021, 1,
68,491 in 2022 and 1, 72,890 in 2023, The figure for
2024 was approximately 1.80 lakh. These figures are
not merely statistics. Every fatality represents a
human life lost, a family affected and a social and
economic burden created. They underline the need to
make road safety an essential component of highway
planning, design, construction, maintenance and
operation. Fatalities on National and State Highways

The distribution of fatalities also highlights the

particular responsibility of highway engineers.
According to the Ministry of Road Transport &
Highways, in 2023 there were:

Thus, National and State Highways together
accounted for nearly 60 per cent of all road-accident
fatalities in 2023, This is a strong indication that
highway safety must receive the same importance as
capacity, speed and connectivity,
Road Safety Begins at the Planning Stage

Road safety should not be considered an
additional facility to be provided after a highway has
been constructed. It must be incorporated from the
very beginning of the project.
During planning and feasibility studies, engineers
should carefully examine traffic volume and
composition, future traffic growth, speed
characteristics, accident-prone locations, pedestrian
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and cyclist movement, schools and markets,
junctions and intersections, terrain and climatic
conditions, flood-prone and landslide-prone
locations, and the requirement for service roads and
pedestrian facilities.

A proper Road Safety Audit at different
stages of a project can identify potential hazards
before they result in accidents.

Highway Design and Safety

A well-designed highway should be
forgiving. This means that even when a driver
makes a minor mistake, the road environment
should minimise the possibility of a serious crash.
Important safety features include: Proper geometric
design: Horizontal and wvertical curves should
provide adequate sight distance and should be
compatible with the design speed.

Safe intersections; Junctions are among the most
accident-prone locations and require appropriate
channelisation, signs, markings, lighting and, where
necessary, grade separation.

Median and crash barriers: Properly designed
medians and safety barriers can prevent vehicles
from crossing into opposing traffic.

Shoulders and emergency areas

Adequate shoulders provide space for
vehicles that have broken down and reduce
obstruction to moving traffic. Pedestrian facilities:
Footpaths, pedestrian crossings, foot-over bridges
and underpasses should be provided wherever
pedestrian movement is significant. Service roads:
In built-up areas, service roads can separate local
traffic from high-speed through traffic.

Drainage

Water accumulation on the carriageway reduces
skid resistance and can damage the pavement.
Efficient drainage is therefore an important safety
feature.

Quality of Construction

Safety is closely connected with quality of
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construction, Poor-quality pavement, uneven
surfaces, inadequate compaction, defective
drainage, weak shoulders and improperly
constructed road furniture can create serious
hazards. Highway construction should strictly
follow approved specifications and quality-control
procedures. Materials should be properly tested,
construction stages adequately supervised and
quality assurance carried out effectively. Particular
attention should be given to:

Pavement thickness and material quality
Proper compaction

Surface evenness

Skid resistance

Drainage arrangements

Bridge approaches

Expansion joints

Road markings

TR R TR T SR SR R e

Crash barriers

+ Delineators and signboards.

A road constructed cheaply but requiring frequent
repairs is ultimately more expensive-not only
financially but also in terms of safety.

Construction Zones

A Major Safety Concern

Ironically, a road improvement project
intended to make a highway safer can temporarily
become a major source of accidents. Construction
zones should therefore have a properly prepared
Traffic Management Plan. Drivers must receive
adequate warning well before reaching the work
zone. There should be advance warning signs,
clearly marked diversion routes, reflective
barricades, adequate lighting at night, proper lane
markings, speed restrictions, safe pedestrian
movement and trained flagmen where required.
Workers themselves must be provided with helmets,
reflective jackets, safety shoes and other
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appropriate personal protective equipment.

No construction activity should be allowed
to compromise the safety ofroad users or workers.
The Human Factor

Engineering alone cannot eliminate road
accidents. The behaviour of road users 1s equally
important.

Common causes of serious crashes include:
over speeding

Drunken or impaired driving

Driving on the wrong side

Distracted driving and mobile-phone use
Failure to wear seat belts

Failure to wear helmets

Dangerous overtaking

Fatigue and drowsy driving

IR IR IR I R

Violation of traffic signals.
The principle should be simple

Better roads + safer vehicles + responsible drivers +
effective enforcement = safer transportation. Road
users must understand that traffic rules are not
merely legal requirements; they are measures
designed to protect human life.

Highway Maintenance

Construction of a highway 1s only the
beginning. Maintenance is a continuous
responsibility. A well-designed highway can
become unsafe if potholes, damaged barriers, faded
markings, blocked drains, vegetation, broken signs
or defective lighting are not attended to promptly.
Routine inspection should be undertaken,
particularly after heavy rainfall, floods, landshdes
and other extreme weather events. Modern
technologies such as drones, GPS-based inspection.
pavement-monitoring systems and artificial
intelligence can increasingly help authorities
identify defects before they become dangerous.

Climate Change and Resilient Highways

Climate change 1s creating new challenges for
highway infrastructure. Extreme rainfall, flash
floods, landslides, heat waves and other unusual
weather events can damage roads and bridges.
Highway planning must therefore move towards
climate-resilient infrastructure.

This requires

+ Proper hydrological and drainage studies

+ Adequately designed culverts and bridges

+ Protection of slopes and embankments
+

Bio-engineering and appropriate retaining
structures

S Avoidance of construction in highly
vulnerable areas

+ Regular monitoring of hill roads

+ Early-warning and emergency-response

systems.

In mountainous regions, particularly the
Himalayan areas, indiscriminate cutting of slopes
and poorly planned construction can increase
vulnerability. Development must be balanced with
the carrving capacity and ecological sensitivity of
the region.

Technology and Intelligent Highways

The highways of the future will increasingly
depend on technology. Intelligent Transport
Systems can provide real-time traflic information,
automatic incident detection, variable message
signs, weather and visibility wamnings, electronic
tolling, emergency communication and real-time
monitoring of traffic conditions. Connected
vehicles and advanced driver-assistance
technologies may further reduce human error in the
future.

However, technology should support good
engineering and responsible driving. not replace
them.

The Way Forward

For safer highways, India needs an
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integrated approach based on the "4 Es" of road
safety: Engineering - safer planning, design,
construction and maintenance. Education -
continuous road-safety awareness among drivers,
pedestrians, students and the public. Enforcement -
strict and fair enforcement of traffic rules.
Emergency Care - rapid medical assistance and
trauma care after a crash. A fifth element-

Evaluation-should also become an integral part of

the system. Accident data must be scientifically
analysed so that recurring hazards can be identified
and corrected. There is also a need for greater
coordination among highway authorities, police,
transport departments. local bodies, engineers,
contractors and emergency medical services. Road
safety i1s a shared responsibility and cannot be
achieved by one department alone.

Conclusion

Highway construction 1s essential for

2
economic development. but development must
never be achieved at the cost of human lives. The
objective of modern highway engineering should
not merely be to construct wider and faster roads. It
should be to create roads that are safe, sustainable,
resilient, accessible and efficient. Every bridge,
every kilometre of highway, every junction and
every road project should ultimately serve one
fundamental purpose-to take people safely to their
destination. The engineering profession has a
special responsibility in this regard. As engineers,
planners, contractors and administrators, we must
remember that behind every traffic statistic is a
human being and a family. The ultimate objective
should be to move from a system that merely
responds to accidents to one that anticipates risks
and prevents crashes before they occur. A highway
is not truly successful because it carries more traffic;
itis successful when it carries that traffic safely.
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Predictive Modelling of Yamuna River Water
Quality Using Multispectral Remote Sensing

and Regression Techniques

Vikas Pandey’, K. K. Singh2*, and M. B. Chetti3
1.2,3 School of Agriculture, Sanskriti University, Mathura, 281401, Uttar Pradesh, India
* Corresponding Author Email: dean.soa@sanskriti.edu.in

Abstract

Monitoring surface-water degradation in heavily
polluted tropical rivers requires efficient and
spatially continuous assessment methods. This
study developed and compared empirical models for
predicting key water-quality parameters along a 28
km stretch of the Yamuna River between Devraha
Baba Temple and Chintaharan Ghat, Mathura, Uttar
Pradesh, India. Water samples were collected from
46 sampling stations during the pre-monsoon period
(March 2024) and analyzed for Total Suspended
Solids (TSS), Total Dissolved Solids (TDS),
turbidity, chlorophyll-a, Biochemical Oxygen
Demand (BOD), and Chemical Oxygen Demand
(COD) using standard analytical procedures.
Spectral information extracted from IRS LISS-III
multispectral imagery (Bands 2-5) and derived
band-ratio indices was used as predictor variables in
Multiple Linear Regression (MLR), Stepwise
Regression (SWR), and Support Vector Regression
(SVR) models. MLR provided moderate predictive
performance, with R"2values ranging from 0.44
(TSS) to .78 (chlorophyll-a). SWR improved
prediction accuracy for several parameters,
achieving the highest cross-validated performance
for TSS (R"2=0.63), TDS (R"2=0.74), chlorophyll-
a (R*2=0.79), and BOD (R"2=0.79). SVR, using a

radial basis function kernel, captured nonlinear

spectral relationships most effectively for COD,
attaining the highest model fit (R*2=0.85) and the
best cross-validated performance (R"2=0.77). The
results demonstrate that the optimal modelling
approach is parameter-dependent and that
combining IRS LISS-1II imagery with regression

and machine-learning techniques provides a
practical, non-destructive framework for spatially
distributed river-water-quality monitoring to
support pollution management and river-restoration
planning

Keywords: Surface water quality, Remote
sensing, IRS LISS-III, Support Vector
Regression, Yamuna River, Water quality
modelling.

Introduction

Surface-water bodies are essential for domestic
supply, agriculture, industry, and ecological
sustainability; however, rapid population growth,
urbanization. industrialization, and intensive
agricultural activities have substantially degraded
river-water quality. The discharge of untreated
sewage, industrial effluents, agricultural runoff, and
solid waste introduces diverse pollutants into river
systems, adversely affecting their physicochemical
and ecological conditions and posing risks to human
health [1]. Therefore, systematic monitoring of
surface-water quality 1s essential for pollution
assessment, water-resource management, and
ecological restoration. The Yamuna River, a major
tributary of the Ganga. originates from the
Yamunotri Glacier and flows approximately 1,376
km before joining the Ganga at Prayagraj. Water
quality deteriorates considerably along densely
populated urban and industrial stretches. The
Mathura reach is particularly important because of
its cultural and religious significance and associated
anthropogenic pressures. Previous studies have
reported considerable varations in turbidity, Total
Dissolved Solids (TDS), Biochemical Oxvygen
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Demand (puD), Chemical Oxygen Demand
(COD), dissolved oxygen, and other water-quality
parameters at different locations along the Yamuna
i Mathura [2-4]. Conventional water-quality
assessment depends primarily on field sampling and
laboratory analysis of parameters such as Total
Suspended Solids (TSS), TDS, turbidity,
chlorophyll-a, BOD, and COD. Although
standardized laboratory procedures provide reliable
measurements [5], their cost, labour requirements,
limited sampling frequency, and point-based nature
restrict their ability to represent spatially
heterogeneous river conditions. Satellite remote
sensing provides a complementary approach by
enabling rapid. non-destructive, and spatially
distributed water-quality assessment. Spectral
information m the visible and near-infrared regions
can be related to optically active constituents such as
suspended sediments, chlorophyll-a, turbidity, and
dissolved organic matter [6,7]. The Linear Imaging
Self-5canning Sensor-111 ( LISS-1I1), onboard India's
Resourcesat satellite series, provides multispectral
observations in the green (B2: 0.52-0.59 pm), red
(B3: 0.62-0.68 pm), near-infrared (B4: 0.77-0.86
um), and shortwave-infrared (B5: 1.55-1.70 um)
regions, with approximately 23.5 m spatial
resolution [8]. Its spectral and spatial charactenistics
make it suitable for environmental and inland-water
monitoring. The application of LISS-III imagery
mtegrated with field observations for niver-water-
quality assessment has previously been
demonstrated in the Gomti River, Uttar Pradesh [9].
Regression-based techniques provide an effective
means of relating satellite-derived spectral variables
to in-situ water-quality measurements. Multiple
Linear Regression (MLR) provides an interpretable
baseline, while Stepwise Regression (SWR)
facilitates predictor selection and reduces
redundancy among spectral variables. However,
water-quality-spectral relationships can be
nonlinear because of interactions among suspended
sediments, algal matter, and dissolved substances
[10]. Support Vector Regression (SVR), through
kernel-based learning, can model such nonlinear
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relationships and has been applied to satellite-based
water-quality estimation [11]. Despite the increasing
application of remote sensing and machine-learning
techniques, comparative evaluations of MLR, SWR,
and SVR using IRS LISS-11I data for multiple water-
quality parameters in polluted inland rivers remain
limited. Therefore, this study evaluates MLR, SWR,
and SVR for predicting TSS, TDS. turbidity,
chlorophyll-a, BOD, and COD in the Yamuna River
at Mathura using field observations and LISS-III
imagery acquired during the pre-monsoon season of
March 2024, The objectives are to develop
predictive models using LISS-I1I spectral bands and
derived indices and compare the accuracy, stability,
and generalization performance of MLR, SWR, and
SVR. The study provides a practical framework for
integrating field observations, satellite remote
sensing, and statistical/machine-learning techniques
for spatially distributed river-water-quality
assessment.

2 Materials and Methods

2.1 Field Sampling and Laboratory Analysis

A field sampling campaign was conducted during
the pre-monsoon period on 10-11 March 2024. A
total of 46 sampling sites were systematically
distributed along approximately 28 km of the
Yamuna River to capture spatial variations in
pollution conditions, including relatively less-
impacted upstream sections, urban and religious
zones near major ghats, sewage-discharge locations,
and downstream reaches (Figure 1). Geographic
coordinates of each sampling site were recorded
using a handheld GPS. Water samples were
collected approximately 10-20 ¢m below the water
surface using pre-cleaned high-density polyethylene
(HDPE) bottles. Prior to collection, each bottle was
rinsed three times with river water. Samples were
immediately stored in an ice-filled cooler and
transported to the University Chemistry Laboratory
for analysis within 24 h. Sample collection,
preservation, handling, and analytical procedures
were conducted following the relevant procedures of
Standard Methods for the Examination of Water and
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Wastewater [5]. Six water-quality parameters were
analyzed: Total Suspended Solids (TSS), Total
Dissolved Solids (TDS), turbidity, chlorophyll-a,
Biochemical Oxygen Demand (BOD). and
Chemical Oxygen Demand (COD). TSS was
determined gravimetrically by filtering a well-
mixed water sample through a pre-weighed glass-
fibre filter (Whatman GF/C), followed by drying at
103-105 °C and reweighing. TDS was measured in
situ using a TDS meter. Turbidity was measured in
Nephelometric Turbidity Units (NTU) using a
calibrated nephelometric turbidimeter. Chlorophyll-
a was determined following solvent extraction with
90% acetone, with absorbance measured at 665 and
750 nm using a double-beam spectrophotometer.
BOD was determined from the change in dissolved
oxygen concentration following a 5-day incubation
at 20 °C, with dissolved oxygen measured using the
prescribed analytical procedure. COD was
determined by the closed-reflux method, in which
samples were digested with potassium dichromate
in an acidic medium and subsequently titrated using
ferrous ammonium sulfate with ferroin as the
indicator[1].

2.2 Satellite Data Acquisition and Radiometric
Processing

A multispectral IRS LISS-IIl satellite scene
covering the study area was acquired for March
2024 through the ISRO Bhuvan platform. The LISS-
Il sensor provides observations in four spectral
bands: Band 2 (green; 0.52-0.59 pm), Band 3 (red;
0.62-0.68 um), Band 4 (near-infrared; 0.77-0.86
um), and Band 5 (shortwave infrared; 1.55-1.70 um)
[8]. The georeferenced ficld-sampling locations
were overlaid on the satellite imagery in ArcGIS,
and the corresponding pixel values for Bands 2-5
were extracted at each sampling location using the
Extract Multi Values to Points tool. To improve the
representation of spectral information at the
sampling locations, the extracted band values were
subsequently used to derive spectral ratios and
indices. These included ratios among the LISS-II1
bands (e.g., B2/B3, B4/B3, B5/B3, and B4/B2) and

selected spectral indices such as the Normalized
Difference Vegetation Index (NDVI) and
MNormalized Difference Turbidity Index (NDTI).
Such band combinations and spectral indices have
been widely employed as predictor variables in
remote-sensing-based water-quality assessment
because they can enhance spectral sensitivity to
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Figure 1: Location map of Mathura District and water
sampling sites from Devraha Baba to Chintaharan
Ghat, Yamuna River.

water constituents and reduce some effects
associated with absolute reflectance variation [6,7].
2.3 Predictive Regression Models

Three distinet modeling approaches were
formulated and evaluated: (1) Multiple Linear
Regression (MLR), which establishes a linear
functional relationship between target parameters
and spectral bands; (2) Stepwise Linear Regression,
which automatically selects statistically significant
combinations of bands and band ratios based on an
F-test threshold (p < 0.05); and (3) Support Vector
Regression (SVR), a non-linear machine learming
algorithm that maps input vectors into a high-
dimensional feature space using a Radial Basis
Function (RBF) kernel. Hyperparameters
(regularization parameter C and kernel width 7)
were optimized via grid-search optimization
combined with 10-fold cross-validation. Model
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predictive accuracy was evaluated using the
Coefficient of Determination (R?), Root Mean
Square Error (RMSE), and Mean Absolute Error
(MAE). Cross-validation performance was verified
across all 46 sampling stations to prevent model
overfitting,

3 Results and Discussion

3.1 Water Quality Characteristics

The descriptive statistics of the measured water
quality parameters across the 46 sampling sites are
summarized in Table 1. The ground-truth data reveal
significant spatial variability along the Yamuna
River during the pre-monsoon season. The
concentration of Total Suspended Solids (TSS)
ranged from 288 to 394 mg/L, with a high mean of
318.63 mg/L. Total Dissolved Solids (TDS) varied

from 623 to 735 mg/L, with a mean of 686.63 mg/L.
reflecting a high concentration of dissolved
inorganic salts. Turbidity exhibited values between
103 and 120 NTU (mean 112.96 NTU). which
correlates with the elevated TSS levels.
Chlorophyll-a concentrations ranged from 5.02 to
5.95 pg/L (mean 5.49 ng/L), indicating active algal
growth in the warm. nutrient-rich water. BOD and
COD concentrations ranged from 11.15 to 17.65
mg/L (mean 14.68 mg/L) and 38.52 to 48.42 mg/L
(mean 44.46 mg/L), respectively. These elevated
organic parameters highlight severe organic
pollution in the river commidor. The low flow
conditions and warm climate in March accelerate
bacterial degradation of organic waste, leading to
dissolved oxygen depletion and ecological stress.

Table: 1. Descriptive statistics of water quality parameters for the study area (n = 46)

Parameter Min Max Mean Std. Dev.
TSS (mg/L) 288 394 318.63 20.85
TDS (mg/L) 623 735 686.63 28.12
Turbidity 103 120 112.96 3.00
(NTU)

Chlorophyll -a 5.02 5.95 549 0.24
(ng/L)

BOD (mg/L) 11.15 17.65 14.68 1.38
COD (mg/L) 38.52 48.42 44 46 1.88

3.2. Spectral Response and Regression Equation
Analysis

The spectral response of the sampled water varied
with water-quality conditions. T5S and turbidity
showed greater sensitivity to the visible and near-
infrared bands, whereas chlorophyll-a was more
strongly associated with visible-band information.
TDS, BOD, and COD exhibited indirect
relationships with combinations of NIR and SWIR
variables. Band ratios were considered to enhance
relative spectral differences and reduce variability
associated with illumination and background
effects. The SWR analysis identified parameter-
specific predictor combinations: B2/B3 and B3/B2

for TSS; B2/B3 and B4/B3 for TDS:; B5/B3, B3/B2,
and B3/B4 for turbidity; B5/B3 and B4/B2 for
chlorophyll-a; B4/B5, B2/B5, B3/B3, and B3 for
BOD:; and B2 and B5/B4 for COD (Table 2). These
results indicate that the spectral predictors varied
among parameters, reflecting differences in their
relationships with the optical properties of the river
water. The MLR and SWR equations and optimized
SVR configurations are presented in Table 2. MLR
models incorporated LISS-111 Bands 2-5, whereas
SWR reduced the predictor set through statistical
variable selection, The resulting equations
demonstrate that no single spectral combination
consistently explained all investigated water-
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quality parameters. SVR employed RBF kernels for
TSS, TDS, chlorophyll-a, and BOD, with
C=100,100,10,and 10, respectively, and
?=(.1,0.1,0.01,.and 0.01, respectively. Linear
kernels were selected for turbidity and COD, with

C=land ?=0.2for both parameters (Table 2). The
parameter-specific kernel selection indicates that
the relationship between LISS-III spectral
predictors and water-quality parameters wvaried
across the investigated constituents.

Table: 2. Regression equations and optimized SVR configuration for predicting water quality parameters

Parameter MLR Equation Stepwise Regression SVR Configuration
(SWR) Equation
TSS 351.78 - 1.54°-B2 + 1901.00 — 702.80-(B2/B3) | RBF kemnel, C = 100,
1.25:B3 — 0.25-B4 + - 858.27-(B3/B2) e=0.1
0.53-B5
TDS 666.16 +2.79-B2 — 470.15 + 197.10-(B2/B3) | RBF kernel, C = 100,
2.46-B3 - 0.24-B4 - - 23.03-(B4/B3) e=0.1
0.26-B5
Turbidity 114.77 - 0.40-B2 + 110.58 — 12.10-(B5/B3) + | Linear kermnel, C= 1, &
0.56:B3 + 0.06-B4 - 38.13-(B3/B2) - =0.2
0.15-B5 20.71-(B3/B4)
Chlorophyll- | 6.04 —0.01-B2-0.01-B3 — | 4.97+0.74(B5/B3) — RBF kernel, C = 10, &
a 0.00-B4 + 0.01-B5 0.26:(B4/B2) =10.01
BOD 12.91 +0.08-B2 - 0.05-B3 1647 —4.65:-(B4/B5) + | RBF kernel, C=10, ¢
—0.04-B4 + 0.05-B5 11.02-(B2/B5) — =0.01
12.42-(B3/B5) + 0.06-B3
COD 65.66 —0.34-B2 + 0.05-B3 49.04 - 0.25-B2 + Linear kernel, C=1,¢
- 0.08-B4 + 0.14-B5 21.56:(B5/B4) =0.2

3.3. Comparative Performance Analysis

The comparative performance of the Multiple
Linear Regression (MLR), Stepwise Regression
(SWR), and Support Vector Regression (S5VR)
models is summarized in Table 3. The observed-
versus-predicted relationships for Multiple Linear
Regression (MLR), Stepwise Regression (SWR).
and Support Vector Regression (SVR) are presented
in Figures 2-4, respectively. The model-fit R? values
for Multiple Linear Regression (MLR), Stepwise
Regression (SWR), and Support Vector Regression
(SVR) are graphically compared in Figure 5. MLR
showed moderate model-fit performance, with R*

values ranging from 0.4363 for TSS to (0.7767 for
chlorophyll-a (Table 3). SWR generally improved
model fit for TSS, TDS, chlorophyll-a, and BOD,
increasing R2. In contrast, MLR slightly
outperformed SWR for turbidity, while COD
showed nearly identical results (Table 3; Figure 5).
The observed-versus-predicted relationships for
SWR are shown in Figure 3. SVR achieved the
highest model-fit R* for TSS (R*=0.6510), TDS (R*
= (.8171), chlorophyll-a (R? = 0.8047), BOD (R? =
0.7889), and COD (R* = 0.8498), whereas MLR
performed best for turbidity (R* = 0.6336) (Table 3;
Figure 5). Among SVR models, the highest fit was
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obtained for COD (R* = 0.5498), followed by TDS further evaluated using cross-validation to assess
(R* = (L.8171), chlorophyll-a (R* = 0.8047), BOD model generalization.
(R* = 0.7889), and TSS (R? = 0.6510). S5VR was

Table: 3. Comparative predictive performance of Multiple Linear Regression (MLR), Stepwise
Regression (SWR), and Support Vector Regression (SVR) models for predicting water quality
parameters.

Parameter | MLR | MLR | MLR | SWR | SWR |SWR | SVR | S5VR | SVR
R* | RMSE | MAE R? RMSE | MAE | FitR? | CVR*| CV

RMSE
TSS 04363 | 1548 | 10.71 | 0.6309 | 1253 | 6.39 | 0.6510 | 0.4607 | 15.14
TDS 0.6658 | 16.08 | 13.05 | 0.7416 | 14.14 | 11.16 | 08171 [ 0.7213 | 14.69

Turbidity 0.6336 | 1.80 1.28 | 0.6261 | 1.82 1.27 1 0.5926 | 0.5456 | 2.00
Chlorophyll- | 0.7767 | 0.11 0.09 | 0.7860 | 0.11 0.08 | 0.8047 | 0.6871 | 0.13

a
BOD 0.5829 | 0.88 0.59 | 0.7868 | 0.63 047 | 07889 | 0.7115| 0.73
COD 0.7693 | 0.89 0.60 | 0.7680 | 0.89 0.69 | 0.8498 | 0.7724 | 0.89
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Figure 2. Scatter Plot (Observed vs Predicted values) using a Multilinear regression model.
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Figure 3. Scatter Plot (Observed vs Predicted values) using  a stepwise regression model.
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As shown in Table 3, SVR cross-validation (CV) R?
values were 0.4607 for TSS, 0.7213 for TDS, 0.5456
for turbidity, 0.6871 for chlorophyll-a, 0.7115 for
BOD, and 0.7724 for COD. The fit-to-CV R?
differences were most pronounced for TSS,
chlorophyll-a, and BOD, indicating lower
performance on cross-validation data and
emphasizing the importance of assessing model
generalization, Because CV statistics were reported
only for SVR, direct cross-validated comparison
among MLR, SWR, and SVR is not possible. Overall,
SVR showed strong model-fit performance and

04

relatively consistent cross-validated performance,
particularly for COD, which achieved a model fit R?
of 08498 and CV R?®* of 0.7724. Thus, model
performance was parameter-dependent, with SWR
improving the model fit over MLR for several
parameters and SVR providing the highest model-fit
R* for five of the six parameters. These results
demonstrate the potential of integrating IRS LISS-III
spectral variables with statistical and machine-
learning approaches for spatially distributed water-
quality assessment, while highlighting the need to
consider both model-fit and validation statistics.

Comparison of Predictive Performance Based on R

B HMLR
= SR
081 mmm SWR(CV]

Cross-validated | madal £

TS5 TS

Tuebidity

pry 0708 B 787 T

Chilprgphyll-a BOD CAOey

Water Quality Parameters

Figure 5. Comparison of MLR, SWR, and cross-validated SVR R"2values for the six
investigated water-quality parameters.

4. Conclusions

This study evaluated Multiple Linear Regression
(MLR), Stepwise Regression (SWR), and nonlinear
Support Vector Regression (5VR) with an RBF
kernel for estimating TSS, TDS, turbidity,
chlorophyll-a, BOD, and COD in the Yamuna River
at Mathura using IRS LISS-III multispectral data.
The results demonstrate parameter-dependent model

performance, with no single modelling approach
consistently outperforming the others. SWR
improved model-fit R* for TSS, TDS, chlorophyll-a,
and BOD, while MLR performed best for turbidity.
SVR achieved the highest model-fit R* for COD, with
a lower cross-validated R*, highlighting the
importance of evaluating model generalization
alongside model fit. The results indicate that the
relationships between L15S-111 spectral variables and

The Institution of Engineers (India) U.P. State Centre, Lucknow




— ﬁ §: 59" Engineers' Day 2026 Souvenir ;%Ej

water-quality parameters are parameter-dependent,
with both linear and nonlinear approaches providing
useful predictive capabilities, SWR demonstrated
particular effectiveness by selecting a reduced set of
informative spectral predictors, while SVR showed
greater potential for modelling the nonlinear
relationship associated with COD. Overall, the
findings demonstrate that IRS LISS-III imagery
combined with regression and machine-learning
techniques can provide a practical and spatially
distributed approach for river-water-quality
assessment. However, the differences between
model-fit and cross-validation performance
highlight the importance of independent validation
and careful assessment of model generalization.
Future studies should incorporate larger multi-
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Recently, the Kukrail River, a tributary of the
River Gomti in Lucknow, was in the news as the
government started to demolish houses and shopping
complexes in a locality named Akbarnagar, which
was built and developed over the last 40 years in its
floodplains. Though the Supreme Court of India
permitted the demolition of all bwldings and
encroachments along its course in Lucknow, the first
phase started in Akbarnagar, and after completion, it
was stopped. Now, a garden has been developed in
some part of the recovered area. When the second
phase will start in other localities like Kalyanpur,
ete., along 1ts course 1s unknown, The government
plans to revive this river, and a demolition exercise
was part ofit.

The Kukrail River, taking its last
breath at present was once an ever-flowing river.
People used to bathe in this river. It was a legend that
dog bites can be cured by bathing in it. That 1s why it
got its name "Kukrail”, It originates from Asti village
in Bakshi ka Talab tehsil of district Lucknow and
travels about 36 km before merging into the River
Gomti upstream of Gomti Barrage in Lucknow.
Previously, it used to merge downstream of the
Gomti Barrage somewhere near the present Taj Hotel
after travelling about 4 km more. But in the name of
development, its course was changed to merge near
Paper Mill Colony upstream of Gomti Barrage. Over
the years its catchment area has witnessed significant
changes in land-use patterns, resulting in a sharp
increase in sewerage flow from newly developed
colonies and human habitats. Apart from this, its
floodplains witnessed severe encroachments along
residential areas. Lastly, the government pledged to
revive it, the first phase of which started by

demolishing encroachments in Akbarnagar.

Before discussing its revival plan,
some discussion is needed to understand the water
dynamics of a river. Any river system is live until it
has flowing water. The source of water for any river is
precipitation either in the form of rainfall or snow.
After the rainy season, most of the rivers originating
from the Himalayas are fed by snow and groundwater
both of which contribution of snow is only about 15
%o. The rivers originating from other mountain ranges
or plains are fed by groundwater only after rains. In
India, the rainy season is only about three months and
after the rainy season, most of the rivers are mainly
fed by groundwater. So, groundwater is very crucial
for the health of any river system. Groundwater is a
part of our hydrological system, and it flows towards
the general land slope of the area. It continuously
moves through the aquifer system at a very slow
velocity and contributes to the river as base flow.
After the rainy season, this base flow is the main
source of water for a river to remain alive and healthy.

Occurrence of groundwater is an input-output
model in which recharge from rainfall and other
sources is the imput. The output 1s withdrawal of
groundwater for various uses and contribution to
rivers in the form of baseflow. If the output is
persistently greater than the input for many years,
groundwater level starts declining. When
groundwater level starts declining, baseflow to the
river also reduces, endangering the liveliness of a
river. If this situation persists for a longer period, the
groundwater levels go so deep that stop contributing
to rivers in the form of baseflow, making the rivers
die after the rainy season.

Every year the groundwater is replenished by
rain. Rainwater passes through soil layers and
recharges groundwater. So, the less rain, the less
groundwater recharge, and vice-versa. Apart from
this, every year rainwater refills natural depressions
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and manmade water storage structures like ponds,
lakes. tanks, dams, check dams, etc. This stored
water replenishes groundwater slowly and slowly,
round the year after the rainy secason. The basic
principle involved here 1s to increase the contact
area and contact time of water with soil to enhance
recharge. In-situ practices like farm bunding,
marginal bunding, contour bunding, contour
trenching, etc., also enhance groundwater recharge.
Matural vegetation and forests also retain water and
enhance groundwater recharge.

So. increasing the base flow of any river for its
sustainable revival should be the highest priority
among different measures.

The newspaper reported that the Kukrail River's
revival plan envisages removing/demolishing
encroachments, renovating five or six lakes/ponds
in its catchment, developing green cover along its
course, and diversion of water from Sharda canal to
keep it flowing. Thus, the plan itself indicates that
the measures proposed are insufficient to increase
the base flow to a level that will make Kukrail ever-
flowing, because diversion of water from the
Sharada Canal is proposed. The right approach
would have been to adopt comprehensive water
management measures in its whole catchment after a
detailed survey and choosing the best management
options, As stated earlier, the Kukrail River
catchment witnessed a significant change in land use
patterns in the last few decades. A significant portion
of it had been urbanised in the last 40 years,
increasing the sewerage flow and groundwater
withdrawal and decreasing groundwater recharge.
So, to increase the base flow, the ideal solution is to
decrease groundwater withdrawals and increase
groundwater recharge. The measures to be adopted
for these will depend on the present catchment
characteristics of Kukrail's catchment, for which a
micro-level survey is required. These measures may

include:-

1. Launch of a community groundwater recharge
scheme in urban areas in which water collected
from the roofs of houses and surface pavements
is conveyed to a common recharge facility.

2. Treat sewage and wastewater from every drain
discharging into the Kukrail River and reuse the
treated water for secondary use. After tertiary
treatment, it can even be used for drinking
water.

Implement large-scale water conservation and
rainwater storage measures at the farm level in
its catchment.

4. Redevelopment of all ponds and lakes in its
catchment.

5. Reducing irrigation water use in its catchment
by adopting efficient technologies and systems
and changing cropping patterns.

6. Increasing forest cover in its catchment by up to
20% in the first phase and up to 33% later. It can
be done by declaring a forest area in every
village.

7. Reducing groundwater withdrawals in urban
arcas by providing water from alternative
sources like surface water, treated water, etc.

8. Removing/demolishing encroachments and
dredging the river.

9. Measuring the municipal water supply of every
household and mitating differential water
consumption rates,

The proposed revival plan for the Kukkrail River
includes only a few of the measures listed above.
Furthermore, water diversion from the Sharda Canal
is proposed to ensure continuous flow throughout
the year. In a true sense, it is not a river revival but a
cosmetic exercise, just to demonstrate that the river
is flowing.
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Hydrogen Based Steel Making - The Future

Marendra Kumar Verma
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Abstract

The energy demand for the automobile, hydrogen-
based steel making and industrial sectors is
increasing  drastically worldwide. Conventional
sources will no longer fulfil the growing energy
demand and environmental pollution is a serious
concern. Thus, an alternative fuel for vehicles, steel
plants and other uses is highly required.

The focus is shifted on renewable energy sources
like hydrogen, which is abundant in nature. This
review examines the continuous progress of
hydrogen regarding production and storage
techniques in India. Current studies and on-going
projects the world over are summarized projecting
the status of production, storage, and apphcation of
hydrogen. Challenges like infrastructure
development, distribution, policies, cost, and public
acceptance as obstacles for the commercialization of
hydrogen?powered vehicles and hydrogen-based
steel making plants in the Indian market are
analysed.

This review also focuses on the reduction of iron
oxides using hydrogen as a reducing agent. Due to
increasing requirements from environmental issues,
a change of process concepts in the iron and steel
industry 1s necessary within the next few years.
Currently, crude steel production is mainly based on
fossil fuels, and emitting of the climate?relevant gas
carbon dioxide is integral. One opportunity to avoid
or reduce greenhouse gas emissions is substituting
hydrogen for carbon as an energy source and
reducing agent. Hydrogen, produced via renewable
energies, allows carbon?free reduction and avoids
forming harmful greenhouse gases during the
reduction process. Emphasis has been laid on
hydrogen based steel making, advantages &
disadvantages and further course of action required
to boost up this technology to have a clean & green

environment.

e P T TIT T T Y

1.Hydrogen - its position in periodic Table:

Hydrogen is the first element of the periodic table as
its atomic number is one, which means it has only
one electron in its atom and thus only one electron is
present in its outermost shell. The placement of
elements in the periodic table is based on their
electronic configuration.

I.1Dual Nature of Hydrogen:

Hvdrogen has the simplest electronic configuration
of'one' and hence,

Either loses one electron behaving like
electro positive alkali metals[Group 1{IA)]

e.g H-le-THI1+

Gains one electron behaving like
electronegative halogens [group 1 7(VIIA)]

e.g H+le-7HI-
Table 1: showing availability of hvdrogen

Hydrogen in the free | Availability

state in
percentage

Earth’s crust 0.98

Earth’s atmosphere 0.01

Volcanic gases

0.025

Atmosphere- around | 1.1
the sun & the stars
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When hydrogen loses electron, the size of its nucleus
decreases and becomes almost 1.5 » 10-3pm, which
is very small as compared to the atomic sizes of
normal metals and hence hydrogen ion does not
exist freely in nature. This unique behaviour of this
atom 1is the reason for it being placed separately in
the periodic table.

1.2 Electrolysis:

Electrolysis is defined as a process of decomposing
ionic compounds into their elements by passing a
direct electric current through the compound in a
fluid form. The cations are reduced at cathode and
anions are oxidized at the anode.

Electrolysis 15 usually done in a vessel named
'electrolytic cell' containing two electrodes (cathode
and anode) connected to a direct current source and
an electrolyte which 15 an ionmic compound
undergoing decomposition, in either molten form or
ina dissolves state in a suitable solvent.

1.3 Electrolytic Process

In the process of electrolysis, there is an interchange
of 1ons and atoms due to the addition or removal of
electrons from the external circuit. Basically, on
passing current, cations move to the cathode, take
electrons from the cathode (given by the supply
source-battery), and 1s discharged into the neutral
atom. The neutral atom. if solid, is deposited on the
cathode and 1f gas. move upwards. This is a

reduction process and the cation is reduced at the
cathode.

1.4Factors Affecting the Efficiency of
Electrolysis:

The efficiency of electrolysis or the electron transfer
depends on many factors such as;

1) The number of available cations and anions in the
solution.

1i) Mobility rate of the ions to reach the electrode,

i) Activation energy needed for the electron
transfer from the electrode to the electrolyte ions.

iv) The effect of the gas bubble surrounding the
electrode on the further electro- transfer etc.

Crossing over of several interfaces (solute- liquid,
solute-solid, solid-gas) results in the increase of
energy requirements for the electrolysis
(overvoltage) than predicted by the thermos-
dynamical Gibbs energy.

Because of the low concentration of ions and the
interfaces to be crossed electrons an extra voltage
(Over voltage) at each electrode is needed to about
0.6V.

In practice, continuous ¢lectrolysis of pure water is
possible only at an external voltage of 2.4V.

One of the methods is to increase the conductivity by
increasing the number of ions available by adding
acid, base, or non-reacting salts.

1.4.1 Pourbaix diagram gives the equilibrium
regions of water, hydrogen and oxygen at various
electrode potentials.
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Water Electrolysis in the Presence of Salts

The selection of salts with non-competing ions
becomes necessary.

Salts containing lesser standard electrode potentials
than hydrogen and hydroxide ions are suitable for
the electrolysis of water.

Non-soluble. sohd polymeric 1onic compounds
(Nafion), has been found to help electrolysis of
water in less than 1.5V,

1.5 Electrolysis of Water Using Electro Catalysts

Electro-catalysts are substances that accelerate
electrochemical reactions without being consumed
in thereaction.

The activity of the inert electrode like platinum can
be, enhanced by modification of the surface by

i) Increasing the surface area with nanoparticles or
alloying with catalytic d-block elements and
changing the electronic state coated with other
catalytic substance to enhance the electrolysis.
i) Coating the electrode surface with catalytically
active substances, like enzymes.
The electrolytic cell used for the electrolysis of water
15 the electrolyser. Depending on the transporter of
the electrolvte, Electrolyser can be divided into three
types:
(i) Polymer Electrolyte Membrane

(PEM) Electrolyser
(ii) Alkaline Electrolysers
(iii) Solid Oxide Electrolyser
Key Facts on Global Temperature Rise
(i)Total Increase: The planet is roughly 1.2°C to
1.3°C (2.1°F to 2.4°F) warmer than pre-industrial
levels.
(11) Main Cause: Human activities like burning fossil
fuels release greenhouse gases that trap heat in the
atmosphere.
(1i1) Recent Records: The warmest years in recorded
history have all occurred recently, driven by
continuous carbon emissions.

1.6 Effect of GHGs (Greenhouse gas):

According to National aeronautics & space
Administration, the average global temperature on
earth has enhanced by approximately 0.8°C(1.4°F).
Accelerating Rate of warming since the early 1980s
happens more than twice as fast as the previous
century, rising over 0.18°C (0.32°F) per decade
which has caused an enormous impact on the
environment as a whole. Increase in the
concentration of greenhouse gases in the atmosphere
15 the important factor for rise in temperature.

Methane produced 1s collected and burnt to produce

electricity or heat.  Methane is a by-product of the
anaerobic respiration of bacteria.

In view of all the above facts, it is more important to
reduce the pollution caused by CO2 and CO which is
also possible by reducing/avoiding the use of fossil
fuel e.g coal etc in steel plants, temperature as it is
absorbing heat.

Open burning and disposal of waste on land is an
inherent practice. Solid waste plays a vital role in
Carbon footprint of the c¢ity. Inadequate
management of solid waste tends to formation of
GHGs like CH? and CO2 which escapes in the
atmosphere.

Methane has a global warming potential of 25 times
over CO2 for 100 years' time horizon so it is more
important to keep the track of these emissions.

The emissions of GHGs i.e. CO2 & CH4  due to
decomposition of organic waste is calculated on the
basis of following equations;

CO2 emissions (gm/day) =W(Kg/day) x
0.013gm/kg.

CH4 emissions(gm/day) =Wikg/day) x 0.165gm/kg
Where. W is the total organic waste generated.

Co2 emission has increased from 562kg/day to 745
kg/day and CH4 emission has increased from 44.3
kg/day to 58.7 kg/day in 2018-2019 due to increased
quantity of MSW. Total CO2 & CH4 emissions
accounts to Carbon footprints of 1978.1 kg/day in
terms of equivalent of CO?2.
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(iv)The problem is again compounded by the issues
associated with rapid urbamization. (v) A major
environmental concern is release of unhealthy gases
due to decomposition of garbage.

Global carbon dioxide (CO2) emissions and
greenhouse gas levels in 2026 are showing mixed
regional trends, with average atmospheric
concentrations reaching 4323 parts-per-million
(ppm) by May 2026.

1.7 Global and Atmospheric Status:

Atmospheric Levels: CO2 concentrations rose past
432 ppm in mid-2026, sitting well above pre-
industrial levels of 280 ppm.

Global Pace: Global emissions experienced a
marginal increase in the first half of 2026, following
a slow 0.4% growth rate recorded globally through
the end of 2025.

India: Emissions growth is decelerating to roughly
% to 1.5% n 2026 as non-fossil and renewable
energy capacity continues to expand.

United States: Energy-related CO2 emissions are
projected by the EIA to decrease by 1.8% in 2026,
driven largely by lower coal consumption.
Technologies can be developed to increase the
proportion of hydrogen fed into the shalt furnace up
to 100%. Where renewable energy is used to
produce 'green hydrogen' for use in this way, it
directly displaces CO2. However. where
msufficient levels of renewable energy are
available, industry will need to use 'blue’ hydrogen,
derived directly from fossil fuels or industrial gases
and combined with carbon capture and storage
(CCS) to ensure carbon neutrality.

It is apparently evident that we should go ahead for
Hydrogen based Steel making.

Hydrogen Based Steel making

There are major differences between the steel
making process of today and the HYBRIT-process
of tomorrow.

1.8 Hydrogen-based metallurgical process

In the HYBRIT- concept, specially developed iron
ore pellets are reduced by hydrogen gas in a so-
called direct reduction process.

Reduction occurs in a solid state at a lower
temperature than in the blast furnace process and
produces an intermediate product, sponge iron or
direct reduced iron (DRI), with water vapour
emitted from the top of the furnace.

Water vapour can be condensed and scrubbed before
reuse in the plant. Hydrogen gas is produced by
electrolyzing water using renewable electricity (e.g.
from hydro or wind power plants), with oxygen gas
as a by-product. Hydrogen storage of sufficient
capacity 15 used to balance between the DRI-
process and the electricity grid allowing a
significant amount of intermittent power generation
by e.g. wind or solar power plants to be connected to
it. The sponge iron can be used as hot DRI and
melted immediately in an electric arc furnace (EAF)
together with recycled scrap. The DRI can also be
processed into hot briquetted iron (HBI), which can
be stored and shipped to another site. The crude steel
from the EAF goes through a similar process as in
the blast furnace-based route, i1.e. alloying and
refining before being cast into slabs, ready for
rolling and further heat treatment before shipping to
customers.

LY HYBRIT faces two major challenges

oTo develop an effective process to use 100%
hydrogen on an industrial scale.

oTo produce hydrogen in an energy-efficient way so
that it is economically justifiable/commercially
viable.

HYBRIT - Towards fossil-free steel

(1) HYBRIT aims to replace coking coal,
traditionally needed for ore-based steel making,
with hydrogen. The result will be the world's first
fossil-free steel-making technology, with virtually
no carbon footprint.

{(11) The steel industry is one of the highest CO2-
emitting industries, accounting for 7% of CO2
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emissions globally.

(i11) A growing global population and an expanding
urbanization are expected to trigger a rise in global
steel demand by 2050, The carbon footprint in the
steel industry is thus a challenge for the entire world.
The conclusion is that fossil-free steel, given
today's price of electricity, coal and CO2 emissions,
would be 20-30% more expensive. With declining
prices in electricity from fossil-free sources and
increasing costs for CO2 emissions, the pre-
feasibility study concludes that in forthcoming
future fossil-free steel will definitely be able to
compete in the market with traditional steel.

The owners of giant companies have given
the green signal for the next phase of HY BRIT and,
during summer 2018, work started on the
construction of a globally-unique pilot plant for
fossil-free steel production at the SSAB site in
Lulea, Sweden. A joint-venture, Hybrit
Development owned equally by the three partners
S5AB, LKAB and Vattenfall was formed during
2017 to carry out the long-term development work.

The pilot phase for pre-feasibility study and
a four-year-long research project is planned to last
until 2024, after which 1t will move to the
demonstration phase in 2025-2035 in coordination
with Swedish Energy Agency.

Already before a solution for fossil-free steel
making is in place. SSAB aims to cut its carbon
dioxide emissions in Sweden by 25% by as early as
2027, through conversion of the blast furnace in
Oxelosund, Sweden, to an electric arc furnace.

The study says reducing  costs of
electrolysers and renewable generation can push
down the cost of green hydrogen generated from
renewables to between $0.80 and $1.60/kg by mid-
century - its current level is at least $2.50/kg -
making it competitive with gas in many markets.
The reduction of cost may open the way for
hydrogen to meet 24% of the world's energy needs
by 2050, and cut up to a third of global emissions
from fossil fuels and industry, but if following

N

conditions are fulfilled,

+ Infrastructure spending. The study puts an
S11trnbill on achieving the production,

storage and transport facilities needed for a
hydrogen revolution.

+ A carbon price. As per latest study
"Hydrogen can enable a switch away from fossil
fuels in many of these applications at surprisingly
low carbon prices. For example, at $1/kg, a carbon
price of $50/t CO2 would be enough to switch to
renewable hydrogen in steel making,"

g Storage. "Storing hydrogen in large
quantities will be one of the most significant
challenges for a future hydrogen economy. Low
cost, large-scale options like salt caverns are
geographically limited, and the cost of using
alternative liquid storage technologies is often
greater than the cost of producing hydrogen in the
first place."

India's steel industry has relied almost

exclusively on coking coal for the 'reduction’ of iron
ore so a switch to hydrogen won't be easy.

A new report on India's steel industry warns that the
sector's CO2 emissions could quadruple by 2050 to
837 million tonnes. Steel consumption is a key
indicator of economic growth, but so far the sector
has relied almost exclusively on coking coal for the
"reduction” of iron ore. The process releases vast
quantities of CO2. Economic growth 1s good, but in
times like these there isn't any room for increased
emissions.

1.10 However, the report was released by The
Energy and Resources Institute (TERI) and offered a
number of solutions. The combination of energy and
resource efficiency alone would reduce emissions
by 45%, it says, and it recommends imposing
penalties on the sector by 2030 to clean up its act.
However, unless the process of manufacturing steel
itselfis carbon-free, the sector will continue

polluting. Adopting low-carbon technologies and
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setting standards for low-carbon steel are welcome,
but today we're at a point where the country's major
industries need to fully de-carbonise.

S.No Type of furnace Units /No
of plants,
I Blast Fumace (BF) 6l

(%]

Basic Oxygen Fumnace (BOF) | 18 units

3 Electric Arc Furnace (EAF) 50

4 Electric Induction Furnace 999
(EIF)

5 Direct Reduced lron 312 units

Here's where the yet another solution of switching to
Hydrogen comes in. Using hydrogen instead of coal
eliminates the release of CO2, as the process merely
produces water as the by-product

1.11 The question is, where will India source
hydrogen from?

Splitting water through electrolysis is one route.
Powering the process through renewables alone
does make for "green steel”. But given India's plans
to become the world's fastest energy consumer by
2030 - which would involve greater oil and gas
consumption - the most likely candidate would be
natural gas (which is largely methane).

-

The country is already expanding its gas grid far and
wide, so the opportunity to lower industrial
emissions would be a healthy addition to the fuel's
reputation. Several new o1l fields are being opened
as well. making the case for gas even stronger.

Yet in India, the inertia of investing in fossil fuels
could prove much harder to shake off, and
renewables just aren't coming online fast enough. So
if our version of "green steel" 1s ultimately fuelled by
natural gas, it would risk turning a much-touted
transition into more of an eyewash. Unless of
course, the industry itself decides to innovate and
opt for renewables-powered electrolysis. It's not
bevond their capabilities, and even presents an
enormous opportunity for self-regulation.

Research and Development of Iron & Steel Sector
background in India:

Table?: Thestructure of the Indian Iron & Steel
Sector

1.12 There are primarily two routes of steel
production:

" BF/BOF route also called the Oxygen route

" Electric route comprising of Electric Arc Furnace
and Electric Induction Furnace.

As per 2017-18 data, about 54% steel is produced
through the Electric Furnace route of which about
28% steel is produced through the Electric Induction
Furnace (EIF) route and 26% from Electric Arc
Furnace (EAF) route.

The Indian steel industry comprises of large
producers (= = 1 MTPA) which contribute around
63% of the total production as against smaller
producers (< 1 MTPA) which contribute around
37% ofthe total production in the country.

Government has taken wvarious steps for
introduction of National Steel Policy 2017 and
allowing 100 per cent Foreign Direct Investment
(FDI} in the steel sector under the automatic route,
The Government's National Steel Policy 2017 aims
to increase the per capita steel consumption to 160
kgs by 2030-31.In 2019, the Government
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introduced Steel Scrap Recycling Policy with an aim
to reduce import.

Technological profile of the Indian Steel Industry
has undergone a major & substantial change. With
setting up of new large modern steel plants based on
state of-the-art technologies and modermization/
expansion of existing steel plants, there is a upward
trend in efficiency parameters of operation viz.
productivity, energy elliciency, environment
friendliness etc.

The Indian Iron & Steel industry needs to pursue
research for development & adoption of such
technologies which are relevant to natural resource
endowment of the country,

(i) which minimize damage to the environment,
(ii) optimize resource utilization,

(i) Facilitate achievement of global standards of
productivity &

(iv)  Efficiency and development of front end &
strategic steel-based materials,

3 The R&D efforts by the Indian steel companies

are basically concentrated on,

(1) Improving internal processes related to
saving costs and

(11) Improving efficiency.

(ni) Process tmprovements such as
beneficiation and palettization of iron ore
have received good response in the industry.

Dedicated technologies for harnessing waste heat
are drawing the attention of the steel companies to
improve productivity and energy efficiency in the
Indian steel industries.

1.13 Status of R&D in Iron & Steel sector:

Actually long term technological input with the
strenuous R&D efforts are the need of the hour for
development of new high performance and value
added steel to cover up the gap.

The actual investment on R&D by the large steel
companies in India varies from company to
company in the range of 0.07-0.58% of their sales

N

India needs large outlay of funds earmarked for
R&D and should have tie ups with external labs. and
academic institutions as compared to R&D scenario
in Steel companies across the world. India is also
putting their best efforts to achieve R& D
investments up to 1% of their sales turn over.

lurnover.

In India also, some of the R&D projects are also
being directed towards reduction of energy
consumption and Green House Gas Emission
(GHG).

1.14 Government Policy framework on R&D:

The Mational Steel Policy 2017 has set ambitious
targets with regard to make Indian Steel globally
competitive, to reduce carbon footprint, meeting
domestic demand for high performance steel,
increasing steel consumption ete. and has identified
high end research as one of the focus areas.

Mimistry of Steels Imtiatives To promote R&D in
steel sector:

1. R&D Govt, Budgetary Support:

Ministry of Steel has introduced an R&D scheme
viz. "Promotion of R&D in Iron & Steel Sector", for
providing financial assistance for the R&D projects
identified for funding by Ministry of Steel. The
budget allocated for the scheme is around Rs 15
crore per year.

2. A Project Approval and Monitoring Committee
(PAMC) under the Chairmanship of Additional
Secretary & Financial Adviser and members
comprising Joint Secretary, Ministry of Steel,
Director IIT Kharagpur, Director IMMT, Director
NML and other members, 15 the decision making
body for approval of R&D projects, monitoring of
on-going projects and for overall direction.

Process has also been developed in laboratory scale
for production of low Phosphorus steel in laboratory
scale Induction Furmnace, for which imdustrial trials
have also been carried out. The list of the R&D
projects funded from Ministry of Steel's budget is
given at Annexurel.
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As per final annual report 2025-2026 of Mimstry of
Steel,Govt.of India, it is clarified that;

R&D with financial assistance from Ministry of
Stecl:

Ministry of Steel is operating a R&D scheme viz.
"Promaotion of R&D in Iron and Steel Sector”, for
providing financial assistance for pursuing R&D to
address the technological issues faced by the sector
and also indigenous development of processes/
technologies.

R&D Project proposals are invited from reputed
Academic Institutions/ Research Laboratories and
Indian Steel Companies for pursuing R&D projects
for the benefit of the Iron and Steel Sector in the
country.

In December 2025, the R&D scheme was revised to
enhance effectiveness and ensure alignment with
strategic objectives. The revised framework
incorporates measures to broaden participation from
MSMEs and start-ups, and has been extended until
FY 2030-31.

R&D thrust areas The thrust areas for providing
financial assistance under the R&D Scheme, are
development of new alternate processes &
technologies to address the burning issues faced by
the Iron & Steel Sector such as climate change
(green steel production, H2 based steel production,
CCUS etc.), waste utilization, resource efficiency,
etc. Moving forward, The Ministry of Steel shall
regularly organize stakeholder events, including
MSMEs, to identify and review thrust areas & larger
goals of the R&D scheme

| 5.Ho. | Yoar © Govarmmant Funding m As. cren)
[ 1 Jan : 48
|2022-13 445
| 3 |onn 194
[ _.éﬂ.ii-ii- 49
| 5 [amsmsnaoec0m 5 60
Total Bn

The gquantum of funding of the R&D projects from
Ministry of Steel during the last 5 years and the
current FY 15 given below:

For FY 2025-26, a budget allocation of "6 crore was
made for the scheme, against which an expenditure
of "6 crore has been incurred up to December 2025.
The budget allocation for FY 2026-27 has also been
setat "6 crore.

Total Projects Supported: The Ministry
historically tracked over 83 major R&D projects
backed by an aggregate project cost exceeding 7696
crore.

SDF Share: Out of those projects, the total direct
SDF financial assistance accounted for
approximately 7389.63 crore.

222MTPA: India's approximate crude steelmaking
capacity reached by June 2026.

300 MTPA: The target domestic steel production
capacity set for 2030-31 under the National Steel
Policy.
1.15 Status of Hydrogen based steel making in the
world:

ArcelorMittal is developing a new, innovation
project in Germany aimed at the first industrial scale
production and use of Direct Reduced Iron (DRI)
made with 100% hydrogen as the reductant, with an
annual production of 100,000 tonnes of steel.

The process of reducing iron ore with hydrogen will
first be tested using grey hydrogen generated from
gas separation. It is aimed to achieve the separation
of H2 with a purity of more than 97% from the waste
gas of the existing plant, using a process known as
'pressure swing absorption'.

Hydrogen gas reduction

1.15.1.In September 2019, M/s ArcelorMittal
announced the signing of a Framework
Collaboration Agreement (FCA) with Midrex
Technologies to design the Hamburg demonstration
plant and work on several related R&D and
innovation projects.This project, combined with
ongoing projects on the use of non-fossil carbon and
on carbon capture and use, is key to becoming
carbon neutral in Europe by 2050.

The existing Midrex plant in Hamburg is also the
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plant with the lowest CO2-emissions for high
quality steel production in Europe.

"With the new, hydrogen based DRI plant, it is being
planned as part of improving environmental aspects
to be carbon neutral by 2050."

1.15.2. ThyssenKrupp Steel Group:

As a Green Initiative ThyssenKrupp Steel Europe
reported On November 11, 2019, that the Duisburg-
based steel producer had launched a series of tests
into the use of hydrogen gas in a working blast
furnace.
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These were path-breaking tests aimed at
significantly reducing the Co2 emissions arising
from steel-making. This is the first time that a trial
has been reported in an operating blast furnace. [t s,
therefore, a wvery significant event towards a
revolutionary development in making the iron and
steel industry environment-friendly.

1.15.3 Hiroshi Nogami undertook studies that
performed numerical simulation of blast furnace
operation with hydrogen injection through the
tuyere. The simulations were carried out under the

+ Conditions of constant bosh gas flow rate,

+ adiabatic flame temperature (regardless of

hydrogen injection ratio by adjusting blast
flow rate and oxygen addition) and
+ hot metal temperature.

In the study Hiroshi Nogami used a standard all-
coke condition as in table |

The maximum hydrogen content in the blast gas was
about 43 mol-%. Simulation results under intensive

W

hydrogen injection operation showed:

(i) The temperature level in the stack part is
decreased and it leads the lowering of the top gas
temperature and delay in reduction reaction in the
stack part.

(11) The coke rate remarkably decreases with
injection while the converted reducing agent rate
shows small change.

(111) Increase in the hydrogen content in the reducing
gas decreases the pressure drop in the furnace
despite the decrease in higher permeable coke layer.
(iv) In all steps the hydrogen reduction ratio
increases with increase in hydrogen injection. For
reduction of Fe203, most part of Fe203 is reduced
by the hydrogen even when the hydrogen injection
rate is small. The kinetic parameters, namely, the
effective diffusivity and chemical reaction rate kept
constant, hydrogen reduction for this step is higher
by about two orders compared to CO
reduction(figure 1)

oo r'i“

;;ZE.., _ospai®
!:,f T |

W
—— T [

=]
g " N W & @

Bl = il

Frpare | idssvmn P vl off e ey enPucblon i e daslod
iy Rl fer s 1 e Al weshior T s i i v
P | TR s Y S Y TS e e T

b Irruhe Fierpsesl, Yisdhsestd SaiFeeses orel Shomie Sarmodal

The hydrogen reduction of iron oxide is an
endothermic reaction Therefore, hydrogen iron-
making will possibly require more energy to
compensate for these endothermic reaction heats.

The findings of Hiroshi Nogami suggest that the
potential of hydrogen as a reducing agent in the blast
furnace is promising without a doubt. However, the
optimum extent of its replacement of carbon needs
to be understood through dedicated trial and
experience.
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1.16 'Green' BF

Evidently, the focus on reduction of CO2 emissions
in the iron and steel industry should be through the
blast furnace route.

In the Indian scenario. the electric furnace route is

dominant, helped by the widespread existence of

induction furnaces. Details of India's crude steel
production.(Source www.worldsteel.org)
Total Production of Crude Steel in thousand

Tonnes (2025)

World 1 850279
China 960810
India 165 604
United States 81937
Japan #0671
Russia 67901

As India marches towards the target of 300 MnT per
annum of steel production, hot metal production
through blast furnaces and coal-based Rl production
will increase . This will increase CO2 emission from
the industry significantly. Development of green
processes is thus the need of the day.

Enhancement of energy efficiency: Improvements
in energy efficiency have led to reductions of about
50% in energy required to produce a tonne of crude
steel since 1975 in most of the top steel producing
countries.

Use of steel to create a greener low-carbon world

Across a broad range of industries and applications,
the development and use of high-performance steels
help to reduce greenhouse gas emissions.

o Steel plays an important role in renewable energy
technologies (e.g. wind and solar energy). Steel is
the world's most recycled material.

1.17 Co2 Breakthrough Programme:
R Research is taking place in; - the EU (ultra-
low CO2 steelmaking, or ULCOS) - the US (the

American Iron and Steel Institute) - Canada (the
Canadian Steel Producers Association) - South

America (ArcelorMittal Brazi]} - Japan
(COURSESD) - Korea (POSCO) - China (Baosteel)
and Taipei (China Steel) and - Australia
(Bluescope/One Steel and HI smelt)

Five key directions:

Coal

+

+ Hydrogen
+ Electrons
+

Biomass

+ Carbon capture and storage (CCS)
1.17.1 ULCOS(EU)

4+ The four breakthrough technologies identified
are:

1) Top Gas Recycling Blast Furnace with CO2
Capture and Storage (CCS)

2) Hlsarna with CCS - smelting reduction

3) ULCORED with CCS - new DR concept 4)
Electrolysis

+ ULCOS is also working on... - Biomass and
steelmaking - Hydrogen based steelmaking

1.17.2 AlISI (US) o Involving: - PPP model
between AISI and the US Department of
Energy's (Doe), Office of Industrial Technology.
Two projects represent significant steps:

+ Suspension Hydrogen Reduction of Iron
Oxide Concentrate

+ Molten Oxide Electrolysis (MOE) o In the
nearer term, AISI members are also
developing... - the Paired Straight Hearth
Furnace, a coal based DRI and molten metal
process for long range replacement of blast
furnaces and coke ovens

1.17.3 POSCO (Korea) o Involving: - POSCO,

RIST, POSLAB, POSTECH

4+ Three promising routes of CO2 breakthrough
solutions have been identified.

(1) Carbon-lean Steelmaking
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+ Carbon-lean FINEX process
+ Pre-reduction & heat recovery of hot sinter

(i)  Carbon Capture & Storage of
Steelmaking

+ CO2 absorption using ammonia solution

S (C'O2 sequestration in ocean gas field
(iii)  Hydrogen Steelmaking

+ Iron ore reduction of FINEX using
hydrogen-enriched syngas

+ Hydrogen Enriched Blast Furnace Process

1.17.4 COURSES(0 (Japan)

+ Involving: - 6 steel and engineering
companies, the Japan Iron & Steel
Federation, and New Energy and Industrial
Technology Development Organization

+ Research & development goals:
(i) Reduction of CO2 emissions from Blast
Furnaces

+ Iron ore reduction with other agents
(hydrogen)

+ Reforming coke oven gas aiming ata

amplifying H2 content by utilizing waste heat

4+ High-strength and high reactivity coke for
reduction with H2

(i1) Capture of CO2 from Blast Furnace gas

+ Chemical and physical absorption to
capture, separate and recover CO2

+ Reduction of energy requirement for
capture, separation and recovery using waste
heat from steel plants.

1.17.5 Russia: OMK to build complex to make
steelin DRI pellet fed electric are furnace.

London - Russian steel pipe and railway wheel
manufacturer OMK will build a pellet to steel
production complex. the first in Russia with iron ore
feed and steelmaking facilities to be installed on a

single site, with a 70% smaller CO2 footprint than
that of a traditional basic oxygen furnace.

The complex is likely to be commissioned in 2024
with a 2.5 million mt/year plant producing
metallized pellets using Direct Reduced Iron (DRI)
technology and an electric arc furnace (EAF) with
up to 1.8 mullion mt/year of steel capacity.

It is expected to achieve a 70% reduction in CO2
emissions compared with blast furnace-based
production and has a Y9.5% gas cleaning efficiency.
with the output to meet current and future EU
requirements for steel goods.

Italian engineering company Danieli will supply a
DRI unit based on ENERGIRON technology, a
system for feeding hot pellets into an EAF, a 180 mt
EAF, a ladle furnace, a vacuum degasser, a gas
cleanimg system and a continuous casting machine.
"The project 1s of strategic importance for Russia's
economy. This is an example of the best green
technology available today anda  Gas grid must be
adapted to transport hydrogen

1.17.6 "World first' as hydrogen used to power
commercial steel production.

Trial at a commercial steel mill in Sweden shows
that clean-burning H2 can replace the fossil fuels
currently used to produce high-temperature heat,
Hydrogen has been used to power commercial steel
production for the first time, replacing liquefied
natural gas (LNG) as the source of high-temperature
heat ata pilot project in Sweden.

1.17.8 : Trial conducted by Swedish steel maker
Ovako's at its Hofors steel mill, in conjunction
with hydrogen producer Linde Gas.

"It 1s the first time that hydrogen has been used to
heat steel in an existing production environment,
Hydrogen can be used simply and flexibly, with no
impact on steel quality, which would mean a very
large reduction in the carbon footprint.”

Rokke discusses many of the technological

breakthroughs on the horizon that could help the EU
reach its climate goals.
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Green hydrogen alone can meet world's H2
needs'

1.18 Five important technologies are enumerated
as under,

(1) Modular floating wind

(2) Broad-spectrum solar

"Systems which can utilize the largest spectrum of

light give much higher efficiency, hence there is
really scope in that area.”

This could be achieved by using different materials
to silicon, such as perovskite, or by adding lenses
that concentrate light or by fitting filters that can
capture a wider spectrum of light. Significant work
is still ongoing on this aspect.

(3) New battery chemistries

(4) Clean hydrogen - blue, then green

Hydrogen is key for the energy transition but will
it be green or blue:

Presently, hydrogen has emerged as a key
technology of the energy transition, as it is a versatile
zero-carbon fuel.

But there are three methods of producing hydrogen
without the emissions,

& By using renewable energy to split water
molecules into H2 and oxygen inside an
electrolyser.

& By capturing and storing the CO2 from
steam methane reforming and Coal
gasification and,

* A process known as pyrolysis, where natural
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gas 18 heated in the absence of oxygen,
giving a by-product of solid carbon, rather
than COZ2.

But electrolysis, carbon capture and storage (CCS)
and pyrolysis are still expensive processes that have
vet to be proven at a commercial scale.

Green hydrogen 'can beat fossil-fuel H2 on price by
2030°

Due to the higher capital cost of electrolysers, the
levelized cost of green hydrogen gets more

expensive when the amount of time it is running is
reduced.

"Blue hydrogen is cheaper than [H2 derived from
electrolysers]. 95% of hydrogen is produced from
fossil [fuel] to 100% [from] renewables without
having access to the hydrogen from natural gas with
CCS. Itis very important for not only Europe, but
for the rest of the world to decarbonise."

(5) Carbon-negative technologies

The pyrolysis process could also be used to remove
carbon dioxide from the atmosphere, not just
methane.

1.19. Challenges

(1) A growing global population and an
expanding urbanization are expected to trigger a rise
in global steel demand by 2050, The carbon footprint
in the steel industry is thus a challenge for the entire
world.

(i1) Many technical and practical challenges are
still ahead. due to lack of hvdrogen infrastructure.

(ii1)  More than 95% of the world's hydrogen is
today derived from natural gas and coal, causing
nine to 12 tonnes of CO2 emissions for every tonne
of H2 produced. Although hydrogen is a clean gas,
releasing only water vapour when burned, there is no
point replacing the coke, coal or LNG used in steel
production with H2 unless that hydrogen is
produced from renewable energy (green) or if the
CO2 emitted in its production is captured and stored
(blue),

Both green and blue hydrogen are currently
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expensive to produce, available in imited quantities
and would increase the cost of steel production, so
companies are reluctant to make the switch, unless
the clean H2 was subsidised in some way.

(iv)  The biggest challenge today is system cost.
But evervbody is predicting that the cost curve will
come down, just as it has with solar and wind power.

MNew pathways have been seen to emerge in some of
the projects being worked on, including installing
36GW of electrolyser capacity on an artificial island
off the MNetherlands and injecting hydrogen into
high-pressure natural-gas pipelines in Canada.

There are also concerns about conversion efficiency
and the losses in the conversion steps required to
produce green hydrogen from electricity.

(v) Storage & transportation:

Onece low-carbon hydrogen is produced and
stored, it needs to be transported.

By turning that electricity into gaseous hydrogen,
we can use the existing gas grid to transport it. There
are thousands of kilometres of gas pipelines that are
already available.

This is a massive opportunity that will significantly
reduce costs in the hydrogen industry. Trump
administration is likely to spend $64m to cut cost of
green hydrogen.

There should be a firm leadership by every
country to go ahead.

(vi) However, there are certain constraints in raw
material quality, particularly high Alumina in Indian
iron ore and high ash in Indian coal, which adversely
atfect the techno economic performance of the
whole industry

(vii). Product development is yet another
challenging area being faced by the steel industry in
India. While large varneties of value-added steel
products are now being produced indigenously,
India is dependent on import for several high
performance and value-added steel products like
electrical steel, automotive grade steel and steels for
specialized use in defence, space and nuclear
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1.20 . Advantages of steel making with Hydrogen.

applications.

(i) Medium-term energy efficiency
improvements are expected through technology
transfer, or applying best available technology to
out-dated steel plants worldwide.

(ii) it has been established that H2 had no
adverse effect on the quality of steel, which would
mean a very large reduction in the carbon footprint."

(ii1)  However, our future lies in green hydrogen;
an inexhaustible energy  carrier that can be
produced using renewable electricity and an
electrolyser which splits water into oxygen and
hvdrogen. There are no emissions from this process.
(iv)  Once produced through electrolysis, the
hydrogen can be stored, transported and processed
for a growing range of applications. Green hydrogen
is ¢clean, green and everywhere. It's a perfectly green
cycle.

(v) Green hydrogen can also be a tool to deal
with variability in electricity systems. When excess
solar and wind power floods into the grid, it can be
comverted into hydrogen which can be used
elsewhere or even to produce electricity.

(vi) The German government is already
exploring opportunities for hydrogen production
and the resulting supply chains in West African
countries such as Ghana.

(vii) Between 300-800TWh of clean-energy
would need to be fed into electrolysers by 2050, say
transmission system operator bodies in Europe.

(viii))  Hydrogen is seen as a vital fuel for the
energy transition as it can be used to generate
electricity and heat with zero greenhouse-gas
emissions, and can be used for energy storage, as a
long-distance transport fuel, as a replacement for
natural gas, and as a feedstock for aviation fuel,
ammonia fertilisers and other chemicals.

(viii) "Beyond 2030, after reaching economic
competitiveness, the cost of renewable hydrogen
will further decrease," says the report. Green
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hydrogen production will be cheapest in parts of the
world with strong winds and plentiful sunshine. it
adds.

"Regions such as Chile, Australia and Saudi Arabia
have access to renewables from both wind and solar
at low LCOE which enables high load factors for
hydrogen production through electrolysis. They
thus offer optimal potential for producing renewable
hydrogen at minimum costs,” says the report.
"Under these optimal conditions, hydrogen
production could become available at costs of about
$2.50 per kg by the early 2020s, declining to $1.90
per kg in 2025 and perhaps as low as $1.20 per kg in
2030. This is well below the average for grey
hydrogen.

(viit) Blue hydrogen" produced with CCS will be
cheaper and easier to scale up than "green hydrogen"
derived via electrolysis.

1.21. Disadvantages:

(1). In the classic blast furnace process, around 300
kilograms of coke and 200 kilograms of pulverised
coal are required to produce a tonne of pig iron. The
use of hydrogen is the key lever for climate-neutral
steel production.

(i1) This CO2 is the major contributor from the
iron and steel industry towards generation of
greenhouse gases in the world. It is estimated that
CO2 emission from the iron and steel industry forms
about 7-9% of the global Co2 emissions.

(i11)  The hydrogen reduction of iron oxide 1s an
endothermic reaction Therefore, hydrogen iron-
making will possibly require more energy to
compensate for these endothermic reaction heats.
(iv)  The Oxygen Blown Converter route
accounted for 72% and 71% of the global crude steel
production in 2017 and 2018 respectively. The blast
furnace is estimated to contribute 70-80% of the
total CO2 emissions by the iron and steel industry. It
is, therefore, clear that the focus on reduction of CO2
emissions in the iron and steel industry should be
through the blast furnace route.

=

(V) In manufacturing of Hydrogen, electrolysis,
carbon capture and storage (CCS) and pyrolysis are
still expensive processes that have yet to be proven
atacommercial scale.

1.22. Suggestions and recommendations:

(1) According to the World Steel Association,
the steel industry generates 7-9% "of direct
emissions from the global use of fossil fuel”. We
must jointly put our concerted efforts all over the
world, for a future where emissions are considerably
lower than they are existing today.

(1).  Electrification, renewable energy and
energy storage will get us part of the way through the
energy ftransition. However, due to rapid
deployment of solar and wind, electrification cannot
do everything. Factually, it is likely to meet about
half of our expected final energy usage.

(ii1)  To address the constraints of high alumina in
Indian iron and high ash in Indian coal, and also to
sustain the projected high growth rate, there is an
urgent need for concerted R&D and technology
intervention in the iron and steel sector.

1.23. Conclusion

It has been well established that the blue and green
hydrogen will be the cheapest options for many
types of transport by 2030 - outperforming fossil
fuels and battery power.

The Hydrogen Council is a group of 81 companies
involved in the hydrogen industry, including Shell,
BP, Saudi Aramco, Total, Equinor, Siemens, BMW,
Audi, Honda, Toyota. Daimler, GM, Hyundai,
Kawasaki, EDF and Engie. It describes itself as a
"CEO-led organisation that uses its global reach to
promote collaboration belween governments,
industry and investors, and to provide guidance on
accelerating the deployment of hydrogen solutions
around the world".

One of Europe's leading experts in emerging low-
carbon energy technologies has given an exclusive
insight into some of the most promising low-carbon
technology developments of the coming years.
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EU Commission proposes 50-55% emissions cut by
2030 in Green Deal. EERA plays an important role
in the EU's goal of net-zero emissions by 2050 as it
oversees the European Commission's Strategic
Energy Technology Plan, which aims to accelerate
the development and deployment of low-carbon
technologies to help the bloc meet its goal. The plan
largely consists of 17 research "Joint Programmes”
that each cover a different part of the low-carbon
energy sector, including wind power, PV, enecrgy
storage, hydrogen and carbon capture and storage.

Main issue in India is of the utmost importance i.e
the R&D intervention to find out techno-economic
solutions to use indigenous raw material resources.
Another area that requires attention is the product
development to develop and produce high
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Mot only huge R&D investments to develop high
performance and value-added steel technologies are
needed but efforts are also required for
technological collaborations with such companies
for acquiring high-end technologies possessed by
them. This may be done by importing the high
performance and value-added steel along with
transfer of Technology (TOT).

performance steel indigenously.

Steel industry across the globe have identified
chimate change as a major challenge for more than
two decades and have been proactive in reducing
energy consumption and greenhouse gas emissions
by aggressive R&D and technology interventions
adopting the clean & green technologies in all areas
of production.
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Why AAC Blocks Are the Future of

Sustainable Construction

Murgesh Bhustali, FIE
Former Asst. Executive Director - Technical Services. Dalmia Cement

The global construction industry is standing at a
critical crossroads. For decades, traditional clay
bricks and standard concrete blocks have served as
the literal building blocks of our cities. However,
their environmental toll-ranging from topsoil
erosion o heavy carbon emussions-is no longer
sustainable. As engineers, our responsibility extends
beyond mere structural integrity; we are tasked with
building a smarter, greener, and more resilient
future.

On this Engineers' Day, as we celebrate innovation
and problem-solving, one material stands out as a
triumph of modern structural engineering:
Autoclaved Aerated Concrete (AAC) blocks.
Originally invented in the 1920s by Swedish
architect Johan Axel Eriksson, AAC has evolved
into a premier sustainable alternative for modern
high-rise and commercial infrastructure. By
blending lightweight properties with remarkable
thermal and structural performance, AAC blocks are

fundamentally changing how we design and execute
contemporary masonry.
The Science and Engineering Behind AAC

To truly appreciate AAC, one must look at the
cellular level. Standard concrete relies on a dense
matrix of aggregates, sand. and cement. In contrast,
AAC is a non-reinforced. precast concrete material
made from Fly ash (or silica sand), cement, lime,
water, and an aluminum powder as an expansive
agent. Typical composition is as below:
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The engineering magic happens during the
mixing and curing phases:

+ The Expansion Phase: When aluminum
powder reacts with the calcium hydroxide in the
lime and cement, it generates hydrogen gas. This
causes the mixture to expand to roughly twice its
original volume, creating millions of microscopic,
evenly distributed air voids.

This hydrothermal process triggers a chemical
reaction that forms Tobermorite, a crystalline
calcium silicate hydrate. This specific crystalline
structure gives AAC its unique balance of low
density and high compressive strength, making it
fundamentally different from standard concrete.

+ The Autoclaving Phase: After the mixture
sets, it is cut into precise dimensions as per the
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Advantages over traditional concrete blocks &
Clay Bricks:

1. Dead Load Reduction and Structural Savings
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Because AAC blocks are roughly one-third the
weight of wraditional bricks, they significantly
decrease the dead weight of a bwlding. For
structural design engineers. this reduction scales
down the load-bearing requirements of the entire
superstructure. Lower dead load translates directly
into a reduced requirement for structural steel and
concrete in columns, beams, and foundations,
cutting overall structural material costs by up to
15%.

2. Thermal Efficiency and HVAC Optimization

The millions of microscopic air pockets within AAC
blocks act as a highly effective thermal barrier. AAC
boasts a thermal conductivity coefficient that is up
to six times lower than traditional masonry. For
mechanical and HVAC engineers, this means
building envelopes built with AAC naturally
regulate indoor temperatures. This reduces peak
cooling and heating loads, yielding long-term
energy savings ofup to 25% for building occupants.

3. Acoustic Insulation

Modem urban environments demand effective
acoustic zoning. The cellular structure of AAC
provides an excellent Sound Transmission Class
(STC) rating, typically reducing sound transmission
by up to 45 decibels. This makes it an ideal choice
for multi-family residential complexes, hospitals,
and educational facilities where noise mitigation is
crucial.

4. Fire and Seismic Resilience

Safety is the cornerstone of engineering. AAC is
completely inorganic and non-combustible. A
standard 8-inch AAC wall offers a fire rating of up to
four hours, far exceeding traditional brick masonry.
Furthermore, because seismic forces are directly
proportional to the mass of a structure, the
lightweight nature of AAC blocks dramatically
improves a building's performance and survival rate
during earthquakes.

Project Lifecycle and On-Site Efficiency

Beyond matenial science, AAC blocks provide
substantial economic advantages during the
construction phase. Engineering managers face
constant  pressure to reduce project timelines
without sacrificing quality. AAC delivers on this
front through superior workability.

+ Dimensional Precision: AAC blocks are
manufactured under strict factory
tolerances. This uniformity allows for thin-
bed mortar applications (using speciahzed
polymer adhesives) instead of thick,
traditional cement-sand mortar joints. This
reduces mortar consumption by nearly 75%
and virtually eliminates the need for thick
internal plastering.

+ Speed of Execution: Because AAC blocks
are significantly larger than clay bricks
(typically equivalent to roughly 8 to 9
standard bricks in volume), masonry teams
can lay them up to three times faster. This
accelerates the building envelope
completion date, allowing interior fit-outs to
begin ahead of schedule,
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# Ease of Workability: AAC can be easily
sawn. drilled, channeled. and routed on-site
using standard woodworking tools. This
simplifies the installation of electrical
conduits, plumbing lines, and mechanical
fixtures, minimizing material waste and
labor hours.

The Environmental Imperative: Engineering a
Greener Future

As engineers, we must champion the lifecycle
sustainability of the materials we select. Traditional
clay bricks require the consumption of fertile
agricultural topsoil and burning vast amounts of
coal during kiln firing.

AAC blocks offer a vastly superior environmental
profile:

+ Waste Utilization: The primary raw matenial
in most AAC production is fly ash-an
industrial byproduct sourced directly from
thermal power plants. By encasing fly ash
within the concrete matrix, AAC prevents
this waste from occupying landfills or
polluting water bodies.

+ Lower Carbon Footprint: The
manufacturing of AAC consumes less
energy overall compared to traditional brick
baking, and the autoclaving process is highly
energy-efficient. Additionally, because the
blocks are lightweight, transport-related fuel
consumption and emissions drop
significantly.

+ Green Building Certification: Using AAC
blocks directly contributes points toward
global green building certifications such as
LEED and BREEAM, helping projects meet
stringent modern environmental mandates.

Overcoming Implementation Challenges

While the benefits are clear. field engineers must

manage specific properties of AAC to ensure
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+ Moisture Management: AAC has a high
imitial water absorption rate due to its porous
nature, though its capillary action is lower
than that of clay bricks. It is vital to use
proper water-resistant primers, external
renders. and high-quality thin-bed adhesives
to prevent moisture ingress.

flawless execution:

+ Training: Adequate training of Masons in
handling and usage of AAC is required

+ Initial resistance as Masons are not used to
this kind of new building matenal

+ Tensile and Shear Considerations: Because
AAC has lower tensile strength relative to its
compressive strength, structural engineers
must design proper bond beams and lintels at
critical intervals to prevent micro-cracking
caused by structural settling or thermal
movement.

Conclusion

Engineering is not merely about calculating loads or
managing schedules; it is the art of directing the
great sources of power in nature for the use and
convenience of humanity. On this Engineers' Day.
we are reminded that our designs outlive us, shaping
the landscapes of tomorrow.

Autoclaved Aerated Concerete represents a matured,
engineered solution to the complex demands of
modern construction. By choosing AAC blocks over
legacy materials, we optimize structural efficiency,
lower project lifecycles, and significantly reduce
our carbon footprint, It is time for the engineering
community to fully embrace this technology,
updating our building codes, procurement
standards, and design philosophies. Let us build
higher, faster, and smarter-engineering a sustainable
foundation for the generations to come.
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Agro-Processing Centers Enable Income &
Employment Generation in Rural India

Dr. Jaswant Singh, ARS (Rtd); FIE
Ex PC{PE), HODVAEDLICAR-ISRI,

Abstract

In India the state of Uttar Pradesh is one of the great
agricultural production systems of the world. This
State leads India in wheat production, ranks second
in rice, possesses exceptionally large sugarcane,
potato, dairy and horticultural economy, and
accounts for roughly one-fifth of India's foodgrain
output. The Uttar Pradesh Economic Survey 2025-
26 reported foodgrain production of about 737.4
lakh tonnes in 2024-25 and placed agriculture and
allied activities at roughly one-quarter of the State
economy. Yet the same agricultural scale reveals an
important structural paradox: rural Uttar Pradesh is
exceptionally efficient at producing biological raw
material, but a substantial part of the subsequent
value creation-grading, preservation, milling,
extraction, formulation, packaging, branding,
certification and distribution-often occurs outside
the immediate production catchment.

Introduction

This article describes that Agro-Processing Centers
(APCs) can address the missing middle if they are
treated not as subsidised collections of machines but
as professionally engineered rural production
systems. ICAR described an APC as a farm- or
village-level complex combining two or more
processing technologies; its national post-harvest
engineering programme has established hundreds of
such centres for value addition, entrepreneurship
and employment. The next generation required in
Uttar Pradesh should extend this concept to include
raw-material aggregation, objective quality
assessment, cleaning and grading, processing,
scientific storage, cold-chain elements where
justified, food-safety control, packaging, digital
traceability, renewable energy and productive use of
by-products.

The central scientific proposition is the next increase
in rural prosperity which need not arise only from
producing another tonne per hectare; it can also arise
from retaining more economic value from every
tonne already produced. This requires APCs to be
commodity-specific, market-led and designed
around material balance, annual capacity utilisation,
food safety, energy and water efficiency, working-
capital availability and professional management.
Uttar Pradesh's Food Processing Industry Policy
2023, the World Bank-supported $325.10 million
UP-AGREES project. the Agriculture Infrastructure
Fund experience, current MoFPI food-processing
programmes and an expanding FPO/SHG
ecosystem provide an unusually favourable
mstitutional setting.

Properly designed, APCs can become nodes of
distributed rural manufacturing: raising farmers'
share of value addition, creating skilled non-farm
work for rural youth and women, reducing
avoidable post-harvest loss, improving resource
circularity and strengthening India's capacity to
design, operate, maintain and improve its own rural
processing technology. In this sense, agro-
processing is not peripheral to the Engineers' Day
theme. Rather, it is a practical expression of
engineering excellence for sustainability and
technological sovereignty.

Agricultural Output to Rural Value Retention

A farmer in Uttar Pradesh may spend four months
growing a crop, yet a large fraction of the
commedity's commercial transformation can take
place ina matter of hours after it leaves the village.

Wheat acquires additional value after cleaning,
grading, milling, blending and packaging. Mustard
becomes a different economic product after
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extraction, filtration, testing and bottling. Milk
increases its market reach after chilling,
standardisation, pasteurisation and conversion into
value-added products. A mango or aonla acquires an
entirely different economic life after grading,
pulping, drying or preservation. Even what appears
to be "waste"-bran, husk, oilcake, fruit pomace or
livestock dung-can become a secondary raw
material when appropriate technology and markets
exist.

The farmer is therefore often highly involved in
biological production but much less involved in
industrial value creation. That distinction should
define the next phase of agricultural engineering in
Uttar Pradesh.

The World Bank, in approving UP-AGREES,
described UP as India's leading wheat-producing
State and second-largest rice producer, while
specifically identifying inadequate post-harvest
mfrastructure, limited access to investment and
modern technology among small landholders, and
weak value addition as constraints on rural incomes.
The project consequently places value-chain
strengthening, finance, digital agriculture, farm-
gate infrastructure and commodity clusters at the
centre of its intervention.

The physical scale is enormous. Uttar Pradesh's
2024-25 foodgrain production was reported at about
73.74 million tonnes, representing approximately
20.6% of India's foodgrain production. The State
Economic Survey also reported a rise in crop gross
value added per hectare over recent vears and
approximately 65,000 food-processing units
employing around 2.55 lakh workers. These
numbers illustrate both the size of the agricultural
feedstock and the already significant-but still
expandable-processing economy.

Dairying reinforces the point. NDDB data show
Uttar Pradesh producing about 38.78 million tonnes
of milk in 2023-24, making it the country's largest
milk-producing State.

The difficulty is not that every unprocessed

kilogram represents a "loss"; raw agricultural
commodities themselves have functioning markets.
The more precise problem is that a production
region captures less economic value when
economically viable post-harvest functions are
located far from the source.

There is also genuine physical loss. The NABCONS
post-harvest assessment commissioned by the
Ministry of Food Processing Industries estimated
national harvest and post-harvest losses of roughly
3.89-5.92% for cereals, 5.65-6.74% for pulses,
2.87-7.51% for oilseeds, 6.02-15.05% for fruits and
4 87-11.61% for vegetables. These are national
commodity estimates and should not be
misrepresented as Uttar Pradesh-specific
percentages, but they demonstrate why
perishability, handling and preservation require
engineering attention. The same assessment was
still being referenced in a 2026 parliamentary
response while the Ministry had initiated a further
national post-harvest-loss assessment.

This matters environmentally as well as
economically. A tonne of food lost after harvest
carries with it the land, irrigation, fertiliser, diesel,
electricity and labour used to produce and transport
it. Avoiding an economically preventable post-
harvest loss is therefore equivalent to producing
useful food without cultivating an additional hectare
for that recovered quantity. This leads to what may
be called the second-harvest principle: The first
harvest is biological-the crop obtained from the
field. The second harvest is economical value
recovered from that crop through engineering,
preservation, quality assurance, processing and
intelligent marketing.

For much of the Green Revolution era, agricultural
engineering understandably concentrated on the
first harvest: irrigation, mechanisation,
productivity, harvesting and input efficiency. The
next transformation must give equal seriousness to
the second. This 1s particularly relevant because
Uttar Pradesh i1s not a homogeneous production
environment. ICAR program themselves organize
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interventions across distinct regions such as the
Bhabhar-Tarai, western and mid-western plains,
Bundelkhand, north-eastern plains and Vindhyan
zone, reflecting major differences in water
availability, crop systems, climate risks and market
geography. A processing plant copied mechanically
from western UP into Bundelkhand simply because
a subsidy is available would therefore violate the
first principle of good engineering: design for the
operating environment. The objective should not be
an APC inevery village. Nor should it necessarily be
one identical APC in every district. The objective
should be the right processing capability, on the
right scale, in the right production catchment,
connected to the right market. That is a much harder
objective-but it is also the difference between
infrastructure and stranded capital.

The Agro-Processing Centre as a Rural
Engineering System

ICAR's established APC concept provides a useful
foundation. Its farm/village-level models combine
two or more processing technologies such as mim
rice mills, oil expellers, flour mills, cleaners,
grinders and feed mills. In one documented AICRP
demonstration, the processing line included a 60
kg/h oil expeller, 150 kg/h dalia machine, 700 kg'h
flour mill and 50 kg/h grinder. The historical unit
served approximately 15 villages and directly
employed six people. These figures are useful
evidence that decentralised multi-commodity
processing can operate in production catchment, but
its old investment cost should not be used as a 2026
project-cost benchmark.

ICAR now reports 392 APCs established nationally
through its post-harvest engineering system for
employment generation, value addition and
capacity development. ICAR-CIAE has also
developed and commercialised cleaners-cum-
graders, mini dal mills, millet mills, fruit graders,
storage systems, solar dryers, modified-atmosphere
technologies and numerous other processing
systems.

The Uttar Pradesh APC of the coming decade should
build on that experience but should be conceived
more comprehensively.

Practical process architecture is:

Production catchment / FPO members
Collection, digital weighing and farmer
identification ? Incoming quality control: moisture,
size, maturity, foreign matter, defects

Cleaning —sorting — grading — conditioning
Scientific storage / pre-cooling / chilling where
commodity requires it Primary processing
Secondary value addition only where market and
economics justify it Food-safety verification ?
packaging — batch coding — inventory
Institutional buyer / processor / wholesale / retail /
digital commerce / export
Alongside this mainstream should run a second
engineering stream:

bran / husk / peel / pomace / seed / oilcake / reject
grade / wastewater/ biomass

l

safe lood use — feed use — ingredient extraction —
energy — compost/soil use — final disposal

This creates an APC that is not merely a machine
shed, but a small industrial ecosystem. Several
design principles follow: The APC must begin with
feedstock, not machinery. Before purchasing
equipment. a detailed resource survey should
establish how many tonnes of each commodity are
commercially available within the practical
collection radius, in which weeks of the year they
arrive, what proportion farmers are actually willing
to route through the APC, what wvaricties are
involved and what quality range is expected.

The distinction between production in the district
and processable throughput available to one
enterprise is critical. A district may produce
hundreds of thousands of tonnes, but a new FPO
processing unit may reliably aggregate only a few
tonnes per day. Designing from district production
statistics rather than captive throughput is a
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common route to overcapacity. Market design must
precede process design. "We shall produce flour and
then find customers" is not a robust business model.
The engineering sequence should instead be:
customer requirement 7 product specification ?
required process 7 equipment capacity 7 raw-
material specification.

For example, an institutional buyer may value
consistent moisture, mesh size, microbiological
quality and delivery reliability more than an
attractive consumer brand, Another customer may
require small retail packs and traceability. These are
fundamentally different processing businesses.
Multi-commodity should mean complementary, not
indiscriminate. A cereal-pulse-oilseed APC can
spread machine utilisation across seasons where
cleaning, milling and packaging infrastructure can
be safely shared or segregated. But combining wet
fruit processing, spice grinding and cereal milling
simply to keep a building busy may introduce
hygiene, allergen, odour, pest-management and
workflow problems. Every multi-product layout
therefore requires a proper hygienic zoning study.
Cold storage must be a solution to a defined
biological problem, not a status symbol.
Refrigeration makes sense where product
physiology, throughput, holding time and price
behaviour justify the energy and capital cost. For

@
many grains, dry scientific storage 1s more rational;
for selected fruits, vegetables and milk, ramd
removal of field heat or chilling may be essential.
"Put a 20-tonne cold room in every APC" is
therefore not an engineering prescription.

Quality assurance must be designed into the plant:
FSSATI's current FoSCoS system links licensing
requirements to the type and scale of food business.
and manufacturing operations can reguire
appropriately qualified production supervision.
Current licensing categories distinguish, for
example, general food processing, cereal/pulse
milling, vegetable-oil processing and dairy
operations. An APC intended to sell packaged food
should consequently budget from the beginning for
hygienic surfaces, potable-process water where
required., pest control, product testing, record
keeping, calibration, traceability, compliant labels
and trained personnel. Compliance cannot be
"added" after construction without potentially
expensive redesign.

This changes the engineering definition of a
successful APC. It is not a building in which all
sanctioned machines have been installed. It is a
system in which raw matenal enters repeatedly,
compliant product leaves repeatedly, customers buy
repeatedly, farmers are paid reliably and the
enterprise produces positive operating cash flow.

Designing APCs for Uttar Pradesh's Production Geography

The most practical strategy is to develop modular APC archetypes and configure them according to local
production and demand, rather than constructing one universal plant.

Production

situation Core APC modules

Higher-value options,
only after market

Useful co-

validation product route

intake, moisture

bran, broken

Wheat-rice—pulse speciality flours,

clusters testing, cleaner, graded/branded grains, grain, husk and
grader, destoner, pulse products, institutional  screenings into
milling, packing, dry  packs authorised
storage feed/energy

streams
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Bundelkhand
pulse—oilseed
systems

Potato/vegetable
clusters

Mango/aonla/fruit
clusters

Sugarcane clusters

Dairy-intensive
catchments
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cleaner, grader, mini
dal mill, oil expeller,
filtration, packaging

washing where
required, grading,
sorting, packing,
ventilated/cold
storage based on
product

washing, inspection,
grading,
cutting/pulping,
hygienic thermal
processing or drying

controlled
crushing/heating,
improved furnace,
hygienic contact
surfaces, moisture
control and packing

village collection,
testing, chilling and
digital milk
accounting

premium pulses,
filtered/cold-pressed oils
where market exists, nullet
products

dehydration, flakes or other
secondary processing only
at adequate scale

pulp/puree, dried products,
preserves and mstitutional
ingredients

granular/liquid/speciality
jaggery after product-
market validation

pasteurised/value-added
dairy at hub scale rather
than duplicating small
plants

oilcake as feed
input where
compliant;
husk/biomass
utilisation
peels/off-grade
material
evaluated for
feed, starch,
digestion or
compost

pomace/seed
TECoVvery,
animal-feed or
bioresource
pathways as
technically safe
bagasse for
process heat or
other biomass
applications

dung-to-biogas
systems and
nutrient recovery
where collection
gconomics work

The table deliberately avoids assigning universal
profit percentages or machine sizes. Such values
should emerge from a Detailed Project Report based
on local mass balance and actual quotations, not
from generic assumptions.

Consider the potato value chain. The engineering
objective is not necessarily to convert every potato
into chips or flakes. In many situations the
economically strongest intervention may be much
simpler: curing, defect removal, size grading and
market segregation. One incoming stream can
become several commercial grades. That 1s an
important engineering principle: value addition
begins with information and segregation, not
necessarily with transformation.

Fruit creates a different problem. Once a highly
perishable commodity is harvested, deterioration
gives the seller a limited time window. Pulping,
controlled thermal treatment or dehydration can
extend marketability, but these operations also
impose food-safety, packaging, working-capital and
buyer requirements. The meaningful achievement is
not "longer shelf life" n 1solation; it 1s creating a
product whose extended shelf life can actually be
monetised.

Grain is different again. Because wheat, rice and
pulses are less perishable under proper dry storage,
the major APC opportunity may be quality
differentiation, cleaning, grading, milling,
packaging and co-product recovery rather than
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Bundelkhand deserves special emphasis, A drought-
prone production system should not simply imitate
infrastructure designed for water-abundant western
districts. ICAR treats Bundelkhand as a distinct
agro-climatic region, and the World Bank has made
climate resilience a central element of UP-AGREES
in Eastern UP and Bundelkhand. Pulses, oilseeds,
millets and compatible livestock-linked processing
can be particularly suitable where resource mapping
confirms sufficient volumes, because dry
processing generally creates a different water-and-
energy profile from highly water-intensive wet
processing.

Dairy offers perhaps the most instructive Uttar
Pradesh example of how collection, processing,
institutions and engmeering can be integrated. In
June 2025 NDDB reported that the Varanasi Milk
Union was procuring more than one lakh litres per
day from about 30,000 milk producers, with a
processing capacity of two lakh litres per day. It also
reported a cow-dung-based biogas model supplying
energy to the dairy plant. NDDB highlighted eight
Milk Producer Organisations in UP, including the
women-led Balinee organisation in Bundelkhand.

This case contains several lessons directly
transferable to APC design:

Production is aggregated before industrial
processing; producer institutions provide the raw-
material network; capacity utilisation matters;
quality must be measured at procurement; and

abiological residue can become an energy resource.

The engineering rule is: Decentralise the functions
that benefit from proximity to the farmer; centralise
the functions that benefit strongly from scale. A ?75-
lakh or 720-lakh modular cleaner, grading or milling
system may economically belong close to the
production catchment. An aseptic plant,
sophisticated analytical laboratory, large blast-
freezing system or specialised packaging line may
be far more efficient as a shared regional asset. That
distinction 1s fundamental to preventing public
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capital from being fragmented into technically
impressive but economically underutilized
facilities.

Income, Employment and Enterprise Behind
Machinery

The economic mechanism through which an APC
can increase farmer income is often misunderstood.
It does not automatically raise the price of a crop.
Nor does processing magically turn a low-value raw
material into a high-profit retail product. Value
addition creates additional revenue and additional
cost.

For one tonne of raw material:

"Net wvalue created"="Revenue from main
product"+"Revenue from co-products"-"Raw
material"-"Processing"-"Packaging"-"Energy"-
"Labour"-"Logistics"-"Finance"-

"Quality/compliance"-"Losses"

Only when the right-hand side is sustainably
positive has processing created economic value.
The farmer receives additional benefit only if part of
that surplus is returned through a higher
procurement price, patronage bonus, FPO dividend,
ownership return, reduced marketing cost or paid
local employment.

Annual operating days

A machine operating for 220 days has very different
gconomics from the same machine working for 45
days. Capacity utilisation: A 5-tonne/day unit
processing only | tonne/day bears almost the same
depreciation, interest and managerial overhead as a
much fuller plant. Working-capital cycle. A
processor may appear profitable on paper and still
fail because farmers need immediate payment
during a concentrated harvest while customers pay
after 30-60 days. These considerations explain why
a viable APC is often best designed around multi-
season utilisation. A compatible grain-pulse-oilseed
facility, for example, may handle different raw
materials in different months, provided process
segregation, cleaning and food-safety requirements
are met,
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Employment should likewise be estimated from the
actual plant configuration : Direct roles may include
machine operators, e¢lectricians, maintenance
personnel, food technologists or quality supervisors,
pack-line workers, warehouse personnel,
procurement coordinators, accountants. drivers,
sales staff’ and digital inventory operators. Indirect
demand may arise for transport, fabrication, repair,
packaging, input supply and distribution.

ICAR's older farm-gate APC case documented six
direct jobs in one multi-machine enterprise, while
the organisation's broader post-harvest engineering
programme reports hundreds of APC installations
explicitly intended for value addition, employment
generation and entrepreneurial capacity
development. The most interesting employment
outcome may be qualitative rather than numerical:
the creation of a rural technical worktorce.

Acrural plant that wastes electricity, groundwater and
biomass is not sustainable. A plant that cannot be
repaired because a minor proprietary controller has
failed is not technologically sovereign. A plant that
relics upon complex imported automation even
though a locally serviceable electromechanical
solution would achieve the required quality may be
technologically impressive but economically
fragile.

For APCs, technological sovereignty should mean
the ability to: design — manufacture — select —
operate — maintain — repair— measure —
improve — replicate the technology under Indian
rural operating conditions.

A cold room operating throughout the night cannot
simply be labelled "solar-powered" because panels
have been installed on the roof, Engineers must
model the hourly load, grid availability, compressor
duty cycle, power quality, battery or thermal-storage
economics and backup requirement. Similarly,
solar-hybrid drying may be much more sensible than
photovoltaic electricity converted back into
resistive heat for certain dehydration applications.

This 1s an important interpretation of technological

sovereignty: India should not merely consume
advanced technology: it should possess the
engineering judgement to know where technology is
useful and where it is not. Uttar Pradesh does not
need to begin from an mstitutional vacuum. Several
existing programmes already address different
components of the APC system.

An APC is therefore an unusually powerful
convergence point for engineering disciplines. The
scientific and engineering community can
contribute by developing standardised modular
plant layouts, lifecycle-costing tools, food-grade
machine standards, energy benchmarks, solar-
hybrid dryers, low-cost sensors, small-scale
controlled-atmosphere solutions, efficient jaggery
furnaces, modular dal mills. improved storage.
waste-to-value systems and predictive-maintenance
tools suitable for rural Indian conditions. ICAR's
continuing work on farmer-centric processing
technologies and machinery testing provides an
institutional foundation for precisely this kind of
effort.

An APC should never be conceived as a subsidy-
delivery mechanism. It should be conceived as an
enterprise whose initial risk is mtelligently reduced
by public policy.

Sir M. Visvesvaraya's legacy is particularly
appropriate to this subject because his conception of
engineering extended beyond structures and
machines to the economic development of society.
The twenty-first-century engineer faces a similarly
broad responsibility, When one thinks of
technological sovereignty, the imagination naturally
turns to semiconductors, artificial intelligence,
space systems, defence technology and advanced
manufacturing. These are undoubtedly important.
But technological sovereignty has another, quieter
dimension.

A nation in which a farmer can produce an
agricultural commedity but a rural community
cannot economically clean it, preserve it, test it,
process it, package it, repair the machine that
processes it, utilise its residues or connect the
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finished product to a market is sovereign in
production but not yet fully sovereign in its value
chain.

Conclusions

Agro-Processing Centres offer an opportunity to
close the gaps. They can transform the village from a
place from which raw material departs into a place
where knowledge. manufacturing and enterprise
accumulate. They can transform agricultural
residues from a disposal problem into industrial
feedstock. They can transform an FPO from an
aggregation institution into an owner of productive
assets. They can transform a rural young person
from an intermittent agricultural worker into a
technician, quality controller. machine operator or
entrepreneur. They can transform women's
participation from labour contribution into technical
and enterprise ownership. Also, they can transform
sustainability from a slogan into measurable
quantities of energy, water, material recovery and
avoided loss. None of these outcomes is automatic.
The APC of the future must be market-led rather
than subsidy-led; modular rather than monolithic;
professionally managed rather than informally
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Effect of Extraction Angle in Horizontal Sugarcane

Crushers on Juice Extraction - A Simulation Study
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Abstract

In a typical 3-roller power driven horizontal
sugarcane crusher, normally two angles are formed;
between first and second roller on cane feeding side
and between first and third roller on bagasse exit
side. While juice extraction all the juice, which is
squeczed out, is not recovered due to reabsorption of
extracted juice by the expanding bagasse acting as
sponge. Juice re-absorption by bagasse 1s very
difficult to check. However, it can be reduced by
changing the angle of extraction. This paper deals
with a simulated study to see the effect of extraction
angle on the recovery. Results show that by
changing the angle of crushing angle recovery can
be improved.

Key words: Sugarcane, Juice extraction,
Crushers, Reabsorption

Introduction

Sugarcane bagasse produced in the process
of juice extraction from sugarcane behaves like a
sponge when comes out of rollers at bagasse side.
Reabsorption of juice by the expanding bagasse,
when the pressure 15 released, is an inevitable
phenomenon. It is more in vertical crushers where
the part of juice of top most cane is absorbed by the
bagasse of second cane and juice from second cane
is absorbed by the third cane and so on. However,
problem of reabsorption can not be ignored even in
horizontal crushers, where juice goes to the bagasse
side adhering with rollers and trapped between
layers of crushed canes and is absorbed by the
expanding bagasse. So part of the objective of cane
crushing 1s not achieved as the juice 1s extracted but

not actually gained or recovered.

Many studies on performance of sugarcane
crushers have been reported (Gangadkar et. al.,
2016; Gangadhar, et. al., 2017; Danyal et. al. 2021
and many more) but very less studies on the cause of
low extraction have been done.

Srivastava and Agarwal (1992) conducted
studies on reabsorption of juice where they reported
that reabsorption decreases with speed of
compression and relaxation. So the extraction after
reabsorption increases with increase with speed.
This was however: done on Instron machine where
the bagasse while releasing of load was in contact
with juice so got sufficient time for absorption of
juice. In actual conditions while the bagasse is
moving, juice trickles down due to gravity. Thus
bagasse gets comparatively lesser time for
reabsorption of juice. However, a check on
reabsorption will be helpful in recovering more
juice from sugarcane,

In a typical 3-roller horizontal crusher, two
important angles are formed; (a) angle  between
roller A and B) referred to as crushing angle and (b)
angle  (between roller A and C) referred to as
extraction angle (Fig.1).

Fig.1. Formation of crushing and extraction angle in a typical
J-roller horizontal sugarcane crusher
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The cane first passes between roller A and B and the maximum extraction takes place at a point where the gap
between rollers is minimum. The juice which comes out at that point is subjected to two forces;

i) Inertia force, F=mv2/r

i) Gravity force, F'=mg Sin

.............. (1)and

Where, m, v, r and g are mass of juice, velocity of roller, radius of roller and acceleration due to gravity

respectively.

These forces and their direction have been shown in Fig.2(a).

{a) Between A and B

{b) Between A and C

Fig.2. Forces acting on extracted juice

Here adhering force between roller surface and
juice is neglected. Since both of these forces are in
the same direction, it helps in movement of juice in
the direction of roller movement. As the pressure is
released beyond the contact point and the bagasse
expands hike sponge, major part (almost all) of
extracted juice is reabsorbed by the expanding
bagasse.

Again, the bagasse (crushed cane) obtained from
extraction between roller A and B passes between
roller A and C, again extracted juice experiences
two forces;

i) B=xmedie oo s sismnismss (1)and

i) F'=mgSin

But this time these forces act opposite to each other
as shown in Fig.2(b). Therefore, for juice to tickle
down in opposite direction of roller movement F'
should be greaterthan F, 1.e.

mgSin mv2/rorSin  v2/rgor Sin-1v2/rg
However, in most of the cases values of 15 more
than the desired value but still there is scope for
improvement. Due to movement of rollers, some of
the extracted juice goes towards bagasse side and is
totally absorbed by the bagasse. To reduce such
effect and to partially avoid juice going towards
bagasse side checking reabsorption, the extraction
angle could be increased. By this way more juice
will tickle down and extraction would improve.
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In the present study an attempt has been made to see
the effect of extraction angle on juice extraction.

Materials and methods

Sugarcane crushing 1s basically done between two
rollers. Even in a typical 3-roller setup it passes first
between roller A and B and then between roller A
and C. Atatime cane 1s subjected to force applied by
two rollers. Larger gap is kept between A and B to
facilitate feeding or accommodating more canes.

Lesser gap is kept between A and C for actual
extraction. Considerable quantity of juice is
extracted while working between Aand C.

The test for effect of crushing angle was carried out
under simulated condition. A 2-roller laboratory
model of sugarcane crusher was used for the
simulated conditions. Details of crusher used are
given below:

Details of crusher used in the simulation study

A. Crusher used for simulated conditions

Features Values
Model [Laboratory model
Size of rollers (L x D), mm 362 x 150
Grooves on rollers 8 nos circumferential *V’ grooves (Depth-3 mm ,

pitch-4 mm)up to 75 mm length and 12 nos horizontal
grooves on rest of the length

Power source | h.p. electric motor
Transmission of power Through “V” belt and pulley
Installation On a wooden table

Test under simulated condition

Sugarcane bagasse acts like sponge when pressure is
released when it comes out of rollers at bagasse side.
Expanding bagasse reabsorbs the juice, which
comes in contact with it. To simulate the condition,
foam of 25 g/em3 density and 30 mm thickness was
used in place of canes. A piece of 81 x 13.5 cm size
(weight 99 g) was used for the experiment. The gap
between rollers was maintained as 4 mm throughout
the experiment. The larger gap was set in order to
avoid rupturing of foam. The foam piece was first
soaked with some quantity of water and passed
between the rollers. The piece therefore, becomes a
material similar to sugarcane and was used as basic
material for remaining part of the experiment.
Measured quantity of water was sprinkled on the
foam and was allowed to be completely soaked by
the foam. It was then passed between the rollers.
Water thus extracted was collected and measured

and the weight of foam was again recorded. Based
on values of extracted/recovered water and the
quantity of water added. extraction percent was
calculated. The extraction angle was
changed/increased by lifting the two legs of table by
placing bricks at bagasse side and the process was
repeated. This was continued till five bricks were
placed one over another. The angle was therefore
changed from Do to 150 with an increment of almost
3o. Bricks were then removed one by one thereby
decreasing angle. Similarly bricks were placed at
cane feeding side also. The experiment was carried
out till five readings were obtained for each setting.
The change in angle for every part was to avoid
effect of permanent distortion (2% only, when
measured in the last) in the foam piece. The
experimental layout and experimental data are
shownintable | and 2 respectively:
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Table: 1. Experimental layout in simulation condition
1 X I1BI 1B2 1B3 1B4 IBS |2B4 |2B3 |2B2 |2BI 2X
| 1C1 | 1IC2 (1C3 |1C4 | 1CS [2C4 |2C3 (2C2 |2C1 |3X 3B1
3B2 3B3 | 3B4 | 3B5 |4B4 |[4B3 | 4B2 | 4Bl 4X 3C] acz2
3C3 |3C4 |2C5 |4C4 |4C3 |4C2 |4C1 |5X [SB1 [5B2 |SB3
5B4 |3B5 |3C5 |5C4 |5C3 |5C2 |5CI |4B5 |5Bs |4Cs |sCs

Where, X is the horizontal position, C - Cane side, B - Bagasse side and prefix and suffix show replication
number and no. of bricks placed respectively.

Table: 2. Experimental data under simulated conditions

X1 1BI B2 B3 1B4
1. 291.78 1. 296.14 1. 295.78 1. 29573 1. 298.11
2. 19574 2. 197.10 2. 196.74 2. 196.69 2. 199.07
3. 8537 3. 100.14 3. 98.34 3. 108.61 3. 10421
4. 29.26 4. 31382 4. 33.25 4, 36.73 4. 34.96
5. 43.78 5. 5081 5. 499§ 5. 55.22 5. 5235
1B5 2B4 2B3 2B2 2B1
1. 299.01 1. 293.79 1. 297.14 1. 295.01 1. 296.12
2. 199.97 2. 194,75 2. 198.10 2. 195.97 2. 197.08
3. 112.42 3. 106.93 3. 101.91 3. 99.41 3. 9488
4, 37.60 4. 36.40 4. 3430 4, 33.70 4. 32.04
5. 56.22 5. 5491 5. 51.44 5. 50.73 5. 48.14
X2 1C1 1C2 1C3 1C4
1. 291.92 1. 295.56 1. 293.63 1. 292.53 1. 296.25
2. 192.88 2. 196.52 2. 194.59 2. 193.49 2. 197.21
3. 92.46 3. 96.01 3. 86.33 3, 81.65 3. 82.74
4. 31.67 4. 32.48 4. 2940 4. 2791 4. 2793
_____ 5. 47.94 5. 4848 5. 4437 | 54220 | 5. 4196
1C5 204 2C3 2C2 2C|1
1. 298.32 1. 299.04 1. 296.73 1. 294.53 1. 294.73
2. 199.28 2. 199.99 2. 197.69 2. 195.49 2. 195.69
3. 80.90 3. 86.99 3. 90.14 3. 93.28 3. 9429
4. 27.12 4. 29.09 4. 30.38 4, 31.67 4. 31.99
5. 40.60 5. 43.50 5. 45.60 5. 47.72 5. 4818
X3 3BI 3B2 iB3 3IB4
1. 296.31 1. 296.13 1. 297.35 1. 294.39 1. 295.21
2. 197.27 2. 197.09 2. 19831 2. 195.35 2. 196.17
3. 99.60 3. 99.78 3. 100.03 3. 106.00 3. 108.53
4. 3361 4. 33.69 4. 33.64 4. 36.01 4. 36.76
5. 50.63 5. 50.63 5. 50.44 5. 54.26 5. 55.32
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2B5 4B4 4B3 4B2 4B1

1. 29352 1. 291.86 1. 292.85 1. 298.23 1. 292.01

2. 19448 2. 192.82 2. 193.81 2. 199.19 2. 19297

3. 108.44 3. 10478 3. 10293 3. 9920 3. 94.29

4. 36.94 4, 3590 4, 35.15 4. 33.26 4, 32.29

5. 55.76 5. 5434 5. 53.11 5. 49.62 5. 48.86
X4 iC1 3C2 3C3 3C4

1. 293.02 1. 290.13 1. 294.45 1. 297.56 1. 296.21

2. 19398 2. 191.09 2. 19541 2. 198.52 2. 197.17

3. 94.29 3. 91.87 3. 83.72 3. 91.25 3. 84.68

4. 32.18 4. 31.67 4. 30.13 4. 30.66 4, 28.59

5. 48.61 5. 48.04 5. 45.40 5. 45.97 5. 42.95
2C5 4C4 4C3 4C2 4C1

1. 298.43 1. 291.65 1. 296.73 1. 294.38 1. 296.18

2. 199.39 2. 192.61 2. 197.69 2. 19534 2. 197.14

3. 78.29 3. 81.90 3. Ri.62 3. 86.77 3. B8.86

4. 26.23 4, 28.08 4. 2R8.85 4. 2948 4, 30.00

5. 39.26 5. 42.52 5. 43.31 5. 4442 5. 45.07
X5 5B1 5B2 5B3 SB4

1. 297.58 1. 293.43 1. 297.56 1. 294,19 1. 297 88

Note: 1. Total weight (Wt of foam + water) 2. Results and discussion

Weight of water in foam 3. Weight of water
extracted 4. Extraction (Total weight basis) 5.
Extraction (Water basis)

i Wit bmie
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Fig. 3. Extraction (bagasse side lifted)

Figure 3 shows the effect of extraction angle
on extraction on water as well as total weight basis.
Higher values in case of water basis are due to lesser
values in denominator, which is quantity of water
only. Whereas in total weight basis denominator
contains weight of water as well as foam and the
total values in denominator is more.

Figure clearly shows that when bagasse side is lifted
extraction increases. This i1s due to the reason that
while lifting bagasse side, extraction angle 7
increases and less water goes towards bagasse side
so the reabsorption is comparatively less. In this
case resultant force on water forcing it to move
towards bagasse side is less and is equal to
difference between F and F'.

When cane/feed side 1s lifted, extraction decreases
(Fig. 4). It is due to increase in crushing angle ?. In
this situation more water goes towards bagasse side
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and is reabsorbed by the expanding foam affecting
extraction negatively. Here force acting on water 1s
more i.e. it is the sum of F and F' forcing more water
available for reabsorption. Reason for more
extraction on water basis has already been explained
carlier.

Conclusions

[t may be seen from above simulated study
that extraction increases when bagasse side is lifted
i.e. with increase in extraction angle and it decreases
when cane side is lifted 1.e. with increase in crushing
angle. Hence it 15 recommended that in horizontal
sugarcane crushers, extraction angle should be more
and crushing angle should be less. An installation
device may also be developed for installation of
sugarcane crusher modifying crushing and
extraction angles.

References

1. Gangadkar, P.N.R., Gowda, M.C. and
Prasad, N.B.L. 2016. Performance Study of
Indigenously Made S5Sugarcane Crushers.
International Journal of Food and

ta

Fermentation Technology.
6(1):189.

Gangadkar, PN.R., Gowda, C. and Prasad,
N. B. L. 2017. A Research on
traditionally available sugarcane crushers,
International Journal of Engineering and

Manufacturing Science, 7(1):
77-85.

Danyal, M., Jamml, M.T., Ahmad, F. Sabar,
M.1..Aleem, A., Magbool. S. and Khalig.
A. 2021. Performance Evaluation of
Improved and Conventional Sugarcane
Crushers: A Comparative Study. Journal of

Environmental & Agricultural Sciences
(JEAS), 23(3 & 4):30-39.

Srivastava, N.S.L. and Agarwal, D.D. 1992,
Studies on reabsorption of juice by the

sugarcane bagasse. Journal of Agricultural
Engineering (India), 29(1-4): 36-41.

The Institution of Engineers (India) U.P. State Centre, Lucknow




59" Engineers' Day 2026 Souvenir ,EE@E
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The complex relationship between legal rights and
human ingenuity is central to "The Jurisprudence of
Innovation 1.e., Patent Laws and Copyright
protection

The Architecture of Ambition

At its core, the [PR (Intellectual Property Rights)
laws present the jurisprudence of innovation as
these are the legal alchemy that transforms abstract
thought into tangible economic assets. Innovation
naturally carries immense risk; developing a
disruptive technology or crafting an original work
requires staggering investments of time, capital, and
intellectual labour. Without a codified legal
framework to protect these investments, the
incentive to share discoveries openly would
evaporate, stalling societal progress. Patent and
copyright laws establish the critical rules of
engagement by offering a carefully calibrated
societal contract. They grant creators a legally
defensible, temporary monopoly over their work.
providing the essential collateral required to secure
early-stage investment, structure equity, and
confidently enter competitive markets.

The Catalyst for Collective Advancement

This legal architecture does more than just protect
the individual creator; it acts as an engine for
collective public growth. In exchange for exclusive
commercial rights, patent law mandates the total
public disclosure of an invention's underlying
mechanics. This requirement ensures that once the
protection period expires, the technology fully
enters the public domain, serving as a stepping stone
for the next generation of innovators rather than
being locked away forever as a private trade secret.

Similarly, copyright law draws a strict boundary by
protecting the specific expression of a concept
rather than the underlying idea itself, leaving room
for competitors to iterate and build parallel
solutions, By nigorously defining what constitutes a
genuine, novel breakthrough-and actively
preventing the endless monopolization of minor,
non-functional tweaks-these mtellectual property
laws actively design an economic ecosystem. [t isan
environment where the immense risks of ingenuity
are sufficiently rewarded, while ensuring that the
public ultimately inherits the compounding benefits
of protected innovation.

Tracing the Patent and Copyright laws history

To truly grasp the contemporary frameworks of
intellectual property. we must first trace the global
genesis of these rights by looking at  four historical
milestones which formed the legal bedrock of
innovation, setting the stage for the highly complex.
globally interconnected frameworks we navigate
today. These watershed moments show that
protecting human ingenuity and original creation is
not a modern construct: it 1s a foundational concept
that has been centuries in the making.
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Our journey begins in 1474 with the Venetian
Statute. This was a pivotal moment in legal history-
the very first codified patent system. For the first
time, a state formally awarded exclusivity to
inventors, recognizing that protecting an
individual's commercial rights over there
intellectual property was essential to incentivizing
public progress.

From the city-state of Venice, the paradigm shifted

to the United Kingdom. In 1624, the Statute of

Monopolies was enacted to fundamentally curb the
abuse of royal privileges. It explicitly restricted
monopolies to the "true and first inventors,”
establishing a crucial precedent: legal protection
must be a hard-earned reward for genuine, original
innovation, not an arbitrary political favour.

Less than a century later, the focus expanded from
mechanical inventions to the protection of creative
expression. The 1710 Statute of Anne emerged as

the world's first formal copyright law, extending
vital legal safeguards to authors and literary works,
and laying the groundwork for the idea-expression
dichotomy we use today.

Finally, as commerce globalized, localized laws
were no longer sufficient. The 1883 Paris
Convention laid the foundational architecture for
international industrial property protection. It
created a cross-border consensus, ensuring that an
innovator's rights did not simply evaporate the
moment their creation crossed a geographical
boundary.

As innovation accelerated and global trade
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expanded. the localized laws of the past were no
longer sufficient. The legal framework had to evolve
from a fragmented patchwork into a cohesive global
standard-an era defined by international
harmonization.

Our first major leap in this global alignment
occurred with the 1886 Berne Convention. While
previous treaties addressed industrial property, the
Berne Convention revolutionized copyright law on
a global scale. It established two incredibly
powerful concepts: automatic protection and
national treatment. Practically, this meant that
authors and artists no longer had to navigate a
bureaucratic labyrinth to register their work in every
individual country. Their creative expression was
istantly recognized and protected across
international borders, fundamentally changing how
literature, art, and eventually software, were shared
with the world.

A century later, the rapidly integrating global
economy required a strictly enforced baseline for all
intellectual property rights. This culminated in the
1995 TRIPS Agreement (Trade-Related Aspects of
Intellectual Property Rights). Brokered by the
World Trade Organization, TRIPS was a true
watershed moment. It compelled member nations to
harmonize therr domestic 1P standards, creating a
predictable and standardized legal environment for
global commerce. Most notably, it mandated the
universal 20-year patent term, ensuring that
innovators and investors had a guaranteed, uniform
runway to commercialize their breakthroughs and
recoup high-risk research investments across all
member markets,

Together, these two treaties established the modern
rulebook, ensuring that the jurisprudence of
innovation speaks a universally understood legal
language, regardless of where the invention or
creation originates.

While the international community was busy
forging sweeping treaties like the aforementioned
Berne Convention. India's domestic intellectual
property landscape was being constructed under the
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complex, overarching shadow of British colomal
administration. To fully grasp the nuances of our
contemporary legal framework, we must first
critically examine its colonial roots-a system that
was heavily, and unapologetically, modelled on the
United Kingdom's own legal structures.

This legal evolution formally commenced with Act
V1 of 1856. This was not merely a new law; it was a
profound paradigm shift. It served as the first formal
patent legislation on the Indian subcontinent,
introducing the Western legal construct of granting
exclusive, monopolistic privileges to individual
inventors. For a region whose historical and
philosophical foundation was largely built upon
open, community-based knowledge sharing and
generational artisanship. the codified privatization
of ideas marked a radical economic and cultural
departure.

As the machinery of the Industrial Revolution
accelerated and the commercial landscape of the
subcontinent transformed, the scope of legal
protection had to adapt. The subsequent legislative
updates-specifically the Acts of 1872 and 1888-
broadened this legal umbrella. They successfully
consolidated protections for industrial patterns and
designs, legally acknowledging that the aesthetic
geometry and structural design of a manufactured
product carried intrinsic commercial value just as
vital as its mechanical function.

This entire era of colonial IP legislation ultimately
culminated in the passage of the 1911 Indian Patents
and Designs Act. More than just a consolidation of
rules, this Act represented a pivotal moment of
administrative maturation. It unified a previously
fragmented patchwork of protections under a single,
cohesive legal framework. Most importantly, it
established the centralized office of the Controller of
Patents. By institutionalizing the rigorous
admimistration of intellectual property, the 1911 Act
built the exact bureaucratic foundation that a newly
independent India would later inherit-a foundation
the nation would eventually deconstruct and
meticulously rebuild to align with its own sovereign.
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Post-Colonial Transformation in India- From
Compliance to National Interest

socio-economic ambitions.

When India awoke to independence in 1947, the
nation inherited an intellectual property framework
inherently misaligned with its sovereign reality. The
colomal legal structures, culminating in the 1911
Act, were fundamentally engineered to protect the
import monopolies of foreign corporations rather
than to stimulate domestic manufacturing or
research. For a nascent republic facing profound
developmental and public health challenges, this
inherited jurisprudence was not merely inadequate;
it served as an active economic barrier. A radical
recalibration was required to shift the legal paradigm
from colonial compliance to rigorous national
mterest.

The philosophical blueprint for this transformation
emerged with the landmark Justice N. Rajagopala
Ayyangar Committee Report of 1959. This
comprehensive review did not just recommend
superficial legislative tweaks; it dismantled the
prevailing colonial philosophy of intellectual
property. Justice Ayyangar articulated a bold,
localized vision: patent rights must not operate in a
vacuum of absolute monopolistic privilege. Instead,
they must be strictly subordinated to the broader
socio-economic needs of the state. The legal
objective decisively shifted from purely rewarding
the foreign inventor to fiercely protecting the Indian
public, ensuring that critical technologies remained
accessible to a vast, developing populace.

This ideclogical pivot materialized into the
watershed Patents Act of 1970, arguably one of the
most brilliant examples of economic statecraft in
modern legal history. Its most revolutionary
legislative stroke was the complete abolition of
product patents for pharmaceuticals, food, and
agrochemicals. In their place, the Act permitted only
process patents, and explicitly restricted their
duration to a significantly truncated term of just
seven years. By legally protecting only how a vital
drug was manufactured rather than monopolizing
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the drug itself, this framework aggressively
incentivized and legalized scientific reverse-
engineering.

This was not merely a defensive legal manoeuvre; it
was the spark that ignited a domestic industrial
revolution. By weaponizing patent law for the public
good, the 1970 Act empowered local scientists to
engineer highly efficient, alternative manufacturing
methods. [t laid the unshakeable foundation for the
Indian generic pharmaceutical industry,
fundamentally transforming a legally constrained,
import-dependent nation into the undisputed
pharmacy of the world.

The Patents Act, 1970

The crowning legislative achievement of post-
independence India was undeniably the Patents Act
of 1970. Born directly from the visionary framework
of the Ayyangar Committee Report, this legislation
was a masterclass in balancing the rigid
monopolistic rights of the inventor with the urgent
welfare needs of a developing republic. It was not
merely a legal document; it was a sovereign
declaration that intellectual property must, first and
foremost, serve the public good.

At the heart of this delicate balancing act was the
strategic implementation of Process Patents. By
explicitly restricting patent protection in essential
sectors-specifically food and pharmaceuticals-to the
process of manufacturing rather than the product
itself, the law engineered an era of extreme domestic
affordability. It gave domestic chemists and
scientists the legal runway to safely reverse-
engineer life-saving drugs, provided they innovated
a different. often more efficient, manufacturing
pathway. This single, calculated legislative choice
birthed the nation's globally dominant generic
pharmaceutical industry.

However, the Act went further by embedding a
critical, state-level failsafe: Compulsory Licensing.
This powerful legal mechanism ensured that the
government retained the sovereign right to overnide
an absolute monopoly in times of acute national

crisis, If a life-saving medication was aggressively
priced out of the reach of the common citizen, the
state could legally compel the foreign patent holder
to license the formula to local manufacturers. It was
a bold, unapologetic mechanism that prioritized
human life and public health emergencies over
unchecked corporate exclusivity.

Yet, no domestic law exists in a permanent vacuum.
As the global economic landscape shifted radically
with the advent of the World Trade Organization,
India entered the complex era of TRIPS
Comphiance. To fully integrate into the modemn
global trading system and secure its position in
international commerce, the nation was compelled
to harmonize its fiercely independent framework
with international baseline standards. In 20035, this
culminated in a monumental amendment: the formal
reintroduction of product patents. India was forced
to pivot from an ecosystem of defensive, process-
driven imitation to playing the high-stakes global
game of absolute, product-based innovation-a
profound transition that continues to shape our
entrepreneurial and scientific landscape today.

The Patent Act 1970- Philosophical Shift

The 2005 amendment to the Patents Act of 1970
represents a tectonic shift in the nation's economic
and legal philosophy, aggressively pivoting the
ecosystem from a defensive posture to the forefront
of global innovation.

The Transition to Product Patents For decades, the
strategic reliance on process patents successfully
insulated and nurtured domestic manufacturing,
prioritizing accessibility over absolute invention.
However, full integration into the modern global
economy demanded a fundamental rewrite of those
rules. To comply with the TRIPS mandate, India
systematically dismantled its protective barriers and
formally transitioned to a rigorous product patent
regime. The legal mandate was no longer simply to
find a novel way to manufacture an existing item; the
mandate was to pioneer the item itself.

Global Harmonization This paradigm shift ushered
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in the global harmonization of patent terms, locking
in a standardized 20-year period of protection. For
foreign and domestic capital alike, this
harmonization was the ultimate signal of market
maturity. It provided the precise legal predictability
and standardized runway required to underwrite the
staggering financial risks associated with early-
stage, cutting-edge research.

The Ultimate Quid Pro Quo Yet, this extended
monopoly is not a government handout; it is the
ultimate societal quid pro quo. In exchange for two
decades of fiercely enforced, exclusive commercial
rights, the inventor must completely surrender the
veil of secrecy. They are legally compelled to
execute a comprehensive, transparent public
disclosure of their technology. This ensures that the
moment the patent expires, the exact mechanics of
the invention enrich the public domain, fuelling the
next generation of scientific iteration.

The Unyielding Threshold To ensure the system
rewards only genuine brilhiance rather than mere
opportunism, the law enforces a stringent,
unyielding three-pronged test. An invention must
demonstrate absolute novelty, meaning 1t has never
been anticipated anywhere in the world. It must
exhibit non-obviousness. requiring a definitive
inventive step that would genuinely surprise a
skilled expert in that specific field. Finally, it must
prove undeniable utility, demonstrating concrete
industrial applicability. This high bar guarantees that
society trades a monopoly only for a true
technological leap.

Contemporary Frameworks

The 2016 National IPR Policy marked a critical
maturation in India's legal landscape, shifting the
national narrative from passive legal compliance to
proactive economic strategy. It rests on a
comprehensive framework designed to embed
intellectual property into the very DNA of domestic
enterprise.

Awareness: The foundational step is
demystifying intellectual property. It is about
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propagating the immense value of IP to all strata of
society, transforming it from abstract legal jargon
into a practical, everyday tool for grassroots
innovators and seasoned researchers alike.

n

Generation: Awareness must translate into
action. This pillar focuses on actively stimulating
the creation of diverse, high-quality IP assets across
all sectors. For modern enterprises-whethera hyper-
growth tech startup or a specialized Section 8
company-this means cultivating an internal culture
where every novel process or creative expression is
immediately identified for potential protection.

n

Legal Framework: A robust ecosystem
requires strong yet meticulously balanced
legislative boundaries. This ensures the laws
fiercely protect the innovator's exclusive rights
while simultaneously safeguarding the broader
socio-economic interests of the public.

"

Administration: The most brilliant laws are
entirely useless if bogged down by bureaucratic
friction. This initiative mandates the aggressive
modernization of service-oriented IPR
administration, streamliming digital filings, and
drastically reducing pendency times to ensure the
patent office moves at the speed of modern business.

n

Commercialization: Protection is ultimately
meaningless without a pathway to profit. This is
where abstract rights transform into tangible
financial collateral. A strong [P portfolio provides
the undemable legal certainty founders require to
confidently step into a high-stakes pitch room,
Justify their valuation models, and secure the capital
necessary Lo scale.

" Enforcement: Rights require teeth.
Strengthening adjudicatory mechanisms ensures
that when IP conflicts inevitably arise, they are
resolved swiftly and decisively, deterring
infringement and protecting the integrity of the
marketplace.

Human Capital Development: Finally, to
complete the policy's seven-pillar vision, the state
must continuously build institutional capacity. This
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ensures we are actively training the next generation
of specialized IP experts. attorneys. and
administrators required to sustain and expand this
complex ecosystem over the long term.

2024 Amendments

The 2024 amendments to the Patents Rules mark a
decisive shift towards operational efficiency,
drastically reducing the bureaucratic friction that
has historically slowed down the patent lifecycle.

Accelerating the Examination Process Historically,
applicants had a relaxed 48-month window from the
priority date to file a Request for Examination. The
new rule radically compresses this timeline to just
31 months. This acceleration forces filers to commit
to the patent process much earlier, aligning the
examination request directly with the national phase
entry deadline and significantly speeding up the
overall ime-to-grant.

Streamlining Post-Grant Compliance Once a patent
is granted, the ongoing compliance burden has been
substantially eased. Previously, patentees were
required to submit statements regarding the
commercial working of their patents every single
yvear. Under the updated framework, this tedious
administrative requirement has been reduced to just
once every three years.

Recognizing the True Innovators For the individual
creators behind the science, the amendments
introduce a formal Certificate of Inventorship. In the
past, inventorship recognition was merely implicit
in the mitial filing paperwork. Now, inventors can
obtain a dedicated, standalone certificate, providing
undeniable proof of their contribution even if the
patentrights are assigned to a corporate entity.

Financial and Administrative Flexibility The new
rules also mcentivize long-term planning by
offering a 10% discount on renewal fees if patentees
pay electronically for at least four years in advance.
Finally, the amendments empower the Controller of
Patents to officially excuse procedural delays for up
to six months. This provides a critical safety net,
ensuring that minor administrative oversights no

longer risk destroying incredibly wvaluable
intellectual property rights.

As the laws in the field of IPR is maturing in the
country the brilliance of Indian patent jurisprudence
lies m its refusal to eternal monopolies which are
often aimed by large corporation. In this regard the
health sector can be taken for an instance where the
provisions of the patent laws prevent not extent legal
cover that may compromise public health for
corporate monopolies, a stance perfectly
encapsulated by Section 3(d).

The Anti-Evergreening Provision

India enforces an exceptionally high threshold for
what constitutes an "Inventive Step" within the
pharmaceutical sector. Section 3(d) acts as an
uncompromising anti-evergreening shield. It
strictly dictates that the mere discovery of a new
form of a known substance is inherently
unpatentable, To secure a legal monopoly, a
pharmaceutical entity must prove a significant,
measurable enhancement in actual therapeutic
efficacy. This doctrine explicitly prevents
corporations from artificially extending their 20-
year patents through minor, non-functional
chemical tweaks.

The Novartis Precedent This rigorous threshold was
battle-tested and permanently cemented during the
landmark Novartis case. The judiciary's ruling sent
an undeniable global message: the Indian legal
framework will generously reward genuine, life-
saving breakthroughs, but it will absolutely not
tolerate the monopolization of incremental,
superficial modifications at the expense of patient
access.

The Ultimate Sovereign Failsafe When market
pricing completely fails the patient, Section 84
provides the ultimate legal failsafe: Compulsory
Licensing. As famously demonstrated in the Natco
v. Bayer case, if a critical, life-saving drug is priced
beyond the reach of the general public during a
health emergency, the state retains the power to
intervene. The government can legally compel the
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foreign patent holder to license the formula to
domestic genenic manufacturers, ensuring that
affordable access always supersedes absolute
exclusivity in matters of life and death.

To grasp the full weight of India's anti-evergreening
laws, we must examine the defining legal battle of
modern pharmaceutical junisprudence: the 2013
Novartis case.

The Subject of Dispute Novartis approached the
Indian patent office seeking protection for 'Glivec.' a
profoundly effective, life-saving leukemia
medication. Crucially, they were not attempting to
patent a newly invented molecule. Instead, they
sought a fresh patent for the beta-crystalline form of
Imatinib Mesylate-a chemical compound that was
already known to the scientific community. This set
the stage for a massive test of the newly amended
system: would the Indian state grant a fresh 20-year
monopoly fora structural modification?

The Supreme Court Ruling The Indian Supreme
Court delivered a resounding, historic "no." In a
landmark, unyielding interpretation of Section 3(d).
the highest judiciary ruled that the mere discovery of
a new physical form of a known compound does not
inherently qualify as a patentable invention. To earn
that monopoly, the applicant must unequivocally
prove "enhanced therapeutic efficacy." The court
meticulously determined that while this beta-
crystalline form may have exhibited better storage
stability or handling properties, it did not actually
treat the patient's cancer any more effectively than
the original, known molecule.

The Global Impact The ripple effects of this verdict
were monumental. It permanently affirmed India's
sovereign right to aggressively curb the practice of
evergreening, drawing a hard line against
corporations attempting to infinitely artificially
extend their intellectual property monopolies. By
denying this specific patent, the court decisively
secured the survival of the domestic generic drug
ecosystem. It ensured that local manufacturers could
continue producing and globally exporting
affordable, life-saving generic equivalents of the

drug. Ultimately, it proved to the world that a
nation's legal framework can fiercely protect human
life and public health without completely
dismantling the foundational incentives required for
true scientific innovation.

Al & Patentability

The intersection of Artificial Intelligence and patent
law represents the most dynamic frontier in
contemporary Indian jurisprudence. For vyears,
innovators in the software space faced a formidable
statutory wall: Section 3(k) of the Patents Act.

The Traditional Barrier Historically, Section 3(k)
explicitly excluded mathematical methods, business
models, and computer programs "per se” from being
granted patent protection. This strict statutory
language created a profound chilling effect on tech-
driven enterprise. Patent examiners routinely
dismissed complex algorithms and foundational
code as mere abstract mathematics or pure logic,
regardless of their real-world commercial
application. For software and Al developers, this
meant relying on the thinner protections of
copyright rather than securing the robust, 20-year
monopoly ofa patent.

The 2024 Paradigm Shift The legal landscape
experienced a seismic evolution with the 2024
Madras High Court ruling in Idemia v. Controller.
The judiciary recognized that applying a blanket,
unnuanced ban on software patents in an Al-driven
global economy was fundamentally stifling
progress. The court decisively clarified that Section
Mk) 1s a "targeted exclusion,” not an absolute
embargo, The ruling established a critical precedent:
if an Al model or software-based invention delivers
a tangible, meaningful technical advancement, it
legally transcends the "computer program per se"
barrier.

The Modern Strategy This ruling completely
rewrites the intellectual property playbook for
modern technology ventures. The crux of any
successful Al-related patent strategy in India now
hinges entirely on articulation. You can no longer
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merely submit raw algorithms or theoretical data
models to the patent office. You must unequivocally
demonstrate a clear "technical effect” and "technical
contribution." To secure a patent today, the filing
must explicitly prove how the artificial intelligence
physically improves a hardware system, optimizes a
tangible manufacturing process, or solves a
definitive, real-world technical problem.

Copyright laws

While patent laws rigorously safeguards the
functional, technical application of modern
breakthroughs the spectrum of IPR laws are
expansive and holds multiple chains of legal
thoughts that facilitates the protection of original
creativity this brings us to the second foundational
pillar of our legal framework: Copyright laws, If
patent law is designed to govern the industrial
mechanics and absolute utility of an idea, copyright
law steps in to govern the tangible expression of
human creativity. As we pivot from the realm of
strict functional monopolies, we shifi our legal lens
toward the idea-expression dichotomy. We will now
explore how copyright frameworks structure the
ownership of software, literature, and artistic works,
ensuring that while fundamental concepts remain
free for society to build upon, the unique, original
expression of the creator is fiercely and
unapologetically protected.

Copyright Actof 1957

Unlike the rigorous, multi-year examination process
required to secure a patent. the Copyright Act of
1957 operates on the principle of spontaneity. The
very moment a developer compiles a piece of
original code or an author commits a thought to
paper, legal protection vests automatically. While
formal registration provides powerful prima facie
evidence in a courtroom, it is not a mandatory
prerequisite to defend a creative work.

The Generational Monopoly

The duration of this protection is vast, reflecting the
enduring commercial and cultural value of creative
expression. A copyright extends for the entire

lifetime of the author, plus an additional 60 vears
post-mortem auctoris. This sweeping timeline
ensures that the economic benefits of a creative asset
can sustain multiple generations.

The Oxygen of Fair Dealing

However, absolute, unchecked control over cultural,
literary. and technical works would paralyze societal
progress. This is where Section 52 introduces the
indispensable doctrine of Fair Dealing. This
provision carves out cntical legal exceptions,
permitting the unauthorized use of protected works
for private study, rigorous criticism, and educational
instruction, It is the legal oxygen that allows
academic discourse to breathe, ensuring that the
public can still engage with, analyze, and critique a
work without the constant threat of infringement
litigation.

The Indelible Moral Right

Perhaps the most profound element of the Indian
copyright framework is its recognition that a
creation is intrinsically tied to the creator's identity.
Under Section 57, an author retains indelible Moral
Rights. Even if a founder completely assigns all
economic and commercial rights of their software or
manuscript to a corporate entity, an employer, or an
investor, the core rights of paternity and integrity
remain. The creator retains the absolute right to
claim authorship and the right to prevent the work's
mutilation or distortion. The commercial asset can
be sold, but the creator's legacy cannot simply be
erased.

Case Study: EBC v. D.B. Modak

To define the exact standard of "originality” required
to claim copyright over derivative works, Indian
jurisprudence relies on the landmark Supreme Court
ruling in Eastern Book Company v. D.B. Modak.
The dispute centred around a highly practical legal
question: can a commercial publisher claim
copyright over copy-edited Supreme Court
judgments-documents whose raw text inherently
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belongs in the public domain?
Rejecting Mere Labour

Prior to this ruling, the threshold for protection
occasionally leaned on the outdated "Sweat of the
Brow" doctrine, suggesting that mere physical
labour, time, and financial investment were enough
to earn copyright protection. The Supreme Court
decisively rejected this standard. The judiciary ruled
that simply transcribing, mechanically
proofreading, or aggregating public information-
regardless of the exhaustive effort involved-does not
warrant a legal monopoly.

The Modicum of Creativity

In its place, the Court formally adopted the
"Modicum of Creativity” standard. To secure
copyright protection, a derivative work must
demonstrate a minimum degree of genuine
intellectual effort. The Court meticulously drew a
dividing line for the publishers. The raw text of the
judicial pronouncements remains completely free
and accessible, squarely in the public domain. No
one can monopolize the law itself,

Rewarding Skill and Judgment

However, the publisher's specific editorial inputs-
such as the drafting of precise headnotes, logical
paragraph sequencing, and complex legal cross-
referencing-require distinet, specialized "skill and
judgment." Consequently, those specific editorial
enhancements are granted full copyright protection.
This ruling elegantly balances public access with
commercial incentive, ensuring that raw
government data remains free while strictly
rewarding the intellectual labor required to make
that data organized and commercially valuable.

The New Frontier: Personality Rights

The rapid advancement of artificial intelligence
brings us to a completely new frontier in intellectual
property: the domain of personality rights. The legal
framework is no longer just protecting what a creator
makes; it is now actively protecting the very essence
of who the creator is.
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As Al models become increasingly sophisticated,
the ability to replicate a human voice has
transformed from a technological novelty into a
tangible threat to performers. This reality was
confronted head-on when the courts intervened to
protect the vocal style of renowned singer Arijit
Singh from unauthorized Al exploitation. The
judiciary established a critical, modern precedent:
an artist's voice and distinet vocal techniques are
legally recognized as protectable attributes of their
persona. It definitively signalled that you cannot
simply train an algorithm to steal a performer's
livelihood.

The Evolution of Publicity Rights

The Reality of Voice Cloning

This legal shield extends beyond just voice, reaching
into the broader realm of an individual's public
persona and distinct catchphrases. This was clearly
enforced when the Delli High Court upheld the
rights of actor Jackie Shroff. The court intervened to
prevent the unauthorized, commercial use of his
signature "Bhidu" persona by unlicensed Al
chatbots and content creators. This ruling firmly
established that public figures hold inherent
publicity rights, ensuring they retain absolute
control over how their unique identity and
associated mannerisms are monetized in the digital
space.

The Future of Al Regulation

These high-profile cases are actively laying the
groundwork for an emerging, highly complex legal
doctrine regarding Al regulation. The core
intellectual property battleground has now shifled
directly to the training data itself. The legal
consensus is increasingly treating the ingestion of
copyrighted works and protected personas for Al
training as inherently infringing behaviour, Moving
forward, Al developers will bear the heavy burden of
unequivocally proving that their use of protected
data 1s either fundamentally transformative or falls
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strictly within the very narrow confines of "fair use."
Personality Rights and Generative Al

The explosive rise of generative artificial
intelligence has forced intellectual property law to
confront an entirely new frontier: the commercial
exploitation of human identity. We are no longer
merely debating the unauthorized use of software or
literature; we are navigating the unprecedented
unauthorized replication of a person's digital soul.

The Jackie Shroft Precedent This urgency was
brought to the forefront in the Delhi High Court's
ruling regarding Jackie Shroff's battle against rogue
entities. The actor was forced to take legal action
against creators utilizing generative Al to
commercially exploit his distinct persona. The court
did not just protect his name and static image; it
extended a powerful legal shield over his signature
"Bhidu" persona and unique vocal delivery. This
ruling firmly established that a celebrity's
meticulously cultivated public identity cannot be
hijacked and monetized by unlicensed algorithms.

The Arijit Singh Voice Cloning Injunction

The legal boundaries of this new frontier were
further cemented by the Bombay High Court in
Arijit Singh v. Codible Ventures. In a landmark
interim order, the court confronted the specific,
insidious threat of Al voice cloning. By intervening
to legally protect Singh's distinct vocal style and
specific singing mannerisms, the judiciary
recognized that a performer's voice 1s an
intrinsically protectable personality attribute. It sent
an undeniable message to the tech industry: training
an Al to replicate a human voice without explicit
consent is a direct violation of their fundamental
rights.

Bridging Trademarks and Copyright What we are
witnessing through these pivotal cases is the real-
time, aggressive evolution of a distinct "Right to
Publicity" within Indian jurisprudence. As
generative Al technology rapidly outpaces
traditional statutes, the courts are proactively
constructing a new legal architecture. This emerging

trend seamlessly bridges the gap between the
commercial brand protection traditionally offered
by Trademark law and the creative expression
protections inherent in Copyright law. It ensures that
in a digital age where any likeness can be perfectly
synthesized, an individual's fundamental identity
remains unequivocally and exclusively their own.

Exponential Growth in Indian I[P (Intellectual
Property)

The landscape of Indian intellectual property is
undergoing a period of unprecedented, exponential
growth that directly alters how founders structure
their ventures and approach the market. During the
2023-24 financial year, India shattered previous
admimstrative records by formally granting over
100,000 patents-an extraordinary historical
milestone that signals a profound maturation of the
national research ecosystem. We are simultaneously
seeing a sustained creative boom, with an annual
average of over 35,000 copyright filings, proving
that developers, artists, and authors are actively and
aggressively locking down the legal rights to their
specific expressions.

Fueling the Startup Engine

This massive surge in intellectual property
generation is not entirely organic: it is being heavily
accelerated by strategic state intervention. The
government has drastically lowered the initial
barrier to entry by offering a massive 80% rebate in
government fees for formally recognized startups.
This aggressive financial support ensures that
securing robust legal protection is no longer a luxury
strictly reserved for multinational conglomerates.
For founders who are actively refining a financial
model to justify early-stage team salaries, or those
meticulously assembling the mathematical
formulas required for a high-stakes investor pitch,
these subsidized IP assets serve as undemable
financial collateral. Even the administrators guiding
the distinct operations of a Section 8 company can
leverage these highly accessible protections to
safeguard their proprietary methodologies or
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educational content, ensuring their core mission is
protected without draining limited operational
capital.

The Catalyst of Fearless Innovation

The single most transformative legislative catalyst
driving this modern growth is the Jan Vishwas Act of
2023, which formally took effect in August 2024,
Prior to this landmark legislation, the looming threat
of disproportionate criminal penalties for minor,
often accidental 1P administrative violations cast a
massive chilling effect on aggressive business
operations. The Jan Vishwas Act fundamentally
dismantled this psychological and legal barrier by
decisively shifting numerous intellectual property
violations from severe criminal offenses to strictly
administrative financial penalties. This calculated
legislative pivot has successfully fostered a thriving
national ecosystem defined by "Fearless
Innovation." It completely removed the paralyzing
fear of accidental criminality, finally empowering
domestic creators, engineers, and corporate leaders
to operate, experiment, and rapidly scale with
absolute confidence within the boundaries of a
thoroughly modernized, pro-business legal
framework.

Conclusion

The IPR laws primarily Patent and Copyright laws,
at their core, are the architectural foundation of a
modern economy. From the rigorous anti-
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evergreening thresholds to the emerging legal
shields surrounding digital personality rights, the
law must constantly evolve to match the relentless
pace of human ingenuity. Intellectual property is a
key aspect for economic development and for the
progress of a nation; balancing these rights with
public interest remains our greatest judicial
challenge. It is precisely this friction-between
rewarding the staggering financial and intellectual
risks of the individual creator and ensuring the vital,
life-saving advancement of the broader society-that
defines a sovereign republic's maturity. By
rigorously navigating this delicate equilibrium, the
legal framework empowers visionary founders,
scientists, and artists to confidently scale their
breakthroughs, ensuring that the temporary
monopolies protecting their genius ultimately serve
as the permanent engine propelling the entire public
lorward.
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The Middle-Class Workshop: India’s Qmet
Engine of Technological Sovereignty

Based on:

“Engineering Excellence for a Sustainable and Technologically Sovereign India™.

by, Er. Vikas Rai,

EC Member (2025-27), IEI- UP State Centre,; Joint Honorary Secretary & EC Member (2024-
26), IEI- Prayagraj Local Centre, Electrical Engineering Division.

India’s technological strength is often

measured by semiconductor plants,
defence systems, space missions and
large industries. Yet behind every large
enterprise  stands  another India-
thousands of small workshops, tool
rooms, fabricators, repair units and

family-run manufacturing businesses.

A workshop in Aligarh making locks,
Moradabad producing metalware,
Firozabad sustaining glass skills,
Bhadohi creating world-class carpets, or
Kanpur supplying industrial
components may have limited capital,
but it possesses something equally
valuable: practical skilled
hands and the ability to solve problems.

knowledge,

Uttar Pradesh's ODOP programme
demonstrates how such local
capabilities can become organised

economic ecosystems.

The opportunity now is to convert local
skill into technological capability.

India already has a strong policy
foundation—MSMED Act, PMEGP,
MUDRA, Udyam, CGTMSE, GeM, RAMP,
PM Vishwakarma and public-
procurement support. Uttar Pradesh
adds ODOP, MSME Promotion Policy
2022 and cluster-based incentives.

But the weakness is fragmentation. A
small entrepreneur may have finance,
training, technology and market
schemes available, wyet must often
navigate different institutions and
procedures to access them. Delayed
pavments remain another serious
constraint: by December 2025, MSMEs
had filed more than 2.56 lakh delayed-
payment applications involving Rs.
55,244 crores, 52,000
applications were awaiting review.

while over

The answer is not another scheme. It is
better convergence.

WHAT INDIA CAN DO NEXT IS -

FIRST, create a
Technology Network”:
district should connect
engineering colleges, polytechnics,
testing laboratories, tool rooms, banks
and large industries. Aligarh,

“One District—-One
Each industrial
MSMEs with
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Moradabad, Firozabad, Kanpur
other clusters become
laboratories for this approach.

Carn

SECOND, make advanced technology
shareable: CNC machines, metrology,
CAD/CAM, automation and testing
facilities should increasingly be available
through Common Facility Centres rather
than requiring every small unit to

purchase them  individually. UP's
existing  policy already  supports
technology, quality, patents and

common infrastructure.

THIRD, make universities partners of
MSMEs: Germany offers a useful lesson,
where applied research connects
research institutions directly with SMEs
to turn ideas into marketable products.

FOURTH,
Germany's
combines

make learning practical:
dual education system
classroom learning with
company-based experience. India can
strengthen apprenticeships and
engineering education around real
production problems.

FIFTH, give asmall businesses
predictable cash flow and simple digital
markets: India's TEAM (Trade
Enablement And Marketing) initiative is
already using ONDC to widen market

access for micro and small enterprises.
The next step should be seamless
integration of procurement, finance,
logisties and dispute resolution.

In thousands of small workshops across
India, engineering excellence is being
built every day through skilled hands,
practical innovation and the courage to
achieve more with less. No policy fix
explains why these wunits survive
downturns that break larger firms- the
reason lies partly outside engineering, in
the spiritual thought process governing
how the entity is run.

The deeper Indian lesson is equally
important. Karma Yoga teaches
excellence in action - “Yogah Karmasu
Kaushalam®. For the entrepreneur, this
can honest work, quality,
responsibility towards employees and
continuous improvement. It is not
merely a spiritual principle; it is a
practical foundation for sustainable
enterprise.

IMEean

India does not need every workshop to
become a large factory.

It needs everv workshop to become more
capable.

From local skill to modern technology,
from workshop to cluster, from cluster to
supply chain, and from local market to
global market -that is the pathway to
Technological Sovereignty.

India’s future may therefore be built not
only in its largest laboratories, but also
machine by machine, workshop by
workshop and district by district.
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Al T TSl B APdl: AT IPIRIU Seferviy Bt HHAT

ol THR Tl
(Ex. Principal, Govt. Polytechnic Lucknow, U.P. | Fellow, IEI)

S & dEre! g o anfefthRia Lefesia (Al 7 Rram, I R gER
&fe Sfteq # wifaerl sgama ame ¢ 7 o STl 31 ave fore el €, ST @1
faeeror R Tl & SR fed grensif &1 gasn el ¢ | dAfhd, a1 Iad e &
qaoE, Al T $3 WY AT ¢ o8 U 98¢ TR g1 313U R ¥ 9Fd 8
3 Al F1-F1 T B Foball 3R TP ARG ISTEI0 41 8-

1. AT 3R HTaATSH BT SrHTd

Al fosa=t oft 33t a1 &df 7 B @, I9P U Ge &1 Sita-, da-1 g1 Hia=mg
T2l gt g1 98 @, gu o Werufd & Ay T8 HR N, U8 Had SHUH!
TRNTET & STYR TR SHHT T BT SIS0 (Simulate) FRAT 81 IETeR: A 3419
Al &) §drd 8 & 3 e/ B, df 98 31Ud! Fica T &7 dra 9gd Y Ve ford
Tl g, Qb 98 dRad H 0% &g B! HeqY To! H gabdl 1 Hd H8 | gy
TGH MTH] YTgTHS TSR el ¢ bl

2. Vifa® gferar & wraf & srmedan

Al f&forea gfan & sga wfdazmed 8, dfea fomm Asifcas a1 e8aR & 98
JRafa® gi-al | Big Hifd® S Tl PR IHdll IaTeI0: Al TS T JgaiH
IR Wiy I F9aR ¢ &1 8, Afp a8 e [Wis B o dfeordl el e
Fahdl g1 3UF AT W1 781 §91 Tharl $H oRe, 98 3MUd Hifad cray farg!
HaTad H o A8 B TPl

3. 100% Gl dl B HHI (Hallucination)

Al TR G HgdR RGN HAT TP 8l gbdl ¢ $s SR Tg WA,
RIS a1 g TRE § Tad ISR 98d € MY & WY T Td1 g1 dhidl
HTT H 38 &#39;Hallucination&#39; PeT ST & | ISTex0T: ufg 3ma Al ¥ forsdt geid
Ufaeiiie ge a1 felt fagiy St a1 & aR & ysd €, @ &% 9R 98 T R ¥
BIfS BRI 7T¢ Ghdl g 3R IY T D! 9l UL B Gbdl g1 3oy, quf &1
SIT¥ (Fact-checking) BRI 3{Ta2U® &

1. Hadgaita fofy ok Idrar ware

Al T +f T URIER S (B ST U1 gaid) Bl o8 T8l o 9Pdll 39D
3{aTdT, T8 3D Sitd I JeaafaTd, Afded 3R Hdgeid B a3 & ang el 81
TCTERT: Al HTUH! §ER I RReg & I RO 3R W6 SUY ddl J&dl g,
A 98 TP Sidex B dRE NUP! o5 WIR, HUH! A FHd B THAIR Pl
TR SRt S 78 B Goar a1 go! 1 Yl Agl o gl
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3. SaTadel (Accountability) BT HHT

=T & [quila, Al § Saiece! S i W1 el giatl afe Al & fpdt Bae a1
SR ¥ ®is 981 JHUH 81 9l ¢, A1 98 ®Is Aldd a1 SFET erHgRT el o
Tl ISR afe IS Afdd Al ¥ fA<ig Ieoe dex TR 9iR § U1 &rdT 8
IR Y R THTH BiaT ¢, df 98 9P U Al TR el el & gdbdl| had 3R
I& givomE} &1 gt fordert S99 91 8 g1t 81

A

Al T d fFa=mell IUETr 8, Sl §HR B1H B A R a9l a-1a1 ¢
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GEl |
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A.Lalitha - Pioneering the Way for Women
in Engineering

Ms Amila Saxena

As India celebrates Engineers'
Day on 15 September-
commemorating the birth
anniversary of Sir M.
Visvesvaraya-it 1s an ideal
occasion to reflect upon and
celebrate the remarkable
women who broke socio-
cultural barriers to shape the landscape of Indian
engineering. Leading this pantheon of pioncers is
Ayyalasomayajula Lalitha, a visionary who etched
her name in history as India’s very first woman
engineer.

Early Life and Triumphant Perseverance

Born in April 1919 in Madras (now Chennai) into a
middle-class family, Lalitha grew up in an era when
social norms dictated strict traditional roles for
women. Her father, Pappu Subba Rao, was an
electrical engineering professor, which exposed her
early on to technical concepts, though socictal
expectations still hmited higher education for young
women.

Lalitha's life took a tragic turn when, in keeping with
the times, she was married at the age of 15. By 1937,
at just 18 years old, she lost her husband and was left
to navigate a conservative society as a young widow
with a four-month-old daughter, Syamala.

In a period when widowed women were routinely
expected to withdraw trom public life, Lalitha chose
a path of resilience, self-reliance, and courage.
Supported by her forward-thinking father, she
resolved to complete her education to build an
independent future for herself and her daughter.

Path-Breaking Education at Guindy

After completing her secondary education, Lalitha
sought admission to the prestigious College of
Engineering, Guindy (CEG)-an institution that had

never before admitted female students.

Recognizing her talent and determination, the
principal of the institution, along with government
authorities, made special provisions to allow her
admission. In 1940, Lalitha enrolled in the Electrical
Engineering program. To accommodate her, the
college had to construct dedicated amenities and
adapt its campus environment.

During her studies. Lalitha balanced the demanding
rigorous academic coursework of an engineering
program with the full-time responsibilities of
motherhood. Her perseverance paid off when, in
1943, she graduated with first-class honors,
officially becoming India's first female engineer.
Her accomplishment inspired other women; soon
after, PK Thresia and Leelamma George joined and
graduated from the same institution,

A Stellar Professional Career

Upon graduation. Lalitha began her practical
training at the Central Standards Office in Simla
(Shimla). She later joined the Associated Electrical
Industries (AEI), a major British firm, where she
worked for over two decades.

As a practicing electrical engineer, Lalitha worked
on significant public infrastructure and power
projects. Among her notable professional
contributions were her technical design work on the
electrical setups for the iconic Bhakra Nangal Dam-
one of independent India's most ambitious
hydroelectric power projects-as well as specialized
work on power grid design, transmission
equipment, and substation transformers.

Representing India on the Global Stage

Lalitha's professional expertise gained international
recognition. In 1964, she was invited to represent
India at the First International Conference of
Women Engineers and Scientists (ICWES) held in
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At this global summit, she stood as an ambassador
for Indian women in STEM, sharing her experiences
and proving that women from developing nations
could attain technical mastery and lead engineering
efforts on equal footing with their international
peers.

Legacy and Modern Impact

A. Lalitha passed away in October 1979, but her
impact continues to ripple through generations,
Today, thousands of Indian women are actively
shaping cutting-edge fields-from aerospace
engineering at ISRO and renewable energy
development to software architecture, artificial
intelligence, and civil infrastructure.

Her journey demonstrated that technical aptitude
knows no gender. By breaking through institutional
resistance, personal grief, and systemic bias, A.
Lalitha did not simply earn a degree; she
fundamentally expanded the horizon of possibilities
for Indian women.

On this Engineers' Day, we remember A, Lalitha not
just as a historical first, but as an enduring emblem of
determination, professional excellence, and
structural change.

"She did not simply enter a profession; she shattered
a ceiling, lit the pathway, and ensured that the doors
of engineering remained open for generations to
come,"
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Emerging Engineering Technologies for

Sustainable Sugarcane Production

Mrityunjai K. Singh, Rajesh U. Modi, Himanshu S. Pandey, Shyam Nath
ICAR-Indian Sugarcane Research Institute, Lucknow

Abstract

Sugarcane occupies fields for almost twelve months and demands intensive labour and machinery
inputs at every stage, from seedbed preparation to harvest and transport, so engineering intervention is
central to the crop's economic wviability. This chapter brings together decades of implement
development at the ICAR-Indian Sugarcane Research Institute (ISRI), Lucknow spanning tillage,
planting, inter-culturing, plant protection, ratoon management, harvesting, and trash management with
recent engineering studies that mark a shift from mechanical tools toward sensing and Al-enabled
systems, These include a deep-leaming ensemble framework for ficld diagnosis of sugarcane pest
damage an unmanned aerial vehicle (UAY) based herbicide spraying system optimized for weed
control, a tractor-operated cane node planter that mechanizes precision planting of primed single-bud
nodes a convolutional neural network (CNN) that classifies human physiological stress from [acial
imagery during manual harvesting, an automated deep-learming framework for real-time weed
identification in standing sugarcane, and a computer-vision system that classifies crop lodging from
ficld photographs to guide harvest decisions. Across these studies, CNN backbones such as
DarkNet53, ResNet50, and EfficientNet-BO repeatedly emerge as high-accuracy, field-deployable
options, while UAV and sensor-based platforms consistently cut water, labour, and input use without
sacrificing efficacy. Read together, the six studies show sugarcane engineering research converging
on integrated systems that combine mechanical precision, sensing, and automation to raise timeliness,

precision, worker safety, and resource-use efficiency across the crop cycle,
|, Introduction

India remains a predominantly agrarian economy, with 60-65% of the population dependent on
agriculture and allied activities. The rural population has declined steadily from about 91% in 1901 to
nearly 35% by 2025 as rural and urban migration draws workers toward employment and better
amenities, and several welfare schemes have further reduced the rural workforce, shortage of labour
supply and increasing wages. Indian agriculture is characterized by small, fragmented holdings, and
sugarcane cultivation reflects these structural constraints. As a long-duration crop that occupies land
for nearly twelve months, sugarcane demands intensive labour and machinery inputs across land
preparation, planting, intercultural operations, harvesting, and timely transport to mills. Since
cultivation accounts for 60-70% of total sugar production costs, efficient field operations are central

to the economic viability of the sugar industry,
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1zation is therefore a critical engineermg mmput for sugarcane, not only in substitutin age

of labour but in optimizing the use of inputs such as seed, fertilizer, water, and agrochemicals. Farm
power availability in India varies widely, from about 1.0 kW/ha in some states to 6.0 kW/ha in
Punjab, with a national average of 3.14 kW/ha, of which roughly 88% is derived from mechanical and
clectrical sources. The strong correlation observed between farm power availability and agricultural
output underscores the case for expanding mechanization further. Demographic pressures, an ageing
farming population, declining numbers of draft animals, and falling labour force participation in
agriculture which add further urgency. Precision mechanization has been shown to reduce seed and
fertilizer use by 15-20%, cut operational time by 20-30%, lower labour requirements by 20—40%, and
raise yields by 13-23%. With India’s overall farm mechanization level at around 45%, still lower than
China (59.5%) and Brazil (75%), reaching 75% mechanization is considered an important milestone
toward the Viksit Bharat 2047 vision, positioning engineering intervention as a comprehensive
enabler across every stage of sugarcane production (Modi et al., 2020; Singh & Modi, 2022).
The key engineering objectives that motivate this mechanization agenda are:

*  Ensuring timeliness of field operations across the crop calendar

=  Reducing the direct and indirect cost of operations

*  Minimizing human drudgery associated with manual field tasks

* Enhancing the productive efficiency of critical inputs such as fertilizers, pesticides, water, and

labour

Sugarcane is cultivated over roughly 5.2 million hectares in India, yielding close to 350 million tonnes
annually, and around 4.5 million people depend on its cultivation and processing for their livelihood
(FAOSTAT, 2026). The crop is energy, labour, and cost intensive, requiring nearly 400 man-days per
hectare across its cycle when traditional tools are used, which raises the cost of cultivation and adds
substantially to human drudgery. Well-designed machinery not only ensures the timely completion of
operations but also improves precision and productivity while lowering input cost and labour
dependence. Since its establishment in 1952, the ICAR-Indian Sugarcane Research Institute (ISRI),
Lucknow has been involved in development and refinement of machinery for mechanized sugarcane
cultivation, start from seedbed preparation to ratoon and trash management, and the adoption of these
machines has demonstrated significant savings in labour, cost, time, and drudgery. Recently, these
mechanical systems have been extended with application of computer vision, deep learning. and

UAWSs, forming the emerging engineering technologies (Pandey et al., 2023).
2. Engineering Interventions  in different farm operations

2.1 Seedbed Preparation
Primary tillage tools such as mouldboard and disc ploughs, combined with secondary tillage

implements such as disc harrows and cultivators, are commonly used to prepare sugarcane seedbeds,
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A single primary tillage pass followed by two secondary tillage passes is typically sufficient for good

tilth, ISRI developed the culti-harrow specifically to reduce the cost, time, and energy associated with
this stage. Sub-soiling at a depth of 35-40 c¢m every four years is also recommended to break the
hardpan layer and improve root penctration, supporting healthier crop establishment in subsequent

seasons.,

2.2 Sugarcane Planting

Traditional sugarcane planting is highly labour-intensive, requiring 40-45 man-days per hectare
across furrow opening, sett cutting, sett placement, fertilization, and soil covering. Mechanization
efforts at ISRI have produced multiple models of semi-automatic and tractor-operated sugarcane
cutter planters that substantially reduce labour requirements, complete planting in 4-5 hours per
hectare, and cut planting costs by more than 50% relative to traditional methods. To support water-
saving approaches such as furrow planting, ISRI has developed deep-furrow openers, deep-furrow
planters, and deep-finrow sugarcane cutter planters capable of completing all planting operations in a
single pass. Trench planters have also been developed to mechanize planting under wide-spaced
paired-row geometry (30:120 cm), which helps conserve water, reduce lodging, and improve ratoon
performance. For ring-pit planting, valued for its high productivity but traditionally constrained by
labour availability, tractor-operated pit diggers have reduced pit-digging cost by about 70% while
enabling nearly 150 pits per hour. Machinery for intercropping systems, including raised bed seeders
and raised bed seeder-cum-cane planters, allows simultaneous sowing of wheat or pulses alongside
sugarcane, and recent advances include machines for planting potato and multi-crop bed sceders
combined with cane planters, all validated in field trials. A notable recent advance in this area 1s the
Ikshu tractor-operated cane node planter, fully mechanizes the planting of pre-cut, primed single-bud
cane nodes through an integrated system of deep furrow openers, a ground-wheel-driven node

metering mechanism. a fertilizer applicator, and soil-covering devices working in a single pass.
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2.3 Inter ~culturing  Operations

Sugarcane typically requires 4-5 inter-culturing operations, each demanding 25-30 man-days per
hectare if performed manually. Mechanization using cultivators, rotary weeders, and sweep shovels
substantially improves weeding efficiency. ISRI has developed interculture equipment fitted with
sweep shovels. as well as a sugarcane manager machine that combines inter-culturing with band

placement of fertilizer, reducing the number of separate field passes required.

2.4 Plant Protection

Weed, pest, and disease management are essential for maintaining optimal sugarcane productivity, yet
traditional manual spraying and scouting methods remain labour-intensive and consume excessive
water and time. Unmanned aerial vehicles (UAVs, or agricultural drones) present a promising
alternative, offering efficient chemical application, up to 90% reduction in water usage, lower labour
requirements, and more timely plant protection interventions. Through optimized spray parameters
and wider adoption among small and marginal farmers, drone-based operations can meaningfully
improve farm profitability. ISR has developed standard operating procedures (SOPs) for drone-based
spraving across sugarcane operations, achieving field capacities ol approximately 2.5 ha'h and
delivering rapid, precise, resource-efficient crop protection. Recent quantitative field evaluation of
UAV-based herbicide spraying, summarized in Section 3.2, has further refined the operational
parameters including flight speed, flight height. and droplet characteristics. needed to optimize this
technology for sugarcane weed management. Complementing chemical-application engineering,
image-based deep learning systems are emerging as a diagnostic layer that can identify pest damage
and weeds automatically from field photographs, helping target mterventions more precisely and

paving the way toward autonomous, site-specific spraying.

2.5 Ratoon Management
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Ratoon crops account for more than 50% of India’s sugarcane area. Although ratooning is geﬁerally
profitable, yields often remain lower than those of plant crops owing to inadequate post-harvest care,
Essential ratoon operations — stubble shaving, root pruning, inter-culturing, and fertilizer application —
are labour-intensive when performed with traditional tools. ISRI developed the Ratoon Management
Device (RMD), a multi-operation unit that performs all these tasks in a single pass with a field
capacity of 0.25 ha'h, and a disc-type RMD variant for ratoon fields with surface trash, which
achieves 0.28 ha'h (Singh et al., 2017).

2.6 Sugarcane Harvesting

Efforts to mechanize sugarcane harvesting in India have been actively pursued at institutions
including ISRI, VSI Pune, and TNAU Coimbatore. Tractor-operated whole-stalk harvesters and
detrashers were developed in earlier phases bul were not widely commercialized. More recently, self-
propelled billet harvesters have been introduced in several sugar mill zones, enabling efficient cut-
and-load harvesting. Although highly effective, these machines are capital-intensive and require
careful management to remain cconomically viable, A typical hillet harvester can process 100-150
tonnes of cane per day, with an hourly capacity of 1215 tonnes and diesel consumption of 18-20
litres per hour, harvesting roughly 1.0 ha'h on average. These harvesters are best suited to fields with
single-row or wider planting at a row spacing of 1.0 m or more, provided the soil is properly earthed
up, and they are also capable of harvesting fallen or lodged cane, adding operational flexibility,
Government subsidies of 40-50% are available for sugarcane harvesters in states such as Madhya
Pradesh, Maharashtra, Haryana, Punjab, Bihar, and Gujarat, though no equivalent subsidy is currently
available in Uttar Pradesh. Where cane remains manually harvested, human drudgery and

physiological strain are themselves engineering concerns.
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2.7 Trash Management
Handling sugarcane trash remains a persistent challenge in manually harvested systems (Srivastava,
2003). Composting aided by vinasse and filter cake can return substantial nutrients to the soil, vet the
adoption of trash mulching in sugarcane farming has been constrained by the lack of a single machine
that can perform mulching and stubble shaving together, limiting soil-health benefits and slowing
trash decomposition ahead of ratoon crop initiation. To address this gap, ISRI has developed a tractor-
operated trash mulcher-cum-stubble shaver device for sugarcane ratoon crops that combines trash
mulching, chemical spraying, and stubble shaving into a single field pass. The device operates at a
tractor speed of 2.5 km/h, consumes 4.5 L'h of diesel, and achieves an effective field capacity of 0.3
ha/h at 80% field efficiency (Singh et al., 2024),

=

3. Emerging Technologies

3.1 Artificial Intelligence. Computer Vision and Precision Crop Management

Recent advances in sugarcane engineering increasingly integrate deep leaming. computer vision and
UAV technology to improve crop protection, diagnosis and field decision-making. Singh et al. (2026)
developed a field- and laboratory-image based deep-leaning pipeline for classifying eleven categories

of sugarcane pest damage using 4,155 expert-annotated images and seven pretrained CNN backbones.
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Efficient™Net-B0, YOLO! In-cls and ResNet-30 achieved wvalidation accuracies of about 96-97%.
while an attention-weighted ensemble provided the best balance of accuracy (96.4%), macro-Fl
(96.2%) and ROC-AUC (0.9985). The models were also exported to TorchScript and ONNX and
demonstrated through a deployment GUI, supporting practical field use. For weed management. Modi
et al. (2023a) developed a CNN-based identification system using 5660 augmented images
representing sugarcane and nine weed species. DarkMNet33 achieved 99.1% validation accuracy and an
F1 score above 99%, with independent field verification accuracies of 96.6-96.7%. This provides a
basis for site-specific herbicide application. Modi et al. {2026b) further demonstrated UAV -based
precision spraying, where 3.0 m/s flight speed and 1.0 m height produced the best spray deposition.
The optimized UAV used 55 L/'ha compared with 500 L/ha for knapsack spraying, while achieving
about 80% weed-control efficiency, 2.6 ha'h field capacity, 89% water saving and approximately 82%
lower input cost. Together, these studies demonstrate a transition from image classification toward

integrated, resource-efficient precision crop management.

3.2 Integrated Mechanization, Ergonomics and Harvest  -Oriented Automation

The convergence of these approaches also suggests a practical architecture for future sugarcane
systems: camera or UAY sensing can identify crop and field conditions, analytical models can support
timely decisions, and mechanized implements can execute targeted operations with improved
timeliness, precision, labour efficiency and resource conservation, Mechanization research s
simultaneously addressing planting, worker ergonomics and harvest operations through purpose -built
machines and intelligent sensing. Modi et al. (2026a) developed the tractor-operated ‘lkshu’ cane
node planter for single-bud planting, The round-cup metering mechanism with active push, operated
at 0.7 m's, achieved a 5.3% miss index, 81.0% quality feed index, 91.7% precision index and 85.0%
germination. The planter operated at .18 ha'h and reduced seed requirement by 74.3%, labour by
#4.9% and operating cost by 64.9% compared with conventional sett planting, with a benefit-to-cost
ratio of 1.85, Worker-centred automation was demonstrated by Modi et al. (2024), who used CNNs to
classify stress during manual sugarcane harvesting from facial images, Using data from 20 subjects
and 4,300 augmented images, DarkNet53 achieved 95.9% validation accuracy and 88% net accuracy
on field testing, indicating potential for low-cost, non-invasive ergonomic monitoring. In harvest
engineering, Modi et al. (2023b) developed a lodging-classification system from field images
collected across two cultivars and two seasons. ResNet50 achieved 98.5% validation accuracy and
94% net accuracy during independent field testing, providing a potential sensing layer for automated
lifting and separating mechanisms. Collectively, these technologies indicate a shift toward integrated
agricultural systems in which mechanical operations, sensing and artificial intelligence complement
one another. The common emphasis on field validation, measurable resource savings, automated
decision support and integration of previously separate tasks strengthens their potential for practical

adoption in sugarcane production.
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5. Conclusion

Substantial progress has been made in India toward mechanizing sugarcane cultivation, with region-
specific machinery developed, field-tested, and commercialized through manufacturers. Recent
advances such as deep-learning-based pest and weed diagnosis, precision UAV spraying, the Ikshu
cane node planter, camera-based human stress classification, and computer-vision lodging detection
are extending this progress from conventional mechanical implements toward integrated. sensor and
automation enabled systems. Achieving higher system-wide efficiency will require coordinated effort
among researchers, manufacturers, extension agencies, and farmers., Continued adoption of cost-
effective machinery, drone-based spraving. and Al-assisted diagnostic and monitoring tools can
significantly reduce labour requirements and drudgery, improve input-use efficiency, lower

operational costs, and boost overall productivity across sugarcane-based cropping systems,
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Advanced Technologies in Chemical Industrles
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The chemical industry is passing through a
remarkable phase of transformation. Rapid
advances in digitalisation, artificial intelligence,
automation, advanced materials, biotechnology, and
sustainable process technologies are redefining the
way chemical plants are designed, operated, and
managed. The focus is no longer limited to higher
production and profitability; modern chemical
industries must simultaneously achieve energy
efficiency, environmental sustainability, safety,
quality, and resource conservation [1,2].

1. Digitalisation and Artificial Intelligence

One of the most significant developments is the
integration of Artificial Intelligence (Al),
Machine Learning (ML), Industrial Internet of
Things (IIoT), and advanced analytics into
chemical-process operations. Sensors installed
throughout a plant can continuously monitor
temperature, pressure, flow, vibration, composition,
and equipment health.

Al-based systems can analyse large volumes of
process data and identify deviations before they
develop into serious operational problems.
Predictive maintenance enables industries to
anticipate equipment failures and schedule
maintenance at the optimum time, thereby reducing
unplanned shutdowns and maintenance costs.
Digital twins are another emerging technology,
providing virtual representations of operating plants
and equipment that can be used to simulate operating
conditions, optimise processes, and identify
potential bottlenecks without disturbing actual plant
operations [3,4].

2.Advanced Process Control and Automation

Modern chemical plants are increasingly moving

from conventional process control to Advanced
Process Control (APC) and model-based
optimisation. These systems continuously adjust
process parameters to maintain optimum operating
conditions.

Automation, robotics, distributed control systems,
and smart instrumentation are improving plant
reliability and safety. Automated systems can
perform repetitive or hazardous activities, reducing
human exposure to dangerous chemicals and high-
temperature or high-pressure environments. The
integration of Al with process intensification and
advanced control is expected to further improve
plant efficiency and flexibility [4,6].

3. Green and Sustainable Chemical Technologies

Sustainability has become a central requirement for
the chemical industry. Conventional processes often
consume substantial quantities of fossil fuels, water,
and raw materials while generating greenhouse-gas
emissions and waste.

New technologies are addressing these challenges
through energy-efficient reactors, process
intensification, waste-heat recovery, renewable
energy, water recycling, carbon capture,
utilisation and storage (CCUS), and conversion
of industrial waste into useful products [1,5,9].

Green chemistry focuses on preventing waste and
reducing the use or generation of hazardous
substances at the design stage rather than treating
them after they have been produced. The principles
of green chemistry therefore provide an important
foundation for developing safer and more
sustainable chemical processes [7,8].

4. Advanced Separation Technologies

Separation processes such as distillation, absorption,
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extraction, and evaporation are among the largest
energy consumers in many chemical plants.
Advanced separation technologies therefore offer
enormous opportunities for energy conservation.

Membrane technology, adsorption, advanced
solvents, molecular sieves, and hybrid separation
processes are increasingly being adopted to reduce
energy consumption and improve product purity.
Process intensification can further reduce
equipment size, energy requirements, and
environmental impact while improving process
performance[1,5].

5.Biotechnology and Bioprocessing

The convergence of chemical engineering and
biotechnology is opening new avenues for
manufacturing. Biocatalysis, fermentation,
synthetic biology, and engineered microorganisms
can produce chemicals, fuels, pharmaceuticals,
polymers, and speciality products under
comparatively mild operating conditions.

Bio-based chemicals derived from renewable
biological resources can reduce dependence on
petroleum-based raw materials. The development of
bio-refineries is particularly promising, where
biomass is converted into multiple value-added
products.

6. Advanced Materials and Nanotechnology

The development of nanomaterials, advanced
catalysts, high-performance polymers, composites,
and functional materials is creating new
opportunities across the chemical sector. Advanced
catalysts can increase reaction rates and selectivity
while reducing energy requirements and unwanted
by-products [2].

Nanotechnology can enhance catalyst performance,
membrane properties, filtration, energy storage, and
surface characteristics. These advanced materials
are finding applications in corrosion protection,
batteries, hydrogen technologies, electronics,
renewable energy, and speciality chemicals.

7. Hydrogen and Carbon Management

i!h:""w /

The transition towards a low-carbon economy has
placed hydrogen at the centre of future energy and
chemical strategies. Green hydrogen produced
using renewable electricity has significant potential
in ammonia, methanol, refining, and other
energyintensive industries [1].

At the same time, carbon-management technologies
are becoming increasingly important. Captured
carbon dioxide can potentially be utilised as a
feedstock for fuels, chemicals, carbonates, and other
value-added products. The integration of carbon
capture with utilisation and storage can help reduce
emissions from difficult-todecarbonise industrial
processes [1,9,10].

8.Additive Manufacturing and 3D Printing

Additive manufacturing (3D printing) is emerging
as a valuable technology for chemical-engineering
applications. It can produce customised reactor
components, heat exchangers, catalyst supports,
mixing devices, and complex geometries that may
be difficult to manufacture using conventional
methods.

This technology can reduce material usage, shorten
development cycles, and enable rapid prototyping
ofinnovative process equipment.

9. Computational Fluid Dynamics (CFD)

Computational Fluid Dynamics (CFD) is an
advanced technology increasingly used for process
improvement and equipment optimisation in
chemical industries. It enables engineers to simulate
fluid flow, heat and mass transfer, turbulence,
mixing, combustion, and chemical reactions. CFD
helps identify flow maldistribution, pressure losses,
hot spots, and inefficient heat transfer. It supports
improved design of reactors, heat exchangers,
furnaces, pipelines, and process equipment, while
reducing energy consumption, development time,
and experimental costs. Integration with Al and
Digital Twins further enhances predictive process
optimisation. [11,12]

The Road Ahead
The chemical industry of the future will not be
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defined by a single technology. Its transformation
will come from the integration of digital
technologies, advanced process engineering,
artificial intelligence, clean energy, biotechnology,
advanced materials, and circular-economy
principles [1,4,7].

However, technology alone cannot guarantee
success. Skilled engineers, strong safety culture,
effective leadership, continuous learning, and
responsible decisionmaking will remain
fundamental. Chemical engineers must increasingly
combine traditional process knowledge with digital,
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environmental, and multidisciplinary c_apabilities.

The ultimate objective should be to create chemical
industries that are safer, smarter, cleaner, more
efficient, and economically competitive. The
transition from conventional chemical plants to
intelligent and sustainable manufacturing systems is
already underway. Organisations that embrace
innovation while maintaining the highest standards
of safety and environmental responsibility will be
best positioned to lead the chemical industry of
tomorrow.
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Our Core Business Areas

Water & Wastewater Treatment Projects

Zero Liguid discharge

RO, UF, MF, MBR & Advanced Membrane Systems
ETPR, STP & Wastewater Recycling

Pre-Treatment & Filtration Systems

Cooling Water Treatment

Boiler Water Treatment

Industrial Water & Process-Water Treatment
Specialty Water Treatment Chemicals

Membrane Cleaning & Maintenance Chemicals
Industrial Cleaning, Descaling & Passivation
Operation & Maintanance Services

Technical Audits, Troubleshooting & Performance
Improvement

VWater Quality Management
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201-202, Usha Chambers, Mew Rajdhani
Enclave,Vikas Marg, NMew Delhi-110092.
Works: AO-197, S5GT Road, UP SIDC
Industrial Area.Ghaziabad - UP

E-mail: info@synwater.com

Web  www.synwatercom

Mobile : 9871509786/9871592724/26
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APV Technologies Pvt. Ltd.

Softivcive Nevwices Evpontes fox oven 2 Hecades

Our Services

Soffware- Development, Testing Databasze Maoanagement
& Maintenance

Websltes & Fortals - Design, Trainings for a wicle
Development & Malintlenance specitrum of IT Skills

Consulting for Design & Search Engine
Architecture COrplimization

Applicatleon Support & ) Demain Registration
Malntenance & Hosting SO aoh
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Wels : www apvtechnologies. com




OLOE ZZ 008l - 1Ip2 swoy Buoss b pjing oL YPYE E0L008L - 1TV 'FINOH I18VINA vV aT1iNg OL

-1930M UaAS sd03s 30y

F_um.._ﬂ._umd e SWIOH 1noA pjaIys

-

ANINED IV
S.VIaNI iuepe




Join the India’s

1

| Largest Association for gg&
Marine Engineers 9%
BENEFITS OF MEMBERSHIP

s Develop professional competency on a s Use the opportunity to interact and

continuous basis. network with senior marine engineering
professionals, academics, administrators
and business leaders,

s Receive monthly technical journal free of cost.

® Access Institute’'s website for relevant

5 b 2 #» Receive information about marine
technical and social information.

technical events worldwide.
o Get special discount on Institute Publications,

attendance fees at technical seminars and

conferences.

ABBREVIATED TITLES
AND DESCRIPTION OF MEMBERSHIP

Each Corporate and Non-Corporate Member of the Institute may use the title of the grade to
which he belongs or the abbreviation thereof, as provided by these Articles and shall use no other
title or abbreviation to describe his relation to the Institute.

Each member of the Institute is entitled to describe himself as follows

F.1. Mar. E (1) G. L. Mar. E (I}
M. I. Mar. E (1) S. 1. Mar. E (1)
A. M. I. Mar. E (1) 5. M. 1. Mar. E (1)
A. 1. Mar. E (1)

OUR BRANCHES & CHAPTERS ARE AT

® Chennai e Goa e Kolkata e Mumbai e Pune
e Chandigarh e Gujarat e Karnataka e Navi Mumbai e Visakhapatnam
e Delhi e Hyderabad e Kochi e Patna e Rajasthan

e Lucknow

And many more branches being launched soon.

BECOME A MEMBER NOW

https://sites.google.com/view/member-imei/home
For any clarification/support, please mail us at membership@imare.in

Institute of Marine Engineers (India)
visit us: https://imare.in/




