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Message from Knowledge
Chamber of Commerce and Industry

I am pleased to con-
vey my message to
the  stakeholders
of the Chemical
and Petrochemical
industry. | compli-
ment the Knowl-
edge Chamber of

Commerce and
Industry (KCCl) for
taking the initia-

Shri Durgesh Agarwal

tive to organise the
Chemical & Petrochemical Summit, which pro-
vides an important platform for dialogue among
industry leaders, policymakers, and experts.
The chemical and petrochemical sector plays a
crucial role in India’s industrial growth and eco-
nomic development. It serves as a backbone
for several key industries such as pharmaceu-
ticals, textiles, agriculture, plastics, and man-
ufacturing. India has emerged as one of the
fastest-growing markets for chemicals, with in-
creasing investments, strong domestic demand,
and expanding global trade opportunities.
States like Gujarat have been at the forefront of

this growth, contributing significantly through
strong industrial infrastructure, world-class
ports, petrochemical complexes, and a vibrant
manufacturing ecosystem. As India moves to-
ward the vision of Viksit Bharat, the chemical
and petrochemical industry will play an even
more critical role in driving innovation, sustain-
ability, and global competitiveness.

I am happy to learn that KCCI, in collaboration
with ChemAnalyst, is bringing out a research
study on the Chemical and Petrochemical sec-
tor to mark this summit. Such research-driven
insights are extremely valuable for understand-
ing market trends, supply chain dynamics, and
emerging opportunities in the sector.

| especially acknowledge the efforts of the KCCI
team for conceptualising and organising this
important summit and appreciate the ChemAn-
alyst team for preparing the research study that
will contribute meaningfully to industry discus-
sions.

With these words, | wish the Chemical & Petro-
chemical Summit and the Knowledge Chamber
of Commerce and Industry great success.

Durgesh Agarwal
Chairman -Western Region
Knowledge Chamber of Commerce and Industry
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Message from Chemanalyst

As India strives to-
wards its ambitious
goal of becoming a
developed nation
by 2047, the chem-
ical and petro-
chemical industry
plays a pivotal role.
This sector is not
only crucial for eco-
nomic growth but
also for addressing
pressing environ-
mental challenges.
By prioritizing sustainability and innovation, the
industry can align itself with national objectives
and global standards.

Mr. Karan Chechi

The chemical sector significantly contributes
to India’s GDP and employment across var-
ious sectors. As demand for chemical prod-
ucts continues to rise, it’s imperative that this
growth is sustainable. The industry must adopt
eco-friendly practices, reduce emissions, and
enhance resource efficiency. Sustainability is no
longer a choice but a necessity. The global com-
munity increasingly prioritizes Environmental,
Social, and Governance (ESG) criteria, urging in-
dustries to embrace responsible practices.

Resource efficiency is paramount. Implement-
ing practices that minimize waste and optimize
resource use can significantly reduce the envi-
ronmental footprint of chemical production.
The adoption of green chemistry principles is
equally important, as it leads to the develop-

ment of safer and more sustainable chemical
processes. Transitioning to renewable energy
sources is vital for lowering carbon emissions.
Gujarat has emerged as a leader in transforming
India’s chemical landscape. The state’s proac-
tive policies, robust infrastructure, and collabo-
rative ecosystem have positioned it as a leader
in sustainable practices within the industry. The
Gujarat government has implemented progres-
sive policies that incentivize sustainability and
innovation. Research and development in Guja-
rat are also noteworthy, with significant invest-
ments in educational institutions and innova-
tion hubs.

Achieving sustainability and innovation requires
united efforts. Collaborations among industry
stakeholders, government agencies, and re-
search organizations are vital for driving sys-
temic change. Public-private partnerships can
leverage resources, expertise, and technology
to accelerate the adoption of sustainable prac-
tices. Forming alliances among companies with-
in the sector facilitates knowledge sharing and
collective action towards sustainability goals.

A sustainable and innovative chemical sector
can contribute to economic growth, job cre-
ation, and environmental protection, ultimate-
ly enhancing the quality of life for all citizens.
A commitment to sustainability and innovation
also enhances the global competitiveness of
India’s chemical sector, positioning it as a pre-
ferred partner in international markets.

Karan Chechi
CEO & Founder
ChemAnalyst Data Private Limited
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Executive Summary

India’s chemical and petrochemical industry is
on the cusp of a transformative journey, cru-
cial to achieving the nation’s goal of becoming
a developed country by 2047 under the “Viksit
Bharat” initiative. The industry, a vital pillar of
the economy, has an unprecedented oppor-
tunity to lead in sustainability and innovation,
driven by global shifts toward greener practices
and circular economy principles.

As one of the world’s largest producers of
chemicals, India must balance its growth ambi-
tions with environmental responsibilities. The
industry faces growing pressure to reduce its
carbon footprint, manage resources efficiently,
and minimize environmental impact. Aligning
with the government’s commitment to achiev-
ing net-zero carbon emissions by 2070, the sec-
tor must embrace sustainable production pro-
cesses, including renewable energy integration,
biotechnological innovations, and advanced
carbon capture technologies.

Technological innovation will be critical in this
transformation. Advanced technologies such
as artificial intelligence (Al), machine learning
(ML), and the Internet of Things (loT) will drive
efficiency improvements, reduce emissions,
and optimize resource utilization. Digitalization,
when combined with green technologies, will
enable companies to monitor and manage their
environmental footprint in real time. These
advancements not only contribute to sustain-
ability but also enhance operational compet-

itiveness, making the Indian chemical sector a
global leader in sustainable manufacturing.

Gujarat plays a central role in this transforma-
tion. The state, which produces over 35% of
India’s chemical output and 62% of its petro-
chemical production, has established itself as
the country’s chemical hub. The Petroleum,
Chemical, and Petrochemical Investment Re-
gion (PCPIR) in Dahej, Gujarat, is a prime exam-
ple of how state-level infrastructure and pol-
icies can foster industrial growth. With major
investments from industry giants like Reliance
Industries, ONGC, and BASF, Gujarat is poised to
lead India’s transition to sustainable industrial
practices. The state’s chemical sector is already
benefiting from its focus on circular economy
models, renewable energy adoption, and sus-
tainable infrastructure development. As Guja-
rat continues to attract global investment and
promote green technologies, its leadership will
be key in shaping the future of India’s chemical
and petrochemical industry.

Government policies, including Make in India
and AtmaNirbhar Bharat, are paving the way for
sustainable growth by promoting green chem-
istry, enhancing ease of business, and driving
investments in cleaner technologies. The Na-
tional Chemical Policy and Production Linked In-
centive (PLI) schemes offer additional support,
making India an attractive destination for both
domestic and international investment in sus-
tainable chemical production.
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The shift toward a circular economy, which em-
phasizes resource efficiency, waste reduction,
and recycling, presents a transformative op-
portunity for the industry. By adopting circular
practices, India’s chemical sector can unlock sig-
nificant environmental and economic benefits,
while ensuring resilience in global supply chains.

This shift will require significant investment in
infrastructure, technology, and capacity-build-
ing, but it holds the potential to position India
as a global leader in sustainable manufacturing.
Collaboration across sectors will be crucial in
realizing this vision. Public-private partner-
ships, combined with strong ties between gov-
ernment, industry, and academia, will drive re-
search, innovation, and the adoption of green
technologies. Gujarat’s focus on integrating
sustainable practices into its industrial ecosys-
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tem offers a model for other regions in India to
follow, ensuring that the country’s broader eco-
nomic and environmental goals are met.

In conclusion, India’s chemical and petrochem-
ical industry is at a crossroads, with a unique
opportunity to lead the global shift toward sus-
tainability. With Gujarat at the forefront of this
transformation, and with the support of govern-
ment policies and technological advancements,
the sector can drive India’s progress toward
becoming a developed nation by 2047. By em-
bracing innovation, fostering collaboration, and
prioritizing sustainability, the industry will not
only contribute to national economic growth
but also ensure a prosperous and sustainable
future for generations to come.
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Overview of Sustainability in In-
dustry

The global chemical and petrochemical indus-
try are a cornerstone of modern economies,
producing essential chemicals and materials
for diverse applications. It plays a crucial role in
sectors such as manufacturing, agriculture, and
pharmaceuticals, contributing significantly to
GDP worldwide. The industry is driven by tech-
nological advancements, including innovations
in production processes and sustainable prac-
tices aimed at reducing environmental impact.
As the chemical and petrochemical industry
evolves, focus on sustainability and efficiency
are becoming vital for maintaining growth and
addressing environmental concerns.

Sustainability in the chemical and petrochem-
ical industry is increasingly vital as the sector
strives to balance economic growth with envi-
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ronmental responsibility. The industry faces sig-
nificant pressure to reduce its carbon footprint,
manage resources efficiently, and mitigate en-
vironmental impacts. Additionally, the shift
towards a circular economy—where waste is
minimized, and resources are continuously re-
cycled—plays a crucial role. There is a growing
global awareness of the need for sustainable
practices across all industries, including chemi-
cal manufacturing. However, conventional man-
ufacturing methods have frequently resulted in
environmental challenges, such as pollution,
waste, and high energy use. In response, the
industry is undergoing a major transformation,
adopting sustainable practices and pioneering
innovative solutions to mitigate these issues.
https://www.scitec.cnr.it/en/research/
green-chemistry

The petrochemical industry is a major driver of
the global economy, providing essential mate-

Figure 1: Green Chemistry and Sustainability
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rials for a broad range of products and sectors.
However, it is also a significant source of green-
house gas emissions. In response, the indus-
try is adopting greener practices and pursuing
sustainability through various strategies. One
approach involves utilizing renewable energy
sources like solar and wind power in produc-
tion, which lowers both emissions and energy
costs. Additionally, companies are incorporat-
ing energy-efficient technologies and optimiz-
ing operations to cut energy consumption and
enhance efficiency. The industry is also focus-
ing on developing sustainable feedstocks, in-
cluding biobased and renewable alternatives,
to decrease reliance on fossil fuels and explore
carbon capture technologies. Investments in
cleaner production processes, such as catalytic
methods and biorefineries, aim to further miti-
gate emissions and minimize waste".

In India the chemical and petrochemical indus-
try plays a crucial role in the social and econom-
ic development. As the nation progresses, sup-
ported by government policies that enhance
business ease, promote self-sufficiency, and
increase manufacturing output, the chemical
and petrochemical sector is well-positioned
to support and drive this growth. Sustainabil-
ity in the chemical and petrochemical industry
of India is becoming increasingly crucial as the
sector supports the country’s economic growth
while facing environmental challenges. The in-
dustry is focusing on reducing its carbon foot-
print and enhancing energy efficiency to align
with India’s climate goals. The industry is invest-
ing in advanced technologies for better water
management and exploring biotechnological al-
ternatives to traditional processes. By embrac-
ing these sustainability measures, the Indian
chemical and petrochemical sector aims to con-
tribute to the country’s economic development

https://crimsonpublishers.com/pps/fulltext/PPS.000607.php
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while addressing environmental concerns and
supporting India’s broader sustainability objec-
tives.

The Chemical and Petrochemical Industry of
India occupies a crucial role in the economy,
acting as a backbone for numerous sectors
with a diverse range of over 80,000 commercial
products. Although the government has made
commendable efforts to reduce import depen-
dency, enhance infrastructure, and improve the
business environment, a strong emphasis on
chemical sustainability needs to be integrated
into this growth narrative. The chemical and
petrochemical sector is vital for India’s eco-
nomic growth, supporting industries such as
textiles, automobiles, and agriculture. Empha-
sizing sustainability, there is a call for adopting
green chemistry principles, reducing carbon
footprints, enhancing energy efficiency, imple-
menting circular economy practices, improving
water management, and exploring biotechno-
logical alternatives.

In recent years, India has emerged as a com-
petitive and high-quality manufacturing hub
on the global stage, drawing significant foreign
investment. According to ChemAnalyst, India’s
chemical and petrochemical (CPC) industry is
projected to reach between $383 billion and
$450 billion by 2030. The pandemic has driv-
en the global CPC sector to seek more diver-
sified supply chains and invest in regions with
favorable business ecosystems and investment
policies. India stands out as a major potential
investment destination, bolstered by Asia’s ex-
panding role in CPC production and sales?.

The Indian petrochemical industry has experi-
enced significant growth over the years. Build-
ing on the earlier momentum, India’s chemicals
and petrochemicals sector (excluding pharma-
ceuticals and fertilizers) has further strength-

2https://chemicals.gov.in/latest-news/indias-booming-chemical-and-petrochemical-industry-understanding-industry-landscape
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ened its role in the national economy, now
accounting for approximately 13% to 14% of In-
dia’s total merchandise exports as of the 2024—
25 period. According to the latest reports from
the Ministry of Chemicals and Fertilisers, the
industry’s export value reached an impressive
USS 46.4 billion in the most recent fiscal year,
driven largely by a surge in high-value specialty
chemicals and favorable trade policies like the
China-Plus-One strategy. This steady growth
from the 12.4% seen in 2019-20 underscores
the sector’s evolution into a cornerstone of
India’s global trade strategy. The sector is an-
ticipated to expand rapidly, driven by the Aat-
maNirbhar Bharat and Make in India initiatives.
Given that the industry is emissions-intensive,
adopting technologies that reduce emissions is
essential for ensuring sustainable growth?.

In recent years, global attention is focused on
achieving net-zero emissions, with many coun-
tries setting timelines for carbon neutrality. At
the COP26 Summit in Glasgow in 2021, Indian
Prime Minister committed to reaching net zero
by 2070. Achieving this goal requires a major
shift in India’s energy mix, as fossil fuels remain
a major part of its energy consumption. The
Indian chemical sector, crucial to the nation’s
economy and energy landscape, is now cen-
tral to discussions on sustainability and green
practices. While it contributes only about 4% of
India’s greenhouse gas emissions, its role in es-
sential supply chains—such as fertilizers, phar-
maceuticals, and polymers—makes its environ-
mental impact significant. The sector, known
for its energy-intensive processes, is preparing
to implement strategies that align with the na-
tional objective of net-zero emissions.
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Importance of a Viksit Bharat

The term ‘Viksit Bharat’ translates to ‘Devel-
oped India.” Viksit Bharat 2047 embodies the
government’s vision to elevate the country to a
developed status by the centennial of its inde-
pendence in 2047. The initiative is built on four
key pillars: Yuva (Youth), Garib (Poor), Mahilay-
en (Women), and Annadata (Farmers).

Viksit Bharat 2047 is a vision to transform India
into a developed nation by the centennial of
its independence in 2047. This vision includes
diverse aspects of development, such as eco-
nomic growth, environmental sustainability,
social progress, and good governance, with the
goal of achieving a developed status by 2047.
For environmental sustainability, the focus is
to maintain a clean and green environment to
protect its biodiversity and natural resources of
the country.

This initiative emphasizes several critical as-
pects. It seeks to advance the industry by foster-
ing significant growth in production capacities
and technological innovations, enhancing the
sector’s contribution to the national GDP. The
initiative also focuses on integrating sustain-
able practices to minimize environmental im-
pact, such as reducing emissions and adopting
green technologies. Additionally, Viksit Bharat
promotes the development of advanced infra-
structure and efficient supply chains to support
the chemical and petrochemical industries. By
aligning with Viksit Bharat’s goals, the sector
is expected to drive industrial growth, create
employment opportunities, and bolster India’s
global competitiveness, ensuring it meets the
ambitious development targets set for 2047.

Additionally in July 2024, Minister of Chemi-
cals and Fertilizers of India, called for a unified
effort from all stakeholders to drive growth in

3https://chemicals.gov.in/sites/default/files/Reports/Chemical%2520and%2520Petrochemical%2520Statistics%2520at%2520a%2520Glance-2019%2520%281%29%5B1%5D.pdf
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the chemical and petrochemical sectors, under-
scoring the government’s dedication to these
industries as part of India’s USD 5 trillion econ-
omy goal. This announcement was made during
the launch of FICCI’s India Chem 2024, a major
international expo and conference. Held from
October 17-19, 2024, in Mumbai, India Chem
2024 highlighted the Make in India and AtmaN-
irbhar Bharat initiatives and contributed to the
vision of Viksit Bharat 2047. The event will fea-
ture the latest technologies, innovations, and
products in the chemical and petrochemical
industries, while addressing policy issues, reg-
ulatory frameworks, and sustainable practices®.

Objectives & scope of the whitepa-
per

The primary objective of this whitepaper is to
emphasize the critical role of sustainability in
India’s chemical and petrochemical industry. It
seeks to highlight the need for adopting sustain-
able practices to align the sector with both na-
tional goals, such as achieving carbon neutrality
by 2070, and global environmental standards.
In addition, the whitepaper aims to promote
innovation and technological advancement by
underscoring the importance of integrating
cutting-edge technologies like artificial intelli-
gence, machine learning, and loT. These tech-
nologies are essential for improving operational
efficiency, reducing emissions, and optimizing
the use of resources across the industry.

Another key objective is to demonstrate how
policy alignment can support industry growth
while promoting green chemistry and sustain-
able manufacturing. The whitepaper explores
government initiatives such as Make in India
and AtmaNirbhar Bharat, illustrating how these
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frameworks can drive progress within the sec-
tor. It also aims to facilitate the industry’s trans-
formation toward a circular economy, advo-
cating for a shift away from traditional linear
models. By focusing on waste reduction, recy-
cling, and resource efficiency, the paper shows
how the chemical and petrochemical industry
can achieve long-term economic and environ-
mental benefits.

Collaboration is also a theme of the whitepaper,
which aims to encourage stronger ties between
the government, industry, academia, and glob-
al stakeholders. Through these collaborations,
India’s chemical and petrochemical sector can
enhance its global competitiveness and play a
more significant role on the world stage.

The scope of this whitepaper covers a compre-
hensive analysis of the industry’s current state
and future potential with a key focus on the
state of Gujarat and the developments happen-
ing in the state. The whitepaper also examines
the technological advancements driving oper-
ational improvements and environmental effi-
ciency while exploring the policy frameworks
that support sustainable growth. The paper
details the economic and environmental ben-
efits of transitioning to a circular economy,
supported by case studies that demonstrate
successful implementation of sustainable prac-
tices. Furthermore, it highlights collaborative
strategies among government, industry, and ac-
ademia that foster innovation and the adoption
of greener technologies. Lastly, the whitepa-
per provides a roadmap for the future growth
of the industry, offering recommendations for
achieving sustainability targets and positioning
India as a leader in the global chemical and pet-
rochemical sector by 2047.

*https://www.ibef.org/blogs/mission-net-zero-a-strategic-plan-for-the-indian-chemical-sector#:~:text=The%20sector%20has%20historically%20faced,gases%2C%20contributing%20to%20environmental%20degradation
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Sustainable Practices and Regula-
tions

Sustainability has become a crucial focus for
businesses globally, with stakeholders increas-
ingly demanding greater responsibility for the
environmental, social, and economic impacts
of industrial operations. According to ChemAn-
alyst, the global sustainable chemicals market
has entered a phase of rapid expansion, reach-
ing a valuation of USD 120.51 billion in 2025.
Driven by a robust CAGR of over 10%, the mar-
ket is now expected to surpass USD 224 billion
by 2030. This growth is fueled by a “bio-based
revolution,” where renewable feedstocks from
agricultural waste and biomass are increas-
ingly replacing fossil-based resources. With
the Asia-Pacific region emerging as the fast-
est-growing market due to large-scale demand
for bioplastics and biofuels in India and China,
the sector is solidifying its role as the backbone
of the global green transition.

The adoption of sustainable chemicals is an-
ticipated to play a crucial role in driving over-
all sustainability. By shifting towards more
eco-friendly chemical solutions, industries can
significantly reduce their environmental impact,
lower carbon emissions, and enhance resource
efficiency. This transition not only supports the
broader goals of sustainability but also fosters
innovation and contributes to a more sustain-
able future for both the environment and soci-
ety. The chemical industry is no exception, and
Indian chemical companies are actively moving
towards more sustainable practices.

India’s chemical industry is rapidly expanding,
with a compound annual growth rate (CAGR) of
around 8-10%, largely driven by the increasing
demand for eco-friendly and sustainable prod-

" KNOWLEDGE
( | CHAMBER OF
~  COMMERCE

‘ | AND INDUSTRY

ucts. The growth of the green chemicals market
is bolstered by various government initiatives,
such as the Green Chemistry Initiative launched
by the Ministry of Chemicals and Fertilizers,
which encourages the adoption of green tech-
nologies and processes. Supportive policies,
including the National Chemical Policy, foster
sustainable development and innovation, creat-
ing a favourable environment for international
investment. Additionally, India benefits from
abundant and diverse feedstock sources—such
as biomass, agricultural residues, and renewable
energy—which ensure a stable supply chain for
green chemical production. Growing environ-
mental awareness among Indian consumers is
further fuelling demand for sustainable prod-
ucts across sectors like agriculture, textiles, and
packaging. This dynamic landscape presents
lucrative investment opportunities, with a sup-
portive regulatory framework and potential for
joint ventures, strategic partnerships, and tech-
nology transfers to capitalize on the burgeoning
green chemicals market in India®.

India has also made significant progress to
become the sixth-largest global economy in
chemical sales. Its key advantage lies in its de-
mographic dividend and a rapidly expanding
middle class with increasing purchasing power,
positioning it as a consumption-driven econo-
my. Despite the challenges of doing business
in India, the government has implemented nu-
merous structural reforms to create a more fa-
vourable environment for foreign investment.
Initiatives such as ‘Make in India’ are aimed
at enhancing the competitiveness of domes-
tic manufacturing, attracting investment, and
boosting exports, thereby supporting the indus-
try’s growth. On the other hand, petrochemical
industry is also increasingly adopting greener
practices and promoting sustainability through

°https://www.eai.in/blog/2024/03/why-is-the-indian-green-chemicals-market-an-attractive-destination-for-international-investment. html#:~:text=Government%20Initiatives%3A%20The%20Indian%20govern-

ment,o0f%20green%20technologies%20and%20processes.
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Figure 2: Circular Economy & Sustainability
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several strategies. One approach involves using renewable energy sources, such as solar and wind
power, in production processes to cut greenhouse gas emissions and lower energy costs. Additional-
ly, companies are incorporating energy-efficient technologies and optimizing operations to decrease
energy consumption and enhance overall efficiency.

The EU has recently led the charge in sustainability with its ‘Chemicals Strategy for Sustainability,
outlining a long-term vision for its chemicals policy. This initiative, coupled with growing consumer
environmental awareness, has driven key sectors to innovate and develop sustainable chemical solu-
tions. The chemical industry, by interacting with other sectors, has the potential to influence them
towards greener product portfolios and eco-friendly practices. Adopting natural ingredients, ener-
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gy-efficient technologies, low-carbon products,
and substantial R&D investments can enhance
the competitiveness of Indian goods on the
global stage. Additionally, businesses can refine
their branding and marketing to emphasize sus-
tainability, potentially commanding premium
returnse.

Collective adoption of sustainable chemical
manufacturing practices is crucial for achieving
global environmental goals and aligns with ma-
jor international agreements and initiatives:

- Paris Agreement: This landmark accord aims
to limit global warming to well below 2 degrees
Celsius above pre-industrial levels. Sustainable
practices in the chemical industry, such as re-
ducing greenhouse gas emissions and enhanc-
ing energy efficiency, support these climate
goals.

- Sustainable Development Goals (SDGs): The
UN’s SDGs address various global challenges, in-
cluding those related to sustainable consump-
tion and production (Goal 12) and climate action
(Goal 13). The chemical industry’s sustainability
efforts contribute significantly to these goals.

- Circular Economy Initiatives: Promoted by
organizations like the Ellen MacArthur Foun-
dation, these initiatives advocate for reusing,
recycling, or repurposing products and materi-

©https://economictimes.indiatimes.com/small-biz/trade/exports/insights/why-specialty-chemicals-and:
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als. Sustainable chemical practices, such as re-
cycling and resource efficiency, are essential to
these principles.

- Chemical Leasing: Encouraged by the UNI-
DO, this model involves paying for the service
provided by chemicals rather than purchasing
and disposing of them. This approach reduces
chemical waste and supports sustainability ob-
jectives.

- REACH Regulation: The EU’s REACH regulation
focuses on the safe use of chemicals and pro-
motes substituting hazardous substances with
safer alternatives, enhancing industry safety
and sustainability.

- Toxic Substances Control Act (TSCA): In the
US, the TSCA regulates chemical use to protect
human health and the environment. Recent
amendments have strengthened safety and
sustainability measures.

- Chemical Footprint Project: This initiative en-
courages companies to measure and report
their chemical footprints, fostering transparen-
cy and reducing hazardous chemical use.

- Global Reporting Initiative (GRI): GRI provides
a framework for sustainability reporting, includ-
ing chemical management. Many companies
now use these guidelines to report their sus-
tainability efforts.

'99508617.cms?from=mdr

dian-exporters/arti
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Importance of ESG & Circular Econ-
omy in Shaping the Future of the
Chemical and Petrochemical (C&P)
Industry

Sustainability is increasingly at the forefront
of both societal and business priorities, driven
by conscious consumer demand, heightened
investor awareness, and more stringent reg-
ulations. This shift is intensifying the focus on
environmental, social, and governance (ESG)
factors within the chemical industry, which has
traditionally faced scrutiny for its environmen-
tal impact due to energy-intensive processes,
significant greenhouse gas emissions, and inad-
equate waste management.

The chemical and petrochemical industries play
a crucial role in advancing sustainability efforts.
Companies are increasingly prioritizing Envi-
ronmental, Social, and Governance (ESG) cri-
teria, responding to stakeholder demands for
a clear and strategic focus on these standards.
Success and value in the chemical sector are
now judged not only by financial performance
or innovative products but also by how sus-
tainably these goals are achieved. This involves
adopting the cleanest technologies with mini-
mal emissions, ensuring safety, and fulfilling
broader social responsibilities. Key issues such
as greenhouse gas emissions, carbon footprint,
and transparency in accounting and disclosure
are becoming critical areas of compliance and
scrutiny’.

According to the Global Carbon Atlas, India
ranks as the third largest emitter of carbon di-
oxide (CO2) worldwide, accounting for 7.2% of
global emissions. The carbon emissions in India
rose from 1,677 million metric tons in 2010 to

7https://www.indianchemicalcouncil.com/docs/ERM-ICC-Knowledge-papers-10-12-21.pdf
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2,830 million metric tons in 2022. As India aims
to become a major manufacturing hub and a
leading economic power, the demand for raw
materials and associated emissions are project-
ed to rise significantly. This positions India in a
critical role to embrace sustainable practices
and play a substantial part in mitigating climate
change.

Sustainable regulations have evolved globally,
with governments increasingly mandating ESG
elements that were previously voluntary. ESG
disclosures have become mandatory in major
markets worldwide. In India, the Securities and
Exchange Board of India (SEBI) has introduced
new sustainability reporting requirements for
the top 1000 listed companies. The new re-
porting requirements in India encourage trans-
parent and standardized disclosures on ESG
parameters and sustainability-related risks and
opportunities for listed companies. This frame-
work will enable companies to more effectively
showcase their sustainability goals, positions,
and performance to the market. As a result,
it will foster long-term value creation and en-
hance investors’ ability to make informed deci-
sions regarding ESG factors®.

The circular economy is crucial for transforming
the Chemical and Petrochemical (C&P) indus-
try towards a more sustainable future. This ap-
proach focuses on closing the loop of product
lifecycles through greater resource efficiency
and waste minimization. For the C&P sector, it
means redesigning processes to reduce mate-
rial consumption, enhance recycling, and pro-
mote the use of renewable resources. Adopting
circular economy principles enables companies
to lower production costs, reduce environmen-
tal impact, and comply with tightening reg-
ulations. It also drives innovation in product

© https://www.mayerbrown.com/en/insights/blogs/2021/06/india-imposes-new-esg-reporting-requirements-on-top-1000-listed-companies
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development and operational practices. By em-
bracing these principles, the C&P industry can
achieve long-term economic and environmen-
tal benefits, ensuring its growth and sustain-
ability in a rapidly evolving market.

According to the Economic Advisory Council to
the Prime Minister of India (EAC-PM), India’s
transition to a circular economy is projected to
create an annual value of USD 218 billion (INR
14 lakh crores) by 2030 and USD 624 billion
(INR 40 lakh crores) by 2050. These savings are
anticipated to represent 11% of India’s current
GDP, increasing to 30% by 2050. However, suc-
cessfully implementing a circular economy in
India requires an effective ecosystem to foster
the identification and adoption of sustainable
and circular business models.

In India, the chemical industry, a major contrib-
utor to carbon emissions, has recognized the
urgent need to address sustainability challeng-
es. Leading companies in the sector are actively
working to reduce their environmental impact
and adopt sustainable practices. To combat cli-
mate change and reduce their carbon footprint,
several major Indian chemical and petrochem-
ical companies are setting ambitious net-ze-
ro goals and implementing various initiatives.
These efforts underscore their commitment to
sustainability and their proactive stance on re-
ducing emissions. By setting net-zero targets,
investing in renewable energy, and adopting
carbon reduction strategies, these companies
are contributing to the global sustainability
agenda. Embracing sustainability not only en-
hances environmental performance but also
boosts market competitiveness, attracts invest-
ment, and builds a positive brand image.

Recognizing the urgency of sustainable prac-
tices, the Indian chemical industry is driving

2https://ficci.in/api/pdf1/EMP?filelD=23807&fileName=y1lwgHhLVPUTF2IGVKmxvS1Li4q1f8hgbu8VIjkl.pdf
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the transition toward a greener future through
continued efforts and collaboration. Various
companies in the country have taken certain
initiatives strengthening their move towards
sustainability. For instance,

e Reliance Industries Limited (RIL), one of In-
dia’s largest conglomerates, has committed
to achieving net-zero carbon emissions by
2035. The company plans to utilize renew-
able energy sources, enhance energy effi-
ciency, and adopt carbon capture technol-
ogies. RIL is investing USD 10 billion in its
‘Green Energy Plan’ to reach its sustainabil-
ity objectives.

e Tata Chemicals is focusing to reducing its ab-
solute emissions by 30%. In the 2023 finan-
cial year, scope 1 emissions of Tata Chem-
icals Limited amounted to appro ximately
4,423.6 metric kilotons of carbon dioxide
equivalent (CO2e). The company has devel-
oped a comprehensive roadmap to address
Scope 1, Scope 2, and Scope 3 emissions.
It is actively investing in renewable ener-
gy projects, energy-efficient technologies,
and exploring carbon offsetting solutions,
all aimed at transitioning to a low-carbon
economy.

e Aditya Birla Chemicals has set a goal to cut
its carbon emissions intensity by 35% by
2030, compared to the 2018 baseline, and
to achieve net-zero emissions by 2050. The
company is investing in energy-efficient
processes, exploring renewable energy op-
tions, and adopting circular economy princi-
ples to minimize its environmental impact®.

Transitioning from a linear to a circular econo-
my presents significant challenges, but the ben-
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efits are substantial. This shift promises to drive
accelerated economic growth while enhancing
environmental conservation for future genera-
tions. Embracing a circular economy can gener-
ate economic value and contribute to a sustain-
able world for those to come. By establishing an
integrated network of circular business mod-
els, companies can effectively foster a circular
economy. With a system-wide approach and
supportive economic conditions, India has the
potential to emerge as a leading hub for sus-
tainable manufacturing.

Reshaping and Fostering Sustain-
able Manufacturing

The chemical and petrochemical sectors are in-
creasingly prioritizing sustainable manufactur-
ing practices to tackle environmental and so-
cial issues. Companies are adopting advanced
green technologies, such as bio-based chem-
icals and renewable energy sources, including
green hydrogen. These efforts are comple-
mented by cleaner production processes that
reduce waste and lower energy consumption.
Investment in energy-efficient technologies and
optimized operations aims to cut greenhouse
gas emissions and improve overall efficiency.
Adhering to evolving regulations and standards
drives further advancements, while cross-sec-
tor collaboration fosters innovation and en-
hances sustainability across the value chain.
These initiatives not only align with global sus-
tainability goals but also bolster the industry’s
competitive edge and resilience in the market-
place.

In an era where the future of the planet is at
stake, sustainable manufacturing and produc-
tion have become critical challenges. For In-
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dia Inc., embracing sustainable practices is no
longer an option but a necessary step to align
national objectives with global environmental
targets. India’s commitment to sustainability is
clear through its ambitious targets under the
Paris Agreement: a 50% reduction in carbon
emissions by 2030 and achieving net-zero emis-
sions by 2070. The nation has already made sig-
nificant strides, surpassing its initial goal with a
24% reduction in emissions between 2005 and
2020. India’s drive towards sustainable manu-
facturing is supported by strategic policies such
as the National Action Plan on Climate Change
(NAPCC), which outlines a path for sustainable
industrial growth. Additionally, initiatives like
the Zero Effect Zero Defect (ZED) certification
enhance efficiency in smaller enterprises, while
Renewable Energy Certificates (RECs) facilitate
access to green energy.

Accounting for approximately 14% to 17% of
the GDP and supporting a growing workforce
of roughly 68.5 million, India’s manufacturing
sector remains a cornerstone of its economic
strategy. The government has refined its vision
through the Viksit Bharat 2047 initiative, main-
taining the ambitious target to increase the sec-
tor’s contribution to 25% of GDP while shifting
focus toward high-tech manufacturing and sus-
tainable industrial growth. [SB4.1]As India navi-
gates this growth trajectory, balancing econom-
ic ambitions with environmental stewardship is
essential. Sustainable manufacturing practices
will play a key role in establishing India as a
leader in responsible global industrialization.

Environmental, Social, and Governance (ESG)
practices are transforming India’s manufactur-
ing sector by promoting cleaner energy use, re-
source efficiency, and waste reduction. Industry
leaders are pioneering this shift with innovative
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approaches. For instance, Mahindra & Mahin-
dra aims for carbon neutrality by 2040, a full
three decades ahead of India’s collective target.
Similarly, Godrej & Boyce exemplifies success-
ful ESG implementation with nearly complete
waste diversion from landfills, demonstrating
that circular economy principles can be effec-
tively applied in practice™.

The chemical industry is pivotal in advancing
sustainability through various measures. These
include adopting green molecules (bio-based
chemicals), utilizing renewable energy and
green hydrogen, and developing cleaner, more
efficient production processes that minimize
waste and energy consumption via sustainable
technologies. Although total carbon elimina-
tion is unattainable, significant reductions in
greenhouse gas (GHG) emissions are achievable
through current industry practices. Examples
include:

e Agrochemicals: Indian agrochemical firms
are implementing eco-friendly practices,
such as zero-discharge solutions, recovering
over 80% of water, and significantly reduc-
ing total dissolved solids (TDS) and chemical
oxygen demand (COD) levels.

e Petrochemicals: This sector is embracing
circular economy principles, renewable
energy use, and decarbonization efforts to
support sustainable growth.

e Chlor-Alkali Chemicals: Indian chlor-alkali
plants predominantly use green membrane
technology. By-products like hydrogen are
repurposed for flakes plants and boilers,
while fly ash and brine sludge are utilized in
coal-based power plants and construction
materials. The industry is also advancing to-

hhttps://etedge-insights.com/industry/n turing/driving
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wards zero effluent discharge and recycling
liquid effluents within plants.

Achieving New Heights: Opportu-
nity to Boost Exports

India has consistently ranked third in chemical
imports and fourth in exports over the past
five years, demonstrating its significant role in
global trade. The percentage share of India’s
chemical exports has steadily increased, driven
by economic growth and rising domestic con-
sumerism, which is expected to enhance per
capita chemical usage. India has cemented its
position as a reliable global supplier of dyes,
dye intermediates, basic chemicals, agrochem-
icals, cosmetics, toiletries, and castor oils. The
sector’s growth is attributed to efforts by the
Department of Commerce & Industry, CHEM-
EXCIL, and Indian exporters, despite challenges
such as high freight rates and container short-
ages. Key states like Gujarat, Maharashtra, Kar-
nataka, Tamil Nadu, and Andhra Pradesh have
seen significant benefits. This growth is driven
by increased exports of organic and inorganic
chemicals, agrochemicals, dyes, and specialty
chemicals.

India ranks among the world’s top chemical
exporters, dealing in inorganic and organic
chemicals, dyes, agrochemicals, plastics, syn-
thetic rubber, and filaments. According to the
latest data from the Ministry of Chemicals and
Fertilisers, India’s chemical and petrochemical
exports (excluding pharmaceuticals and fer-
tilizers) reached USD 20.3 billion for the full
FY24. This followed a high of USD 23.8 billion
in FY23 and a record-breaking USD 24.31 billion
in FY22, which had marked a massive 38.67%
year-over-year increase. While global demand

manufacturing-practices-a-must-for-reinforcing-india-incs-c i nt-to i
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fluctuations led to a slight cooling in 2024, early
figures for FY25 suggest a recovery, with projec-
tions trending toward USD 21.1 billion as India
continues to solidify its position as a global hub
for specialty chemicals.

India exports chemicals and chemical products
to over 175 countries, with major destinations
including China, the USA, Brazil, the Nether-
lands, Saudi Arabia, Indonesia, the UAE, Japan,
and Germany. The industry has also expanded
its reach to markets such as Turkey, Russia, and
Northeast Asia, including Hong Kong, Japan,
South Korea, Taiwan, Macao, and Mongolia. Ac-
cording to the latest data from the Ministry of
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Chemicals and Fertilisers and IBEF, the USA and
Brazil have maintained their positions as criti-
cal trade partners for India’s chemical sector.
In FY25, the USA remained the top importer of
Indian chemicals with shipments valued at USD
3.05 billion. Brazil followed as the second-larg-
est destination with imports of USD 1.59 bil-
lion, while exports to China were valued at USD
1.48 billion during the same period. This shift
reflects a slight normalization in global demand
compared to the record highs of 2022-23, while
highlighting India’s growing role as a key suppli-
er of specialty chemicals and agrochemicals to
Western markets.

Figure 3: Value of Chemicals Exported from India from Financial Year 2011 to
2023(in billion INR)
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Government Policies to Enhance
Chemical Manufacturing:

In the Union Budget for 2025-26, the cen-
tral government increased the allocation
for the Department of Chemicals and Petro-
chemicals to X194.05 crore (approximately
USD 22.4 million), representing a 36.7% rise
over the previous year’s revised estimates.
Beyond this departmental funding, the
2026-27 Budget introduced a major X600
crore (USD 69.3 million) initial allocation for
a new Chemical Parks Scheme to build ded-
icated industrial hubs. Additionally, a mas-
sive 20,000 crore (USD 2.3 billion) fund
was announced to support decarbonization
and carbon capture technologies across the
sector over the next five years, signaling a
shift toward sustainable high-tech manu-
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facturing, highlighting its commitment to
advancing the chemical sector.

To boost domestic production, cut imports,
and attract investments, the government
has introduced a Vision 2034 for the chemi-
cals and petrochemicals industry.

The government plans to implement a Pro-
duction Linked Incentive (PLI) scheme for
agrochemicals, offering 10-20% output in-
centives to encourage production.

The Production Linked Incentive (PLI)
Scheme for Bulk Drugs has successfully
moved into a high-production phase, with
34 out of 48 approved projects already
commissioned and producing 25 critical
bulk drugs as of late 2025. While the total fi-
nancial outlay remains 26,940 crore, the in-

Figure 4: Opportunities in Chemical Manufacturing Industries
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dustry has already exceeded initial expecta-
tions by investing 4,814 crore, surpassing
the committed target for the entire six-year
period. These efforts have generated cumu-
lative sales of 2,720 crore and successfully
replaced imports worth over 22,192 crore,
significantly reducing India’s dependence
on external sources for life-saving medica-
tions.

e The chemical manufacturing sector in India
continues to benefit from 100% Foreign Di-
rect Investment (FDI) permitted under the
automatic route. As of September 2024, the
sector has attracted a total of USD 22.15 bil-
lion in cumulative FDI equity inflows since
April 2000. This represents an increase of
over USD 2 billion since mid-2022, under-
scoring the sustained global confidence in
India’s role as a major manufacturing hub
for specialty and industrial chemicals.

Disruptions in the supply chain in China have
created significant opportunities for the Indi-
an chemical manufacturing sector. China’s an-
ti-pollution measures are likely to benefit Indian
chemical producers. The Petroleum, Chemicals,
and Petrochemicals Investment Regions (PCPIR)
policy is anticipated to draw investments total-
ing USD 280 billion by 2035. Special incentives
provided through PCPIRs or Special Econom-
ic Zones (SEZs) are expected to stimulate the
growth of downstream units, further advancing
the chemical industry™.

Two key government initiatives, ‘Make in In-
dia’ and ‘Atmanirbhar Bharat,” are designed to
support the growth of the chemicals and petro-
chemicals sector. To leverage these initiatives,
the industry must scale up through ecosystem
development, including establishing Petroleum,

1 https://www.solutionbuggy.com/blog/opportunities-in-chemical-manufacturing-industry-in-2023
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Chemicals, and Petrochemicals Investment Re-
gions (PCPIRs) nationwide, creating infrastruc-
ture linkages for a hub-and-spoke model, and
integrating value chains. India’s appeal as a
manufacturing destination has grown due to
competitive labor costs, cost-effective manu-
facturing, and recent corporate tax reforms. In-
dian specialty chemical companies have devel-
oped unique capabilities and established global
supply relationships. Despite specific industry
challenges, long-term prospects for the Indian
chemical sector look promising. Rising domestic
demand in key end-use sectors such as agricul-
ture, consumer goods, infrastructure, automo-
tive, electronics, and healthcare is expected to
drive significant growth, with chemicals playing
a vital role.

For ‘Make in India’ to succeed, structural chang-
es are essential. While the ‘China+1’ strategy is
still evolving, India’s competitors are advanc-
ing rapidly. China, having been the dominant
manufacturing hub, is now facing challenges.
As industries like cosmetics, fashion, and FMCG
experience growth, India can capitalize on its
strengths in sectors such as perfumery, essen-
tial oils, and packaging-related chemicals.

The industry must focus on exploring and diver-
sifying its value chain rather than concentrating
on a single segment. Success in ‘Atmanirbhar
Bharat’ hinges on developing comprehensive
capabilities across the value chain to reduce
import dependence, mitigate supply chain
risks, and strengthen the economy. As the gov-
ernment prioritizes electronics, semiconduc-
tors, renewable energy, and pharmaceuticals,
the chemicals and petrochemicals sector will
evolve, positioning itself as a crucial element in
India’s global manufacturing strategy.

India’s allowance of 100% FDI in chemicals
and the introduction of Production Linked In-
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centive schemes are reinforcing its status as a
preferred manufacturing hub. With increasing
domestic consumption, sectors such as agro-
chemicals and specialty chemicals are poised
for growth. Additionally, the trend towards dis-
tributed manufacturing systems—moving from
single-country operations to multi-country
setups—could help Indian specialty chemicals
players navigate global supply chain risks and
political uncertainties, positioning them for in-
ternational success™.

Recognizing the industry’s potential, the Indi-
an government has introduced Vision 2034 for
the Chemicals and Petrochemicals sector to
enhance domestic production, reduce imports,
and attract investments. The plan includes a
proposed production-linked incentive scheme
to stimulate domestic manufacturing. Addition-
ally, India’s ‘Make in India’ policy continues to
support the sector by fostering growth and in-
novation.

To achieve net-zero emissions by 2070, Indian
companies must align their strategies with the
transition to a low-carbon economy, which re-
quires significant investments in new technolo-
gies and skilled labour. The Indian government
has introduced several measures to address en-
vironmental challenges and support growth in
the chemical sector. Key actions include:
1. The Indian chemical sector continues to at-
tract significant global capital, permitted by
a liberalized policy allowing 100% FDI under
the automatic route. Following a landmark
91% surge in FY 2023, the sector has seen
cumulative investments reach USD 22.15
billion as of late 2024. Global investors are
increasingly leveraging India’s “China Plus
One” strategy and domestic PLI schemes,
resulting in a projected recovery to USD
1.06 billion in FDI for the most recent fiscal

https://timesofindia.indiatimes.com/blogs/voices/indias-chemical-industry-unleashing-the-next-wave-of-growth/
 https://www.ibef.org/blogs/mission-net-zero-a-strategic-plan-for-the-indian-chemical-sector
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period.[SB6.1] This influx of global expertise
brings advanced technologies and sustain-
able practices, enhancing sector efficiency
and aligning with environmental goals.

2. Boosting Non-Hazardous Chemical Produc-
tion: The deregulation of non-hazardous
chemical production and anti-dumping du-
ties on substandard imports aim to support
domestic producers and enhance industry
scale and profitability™.

3. Upcoming Initiatives: The government plans
to revise the 2007 Petroleum, Chemicals &
Petrochemical Investment Regions (PCPIRs)
policy to establish integrated chemical com-
plexes with shared infrastructure. Addi-
tionally, it encourages the development of
plastic parks and chemical manufacturing
units in various regions, including SEZs and
underdeveloped areas. A Production Linked
Incentive (PLI) scheme is also being devel-
oped to improve cost competitiveness in
sectors like agrochemical and pharmaceuti-
cal intermediates.

The Indian chemical sector is vigorously pursu-
ing a strategic plan to achieve net-zero emis-
sions, driven by government initiatives such as
increased foreign direct investment (FDI), en-
hanced skill development, and efforts to regu-
late substandard imports. Proposed reforms, in-
cluding a revamp of the Petroleum, Chemicals,
and Petrochemical Investment Regions (PCPIRs)
and new incentives for chemical manufacturing
units, highlight a commitment to sector growth.
The industry’s shift towards responsible invest-
ing and ESG-focused funding indicates a posi-
tive outlook for its path to net-zero emissions.
Nevertheless, challenges like policy alignment,
capital investment, and cost implications must
be addressed for a successful transition.
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Figure 5: India’s Basic Chemicals and Petrochemical Productions (MMT)
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Green Principles and Life Cycle Assessment

Green chemistry has become a crucial driver for sustainable development and environmental stew-
ardship within the chemical industry. India is well-positioned to become a leading player in the global
green chemistry arena, given the growing interest and alignment with sustainability goals.

The Indian government is actively supporting green chemistry through various initiatives. Additional-
ly, policies and regulations, including the National Chemical Policy, are designed to support the growth
of the green chemicals market and attract international investment. India benefits from abundant
and diverse feedstock for green chemical production, such as biomass, agricultural residues, and re-

Figure 6: Twelve Principles of Green Chemistry
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newable energy sources, ensuring a stable supply chain for green chemical manufacturers.

Tata Chemicals, a key player in the Tata Group’s diverse portfolio, is integrating green chemistry
principles into all its new products. As the world’s second-largest soda ash producer with operations
spanning India, Europe, North America, and Africa, the company is prioritizing carbon reduction and
sustainability, with 70% of its capacity sourced from natural origins. Tata Chemicals is heavily invest-
ing in technological innovation, including transforming its 80-year-old Mithapur plant into a smart
factory. The plant now employs advanced technologies like analytics, loT, artificial intelligence, and
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digital twins to monitor emissions, enhance operational efficiency, and reduce environmental im-
pact. Additionally, Tata Chemicals has launched the UK’s first carbon capture plant, utilizing amine-
based technology to capture up to 40,000 tonnes of CO2 annually—equivalent to removing 20,000
cars from the road—and convert it into sodium bicarbonate. The company is also concentrating on
decarbonization, redesign, circular design principles, and sustainable renewable solutions through
its R&D efforts™.

Figure 7: Key Indian Players in Green Chemicals Market
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Green Chemistry Initiative:

The Ministry of Chemicals and Fertilizers has introduced the Green Chemistry Initiative to advance
the use of green technologies and processes within the chemical industry. This initiative seeks to
lessen the environmental footprint of chemical manufacturing by promoting the use of renewable
feedstocks, reducing waste generation, and fostering the development of eco-friendly products and
processes™.

As sustainability becomes a central focus, designing chemical products, processes, and supply chains
with environmental considerations is increasing. For over two decades, environmental assessment
has been a key component of chemical process design. Various performance indicators and metrics
have been developed to evaluate environmental impacts during process design. These metrics often
include assessments of acute toxicity, biodegradability, and ozone depletion potential as part of haz-
ard evaluations related to environment, health, and safety. However, these metrics are frequently
limited by data availability and regulatory scope, focusing primarily on the process in question. To
fully address sustainability, it is necessary to extend the assessment beyond individual processes and
consider potential trade-offs throughout the entire life cycle. This broader perspective is particularly
relevant to advancing chemical and petrochemical sustainability in India.

1 https://www.busir in/industry/story, products-are-focused-on-green-chemistry-principles-says-richard-lobo-of-tata-chemicals-384258-2023-06-05
Bhttps://www.eai.in/blog/2024/03/why-is-the-indian-green-chemicals-market-an-attractive- ination-for-i national-investment.html#:~: 1%20Chemistry%20Initiative%3A&tex-
t=The%20initiative%20aims%20to%20reduce,eco%2Dfriendly%20products%20and%20processes. 31 | PAGE
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Figure 8: Life Cycle Assessment
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Life Cycle Assessment

The life cycle assessment (LCA) of bioethanol and other products is increasingly gaining attention as
industries and consumers seek more sustainable options. According to ChemAnalyst, India Bioetha-
nol market is anticipated to grow at an impressive CAGR of 17.44% to reach at USD 10644.31 million
by 2027. As demand for sustainable solutions rises, companies are focusing on LCAs to identify
opportunities for improving environmental performance, optimizing resource use, and minimizing
waste.

India Glycols Limited, a prominent publicly traded company based in India, exports chemical prod-
ucts to over 40 countries globally. The company has benefited from the UNEP/SETAC Life Cycle Ini-
tiative program, receiving guidance and support from life cycle management (LCM) affiliated with
the Federation of Indian Chambers of Commerce & Industry (FICCI). The life cycle assessment con-
cluded that using renewable-based raw materials for manufacturing monoethylene glycol (MEG) is
preferable to traditional petrochemical methods in India, the US, and Europe. India Glycols Limited
also conducted life cycle assessments for various products including bio-ethanol, bio-ethylene oxide,
bio-glycols, bio-glycol ethers, and bio-polyethylene glycols. These assessments revealed new busi-
ness and growth opportunities through improved life cycle capabilities™.

. «w
Life Cycle Assessment TATA
i TATA CHEMICALS LIMITED
Journey at Tata Chemicals
De SodaAsh
Babrala Haldia Mithapur  fProssetem- - - - — "7
Site Site Site
Ammonia Soda Ash
Tripgﬁgﬁ:phal Ry
CUSt(':'miZEd Supes:ghggzphal
fertilizer e GWP for Soda Ash ewp for Carbonation, GwP I'orAmmnu
Fitration & Ammonia
Recovery

¢ https://www.lifecycleinitiative.org/case-study-india-glycols-ltd-believes-in-green/
Vhttps://www.greenco.in/casestudy/Life%20Cycle%20Assessment%20in%20India%20by%20Dr.%20Rajesh%20Kumar%20Singh-2014.pdf
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Role of Green Hydrogen

The advancement of sustainable energy sources is a significant challenge for society. Green hydro-
gen, generated by electrolyzing water with renewable energy, presents a promising solution for de-
creasing reliance on fossil fuels.

In recent years, the rise in energy consumption has been influenced by a combination of factors,
such as industrial growth, urbanization, and greater electricity access in developing regions. Glob-
al energy consumption has continued to climb, rising from 13,647 Mtoe in 2015 to approximately
14,950 Mtoe by the end of 2023, according to the latest IEA and Energy Institute data.

Similarly, global electricity demand has surged from 23,127 TWh in 2015 to a record 29,471 TWh
in 2023, with 2024 estimates pushing this figure beyond 30,700 TWh. This growth is increasingly
driven by rapid electrification, the expansion of data centers for Al, and robust industrial activity in
emerging economies. Green hydrogen is emerging as a promising technology, gaining momentum
in recent years as a viable solution for addressing the challenges of transitioning to a sustainable
energy future™.

According to ChemAnalsyt, the global Green Ammonia Market is expected to reach USD 7676.47
Million by 2032 with a CAGR of 39.16% during the forecast period. Green hydrogen is pivotal for ad-
dressing India’s energy security and cutting emissions in challenging sectors such as steel, fertilizers,
refining, cement, and mobility. In early 2023, the Indian government launched the ‘National Green
Hydrogen Mission’ to support this goal. India’s abundant renewable energy potential can drive Green
Hydrogen growth, but rapid capacity expansion is necessary.

To facilitate this, the government has introduced several Production Linked Incentive (PLI) schemes
to boost renewable energy capacity across various sectors, including solar, onshore and offshore
wind, biomass, hydro, pumped storage, and battery energy storage systems (BESS) for round-the-
clock renewable energy. Pilot projects for hydrogen use in steel, shipping, and mobility sectors have
already been initiated, with more planned for the future.

India also made a significant advance in fostering demand for Green Hydrogen and its derivatives
with a key initiative. The Solar Energy Corporation of India (SECI) issued a Request for Selection
(RfS) to identify Green Ammonia Producers. This initiative aims to facilitate the production of Green
Ammonia through cost-based competitive bidding under Mode 2A of the Strategic Interventions for
Green Hydrogen Transition (SIGHT) Programme, which is part of the National Green Hydrogen Mis-
sion managed by the Ministry of New & Renewable Energy (MNRE).

1 https://www.sciencedirect.com/science/article/abs/pii/S0360319923045056
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Handling Dangerous Materials and
Ensuring Safety

In India, the surge in industrialization and tech-
nological progress has led to a rise in the use of
chemicals and hazardous materials, necessitat-
ing strong legal and administrative frameworks
to manage associated risks. As India’s economy
positions itself as a manufacturing hub, it is
crucial to balance industrial growth with sus-
tainable practices that address resource con-
straints.

The concept of a Circular Economy aims to en-
hance resource sustainability by keeping mate-
rials in use for as long as possible, maximizing
their value, and then recovering and regenerat-
ing them at the end of their life. Managing toxic
and hazardous industrial waste is a priority to
protect health and the environment and is cen-
tral to advancing a resource-efficient economy.

India faces a growing challenge with hazardous
waste, which increases by 2% to 5% annual-
ly, with about 10% to 15% of industrial waste
classified as hazardous. Developing Circular
Economy solutions for treating industrial waste
can foster innovative approaches to utilizing
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discarded materials. The Indian government is
actively working to transition towards a Circular
Economy, with NITI Aayog identifying 11 focus
areas and delegating them to relevant minis-
tries.

The Department for Chemicals and Petrochemi-
cals (DCPC) has been assigned the management
of toxic and hazardous industrial waste in India.
DCPC has submitted a report and action plan to
NITI Aayog outlining strategies to limit hazard-
ous waste in the economy.

The plan includes identifying areas for sustain-
able reutilization and recycling of hazardous
wastes, developing standard operating pro-
cedures (SOPs) and technologies in collabora-
tion with academic and research institutions. It
also emphasizes promoting circular processes
through viable business models and funding
incentives. Regular workshops, seminars, and
awareness programs on Green Chemistry and
Circular Economy are being organized, and in-
dustries generating hazardous waste are being
geographically mapped for better data analysis
and waste management. The implementation
of these action plans is underway, with ongoing
monitoring of progress by the Department.
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Effective Waste Management
Practices

The Indian chemicals and petrochemicals indus-
try is undergoing a significant transformation,
driven by policy reforms that are accelerating
growth. The key challenge, however, is achiev-
ing this growth in a sustainable and responsible
manner. Globally, major chemical and petro-
chemical companies are achieving their sustain-
ability goals by streamlining their portfolios.
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Indian companies, however, lack the option to
follow this approach and instead develop effec-
tive strategies for chemical waste management,
recycling, and the circular economy.

Many multinational chemical companies have
launched sustainability-focused initiatives. In-
dian companies should consider adopting sim-
ilar practices, such as process optimization and
cleaner production, to reduce waste genera-
tion. Establishing recycling facilities or partner-

Figure 12: Hazardous Waste Management Practices
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ing with specialized waste management firms
can help convert waste into valuable resources.
Rather than viewing waste as a burden, com-
panies are exploring opportunities for resource
recovery and implement Extended Producer
Responsibility (EPR) programs to manage the
waste from their products throughout their
lifecycle. Investing in research and innovation
is crucial for developing eco-friendly products,
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processes, and technologies. This includes cre-
ating bio-based alternatives, environmental-
ly friendly chemicals, and advanced recycling
techniques that support the circular economy.
By embracing these strategies, Indian chemical
companies can minimize their environmental
impact, conserve resources, and drive the in-
dustry’s shift towards a more sustainable and
circular economy.
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Chemical Regulations

There is currently no REACH-like or TSCA-like
regulations for chemicals in India. There is no
national chemical inventory or any chemical
registration requirement either. However, India
is developing its own REACH-like regulation.

Overview of Chemical Regulations in India

The following 2 chemical regulations are the
most important ones in force in India.

e Manufacture, Storage And Import Of Haz-
ardous Chemical (Amendment) Rules, 1989,
1994, 2000

e Ozone Depleting Substance (R&C) Rules
(2000)

Manufacture, Storage And Import Of Haz-
ardous Chemical (Amendment) Rules, 1989

The regulation was firstly enacted in 1989 by
the Ministry of Environment & Forests (MoEF)
and later amended in 1994 and 2000. It regu-
lates the manufacture, storage and import of
hazardous chemicals in India. The transport of
hazardous chemicals must meet the provisions
of the Motor Vehicles Act, 1988.

“Hazardous Chemicals” includes 3 schedules.

Regulatory requirements are different for each

schedule.

1. any chemical which satisfies any of the cri-
teria laid down in Part | of Schedule 1 or
listed in Part Il of this Schedule 1 ;
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2. any chemical listed in Column 2 of Schedule
2;

3. any chemical listed in Column 2 of Schedule
3;

Regulations on Schedule 1 Hazardous
Chemicals

Schedule 1 consists of two parts: (1) any hazard-
ous chemicals that meet one of the following
criteria and (2) 684 named chemical substances
listed in Schedule 1.

e Toxic chemicals: oral LD50 <200mg/kg, or
dermal LD50 <2,000mg/kg or inhalation
LC50 < 10mg/L

e Flammable gases: i.,e gases that are ignit-
able when in a mixture of 13 percent or less
by volume with air

e Flammable liquids: liquids with flash points
below than 90 celcius degress

e Explosives

e For hazardous chemicals covered in sched-
ule 1, site owners must meet the following
obligations:

e identify hazards associated with industrial
activity and take adequate steps for preven-
tion and control

e provide relevant information to persons lia-
ble to be affected by a major accident

e notify the concerned authorities within 48
hours of the occurrence of a major accident

e provide safety data sheets and label every
container of hazardous chemicals.

In addition, any person responsible for import-
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ing Schedule 1 hazardous chemicals in India
shall provide [before 30 days or as reasonably
possible but not later than] the date of import
to the Chief Controller Imports & Exports with
the information below:

i. the name and address of the person receiv-
ing the consignment in India;

ii. the port of entry in India;

iii. mode of transport from the exporting coun-
try to India;

iv. the quantity of chemical (s) being imported;
and

v. complete product safety information

Schedule 2 and Schedule 3 Hazardous
Chemicals

Schedule 2 and schedule 3 are some hazardous
chemicals with assigned threshold quantities.
When a site handles a hazardous chemical more
than the thresholds, the site will be regarded as
major accident hazards (MAH) installations and
subject to reporting, safety audit and contin-
gency plan requirements.

Ozone Depleting Substance (R&C) Rules
(2000)

This regulation strictly controls the production,
import and use of ozone depleting substances
(ODCs) in India. Most of ODCs are banned in In-
dia.

In Aug 2020, Indian Draft Chemicals (Manage-

ment and Safety) Rules was published. These
Rules provide for Notification, Registration and

 https://www.chemsafetypro.com/Topics/India/Overview_of_Chemical_Regulations_in_India.html
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Restrictions, or prohibitions, as well as labelling
and packaging requirements related to the Use
of Substances, Substances in Mixtures, Sub-
stances in Articles and Intermediates Placed or
intended to be Placed in Indian Territory and
introduce REACH-like registration requirements
to certain priority substances. The rules are also
known as “India REACH"".

The Indian Department of Chemicals and Pet-
rochemicals has introduced additional Quali-
ty Control Orders (QCOs) for various chemical
compounds. These new regulations are de-
sighed to enhance safety in the handling of
these chemicals, benefiting both human health
and the environment. GPQI is assisting the Ger-
man industry by submitting feedback on the
draft regulations to the appropriate Indian reg-
ulatory bodies.

India is seeing a rise in technical regulations,
which often mandate certification according to
specific Indian Standards. These measures aim
to improve product safety and quality in the In-
dian market. In mid-November of 2021, the De-
partment of Chemicals and Petrochemicals re-
leased eight draft QCOs for chemical products.
Industry stakeholders have a 60-day period to
review and comment on these drafts. Following
this, the Department will consider the feedback
and issue the final QCOs. Once finalized, these
QCOs will require affected chemicals to obtain
a mandatory standard mark under the Bureau
of Indian Standards (BIS) certification schemes,
based on the Indian Standards referenced in
the regulations. The new rules may introduce
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technical market access challenges. Economic operators have until mid-January 2022 to submit their

comments on the draft regulations.

List of notified chemicals
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Product category

Indian Standard

Lauric Acid

1S 10931:1984

Acid Oil

1S 12029:1986

Palm Fatty Acids

1S 12067:1987

Rice Bran Fatty Acids

1S 12068:1987

Coconut Fatty Acids

1S 12069:1987

Rubber seed Fatty Acids

1S 12124:1987

Hydrogenated Rice Bran Fatty Acids

1S 12361:1988

1,3 Phenylenediamine

1S 17450:2020
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Al and Digitalization for Sustain-
ability

Alongside advancements in green technology,
digitalization is reshaping the chemicals and
petrochemicals industry. Technologies such as
artificial intelligence (Al), the Internet of Things
(loT), and advanced analytics are being used to
optimize processes, boost productivity, and fa-
cilitate predictive maintenance. These innova-
tions support real-time monitoring, data-driven
decision-making, and automation, resulting in
enhanced operational efficiency and reduced
resource consumption. Digitalization also pro-
motes greater transparency and traceability
throughout the value chain. Blockchain tech-
nology, for instance, helps track raw materials,
ensuring their sustainable sourcing and mitigat-
ing the risk of unethical practices. Digital plat-
forms and collaborative tools enhance commu-
nication and cooperation among stakeholders,
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fostering the development of sustainable sup-
ply chains and sharing best practices.

The integration of greentech and digitalization
provides synergistic benefits to the industry.
Digital tools facilitate the monitoring and op-
timization of greentech initiatives, offering re-
al-time insights into energy use, emissions, and
waste. By employing these tools, companies
can identify improvement areas, adopt sustain-
able practices, and better track progress toward
environmental goals.

Successful adoption of greentech and digitaliza-
tion requires collaboration among stakeholders,
including governments, industry associations,
research institutions, and companies. Joint ef-
forts are essential to develop supportive poli-
cies, advance research and development, and
create knowledge-sharing platforms. Cross-sec-
tor partnerships are crucial to leveraging di-
verse expertise and accelerating the implemen-
tation of innovative solutions.

Figure 13: Al in Chemistry & Chemical Industry
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The chemicals and petrochemicals industry
is undergoing a significant transformation to-
wards sustainability, driven by the dual forc-
es of greentech and digitalization. Embracing
greener alternatives, optimizing energy use,
and leveraging digital technologies will allow
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example is IBM Research’s use of Al to discov-
er a new range of recyclable and self-healing
polymers. Al algorithms accelerate the discov-
ery of new materials by employing predictive
analytics to analyze vast chemical datasets and
forecast the properties of potential materials,

Figure 14: Role of Al in Digitalization and Chemical Industry
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the sector to reduce its environmental impact
while remaining economically viable. This tran-
sition demands collaboration, innovation, and
a long-term commitment, ultimately benefiting
both the environment and the industry’s future
viability.

Artificial Intelligence (Al) is emerging as a piv-
otal force in transforming chemistry towards
a more sustainable and eco-friendly future,
spearheading the sustainability revolution. The
integration of Al with green chemistry is more
than an academic exercise—it’s a groundbreak-
ing business initiative that is deploying scalable,
real-time solutions to significantly reduce envi-
ronmental impacts on a global scale. Artificial
Intelligence (Al) plays a crucial role in advanc-
ing green chemistry through the development
of innovative, sustainable materials. A notable

Enhanced
Safety Protocols

ensuring environmental compliance.

Alis also revolutionizing chemical production by
optimizing energy consumption. For instance,
BASF, a leading global chemical company, has
implemented Al-driven processes to enhance
energy efficiency. Through machine learning al-
gorithms, BASF can predict and adjust energy
usage inreal time, resulting in substantial reduc-
tions in carbon emissions and energy costs. The
integration of Al with green chemistry marks
the beginning of a new era in sustainability. Al’s
advanced applications and real-world industry
implementations are significantly speeding up
the shift towards greener chemical processes.
This transition is crucial for ensuring a health-
ier planet for future generations and achieving
global sustainability goals. Although still in its
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early stages, Al's impact on green chemistry
is already substantial and represents a critical
step towards a more sustainable future.

Digitalization and the integration of Al/ML are
revolutionizing the chemical industry in India,
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novation and efficiency are intertwined, driving
India towards the vision of Viksit Atmanirbhar
Bharat.

The chemical industry, long considered a pillar
of modern industrialization, has experienced a

Figure 15: Advantages of Digitalization in Chemical Industry
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bringing significant benefits such as increased
efficiency, improved safety, and enhanced sus-
tainability. Nonetheless, challenges including
high initial costs, data privacy issues, and skill
shortages must be overcome to fully realize the
potential of these technologies.

As India’s chemical sector advances in its digi-
tal journey, the collaborative efforts of industry
leaders, policymakers, and technology inno-
vators will be crucial in shaping a resilient and
competitive future. Embracing digitalization and
Al/ML will not only boost the industry’s glob-
al standing but also contribute significantly to
the nation’s economic growth and sustainable
development. The transformative potential of
these technologies heralds a future where in-

significant transformation with the advent of
digitalization and the integration of Artificial
Intelligence (Al) and Machine Learning (ML). In
India, this shift is more than a passing trend; it
represents a fundamental change that promis-
es to improve efficiency, safety, and innovation.
Digitalization involves incorporating digital
technologies to reshape business models, op-
timize processes, and enhance productivity.
In the chemical sector, this transformation en-
compasses a range of technologies, including
the Internet of Things (loT), big data analytics,
cloud computing, and Al/ML.

As a major player in the global market, India’s
chemical industry is adopting these advance-
ments to address longstanding issues such as
operational inefficiencies, safety concerns, and
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environmental sustainability. The integration of
Al and ML is particularly transformative, offer-
ing revolutionary improvements to traditional
practices. Several Indian chemical companies
have effectively adopted digitalization and Al/
ML, demonstrating the transformative power of
these technologies.

e Reliance Industries Limited (RIL) : Reliance
Industries Limited, a major player in the
chemical sector, has been a leader in digi-
talization. RIL has implemented Al-driven
predictive maintenance across its refiner-
ies and petrochemical facilities. By utilizing
real-time data and machine learning algo-
rithms, RIL has significantly reduced un-
planned downtime and maintenance costs.

e Tata Chemicals : Tata Chemicals has em-
braced digitalization to improve its manu-
facturing processes. The company employs
loT sensors and Al analytics to monitor and
optimize production in real-time, leading to
increased operational efficiency, reduced
energy consumption, and enhanced prod-
uct quality. Tata Chemicals’ commitment
to sustainability is further supported by
Al-driven initiatives designed to minimize
environmental impact.

Building Leadership in R&D, Inno-
vation, and Digitalization

As the global landscape rapidly evolves due to
technological advancements and sustainability
pressures, the Indian petrochemicals sector is
focusing more to rely on research and develop-
ment (R&D) to remain competitive and address
future needs. The Ministry of Chemicals and
Fertilizers has introduced several initiatives,
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such as the Petroleum, Chemicals, and Petro-
chemicals Investment Regions (PCPIRs) and
plastic parks, but there is a pressing need to ac-
celerate these efforts.

The industry needs to focus on domestic re-
quirements, as India imports a significant
amount of chemicals. The government has
identified around 500 chemicals that should be
produced domestically to conserve foreign re-
serves and enhance self-reliance. The national
petrochemicals policy, established in 2007, led
to the creation of PCPIRs, with three current-
ly operational. Additionally, the policy called
for the establishment of Centers of Excellence
(CoEs), resulting in 13 such centers being set
up. The Central Institute of Plastics Engineer-
ing and Technology (CIPET) operates three CoEs
dedicated to green transportation, sustainable
materials, and 3D printing for biomedical ap-
plications. CIPET also boasts three world-class
R&D centers in Bhubaneswar, Chennai, and
Bengaluru.

Indian chemical companies have significantly
ramped up their innovation efforts, with total
R&D expenditure for major firms reaching 8.4
billion in FY24, up from %5.9 billion in FY22. The
sector’s R&D investment is now growing at a
15% CAGR, consistently outstripping revenue
growth as companies pivot toward high-margin
specialty chemicals. While the historical aver-
age spend was 0.6% of revenue, the latest fig-
ures show a shift toward higher intensity, with
average allocations reaching 1.2% and top-ti-
er specialty players investing up to 5% to stay
competitive in the global market. The journey
of digitalization and Al/ML in India’s chemical
industry is still in its early stages, with a prom-
ising future full of potential advancements and
innovations.
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e Autonomous Chemical Plants : The idea of
autonomous chemical plants, where Al sys-
tems manage and optimize all production
aspects with minimal human intervention,
is gaining momentum. These plants would
rely on Al for decision-making, process con-
trol, and safety management, offering ben-
efits such as increased efficiency, fewer hu-
man errors, and enhanced safety.

e Digital Twins : Digital twin technology,
which involves creating virtual replicas of
physical systems, is poised to transform the
chemical industry. Digital twins allow for
real-time monitoring, simulation, and opti-
mization of chemical processes. This tech-
nology facilitates predictive maintenance,
process optimization, and scenario analysis,
leading to improved performance and re-
duced operational risks.

e Collaboration and Innovation : The fu-
ture success of digitalization and Al/ML in
the chemical industry will hinge on collab-
oration among industry stakeholders, ac-
ademia, and technology providers. Open
innovation platforms, joint research efforts,
and knowledge sharing will drive the ad-
vancement and adoption of these technol-
ogies?.

According to ChemAnalyst, the global Carbon
Capture Utilization and Storage Market is ex-
pected to reach USD 4.72 Billion by 2029. The
increasing adoption of Carbon Capture, Utili-
zation, and Storage (CCUS) in the chemical and
petrochemical industries is becoming more pro-
nounced as these sectors seek to address their
environmental impact. This shift is driven by
the need to reduce greenhouse gas emissions
and comply with stringent climate regulations.

2 https://www.indianchemicalnews.com/opini igitalisati d-use-of-aiml-in-i
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The adoption of Carbon Capture, Utilization,
and Storage (CCUS) in India’s chemical and pet-
rochemical industries is increasingly becoming a
pivotal strategy for mitigating carbon emissions
and addressing climate change. These sectors,
known fors their substantial greenhouse gas
emissions, are under growing pressure to im-
plement sustainable practices. In response,
there has been a notable rise in the integration
of CCUS technologies, driven by a combination
of governmental support, industry investment,
and technological advancements. The Indian
government has played a significant role by es-
tablishing supportive policy frameworks and fi-
nancial incentives, as well as creating roadmaps
such as the ‘2030 Roadmap for CCUS,” which
guides and encourages the adoption of these
technologies.

Additionally, increasing industry awareness and
the need to comply with global environmental
standards have accelerated the implementa-
tion of CCUS solutions. This collective effort is
not only aiding in reducing emissions but also
fostering innovation and positioning India’s
chemical and petrochemical industries as lead-
ers in sustainable practices.

The Ministry of Petroleum and Natural Gas,
Government of India, has launched initiatives
to foster collaboration and knowledge shar-
ing within the industry, aiming to develop and
implement a unified and practical strategy for
Carbon Capture, Utilization, and Storage (CCUS)
and Carbon Capture and Storage (CCS) tech-
niques in the oil and gas sector. To this end, a
task force named ‘Upstream for CCS/CCUS’
(UFCC) is working on the ‘2030 Roadmap for
CCUS, which will provide essential guidance
and direction for oil and gas companies to ad-
vance and expand CCS/CCUS technologies.

dian-chemical-industry-advantages-and-shortcomings-shrey-b-patel-founder-angiras-rasayan-22690
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Figure 16: Carbon Capture, Utilization, and Storage (CCUS) in the Chemical and Pet-
rochemical Industries

CCUS

Capture Utilization Storage
Separate CO: from exhaust gas, Use CO: as material in products Store captured CO:
refine and capture CO: with market value underground and offshore

Initially centered on refining, the partnership between TCS and TotalEnergies is leveraging digital
technologies to enhance collective knowledge and advance various aspects of refining, including
production units, processes, the supply chain, and petroleum product markets. This effort aims to
improve refinery performance and promote sustainability in the oil and gas industry. The ‘entrepre-
neurship-in-residence’ model allows TotalEnergies to work closely with TCS’s technology and domain
experts, with TCS contributing its expertise in structured co-innovation approaches. While the inno-
vation center initially focused on the refinery sector, its scope has broadened to encompass other
areas and related industries, including exploration and production, renewable gas, and power?.

Implementation Challenges

Cyber threats are increasingly posing significant challenges and obstacles to the growth of the chem-
ical sector. As the industry becomes more reliant on digital technologies across various sectors, the
frequency and severity of cyberattacks are leading to substantial financial losses and infrastructural
damage. This situation is driving companies to invest heavily in advanced cybersecurity systems to
safeguard their operations and ensure data privacy.

2 https://www.tcs.com/what-we-do/pace-innovation/article/sustainability-oil-gas-iot-energy
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Gujarat’s Role in Sustainable De-
velopment

According to the final data from CHEMEXCIL and
the Ministry of Commerce for FY24, the USA has
solidified its position as the primary destination
for Indian chemicals, while trade dynamics with
China and Brazil have shifted slightly.

Exports to the USA reached approximately
$3.05 billion in the latest fiscal period. While
the sector saw a record 59% surge in FY22
(reaching $3.6 billion), the recent figures reflect
a normalization of global demand and a strate-
gic shift toward high-value specialty chemicals.
The USA remains the top importer with a mar-
ket share of roughly 15.1%, followed by Brazil at
7.8% and China at 7.3%. Notably, while bulk ex-
ports to China have moderated, India’s “China
Plus One” strategy has led to increased export
footprints in emerging markets like Turkey and
the Netherlands.

India ranks among the top three global pro-
ducers of basic chemicals. According To Chem-
Analyst country’s chemical market is currently
valued at approximately USD230 billion and is
projected to grow to between USD858 billion
and USD1.12 trillion by 2040. Micro, Small, and
Medium Enterprises (MSMEs), which make up
28-30% of the sector, play a vital role in achiev-
ing these growth targets and meeting rising
demand. The industry provides employment to
around two million people in India. The Indian
chemical industry, which represents 3.4% of
the global market, is primarily concentrated in
Maharashtra and Gujarat, with significant pro-
duction also occurring in West Bengal and Tamil
Nadu.
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Gujarat produces 35% of India’s chemical out-
put, establishing itself as a leader in the coun-
try’s chemical manufacturing sector. The state’s
chemicals are exported to 175 countries, with
the US, China, Brazil, the UAE, Germany, Indo-
nesia, the UK, the Netherlands, South Africa,
and Belgium being the top destinations.

Gujarat, a Western Indian state renowned
for hosting major petrochemical and chemi-
cal industry giants like Reliance, has seen its
chemical sector become the largest and fast-
est-growing segment of its economy. Despite
its business-friendly policies and robust infra-
structure, a recent Tata Strategic Management
Group report emphasizes the need for Gujarat
to benchmark itself against international ex-
amples for integrated development, which is
crucial for strengthening its position as a key
chemical hub.

As Eastern countries gain prominence in the
global chemical market, Gujarat’s role will be-
come increasingly significant. It suggests that
drawing comparisons with global leaders like
Jurong Island in Singapore—home to major
companies such as BASF, ExxonMobil, DowDu-
Pont, Mitsui Chemicals, Shell, and Singapore
Petroleum Company—and ensuring seamless
coordination between State and Central depart-
ments will be essential for achieving integrated
development. Gujarat stands at the forefront
of India’s chemical industry, further solidifying
its reputation as the ‘Petrochemical and Chem-
ical Capital of India.” The state contributes 62%
of India’s petrochemical production, 53% of its
chemical production, and 45% of its pharma-
ceutical production.

Gujarat is the top exporter of various chemi-
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cal sub-sectors, including inorganic chemicals,
organic chemicals, petrochemicals, plastics,
rubber, man-made filaments, and man-made
fibers, contributing 41% to India’s national
chemicals and petrochemical exports. Current-
ly, Gujarat accounts for 14% of India’s specialty
chemicals production and aims to increase this
share to 40% by 2047.

The state’s advanced chemical sector infra-
structure and skilled workforce are expected to
attract further investment in specialty chemi-
cals and related products.

The chemical industry in Gujarat is valued at
USD 31.5 billion, while the coke and petroleum
industry is valued at USD 50.8 billion. Gujarat
accounts for 41% of India’s total chemical and
petrochemical exports, representing 5% of the
country’s overall exports and 27% of the state’s
total exports. The state hosts four refining com-
plexes with a combined capacity of 102 MMT-
PA, which constitutes 41% of India’s total refin-
ing capacity.

Gujarat is the leading exporter in India for
chemical and petrochemical products, includ-
ing inorganic chemicals, organic chemicals,
plastics, rubber, man-made filaments, man-
made fibers, and miscellaneous chemicals. The
top ten export destinations for these products

2 https://www.tcs.com/what: do/pace-i ion/article/sustainability-oil-gas-iot- gy

2 https://www.indianchemicalnews.com/chemical/gujarat-signs-4-mous-worth-rs-1401-crore-in-chemicals-sector-18431
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are the USA, China, Brazil, the UAE, Germany,
Indonesia, the UK, the Netherlands, South Afri-
ca, and Belgium?3,

Four industries have signed Memorandums of
Understanding (MoUs) committing a total in-
vestment of X1,401 crores in the chemical sec-
tor. These industries will establish their units at
Saykha and Dahej GIDC in Bharuch district, cre-
ating 2,285 potential jobs. During two phases
of the MoU signing program, a total of 10 MoUs
with investments amounting to 2,761 crores
have been signed to establish various indus-
tries. These new projects are expected to gen-
erate over 5,000 potential jobs.

According to the MoUs signed on August 2, by
2024-25-26, Gujarat Fluorochemicals will in-
vest X50 crores to set up a facility at Dahej-2
in Saykha and Dahej GIDC for producing lithium
hexafluorophosphate, a key chemical for elec-
tric vehicle batteries. Additionally, Savita Green
Tech Limited will invest X493 crores in Saykha
GIDC to initiate a plastic bottle recycling proj-
ect. Harcros Chemicals Pvt. Ltd. will establish a
specialty chemicals plant at Dahej-1 with an in-
vestment of X300 crores, and Ashu Organic (In-
dia) Pvt. Ltd. will launch a manufacturing plant
for dyes and pigment intermediates in Dahej-3
with an investment of X108 crores®:.

50| PAGE



\ ANALYST

Successful Case Studies

Case Study 1: Tata Chemicals’ Green Chemistry
Initiatives

Tata Chemicals, headquartered in Mumbai, In-
dia, and part of the Tata Group, stands as one of
the largest chemical companies in the country,
specializing in chemicals, crop nutrition, and
consumer products. The company has taken a
pioneering role in sustainable practices by im-
plementing green chemistry principles, notably
developing a process to produce sodium bicar-
bonate using carbon capture technology, which
captures carbon dioxide from its own opera-
tions and reuses it as a raw material, thus re-
ducing CO2 emissions.

This initiative has notably diminished the
company’s carbon footprint and resulted in a
more environmentally friendly product, while
economically it has opened new markets for
eco-friendly goods and socially it has strength-
ened Tata Chemicals’ reputation as a leader in
sustainability. However, the project faced sig-
nificant challenges, particularly the substan-
tial initial investment required for the carbon
capture technology; Tata Chemicals overcame
this by leveraging government incentives and
forming partnerships with technology provid-
ers. The case illustrates the critical role of inno-
vation and collaboration in achieving sustain-
ability goals and demonstrates that investment
in green technologies can lead to considerable
long-term economic benefits.

Case Study 2: Reliance Industries’ Circular Econ-
omy Model

Reliance Industries Limited, headquartered in
Mumbai, stands as the largest private sector
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corporation in India. It operates across various
sectors, including petrochemicals, refining, and
telecommunications. As part of its commit-
ment to sustainability, Reliance Industries has
embraced a circular economy model within its
petrochemical business. Reliance Industries
Limited has become the first Indian company
to chemically recycle plastic waste-derived py-
rolysis oil into Circular Polymers certified by the
International Sustainability & Carbon Certifica-
tion (ISCC)-Plus.

It has not only contributed to environmental
conservation but also created economic value
by transforming waste into valuable resources
and generating employment opportunities in
recycling units. However, the company faced
challenges, primarily in ensuring that the qual-
ity of the recycled products met industry stan-
dards. To overcome this, Reliance invested in
advanced recycling technologies and imple-
mented stringent quality control processes.
From this experience, it is evident that circular
economy practices hold substantial potential
for improving waste management and creat-
ing economic benefits. Additionally, the case
highlights the crucial role of technological in-
vestment in maintaining product quality and
achieving sustainability goals.

Case Study 3: Godrej Industries’ Renewable En-
ergy Adoption

Godrej Industries, part of the Godrej Group and
based in Mumbai, operates across various sec-
tors such as chemicals, consumer goods, and
real estate. To enhance sustainability, the com-
pany has invested in renewable energy sources,
including solar and wind power, installing solar
panels at its manufacturing sites and support-
ing wind energy projects. This shift has reduced
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reliance on fossil fuels, decreased greenhouse
gas emissions, and led to cost savings and im-
proved energy security. A significant challenge
was the high initial cost of renewable energy
installations, which Godrej addressed through
government subsidies and long-term power
purchase agreements. This experience under-
scores the economic and environmental advan-
tages of adopting renewable energy and the
critical role of strategic planning and financial
incentives in overcoming investment hurdles.

Case Study 4: Bharat Petroleum’s Green Hydro-
gen Initiative

Bharat Petroleum Corporation Limited (BPCL),
headquartered in Mumbai, is a leading oil and
gas company in India. To support India’s clean
energy transition, BPCL has invested in produc-
ing green hydrogen using renewable energy,
aiming to reduce carbon emissions. This initia-
tive has had several impacts: environmentally,
it has decreased carbon emissions and promot-
ed clean energy; economically, it has created
potential new revenue streams from hydrogen
markets; and socially, it has contributed to na-
tional energy security and sustainability goals.
A significant challenge faced was the high cost
of electrolysis technology, which BPCL tackled
by collaborating with international partners to
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share technology and expertise. This initiative
highlights the importance of partnerships in
advancing innovative technologies and demon-
strates the potential of hydrogen as a clean en-
ergy source.

The Pivotal Role of Gujarat PCPIR
in Driving Inclusive Growth

In May 2007, the Government of India intro-
duced a Policy Resolution aimed at fostering
the development of Petroleum, Chemicals, and
Petrochemical Investment Regions (PCPIRs).
This initiative draws inspiration from successful
chemical and petrochemical hubs in the Middle
East, Southeast Asia, and Europe, which have
significantly advanced their sectors and spurred
regional growth.

The policy aims to encourage investment in the
petroleum and petrochemical industries by es-
tablishing an effective regulatory framework
and state-of-the-art infrastructure. It provides
broad guidelines and sets minimum standards
for developing PCPIRs, while also detailing the
roles of both the Central and State Govern-
ments in terms of budget and institutional sup-
port.

The Gujarat Government, through its nodal
agency, the Gujarat Industrial Development

Figure 17: Key Investment Drivers
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Corporation (GIDC), sought to capitalize on this
opportunity and engaged Mott MacDonald Pri-
vate Limited (referred to as Consultants) to pre-
pare the application for Gujarat. Based on this
application, a 453 sqg. km area in Bharuch Dis-
trict, Gujarat, was approved as one of the first
three PCPIRs in India, alongside the PCPIRs in
Andhra Pradesh and West Bengal. ONGC Petro
Additions Ltd (OPal), a joint venture between
Oil and Natural Gas Commission (ONGC) and
Gujarat State Petroleum Corporation (GSPC),
has been designated as the ‘lead anchor’ for
promoting the Gujarat PCPIR.

The establishment of PCPIRs is crucial for the
chemical industry, as this policy is anticipated
to draw significant investments from both do-
mestic and international sources. Currently,
three PCPIRs have been announced: Dahej,
Paradip, and Vizag. Additionally, several SEZs,
including those in Mangalore and Dahej, host
petrochemical complexes. These SEZs are ded-
icated to becoming net foreign exchange earn-
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ers, thereby intensifying their focus on pene-
trating export markets.

India has identified six PCPIRs, with four hav-
ing received final notification. The Haldia PCPIR
plan has been discontinued due to lack of sup-
port from the new West Bengal government. In
contrast, there has been no opposition to the
other four PCPIRs, and their development is
expected to proceed as planned. Among them,
Vizag, Paradip, and Dahej have seen some
progress, while the Cuddalore PCPIR was re-
cently approved in August 2012. In Dahej, total
committed investment has reached Rs 128,441
crore, with the anchor tenant ONGC-OPal in-
vesting Rs 8,707 crore as of May 2012. NEERI
has been assigned the EIA study and environ-
mental management plan. The Gujarat govern-
ment is working on expanding the Bharuch to
Dahej stretch to six lanes. However, since the
anchor tenant is located within the SEZ, its ac-
tivities will primarily focus on export.

Figure Ill 6: PCPIRs in India
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With companies such as Reliance, Shell, ONGC,
and others already established in Gujarat, the
state is poised to become a leader in the chem-
icals and petrochemicals sector. The Petroleum,
Chemicals, and Petrochemicals Investment Re-
gion (PCPIR) at Dahej in Gujarat’s Bharuch dis-
trict is one of the four PCPIRs designated by the
Centre under the PCPIR Policy 2007. Covering
an area of 452.98 square kilometers, the Guja-
rat PCPIR boasts excellent connectivity through
road, rail, port, and air.

The ONGC Petro Additions Limited (OPal) facili-
ty within the PCPIR is one of South Asia’s largest
petrochemical complexes. Spanning 5 square
kilometers, OPalL has the capacity to produce
1.4 million tons of polymers and 500,000 tons
of chemicals annually. Besides OPal, the PCPIR
also hosts manufacturing and processing facili-
ties for major companies including BASF, ONGC,
Reliance Industries (RIL), Welspun, Pidilite, and
GNFC.

Reliance Industries Ltd’s (RIL) Jamnagar refin-
ery is the world’s largest and most intricate
single-site refinery, with a crude processing ca-
pacity of 1.4 million barrels per day (MMBPD).
According to RILs official website, the Jamnagar
refinery complex features some of the globe’s
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largest units, including those for fluidized cat-
alytic cracking, coking, alkylation, paraxylene
production, polypropylene, refinery off-gas
cracking, and petcoke gasification.

Dahej is a prominent investment hub with a
robust industrial base spanning sectors such as
chemicals and petrochemicals, textiles, phar-
maceuticals, and ports and shipbuilding. The
development of the GPCPSIR, the Dahej SEZ,
and its proximity to the Delhi-Mumbai Industri-
al Corridor (DMIC) is expected to further drive
industrial and economic growth in the district.
Dahej has successfully attracted significant in-
vestments into the PCPIR, totaling approxi-
mately USS 13.6 billion. This includes USS 2.4
billion allocated for infrastructure development
in the PCPIR region by the Gujarat Infrastruc-
ture Development Corporation (GIDC), and a
major investment of USS 4.0 billion from OPalL.
Key investors in the region include Reliance,
BASF, Aditya Birla, Welspun, GACL, Adani, SRF,
GSPL, Torrent, and Lanxess. Additionally, vari-
ous projects by Nayara Energy, Godrej Agrovet,
Polyplastics, Thermax, Astral Pipes, Neogen
Chemicals, and others are currently under de-
velopment.
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Collaboration between Industry,
Government, and Academia

SCG Chemicals (SCGC), a prominent inte-
grated chemical company, has partnered
with the Synchrotron Light Research In-
stitute (SLRI), which operates under the
Ministry of Higher Education, Science, Re-
search, and Innovation. This collaboration
aims to advance academic research focused
on polymer and chemical innovations. Re-
cently, the two organizations signed a Mem-
orandum of Understanding and Service
Agreement to jointly develop polymer and
chemical innovations targeting decarbon-
ization, circular economy principles, and fu-
ture industrial applications.

GreenlLine unveiled its first partnership in
the Chemical Industry with GHCL Limited,
marking a significant milestone in its com-
mitment to sustainability. This collaboration
is a crucial step toward decarbonization and
the reduction of Scope 3 emissions, high-
lighting GHCL’s strong dedication to foster-
ing a greener future. Together, it aims to
drive innovative solutions that contribute to
a more sustainable and eco-friendly chem-
ical industry.

Arete Group has announced a major trans-
action involving the acquisition of 35 acres
of prime industrial land at Payal Industrial
Park (PIP) in Dahej, Gujarat, by Silox India.
Silox India, a Belgium-based manufactur-
er of inorganic chemicals, is entering this
strategic partnership to drive growth, in-
novation, and sustainability in the chemical
manufacturing sector. PIP, developed and
promoted by Arete Group, is India’s largest
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privately integrated industrial park, strate-
gically positioned within the Gujarat PCPIR
(Petroleum, Chemicals, and Petrochemicals
Investment Region). Endorsed by the Gu-
jarat government, PIP provides world-class
infrastructure and facilities, making it an
ideal location for manufacturing plants and
large-scale industries. Spanning over 3,500
acres and planned by CH2M Hill, the park is
designed to meet the needs of water-inten-
sive and polluting industries.

Godrej Locks & Architectural Fittings and
Systems-At its eco-friendly manufacturing
facility in Goa, Godrej Locks & Architectur-
al Fittings and Systems has embraced green
chemistry for the production of locks. The
plant employs an ion exchange process for
the selective removal of heavy metals, en-
hancing energy efficiency. It also features
an automated online effluent treatment
plant that has replaced eco-hazardous ma-
terials with more bio-friendly alternatives.
The green chemistry approach uses triva-
lent chrome, a non-cyanide-based option,
instead of the environmentally harmful
hexavalent chromium. Similarly, the plating
process employs an alkaline copper system
in place of hazardous cyanide copper. Ad-
ditionally, the company prioritizes the use
of recycled materials, such as brass and
Mazak, and ensures that processed scrap
is sent back to the smelter to be converted
into raw material for reuse.

Swedish Steel India is advancing its green
manufacturing initiative through the
HYBRIT project, which aims to replace cok-
ing coke with hydrogen in the steel produc-
tion process. The steel industry is one of
the largest contributors to global carbon
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dioxide emissions, accounting for 7% of the
total. The HYBRIT (Hydrogen Breakthrough
Ironmaking Technology) project seeks to
replace coal with hydrogen in steelmak-
ing, replacing the traditional blast furnace
method. Currently, coke is used to convert
iron ore to iron, but the new process will
use hydrogen gas, produced from fossil-free
energy sources, instead. The by-product will
be water, which can be recovered and used
to produce more hydrogen gas. According
to the company, reduction reactions in iron-
making account for approximately 85-90%
of the total carbon dioxide emissions in ore-
based steelmaking. HYBRIT’s method will
significantly reduce these emissions by us-
ing hydrogen gas as the primary reductant.

Roadmap for Sustainability

The Indian chemical industry is currently grap-
pling with several sustainability challenges.
First, the sector is highly energy-intensive, con-
suming approximately 12-15% of the country’s
total energy. This substantial energy use leads
to significant greenhouse gas emissions, con-
tributing to climate change.

Second, the chemical industry is one of the larg-
est consumers of water in India, accounting for
around 20% of total industrial water usage. This
high level of water consumption strains limited
water resources, exacerbating water scarcity in
certain regions.

Third, the industry generates considerable
amounts of hazardous waste and emissions,
which can pose serious environmental and
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health risks if not managed effectively. It is also
susceptible to accidents such as leaks, spills,
and explosions, which can result in severe envi-
ronmental damage and harm to human health.
Lastly, the chemical industry faces social sus-
tainability issues, including poor working condi-
tions, low wages, and human rights violations,
especially among contract workers.

The sustainability roadmap for Indian Chemical
Industries emphasizes the need for the sector
to transition to more sustainable practices to
minimize its environmental and societal im-
pact. It outlines a framework for adopting sus-
tainable practices throughout the entire value
chain, including raw material sourcing, produc-
tion, transportation, distribution, and dispos-
al. A major takeaway from the roadmap is the
necessity for Indian Chemical Industries to im-
plement cleaner production methods and tech-
nologies to lower greenhouse gas emissions,
energy consumption, and waste generation.
This can be achieved through the adoption of
energy-efficient technologies, renewable ener-
gy sources, and circular economy principles.
Another critical step for the industry to adopt
responsible sourcing practices to ensure that
raw materials are sustainably obtained and do
not contribute to deforestation or other forms
of environmental degradation. Additionally,
there is a call for reducing water consumption
and enhancing water use efficiency. Overall, the
sustainability roadmap offers a comprehensive
and actionable framework for Indian Chemical
Industries to embrace sustainable practices,
supporting a more sustainable future for both
India and the global community?®.

2 https://www.indianchemicalnews.com/opinion/sustainability-roadmap-for-indian-chemical-industry-18525#:~:text=0ne%200f%20the%20key%20conclusions,energy%20consumption%2C%20

and%20waste%20generation.
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Five Conversion Strategies
To Transition the Chemical Industry
Toward Sustainability
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Overview of Government Policies
Supporting the Chemical and Pet-
rochemical Industries

Overview of Government Policies Supporting
the Chemical and Petrochemical Industries

The Government of India (Gol) aims to po-
sition India as a leading hub for CPC (Chem-
icals, Petrochemicals, and Pharmaceuticals)
manufacturing through various initiatives and
policy reforms designed to foster a more busi-
ness-friendly environment for both domestic
and international investors. India’s Ease of Do-
ing Business (EoDB) ranking has significantly
improved from 142 in 2014 to 63 in 2019. The
government is also advancing bold reforms, in-
cluding the Chemical (Management and Safety)
Rules (CMSR), Extended Producer Responsibili-
ty (EPR) regulations, and the rationalization of
basic customs duties on raw materials for do-
mestic manufacturers. The focus is on address-
ing anomalies and challenges in the indirect tax
regime, particularly the inverted duty structure
that hampers the Make in India initiative.

To further enhance the domestic manufacturing
sector, the Gol hasannounced multiple econom-
ic stimulus packages to revitalize the COVID-af-
fected economy, introduced the Production
Linked Incentive (PLI) Scheme across 13 sectors,
and implemented various tax and labour re-
forms. Additionally, the National Infrastructure
Pipeline (NIP) has been established, and several
sector-specific policies and schemes, including
public procurement policies, have been devel-
oped. The government has also set mandatory
Bureau of Indian Standards (BIS) regulations,
launched skill development programs, and re-
newed the PCPIR policy to support CPC sector
growth.

The PLI Scheme, with a total allocation of USD 28
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billion, has been extended to cover 13 sectors.
This initiative aims to achieve a minimum pro-
duction output of approximately USD 500 bil-
lion over the next five years. The scheme offers
cashback and incentives ranging from 2-20% of
incremental sales revenue and incremental ex-
port revenue, depending on the sector.

The Government of India introduced the PCPIR
Policy in 2007 to attract investment and create
employment opportunities within the Petro-
leum, Chemical, and Petrochemical Investment
Regions (PCPIRs). This policy aims to foster the
growth of the Chemical and Petrochemical sec-
tors in an integrated, large-scale, and environ-
mentally friendly manner.

The Government of India (GOI) reviews all ap-
plications for establishing PCPIRs (Petroleum,
Chemical, and Petrochemical Investment Re-
gions) under this policy and approve feasible
proposals promptly. A High Powered Com-
mittee ensures effective coordination among
central ministries and state governments, and
to oversee the progress of environmental and
other clearances as well as the development
of the PCPIRs at necessary intervals. The GOI
also ensure that external physical infrastruc-
ture linkages, including rail, road (national high-
ways), ports, airports, and telecommunications,
are provided to the PCPIRs in a timely manner.
These infrastructures will be created or upgrad-
ed through Public-Private Partnerships (PPPs)
wherever possible, with the Central Govern-
ment providing necessary viability gap funding
through existing schemes. Budgetary provisions
for infrastructure creation through the public
sector will also be made where needed. Addi-
tionally, the GOI will support state governments
and their agencies in promoting domestic and
global investment in the PCPIRs by disseminat-
ing relevant information.
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The State Government play a central role in es-
tablishing the PCPIR. Responsibilities include
identifying a suitable site, preparing and seek-
ing approval for the proposal, notifying the
PCPIR area under the relevant Act, and acquir-
ing or assisting in acquiring the necessary land
for infrastructure and processing areas. Land
acquisition must comply with legal require-
ments and include rehabilitation provisions as
per established norms, avoiding agricultural
land where possible.

Once the area is notified, the State Government
ensure that all physical infrastructure and utili-
ty linkages within its jurisdiction are provided

indian-chemical

7 https://www.pwc.in/assets/pdfs/industries/oil-and-gas/publicatior

within a specified timeframe. A nodal depart-
ment will be designated to coordinate these
linkages, and this department, along with rele-
vant authorities, facilitate all required state-lev-
el clearances.

Specifically, the State Government is responsi-
ble for:

I. Ensuring reliable power connectivity and
availability, including open access as per
state electricity regulations.

II. Providing bulk water supplies.

d-petrochemical-industry.pdf
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lll. Ensuring road connectivity through state
roads.

IV. Facilitating sewerage and effluent treat-
ment from the PCPIR to final disposal sites.

V. Developinginfrastructure to address health,
safety, and environmental concerns.

The State Government may also offer addi-
tional incentives for the development of the
PCPIR. Additionally, a Management Board will
be established to oversee the development and
management of the PCPIR, which may be con-
stituted under an existing state Act or a new Act
if necessary?:.

Strategic Initiatives for Sector
Growth

Government initiatives such as the “Make in In-
dia” and “Atmanirbhar Bharat” campaigns have
significantly advanced India’s petroleum indus-
try by providing crucial support and fostering
sector growth. Alongside technical assistance,
substantial government investments have
played a pivotal role in enhancing the industry’s
development. In addition to these programs,
several other initiatives have further strength-
ened the sector, including the National Petro-
chemical Policy of 2007, Hydrocarbon Vision
2030 of 2016, Skill India, automatic approval
for 100% FDI in the petrochemical industry, and
the Production Linked Incentive Scheme 2021.
These efforts have collectively provided an un-
paralleled boost to the petroleum sector in In-
dia.

National Policy on Petrochemicals

28 https://chemicals.gov.in/sites/default/files/Policies/PCPIRPolicy.pdf
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Establishment of Plastic Parks

This initiative aims to create state-of-the-art
plastic parks through a cluster development
model, consolidating and enhancing the ca-
pabilities of the domestic downstream plas-
tic processing industry. The objective is to
boost sectoral investment, production, and
exports while generating employment op-
portunities. The scheme has approved ten
Plastic Parks across various states including
Madhya Pradesh (two), Odisha, Jharkhand,
Tamil Nadu, Uttarakhand, Chhattisgarh, As-
sam, Uttar Pradesh, and Karnataka.

Creation of Centres of Excellence in Poly-
mer Technology

The goal of this scheme is to advance pet-
rochemical technology and research, as
well as to support the development of new
polymer and plastic applications. During
Phase | (2013-2017), the Government’ of
India provided financial support covering
up to 50% of the project cost, with a maxi-
mum limit of (Rs. 6 crore) over three years.
The government has expanded the Centres
of Excellence (CoE) in Polymer Technology
scheme, with 15 centers now operational
across India’s top research and education-
al institutions. Under the latest guidelines
for the 2021-2026 period, financial sup-
port has been increased to a maximum of
%10 crore per project to better support the
commercialization of homegrown technol-
ogies. Current research is heavily focused
on sustainability, with these centers leading
the development of biodegradable plastics,
advanced medical materials, and circular
economy solutions to reduce the environ-
mental footprint of the petrochemical setor.
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Petrochemicals Research & Innovation Com-
mendation Scheme 2023

The scheme for establishing Plastic Parks, Cen-
tres of Excellence, and the National Petrochem-
icals Awards has been reviewed and renamed
the Petrochemicals Research & Innovation
Commendation Scheme, effective January
2023. This new framework aims to foster R&D
and human resource development in the pet-
rochemicals sector, institutionalizing the com-
mendation scheme to achieve these objectives.

Revised Petroleum, Chemical, and Petrochem-
ical Investment Regions (PCPIRs) Policy (2020-
35)

Under the PCPIR Policy of 2007, four PCPIRs are
being developed in Andhra Pradesh (Visakhapa-
tnam), Gujarat (Dahej), Odisha (Paradeep), and
Tamil Nadu (Cuddalore and Nagapattinam) to
encourage investment and industrial growth.
The revamped PCPIR Policy 2020-35 targets at-
tracting a total investment of USD 142 billion
(Rs. 10 lakh crore) by 2025, USD 213 billion
(Rs. 15 lakh crore) by 2030, and USD 284 bil-
lion (Rs. 20 lakh crore) by 2035. The updated
policy will reduce the size of each region from
250 to 50 square kilometers, using a specialized
cluster integration approach. The Centre will
provide Viability Gap Funding (VGF) of up to
20% for infrastructure projects in these regions.
The PCPIRs are designed to promote the petro-
leum, chemical, and petrochemical sectors on
a large scale in an integrated and environmen-
tally friendly manner. They are expected to cre-
ate approximately 33.83 lakh jobs, with around
4.21 lakh people already employed in related
activities. The PCPIR initiative is projected to

2 https://www.ibef.org/blog: i pportuniti

for-petrochemicals-in-india
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attract around USD 276.46 billion (Rs. 20 lakh
crore) in investment by 2035.

Chemical (Management and Safety) Rules
(CMSR)

The fifth draft of the Chemical (Management
and Safety) Rules (CMSR) has been released,
which will replace the Manufacture, Storage,
and Import of Hazardous Chemicals Rules
(1989) and the Chemical Accidents (Emergency
Planning, Preparedness, and Response) Rules
(1996). This regulation requires manufactur-
ers, importers, or Authorized Representatives
to register chemicals that need to be registered
when they are produced, imported, or placed in
Indian territory.

Extended Producer Responsibility (EPR)

Extended Producer Responsibility (EPR) re-
quires producers (including brand owners and
importers) to manage their products in an en-
vironmentally sound manner throughout their
lifecycle. This policy is a step towards more sus-
tainable waste management. The Indian gov-
ernment has introduced an EPR Policy to sup-
port this approach.

Additional Measures

The government has allowed 100% Foreign Di-
rect Investment (FDI) in the petrochemical sec-
tor through the automatic route. Additionally,
various tax benefits have been granted to the
petrochemical industry, including exemptions
or reduced rates for excise duty, customs duty,
and value-added tax (VAT) on specific petro-
chemical products such as polymers, plastics,
and synthetic fibers®.
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Contribution of MSMEs in the

Chemical Industry

With its 42 ports, 18 domestic airports, and one
international airport, Gujarat has become a
prominent center of industrial activity. The state
hosts 106 product clusters and 60 designated
special economic zones (SEZs), drawing signifi-
cant investments in sectors such as petrochem-
icals, chemicals, pharmaceuticals, minerals,
ceramics, dairy, gems and jewellery, textiles, au-
tomotive and engineering, IT, power, and ports.

Gujarat’s strategic location has made it a key
player in exports of chemicals, textiles, pro-
cessed foods, and agricultural products. The
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state is rapidly evolving into a manufacturing
hub, attracting numerous global healthcare
companies eager to invest.

As a result, Gujarat is solidifying its position as
India’s manufacturing capital. The state has also
prioritized the development of small and me-
dium enterprises (SMEs) through various policy
initiatives, including interest subsidies, venture
capital support, and quality certification pro-
grams. These efforts empower many MSMEs in
Gujarat to undertake new initiatives, bolstering
the economy.

MSMEs are vital to Gujarat’s economy, provid-
ing employment for both unskilled and skilled
workers and significantly contributing to the

Figure 21: MSME Clusters in India

MSME Clusters
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® Gujarat
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® Kerala
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nation’s economic growth. The Gujarat govern-
ment is dedicated to enhancing the quality of
life and prosperity in the state by fostering a
business-friendly environment, simplifying the
ease of doing business, and encouraging entre-
preneurship among youth. The MSME sector is
pivotal in the chemical manufacturing industry
value chain.

On one hand, it contributes by producing low
value-added products, performing job work
for larger domestic players, and carrying out
processes such as purification and blending.
On the other hand, MSMEs also serve niche
markets by providing high-quality specialty in-
gredients, where the market size is smaller but
competition is limited due to the high stan-
dards required. MSMEs in Gujarat play a vital
role in the state’s development and significant-
ly contribute to India’s socio-economic growth.
According to data presented by the Union gov-
ernment, Gujarat ranks as the fourth largest
state for MSMEs, following Maharashtra, Tamil
Nadu, and Uttar Pradesh.

Gujarat is home to approximately 11.26 lakh
registered MSMEs, representing 7.5% of the
total 1.48 crore MSMEs registered nationwide.
This highlights the state’s robust entrepreneur-
ial spirit and has fostered a dynamic business
environment. Gujarat is rapidly evolving into a
major Multi-Product MSME hub, offering sub-
stantial economic opportunities for its resi-
dents.

India’s chemical sector is both diverse and ro-
bust, with Micro, Small, and Medium Enterpris-
es (MSMEs) playing a vital role. Data from the
Ministry of Chemicals & Petrochemicals shows
that MSMEs make up approximately 30% of the
domestic chemical industry.
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Maijor clusters of these enterprises are located
in Thane, Mumbai, and Ahmedabad. About half
of these MSMEs are involved in organic manu-
facturing, while the remainder specialize in pro-
ducing dyes, pigments, soaps, detergents, and
agrochemicals.

Although the chemical sector is dominated by
large players, the MSME (Micro, Small, and
Medium Enterprises) segment is estimated to
represent approximately 25-30% of the indus-
try. This segment is vital for domestic chemical
manufacturing and job creation. MSMEs typi-
cally focus on areas where scale is less critical
and R&D requirements are minimal, but they
also have a significant presence in niche spe-
cialty chemical sectors.

Enhancing MSME Capabilities and
Competitiveness

With the implementation of the “Make in In-
dia” initiative, investment in the manufactur-
ing sector has become more appealing. This
has provided the chemical and petrochemical
industries with global exposure, driving ex-
pansion, job creation, and establishing a com-
petitive edge. In the realm of research and
development, the government offers a 200%
tax deduction under Section 35 (2AB) of the In-
come Tax Act for both capital and revenue ex-
penditures related to scientific R&D.

Additionally, the new “59-minute loan” scheme
for MSMEs allows for loans up to X1 crore, sup-
porting industry growth and enhancement.
India benefits from lower pharmaceutical pro-
duction costs compared to the US and ‘signifi-
cantly lower than in the UK.
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Figure 22: MSME’s Contribution to Chemical Value Chain

MSME contribution to chemical value chain
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Despite the accelerated growth and govern-
ment incentives, the industry faces several
challenges. There is often a lack of understand-
ing in structuring innovation, marketing, sales,
manufacturing, and portfolio management.
Experienced chemical consultants can assist
by analyzing a company’s market position and
guiding it towards progress.

Compliance with government policies is anoth-
er major challenge for the chemical industry.
Companies frequently struggle with low prof-
it margins due to government pricing policies.
Pharmaceutical and chemical consultants can
alleviate these challenges by ensuring compli-

Relatively Higher Margin

Customers are large
domestic players/MNCs

Relatively higher R&D
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ance with regulations, staying updated on poli-
cy changes, and helping companies take advan-
tage of available benefits.

The Micro, Small, and Medium Enterprises (MS-
MEs) sector plays a crucial role in the socio-eco-
nomic development of India. This sector is vital
for the country’s Gross Domestic Product (GDP)
and export performance. It also significantly
contributes to entrepreneurship development,
particularly in semi-urban and rural areas.

On May 13, 2020, a revision in the definition of
MSMEs was announced under the Aatmanir-
bhar Bharat Abhiyaan Scheme. The Ministry of

* https://energy.economictimes.indiatimes.com/files/cp/800/cdoc-1632303852-ICRA%20White%20Paper%200n%20Chemical%20and%20Plastic%20Industry%20-%20Final%20-%20Sep%202021.pdf
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Micro, Small, and Medium Enterprises issued a
gazette notification on June 1, 2020, which in-
troduced updated definitions and criteria for
MSMEs. These new classifications took effect
on July 1, 2020. Under the revised Aatmanir-
bhar Bharat Abhiyaan Scheme, MSMEs are now
classified based on investment in plant and ma-
chinery and turnover criteria.

The Gujarat Government launched the ‘Aat-
manirbhar Gujarat’” scheme to advance the
manufacturing sector by offering various forms
of support and incentives. This initiative aligns
with Prime Minister’s vision of ‘Aatmanirbhar
Bharat’” and underscores Gujarat’s reputation
as a leading hub for entrepreneurs and industry
in India. The scheme provides substantial sup-
port for MSMEs in Gujarat, including a capital
subsidy of up to Rs 35 lakh for micro industries,
an annual interest subsidy of up to Rs 35 lakh
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for up to 7 years, and a 10-year Employees’
Provident Fund (EPF) reimbursement. Addi-
tional benefits are available for women, young
entrepreneurs, startups, and differently-abled
entrepreneurs. Launched on October 5, 2022,
the scheme will remain in effect for five years.

The number of MSMEs in the country is project-
ed to increase from 6.3 crore to approximately
7.5 crore in the near future, growing at a com-
pound annual growth rate (CAGR) of 2.5%. As of
March 2024, the number of MSMEs registered
on the Udyam portal, including the Udyam As-
sist Platform (UAP), has reached 4,00,42,875.
In October 2023, gross bank credit extended to
MSMEs under priority sector lending totalled
USD 279.18 billion. This represents a 22.8%
increase from the previous year and an 11.8%
rise from September 2023, according to the lat-
est RBI data on sectoral credit deployment.

Table 2: Criteria for Classification of Industries Based on Turnover and Investment

Manufacturing Enterprises and Enterprises rendering Services

(Revised classification with effect from July 1, 2020)

Turnover Investment
Micro Rs. 5 crore

(US$ 610,000)
Small Rs. 50 crore

(Us$ 6.1 million)

Medium Rs. 250 crore

(US$ 30.4 million)

31 https://www.ibef.org/industry/msme

Less than Rs. 1 crore (US$ 120,000)

More than Rs. 1crore (US$ 120,000) but less than Rs. 10 crore (US$ 1.2 million)

More than Rs. 10 crore (US$ 1.2 million), but less than Rs. 50 crore (US$ 6.1 million)
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Support and Incentives for MSMEs

Gujarat leads India’s chemical industry, housing over 11,000 chemical units. The state produces
more than half of the country’s major chemicals. Gujarat is a key center for manufacturing fertilizers,
pharmaceuticals, dyes, and pigments, and is home to numerous MSMEs in these sectors. The state
also boasts several research and development centers and institutes focused on advancing chemical
technology. The Gujarat government supports the chemical industry with initiatives such as invest-
ment incentives, infrastructure improvements, and access to skilled labor.

¢ The Self-Reliant India (SRI) fund, with a total corpus of 50,000 crore (USS6 billion), has allocated
X7,593 crore (USS910 million) to 425 MSMEs. This investment, made under the Aatmanirbhar
Bharat package, supports various sectors including agriculture, pharmaceuticals, automotive,
and chemicals.

e On December 15, 2023, DCM Shriram Ltd announced its entry into the “Advanced Materials”
sector within its Chemicals business. As of November 30, 2023, the Self-Reliant India (SRI) Fund,
established by the government in May 2020 and managed by SBICAP Ventures, has invested
%6,448 crore (US$777.62 million) in MSMEs, with a 15-year period for equity infusion.
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Addressing the Skill Gap in the Chemical and Petrochemical Industry

The Rubber, Chemical, and Petrochemical Sector Skill Development Council (RCPSDC), formerly
known as RSDC, is dedicated to enhancing skills within India’s rubber, chemical, and petrochemical
industries. The plastic industry, in particular, offers substantial employment opportunities and en-
trepreneurial potential. RCPSDC, in collaboration with the Central Institute of Petrochemicals Engi-
neering & Technology (CIPET), provides skill development training programs aimed at unemployed
youth, including those from SC/ST/OBC/EWS/BPL categories. These initiatives offer young people
the chance to enhance their skills and secure positions within the industry.

Figure 23: Skill Pyramid for the Chemicals Industry

s\ Highly specialised involving

ovel 4
L;‘gn y research and design
= 0
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and involve highly technical or
commercial operations

Skill Level 2 Require technical training inputs,
knowledge of complex operations

25-30070 and machinery, skills of supervision
x Acquired with a short/modular and
Skill Level 1 focused intervention and thereby
20 250/ enhancing employability of those
= 0 with minimal education

The chemical industry is encountering significant difficulties in sourcing skilled and employable per-
sonnel to meet its workforce needs. New employees primarily acquire skills through on-the-job
training (OJT). This shortage of skilled workers could hinder the industry’s growth. Therefore, it is
crucial to identify skill gaps, assess the demand for various skill sets, and develop a skilled workforce.
Addressing these issues will require a collaborative effort from all stakeholders involved.

As one of the fastest-growing sectors, the chemical industry presents significant opportunities for
youth across a range of skill levels, from high school graduates to Ph.D. and M.Tech. holders. Approx-
imately 20-25% of roles in the industry require skills that can be acquired through short or modular
training programs, thus improving employability for individuals with minimal education. Additionally,
various companies, including public sector units, offer apprenticeship training in diverse areas such
as industrial chemical analysis, QA/QC of pesticides and formulations, hazardous chemical handling,
industrial and chemical safety, process and plant operations, and chemical packaging and labeling.

2 https://facilities.aicte-india.org/KARMA/ssc-documents/Rubber,%20Chemical%20&%20Petrochemical %20Skill % 20D 20Council.pdf
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Training Programs to Enhance Workforce Capabilities

The National Employability Enhancement Mission (NEEM) aims to address the issue of unemploy-
ment by equipping millions of job-seeking youths with essential skills for various industries. Many
traditionally educated individuals lack the specific skills required for employment, and the NEEM
scheme addresses this gap by offering skill development training through apprenticeships. This ini-
tiative seeks to tackle both the challenges of unemployment and the shortage of skilled workers in
the country.

National Apprenticeship Promotion Scheme (NAPS)

The National Apprenticeship Promotion Scheme (NAPS), launched by the Government of India in
2016, aims to incentivize industries and enhance apprenticeship opportunities. The scheme’s prima-
ry objective is to encourage apprenticeship training across the country by partnering with employers
who wish to take on apprentices, aligning with the Skill India vision and mission.

Major Benefits:

e Access to pre-approved courses on the apprenticeship portal, with the option for industries to
customize courses according to their specific needs.

e Flexible training durations, ranging from 6 to 24 months, as determined by industry preferences.

e Training is conducted on the industry premises, tailored to the organization’s requirements.

e Financial support of up to 25% of the prescribed stipend, with a maximum of Rs. 1,500 per
month per apprentice.

* No obligation for industries to retain apprentices after their training is completed.

e Industries can use their CSR funds to provide additional “skill training” beyond the minimum
requirements set by the Apprenticeship Act (2.5% of the workforce).

RPL- Recognition of Prior Learning

Recognition of Prior Learning (RPL) is an assessment process designed to evaluate an individual’s
existing skills, knowledge, and experience acquired through formal, non-formal, or informal learning
and certification.

Major Benefits:

e Aligns the competencies of the unregulated workforce with the standardized National Skills
Qualification Framework (NSQF).

e Enhances employability opportunities for individuals and offers alternative pathways to higher
education.

e Provides opportunities to address and reduce inequalities by valuing diverse forms of knowl-
edge.
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e Connects with the extensive uncertified workforce nationwide through direct collaborations
with industry.

Short Term Training (STT)

The Short-Term Training offered at approved Training Centres (ICs) aims to assist Indian nationals
who are either school or college dropouts or unemployed. In addition to providing training aligned
with the National Skills Qualification Framework (NSQF), these centres also cover Soft Skills, Entre-
preneurship, and Financial and Digital Literacy. The training duration varies by job role, ranging from
240 to 500 hours. Upon successful completion of the assessment, candidates receive placement
assistance from Training Partners (TPs).

Benefits to Corporates:

e Access to skilled manpower for their operations.

e Ability to develop a new workforce tailored to their specific needs.

e Opportunities to re-skill and certify existing employees.

e Option to integrate CSR initiatives for skill development aligned with RCPSDC job roles.
e Support for TPs by offering their facilities for practical training under CSR.

e Contribution to building a more skilled workforce nationwide.

Placement Portal

RCPSDC has launched a dedicated placement portal to cater to the hiring needs of the Rubber, Chem-
ical, and Petrochemical industries. This platform allows candidates from across the country to apply
directly for job opportunities offered by employers. The portal features advanced filtration tools that
enable both employers and job seekers to refine their searches based on interests, location, skills,
and more®,

Capacity-building initiatives by Research and Development (R&D) institutions are crucial for shaping
the future of the global chemical industry. These efforts encompass a broad range of activities aimed
at enhancing the skills, capabilities, and resources of professionals and organizations within the sec-
tor. Key initiatives include:

e Research Collaboration: R&D institutions facilitate partnerships between academia, industry,
and government agencies to advance scientific knowledge, develop innovative technologies, and
tackle industry challenges. Collaborative projects offer opportunities for knowledge exchange
and interdisciplinary work.

e Technology Transfer and Licensing: Institutions support the dissemination of cutting-edge re-
search, patents, and technologies through licensing agreements. This helps industry players

* https://facilities.aicte-india.org/KARMA/ssc-documents/Rubber,%20Chemical %20&%20Petrochemical %20Skill%20Development%20Council.pdf
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adopt new technologies, accelerate product development, and gain a competitive edge.

e Training and Workshops: By organizing programs on topics such as chemical process optimiza-
tion, sustainability, regulatory compliance, and emerging trends, R&D institutions enhance the
skills and capabilities of chemical industry professionals, empowering them to address complex
challenges and drive innovation.

e Incubation and Start-up Support: Many institutions operate incubators, accelerators, and tech-
nology parks to support start-ups and small businesses in the chemical sector. These initiatives
provide access to infrastructure, funding, mentorship, and networking opportunities.

e Education and Training Programs: Institutions collaborate with universities and technical schools
to offer specialized degree programs, courses, and certifications in fields like chemical engineer-
ing, polymer science, materials science, and nanotechnology, creating a skilled workforce for the
industry.

e Open Innovation Platforms: R&D institutions establish platforms for industry stakeholders to
collaborate on pre-competitive research projects, share resources, and address common chal-
lenges, fostering a culture of collaboration and co-innovation.

e Policy Advocacy and Advisory Services: Institutions engage in advocacy and provide advisory
services on research funding, intellectual property rights, environmental regulations, and tech-
nology standards, helping shape a supportive regulatory environment.

e Global Networking and Partnerships: By forming strategic partnerships and participating in in-
ternational research consortia, R&D institutions enhance their visibility and impact, promoting
cross-cultural collaboration and knowledge exchange.

Overall, these capacity-building initiatives are vital for driving innovation, competitiveness, and sus-
tainability in the global chemical industry. By promoting collaboration, facilitating technology trans-
fer, providing education and training, and advocating for supportive policies, R&D institutions con-
tribute significantly to the advancement of science and technology and the growth of the chemical
sector worldwide.

In the Indian chemical industry, training and capacity building are essential for fostering growth,
innovation, and sustainability. Companies that invest in their workforce can overcome challenges,
seize opportunities, and establish themselves as leaders in a competitive market. With strategic
planning, collaboration, and a focus on continuous learning, the Indian chemical industry can unlock
its full potential and contribute to national economic prosperity and industrial development.
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Partnerships with Educational Institutions for Skill Development

Human resources are crucial for the growth of the Indian Chemical Industry, which is currently facing
a significant challenge in attracting world-class talent. To address this issue and draw skilled profes-
sionals to the sector, it is essential to enhance technical education and establish new institutions
with state-of-the-art facilities. According to the National Skills Development Corporation (NSDC) re-
port on Human Resource and Skills Requirement for the Chemicals and Pharmaceutical Sector 2022,
the industry will need approximately 1 million skilled workers by 2022. Currently, the chemical indus-
try employs around 800,000 people, with an additional 200,000 needed by 2022. Major challenges
include inadequate quality education and insufficient investment in skill development. Therefore, a
substantial policy focus on skill development is necessary to meet these demands.

e OnlJuly9, 2015, the Ministry of Chemicals and Fertilizers and the Ministry of Skill Development
and Entrepreneurship signed three memorandums of understanding (MoUs) to address the need
for skilled manpower in the industry. These MoUs aim to collaboratively meet the growing de-
mand for skilled workers in the fertilizer, pharmaceutical, and chemicals & petrochemical sec-
tors. The agreements include setting standards and quality assurance processes to support the
implementation of various projects. The three departments within the Ministry of Chemicals and
Fertilizers will coordinate their budgets under existing or new schemes to execute the initiatives
outlined in the MoUs. This coordination will encompass advocacy, marketing, training, certifica-
tion, and, if necessary, the establishment of a project management unit.

e BASF, in partnership with Somaiya Vidyavihar (SVV) and the Indian Chemical Council (ICC), is
celebrating the success of the inaugural batch of the We-Chemie program—Women Enabled for
Careers in Chemistry. This initiative recognizes the achievements of students who have complet-
ed the training. With women representing less than 30% of the global chemical sector, and likely
even fewer in India, BASF leads this CSR effort alongside SVV and ICC to address the gender imbal-
ance in the industry. The We-Chemie program aims to build a pipeline of skilled female graduates
and postgraduates from underprivileged backgrounds, equipping them to embark on successful
careers in the chemical industry. The program offers participants vital knowledge, skills, and a
supportive mindset through a combination of industry visits, mentorship, and self-development
activities.
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Summary Of Key Insights

India’s chemical and petrochemical industry is
entering a critical phase in its evolution, marked
by a growing recognition of the need for sus-
tainability, innovation, and global competitive-
ness. As the country aims to achieve its Viksit
Bharat 2047 vision, the sector must undergo a
transformative shift to remain a cornerstone
of India’s economic growth while aligning with
global environmental standards. Several key in-
sights underscore the urgency and potential of
this transformation.

1. Sustainability is No Longer Optional — It
is Imperative

The chemical and petrochemical industry is
one of the most resource-intensive sectors in
the global economy. Historically, the sector has
been associated with high levels of greenhouse
gas emissions, energy consumption, and waste
production. However, the pressure to mitigate
climate change, reduce environmental impact,
and improve resource efficiency has never been
more significant. India’s commitment to achiev-
ing net-zero emissions by 2070 has placed sus-
tainability at the forefront of industrial strategy,
and the chemical industry is at the heart of this
transformation.

As one of the world’s leading chemical produc-
ers, India is uniquely positioned to take advan-
tage of the global push for greener industrial
practices. To remain competitive, Indian chem-
ical companies must adopt sustainable produc-
tion processes, including renewable energy, bio-
technological alternatives to fossil fuel-based
feedstocks, and advanced carbon capture tech-
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nologies. Sustainability must be integrated into
every aspect of the business model, from pro-
duction to supply chain management.

2. Technological Innovation is Key to the
Industry’s Future

The adoption of advanced technologies is re-
shaping the chemical and petrochemical indus-
try. Artificial intelligence (Al), machine learning
(ML), the Internet of Things (loT), and block-
chain are transforming how companies mon-
itor, optimize, and control their operations.
These technologies offer real-time insights into
energy consumption, emissions levels, and
production efficiencies, enabling businesses to
make informed decisions that reduce their en-
vironmental impact. For instance, Al can predict
equipment failures and suggest optimizations
that reduce energy consumption, while block-
chain ensures transparency in supply chains by
tracking raw materials from their source to their
final use.

Indian companies must invest heavily in these
technologies to drive both sustainability and
competitiveness. Digitalization is no longer a
luxury but a necessity for companies that want
to operate at peak efficiency, minimize waste,
and reduce costs. By leveraging these advance-
ments, Indian chemical firms can improve their
environmental performance while increasing
operational efficiency and productivity.
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3. Gujarat as the Pioneering Hub for Sus-
tainable Growth

Gujarat’s chemical and petrochemical industry
plays a central role in India’s industrial land-
scape. The state contributes over 35% of the
nation’s chemical output and 62% of its pet-
rochemical production. Gujarat’s leadership
in the sector is exemplified by the Petroleum,
Chemical, and Petrochemical Investment Re-
gion (PCPIR) at Dahej, which has attracted
major investments from leading global corpo-
rations such as Reliance Industries, ONGC, and
BASF.

Gujarat’s focus on infrastructure, indus-
try-friendly policies, and a commitment to sus-
tainability has made it the chemical hub of In-
dia. The state has set an example by integrating
renewable energy sources, adopting circular
economy practices, and fostering sustainable
development across its industrial zones. Its
role as a frontrunner in the sector is expected
to grow, further positioning Gujarat as a critical
player in India’s journey toward achieving its
sustainability and industrial goals.

4. Government Policies as Catalysts for
Sustainable Development

India’s government has introduced several key
policies and initiatives aimed at accelerating
the growth and sustainability of the chemical
and petrochemical industry. Initiatives such as
Make in India and AtmaNirbhar Bharat focus
on reducing import dependency, enhancing
domestic production, and promoting India as a
global manufacturing hub. These programs are
complemented by the National Chemical Policy
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and Production Linked Incentive (PLI) schemes,
which provide financial incentives for compa-
nies that invest in clean technologies and sus-
tainable manufacturing processes.

The government’s focus on improving the ease
of doing business, coupled with policies de-
signed to attract foreign direct investment (FDI),
creates an ideal environment for the sector’s
growth. However, for these policies to succeed,
companies must embrace innovation, sustain-
ability, and new business models that prioritize
environmental stewardship. As the regulatory
landscape continues to evolve, companies that
are early adopters of green technologies and
sustainable practices will be well-positioned to
benefit from both government incentives and
global demand for sustainable products.

5. The Circular Economy is the Future of
Sustainable Industry

The transition to a circular economy is one of
the most significant opportunities for the Indi-
an chemical and petrochemical industry. Unlike
the traditional linear model of “take, make, dis-
pose,” the circular economy focuses on design-
ing products and processes that maximize re-
source efficiency, minimize waste, and promote
the recycling and reuse of materials. This ap-
proach not only reduces environmental impact
but also creates new economic opportunities by
turning waste into valuable resources.

By embracing circular economy principles, the
Indian chemical industry can reduce its reliance
on finite natural resources, lower production
costs, and improve the sustainability of its sup-
ply chains. Companies that invest in recycling
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technologies, waste-to-energy solutions, and
resource-efficient manufacturing processes will
be able to differentiate themselves in an in-
creasingly competitive global market. The circu-
lar economy also offers a path toward greater
resilience by reducing dependence on volatile
global supply chains and ensuring more sustain-
able production systems.

6. Collaboration and Partnerships are Es-
sential for Success

Collaboration across sectors and industries is
vital to achieving the sustainability and innova-
tion goals of India’s chemical and petrochemical
sector. Public-private partnerships (PPPs) must
be strengthened to foster the development and
scaling of clean technologies and sustainable
practices. By working together, government
agencies, industry leaders, academic institu-
tions, and research organizations can accelerate
innovation, reduce costs, and share best prac-
tices.

Gujarat’s example shows the importance of col-
laboration between state governments and in-
dustry leaders in driving industrial growth and
sustainability. Other regions in India can follow
suit by fostering similar collaborations that align
with national policies and global sustainability
standards. Cross-sector partnerships that prior-
itize sustainability and innovation will not only
help the industry meet its economic and envi-
ronmental goals but will also attract greater in-
vestment from both domestic and international
sources.

7. A Global Outlook is Critical for India’s
Competitiveness

To remain competitive on the world stage, In-
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dia’s chemical and petrochemical industry must
align with international environmental, social,
and governance (ESG) standards. Global inves-
tors and consumers are increasingly demanding
that companies demonstrate responsible busi-
ness practices, particularly around sustainabili-
ty. Indian companies that meet or exceed these
global standards will gain access to new mar-
kets, attract foreign investment, and strengthen
their position as leaders in sustainable manu-
facturing.

Gujarat’s robust chemical sector, combined
with India’s growing policy support, positions
the country to play a leading role in global sup-
ply chains. As international trade shifts toward
more sustainable models, companies that pri-
oritize ESG performance will enjoy a competi-
tive edge. Furthermore, India’s participation
in global environmental agreements and trade
deals will provide additional opportunities for
the industry to grow while contributing to glob-
al sustainability goals.

8. Workforce Transformation and Upskill-
ing Will Drive the Industry Forward

As the chemical and petrochemical industry em-
braces digitalization and sustainability, a skilled
workforce will be essential to implement and
manage these advanced technologies. Compa-
nies must invest in upskilling their employees,
ensuring they are equipped with the necessary
knowledge and expertise to operate in a more
complex, technologically-driven environment.
Collaboration with educational institutions and
training organizations will be key to building a
talent pipeline that can support the sector’s
long-term growth.
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The shift toward sustainable production pro-
cesses will also create new job opportunities,
particularly in areas such as clean energy, circu-
lar economy practices, and digitalization. Com-
panies that invest in workforce development
will be better positioned to attract and retain
top talent while maintaining their competitive
edge in an increasingly dynamic global market-
place.

In conclusion, India’s chemical and petrochem-
ical industry is at a pivotal moment, with the
potential to lead the global shift toward sus-
tainability and innovation. By embracing ad-
vanced technologies, aligning with government
policies, fostering collaboration, and focusing
on the circular economy, the sector can not
only drive economic growth but also ensure
a sustainable and prosperous future for India.
With Gujarat as a leading example, and with
collective action from all stakeholders, India is
well-positioned to achieve its goal of becoming
a developed nation by 2047.

Future Directions And Recommen-
dations

The future of India’s chemical and petrochemi-
cal industry lies in its ability to embrace sustain-
ability, innovation, and global competitiveness.
As the sector transitions toward a more sustain-
able model, key future directions will shape its
growth and ensure it aligns with India’s broader
vision of becoming a developed nation by 2047.
One of the most critical future directions is the
decarbonization of the industry. To meet In-
dia’s target of achieving net-zero emissions by
2070, the industry must adopt greener produc-
tion processes, including the use of renewable
energy sources such as wind and solar power.

'C KNOWLEDGE
( | CHAMBER OF
~  COMMERCE

‘ | AND INDUSTRY

Investing in carbon capture technologies and
energy-efficient systems will be essential to re-
ducing the sector’s carbon footprint. The shift
to biotechnological alternatives and sustain-
able feedstocks will also be vital in reducing re-
liance on fossil fuels, supporting the industry’s
move towards cleaner, low-emission practices.

Embracing digitalization and advanced tech-
nologies is another key direction for the in-
dustry’s future. Artificial intelligence (Al), ma-
chine learning (ML), and loT will continue to
revolutionize operations, enhancing predictive
maintenance, optimizing processes, and reduc-
ing resource consumption. These technologies
enable real-time monitoring of emissions and
resource use, facilitating the industry’s com-
mitment to sustainability goals. Incorporating
blockchain for supply chain transparency will
also ensure responsible sourcing and promote
ethical practices throughout the production cy-
cle.

The transition to a circular economy will play
a crucial role in ensuring sustainable growth.
The industry must focus on reducing waste,
improving recycling processes, and enhancing
resource efficiency across the value chain. By
adopting circular economy principles, such as
reusing materials and designing products for
longevity, the chemical and petrochemical sec-
tor can unlock significant environmental and
economic benefits. Collaboration across indus-
tries to create integrated circular systems will
be necessary to close the loop on production
processes and optimize resource utilization.

Government policies and incentives will con-
tinue to shape the industry’s growth trajectory.
The government should further enhance poli-
cy frameworks that encourage investments in
clean technologies and sustainable practices,
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particularly through financial incentives, tax
benefits, and subsidies for adopting green tech-
nologies. Strengthening regulatory frameworks
such as the National Chemical Policy and ex-
panding the scope of the Production Linked In-
centive (PLI) schemes will drive innovation and
encourage industries to pursue sustainable de-
velopment. The government must also focus on
upskilling the workforce to manage and imple-
ment these advanced technologies effectively.

Collaboration between government, industry,
and academia must be reinforced to foster in-
novation and accelerate the transition towards
sustainability.  Public-private  partnerships
should focus on research and development
(R&D) in areas such as green chemistry, sustain-
able manufacturing practices, and resource-ef-
ficient technologies. Knowledge-sharing plat-
forms should be established to promote best
practices and facilitate the scaling of successful
innovations across the sector.

To succeed on the global stage, India must en-
hance its global competitiveness by aligning
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with international sustainability standards and
ensuring that Indian companies meet global
ESG (Environmental, Social, and Governance)
criteria. By positioning itself as a leader in sus-
tainable chemical production, India can attract
more foreign investment and expand its influ-
ence in global markets. Participation in global
trade and environmental agreements will fur-
ther support the country’s goal of becoming a
responsible leader in the global chemical indus-
try.

In conclusion, the future of India’s chemical
and petrochemical industry will be defined by
its commitment to sustainability, innovation,
and global competitiveness. By embracing ad-
vanced technologies, transitioning to a circular
economy, and fostering collaboration, the sec-
tor can lead India toward its goal of becoming
a developed nation by 2047, while contributing
to both economic growth and environmental
stewardship. The successful realization of these
goals will require collective efforts, visionary
leadership, and a long-term commitment to
driving responsible industrialization.
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The Knowledge Chamber of Commerce and In-
dustry is an emerging industry body committed
to strengthening the knowledge-driven eco-
nomic ecosystem by fostering collaboration be-
tween businesses, academia, policymakers, and
innovators. In today’s rapidly evolving global
landscape , organisations like KCCI play a crucial
role in promoting sustainable growth, encour-
aging entrepreneurship, and enabling indus-
tries to adapt to technological transformation.

KCCI works as a dynamic platform that con-
nects industry stakeholders across multiple
sectors, helping them access actionable in-
sights, policy guidance, market intelligence,
and strategic networking opportunities. By
bringing together startups, MSMEs, large
enterprises, research institutions, and inde-
pendent professionals, the Chamber aims to
create a holistic environment where inno-
vation and knowledge exchange can thrive.

One of the key priorities of KCCl is to pro-
mote digital transformation and skill devel-
opment. With industries increasingly relying
on advanced technologies such as artificial
intelligence, data analytics, and automation,

Knowledge Chamber of Commerce & Industry

KCCI focuses on organizing workshops, semi-
nars, and training programmes that enhance
workforce capabilities. These initiatives em-
power professionals and entrepreneurs to
stay competitive in the global market while
contributing to national economic progress.

In addition to technology and innovation, KCCI
places strong emphasis on entrepreneurship
development . The Chamber supports bud-
ding entrepreneurs by facilitating mentorship
programmes, incubation support, funding
awareness sessions, and industry exposure op-
portunities. By nurturing startups and encour-
aging business leadership, KCCI contributes
to job creation and economic diversification.

KCCI also actively engages with government
agencies, regulatory bodies, and interna-
tional institutions to represent industry con-
cerns and provide constructive feedback on
policy matters. Through research publica-
tions, white papers, and industry reports,
the Chamber helps shape discussions around
economic reforms, sustainable development,
trade expansion, and investment promotion.
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Welcome to ChemAnalyst, your definitive
source for comprehensive market analysis and
pricing intelligence across the global chemical
and petrochemical sectors. Our platform equips
companies with critical, up-to-date information
on market trends, news, and deals that shape
the chemical industry worldwide.

At ChemAnalyst, we offer an extensive range of
services tailored to meet the complex demands
of today’s chemical markets. From detailed
pricing data on over 500 chemicals to in-depth
market analysis covering a myriad of parame-
ters, our platform is an indispensable tool for
companies aiming to navigate the intricacies
of the market and enhance their procurement
strategies.

We take pride in our achievements and are
honored to have been awarded ‘The Product
Innovator of the Year, 2023’ and to be recog-
nized among the “Top 100 Digital Procurement
Solutions.” These accolades reflect our commit-
ment to innovation and excellence in serving
the chemical sector.

Our platform does not merely provide access to

historical data but also projects detailed fore-
casts up to 10 years into the future, enabling

ChemAnalyst Data Private Limited

B-44, 2nd Floor, Sector-57 Noida, National Capital

Region, India - 201301
+91- 7428761330

About Chemanalyst

businesses to stay ahead of market trends. This
forward-looking capability is vital for planning
and optimizing procurement strategies and op-
erations.

ChemAnalyst also delves deep into market dy-
namics such as Production, Demand, Supply,
Plant Operating Rate, Imports, Exports, and
much more. This comprehensive coverage en-
sures that businesses have a holistic view of the
factors influencing global chemical markets.
With geographical reach of more than 40 coun-
tries, ChemAnalyst offers high-quality, reliable
market analysis data, blending global reach
with local expertise. This unique combination
ensures that we provide the most accurate and
actionable information, making us a trusted
partner in your strategic planning process.

Our mission is to empower our clients with the
latest and most reliable information, helping
them to make informed decisions and strategize
with confidence. Navigate the complex world of
chemicals with ChemAnalyst, where accurate
data meets strategic insights, paving the way
for business success. Join us to stay ahead in a
competitive market and excel in your business
endeavors.



