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Ratan Naval Tata
(1937 - 2024)

We remember with deep respect and gratitude the remarkable life and
legacy of our esteemed Chairman Emeritus, Mr Ratan Tata.

Mr Tata’s visionary leadership, humility, and unwavering commitment
to integrity and social responsibility have shaped the Tata Group and
enriched countless lives. His dedication extended far beyond business,
creating a lasting impact on society through compassion, innovation,
and purpose.

His leadership was not only a testament to excellence but also an
embodiment of ethical values and humanitarian spirit. He taught us to
aspire for a future that balances progress with responsibility.

As we reflect on his extraordinary contributions, we are reminded of the
timeless values he upheld, values that continue to guide us in building
a better, more sustainable future.

His memory will forever inspire us to lead with purpose, innovate with
integrity, and work for the greater good.

Yours sincerely,
Amit Sharma
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Editor’s Note

Dear Readers,

Welcome to the second edition of TCExpression
this year! In this issue, we delve into “Digital
Engineering in the Era of Al, Circularity, and
Sustainability,” showcasing how technology
and innovation are shaping a responsible and
sustainable future.

This theme reflects our commitment to
leveraging digital engineering and Al for
sustainable solutions. As we embrace the
challenges of a changing world, we're
redefining how we engineer for tomorrow,
guided by circularity and sustainability.

Discover how our teams are integrating digital
technologies, championing circularity, and
embedding sustainability into every project.
These stories embody the pioneering spirit

of Tata Consulting Engineers, where progress
meets purpose.

Thank you to our contributors, especially

our authors, with a special mention to

Nikita Keny and Nikhil Kadam from the
Corporate Communications Team for making
this edition possible. We'd love to hear your
thoughts at tceconnect@tce.co.in.

Happy reading!
Best regards,

Alpna
Head - Marketing and Corporate
Communication



Reflections

Dear Colleagues,

As we usher in a new year brimming with promise and possibilities, | am delighted to share the

second edition of TCExpression. The theme, “Digital Engineering in the Era of Al, Circularity, and
Sustainability,” embodies our collective ambition to shape a future where innovation drives progress and
responsibility guides every decision.

This year, we celebrate a significant milestone with the acquisition of CDI Engineering Solutions. This
partnership strengthens our global footprint and expands our capabilities to deliver advanced engineering
and consulting solutions. It also highlights our commitment to driving sustainable value creation for clients
and stakeholders across diverse industries and geographies. By combining expertise and shared values, we
are equipped to address the world's most pressing challenges with bold, forward-thinking sélutions.

Looking ahead, the challenges of a rapidly changing world also present
opportunities for transformation. At Tata Consulting Engineers, we remain W/’:{ff;
steadfast in our focus on sustainability, circularity, and the integration LT e
of digital technologies to redefine the way we approach engineering. %
By embracing these principles, we ensure that our projects are not

just solutions for today but also a resilient foundation for future

generations. ‘Q) '.:a * z)/;

-——

.
-

As you explore this edition, | encourage you to reflect on the collective
impact we can create through innovation and collaboration. Let us carry
forward the momentum of the new year to push boundaries,
inspire change, and engineer a future that truly makes a
difference.

Wishing you and your families a year filled with health,
happiness, and success. Together, let’s make 2025 a
remarkable year of growth and achievement.

Warm regards,

Amit Sharma
Managing Director & CEO
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Be persistent and
resilient in the face of
challenges, for they are

the building blocks of
success.

Leadership, Legacy, and Learnings:
A Tribute to Mr Ratan Tata

Over the past year, | have had the distinct honour of engaging with Mr Ratan Tata
on several occasions. | began my professional journey as a graduate trainee at
Telco, now Tata Motors, during a transformative period in the early 1990s when
Mr Tata was reshaping not just Tata Motors but several other companies within
the Group. With my current role and my time at Telco, | have been part of the Tata
Group for over 15 years. Throughout this journey, | have deeply admired Mr Tata’s
visionary leadership and the values that permeate the organisation.

However, my interactions with him in recent years have
offered me a unique opportunity to witness his depth
of thought, pioneering vision, humility, perseverance,
and a firm commitment to excellence. His words, which
blend wisdom, humour, and profound insights, carry
lessons that extend far beyond business. They touch on
leadership, humanity, and purpose in a way that leaves
an indelible impression.

This tribute is not merely a reflection on his
extraordinary achievements. It is a celebration of the
timeless principles that define his legacy and continue
to inspire generations.

PIONEERING EXCELLENCE: THE CORE OF
THE TATA ETHOS

At the very heart of Mr Tata’s philosophy lies an
unrelenting pursuit of excellence. For him, quality was
not a finite objective but a continuous and evolving
journey. This ethos is deeply embedded within the
organisation’s culture and operations. The Tata Business
Excellence Model, a framework established under his
leadership, epitomises this belief. It was not simply a
system for evaluation but a movement that inspired a
commitment to ethical business practices and perpetual
improvement.

6 | TCExpression



Initially, the Tata Business Excellence Model faced ( -

scepticism, as new ideas often do. However, under )

Mr Tata's guidance, it grew into an essential mechanism Mr Tata’s /egaq/ Is a testament

fostering collaboration across the Tata Group. He {o purposefu/ /eadersh/p. Itisa -
often remarked, “Excellence is not about scores or /egacy ofcourage, COI’H[)GSS/OI’),

awards but about striving to do the right thing and o .

conducting business the right way.” This philosophy and conviction that continues to

not only improved internal processes but also set new gu/de the Tata Group and inspire
benchmarks for the industry, establishing the Tata Group countless individuals.

as a global standard for trust, quality, and innovation. L y

DREAMING BEYOND BOUNDARIES
ETHICS AND RESPONSIBILITY: A MORAL

COMPASS FOR LEADERSHIP

What truly set Mr Tata apart as a leader was his
extraordinary ability to envision a future beyond

conventional limits. He consistently inspired those Ethics and responsibility were the bedrock of Mr Tata’s
around him to think big, challenge existing norms, leadership. For him, success was not measured solely by
and embrace risks in pursuit of progress. “Nothing is profitability but by the positive impact a business could
impossible,” he would often remind us, encouraging have on society. He frequently reminded us, “We must
bold decisions and cultivating a culture of relentless do the right thing, even when it feels uncomfortable,”
innovation. emphasising ethics as an uncompromising pillar of

the Tata Group's operations. In the early 1990s, Mr Tata
A striking example of this vision is the creation of both codified the Tata Code of Conduct, institutionalising it
Indica and Tata Nano. Designed to offer affordable across the Group in alignment with his vision.
and safe mobility to millions, the Nano began as a
simple sketch on a piece of paper and evolved into Under his stewardship, the Group’s community
a pioneering innovation. For Mr Tata, this project development and sustainability initiatives set
was never just about creating a car. It was about exemplary standards. Projects such as Tata Steel's
empowering a generation, addressing societal work in rural healthcare and Tata Tea's programmes
challenges, and showcasing how ingenuity and for employee empowerment stand as enduring
empathy can converge to create impactful solutions. examples of his vision. He often remarked, “Our place
His relentless focus on solving meaningful problems, in the community, our contribution to mankind, is far
whether through products, processes, or systems, more important than the bottom line.” These words
redefined industry norms and set a global example of encapsulate the values that continue to define the Tata

transformative thinking. Group's operations and influence.




NURTURING THE LEADERS OF
TOMORROW

One of Mr Tata’s most enduring qualities was his

belief in empowering others, especially the younger
generation. He understood the immense value of fresh
perspectives and actively encouraged innovative ideas
from across the organisation. “Youth and inexperience
are opportunities, not drawbacks,” he would often say,
challenging leaders to create environments where
creativity and courage could thrive,

Mr Tata's emphasis on mentorship and collaboration
cultivated a culture of leadership that prepared the
organisation for future challenges. He created platforms
for open dialogue and ensured that emerging leaders

had opportunities to grow and contribute meaningfully.

His faith in teamwork and the collective strength of
individuals left an indelible mark on the leadership
culture of the Tata Group.

BALANCING GLOBAL VISION WITH
INDIAN VALUES

As a global leader, Mr Tata redefined the Tata Group's
standing on the world stage while remaining deeply
rooted in Indian values. His visionary acquisitions, including
Tetley and Jaguar Land Rover, demonstrated his ability

to expand the Group's global footprint while upholding
integrity and excellence. “Our actions must stand up

to public scrutiny,” he would remind us, reinforcing the
importance of ethical decision-making in all endeavours.

Mr Tata's vision of growth was inclusive and sustainable,
ensuring that the success of the Group resonated

not only in financial terms but also in the lives of
communities worldwide. He set a precedent for how
ambition and responsibility can coexist, providing a
model for businesses globally to follow.




HUMILITY AND HUMANITY: THE
HALLMARKS OF LEADERSHIP

Despite his monumental achievements, Mr Tata remained
deeply humble and grounded. His speeches often
included humorous anecdotes and personal reflections,
revealing a leader who was both approachable and
inspiring. Whether recounting stories of JRD Tata's
meticulousness or sharing his own life lessons, Mr Tata
made complex concepts relatable and accessible.

He consistently acknowledged the contributions of his
colleagues and employees, recognising their dedication
and creativity as the driving force behind the Tata
Group’s success. “We stand where we do today because
of the people who believed in our vision and worked
tirelessly to bring it to life,” he would say, reflecting his
deep respect for teamwork and collective effort.

A LEGACY OF INFINITE POSSIBILITIES

Reflecting on my interactions with Mr Tata, | am
inspired by his belief that leadership is not about being
the best but about doing the best for the world."We
must keep climbing that infinite peak,” he often said,
urging us to constantly strive for improvement and
never settle for mediocrity.

Mr Tata's legacy is a testament to purposeful leadership.
It is a legacy of courage, compassion, and conviction
that continues to guide the Tata Group and inspire
countless individuals.

His lessons, embedded in his words and actions, remain

a beacon for those who aspire to dream, lead, and make
a meaningful difference.

| will always cherish my meetings with him, particularly
those related to the revival of the nuclear sector and
private participation in the domain. He shared that both
hydrogen and nuclear were sectors close to his heart,
and he had even chaired the National Hydrogen Mission
in 2004 while championing nuclear power generation
since the 1990s. His vision anticipated global trends well
in advance. He once mentioned, “We must persevere
and think long term. Keep at it with sincerity and
passion, and you will surely see the desired outcomes.”

Although he may no longer walk among us, his

vision and values endure as an everlasting source

of inspiration. As custodians of his legacy, it is our
responsibility to carry forward the ideals he cherished
and work tirelessly toward building a better tomorrow,
one thoughtful step at a time.

Amit Sharma
Managing Director & CEO
Tata Consulting Engineers Limited (TCE)
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CDI Engineering Solutions:
A Future with TCE

Founded in 1950 as Comprehensive Designers, Inc.,, CDI Engineering Solutions initially
focused on engineering and design services within the aerospace industry. Over the
decades, CDI has evolved into a leading firm, offering a range of integrated solutions
in engineering, design, procurement, and construction management. Based in
Houston, Texas, CDI has played a key role in major projects spanning the energy,
chemicals, and industrial sectors across the United States.

CDI's journey has been marked by consistent growth
and innovation. What began as specialised design
services has expanded through strategic acquisitions
and advancements in technology. By the 1990s,

the engineering team had become central to CDI's
operations, delivering reliable solutions to meet the
needs of the industrial and energy markets.

The company’s commitment to excellence is evident

in significant projects such as the recent $400 million
expansion for SK Siltron CCS, a leader in silicon carbide
wafer production for the semiconductor industry. This
project is being delivered through an integrated owner/
engineer/constructor team on a fast-track basis.

CDl'is also dedicated to sustainability, supporting
clients in reducing their carbon footprints. Its expertise
includes engineering support for carbon footprint
assessments, production of reduced carbon footprint
or“blue”"ammonia, and production of zero carbon
footprint or “‘green”ammonia using renewable energy
sources. Notable projects include the first automotive
battery-grade lithium refinery in the United States and
a pioneering commercial-scale plant for direct lithium
extraction.

TCExpression
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CDlI's journey has been marked by
consistent growth and innovation.
What began as specialised

design services has expanded
through strategic acquisitions and
advancements in technology.

\_

PRESENT-DAY EXPERTISE AND SERVICES

Today, CDI Engineering Solutions is a trusted provider
of comprehensive project solutions across diverse
industries. The firm excels in addressing complex
challenges with innovative ideas and advanced
technical expertise. Its core services include engineering,
design, project support, procurement, and construction
management, particularly within the energy and
chemicals sectors. CDl is also a leader in sustainability
initiatives, offering solutions in battery chemicals, green
and blue ammonia (with carbon capture, utilisation, and
storage technologies), and biofuels.

CDI's expertise spans chemicals and energy sectors.

In chemicals, the company supports petrochemicals,
polymers and plastics, agricultural chemicals, and
speciality chemicals. In energy, CDI provides solutions in
downstream oil and gas, including gas processing and
refining, as well as midstream oil and gas, focusing on
pipelines, tanks, and terminal storage. The company is
also involved in renewable energy projects, reflecting its
commitment to sustainable practices.

At the heart of CDI's operations lies a client-centric
approach. The company’s commitment to understanding
and addressing each client’s unique challenges has
earned it a reputation for excellence. A team of seasoned
professionals works collaboratively with organisations

to design and implement efficient, sustainable, and
future-ready solutions. Decades of consistent high-quality
delivery have fostered strong relationships, including with
marquee clients shared with TCE.

A NEW ERA: PARTNERING WITH TATA
CONSULTING ENGINEERS

CDI Engineering Solutions has entered an exciting new
phase through its partnership with Tata Consulting
Engineers (TCE). This collaboration marks a significant
step towards creating a global engineering and
consultancy leader, combining CDI's legacy and technical
expertise with TCE's vast knowledge and ambition.

The acquisition of CDI by Tata Consulting Engineers is a
key milestone in TCE's journey towards global leadership.
This strategic move strengthens TCE's presence in North
America and broadens its portfolio by integrating CDI's
renowned capabilities in various engineering fields.
Together, the two organisations aim to set new industry
standards by leveraging their combined strengths.

As part of the TCE family, CDI is well-positioned to
address current challenges while pursuing future goals.
The partnership focuses on:

Innovative Solutions: Combining
expertise to deliver creative and
impactful projects.

Global Expansion: Exploring new
markets and industries to enhance
capabilities.

Sustainable Development: Driving
initiatives that prioritise innovation and
environmental stewardship.

EHEHE

Together, CDI and Tata Consulting Engineers are set
to transform the engineering landscape. Guided by

a shared vision, they aim to leverage technology and
expertise to deliver meaningful solutions for clients,
communities, and industries. This partnership reflects
a commitment to building a sustainable future, one
impactful project at a time.

Steve Karlovic
President and CEO
CDI Engineering Solutions

Cyndi Harris
VP and Chief HR, HSSE and Compliance Officer
CDI Engineering Solutions
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CDI VISIT: STRENGTHENING SYNERGY POST-INTEGRATION

The senior leadership team of CDI Engineering Solutions visited Tata Consulting Engineers' (TCE) corporate office in
Mumbai, marking a significant step in building a stronger partnership following TCE's acquisition of CDI. This visit offered
a platform for the leadership teams to connect with TCE employees, fostering meaningful relationships and exploring
collaborative opportunities.

A town hall was organised during the visit, introducing the CDI team to TCE employees. Members of the CDI leadership
shared their experiences, outlined their roles, and presented their vision for the collaboration, reflecting a positive outlook
on the integration.

The leadership teams also gathered for a two-day offsite at TCE's registered office in the Elphinstone Building, Mumbai.
The first day focused on aligning operational strategies and discussing opportunities for integrating expertise. Topics
included immediate priorities, ongoing projects, and leveraging the combined strengths of TCE and CDI.




The day concluded with a formal dinner at the Taj, providing an informal setting for deeper engagement among the
leadership teams.

On the second day, workshops and brainstorming sessions centred on innovation, best practices, and optimising
processes across core business areas. These sessions encouraged knowledge sharing and contributed to shaping a
unified vision for the future.

The third day was dedicated to discussing annual budgets, business strategies, cultural integration, and the roadmap for
the unified organisation. This strategic focus highlighted the commitment of both TCE and CDI to ensuring a seamless
transition, delivering enhanced value to clients, and driving innovation and excellence through their combined efforts.




- g L T




The Transformative Power of Al
in Industry

In today's world, artificial intelligence (Al) has moved beyond the realm of futuristic
fiction and evolved into a powerful, ready-made solution for a multitude of industrial
applications. With its capability to evaluate complex, multivariable data and address
challenges through intelligent automation, Al is transforming the way businesses
operate. It leverages data trends and predictive insights to drive impactful outcomes,
enabling industries to optimise processes and achieve greater efficiencies.

One of the most groundbreaking advancements in Al is Generative Al—a technology focused on creating new and
original content, chat responses, designs, synthetic data, and even deepfakes. This technology is revolutionising creative
fields and unlocking unique problem-solving capabilities that facilitate more informed, data-driven decision-making.

THE PILLARS OF Al: MACHINE LEARNING

AND BEYOND

Al integrates advanced concepts like Machine Learning These capabilities work in tandem with the analytical
(ML), Robotics, Natural Language Processing (NLP), and creative prowess of the human brain, enabling
Cloud Vision, and Video Intelligence to drive growth and businesses to achieve unprecedented results.
productivity.
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Organisations worldwide are adopting Al for various Key applications in the consulting domain include:
reasons, including enhancing efficiency, improving
customer engagement, reducing costs, and saving time.

Problem-
¢ Solvi

However, the deployment of Al comes with its own olving

set of challenges. Businesses must ensure robust

. . Knowledge
cybersecurity measures, adhere to legal and ethical
idelines, and implement Al responsibly to safeguard ® Management

guigelines, p p Yy g through

sensitive information.

Collaboration

Al IN DESIGN AND CONSULTING: A
CATALYST FOR INNOVATION

® Automation

In the design consulting industry, the adoption

of Al'and Generative Al is gaining momentum Driving

as organisations focus on innovation. Generative o Innovation

Al fosters experimentation and implementation

of the right solutions at the right time, driving

efficiency, productivity, and innovation. It also creates

opportunities for upskilling employees and introducing 1. Problem-Solving

new job roles that require intelligent thinking. Generative Al supports rapid idea generation,
enabling teams to explore and compare multiple

Al holds significant potential to enhance value delivery scenarios and evaluate associated solutions

for clients and streamline internal processes. effectively.
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2. Knowledge Management through Collaboration
Al-powered platforms facilitate knowledge sharing,
allowing teams to exchange valuable insights
and collective expertise. This leads to impactful,
innovative solutions driven by experience and
operational insights.

3. Automation
Al automates time-consuming tasks such as data
consolidation, extraction, trend analysis, and insights
generation, enabling businesses to make strategic,
well-informed decisions.

4. Driving Innovation
When combined with technologies like loT, wireless
sensors, advanced control systems, and predictive
analytics, Al can:

Enhance asset management and process
optimisation.

Improve plant efficiency and customer experience
through Al-powered apps and tools.

Support initiatives such as employee tracking in
industrial settings or remote terrains, like the mining
industry.

Optimise smart grid management, electricity trading,
renewable energy monitoring, and fault detection in
unmanned areas such as power transmission lines.

One of the most
groundbreaking advancements
in Al'is Generative Al—a
technology focused on creating
new and original content, chat
responses, designs, synthetic
data, and even deepfakes. This
technology is revolutionising
creative fields and unlocking
unigue problem-solving
capabilities that facilitate more
informed, data-driven decision-
making.

A GAME-CHANGER FOR INDUSTRIAL
BUSINESS

Alis proving to be an instinctive game changer for
industrial businesses. It is ushering in an era of “auto-
operator”modes in industrial plants, akin to the
“autopilot” systems in aviation. By boosting productivity,
improving efficiencies, and supporting sustainable
development goals, Al is poised to flourish progressively
and redefine the industrial landscape.

Current trend is the development of Artificial General
Intelligence famously referred to as "AGI"wherein
world’s leading organisations are planning to develop a
more intelligent multitasking prototype with cognitive
abilities similar to human beings. Ambitious target of
AGl includes development of solutions for unforeseen
situations/problems with minimum guidance,
production of agile intelligent machinery, generation
of vaccines /medicines for currently incurable diseases
within a short time span to name a few.

The future of Al in industry is not just about automation
but also about unlocking new horizons of innovation,
collaboration, and strategic growth. As we continue to
harness the potential of Al, it will undoubtedly remain
central to shaping a more intelligent, efficient, and
sustainable industrial future.

D S Latha
Senior General Manager - Technology Team
Tata Consulting Engineers Limited (TCE)
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Engineering Evolution:
Al-Powered Design & Simulation

The field of digital engineering is undergoing a revolutionary transformation, driven by
advancements in artificial intelligence (Al), the pursuit of circularity, and an increasing
emphasis on sustainability. Al, with its unparalleled ability to process vast amounts of
data and simulate complex scenarios, is reimagining traditional engineering practices,
enabling greater precision, efficiency, and innovation. In this detailed exploration,

we delve into Al-Driven Design and Simulation, its diverse applications, benefits,
challenges, and its future potential in civil and structural engineering.

Al-DRIVEN DESIGN AND SIMULATION:

Al'is no longer a futuristic concept but an integral part of modern engineering. It has fundamentally reshaped how
engineers approach design and simulation, allowing for the creation of optimised solutions tailored to specific needs.
By analysing massive datasets, Al-driven tools can identify patterns and predict outcomes with a level of accuracy that

was once unimaginable. Here's how Al is transforming these critical areas:

- Design Optimisation: Engineers can use Al to design This not only accelerates the design process but also
solutions that balance structural integrity, cost, and cuts costs and waste.
material usage while minimising environmental
impact. Al-driven algorithms analyse project-specific - Automation: Routine engineering tasks, such as
requirements and suggest optimal designs. drafting, data analysis, and structural calculations, can

be automated, freeing up engineers to focus on more

- Virtual Prototyping: By simulating real-world conditions, complex and creative problem-solving.

Al enables engineers to test and refine their designs
virtually, reducing the need for physical prototypes.

18 | TCExpression



SIMULATION AND ANALYSIS:

Simulations powered by Al provide unparalleled
insights into the behaviour of structures under various
conditions. These simulations integrate historical data
with real-time inputs, delivering precise predictions that
inform better design decisions.

Key Features of Al-Driven Simulations

Scenario Modelling: Al simulates diverse
scenarios, such as earthquakes, wind loads, or
extreme temperatures, allowing engineers to
design structures that are resilient to these forces.

Enhanced Accuracy: Al algorithms refine
simulations by incorporating real-world data,

resulting in more reliable predictions

Cost and Time Efficiency: Virtual simulations
reduce the need for extensive physical testing,

saving time and resources

LEADING AI-DRIVEN TOOLS FOR
STRUCTURAL ANALYSIS:

+ Autodesk Robot Structural Analysis Professional:
Offers advanced simulation capabilities for complex
structures.

- Tekla Structural Designer: Provides seamless
integration of design and analysis workflows.

- SAP2000, ETABS, STAAD.Pro, and ANSYS
Structural Analysis: Widely used for their reliability
in structural analysis.

« Autodesk Revit and BIM 360: Powerful tools
for building information modelling and project
management.

By using these tools, engineers can simulate the
interactions between various structural components,
materials, and environmental conditions, ensuring
robust designs.

APPLICATIONS OF AI-DRIVEN DESIGN
AND SIMULATION:

Al has found applications across multiple facets of civil
and structural engineering, with profound implications
for infrastructure development, sustainability, and
operational efficiency.

1. Structural Health Monitoring: India’s infrastructure,
while expanding rapidly, faces challenges as many
projects approach the end of their lifecycle. Al-driven
solutions, such as SixSense, utilise sensor data to
monitor real-time conditions of structures like bridges
and buildings. By identifying anomalies early, these
tools enable timely maintenance, enhancing safety
and extending the lifespan of critical infrastructure.

2. Optimising Construction Processes: Al-driven
quality control systems analyse visual and site data
to detect defects, ensuring construction quality
aligns with design standards. This reduces costly
rework and improves project efficiency. Machine
learning algorithms also streamline supply chains and
optimise resource allocation.

3. Sustainable Design and Construction:
Sustainability is a global priority, and Al plays a
crucial role in advancing this goal. Al-driven tools
assess material properties, energy consumption, and
environmental impact to recommend sustainable
design options. For example:

- Natural Lighting and Ventilation: Al can
optimise building designs to maximise natural
light and airflow, reducing energy dependency on
artificial lighting and HVAC systems.

- Material Optimisation: Al recommends using
recycled or low-carbon materials, contributing to
sustainable construction practices.

BENEFITS OF AI-DRIVEN DESIGN AND
SIMULATION

Al's integration into engineering offers a wide range
of benefits, including:

1. Enhanced Efficiency and Productivity: Al
automates time-consuming tasks, allowing engineers
to focus on high-value activities. This leads to faster
project completion, reduced costs, and improved
project outcomes.

2. Improved Accuracy and Precision: By analysing vast
datasets with precision, Al reduces the risk of human
error and delivers more reliable design solutions,
ensuring the safety and durability of structures.

3. Innovation and Creativity: Al encourages engineers
to explore unconventional solutions by presenting
alternative designs and performance assessments,
driving innovation in addressing complex challenges.

Volume 61 Issue 2 ' 2024
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Al has found applications across multiple facets of civil and structural
engineering, with profound implications for infrastructure development,
sustainability, and operational efficiency.

N\

PROSPECTS OF Al IN CIVIL AND
STRUCTURAL ENGINEERING

The future of Al in engineering is promising, with
emerging trends set to redefine the industry.

1. Real-Time Simulation: Advanced Al tools
will provide real-time insights into structural
performance, enabling proactive maintenance and
adaptive design strategies. Platforms like OpenSpace.
ai are paving the way for real-time monitoring.

2. Autonomous Construction: Al-powered robotics
and drones are poised to revolutionise construction
by performing tasks with unmatched precision and
speed. This will reduce labour costs, enhance safety,
and shorten project timelines.

CHALLENGES OF AI-DRIVEN DESIGN AND
SIMULATION

Despite its many advantages, Al adoption comes
with challenges:

Data Dependency: Al requires large
volumes of high-quality data to function
effectively.

Integration Complexities: Merging Al
tools with existing workflows can be costly
and challenging.

Data Privacy Concerns: Handling sensitive
information necessitates robust security
measures.

Skill Erosion: Over-reliance on Al may
hinder the development of engineers’
critical thinking and problem-solving skills.

!

By addressing these challenges, the engineering
community can maximise the benefits of Al while
mitigating its limitations.

OTHER Al APPLICATIONS IN
ENGINEERING

Al is also making strides in other areas, including:

Predictive Maintenance: Sensors analyse machine
data to predict failures, enabling timely interventions.

Digital Twin and loT: These technologies create
virtual replicas of physical assets, improving
monitoring and decision-making.

Circular Economy Practices: Al facilitates material
recovery and lifecycle analysis, supporting sustainable
engineering.

Digital Transformation: Al-powered collaboration
tools improve productivity and project outcomes.

CONCLUSION

Al-driven design and simulation are revolutionising civil
and structural engineering, offering unprecedented
opportunities to enhance efficiency, precision, and
innovation. As Al technologies continue to evolve, they
will play an increasingly critical role in creating sustainable,
resilient, and forward-thinking infrastructure. By embracing
Al, the engineering industry can build a future that meets
the needs of both present and future generations.

Kashif Ahmed Qureshi
Assistant General Manager - IBU
Tata Consulting Engineers Limited (TCE)
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The Digital Evolution of
Engineering for A Smarter Future

Engineering services are evolving from being a cost-driven function to becoming a
hub of innovation that delivers value to clients, stakeholders, and society at large. This
transformation is driven by the convergence of Artificial Intelligence (Al), Circularity,
and Sustainability, which are reshaping the digital engineering landscape.

Revolutionising Engineering

The Rise of
Artificial
Intelligence in
Engineering

o)
Digital Twins Sustainable Data-Driven Digital
and loT Engineering Decision- Transformation
Practices Making in Engineering
Firms
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As the digital revolution disrupts industries across the
globe, this fusion represents a paradigm shift, not just
in how we approach engineering projects but in how
we conceive, design, and execute them with a forward-
looking perspective. Traditionally grounded in concrete
and steel, the engineering sector is now embracing

the digital realm, where data and technology are
equally critical. Although significant progress has been
made, the field still has immense potential for growth
and innovation, with new opportunities arising as
industries increasingly adopt digital technologies as the
foundation of their applications.

THE RISE OF ARTIFICIAL INTELLIGENCE
IN ENGINEERING: TRANSFORMING THE
LANDSCAPE

Artificial Intelligence has moved from a futuristic
concept to a reality deeply integrated into modern
engineering processes. Al streamlines operations
improves accuracy, and reduces costs across various
fields, from machine learning applications in predictive
maintenance to Al-driven design and simulation. Al

is poised to drive technological advancements in
diverse areas, including autonomous vehicles, smart
infrastructure, precision agriculture, and renewable
energy systems. Moreover, Al's impact will be further
magnified by its synergy with other cutting-edge
technologies like blockchain, the Internet of Things (loT),
and 5G, paving the way for an era where intelligent
systems are seamlessly embedded into every aspect of

our lives.

Traditionally, engineers relied on a combination of
experience, intuition, and iterative testing to develop
designs. Today, Al-powered tools can rapidly generate
and evaluate countless design alternatives, optimising
for factors such as material efficiency, structural
integrity, and cost-effectiveness. Al-driven design is
revolutionising how engineers tackle complex problem:s.
Through generative design algorithms, engineers can
input design goals and constraints into Al systems,
exploring all possible configurations and suggesting
optimal solutions. This process accelerates design
cycles and leads to innovative solutions that might not
have been conceived through traditional methods.

For example, in civil engineering, Al simulations are
being used to predict how structures will behave under
different conditions over time, enabling more resilient
and sustainable construction.

Machine learning, a subset of Al, has also made
significant strides in predictive maintenance across
various engineering sectors. By analysing vast amounts
of data from sensors embedded in machinery and
infrastructure, machine learning algorithms can

predict failures before they occur, allowing for timely
maintenance and minimising downtime. Al enables
engineers to focus on higher-order problem-solving and
innovation, from automating routine tasks to enhancing
decision-making through data analytics. Integrating

Al in engineering is not just about efficiency; it's about
pushing the boundaries of what is possible.

DIGITAL TWINS AND IOT: BRIDGING THE
PHYSICAL AND DIGITAL WORLDS

Integrating Digital Twin technology and the Internet of
Things (loT) revolutionises project management and
operational efficiency. A Digital Twin is a virtual replica of
a physical asset, process, or system, allowing engineers
to monitor, simulate, and optimise performance in real-
time. This technology is particularly valuable in complex
projects such as smart cities or large-scale industrial
operations.

Digital Twins enable the simulation of different scenarios,
optimising resource allocation and minimising waste.
This integration not only enhances project outcomes
but also supports sustainability goals by reducing the

“carbon footprint of projects. Case studies have shown

that implementing Digital Twins can reduce project costs
by up to 20% and improve project timelines by a similar
margin. These.savings are primarily driven by the ability
to foresee and mitigate risks, optimise resource usage,
and enhance stakeholder collaboration.
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The role of IoT in enhancing operational efficiency
cannot be overstated. Embedded with sensors

and connectivity, loT devices enable continuous
monitoring of assets and environments. This data,
when analysed, provides insights that can be used to
optimise processes, reduce energy consumption, and
improve overall efficiency. For example, loT can help
streamline production lines, reduce waste, and enhance
product quality in manufacturing, contributing to more
sustainable operations.

SUSTAINABLE ENGINEERING PRACTICES:
BUILDING FORTHE FUTURE

Sustainability has become a core principle in modern
engineering practices. As the world grapples with
the effects of climate change and resource depletion,
engineers are increasingly focusing on reducing the
carbon footprint of their projects.

One effective strategy is integrating renewable

energy sources, such as solar, wind, and hydroelectric
power, into engineering projects. While incorporating
renewable energy presents challenges, such as
variability in supply and the need for storage solutions,
technological advancements are making these
challenges more manageable.

Innovative materials and technologies are also playing

a critical role in sustainable construction. For instance,
the development of low-carbon concrete and recycled
materials is helping to reduce the environmental impact
of construction activities. Additionally, green building
certifications, such as LEED (Leadership in Energy and
Environmental Design), encourage adopting sustainable
practices by setting rigorous standards for energy
efficiency, water conservation, and material usage.

The concept of a circular economy is also gaining
traction as a sustainable alternative to the traditional
linear economy, which follows the “take-make-dispose”
model. The circular economy emphasises designing for
deconstruction, allowing materials to be recovered and
reused at the end of a product’s lifecycle.

This approach involves creating buildings, infrastructure,
and products that can be easily disassembled at the end
of their life cycle, with components reused or recycled.
This reduces waste, conserves resources, and minimises
environmental impact.

Lifecycle analysis (LCA) is another critical tool in

the circular economy, providing a comprehensive
assessment of a product’s or process’s environmental
impact throughout its life cycle. Using LCA, engineers
can identify areas where improvements can be made to
enhance sustainability.

Sustainability metrics, such as carbon footprint, water
usage, and waste generation, are increasingly used

to measure the success of engineering projects in
achieving circular economy goals. These metrics provide
a clear framework for assessing the environmental
performance of projects and driving continuous
improvement.

DATA-DRIVEN DECISION-MAKING: THE
KEY TO ENHANCED PROJECT OUTCOMES

In the era of big data, data-driven decision-making
has become a cornerstone of engineering. Collecting,
analysing, and acting on vast amounts of data allows
engineers to make more informed decisions, leading
to better project outcomes. Big data generated by
loT devices, sensors, and other digital tools provides
engineers with unprecedented insights into the
performance of systems and processes. By analysing
data on energy usage, material consumption, and
waste production, engineers can identify areas
where efficiencies can be improved, leading to more
sustainable operations.

For example, big data monitors real-time production
processes in smart manufacturing, identifies
inefficiencies, and implements corrective actions. In
infrastructure projects, data analytics helps predict traffic
patterns, optimise resource allocation, and enhance
safety.

-
Sustainability metrics, such as carbon footprint, water usage, and waste
generation, are increasingly used to measure the success of engineering
projects in achieving circular economy goals.

N

Volume 61 Issue 2 | 2024 | 23



While the benefits of data-driven decision-making

are clear, there are challenges to address, including
data security, privacy concerns, and effective data
management strategies. As engineers continue to
embrace digital transformation, developing robust data
governance frameworks will be crucial to realising the
full potential of big data.

DIGITAL TRANSFORMATION IN
ENGINEERING FIRMS: EMBRACING THE
FUTURE

The shift towards digital engineering is not just about
adopting new technologies but also transforming how
engineering firms operate. This transformation involves
embracing digital tools and platforms, fostering a culture
of innovation, and overcoming change challenges.
Digital tools and platforms enable better collaboration,
communication, and project management in
engineering firms. From Building Information Modeling
(BIM) to cloud-based project management software,
these tools streamline workflows, reduce errors, and
enhance productivity.

Digital transformation is not without its challenges.
Resistance to change, legacy systems, and the need for
significant investment are obstacles that engineering
firms must overcome. However, the benefits of

digital transformation, such as increased efficiency,
reduced costs, and improved project outcomes, make
it a journey worth undertaking. The future of digital
engineering is bright, with emerging trends such as Al-
driven automation, blockchain for secure data sharing,
and augmented reality (AR) for immersive design
experiences.

These technologies have the potential to revolutionise
the engineering industry further, making it more
efficient, sustainable, and resilient.

As the engineering sector continues to evolve, the focus
will increasingly shift towards building better and smarter.
This will involve leveraging the power of digital engineering
to create systems and structures that are technically
advanced, environmentally and socially responsible.

SUMMARY

In conclusion, the intersection of digital engineering, Al
circularity, and sustainability represents a transformative
force in the engineering industry. As we move forward,
engineers and firms must embrace these trends, not
just to stay competitive but to contribute to a more
sustainable and resilient future. By leveraging Al, Digital
Twin, loT, and data-driven decision-making, and by
adopting sustainable and circular economy practices,
we can create engineering solutions that are not only
innovative but also aligned with the broader goals of
sustainability and circularity. The future of engineering is
digital, and it is here now.

Jiji Joseph
Manager - PBU
Tata Consulting Engineers Limited (TCE)
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Harnessing Al for Operational

Excellence

The Hydrocarbon Industry faces significant challenges, such as frequent equipment
failures, the critical need for process optimisation, and the demand for swift
decision-making during plant operations. Artificial Intelligence (Al) offers significant
advantages in predicting and addressing complications early and optimising
parameters to increase operational efficiency.

Using Machine Learning (ML), predictive models based on
time series data can forecast equipment failures in advance,
allowing for timely maintenance and reducing unexpected
downtimes. Additionally, Al tools, especially generative Al
models like Large Language Models (LLMs), can support
operators with rapid, data-driven decisions, optimising
efficiency and maintaining smooth operations in real-time.
This article explores the transformative potential of Al in
achieving operational excellence within this sector. Efficient
hydrocarbon extraction can be achieved by leveraging
advanced data analytics and ML algorithms to streamline
the complex stages from exploration and drilling to
production and refining, minimising Non-productive time
(NPT) and boosting productivity.

For example, ML algorithms can forecast potential issues
like drill pipe sticking in offshore drilling, enabling timely
corrective action. ML optimises parameters to achieve
an enhanced Rate of Penetration (ROP) by adjusting
factors like pressure and bit design in real-time, thereby
improving drilling speed, reducing costs, and extending
equipment life. ML is also used to optimise drill bit
parameters, creating tailor-made drill bits with improved
performance and durability. Other applications include
predictive maintenance for equipment reliability, real-
time monitoring for resource efficiency, and anomaly
detection in pipelines to enhance safety.
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Case studies of successful ML implementations
demonstrate significant improvements in productivity,
cost reduction, and environmental sustainability.
Integrating Al will drive innovation, optimise operations,
and maintain competitiveness as the Hydrocarbon
Industry evolves. This article highlights how Al'is the key to
unlocking greater efficiency and resilience in operations.

INTRODUCTION

The hydrocarbon and chemical industries have long
been foundational to global economies, producing
essential resources such as fuel, plastics, chemicals,
methane, liquefied petroleum gas (LPG), fertilisers,
lubricants, and solvents. The industry includes multiple
interconnected sectors:

- Upstream: Exploration and extraction of
hydrocarbons.

- Midstream: Transportation and storage of crude
hydrocarbons

- Downstream: Refining and processing to create
usable products, like fuels, plastics, and chemicals.

However, the industry faces increasing pressure to
improve efficiency, safety, and sustainability. Integrating
Al in this sector can optimise operations, reduce risks,
and drive innovation.

This article will discuss how we can fully leverage Al
and ML from drilling operations to refinery processes.
This includes predicting complications during drilling,
optimising drilling speed by adjusting the Rate

of Penetration (ROP) and enhancing productivity

in refineries through predictive maintenance and
improved operator efficiency using Large Language
Models (LLMs).
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We will also explore two key applications in depth:
predictive maintenance and the role of LLMs in
enhancing operator efficiency. Predictive maintenance
leverages time series data to foresee equipment
failures, allowing for timely interventions and reduced
downtime. Additionally, we will examine how advances
in artificial intelligence, particularly generative models
like LLMs, enable operators to access vast datasets for
real-time decision-making, improving overall efficiency.

CHALLENGES FACING THE
HYDROCARBON INDUSTRY

The industry encounters several ongoing challenges,
which include the following:

- Frequent Equipment Failures: The industry often
encounters unexpected equipment breakdowns,
leading to significant operational disruptions.
Predictive maintenance through machine learning
can help forecast these failures and allow for timely
maintenance to minimise downtimes.

- Need for Process Optimisation: The complexity of
hydrocarbon extraction, from exploration to refining,
necessitates continuous optimisation of various
processes to enhance efficiency and productivity.
Leveraging advanced data analytics and machine
learning algorithms is essential for optimising these
processes.

Swift Decision-Making During Operations:
Operators are under pressure to make quick, data-
driven decisions to maintain smooth operations and
optimise efficiency. Generative Al models, such as
Large Language Models (LLMs), can support rapid
decision-making by providing operators access to
vast datasets in real-time.

Figure: Offshore Drilling Rig for Oil

and Gas Extraction



Minimising Non-Productive Time (NPT): Non-
productive time during drilling and production
stages negatively impacts productivity and
profitability. Companies can streamline operations
and reduce NPT significantly by implementing
machine learning solutions.

Ensuring Safety and Environmental
Sustainability: The industry faces increasing safety
and environmental impact scrutiny. Machine learning
can enhance safety through anomaly detection in
pipelines and other systems, contributing to safer
operations and compliance with sustainability goals.
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Challenges Facing the Hydrocarbon Industry

THE ROLE OF MACHINE LEARNINGTO
ADDRESS THESE CHALLENGES

Optimising Drilling Operations in Hydrocarbon
Exploration and Extraction: Insights Upstream
Enhancing drilling operations in the upstream sector

is essential for improving efficiency and productivity.
Machine learning (ML) addresses significant challenges,
including stuck pipes and optimising the Rate of
Penetration (ROP).

Figure: Drilling Engineers performing drilling operations

Stuck pipe prediction using ML model

Stuck pipes can cause costly delays. ML models
can predict these incidents by analysing historical
drilling data, including operational data, geological
characteristics, and mud properties.

Model Development: Various single and ensemble
ML algorithms, including Random Forest and Deep
Neural Networks, are trained to identify conditions
that lead to stuck pipes.

Real-time Monitoring: These models continuously
monitor drilling parameters and trigger alerts when risks
increase, allowing operators to take proactive measures.

Enhancing ROP by optimising drilling parameters
Optimising ROP is critical for reducing drilling time
and costs. ML can enhance ROP by adjusting drilling
parameters in real-time.

Parameter Optimisation: Evolutionary techniques,
such as Genetic Algorithms (GA) and the Particle
Swarm Optimisation (PSO) method, analyse data from
ongoing drilling operations to determine optimal
pressure, rotation speed, and bit design, facilitating
adjustments to enhance ROP.

Performance Prediction: ML models can forecast
the best operational conditions for maximising drilling
speed by leveraging historical performance data.

Benefits: Implementing ML solutions for stuck pipe
prediction and ROP optimisation minimises non-
productive time (NPT) and significantly enhances
overall drilling efficiency, leading to safer and more
reliable operations.

Empowering Plant Operators: Optimising
Downstream Operations with Al Tool for
Operational Efficiency and Knowledge Support

The Generative Al (Gen Al) tool Improves the efficiency
and decision-making of plant personnel by providing
expert-level insights and guidance.

Leveraging Large Language Models (LLMs) can be a
virtual assistant for plant operators, answering complex
queries that typically require experienced personnel.
These Al tools can access vast amounts of operational
data, technical documentation, and historical cases to
provide quick, accurate responses to queries related

to equipment issues, process adjustments, and safety
protocols.
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Figure: Operator using the Al tool for operational efficiency and
knowledge support

This enables less experienced personnel to make
informed decisions, improves productivity, and reduces
the dependency on a few expert operators.

The Process of Vectorisation and Retrieval in Al-
Assisted Plant Operations is-

- Convert Text to Vectors: An embedding model
converts Queries and operational documents into
vectors. This model captures the semantic meaning of
the text, enabling effective comparison and retrieval.

- Store Documents in a Vector Database: The resulting
vectors representing operational data, technical
documentation, and historical cases are stored in a
vector database for efficient retrieval. This allows quick
access to relevant information when needed.

- Convert Query to Vector: When plant operators
input a query—such as questions regarding
equipment issues or process adjustments—the query
is also transformed into a vector using the same
or a compatible embedding model. This ensures
consistency in the representation of information.

- Search Vector Database: The query vector is compared
against the document vectors in the vector database.
This step identifies the most relevant documents that can
provide insights related to the operator's query.

+ Augment with LLM: The retrieved documents are
combined with the operator's query and fed into
a Large Language Model (LLM). This LLM acts as
a virtual assistant, processing the information to
generate expert-level responses.

- .
LLMs can support operators
with rapid, data-driven decisions,
optimising efficiency and maintaining
smooth operations in real-time.

\

- Generate Output: The LLM produces a response
incorporating the original query and the context
from the retrieved documents. This output provides
plant operators with accurate and timely insights,
allowing less experienced personnel to make
informed decisions quickly.
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Figure: Al-Driven LLM Tool for Operational Efficiency and Knowledge Support

This Al-driven knowledge support enhances overall plant
efficiency, accelerates troubleshooting, and ensures
continuity of expertise, which is especially valuable
during shifts with fewer experienced personnel on-site.

Enhancing Downstream Plant Productivity with Al-
Driven Predictive Maintenance

An Al-driven tool can assess equipment’s health and
predict potential future failures by leveraging time series
and machine learning techniques.
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Figure: Dashboard for real-time data and predictive maintenance alerts
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The detailed overview of the model's implementation for enhanced understanding is provided below-

Data Collection and
Analysis

Real-time Data

Exploratory Data
Analysis

Feature Selection
Hypothesis Testing

/—>

ML Algorithms
Time Series Model
Ensemble ML Model
Y=1/8 zI.B:1 hi (x)
¥ = Final prediction
B=Total number of DT
i (x)=Prediction of ith Tree

Deep Neural Networks
y=fW AW fWTx+b, +b)+B)
x= Input Vector

Wi =Weight matrix for layeri
b1=Bias vector for layeri
f=activation function
y=output vector

e ™ N e
Maintenance Strategy Predictive Analysis Evaluation of ML Models Hyperparameter Tuning
Development Mean Time to Failure Mean Squared Error of Algorithm
Preventive (MTTF) (MSE) Ensemble ML Model-
gAin;er;gnce Mean Time to Root Mean Squared Hyperparameter
cheduling ) Breakdown (MTTB) Error (RMSE ) tuning using
Condition-Based Mean Time Between R-squared (R?) RandomisedSearchCV.
Monitoring Failures (MTBF) / Coefficient of Deep Neural Networks
Risk-Based Failure Rate Determination Hyperparameter
Maintenance Mean Absolute tuning using Keras
- Tuner with Random
Predictive Percentage Error Search
Maintenance Planning (MAPE) earc
- N J J J

Figure: Predictive Maintenance for Rotary Equipment

DATA COLLECTION AND ANALYSIS

Developing a predictive maintenance model
necessitates a systematic approach to collecting and
analysing data from rotary equipment. This involves:

- Real-time Data Collection: Gathering live data from
sensors and other instrumentation on the rotary
equipment. This data typically includes temperature,
vibration, pressure, rotation speed, and other metrics
for assessing the equipment’s operating condition.

- Exploratory Data Analysis (EDA): Through EDA,
engineers can gain insights into common failure
indicators and underlying operational conditions and
detect irregularities that could be precursors to failure.

- Feature Selection: Selecting the most relevant
features or variables significantly impacting the
equipment’s performance and health. Proper feature
selection helps reduce the model's complexity and
enhances predictive accuracy.

- Hypothesis Testing: Validating assumptions in the data,
such as checking for stationarity in time-series data or
verifying correlations between features, to ensure that
the data supports reliable predictive modelling.

MACHINE LEARNING ALGORITHMS

The next phase involves applying machine learning
algorithms to learn from the collected data and make
future predictions.

- Time Series Modeling: Many performance metrics are
captured as time series data for rotary equipment. By
employing time series models, the ML model can learn
the temporal patterns in the data, such as periodic wear
and tear, and anticipate potential points of failure.

- Ensemble ML Models: Ensemble models combine
the predictions from multiple individual models
to increase predictive accuracy. A commonly used
ensemble approach is a collection of decision trees
known as a Random Forest.

HYPERPARAMETER TUNING OF ALGORITHM

Once suitable ML algorithms are selected, they must be
optimised for maximum predictive accuracy through
hyperparameter tuning.

- ML Model Optimisation: For ML models,
hyperparameter tuning is conducted using methods
like RandomisedSearchCV or GridSearch CV to identify
the best parameter combinations for maximum
model performance.
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- Deep Neural Networks (DNNs): When high
complexity or non-linear relationships in data
are present, DNNs are a powerful tool. DNNs can
capture complex patterns that other models may
miss for rotary equipment. Using the Keras Tuner
with a Random Search approach allows for effective
hyperparameter tuning, adjusting parameters such as
learning rate, layer count, and activation functions to
maximise prediction accuracy.

EVALUATION OF ML MODELS

Once the models are trained, their performance is
evaluated using multiple metrics to ensure reliability
and accuracy:

+ Mean Squared Error (MSE): Measures the average
squared difference between actual and predicted
values, penalising significant errors.

- Root Mean Squared Error (RMSE): The square root
of MSE brings the metric to the same units as the
target variable, making it easier to interpret.

- R-squared (R?): Also known as the coefficient of
determination, this metric indicates the proportion of
variance in the target variable that is predictable from
the independent variables.

- Mean Absolute Percentage Error (MAPE): Provides
an error percentage, allowing easy assessment of
model accuracy relative to actual values.

PREDICTIVE ANALYSIS

With the model evaluated and fine-tuned, it can
now provide valuable insights into the equipment’s
future performance. Predictive analysis identifies key
maintenance metrics:

- Mean Time to Failure (MTTF): Estimates the average
time before the equipment is likely to fail.

Operation

Frequent Start/Stop Cycles

Voltage Fluctuations
Load Variations
Electrical Overload
Overheating

Improper Motor Use
High Operational Stress

Unbalanced Loads

+ Mean Time to Breakdown (MTTB): Calculates the
expected time between breakdown events, assisting
in scheduling and resource planning.

Mean Time Between Failures (MTBF): Helps assess
equipment reliability by predicting the average time
between successive failures.

Failure Rate: Estimates the frequency at which
failures occur, which aids in determining the optimal
intervals for maintenance and parts replacement.

MAINTENANCE STRATEGY
DEVELOPMENT

Using insights from the predictive analysis, a robust
maintenance strategy can be developed to ensure
optimal equipment performance and reduced downtime:

Preventive Maintenance Scheduling: Planning and
conducting regular maintenance based on model
insights to prevent potential issues before they lead
to failure.

- Condition-Based Monitoring: Continuously
monitoring real-time data to make maintenance
decisions based on the current condition of the
equipment rather than a fixed schedule.

- Risk-Based Maintenance: Prioritising maintenance
activities based on risk assessment, focusing
resources on equipment with the highest failure risk.

- Predictive Maintenance Planning: Developing a
predictive maintenance schedule, informed by ML
model outputs, to address issues proactively and
extend the life of the rotary equipment.

Maintenance

Irregular Inspections
Delayed Repairs

Lack of Calibration

Inadequate Preventive
Maintenance

Insufficient Training

Moisture and Humidity
Ambient Temperature /

FIuctuationy
Corrosive Atmosphere

Environmen: =l

Deficient Insulation

Inadequate Motor Sizing
Inappropriate Mounting

Poor Cooling Design

Performance Issues

Increased Vibration

Bearing Wear

Overheating

Electrical Failures

Figure: Fishbone Analysis for Predictive Maintenance of Industrial Equipment
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CONCLUSION

Human constraints often limit traditional predictive
analytics methods for diagnosing potential
complications, while manual inspections of equipment
health can be time-consuming and prone to
inaccuracies. However, we can effectively address these
challenges by leveraging advanced data analytics
powered by machine learning and artificial intelligence.
It provides a pathway to address these challenges
effectively. ML can anticipate equipment failures and
enable timely maintenance through predictive models,
significantly reducing unplanned downtime. Generative
Al tools, such as Large Language Models, offer real-time
data support, empowering operators to make rapid
and data-backed decisions, thus enhancing operational
continuity and efficiency.

This article has highlighted the transformative
potential of Al and ML in streamlining processes
across all stages of hydrocarbon production—from
exploration and drilling to refining—by minimising

REFERENCES

Non-productive Time and boosting productivity. In
upstream applications like offshore drilling, ML can
forecast issues such as drill pipe sticking, enabling
proactive corrective actions and optimising drilling
efficiency by adjusting parameters to achieve maximum
ROP. Similarly, predictive maintenance and real-time
monitoring solutions improve equipment reliability and
safety. As the hydrocarbon sector adapts to a dynamic
landscape, integrating Al will drive innovation, improve
sustainability, and maintain a competitive edge.

Dr Aditi Nautiyal
Assistant Manager - DATBU
Tata Consulting Engineers Limited (TCE)

1. Nautiyal, Aditi, and Amit Kumar Mishra. “Machine learning approach for intelligent prediction of petroleum upstream stuck pipe challenge in oil and gas

industry.” Environment, Development and Sustainability (2022): 1-27.

2. Lee Wo Jae, Haiyue Wu, Huitaek Yun, Hanjun Kim, Martin BG Jun, and John W. Sutherland. “Predictive maintenance of machine tool systems using artificial
intelligence techniques applied to machine condition data.” Procedia Cirp 80 (2019): 506-511.

3. Nautiyal, Aditi, and Amit Kumar Mishra. ‘Machine learning application in enhancing drilling performance.” Procedia Computer Science 218 (2023): 877-886.

4. Satwaliya, Deepanshu Singh, H. Pal Thethi, Anubhuti Dhyani, G. Ravi Kiran, Mustafa Al-Taee, and Malik Bader Alazzam. “Predictive Maintenance using
Machine Learning: A Case Study in Manufacturing Management.” In 2023 3rd International Conference on Advance Computing and Innovative Technologies

in Engineering (ICACITE), pp. 872-876. IEEE, 2023.

5. Nautiyal, Aditi, and Amit Kumar Mishra. “Drilling efficiency enhancement in oil and gas domain using machine learning.” International Journal of Oil, Gas

and Coal Technology 32, no. 4 (2023): 340-373.

6. Khurana, Diksha, Aditya Koli, Kiran Khatter, and Sukhdev Singh. “Natural language processing: state of the art, current trends and challenges.” Multimedia

Tools and Applications 82, no. 3 (2023): 3713-3744.

7. Bouschery, Sebastian G, Vera Blazevic, and Frank T. Piller. "Augmenting human innovation teams with artificial intelligence: Exploring transformer-based
language models.” Journal of Product Innovation Management 40, no. 2 (2023): 139-153.

8. Nautiyal, A, and A. K. Mishra. “Drill Bit Selection and Drilling Parameter Optimisation using Machine Learning.” In IOP Conference Series: Earth and

Environmental Science, vol. 1261, no. 1, p. 012027. IOP Publishing, 2023.

9. Wang, Yuntao, Yanghe Pan, Miao Yan, Zhou Su, and Tom H. Luan. ‘A survey on ChatGPT: Al-generated contents, challenges, and solutions.” IEEE Open Journal

of the Computer Society (2023).

10. Zonta, Tiago, Cristiano André Da Costa, Rodrigo da Rosa Righi, Miromar Jose de Lima, Eduardo Silveira da Trindade, and Guann Pyng Li. “Predictive
maintenance in the Industry 4.0: A systematic literature review.” Computers & Industrial Engineering 150 (2020): 106889.

Volume 61| Issue 2 | 2024 | 31



Engineering Innovation: Al,
Digital Twins and Sustainability

Engineering is undergoing a profound transformation, driven by the rapid
integration of emerging technologies such as Artificial Intelligence (Al), Digital

Twin technology, the Internet of Things (loT), sustainability principles, and data-
driven decision-making. These innovations are not just redefining how projects are
designed and executed but are also reshaping the very ethos of engineering, aligning
it with global imperatives for sustainability and efficiency.

Al: Revolutionising  Digital Twins & loT: Circular

. . . . Sustainability Data-Driven Digital
Engineering Bridging Physical . : . Economy N, .
. L in Engineering . . Precision Transformation
Practices and Digital in Design
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ENGINEERING REDEFINED: Al, SUSTAINABILITY, AND DIGITAL TRANSFORMATION
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ARTIFICIAL INTELLIGENCE: REDEFINING
ENGINEERING PRACTICES

Al'has emerged as a game-changer for the engineering
sector, acting as a force multiplier for efficiency, precision,
and innovation. Al-powered design tools now allow
engineers to perform countless iterations in minutes,
optimising for parameters like material strength, weight,
cost, and performance. This ability has transformed
industries such as aerospace, automotive, and construction,
where intricate design challenges are met with innovative
solutions that were previously unimaginable.

Beyond design, Machine Learning (ML) has
revolutionised maintenance practices. Predictive
maintenance, powered by Al, analyses real-time

and historical data to preempt equipment failures,
minimising downtime and enhancing safety. In high-
stakes industries like oil and gas, these tools identify
anomalies that signal potential breakdowns, allowing
operators to address issues before they escalate.

Al also streamlines logistics and resource allocation,
dynamically optimising material delivery routes and
scheduling workflows. Large-scale construction projects
now benefit from reduced delays, better resource
utilisation, and enhanced project timelines, paving the way

for smarter and more sustainable engineering practices.

BRIDGING PHYSICAL AND DIGITAL
REALMS WITH DIGITAL TWINS AND IOT

Digital Twin technology, coupled with loT, is

revolutionising how physical assets are managed and
optimised. A Digital Twin provides a virtual replica of a
physical system, continuously updated with real-time
data to simulate, monitor, and enhance performance.

In smart cities, Digital Twins model urban infrastructure

to improve traffic flow, optimise energy usage and
enhance public services. loT sensors embedded within the
infrastructure feed these virtual models with data, creating
a feedback loop that drives continuous improvement.

In industrial settings, Digital Twins and IoT sensors have
transformed operations, providing real-time insights
into equipment performance, environmental conditions,
and energy consumption. These tools enable predictive
maintenance, reduce downtime, and maintain product
quality. The ability to bridge physical and digital realms
is fostering a new era of operational excellence, helping
industries achieve unprecedented levels of efficiency
and sustainability.

SUSTAINABILITY: ENGINEERING A
GREENER FUTURE

Sustainability has become an integral part of engineering,
reflecting a global commitment to addressing challenges
like climate change, resource depletion, and urbanisation.
Renewable energy systems, such as solar grids and wind
turbines, are now routinely integrated into infrastructure
projects to reduce reliance on fossil fuels.

Advanced materials, such as carbon-sequestering
concrete and phase-change materials for thermal
regulation, are reducing the environmental impact of
construction. Modular construction techniques, where
components are fabricated off-site, further minimise
waste and energy consumption.

Building Information Modelling (BIM) has emerged as

a pivotal tool in sustainable engineering. By enabling
precise planning, real-time monitoring, and seamless
collaboration, BIM ensures sustainability principles are
embedded throughout a project’s lifecycle. The Tata
Group's ambitious goal of achieving net-zero emissions by
2045 underscores the critical role of engineering in driving
transformative change and combating climate change.

CIRCULAR ECONOMY: REDEFINING
LIFECYCLE MANAGEMENT

The circular economy is revolutionising engineering

by prioritising resource recovery, reuse, and lifecycle
optimisation. Engineers are increasingly adopting design
approaches that allow for the recovery and repurposing
of materials at the end of a project’s life.

Lifecycle analysis tools enable a deeper understanding of a
project’s environmental impact, guiding engineers toward
more sustainable practices. In construction, adaptable
building designs ensure materials can be reused, reducing
waste and conserving resources. In the automotive sector,
vehicles are now being designed for easy disassembly,
promoting component reuse and recycling.
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environmental consciousness.

g

The integration of Al, Digital Twins, loT, and sustainable practices is driving a
paradigm shift in engineering. These advancements are enabling the profession
to tackle increasingly complex challenges with greater precision, efficiency, and

These practices not only minimise environmental harm
but also align engineering with global sustainability
goals, fostering a more responsible approach to
optimised management of resources.

DATA-DRIVEN DECISION-MAKING: A
NEW ERA OF PRECISION

Data has become the foundation of modern engineering,
transforming how projects are managed and executed.
Big data analytics empowers engineers to make informed
decisions by analysing vast amounts of information,
identifying trends, and predicting challenges.

Real-time analytics tools provide actionable insights
that help teams optimise scheduling, budgeting, and
resource allocation. They also enable proactive risk
management, ensuring projects stay on track and within
budget. However, managing this data requires robust
governance practices to maintain accuracy, eliminate
outliers, and secure sensitive information.

When applied effectively, data-driven decision-making
not only improves project outcomes but also enhances
overall efficiency, making it an indispensable tool in the

engineer’s toolkit.

THE DIGITAL TRANSFORMATION OF
ENGINEERING

Digital transformation is reshaping the engineering
sector by introducing cutting-edge technologies such
as augmented reality (AR), virtual reality (VR), and
blockchain. AR and VR enable engineers to visualise
complex designs in real time, overlaying digital models
onto physical structures for precision. These tools
enhance accuracy and reduce errors during execution.

Blockchain technology, on the other hand, is
revolutionising project documentation by offering
secure and transparent systems for managing contracts
and records. Together, these advancements are fostering
greater collaboration and innovation within the sector.

Despite its many advantages, digital transformation is
not without challenges. Legacy systems, skill gaps, and
cybersecurity risks remain significant hurdles. However,
firms that embrace these technologies while prioritising
robust security measures will be well-positioned to lead
in this rapidly evolving landscape.

CONCLUSION

The integration of Al, Digital Twins, loT, and sustainable
practices is driving a paradigm shift in engineering.
These advancements are enabling the profession to
tackle increasingly complex challenges with greater
precision, efficiency, and environmental consciousness.

As the sector continues to evolve, the convergence of
innovation and responsibility will be key to its success.
Engineering holds the power to build not just smarter
systems but also a greener, more sustainable future. By
embracing this transformative journey, the profession
is poised to leave a lasting legacy of progress and
resilience for generations to come.

Sandip De
Deputy General Manager - HCBU
Tata Consulting Engineers Limited (TCE)
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Data-Driven Decision-Making:
Leveraging Big Data and Analytics

Data-driven decision-making has become a vital aspect of modern engineering,
leveraging the immense capabilities of big data and analytics to enhance project
outcomes. With the advent of advanced technologies, organisations now process
vast amounts of information to generate insights that lead to better, more informed
decisions. This shift represents a movement away from traditional decision-making
approaches, which often relied heavily on intuition or experience, towards a
structured methodology grounded in data-driven processes

The ability to collect, analyse, and interpret large
datasets plays a transformative role in engineering. It
enhances precision, reduces risks, and enables predictive
analytics to anticipate challenges before they arise.
However, this growing reliance on data comes with its
own set of challenges. Organisations must navigate
issues such as data management, storage, security, and
quality assurance. This article explores the evolving field
of data science, the growing influence of data-driven
decision-making in engineering, and the benefits,
challenges, and opportunities that arise from integrating
big data into engineering workflows.

STREAMS OF DATA SCIENCE

Data science encompasses a variety of specialised

fields, each contributing uniquely to data analysis and
management. The first major field is data engineering,
which involves designing, constructing, and maintaining
data architectures. Engineers in this domain focus on
creating robust pipelines that ensure data is reliably
collected, stored, and retrieved, forming the foundation
for all subsequent analyses.
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Another essential stream is statistical analysis, which
applies mathematical methods to uncover patterns,
relationships, and trends within datasets. Techniques
such as hypothesis testing, regression analysis,

and Bayesian statistics enable researchers to draw
meaningful conclusions about underlying phenomena.

Machine learning is also a key area within data science,
focusing on the development of algorithms that learn
from existing data to make predictions or informed
decisions. This area encompasses diverse approaches,
including supervised learning, unsupervised learning,
and reinforcement learning, each tailored to specific
analytical needs.

Data visualisation plays an equally critical role by
presenting complex datasets in accessible formats.
Through the use of graphs, charts, and dashboards,
decision-makers can quickly understand intricate
patterns and relationships, enabling them to take
appropriate actions.

Lastly, domain-specific analytics applies data science
techniques to particular industries or fields, such as
healthcare, finance, or engineering. This approach
leverages specialised knowledge to derive insights that
are tailored to the unique challenges and requirements
of each sector.

DATA-DRIVEN DECISION-MAKING IN
ENGINEERING

The application of data-driven decision-making in
engineering has fundamentally altered how projects
are planned, monitored, and executed. By integrating
real-time data from sensors, simulations, and project
management tools, engineers can make more accurate
and timely decisions. For example, in infrastructure
projects, real-time sensor data provides critical
insights into project progress and potential issues,
allowing teams to address challenges proactively.
Predictive analytics further enhances these capabilities
by forecasting risks such as material shortages or
equipment failures, helping optimise resources and
reduce delays.

Big data and advanced analytics are also driving innovation
within engineering. By analysing extensive datasets,
engineers can uncover trends, correlations, and anomalies
that were previously undetectable. In manufacturing,

for instance, data collected from Internet of Things (loT)
devices has enabled the creation of smart factories.

These factories continuously optimise production
processes in real-time, leading to significant
improvements in efficiency and cost savings.

Additionally, the reliance on data fosters greater
objectivity in decision-making. By basing decisions on
verifiable information rather than subjective judgment,
engineers can minimise biases and ensure transparency.
For example, in aerospace engineering, where safety
standards are paramount, data-driven decision-making
ensures that design and manufacturing processes
adhere to the highest quality benchmarks. Data analytics
can identify potential flaws or defects in designs,

thus preventing critical issues before they manifest in
production.

BIG DATA AND ITS ROLE IN ENGINEERING

o o
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Big data refers to extensive, complex datasets that are
difficult to process using traditional methods. These
datasets are generated from a variety of sources,
including loT devices, GPS signals, industrial sensors,
and social media platforms. In engineering, the ability to
manage and analyse big data has opened new avenues
for improving project outcomes and operational
efficiency.

The exponential growth of data generated by digital
tools and sensors has enabled engineers to gain
unprecedented insights into various aspects of their
projects. For instance, in civil engineering, loT-enabled
sensors embedded in infrastructure such as bridges and
buildings provide continuous feedback on factors like
structural integrity, temperature, and stress levels. This
real-time data allows engineers to predict maintenance
needs, extend infrastructure lifespan, and reduce costs.
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Predictive analytics is another transformative application
of big data in engineering. By analysing historical

data, engineers can forecast future scenarios and take
proactive measures. For example, in the energy sector,
predictive models are used to optimise the performance
of power plants. By evaluating data on equipment
performance, weather conditions, and energy
consumption, engineers can anticipate equipment
failures and schedule maintenance, thereby minimising
downtime.

Real-time monitoring further enhances operational
efficiency by enabling engineers to adjust systems
dynamically in response to changing conditions. In
industries such as transportation and manufacturing,
continuous data streams allow for immediate corrective
actions, improving both safety and productivity. For
instance, in the automotive industry, real-time data from
vehicle sensors helps manufacturers monitor engine
performance, optimise fuel consumption, and improve
design features.

CHALLENGES IN DATA MANAGEMENT

Despite the vast potential of big data, managing large
datasets presents significant challenges. Ensuring
data quality and integrity is a major concern, as errors
or inconsistencies can lead to flawed analysis and
misguided decisions.

Poor data quality may arise from faulty sensors, human
error, or corruption during storage and transmission.

To mitigate these risks, organisations must invest in
robust validation processes, including data cleaning and
preprocessing.
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CHALLENGES IN DA ANAGEMENT

High-quality data collection tools such as advanced
sensors and loT devices are essential for minimising
errors.

Data security and privacy are also critical concerns,
particularly as engineering projects often involve
sensitive information such as proprietary designs

or customer data. Protecting this information from
cyberattacks and unauthorised access requires
comprehensive security measures, including encryption,
access controls, and regular audits. Compliance with
regulations like the General Data Protection Regulation
(GDPR) is essential to ensure responsible data handling.

The vast volumes of data generated by engineering
projects also pose storage challenges. Traditional
storage solutions are often inadequate for handling the
scale and complexity of big data. Cloud-based platforms
offer a scalable and cost-effective alternative, providing
flexibility for real-time data storage and analysis. These
platforms allow organisations to efficiently manage
growing data requirements and maintain their analytical
capabilities as projects evolve.,
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IMPLEMENTING DATA-DRIVEN
DECISION-MAKING

To successfully adopt data-driven decision-making,
organisations must prioritise a strategic approach to
data management and collaboration. Establishing a
culture that values data as a core element of decision-
making is essential. Engineers and project managers
should be trained to use analytical tools effectively,
ensuring they can derive actionable insights from data.

Investing in advanced analytics tools, including
machine learning algorithms and predictive software,
can streamline the analysis process and reduce the
risk of errors. Collaboration across disciplines involving
engineers, data scientists, and other stakeholders
ensures diverse perspectives are incorporated into
decision-making processes.

Regularly monitoring and improving data quality is
equally important. Validating and cleaning data before
analysis ensures decisions are based on accurate and
reliable information. Cloud-based solutions provide
an efficient way to handle large datasets, offering the

scalability needed to manage evolving project demands.

f i
In engineering, the ability to
manage and analyse big data
has opened new avenues for
Improving project outcomes
and operational efficiency.

.

CONCLUSION

Data-driven decision-making is revolutionising
engineering by integrating big data and analytics into
project workflows. This approach enables engineers
to optimise resources, anticipate risks, and enhance
project quality. While challenges such as data quality,
security, and storage must be addressed, adopting
best practices in data management and analytics will
allow organisations to unlock the full potential of big
data, paving the way for innovation and success in
engineering projects.

Soumya Kanti Guha
Senior Manager - MMBU
Tata Consulting Engineers Limited (TCE)
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GenAl in Contract Management

Effective contract management is fundamental to ensuring the success of business
agreements and project execution, benefiting both plant owners and contractors.

In the current business environment, the deployment of contract management
software (CMS) has become the default standard for smooth operations. Modern
CMS solutions are designed to streamline contract-related processes with built-in
intelligence, transforming these platforms into user-friendly environments. The latest
CMS applications significantly reduce the time required for contract planning and
implementation, addressing the pressing need for efficiency in contract execution.

Generative Al (G-Al), when augmented with artificial intelligence (Al), has become an indispensable element in
contract management for industrial applications. Traditional Al systems follow pre-programmed rules to manage
processes, while G-Al generates optimal, scenario-based results by leveraging advanced automated models, including
neural networks, variational autoencoders, and generative adversarial networks. The integration of G-Al into CMS
automates processes and optimises interrelated workflows, meeting the evolving expectations of modern industries.
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STAGES OF G-Al IN CMS DEVELOPMENT

The development of CMS powered by G-Al progresses
through several stages, each contributing to its
comprehensive functionality. The first stage involves the
conceptualisation and creation of contract documents
using templates designed to align with industry
standards and customer-specific requirements. This
stage ensures that contracts are developed within

defined timelines while maintaining a competitive edge.

The next stage introduces automation, where key
elements of the proposed contract are manually entered
into the system. This enables the CMS to generate a
complete contract document, leveraging pre-configured
best practices and context-specific clauses. The
automation process supports contract management
engineers in compiling accurate and thorough
documents with minimal manual intervention.

The third stage focuses on contract document
evaluation and analysis. Automated tools powered

by Al identify potential areas of disagreement, ensure
compliance with legal and contractual obligations, and
assess risks and obligations. These tools also pinpoint
strategic areas requiring attention, allowing for a quick
and comprehensive review of the contract.

Contract
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In the negotiation stage, Al tools utilise historical data

to analyse the outcomes of previous negotiations. This
analysis informs the development of strategic action
plans and promotes advantageous negotiating positions.
By simulating various negotiation scenarios, the system
provides mutually beneficial suggestions, ensuring cost
optimisation, flexibility, and scalability in contracts.

The collaborative consolidation stage introduces
hierarchical access to contract data, enabling real-time
updates and feedback among multiple users. G-Al
consolidates diverse data types using techniques such
as machine learning and natural language processing.
This stage ensures that all stakeholders have access

to the latest version of the contract document while
maintaining a record of revisions for reference.

The performance monitoring and analysis stage
provides tools for tracking project milestones,

issuing alerts for deadlines and meetings, and
ensuring regulatory and contractual compliance. By
periodically analysing performance throughout the
contract execution period, the system identifies areas
for improvement and offers strategic insights into
performance efficiency.
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G-Al adoption involves the intellectualisation of the
contract generation process through comparisons
with previously executed contracts. Features such as
suggestive auto-corrections and automatic updates
to timelines enhance the accuracy and efficiency of
contract management.

The final stage involves seamless integration with external
systems. Modern CMS platforms are designed with
features that enable integration with enterprise resource
planning (ERP) and customer relationship management
(CRM) systems. This integration supports advanced
analytics and data sharing, enabling the development

of a central repository for contract management. The
repository facilitates easy access to documentation and
the creation of a library for future reference.

CONCLUSION

Generative Al, when integrated with contract
management systems, has the potential to revolutionise
the way contracts are managed. By offering intelligent,
automated, and customised solutions, G-Al addresses
the complexities of managing contracts involving
multiple stakeholders. These solutions create contracts
that are efficient, cost-effective, time-bound, and
compliant with regulatory and legal requirements.

P
The integration of G-Al into
CMS automates processes and
optimises interrelated workflows,
meeting the evolving expectations
of modern industries.

o

Despite its many capabilities, G-Al lacks the empathy,
ethical reasoning, and intellectual understanding inherent
to human experts. However, it excels in processing

vast amounts of data, identifying patterns, suggesting
corrections, and highlighting critical information for
human review. As these systems mature through

interactions with users and the incorporation of historical
data, they gain enhanced strategic and decision-making
capabilities. The combination of human expertise

and Al-driven precision results in contracts that are
comprehensive, consistent, accurate, and legally sound.

The future of G-Al-powered CMS lies in the development
of digital twins that enable real-time data integration,
predictive analytics, and informed decision-making. These
systems could also be offered as cloud-based services,
providing flexibility and accessibility to users while
generating additional revenue for service providers.

Looking ahead, G-Al could simplify contract creation to
the extent that users might issue simple instructions,
such as requesting a plant owner’s contract document
tailored to specific project requirements. By leveraging
geolocation data, advanced analytics, and sophisticated
Al algorithms, the system would generate a ready-to-use
contract document, freeing organisational resources for
strategic priorities and fostering business growth.

DS Latha
Senior General Manager - Technology Team
Tata Consulting Engineers Limited (TCE)
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Client Testimonials

L 1

“TCE demonstrated exceptional quality and
innovation in their deliverables, consistently
going above and beyond our expectations.
Their flexible approach and proactive
communication ensured seamless coordination
between the design office and the site team.
Decision-making on-site was highly effective,
supported by a well-synchronised effort across
all levels of leadership.

A special mention to the team, whose
proactive involvement, firm guidance, and
command over site personnels made a
remarkable difference to the project’s success.
Overall, the experience was marked by
efficiency, agility, and a strong commitment to
excellence”

(—I

The TCE team has demonstrated exceptional
professionalism and commitment for the
recent project. Their expertise in design and
planning services, coupled with a strong
focus on quality construction and adherence
to timelines, has been commendable. The
team’s ability to maintain a safe working
environment, deploy skilled manpower, and
meet project priorities reflects their dedication
to excellence. Their efforts in design review,
project management, time management, and
quality assurance have been instrumental in
achieving key milestones.

o0
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We deeply appreciate the TCE team’s
exceptional leadership and vision
throughout this challenging project.
Their ability to navigate complexities with
strategic insights and innovative approaches
has been truly inspiring, transforming
challenges into opportunities and driving
success.

The team’s dedication, creativity,
and collaborative spirit have set new
benchmarks, igniting a shared determination
to excel. Their passion, resilience, and
pragmatic leadership have been pivotal in
weaving together diverse elements into a
cohesive and successful journey.

o0

We sincerely appreciate the TCE team for
their exceptional management of the
ongoing greenfield project. Their expertise,
professionalism, and dedication to safety,
quality, and seamless execution have been
outstanding. The team'’s meticulous attention
to detail, effective project management,

and transparent financial practices have
ensured the project remains on track, within
budget, and on schedule. Their commitment
to excellence and collaboration has been
instrumental in driving success. We value
their efforts and are confident in their ability
to maintain high standards as the project
progresses.

TCE has delivered an excellent performance during Phase | of the project, showcasing .‘
professional and proactive coordination with all stakeholders. Their timebound approach to

submissions and seamless collaboration were key to the project’s success. A commendable effort
that reflects the dedication and expertise of the team.
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Engineering & Project
Management for Sustainability

The global energy sector is experiencing a transformative shift driven by the pressing
need for sustainable development and the challenges posed by climate change.

This enerqy transition is characterised by the replacement of conventional energy
generation methods, such as thermal, diesel, and gas-based systems, with renewable
sources like wind and solar power. These efforts are essential to mitigate climate
impacts, control emissions, and curb global temperature rise.

GLOBAL FRAMEWORK AND LEADERSHIP

Key organisations like the United Nations Framework
Convention on Climate Change (UNFCCC) and the
International Energy Agency (IEA) are spearheading
the energy transition. They provide comprehensive
guidelines and roadmaps to assist global stakeholders,
including nations and industries, in adopting sustainable
practices. The IEA's landmark 2012 report, Net Zero by
2050: A Roadmap for the Global Energy Sector, detailed
strategies to achieve zero CO, emissions by 2050

and outlined measures to align with the 1.5°C global
temperature goal.

However, despite these efforts, progress remains
insufficient. By 2022, carbon dioxide emissions from
the energy sector had reached a historic high of 37
billion tonnes, exceeding pre-pandemic levels. In light
of this, the IEA released a revised roadmap in 2023,

A Global Pathway to Keep the 1.5°C Goal in Reach,
which addresses new developments and outlines
comprehensive strategies for emissions reduction,
considering the evolving global energy landscape.
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THE PARIS AGREEMENT AND
SUSTAINABLE DEVELOPMENT GOALS

The Paris Agreement, adopted by 196 parties at COP21
in 2015, marked a pivotal moment in the global fight
against climate change. This legally binding treaty
commits advanced economies to achieve net-zero
emissions by 2045, emerging markets like China by
2050, and developing economies thereafter. The
agreement underscores the collective responsibility
of nations to mitigate climate impacts and transition
towards sustainable development.

Sustainability is underpinned by three core

priorities: economic development, social equity,

and environmental integrity. Economic initiatives
address poverty reduction, food security, healthcare
improvements, and access to quality education. Social
priorities include promoting gender equality, clean
water, sanitation, affordable energy, and reduced
inequalities.

Environmental goals focus on sustainable cities,
responsible consumption, biodiversity preservation,
and climate action. Together, these objectives form
the foundation of the Sustainable Development Goals
(SDGs), which guide global efforts towards a balanced
and equitable future.

INDIA’'S COMMITMENT TO
SUSTAINABILITY

India has emerged as a key player in the global
sustainability landscape, pledging to reduce its
carbon intensity by 45% by 2030 and achieve net-zero
emissions by 2070.

The country’s action plan includes significant initiatives
such as increasing renewable energy capacity to 500
GW, establishing five million tonnes of green hydrogen
reserves, and identifying offshore wind energy sites with
a target of 30 GW.

Additional measures include developing solar parks
with a combined capacity of 37.49 GW and scaling up
renewable energy installations to 125 GW. These efforts
highlight India’s proactive approach to addressing
climate change and fostering sustainable growth.

ENGINEERING AND INNOVATION FOR
SUSTAINABLE DEVELOPMENT

Engineers play a pivotal role in advancing sustainable
development by implementing innovative solutions
across industries. Their contributions span diverse areas,
including resource-efficient materials, water conservation,
waste management, and lifecycle assessments. Engineers
are also instrumental in reducing indoor pollution,
designing energy-efficient systems, and incorporating
renewable energy sources into infrastructure projects.
These efforts align with sustainable practices such as
green building design, urban planning, and clean energy
transportation systems.

In India, organisations like GRIHA and IGBC (LEED

India) have been instrumental in promoting green
building certifications. These practices not only enhance
stakeholder confidence but also deliver measurable
benefits, including cost savings and risk mitigation.
According to the World Green Building Council,
adopting sustainable construction practices can result in
savings of 10% to 52% over five years.
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Sustainable Development Goals
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CHALLENGES AND INNOVATIONS

The construction sector is a significant contributor to
global energy consumption and pollution, accounting
for approximately 40% of primary energy use, 23% of
air pollution, 40% of water pollution, and 50% of landfill
waste.

However, sustainable practices can drastically reduce
these impacts, with power consumption projected to
decline by 20% by 2050 and CO2 emissions expected to
decrease by 84 gigatonnes by 2025.

Global innovations offer promising solutions to these
challenges. For instance, BC Materials in Brussels
produces construction materials from surplus earth,
reducing emissions. Google Maps has developed fuel-
efficient routing models, while Kite X in Copenhagen
has created portable wind turbines using recycled
materials. Nova Innovation in Scotland has pioneered
tidal energy-powered EV charge points, and Andea in
Peru has introduced probiotic soap bars to clean rivers.
Additionally, Pifatex in Spain has developed sustainable
textiles from pineapple leaf fibres, providing an eco-
friendly alternative to leather and synthetic materials.

GREEN PROJECTS IN INDIA

India has embraced sustainable design and engineering
through several notable projects. These include Suzlon
One Earth in Pune, the CEPT University Campus in
Ahmedabad, and the Infosys Mysuru Campus, among
others. These projects integrate energy efficiency, waste
management, rainwater harvesting, and green spaces,
demonstrating the potential of sustainable practices

to minimise environmental impacts while enhancing
functionality.

-~

India has emerged as a

key player in the global
sustainability landscape,
pledging to reduce its
carbon intensity by 45% by
2030 and achieve net-zero
emissions by 2070.

CONCLUSION

Engineering and project management for sustainable
development are essential for addressing global
challenges such as climate change, resource depletion,
and environmental degradation. By adopting
innovative technologies and aligning with the
Sustainable Development Goals, nations can create a
future that balances economic growth, social equity,
and environmental preservation. India’s ambitious
commitments and proactive measures exemplify the
transformative power of collective action in building a
sustainable world.

Mohammed Mohasin Pasha
Deputy General Manager - PMCBU
Tata Consulting Engineers Limited (TCE)
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Sustainable Strategies to Reduce
Carbon Footprints in Construction

The challenge of climate change stands as one of the most pressing issues of our time.
Across the globe, governments, businesses, and communities are grappling with the
urgent need to reduce carbon emissions. While several industries have come under
scrutiny, the construction sector is uniquely positioned to catalyse meaningful change.
As one of the top three energy-consuming and carbon-emitting industries worldwide,
it shoulders a major responsibility in steering the global community towards a more

sustainable future.

In 2019 alone, the construction sector accounted for

a staggering 36% of global energy consumption and
contributed to 38% of total carbon emissions. It has
therefore become increasingly clear that reducing this
immense carbon footprint is not merely a matter of choice,
but a fundamental necessity. By embracing sustainable
engineering practices, the construction and engineering
sectors can accelerate our collective journey towards
environmental stewardship, resilience, and a stable climate.

REIMAGINING MATERIALS FORA
SUSTAINABLE FUTURE

A key driver in sustainable construction lies in the careful
selection and management of materials. Conventional
materials, such as ordinary Portland cement, contribute
significantly to carbon emissions. Fortunately, numerous
low-carbon, energy-efficient options are emerging.
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LOW-CARBON MATERIALS

Incorporating recycled steel, low-carbon concrete, and
sustainably sourced timber into building projects can
substantially reduce embodied energy and emissions.
Innovative products like Plantd structural panels, crafted
from fast-growing perennial grasses, demonstrate that
itis possible to create wall sheathing and roof decking
without harming a single tree. These carbon-negative
materials directly substitute traditional plywood, offering
a greener alternative to conventional timber products.

Similarly, green tiles, made from approximately 50%
recycled glass and other recovered minerals, contribute
to a circular economy. They transform waste glass into
aesthetically pleasing flooring and cladding options,
proving that beauty and environmental responsibility
can indeed go hand in hand.

Another promising innovation is CarbiCrete, which
removes cement, a major carbon culprit, from the
concrete mix. Instead, it uses repurposed steel slag,
turning industrial waste into a high-performing building
material that significantly cuts carbon emissions.

Alongside these solutions, the development of low-
carbon bricks made through the alkali activation of
construction and demolition waste is paving the
way for materials with improved thermal, structural,
and durability characteristics, all while reducing
environmental impact.

CIRCULAR APPROACHES AND WASTE
REDUCTION

Beyond the use of greener materials, the construction
industry can further decrease its carbon footprint by
implementing rigorous recycling and reuse strategies.
Recovering and repurposing construction waste such
as concrete and steel reduces the demand for virgin
materials, ultimately curbing emissions associated with
extraction, processing, and transport.

-

In 2019 alone, the construction
sector accounted for a
staggering 36% of global energy
consumption and contributed to
38% of total carbon emissions.

PRIORITISING ENERGY EFFICIENCY

The journey towards carbon neutrality also hinges on
addressing energy consumption during the construction
process and throughout a building’s lifecycle. Upgrading
to more energy-efficient machinery and equipment

can reduce operational emissions. Moreover, harnessing
renewable energy sources such as solar and wind at
construction sites can lessen dependency on fossil fuels
and diminish greenhouse gas outputs.

GREEN BUILDING PRACTICES AND
CERTIFICATION

Integrated and holistic green building strategies
present another opportunity to reduce emissions.
Conducting Life Cycle Assessments (LCAs) ensures
that environmental impacts are evaluated from design
through demolition, informing the choice of materials,
construction methods, and disposal routes.

Similarly, pursuing environmental certifications

like LEED (Leadership in Energy and Environmental
Design) or BREEAM (Building Research Establishment
Environmental Assessment Method) helps establish
benchmarks for sustainability. These standards guide
projects towards improved waste management,
resource optimisation, and energy efficiency, thereby
promoting long-term carbon reductions.

INNOVATIVE CONSTRUCTION
TECHNIQUES

New building methods offer exciting opportunities to
optimise resources and minimise waste. Prefabrication
and modular construction, for example, allow for more
accurate resource estimation and reduced on-site
waste. Producing building components in controlled

environments can streamline delivery processes, reduce
transport emissions, and improve overall efficiency.
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SMART BUILDING MANAGEMENT AND
PASSIVE DESIGN

Strength and
il Durability
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Protection
Waterproofing
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Thermal
Efficiency

BUILDING ENVELOPE

Beyond construction, ensuring that buildings continue

to operate sustainably is paramount. Smart building
management systems, equipped with automation and
sensor technologies, can monitor and control energy
usage in real time, reducing unnecessary consumption.
Improving insulation and employing passive design
techniques, such as orienting buildings to maximise natural
light or using thermal mass to regulate temperatures, can
diminish heating and cooling requirements, further cutting
down on energy demand and related emissions.

EMBRACING RENEWABLE ENERGY
INTEGRATION

Achieving deep decarbonisation of the built environment
inevitably involves scaling up renewable energy.
Integrating solar, wind, hydropower, and geothermal
sources into existing power grids can substantially reduce
reliance on fossil fuels. However, the intermittency and
variability of renewables demand smarter grids equipped
with advanced sensors, automation, and data analytics.
Ensuring a stable and secure energy supply in the face

of fluctuating renewable output is not simply a matter

of plugging in new energy streams. Rather, it involves
thoughtful engineering, robust infrastructure upgrades,
and adaptive regulatory frameworks.

OVERCOMING INFRASTRUCTURE AND
REGULATORY BARRIERS

Integrating renewables and new technologies into
conventional systems often reveals infrastructure gaps,
as traditional grids may struggle to absorb and distribute
energy from decentralised, variable sources. Similarly,
regulatory hurdles and legacy policies can slow the
adoption of more sustainable practices. Addressing these
challenges requires collaboration between engineers,
policymakers, energy experts, and local communities.

By working together, these stakeholders can smooth
the path towards a greener and more resilient energy
landscape.

A COLLECTIVE EFFORT TOWARDS A
GREENER FUTURE

As the construction and engineering sectors continue

to evolve, it is essential that we embrace an ethos of
sustainability. This means more than merely meeting
regulatory requirements. It entails recognising the broader
responsibility to safeguard our environment for future
generations. By choosing low-carbon materials, optimising
energy efficiency, employing green construction methods,
integrating intelligent systems, and investing in renewable
energy, engineers and builders can significantly diminish
their projects’ carbon footprints.

In sum, reducing the carbon footprint of engineering
projects requires a multi-pronged strategy that
encompasses every stage of a building’s life, from the
extraction of raw materials to the operational energy
demands decades down the line. The ultimate goal

is clear: to create resilient infrastructure that meets
today’s needs without compromising the well-being of
tomorrow’s communities.

By embracing and implementing these sustainable
engineering practices, we can advance towards a healthier
planet, ensuring that our built environment supports rather
than undermines the world we strive to protect.

Amruta Yuvraj Jadhav
Manager - IBU
Tata Consulting Engineers Limited (TCE)

Prajakta Suresh Kshirsagar
Senior Manager - IBU
Tata Consulting Engineers Limited (TCE)
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Use of Geosynthetics for
Effective Slope Stabilisation

Sustainability in foundation engineering plays a critical role in designing and
constructing structures that not only meet safety and performance requirements but
also minimise adverse environmental impacts. With rapid urbanisation and escalating
climate-related challenges, the need for resilient, resource-efficient solutions has never
been greater. Foundation engineering today is tasked with addressing these demands
by incorporating innovative techniques, sustainable materials, and optimised
processes that reduce carbon emissions and waste. These practices ensure structural
longevity and stability while contributing to environmental conservation.

Tata Consulting Engineers (TCE) embraced these
principles in its design and implementation of the Kuber
Tilla complex, an annexe to the Shri Ram Janmabhoomi
Temple campus in Ayodhya, Uttar Pradesh. The project
demonstrated the innovative use of geosynthetics

for slope stabilisation, achieving a balance between
engineering precision and environmental sustainability.
By utilising advanced materials and innovative techniques,
the project ensured structural safety, longevity, and
ecological harmony while providing a design life of over
100 years. This article details the challenges faced, the
solutions implemented, and the sustainable outcomes
achieved in this landmark project.

PROJECT OVERVIEW

Kuber Tilla is located approximately 200 metres from the
main Shri Ram Janmabhoomi Temple. With a natural
height of approximately 15 metres and a span of 180
metres in an arc from east to west, the tilla’s slopes
consist of fine silty sand that was determined to be
unstable and highly vulnerable to erosion. These issues
were most pronounced on the western and southern
slopes, where the height of the tilla is greatest.
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The site is home to several architectural and cultural
elements, including the Shiv Temple, situated at the
summit of the tilla at RL 115.2 metres, and a planned
Jatayu sculpture at mid-height at RL 110 metres.

The location also anticipates significant footfall, with
up to 1,000 visitors per hour, necessitating a robust
design solution that could support such loads without
compromising safety or aesthetics.

Geotechnical investigations revealed that the upper

soil layers comprised loose to medium silty sand fill,
underlain by medium to dense silty or clayey sand.
These conditions were further aggravated by the
presence of collapsible soils and ant burrowing activity,
which undermined the structural integrity of the slopes.
Additionally, loose silty sand fill deposited in the vicinity
of the tilla exacerbated erosion risks. Climatic conditions
at the site, including an average annual precipitation of
101.0 mm over 86.45 rainy days, contributed further to
the challenges of slope stability.

Client requirements included preserving the existing
Shiv Temple without significant disturbance, ensuring
the stability and safety of the slopes, employing

a flexible and eco-friendly stabilisation system,

and minimising the impact on the existing flora.
Furthermore, the solution needed to integrate
seamlessly with the architectural elements of the site,
ensure proper drainage to handle surface and seepage
flows, and support the anticipated footfall without
compromising stability.
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PROPOSED SOLUTION

TCE conducted a comprehensive evaluation of potential
solutions, including slope flattening, micro-piling,
grouting, and vegetation stabilisation. However, these
options were deemed infeasible due to site constraints
such as limited space and the need to preserve the
existing Shiv Temple. After thorough analysis, TCE
proposed an innovative solution utilising geosynthetics,
specifically geogrid-reinforced soil slopes combined
with geocell walls as facing elements.

The geocell-based system was designed to address the
varying heights and terrains of the tilla while ensuring
flexibility, sustainability, and aesthetic compatibility.

The geocell walls were constructed in tiers, with
compartments filled with gravel for stability and
drainage and vegetative soil for aesthetic enhancement.
This approach avoided significant structural
modifications while effectively stabilising the slopes.

DESIGN AND ANALYSIS

The foundation of the geocell walls included a 0.6-metre
embedment reinforced with non-woven geotextile filter
cloth and biaxial geogrid, which enhanced the interface
friction between the soil and the geocell structure,
creating a stable base.
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The geocell walls themselves were designed in four
horizontal rows, with the back two compartments filled
with gravel for stability and drainage and the front two
compartments filled with vegetative soil to support
plant growth and align with the site’s aesthetic vision.

To address the varying ground levels of the tilla, the
geocell walls were constructed in tiers of equal height,
with the height of each tier adjusted to match the
natural terrain. Drainage systems integrated into the
design included perforated geocells, toe drains, strata
drains, and gravel infill, ensuring effective management
of water flow and preventing the build-up of pore water
pressure.

Slope stability analysis was conducted using GeoStudio
software, with the results confirming that the proposed
solution exceeded the safety factors required by IS 7894
standards for both construction and seismic conditions.
To validate the design further, it was reviewed and
approved by experts from [I1Sc and IIT, instilling
confidence in the solution’s feasibility and effectiveness.

IMPLEMENTATION

Strata Geosystems partnered with TCE to execute the
construction, which included testing materials, ensuring
quality control, and adhering to detailed engineering
specifications. The geocell system was implemented
with precision to preserve the existing structures and
natural features of the site. The tiered construction
allowed for easy access for inspections and maintenance
while ensuring long-term stability and safety.

The vegetative compartments of the geocell walls were
planted with appropriate greenery, enhancing the
aesthetic appeal of the site and creating a harmonious
integration with its surroundings. The flexible nature

of the geocell system also enabled it to accommodate
existing trees, minimising the need for uprooting and
maintaining the site’s ecological balance.

The geocell-based system was
designed to address the varying
heights and terrains of the tilla while
ensuring flexibility, sustainability,
and aesthetic compatibility.

N

VALUE ADDITION

The geosynthetic solution provided multiple benefits. It
preserved the integrity of the existing structures on the tilla
while ensuring slope stability without imposing significant
loads. Its modular design allowed for efficient construction
and adaptability to the site’s natural terrain. The use of
gravel and vegetative soil in the geocell compartments
provided both stability and drainage while contributing to
the site’s aesthetic and environmental objectives.

The innovative design significantly reduced construction
time and costs compared to traditional methods

such as gabion walls or green facia walls. Additionally,
the minimal disturbance to the existing flora and

soil structure aligned with the project’s sustainability
goals, ensuring that the tilla remained a culturally and
environmentally harmonious site.

CONCLUSION

The KuberTilla slope stabilisation project serves as

a testament to TCE's commitment to sustainable
engineering and innovative problem-solving. By
integrating advanced geosynthetic materials, optimised
design techniques, and a strong emphasis on ecological
harmony, the project achieved a balance between safety,
functionality, and sustainability.

This pioneering approach not only ensured the structural
stability and longevity of the slopes but also preserved
the cultural and environmental significance of the site.
The project sets a benchmark for future developments,
demonstrating the potential of sustainable engineering
to address complex challenges while respecting the
natural and cultural heritage of the surroundings.

BV Sushma
Deputy General Manager - IBU
Tata Consulting Engineers Limited (TCE)
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Conversion of Berth No.9 into a
Container Terminal

V.O. Chidambaranar Port Authority (VOCPA), previously known as Tuticorin Port, is
a key player in India’s maritime sector. Situated on the southeastern coast of India,
the port operates from an artificial harbour shielded by two breakwaters connected
to deep waters through a dredged channel. Since its designation as a major port in
1974, VOCPA has become one of the fastest-growing ports in the country.

To meet the increasing demand for container traffic, the
port authority initiated a major development project to
convert Berth No. 9 into a modern container terminal.
This transformation, based on the Design, Build,
Finance, Operate, and Transfer (DBFOT) model, involves
the integration of advanced mechanical handling
equipment and supporting infrastructure, enabling the
terminal to handle container vessels efficiently.

The project has been awarded to Tuticorin International
Container Terminal Private Limited (TICTPL), a special-
purpose vehicle formed by M/s J M Baxi Ports &
Logistics. TICTPL will spearhead the conversion of Berth
No. 9 into a fully operational container terminal.
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KEY DETAILS OF THE PROJECT

The concession agreement for this project was
formalised on 3rd September 2022, with the concession
awarded on 6th April 2023. The concession period
spans 30 years, during which the terminal is expected
to achieve a handling capacity of 0.6 million TEUs
annually. The facility will occupy a backup area of 10
hectares and will be capable of accommodating vessels
with a capacity of up to 11,400 TEUs. The entire project
is scheduled for completion within 21 months, with
Tata Consulting Engineers serving as the independent
engineer.

SCOPE OF THE DEVELOPMENT

The project involves a comprehensive upgrade of the
berth and its associated infrastructure. The berth will
be extended by 35.5 metres in length and 60 metres
in width, complete with bollards, fenders, ladders,
crane rails, and fire-fighting systems. Civil works will
include the construction of an administrative building,
substation, workshop, workers' sheds, a pump house,
and a gated chain-link fence. A modern gate complex
and container yard will also be developed to enhance
operational efficiency.

In addition to civil works, the project will incorporate
state-of-the-art container handling equipment. This
includes three rail-mounted quay cranes (RMQC)
with a 65-tonne capacity, nine rubber-tyred gantry
cranes (RTGs) with a 41-tonne capacity, one electric
reach stacker, and eighteen tractor trailers to support
operations.

STRATEGIC IMPORTANCE AND IMPACT

The conversion of Berth No. 9 is more than an
infrastructural upgrade. It represents a leap forward for
the port and the region. Notably, 40% of the terminal’s
workforce will consist of women, demonstrating

a strong commitment to gender diversity and
empowerment in the maritime industry.

This project is expected to deliver significant economic
benefits, including annual foreign exchange savings

of approximately USD 4 million and reduced logistics
costs of around USD 200 per container. It will generate
employment for over 1,200 individuals and increase

the port’s annual handling capacity by 600,000 TEUs.
The terminal’s mainline connectivity to European and
other major international ports will further bolster India’s
standing in global trade.

CONCLUSION

The transformation of Berth No. 9 into a world-class
container terminal embodies a vision of growth,
sustainability, and inclusivity. With its advanced
infrastructure and strategic location, the terminal is set to
become a cornerstone of India’s maritime trade, delivering
long-term benefits to the economy and the region.

Devdatta Bose
Senior General Manager - IBU
Tata Consulting Engineers Limited (TCE)
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Digital Twin Technology in City
Planning and Urban Development

Imagine a tool that not only identifies future challenges but also provides the
means to address them proactively. This is the essence of digital twin technology,

a cutting-edge approach that creates digital models of physical assets, systems,
and spaces. By using real-time data and advanced analytics, digital twins simulate
various conditions, predict potential issues, optimise performance, and promote

sustainability.

Urban planning has traditionally been a complex
process involving multiple stakeholders, vast datasets,
and numerous layers of decision-making. Historically,
static models were used, offering limited feedback

for operational optimisation. Digital twin technology
changes this paradigm, providing dynamic, data-driven
solutions to reshape industries and enable smarter,
more resilient urban development.

This article explores the transformative impact of
digital twin technology on city planning, examining its
benefits, challenges, and future potential.

WHAT IS DIGITALTWIN TECHNOLOGY?

A digital twin is a virtual representation of a physical
object, system, or environment that reflects real-world
performance and behaviour. Urban planning involves
creating a dynamic digital model of a city, continuously
updated with real-time data from sensors, satellites,
social platforms, and mapping technologies. This

living digital replica enables stakeholders to simulate
scenarios, analyse data in real time, and predict future
outcomes, fostering more efficient, resilient, and
sustainable urban spaces.
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Unlike static 3D models, digital twins are interactive,
allowing planners to visualise urban dynamics, test
different strategies, and make informed decisions.

THE IMPACT OF DIGITALTWIN
TECHNOLOGY ON CITY PLANNING

Digital Twin Technology enables the simulation of
numerous scenarios, supporting design optimisation
and informed decision-making. Its applications span
several critical areas of urban planning.

In urban design and development planning, digital
twins provide a detailed view of a city’s physical and
functional aspects. This allows planners to visualise

the potential impact of new developments before
construction begins. Scenarios such as the placement
of buildings, infrastructure, green spaces, and transport
networks can be simulated to assess their effects on the
surrounding environment. For example, a digital twin
can model how a new commercial development might
affect traffic patterns, noise levels, and air quality. Based
on these insights, adjustments like modifying road
alignments or introducing green buffer zones can be
made to minimise adverse impacts.

For infrastructure management and maintenance, digital
twins offer significant advantages in city management.
By using real-time information from loT sensors
embedded in infrastructure, they provide continuous
updates on the condition of various systems.

A digital twin of a city’s water supply system, for
instance, can monitor flow rates and pressure levels
and detect leaks or inefficiencies. Predictive analytics
can then anticipate potential problems, allowing for
proactive maintenance and minimising downtime. This
approach not only improves operational efficiency but
also promotes the sustainability of urban systems.

Urban Design and
Development Planning

=

(&

Energy efficiency and sustainability are critical aspects
of modern urban planning, and digital twins play a
pivotal role in addressing these challenges. They can
model energy consumption across different parts

of a city, offering insights into areas of high energy
use and identifying opportunities for improvement.

In architecture, digital twins simulate the energy
performance of buildings by considering factors such
as materials, orientation, and climate. On a broader
scale, they can evaluate how strategies like installing
green roofs or solar panels might reduce overall energy
consumption across the city.

In disaster management and resilience planning, digital
twins prove invaluable. They simulate various disaster
scenarios, such as floods, earthquakes, and fires, to
identify vulnerabilities and develop appropriate response
strategies. During actual disasters, digital twins provide
real-time situational awareness, enabling emergency
responders to deploy resources more effectively. Post-
disaster analysis using digital twins further refines future
resilience planning and response measures.

For public engagement and collaborative planning,
digital twins provide an interactive platform where
stakeholders can visualise urban dynamics. By
transforming complex data into user-friendly visuals,
they allow community members to explore scenarios
related to land use, transport, and environmental
impacts. This participatory approach ensures that urban
development reflects community input and aspirations.

In optimising transport networks, digital twins
revolutionise how cities manage mobility. By creating
digital models of road, rail, and pedestrian networks,
planners can simulate traffic flows, identify bottlenecks,
and test the impact of different transport policies. This
helps in designing efficient and effective transport
systems that cater to the city’s needs.
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critical areas of urban planning.

-

Digital Twin Technology enables the simulation of numerous scenarios, supporting
design optimisation and informed decision-making. Its applications span several

SOFTWARE FOR IMPLEMENTING DIGITAL TWIN TECHNOLOGY

A variety of specialised software platforms are available
to support the development of digital twins. These tools
enable professionals to create highly accurate virtual
replicas of urban environments and infrastructure.

By using these innovative tools, users can visualise,
analyse, and optimise complex systems, improving
decision-making and promoting more sustainable and
efficient urban planning.

Bentley Systems’ OpenBuildings Designer is a
Building Information Modelling (BIM) software that
allows the creation of detailed digital models of buildings
and infrastructure. It is widely used in urban planning
projects for developing new buildings, retrofitting
existing structures, and optimising the utilisation of
urban spaces. This software facilitates collaboration
across multiple disciplines, including architecture,
structural engineering, and mechanical, electrical, and
plumbing (MEP) engineering. It integrates seamlessly
with other Bentley products, such as OpenCities
Planner and OpenRoads, to support comprehensive city
planning. Additionally, it incorporates real-world data
from loT sensors and GIS databases to create dynamic
digital twins.

Esri ArcGIS Urban is a web-based platform specifically
designed for urban planning and design. It enables
the creation of interactive 3D models of cities to assist
in better decision-making. Urban planners often use
ArcGlIS Urban for zoning, land use planning, public
engagement, and infrastructure management.

The platform includes tools for zoning and scenario
analysis, integrates GIS data for visualising geographic
information and analysing urban patterns, and provides
a way for stakeholders to interact with 3D city models.
This interaction facilitates community engagement by
allowing feedback on proposed changes.

Unity Reflect is a real-time 3D rendering tool that
connects BIM data from platforms like Revit to Unity. It is
widely used in architectural and urban planning projects
for interactive visualisation, design presentations, and
stakeholder engagement. Unity Reflect supports real-
time visualisation of BIM data in augmented reality (AR)
and virtual reality (VR), enabling immersive experiences.
It also allows remote collaboration, enabling multiple
users to view and interact with models simultaneously.
Customisation and scripting capabilities using Unity’s
development environment provide advanced options
for simulation and analysis.

PTV Vissim is a traffic simulation software that plays

a crucial role in modelling and analysing multimodal
transportation systems in cities. It is an integral part of
the digital twin ecosystem for urban mobility planning.
The software provides microsimulation capabilities for
analysing traffic flows and pedestrian movements. It
integrates with GIS and urban planning tools to offer

a holistic perspective on transportation dynamics.

PTV Vissim allows planners to test various traffic
management scenarios, such as road closures or the
introduction of new transit routes, helping to optimise
urban transport networks.
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CASE STUDIES: DIGITALTWIN
TECHNOLOGY IN ACTION

Case studies are crucial for understanding the practical
applications and impact of digital twin technology in
urban planning. Recent studies published in journals
such as Cities and the Journal of Urban Technology,
along with the work “Digital Twins for Smart Cities”

by R. D. K. A. Anwar, highlight how this technology

is transforming urban planning. The examples of
Singapore and Surat demonstrate how digital twin
initiatives are enhancing urban development, fostering
connectivity, and building resilience.

Virtual Singapore is an ambitious project launched
by the Singapore government to create a dynamic
digital twin of the entire city-state. As part of the Smart
Nation initiative, it integrates vast amounts of data
from diverse sources, including loT sensors, satellite
imagery, and geographic information systems. The
Urban Redevelopment Authority serves as the control
centre for this initiative, managing data and ensuring
accessibility for multiple government agencies.

The project involves the development of a detailed

3D model representing physical structures alongside
real-time environmental data such as air quality, traffic
patterns, and energy consumption. The digital twin
encompasses various urban areas, including residential
neighbourhoods, commercial districts, and public spaces.

A key feature of Virtual Singapore is its ability to simulate
urban scenarios. Planners can assess the impact of
proposed developments, evaluate the sustainability

of projects, and optimise infrastructure planning. The
platform also enhances public engagement by enabling
residents to interact with the model and provide
feedback on planned changes.

In addition, Virtual Singapore plays a vital role in disaster
management and urban resilience. By simulating
scenarios such as natural disasters, it helps authorities
prepare for emergencies and develop effective
response plans. This integration of data not only
improves urban planning but also empowers citizens

to actively participate in shaping their city’s future.
Virtual Singapore illustrates how digital twin technology
can revolutionise urban planning and management,
creating smarter and more sustainable cities.

The Surat Smart City Control Centre demonstrates

a modern approach to urban management through
the integration of various technological solutions. It
addresses key areas such as traffic monitoring, waste
management, and emergency response by using real-
time data analytics to improve city services and ensure
public safety.

The control centre includes features such as live
surveillance through loT sensors, citizen engagement
platforms, and environmental monitoring tools.
Software applications used in the centre include traffic
management systems, data visualisation tools, and
predictive analytics to support urban planning efforts.

By leveraging these technologies, Surat has effectively
tackled challenges such as congestion, pollution, and
resource allocation. The control centre streamlines city
operations and fosters a proactive approach to urban
development. This focus on sustainability and improved
quality of life make Surat a model for other cities seeking
to enhance governance and service delivery.
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CHALLENGES AND SOLUTIONS

Implementing digital twin technology faces several challenges. Data integration and management are critical due to
the need for accurate and diverse datasets. Establishing robust data management frameworks can address this issue.
High initial costs often are a barrier, but public-private partnerships and phased implementation can help. Privacy and
security concerns arise from accessing sensitive data, necessitating strong data governance and advanced cybersecurity
measures. The skills and expertise gap can impede progress, but targeted training programmes and collaborations with
educational institutions can bridge this gap.

Challenge Solution

Creating a Digital Twin requires incorporating data

Data . ) ) Implementing strong data management protocols and frameworks
. from various sources, such as GIS and social media. ) ) ) o ) )
Integration and ) ) ) improves integration and ensures data quality. Additionally, it requires
Ensuring the accuracy and consistency of this data ) ) . )
Management o the establishment of high-quality data center infrastructure.
presents a significant challenge.
Considering public-private partnerships and grants, phased
Creating Digital Twins often requires substantial implementation strategies mitigate initial costs and spread
High Initial Costs  initial investments in technology, software, and expenditures over time. Revenue generation measures during
expertise, which can deter many municipalities. operation, data management, and system modification can also be
planned.
Privacy and Handling large amounts of data, especially Establishing thorough data governance policies and enhancing

. sensitive information, raises valid concerns about cybersecurity measures safeguards sensitive information and fosters
Security Issues ) . )
privacy and the risk of data breaches. public trust.

Implementing Digital Twin Technology successfully
Skills and requires specialised knowledge that many cities Creating tailored training programs and partnering with educational
Expertise Gaps may not possess, leading to a skills gap that can institutions improves workforce skills and addresses knowledge gaps.
hinder effective deployment.

CONCLUSION

Digital twin technology is revolutionising city planning
by offering a dynamic, real-time perspective of urban
environments. By enabling better decision-making,

enhancing public engagement, and strengthening

z _ Sandeep Saini
urban resilience, it paves the way for smarter and more Deputy General Manager - IBU
sustainable cities. Tata Consulting Engineers Limited (TCE)
Mehak Rekhi
Addressing challenges like data integration and high Assistant Manager - IBU

costs will be crucial to unlocking its full potential. As Tata Consulting Engineers Limited (TCE)

cities face growing pressures from climate change
and resource constraints, digital twins provide a
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Digital Technologies
Transforming Architecture

Unprecedented advancements in digital tools are profoundly transforming the fields
of architecture and urban planning. These technologies not only enhance how cities
are designed, built, and maintained but also fundamentally reshape the professional
approach at every stage of the process.

From conceptualisation and design to construction and long-term maintenance, digital innovations are
revolutionising how urban spaces are envisioned and realised. Far from being a passing trend, this transformation
signifies a fundamental shift in practice, driven by groundbreaking technologies such as artificial intelligence (Al),
virtual reality (VR), augmented reality (AR), design automation, and generative design. This article takes an in-depth
look at the most impactful digital technologies shaping architecture and urban planning today, focusing on their
ability to streamline workflows, improve decision-making, and enhance project outcomes.

THE ROLE OF DIGITAL TECHNOLOGIES IN ARCHITECTURE AND URBAN PLANNING

Digital technologies are revolutionising architecture and urban planning in several key ways. They enhance efficiency,
precision, and creativity, allowing professionals to achieve more ambitious and sophisticated outcomes. Among
these technologies, artificial intelligence plays a pivotal role in automating routine and repetitive tasks, thus liberating
professionals to focus on the more strategic and innovative aspects of their work. This transition marks a shift away
from time-consuming manual processes and toward high-value activities that demand critical thinking and creativity.
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The adoption of artificial intelligence has introduced
unprecedented levels of efficiency through the
automation of complex workflows. One of the most

notable advancements is the integration of parametric
design, which enables the rapid generation and
evaluation of multiple design variations. By automating
repetitive tasks, professionals can make real-time
adjustments and explore a vast range of possibilities
without being bogged down by manual calculations
or tedious drafting. This agility allows architects and
planners to quickly test and refine ideas, enabling more
dynamic and effective design processes.

Artificial intelligence also enhances the quality of design
decisions by providing detailed insights and high-level
visualisation capabilities. Tools such as Generative
Adversarial Networks (GANs) facilitate the creation of
realistic, detailed visualisations that help architects
explore diverse options. These visualisations improve
communication with stakeholders, allowing designers
to clearly articulate their vision and secure the necessary
approvals with greater ease. The ability to generate
high-quality, accurate representations also instils
confidence in decision-makers, streamlining project
approvals and fostering better collaboration.

Another significant benefit of Al lies in its ability to
inspire creativity and support strategic thinking.
Al-powered tools draw from vast libraries of styles,
forms, and functionalities, offering designers a rich
palette of options to explore. This expansive resource
encourages innovative thinking, enabling professionals
to break away from traditional constraints and address
contemporary urban challenges with fresh, imaginative
solutions.

Incorporating data analytics into the design and
planning process has also introduced a new level of
precision. By analysing user behaviour, environmental
impacts, and community needs, architects and
planners can make data-driven decisions that ensure
their designs are both functional and sustainable. This
empirical approach allows professionals to align their
projects more closely with the actual demands of users,
creating spaces that are not only aesthetically pleasing
but also highly relevant and responsive to the needs of
the community.




APPLICATIONS OF Al IN ARCHITECTURE
AND PLANNING

Artificial intelligence has become an indispensable tool
in architectural design and urban planning, enabling
professionals to tackle complex challenges with greater
speed and accuracy. One of the most transformative
applications of Al is the use of generative algorithms,
which allow architects to explore a wide range of
design possibilities based on specific criteria. Generative
algorithms enable the automatic creation of multiple
variations, optimising designs for factors such as

material efficiency, structural integrity, and sustainability.

For example, Autodesk Generative Design is a tool that
helps architects and engineers achieve optimal results
by considering multiple constraints and objectives
simultaneously.

Spacemaker is another Al tool that analyses
environmental factors such as sunlight, wind patterns,
and noise levels to recommend site layouts that
maximise comfort and functionality. Similarly, Archistar
automates processes such as drafting and three-
dimensional modelling, significantly reducing the time
and effort required for these tasks. These tools enable
architects and planners to explore diverse possibilities,
streamline their workflows, and ultimately deliver more
innovative and cost-effective solutions.

Building Information Modelling (BIM) has also been
enhanced by artificial intelligence. BIM tools such

as Revit, combined with Autodesk Insight, provide
advanced energy modelling and performance analysis
capabilities. These tools allow architects to optimise
building performance during the design phase, ensuring
that their projects meet energy efficiency standards.

BIM 360 further enhances collaboration and project
management by analysing construction data, identifying
risks, and improving coordination among teams. This
integration of Al and BIM has revolutionised the way
buildings are designed, constructed, and managed,
resulting in more efficient and sustainable outcomes.

s

Al has also proven invaluable in predictive cost
modelling and risk assessment for urban projects.

By analysing market trends and historical data, Al
algorithms can generate accurate cost estimates for
infrastructure development, land acquisition, and
public services. Tools such as Alice Technologies
optimise project schedules and resource allocation,
while platforms like Kreo automate cost estimation
and risk analysis, minimising the financial uncertainties
associated with large-scale projects. These capabilities
not only enhance decision-making but also reduce the
likelihood of budget overruns.

Immersive technologies such as virtual reality and
augmented reality are further transforming the field by
providing highly interactive and engaging visualisation
capabilities. VR and AR tools, such as Enscape and Unity
Reflect, allow architects to present their designsin a
realistic and interactive manner. Clients and stakeholders
can "walk through” virtual models of buildings and urban
spaces, gaining a deeper understanding of the project.
This immersive experience fosters better engagement
and helps ensure that the final design aligns with the
expectations of all stakeholders.

Digital technologies are revolutionising architecture and urban planning in
several key ways. They enhance efficiency, precision, and creativity, allowing
professionals to achieve more ambitious and sophisticated outcomes. Among
these technologies, artificial intelligence plays a pivotal role in automating
routine and repetitive tasks, thus liberating professionals to focus on the more
strategic and innovative aspects of their work.
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CASE STUDIES DEMONSTRATING
DIGITAL INNOVATION

The transformative impact of digital technologies is
evident in several real-world projects that showcase
their potential to revolutionise architecture and urban
planning. Barcelona's Smart City initiative is a prime
example of how digital tools can optimise urban
management and improve residents’ quality of life. This
ambitious project leverages a combination of artificial
intelligence and Internet of Things sensors to monitor
and manage city resources effectively.

By analysing real-time data on traffic patterns, energy
consumption, and waste management, urban planners
are able to make informed decisions that enhance
resource allocation and infrastructure efficiency. One
notable aspect of the initiative is the “Superblocks”
programme, which reduces vehicular traffic in specific
neighbourhoods to improve air quality and increase
green spaces. This holistic approach demonstrates

the potential of digital technologies to create more
sustainable and liveable urban environments.

In India, the city of Bhopal has implemented a
Command and Control Centre (CCC) to coordinate
urban services seamlessly. The CCC integrates data

from various loT devices and CCTV cameras, enabling
real-time monitoring of city operations. This digital
infrastructure has improved response times to
emergencies, enhanced urban mobility, and streamlined
waste management.

For instance, traffic management software analyses vehicle
flow and congestion patterns, allowing for dynamic

signal adjustments. Similarly, environmental monitoring
systems track air quality and weather conditions, enabling
proactive measures to mitigate pollution.

The Edge, an office building in Amsterdam, represents
another compelling example of the integration of
digital technologies in architecture. Designed by PLP
Architecture, The Edge incorporates advanced BIM tools
and energy analysis systems to optimise its operations.
With an extensive network of sensors, the building
monitors energy usage, lighting, and temperature

in real-time, ensuring maximum efficiency. These
innovations have enabled The Edge to reduce its energy
consumption by 70 per cent compared to traditional
office buildings, earning it widespread recognition as a
model of sustainable design.

FUTURE DIRECTIONS IN DIGITAL
TECHNOLOGIES

Looking to the future, digital technologies are set to play
an even greater role in shaping the fields of architecture
and urban planning. One area of focus is the adoption

of circular economy principles, which promote the
recycling and reuse of materials to minimise waste.
Digital tools will help architects and planners analyse
material flows and identify opportunities for repurposing
components at the end of a building’s lifecycle. This
approach will support the design of buildings that can
be easily disassembled or adapted, maximising the reuse
of materials and reducing environmental impact.

Urban environments will also become more personalised,
with data analytics informing the creation of public spaces
and transportation systems that cater to the unique needs
of each community. Al systems will integrate real-time
climate data into planning tools, enabling cities to respond
dynamically to environmental challenges such as shifting
flood zones and urban heat islands.




Robotic construction technologies are expected to
revolutionise the building process by automating tasks
such as bricklaying, concrete pouring, and modular
assembly. These advancements will not only reduce
construction time but also improve precision and
quality.

Drones will play a key role in monitoring construction
sites, ensuring compliance with safety standards

and quality controls, while autonomous vehicles

will streamline the transportation of materials and
equipment.

The use of Al in public consultation processes will also
enhance the democratic nature of urban planning.

Al tools will analyse feedback from residents and
stakeholders to identify common concerns and
priorities, ensuring that planning decisions are
representative of community needs. Scenario simulation
tools will enable communities to visualise the potential
impacts of different planning options, fostering greater
engagement and participation.

CONCLUSION

Digital technologies are transforming the way
architecture and urban planning are approached,
introducing unprecedented levels of efficiency,
innovation, and sustainability. By integrating tools
such as artificial intelligence, BIM, and immersive
visualisation technologies, professionals can address the
complex challenges of urbanisation, climate change,
and resource management with greater precision

and creativity. These technologies not only enhance
operational efficiency but also promote inclusivity and
sustainability, creating urban environments that are
better equipped to meet the demands of the present
while anticipating the challenges of the future.

The continued evolution of digital tools will be crucial in
ensuring that architecture and urban planning remain

at the forefront of innovation, fostering a brighter, more
sustainable future for cities and communities worldwide.

Neelu Mahajan
Deputy General Manager - IBU
Tata Consulting Engineers Limited (TCE)

Mehak Rekhi
Assistant Manager - IBU
Tata Consulting Engineers Limited (TCE)
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Powering the Future with
Renewable Energy

India’s power sector stands as one of the most diversified and expansive in

the world, encompassing a variety of energy sources such as thermal, hydro,
nuclear, and renewables. As the country continues its rapid economic growth,
urbanisation, and improvement in living standards, the demand for electricity has
been steadily rising. This upward trajectory in energy requirements is expected to
grow at an annual rate of 8%, driven by manufacturing, infrastructure, transport,
and household needs. Over the past decade, India’s power sector has undergone
significant transformation, with a strong emphasis on transitioning to renewable

energy and increasing its overall capacity.

A MULTIFACETED POWER SECTOR

India’s energy infrastructure is vast and complex, with
thermal power dominating the electricity generation
landscape. Thermal energy, primarily coal-based,
accounts for nearly 70-75% of total power generation,
with coal contributing about 50% of the installed
capacity. The country’s substantial coal reserves make
it one of the largest producers and consumers of coal
globally, and coal-fired plants remain a key source of
base-load power generation.

However, the sector faces challenges such as
inefficiencies, environmental concerns, and high
carbon emissions. The government is working towards
cleaner coal technologies while planning for 60 GW
of additional coal-based capacity to meet short- to
medium-term energy demands.
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Hydropower has emerged as an essential green energy
source, leveraging India’s vast river systems. With an
installed capacity of around 50 GW, hydroelectricity
contributes approximately 10% of total power generation.
The potential for hydropower in India is estimated at over
150 GW, yet much remains untapped. Pumped hydro
storage, in particular, is expected to play a critical role in
providing the balancing services necessary to stabilise the
growing share of renewable energy in the grid.

Nuclear power, while contributing a smaller share

of the energy mix at around 2% of total electricity
generation, holds significant potential as a clean and
stable base-load energy source. India operates 24
commercial nuclear reactors with a capacity of over
8,000 MW and plans to expand this capacity to 22-25
GW by 2030. The nuclear sector faces challenges such
as public perception, safety concerns, and dependence
on imported uranium, but innovations like Bharat Small
Reactors (BSRs) and thorium-based fuel development
offer promising pathways for growth.

THE SHIFT TOWARDS RENEWABLE
ENERGY

As the focus on sustainability intensifies, India has
emerged as a global leader in renewable energy. The
nation’s strong push for solar, wind, and biomass energy
reflects its commitment to reducing greenhouse gas
emissions and diversifying its energy mix.

The installed renewable energy capacity has already
exceeded 200 GW, with ambitious plans to reach 500
GW of non-fossil fuel-based capacity by 2030.

Solar energy leads the way, with over 90 GW of installed
capacity, making India one of the world’s largest solar
markets. The country’s geographical advantages,
particularly in the western and southern regions, have
enabled rapid growth in solar photovoltaic installations.
Wind energy follows closely, with an installed capacity of
approximately 50 GW. Coastal states such as Tamil Nadu,
Gujarat, Maharashtra, and Karnataka have been key
contributors to this growth. The integration of solar and
wind energy into the grid has not only reduced India’s
reliance on fossil fuels but also positioned the country as
a pioneer in renewable energy deployment.

Biomass and waste-to-energy projects further
contribute to India’s renewable energy capacity,
especially in rural areas where decentralised energy
systems support local economies.

CURRENT POWER GENERATION:
MIX IN INDIA

Total Installed Capacity as of Nov 2024

Total Installed Capacity: 4,56,758 MW

Res, 35%

Hydro, 10% /‘ '

Nuclear, 2% Gas, 5%

Coal, 48%

Source ‘ MW
Coal 218240
Gas 24818

Nuclear 8180

Hydro 46968
RES 158552
Total 456758

Electricity Generation, Billion Units (Apr 24-Nov 24)

Electricity Generation, FY25 Upto Nov 2024 : 1233 BU

Res, 13.7%

Hydro,

9.6% .
Nuclear, »
3.1%

Thermal,
73.6%

Thermal 908
Nuclear 38
Hydro 118
RES 169
Total 1233
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The biomass sector, with an installed capacity of around
10 GW, plays an important role in generating sustainable
energy from agricultural and industrial residues.

Despite this progress, challenges such as grid integration,
land acquisition, and financing persist. The renewable
energy sector also requires a stable policy environment to
attract investments and ensure steady growth.

TRANSMISSION AND DISTRIBUTION: THE
BACKBONE OF ENERGY TRANSITION

The transition to a renewable energy-dominated
grid necessitates significant advancements in India’s
transmission and distribution infrastructure. Efficient
transmission is critical to transporting power from
regions with high renewable energy potential to
consumption centres across the country. The sector
has seen considerable improvements due to public-
private partnerships and tariff-based competitive
bidding, which have driven down costs and
accelerated project completion.

Tata Consulting Engineers (TCE) is at the cutting edge of
innovation in this space, executing projects like the pilot
on“Dynamic Line Rating”for Power Grid Corporation

of India Ltd. This pioneering project, the first of its kind
in India, is designed to optimise the load-carrying
capacity of existing transmission lines. By leveraging
real-time data and analytics, it aims to improve the grid’s
operational flexibility, ensure stability of power supply,
and facilitate the integration of renewable energy into
the transmission system.

PROGRESS TOWARDS INDIA’S 2030
RENEWABLE ENERGY TARGETS

India has emerged as a global leader in renewable
energy, demonstrating substantial progress in solar,

wind, and other sustainable energy sources.

As of November 2024, the country has surpassed 200
GW of installed renewable energy capacity. Solar energy
has been a dominant force in this transformation, with
over 90 GW of capacity, establishing India as one of the
world’s largest markets for solar power. Wind energy also
plays a significant role, with close to 50 GW of installed
capacity contributing to the grid.

Other renewable sources, such as bioenergy and
hydropower, further diversify the energy mix and bolster
sustainability goals.

The future holds even greater potential, with the
government laying out a clear roadmap to meet

the 2030 targets. Plans include scaling solar power
capacity to 300 GW and wind energy to 140 GW. Efforts
to develop offshore wind capabilities are underway,
alongside initiatives to promote emerging technologies.
Another focus area is the acceleration of energy storage
solutions and the modernisation of grid infrastructure to
accommodate the growing share of renewables.

POLICY AND REGULATORY CHALLENGES

While India has made commendable progress, the
journey towards achieving its renewable energy goals
is not without hurdles. One of the most significant
challenges is the availability of land for large-scale
renewable energy projects. Solar and wind farms
require extensive tracts of land, and the process of land
acquisition can often be lengthy and fraught with legal,
social, and environmental complexities. In addition,
India’s power grid, designed for more predictable
energy sources like coal and nuclear, struggles to
accommodate the variability of renewable energy. The
need for comprehensive grid modernisation, including
the deployment of smart grids and advanced storage
solutions, is critical to addressing these challenges.




Another complicating factor is the disparity in renewable
energy policies across states. While some states offer
favourable conditions for investment and development,
others present regulatory challenges, making it difficult to
implement projects uniformly across the country.

Furthermore, delays in securing long-term power purchase
agreements between developers and utilities introduce
financial uncertainty and disrupt project timelines. These
challenges underscore the need for harmonised policies
and streamlined regulatory frameworks.

FINANCIAL BARRIERS AND INVESTMENT
NEEDS

The financial demands of India’s renewable energy
transition are immense. The high upfront costs

of renewable energy projects, particularly those
involving advanced technologies like offshore wind

or energy storage, pose a significant barrier. Access to
affordable, long-term financing remains a challenge
for many developers, limiting the scalability of projects.
Upgrading grid infrastructure and deploying large-
scale storage systems are essential but capital-intensive
undertakings that add to the financial burden.

Policy uncertainty also deters investment, as frequent
changes in tariffs, taxes, and subsidies create instability.
Investors, both domestic and international, seek
predictable frameworks to ensure the profitability and
viability of their ventures.

While private sector participation is crucial for meeting
India’s renewable energy goals, concerns about land
acquisition, regulatory delays, and financial returns have
slowed investments. Government initiatives, such as the
viability gap funding schemes and production-linked
incentives for renewable energy manufacturing, aim to
bridge these gaps and catalyse growth.

ROLE OF INTERNATIONAL
COLLABORATIONS

International partnerships have been instrumental

in accelerating India’s renewable energy transition.
Through technology transfer agreements, countries

like Germany, Denmark, and the United States have
shared cutting-edge advancements that enhance solar,
wind, and offshore energy projects. Financial support
from global organisations, such as the International
Solar Alliance (ISA) and the Green Climate Fund (GCF),
has provided the necessary funding for large-scale
infrastructure development. Collaborations with nations
like the UK and the Netherlands have also enabled India
to explore offshore wind energy, an emerging sector
with immense potential.

These partnerships not only enhance India’s
technological capabilities but also provide access to
expertise in project development, grid management,
and energy storage. The financial backing from
international agencies further reduces the risks
associated with large-scale investments and facilitates
smoother project implementation.

( i

As the focus on sustainability
intensifies, India has emerged as a
global leader in renewable energy.
The nation’s strong push for solar,
wind, and biomass energy reflects %
its commitment to reducing
greenhouse gas emissions and
diversifying its energy mix.
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ENSURING EQUITY AND INCLUSIVITY IN
THE RENEWABLE ENERGY TRANSITION

India’s renewable energy journey must prioritise

equity and inclusivity to ensure that the benefits

of this transformation reach all sections of society.
Access to clean and reliable energy remains a
significant challenge, particularly in rural areas where
electricity supply is often inconsistent or non-existent.
Decentralised solutions, such as solar microgrids, are
being deployed to bring affordable and sustainable
energy to off-grid communities, improving their quality
of life and enabling economic development.

The renewable energy sector is poised to become

a major employment generator, creating millions of
jobs in areas such as manufacturing, installation, and
maintenance. However, it is essential to ensure that
these opportunities are accessible to marginalised
communities. Skill development programs tailored to
the needs of these populations can help bridge the gap
and foster inclusivity. Small and medium enterprises
(SMEs), which form the backbone of India’s economy,
also stand to benefit from affordable renewable energy
solutions, enabling them to reduce costs and enhance
competitiveness.

GRID STABILITY CHALLENGES

As the share of renewable energy in India’s energy mix
grows, maintaining grid stability becomes a critical
concern. Solar and wind energy are inherently variable,

with fluctuations driven by weather patterns, time of
day, and seasons.

These intermittencies pose challenges to traditional grid
systems, which were designed for steady and predictable
energy sources. Addressing this requires a combination of
advanced forecasting tools, real-time grid management
strategies, and energy storage solutions.

India is leveraging Al-driven systems and predictive
analytics to better anticipate fluctuations in energy
production. Real-time monitoring tools enable grid
operators to make dynamic adjustments, ensuring a
balance between supply and demand. Additionally,
alternative solutions like pumped hydro storage and
hybrid power systems are being deployed to manage
the variability of renewable energy sources.

ADVANCEMENTS IN ENERGY STORAGE

Energy storage is a key part of overcoming renewable
energy intermittencies. India is leading the way in
exploring innovative storage technologies, including
solid-state batteries, flow batteries, and hybrid systems.
These advancements promise higher efficiency, longer
storage durations, and enhanced safety. Government
initiatives such as the National Energy Storage Mission aim
to accelerate the adoption of these technologies, ensuring
seamless integration of renewable energy into the grid.

In addition to technological advancements, policy
frameworks and incentives are driving the growth

of energy storage systems. The Production Linked
Incentive (PLI) scheme for battery manufacturing is a
notable example, aiming to reduce dependence on
imports and build a robust domestic supply chain.




RENEWABLES: THE WAY FORWARD

India’s transition towards renewable energy marks

a pivotal shift in its power sector. By harnessing its
abundant solar and wind potential, the country is
reducing its carbon footprint and laying the foundation
for a sustainable future. However, this transition

is not without its challenges. Addressing issues

related to policy implementation, financial barriers,
grid integration, and technological advancements

will require continued collaboration between the
government, private sector, and international partners.

The path forward involves significant investments in
energy storage technologies and grid modernisation. By
adopting cutting-edge solutions and fostering global
partnerships, India is well-positioned to achieve its
renewable energy goals and lead the shift towards a
cleaner, greener future.

India’s renewable energy journey is a testament to its
commitment to sustainability. Although significant
strides have been made, the challenges remain.

By addressing these through harmonised policies,
robust international collaborations, and continued
investment in infrastructure and technology, India can
achieve its 2030 targets and emerge as a global leader in
the clean energy revolution.

The road ahead promises not only environmental
sustainability but also socio-economic benefits,
including job creation, rural electrification, and
reduced energy dependence. India’s renewable energy
revolution is more than a shift in its energy mix; it is a
blueprint for a sustainable and equitable future.

R Raghavan
Head Power Business
Tata Consulting Engineers Limited (TCE)
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Smart Grids

Role of Al in Building Resilient

As the world continues its shift towards renewable enerqy sources, traditional power
grids face immense challenges in maintaining stability and reliability. To support

this transformation, power grids must evolve into resilient systems that can handle
disruptions and recover swiftly. Artificial intelligence, plays a pivotal role as an enabler,
equipping smart grids with the ability to adapt in real-time, respond dynamically

to fluctuations from renewable enerqgy sources, and optimise energy distribution.

This transition also offers opportunities to reduce costs and enhance sustainability,
ensuring tomorrow’s energy systems are both efficient and environmentally friendly.

THE ROLE OF AI TECHNOLOGIES IN GRID MANAGEMENT

Artificial intelligence offers a wide range of tools and
capabilities designed to address the unique challenges
faced by modern power grids. Each Al model is tailored
to meet specific needs, such as generating precise

grid forecasts, optimising energy usage, or providing
protection against cybersecurity threats.

Key Al technologies employed in grid management include
machine learning, which is used for predictive maintenance,
demand forecasting, and energy optimisation.

Natural language processing enhances automated

data analysis and decision-making, while deep learning
facilitates the detection of anomalies and the prediction
of potential failures in complex systems. Additionally,
cybersecurity algorithms protect power grids from
emerging digital threats, ensuring their safe and reliable
operation.
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f} Machine Learning
(ML)

Machine learning algorithms analyse
historical weather, consumption, and
generation data to forecast energy
demand and renewable energy output

Computer Vision

Computer vision analyses images
and videos of grid infrastructure to
detect physical faults or damage,
such as overheating or corrosion,

Deep Learning

As a subset of machine learning, it excels
at analysing complex data like real-time
grid conditions, and is commonly used in
cybersecurity for anomaly detection

thereby supporting preventive

ML also supports fault detection by
identifying patterns associated with
equipment failures

% Reinforcement
Learning (RL)
Reinforcement learning enables Al to
optimise grid reliability and efficiency by

learning real-time decision-making for
voltage adjustments and load balancing

maintenance

fault detection

afp
"@ Natural Language Processing (NLP)

Anomaly Detection

Anomaly detection identifies data
outliers to spot irregularities in grid
operations, aiding in cybersecurity and

@) Robotic Process
\U/ Automation (RPA)

RPA automates routine tasks in grid
operations, including report generation,

compliance management, and critical
updates

NLP interprets and analyses textual data like maintenance logs, to provide insights for grid management and preventive maintenance by

identifying fault patterns from historical data

NLP facilitates data parsing for the automatic extraction of information from maintenance logs, reports, and other sources It also supports virtual
assistance to manage customer queries on billing, outages, energy usage, and more

APPLICATIONS OF Al IN SMART GRIDS

Demand Forecasting and Management

Artificial intelligence significantly improves the accuracy
of renewable energy generation forecasts. By analysing
large datasets, including weather patterns, historical
energy outputs, and consumption trends, Al provides
insights that enable grid operators to better balance
supply and demand. This reduces the impact of
renewable energy variability on overall grid stability.

Improved forecasting allows for pre-emptive actions to
address fluctuations, ensuring that energy availability
aligns with demand patterns. Furthermore, Al-powered
demand response systems adjust energy consumption
in real-time. These systems dynamically align energy
use with the peaks and troughs of renewable energy
generation, effectively utilising surplus energy and
avoiding overloads during periods of lower production.
This alignment enhances the grid’s resilience and
ensures stability, even in scenarios where renewable
energy inputs are highly variable.

Grid Stability and Flexibility

Smart grids equipped with Al are capable of responding
to energy fluctuations with unmatched speed and
precision. By adjusting power flows, activating reserve
energy, and stabilising frequency and voltage, these
systems ensure consistent and reliable power supply.
This capability is particularly important when managing
variable inputs from renewable energy sources such as
solar and wind power, which are inherently intermittent
and weather dependent.

Advanced Al algorithms further enhance grid stability by
enabling automated switching and re-routing of power
flows. These systems can identify areas of imbalance or
disruption and take corrective actions instantaneously,
maintaining the equilibrium of the grid. Through these
adaptive mechanisms, Al ensures the grid operates
efficiently under varying conditions and is better
prepared to integrate renewable energy at scale.
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Grid Decentralisation and Microgrid Management
The rise of distributed energy resources, such as rooftop
solar panels, wind turbines, and small-scale energy
storage systems, has created a more decentralised
energy generation landscape. Managing this
decentralisation requires sophisticated coordination
between centralised and decentralised resources, a
challenge that Al is uniquely equipped to address.

Artificial intelligence enables seamless integration

and communication among diverse energy resources,
ensuring they function harmoniously within the

larger grid framework. This capability supports the
development of microgrids, which can operate
independently or in conjunction with the primary grid.
By enabling such flexibility, Al-powered smart grids
enhance the resilience of the energy system, particularly
in integrating renewable resources. Microgrids
equipped with Al can isolate themselves during outages
or disruptions, providing continuous energy supply to
localised areas and reducing strain on the main grid.

Predictive Maintenance and Asset Management
Artificial intelligence systems excel in monitoring the
condition of grid components, predicting potential
failures, and optimising maintenance schedules. By
analysing data from sensors installed throughout the
grid, Al can detect early signs of wear and tear that
might not be immediately visible to human operators.
This proactive approach enables timely maintenance
interventions, preventing minor issues from escalating
into major disruptions.

Optimised maintenance schedules, guided by Al-
generated insights, minimise downtime and improve
the overall efficiency of grid operations. By ensuring
that critical components are serviced before they fail,
Al enhances grid reliability and ensures uninterrupted
energy supply. This not only reduces operational costs
but also strengthens the grid’s ability to support an
increasing share of renewable energy.

Cybersecurity and Grid Protection

Modern power grids heavily rely on cyber technologies,
such as the Internet of Things and advanced computer
systems, to enhance operational efficiency and enable
real-time management. However, this reliance also
introduces significant cybersecurity risks, as malicious
actors may exploit vulnerabilities to disrupt operations,
steal sensitive data, or cause widespread outages.
Traditional cybersecurity methods often operate
reactively, addressing threats only after they occur.
Artificial intelligence offers a proactive alternative by
detecting and preventing cyber threats in real-time.

Al systems can identify patterns indicative of potential
attacks, flag anomalies, and deploy countermeasures
before a breach occurs.

In addition to threat detection, Al continuously
evaluates the grid’s digital infrastructure for
vulnerabilities and recommends updates or
enhancements to bolster security. This proactive and
adaptive approach significantly improves the grid’s
resilience against cyberattacks, ensuring minimal
disruption and maintaining a secure energy supply.




f Artificial intelligence offers a wide
range of tools and capabilities
designed to address the unique
challenges faced by modern

power grids.

&

Al IN SMART ENERGY SOLUTIONS: A
CONSUMER PERSPECTIVE

Lowering Costs

Artificial intelligence-driven smart grid management
systems and advanced smart meters provide consumers
with detailed, real-time insights into their energy
consumption. These tools allow individuals to identify
patterns in their energy usage and adjust their habits
accordingly. Personalised recommendations generated
by Al also assist consumers in reducing their energy
consumption during peak demand periods. This strategy
not only helps consumers lower their utility bills but also
contributes to the overall stability of the grid.

Prosumers, who both produce and consume energy,
benefit from Al solutions that optimise energy production
and manage surplus energy efficiently. By ensuring
maximum returns on investments in renewable energy
systems, such as rooftop solar panels, Al demonstrates

its versatility in addressing the needs of both traditional
consumers and prosumers.

Enhancing Sustainability and Transparency
Al-powered smart grids provide detailed information
about energy sources, allowing consumers to
understand the origin and environmental impact of
their electricity. This transparency fosters trust and
encourages environmentally conscious decision-
making, such as choosing sustainable energy options
and reducing reliance on fossil fuels.

By promoting sustainable practices and offering data-
driven insights, Al strengthens consumer engagement
and creates a more environmentally responsible energy
ecosystem.

Reducing Outages

As concerns over extreme weather events and grid
reliability grow, Al has emerged as an essential tool for
minimising and managing outages. By continuously
monitoring grid conditions, Al systems can predict
potential disruptions before they occur, enabling utility
companies to take preventive measures.

In the event of an outage, Al-powered diagnostic
tools quickly identify faults and recommend solutions,
significantly reducing downtime. This ensures a more
reliable energy supply and fewer inconveniences for
consumers.

Al's adaptability also ensures that grids remain stable
during unforeseen circumstances, such as sudden
demand surges or adverse weather conditions.

CONCLUSION

The future of artificial intelligence in smart grids offers
remarkable potential to transform the energy landscape.
Adaptive machine learning models will optimise

energy distribution and consumption with exceptional
precision, while predictive tools will enhance grid
resilience by anticipating and mitigating the impacts of
extreme weather events.

Artificial intelligence will also enable the seamless
integration of renewable energy with efficient storage
solutions, ensuring that surplus energy is effectively
stored and deployed when needed. This will accelerate
the shift towards sustainable, carbon-neutral energy
systems, reducing dependence on fossil fuels.

With supportive regulatory frameworks and strategic
investments, utilities can unlock the full potential of
artificial intelligence. By fostering innovation, ensuring
data security, and prioritising sustainability, stakeholders
can create power grids that are not only efficient and
reliable but also instrumental in driving the global
energy transition.

Al-powered smart grids will undoubtedly form the
foundation of a greener and more resilient energy
future. By embracing these technologies, the energy
sector can overcome the challenges of tomorrow and
pave the way for a sustainable ecosystem that benefits
current and future generations.

D Geethalakshmi
General Manager - Technology Team
Tata Consulting Engineers Limited (TCE)
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Sustainable Solutions for the
Electrical Energy Value Chain

As the world navigates its path towards a net-zero future, the focus on sustainable
energy solutions has broadened dramatically. No longer confined solely to the
generation of green power, the sustainability agenda now spans the entire
electrical energy value chain—from power plants and transmission lines through
to the final points of distribution and consumption. Every link in this chain must
be scrutinised for ways to reduce carbon footprints and mitigate environmental
impact. Among the most pressing concerns are fluorinated greenhouse gases
(F-gases), particularly sulphur hexafluoride (SFg), widely used in the power industry
for its exceptional insulating properties, yet notoriously potent in its contribution to

global warming.

Over recent decades, SFs-based switchgear and circuit
breakers have become industry-standard equipment,
thanks to their robust performance, compact footprint,
and minimal maintenance requirements. Today,
however, as nations coalesce around ambitious climate
targets, there is a pressing need to adopt viable
alternatives to SF.

The challenge lies in achieving these sustainability goals
without compromising on reliability, safety, and cost-
effectiveness. Fortunately, research and development
efforts are progressing rapidly, shining a light on a new
generation of eco-friendly switchgear and insulation
technologies.
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THE PROBLEM WITH SF,

SFe stands out as a highly effective dielectric and
arc-quenching medium, integral to maintaining the
performance and safety of medium-voltage (MV) and
high-voltage (HV) gas-insulated switchgear (GIS). Within
a sealed GIS enclosure, SF¢ ensures excellent insulation
properties, allowing switchgear to be both compact
and capable of handling high levels of electrical stress.
These attributes have positioned SF4 as a mainstay in
applications spanning from urban substations to remote
transmission nodes.
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However, the environmental implications are significant.
According to the Intergovernmental Panel on Climate
Change (IPCQC), SF¢ is the most potent greenhouse gas
ever evaluated. With a Global Warming Potential (GWP)
approximately 23,500 times that of carbon dioxide

over a 100-year period, even small leaks can have
disproportionately large environmental consequences.
Moreover, SFg persists in the atmosphere for an
estimated 3,200 years, compounding its long-term
warming influence.

The scale of the problem is substantial. The power
industry is responsible for approximately 85% of global
SFe consumption. As new renewable installations and
growing energy demand drive the expansion of electrical
networks, the number of assets containing SFe increases.
At every stage—manufacturing, transportation,
commissioning, maintenance, and eventual
decommissioning—there is the risk of SF4 leakage. This
makes it imperative to re-examine our reliance on this
gas and seek more sustainable replacements.

REGULATORY DRIVERS: THE F-GAS
REGULATION

In the European Union (EU), regulations have moved
decisively to curtail the use of F-gases. The EU's updated
F-Gas Regulation sets clear timelines to phase out SF
in new MV electrical equipment. From 1 January 2026,
the use of SFs in new MV switchgear up to 24 kV will be
banned, and by 1 January 2030, this ban will extend to
equipment rated up to 52 kV. While no immediate ban
is in place for HV equipment, the direction of travel is
unmistakable: governments, regulators, and industry
bodies are pushing for a shift away from SFs and other
F-gases.

This legislative framework also covers other F-gases such
as fluoronitrile (C4) and fluoroketone (C5) blends, and
even low-GWP hydrofluoroolefins (HFOs). The principle is
clear—where technically feasible, safe, and cost-effective
alternatives exist, they must be adopted. Notably, the
regulations allow for integration challenges; for instance,
if an existing SFe switchgear lineup cannot be practically
extended with an SF¢-free unit without replacing the
entire system, certain exemptions may apply.
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Outside the EU, similar regulatory shifts are anticipated

as the world grapples with escalating climate risks.
Although India and other countries have not yet imposed
analogous SFg restrictions, the global momentum
suggests that it is only a matter of time before such
measures become widespread. Forward-thinking utilities
and engineering consultancies are therefore exploring
solutions proactively, ahead of any formal mandates.

EMERGING SUSTAINABLE ALTERNATIVES

Engineers and researchers have been investigating
SFe-free solutions for years. One of the longest-standing
approaches in the MV domain is air-insulated switchgear
(AIS) paired with vacuum circuit breakers (VCBs).

AlS relies on the natural dielectric properties of air,
eliminating the need for high-GWP gases altogether.
Vacuum interrupters handle arc extinction reliably and
safely. Although AIS generally requires more space than
GIS (due to the lower dielectric strength of air compared
to SF), this trade-off has been well understood and
managed in many network applications for decades.

Parallelly, a new generation of SF4-free GIS solutions has
begun to emerge. These use alternative gas mixtures
composed of natural constituents like nitrogen, oxygen,
and carbon dioxide. With a GWP of less than 1, these
natural-origin gases are vastly more environmentally
benign. Nevertheless, they do present engineering
challenges. Because their dielectric strength is lower
than that of SFs, maintaining the same electrical
performance may require higher operating pressures.
This, in turn, can demand stronger enclosures and more
robust materials, potentially raising initial costs.

Researchers are also exploring a compromise by

using minimal amounts of low-GWP F-gases—such

as fluoronitriles or fluoroketones—blended with air.
Although these blends are still classed as F-gases,

their GWPs can be reduced which is a substantial
improvement over pure SFq. The challenge now is

that the EU's new regulations discourage the use of all
F-gases in MV GIS, pushing innovators to focus more on
entirely F-gas-free solutions.

ECONOMIC AND TECHNICAL
CONSIDERATIONS

While technical performance, health, and safety aspects
of new SF4-free equipment are being steadily resolved,
economic considerations remain.

The move to natural-origin gases or mixed gases

may entail initial capital cost increases due to design
adaptations, more robust materials, and the need for
higher-pressure containment systems. However, as the
technology matures and gains traction, economies of
scale and competitive pressures are likely to reduce
costs.

Moreover, the cost of continuing to use SFy is likely to
escalate. With carbon taxes, stricter regulations, potential
fines for non-compliance, and the reputational risks
associated with high-GWP gases, utilities and industries
have strong economic as well as environmental
incentives to adopt greener technologies. Over time,
SFe-free GIS could become the norm, delivering both
climate benefits and long-term operational advantages.

- .
Engineering consultancies and solution providers like Tata Consulting
Engineers (TCE) are pivotal in guiding this transformation. By staying abreast
of emerging technologies, global regulatory trends, and industry best
practices, we are well-positioned to specify and implement SF¢-free solutions.
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LOOKING AHEAD: A HOLISTIC
APPROACH TO SUSTAINABILITY

The global transition to a low-carbon energy future
involves more than just replacing fossil fuels with
renewables. It necessitates a systematic shift in how

we design, build, and operate every component of our
energy infrastructure. Minimising SFg emissions is an
integral part of this puzzle, alongside the wider adoption
of energy storage systems, green hydrogen, ammonia,
smart grids, and energy-efficient equipment at all levels.

Although SF¢ has played a crucial role in enabling the
reliable and safe operation of our electrical networks

over many decades, the climate imperative is clear. The
time has come to reimagine our approach to electrical
insulation and switching, embracing cleaner, lower-
impact technologies. Research institutes, major OEMs,
grid operators, and utilities worldwide are collaborating
to make these solutions viable, reliable, and cost-effective.
Many of these alternatives are already in pilot or early
commercial stages, offering promising results.

THE ROLE OF ENGINEERING FIRMS

Engineering consultancies and solution providers like
Tata Consulting Engineers (TCE) are pivotal in guiding
this transformation. By staying abreast of emerging
technologies, global regulatory trends, and industry

best practices, we are well-positioned to specify and
implement SFg-free solutions. Our engineers stand ready
to integrate these innovations into designs, ensuring that
the next generation of electrical infrastructure is both
environmentally responsible and technically robust.

With supportive policy frameworks, research funding,

and market mechanisms to incentivise adoption, the use
of SFe-free switchgear will likely become commonplace.
Over time, this will yield significant social, economic, and
environmental dividends, safeguarding the climate for
future generations.

By combining forward-looking regulations, robust
research and development, and the collective will of the
industry, we can turn the promise of SFe-free solutions
into a practical reality—ensuring that the energy

value chain not only meets the world’s growing power
demands, but does so sustainably and responsibly.

Anupam Roy
Senior General Manager - Technology Team
Tata Consulting Engineers Limited (TCE)
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Facility Management Control
System for Semiconductor Industry

A Facility Management Control System (FMCS) is a specialised system designed to
monitor, manage, and optimise the critical utilities and infrastructure supporting
semiconductor manufacturing facilities. These systems are essential for maintaining
precise environmental conditions required for the production of semiconductor
devices, ensuring operational efficiency, minimising downtime, and complying with
stringent safety and regulatory standards. This article primarily focuses on the use of
Programmable Logic Controllers (PLCs) in FMCS for semiconductor manufacturing
plants, in contrast to Building Management Systems (BMS).

Semiconductor manufacturing is a crucial industry These include chillers, air compressors, organic and

that underpins the production of electronic devices inorganic wastewater treatment systems, domestic
integral to daily life. These include applications in sewage systems, pure water treatment, municipal water
telecommunications, computing, and automotive systems, drain recovery systems, well water systems,
sectors. The primary goal of semiconductor gas systems, power management systems, cleanrooms,
manufacturing is to ensure the production of high- ultrapure water systems, process cooling water systems,
quality chips by creating an intricate balance of dust monitoring systems, fire alarm systems, access
processes and controls. control systems, CCTV surveillance, and warranty

maintenance for all integrated utilities.
FMCS integrates a wide array of subsystems into a

centralised monitoring and control system.
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These subsystems include chillers, air compressors,
organic and inorganic wastewater treatment, domestic
sewage systems, pure water treatment, municipal water
systems, drain recovery systems, well water systems, gas
systems, power management, cleanrooms, ultrapure
water systems, process cooling water, dust monitoring,
fire alarms, access control, CCTV surveillance, and
warranty maintenance for all systems. Each of these
components plays a vital role in ensuring the efficient
and safe operation of semiconductor facilities.

Semiconductor manufacturing demands highly
controlled environments due to the sensitivity of the
processes involved. Even microscopic contaminants
can compromise product performance. Facilities are,
therefore, designed to meet strict cleanroom standards,
with precise control over temperature, humidity, and
environmental conditions. Advanced equipment is
required to manipulate materials at microscopic levels,
supported by infrastructure such as vibration-isolated
cleanrooms and ultrapure water systems to maintain
process integrity.

KEY COMPONENTS OF FMCS IN
SEMICONDUCTOR UTILITIES
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Environmental control is crucial in semiconductor
facilities. Cleanrooms require highly controlled
environments with specific temperature, humidity, and
air quality. FMCS systems monitor and control these
parameters to ensure the cleanroom meets stringent
ISO Class specifications. Temperature and humidity
regulation typically ranges between 20-23°C and
30-50%, respectively, for optimal process conditions.
Airflow and filtration systems continuously monitor air
pressure differentials, airflow rates, and HEPA/ULPA filters
to maintain particulate contamination levels that are
compliant with ISO classifications. Real-time particulate
monitoring is integrated into FMCS systems to ensure
cleanroom standards are upheld consistently.

Energy management plays a significant role in
optimising utility usage. Semiconductor fabs require a
constant, uninterruptible power supply (UPS) for critical
processes. FMCS systems track power consumption,
oversee backup systems such as generators and UPS,
and maintain power quality to prevent interruptions.
Real-time analytics help identify inefficiencies, enabling
facility managers to implement energy optimisation
measures across HVAC, water treatment, and
manufacturing operations.

Water and chemical management is integral to
semiconductor fabrication. Ultrapure Water (UPW)
systems are monitored by FMCS to ensure the
generation, distribution, and consumption maintain
consistent purity levels, which are critical for cleaning
and rinsing processes. FMCS tracks chemical inventories
and usage rates and ensures the safe handling and
disposal of hazardous materials, including acids and
solvents. Wastewater management is another vital
aspect, where FMCS systems monitor effluent quality
and compliance with environmental regulations.

Air quality and gas systems in semiconductor fabs
require meticulous control. FMCS monitors the
distribution of industrial gases such as nitrogen, oxygen,
and hydrogen and speciality gases such as silane

and arsine. The systems ensure pressure, flow rates,

and purity levels meet process requirements while
maintaining safety standards through leak detection and
automated responses. Exhaust systems are monitored to
ensure the proper ventilation and removal of hazardous
fumes generated during chemical processes.

Facility infrastructure and maintenance are supported
by predictive maintenance capabilities within FMCS
systems.
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loT sensors track the health and performance of critical
equipment such as HVAC systems, pumps, COmpressors,
and water treatment systems. Predictive algorithms
alert facility managers to potential failures before they
occur, reducing downtime. Asset management tools
assist in tracking the lifecycle of facility assets, ensuring
maintenance schedules are followed, spare parts are
managed, and equipment performance is optimised.

Safety and compliance monitoring are critical
components of FMCS. Semiconductor fabs require strict
adherence to safety protocols, and FMCS integrates
with fire alarms, gas detectors, emergency shutdown
systems, and personal protective equipment (PPE)
monitoring systems to ensure employee safety. FMCS
tools also help ensure compliance with industry
regulations such as EPA environmental standards, OSHA
occupational health and safety requirements, and SEMI
S2 semiconductor-specific guidelines. In the event of an
incident, FMCS systems trigger alarms, notify personnel,
and provide real-time status updates of critical systems,
ensuring an effective response.

Data analytics and reporting are facilitated by FMCS
through centralised dashboards that monitor real-time
data across systems, including HVAC, power, water,

and gas utilities. The system logs data for historical
analysis and generates detailed reports for regulatory
compliance, performance optimisation, and operational
review. Advanced FMCS platforms leverage machine
learning to predict utility consumption patterns, identify
inefficiencies, and optimise facility management
strategies. FMCS systems integrate with fire alarms, gas
detectors, and emergency response systems to ensure
safety. Real-time dashboards provide facility managers
with an overview of system status, enabling quick
responses to potential risks. Historical data-logging

supports regulatory compliance and performance
optimisation.

PLC VERSUS BMS

In a semiconductor manufacturing plant, managing
utilities such as power, water, air, gases, HVAC, and
other critical systems is crucial for ensuring optimal
production processes, uptime, and quality. The choice
between Programmable Logic Controllers (PLCs) and
Building Management Systems (BMS) for managing
utilities depends on the scope, complexity, and specific
requirements of the facility. PLCs in semiconductor
manufacturing orchestrate microscopic precision,
enhancing efficiency, accuracy, and productivity.

PLCs are industrial control systems designed for
real-time automation and control of manufacturing
processes, machinery, and equipment. In semiconductor
plants, they are typically used for direct control over
equipment and utilities where high-speed, high-
precision control is required. PLCs are responsible

for controlling pumps, chillers, compressors, and air
pressure in cleanrooms, among other tasks, making
them indispensable for critical utility management.

BMS, on the other hand, is a centralised system used to
monitor and control a wide range of building functions
such as environmental conditions (HVAC), lighting,
security, fire safety, energy usage, and other building-
related utilities. In semiconductor facilities, BMS provides
high-level oversight but lacks the precision and speed
required for managing critical manufacturing processes.
While a BMS can offer integration across various building
utilities, it is not designed for the intricate and fast-paced
requirements of semiconductor manufacturing.

Key features of PLCs in utility management include real-
time control, which allows precise regulation of HVAC
systems, water treatment processes, gas delivery, and
other utilities.




PLCs are particularly suited to high-speed responses and complex logic operations, such as regulating gas flow and
maintaining temperature control. They provide dedicated control for specific utility components like pumps, valves,
compressors, and chillers, ensuring that each system operates reliably and efficiently.

PLCs excel in scalability, allowing additional input/output (I/0O) modules to be added as the system grows. This

flexibility makes them suitable for large, complex systems. Additionally, their robust design ensures continuous
operation even in harsh industrial conditions. Advanced redundancy features, including backup processors, power
supplies, and communication links, further enhance reliability and ensure uninterrupted operations for critical

utilities. By executing complex program logic and maintaining real-time feedback loops, PLCs help manage pressure,
temperature, and flow rates with unparalleled precision.

The following table summarises the key differences between PLCs and BMS in the context of semiconductor

manufacturing:

SL. NO. FEATURE PLC BMS
) . ) ) Broad, centralised control of building
1 Scope of Control Primarily real-time control of equipment
systems
) ) ) Slower response, suitable for
2 Response Time Very fast, suitable for real-time control o o
monitoring and optimisation
. High precision control over individual Generalised control over multiple
3 Precision o
systems building systems
Focused on specific equipment (e.g., Integrates multiple systems (e.g., HVAC,
4 Integration P quip g 9 pie 5 g

pumps, valves, chillers)

lighting, energy management)

5 System Complexity

Complex control logic for specific
systems

High-level overview of multiple
systems, simpler control

and harsh conditions; more robust

6 Energy Not typically focused on energy Strong focus on energy tracking and
Management optimisation optimisation
; Real-Time Yes, with detailed feedback on Yes, but more focused on trends and
Monitoring operations historical data
) Can detect faults in individual Can detect system-wide issues and
8 Fault Detection . )
equipment provide alerts
Application in
ppv |deal for direct control of critical utilities o
9 Semiconductor Ideal for overall building management
(e.g., water, gas, HVAC)
Plant
Designed for industrial environments
10 Robustness 9 Primarily for commercial buildings

11 Redundancy

Extensive redundancy options for
critical applications

Limited redundancy for less critical
applications

12 Availability

Higher availability (MTBF) due to
redundancy features and real-time
processing

Adequate availability for building
comfort and efficiency

By executing complex program logic and maintaining real-time feedback loops, PLCs help manage pressure,
temperature, and flow rates with unparalleled precision.

In summary, while BMS systems are well-suited for general building management, PLCs offer the specialised, real-time

control required for critical semiconductor manufacturing processes. Their precision, scalability, and robustness make
PLCs the preferred choice for managing utilities in semiconductor facilities, ensuring the reliability and efficiency of

production operations.
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FMCS ARCHITECTURE

A PLC-based FMCS for a semiconductor facility
combines PLC units, SCADA systems, human-machine
interfaces (HMls), and advanced automation software.
PLCs are responsible for real-time control of individual
utilities, such as chillers, pumps, and gas distribution
systems, ensuring precise and reliable operations.
SCADA systems provide a centralised platform for
data collection, monitoring, and visualisation, allowing
operators to view and manage all facility processes

in real time. HMIs act as user-friendly interfaces for
operators to interact with the system, enabling quick
adjustments and troubleshooting. The advanced
automation software integrates all components,
enabling predictive maintenance, energy optimisation,
and seamless coordination between subsystems.

This interconnected architecture ensures smooth
operations, enhances efficiency, and supports proactive
decision-making in semiconductor manufacturing
environments. These systems ensure smooth, efficient,
and safe operations. The central control room is
equipped with SCADA workstations that provide
graphical control screens, integrated network planning,
and real-time monitoring. Cloud-based integration
enhances data accessibility and enables remote
monitoring. Data acquisition tools, report generation
systems, and uninterruptible power supplies (UPS)
further support system reliability and efficiency.
Operator training and provision of spare parts ensure
seamless system operation and maintenance.

FUTURE TRENDS AND INNOVATIONS

Future advancements in FMCS for semiconductor
manufacturing include the integration of Artificial
Intelligence (Al) and Machine Learning (ML) into

PLC systems. For instance, Al-driven algorithms can
dynamically optimise HVAC operations by analysing
real-time temperature and humidity data, ensuring
consistent environmental conditions in cleanrooms.
Similarly, ML models can be applied to predict
equipment failures in ultrapure water systems by
identifying anomalies in sensor data, allowing
pre-emptive maintenance before disruptions occur.
One notable example is the implementation of Al in
predictive energy management, where it helps reduce
power consumption by analysing usage patterns and
recommending adjustments across utility systems.
These integrations enhance operational efficiency,
minimise downtime, and significantly improve overall
system reliability. These technologies enable real-time
data analysis, predictive maintenance, and enhanced
decision-making, improving efficiency and product
quality. Examples include dynamic optimisation of HVAC
systems and predictive failure analysis for critical utilities.
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Cloud-based solutions are gaining prominence,
allowing centralised management of multiple facilities.
This approach facilitates streamlined communication,
scalable infrastructure, and efficient updates. As loT
devices proliferate, robust cybersecurity measures
become increasingly important. Enhanced encryption,
access controls, and network segmentation protect
sensitive data and systems from cyber threats. Regular
software updates and a Zero Trust security framework
further bolster defences. Subnetting sensitive data from
loT devices adds another layer of security.

BENEFITS OF FMCS IN THE
SEMICONDUCTOR INDUSTRY

Facility Management Control Systems offer a range of
significant benefits to semiconductor manufacturing
facilities.

Operational efficiency is improved through automation,
reducing the need for manual oversight and minimising
human error. Energy consumption is optimised by real-

time tracking and analytics, allowing facilities to identify
inefficiencies and implement corrective measures.

This results in substantial cost savings over time.
Predictive maintenance strategies reduce equipment
downtime by identifying potential issues before failures
occur. This ensures continuous production and extends
the lifespan of critical equipment.

( I

FMCS systems track power
consumption, oversee backup
systems such as generators

and UPS, and maintain power
quality to prevent interruptions.

FMCS systems also enhance safety by integrating with
fire alarms, gas detectors, and emergency response
mechanisms, ensuring a safer working environment.
Compliance with stringent safety and environmental
regulations is maintained, reducing the risk of penalties
and ensuring sustainable operations. Real-time data
analytics enable facility managers to make informed
decisions, optimise resource allocation, and implement
process improvements. Data logging supports historical
analysis, audits, and reporting requirements.

Additionally, FMCS systems support high reliability and
redundancy, ensuring uninterrupted operations even in
critical conditions. The integration of Al and cloud-based
solutions further enhances the system’s capabilities,
enabling proactive decision-making, scalability, and
remote management.

CONCLUSION

A Facility Management Control System is essential for

the efficient operation of semiconductor manufacturing
facilities. By integrating advanced monitoring, predictive
analytics, and real-time controls, FMCS optimises resource
use, reduces risks, and ensures compliance with stringent
industry standards. PLC-based FMCS offers superior
robustness, scalability, and reliability, making it the preferred
choice for semiconductor and giga-factory applications.

C Shailaja
Senior General Manager - Technology Team
Tata Consulting Engineers Limited (TCE)
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Achieving Net-Zero through New
Energy Storage Technologies

Energy storage is a critical component in managing energy systems, ensuring a
balance between production and demand. It involves capturing energy when
production exceeds consumption and storing it for future use. Energy storage
systems are broadly classified by the form in which the energy is stored: mechanical,
electrochemical, thermal, electrical, and hydrogen-based systems. These
classifications each have subcategories that cater to specific needs and applications.

Mechanical energy storage includes well-known systems
like pumped hydro and compressed air energy storage,
which rely on physical movement or compression to
store energy. Electrochemical systems, on the other
hand, are primarily associated with batteries, including
advanced options like flow batteries that are designed
for large-scale applications. Hydrogen-based storage,
also referred to as chemical energy storage, includes
technologies such as power-to-gas and fuel cells that
convert and store energy in the form of hydrogen.

TCExpression

Thermal energy storage (TES) systems store energy by
heating or cooling suitable materials, which can later
release energy through a reverse process. TES is further
divided into thermochemical, latent heat, and sensible
heat systems. Thermochemical systems store energy

in chemical compounds produced by exothermic
reactions, releasing it during endothermic reactions.
Latent heat systems, also known as phase change
systems, absorb and release thermal energy during
phase transitions of materials.
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Energy Storage Categories and Technologies

These systems are compact and offer high storage
density but often have lower thermal stability. Sensible
heat storage, by contrast, involves storing energy
without changing the material’s phase. It is simple, cost-
effective, and highly durable, using materials like molten
salt, ice, or water.

Thermal energy storage using crushed rocks (TES ) is
an innovative technology that uses rocks as a medium
to store sensible heat. It is currently at Technology
Readiness Level (TRL) 6 and is projected to achieve
commercial viability on a gigawatt-hour scale by 2030.

ENERGY STORAGE IN THE ENERGY
TRANSITION

The urgent need to address global warming and climate
change has driven industries towards decarbonisation
and sustainable energy sources. This energy transition
has introduced significant trends, including the
increasing dominance of renewable energy and the rise
of energy storage systems in the power sector.

Pumped storage plants (PSP) and battery energy storage
systems (BESS) are already in use at megawatt scales

to balance electricity grids. These technologies help
manage fluctuations in renewable energy generation,
ensuring consistent power supply.

Market demand for energy storage continues to grow,
driven by factors such as the expansion of renewable
energy, the need for grid flexibility, rising carbon pricing,
and supportive policies for grid-scale storage systems.

Selecting an appropriate energy storage technology
requires consideration of several factors, including
storage duration (short-term or long-term), system scale
(megawatt or gigawatt capacity), and response time.
These factors ensure that the chosen system meets the
specific requirements of the intended application.

CRUSHED ROCKS AS AN ENERGY
STORAGE MEDIUM

Rocks are an innovative and effective medium for
energy storage, particularly in thermal applications.
Common types like granite and soapstone are non-
degradable and have a high heat capacity, making them
ideal for storing energy over extended periods. Rocks
can absorb and store electricity as heat, which can later
be released during periods of high demand or when
renewable energy generation is low.

Using rocks for energy storage offers several benefits,
including high thermal stability, low costs, and extended
storage durations. Energy can be stored for hours, days,
or even months, providing a reliable and affordable
solution for managing renewable energy supply.
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Despite being static and immobile, rocks have the
potential to play a significant role in the global energy
transition.

THERMAL ENERGY STORAGE USING
CRUSHED ROCKS

Thermal Energy Storage using Crushed Rocks (TES_)

is a novel technology designed to store heat at high
temperatures. The system uses crushed rocks as the
storage medium, providing flexibility and scalability.
TES,, systems can be configured with modular subunits,
allowing capacity to be tailored to meet industry
requirements. Modules can be stacked or arranged in
towers to achieve large-scale storage, ranging from
hundreds of megawatt-hours to gigawatt-hours.

TES,, technology supports both thermal and electrical
inputs for charging and offers versatile discharging
options, including steam, electricity, or hot water. The
system has an estimated efficiency of about 80% for
thermal-to-thermal energy conversion and can endure
tens of thousands of charge-discharge cycles without
significant performance degradation.

Additionally, TES ., prevents thermal energy loss by
storing excess heat until it is needed. It can integrate
seamlessly with various heat sources, such as solar
thermal energy, geothermal systems, fossil fuel and
nuclear power plants, and industrial waste heat. Its
applications include district heating, textiles, automotive
industries, food processing, and thermal power
generation.
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Figure: New Thermic Energy Storage

The world's first TES_ factory opened in Israel in May
2023.This facility is expected to produce up to 4 GWh
of TES, modules annually, addressing the growing
demand from the industrial and utility sectors.

ADVANTAGES

TES,, offers significant advantages over conventional
energy storage solutions like BESS. Unlike BESS, TES
systems do not degrade over time and can operate
effectively for over 30 years without the need for
replacement. This eliminates concerns about lifecycle
costs and environmental impacts related to hazardous
materials.

TES,, systems are particularly suited for long-duration
energy storage, as they can store energy for months,
making them a better option for future net-zero power
systems. While the initial charging cost of TES . is higher
than lithium-ion batteries, the overall levelised cost is
lower for extended storage periods.

In addition to cost benefits, TES , systems require
minimal space, offer high energy density, and present
no potential environmental concerns. They can also
repurpose existing fossil fuel power plants as large-scale
energy storage facilities, contributing to decarbonisation
goals and enabling industrial sectors to achieve their
net-zero targets.

— —Steam ———
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Figure: Hybrid Solar, Wind Powered Hydrogen Plant

CHALLENGES

To achieve net-zero scenarios, countries must increase
their share of renewable energy, requiring substantial
changes in the operation of existing thermal power
plants and the deployment of large-scale energy storage
solutions. TES ., technology faces challenges related

to large-scale manufacturing, stacking modules, and
ensuring system stability. Addressing these challenges
will require advanced modelling techniques, including
computational fluid dynamics, heat transfer modelling,
and finite element analysis.

Selecting an appropriate energy
storage technology requires
consideration of several factors,
including storage duration
(short-term or long-term), system
scale (megawatt or gigawatt
capatcity), and response time.
These factors ensure that the
chosen system meets the specific
requirements of the intended
application.

Furthermore, with many energy storage technologies
already available, each with its own advantages and
disadvantages, selecting the optimal solution for a
specific application requires careful evaluation.

CONCLUSION

TES,, represents a promising solution for storing
renewable energy. Its ability to store and deliver
continuous heat, combined with the low cost of
renewable energy, makes it an attractive option for
various applications. The technology aligns with
global sustainability goals by reducing greenhouse
gas emissions and providing reliable, affordable, and
scalable energy storage.

By converting renewable electricity into clean steam,
hot water, or warm air, TES 4 offers a practical and
innovative approach to meeting the energy storage
needs of the future. It highlights the intensive efforts to
support the energy transition and create a sustainable
energy landscape.

V Lakshmana Rao
Senior General Manager - Technology Team
Tata Consulting Engineers Limited (TCE)
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Technology Team Update

In a world increasingly shaped by Artificial Intelligence (Al), circularity, and
sustainability, industries face mounting challenges in adopting digital engineering
solutions that enhance productivity while upholding environmental responsibility.

At TCE, with a focus on “Engineering a Better Tomorrow’,

we seamlessly integrate advanced digital technologies
to deliver innovative and cost-effective solutions.
Sustainability remains at the core of our ethos, driving
a commitment to the circular economy through
eco-friendly designs, renewable energy solutions, and
energy-efficient projects. Our initiatives are closely
aligned with achieving Net Zero goals, ensuring we
remain a catalyst for positive change in the era of Al-
driven transformation.

By leveraging tools such as BIM, Digital Twins, and IoT,
TCE enables projects to achieve enhanced efficiency,
reduced waste, and improved lifecycle performance.
These technologies empower us to align our services
with global sustainability objectives while meeting the
dynamic needs of our clients.
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TECHNOLOGY TEAM DIMENSIONS
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ADVOCACY

The Technology Group and Subject Matter Experts (SMEs) play a pivotal role in enhancing the organisation’s visibility
through impactful branding initiatives across national and international platforms. By showcasing innovative designs
and achievements on TCE's portal and other industry forums, we solidify our position as leaders in digital engineering
for a sustainable future. TCE's branding activities during FY25 reflect our alignment with the overarching theme of Al
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circularity, and sustainability.
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A BRIEF OVERVIEW OF RECENT BRANDING EFFORTS AND INITIATIVES BY THE
TECHNOLOGY TEAM IS PRESENTED BELOW:

Technical Publications - FY25

Alternative Fuels in Energy Transition Landscape
Lakshmana Rao & Nandakishore Desapande, Chemical Industry Digest, Sep 2024

This article highlights how the drive towards achieving net-zero targets and
the focus on renewable energy sources have prompted industries to explore
alternative fuels such as green hydrogen (GH2) and green ammonia (GNH3)
for power generation.

Co-firing up to 10% hydrogen does not require any design modifications

to systems originally designed for natural gas (NG) firing. This proportion

can even be increased to 30% with only minor modifications. However,
transitioning to 100% hydrogen presents several design challenges,
including higher lower heating values (LHV), increased flame speed, elevated
adiabatic flame temperatures leading to higher NOx emissions, and the
lower luminosity of hydrogen compared to NG.

Similarly, ammonia is gaining attention as a carbon-free fuel for power
generation. Despite its potential, firing ammonia in its pure form presents
challenges such as low specific energy, slow laminar burning velocity, high
auto-ignition temperature, and significant ignition energy requirements.
Currently, some OEMs have successfully demonstrated blending ammonia
with NG up to 20% by volume in gas turbines.

To address these challenges, leading gas turbine manufacturers are
heavily investing in research and development (R&D) to create advanced
combustors capable of firing 100% hydrogen or ammonia, with ambitious
targets set for achieving this milestone by 2030.

Pumped Storage Projects in Energy Transition
DS Latha

This article highlights the importance and role of pumped storage plants
(PSPs) for large-volume energy storage. Considering the significant increase
in the installed capacities of solar and wind renewable energy plants, it is
imperative to implement appropriate energy storage systems to absorb and
store the excess energy generated during renewable plant operations and
utilise it during peak power demand (midday and/or evenings).

At present, pumped storage hydro projects are the most sustainable
alternative available globally for large-scale energy or power storage, as other
energy storage systems are comparatively more expensive, which justifies
the implementation of PSPs. In some cases, PSPs combined with renewable
energy generation and storage have been estimated to result in lower tariffs
compared to new thermal plants.

Pumped storage solutions present an economically viable and optimised,
scalable solution to provide Schedulable Power On-Demand (SPOD). The
digitalisation of PSP system assets further enhances efficiency, productivity,
and reductions in plant downtime, as well as operation and maintenance costs.
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SLOPE STABILISATION USING MICROPILES FOR RIVERFRONT
DEVELOPMENT
Manos Kumar De, BV Sushma, Aloke Roy, Chandra Sekhar J

This article highlights an innovative geotechnical engineering solution
implemented for a riverfront development project, part of a Smart City
initiative in eastern India. The riverfront development aims to enhance the
connection between residents and the river, promote sustainable growth,
and improve liveability while preserving local culture.

The 1.7 km stretch of riverfront development required analysing the stability
of the river embankments through slope stability analysis, supplemented
with micropile stabilisation. Geotechnical investigations revealed weak, soft
soil at depths of 7m to 17m, underlain by dense sandy strata. Micropiles
(300mm in diameter and 25m deep) were designed, and slope stability

was analysed using GEOSTUDIO 2018 software under various conditions.
The embankment was further reinforced with a gabion wall for additional
structural stability.

Affordable Housing in India - Balancing Affordability and Sustainability
Manos Kumar De

This article highlights the necessity of sustainable development planning to
achieve the noble goal of providing housing for all. The housing sector faces
significant challenges due to rapid urbanisation, with a projected housing
deficit of 64 million units by 2036, primarily in the affordable housing
segment. This demand for rapid growth is creating imbalances between
human life and the natural environment.

To address this issue, development plans for economically weaker sections
must adopt a broader perspective, integrating Environmental, Social, and
Governance (ESG) norms. Sustainable construction will require the use of
low-carbon materials, innovative techniques, and designs that harmonise
with natural systems. Furthermore, the incorporation of digitisation, Whole
Life Cycle Assessment (WLCA), and resilience-based building designs will
promote long-term sustainability and functionality.

Hydrogen Detection Systems for Enhanced Safety in Hydrogen
Infrastructure
C Shailaja

This article highlights hydrogen detection technologies as an essential
component of hydrogen safety strategies, enabling the safe and effective
use of hydrogen across various industries. As the adoption of hydrogen
continues to expand, the development and deployment of advanced
detection technologies will play a pivotal role in mitigating risks and
ensuring the safe integration of hydrogen into the global energy landscape.

Future advancements in sensor technology, combined with smart systems
and loT integration, are expected to further enhance the safety and reliability
of hydrogen applications, thereby supporting the ongoing transition to a
cleaner energy future.
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Enhancing Effectiveness of Project Execution Practices with Progressive
Digital Technology
D S Latha, B B Gharat, Sunil Agarwal, Sunil L Choudhari

This article highlights that EPC contracts encompass concept-to-
commissioning activities, including design and construction, whereas EPCM
contracts provide engineering and construction support services. EPC and
EPCM modes of project execution have been implemented for many years,
tailored to the project owner’s requirements and the associated risks and
complexities.

The effectiveness of project execution in the EPC/EPCM modes can be
significantly enhanced through the adoption of the latest advancements in
digital technology and specialised services offered by domain experts. State-
of-the-art technological developments include digitisation and digitalisation
integrated with Industry 5.0 applications.

It is essential that digital tools such as PMS, BIM, Digital Twins, loT, and lloT-
enabled infrastructure play a critical role. Additionally, asset management
systems, robotic process automation, artificial intelligence, and collaborative
cloud platforms facilitate the next level of excellence in engineering and
project delivery.

Digital technologies enable the delivery of a comprehensive and enhanced
engineering, procurement, construction, and project management
experience. This includes real-time monitoring and analysis, predictive

and prescriptive maintenance, improved plant efficiency and productivity,
optimisation of overall plant performance, cost reduction, time savings,
prevention of material wastage, and data-enriched decision-making for
industrial projects, all while ensuring a sustainable future.

Artificial intelligence for engineering a better tomorrow—Part 1
S. Sakthivel

The article explores the integration of artificial intelligence (Al) into
engineering to enhance efficiency, accuracy, and innovation, with a
particular focus on developing engineering drawings such as Process
Flow Diagrams (PFDs) and Piping and Instrumentation Diagrams (P&IDs).
It highlights the challenges of traditional manual drafting, including
inefficiency, lack of interoperability, and difficulties in data extraction.

Al technologies such as Convolutional Neural Networks (CNNs), Graph Neural
Networks (GNNs), and Generative Adversarial Networks (GANs) can automate
tasks like symbol recognition, annotation, error detection, and compliance
checks. Representing P&IDs as graphs using Al tools improves their analysis,
anomaly detection, and integration with CAD systems. Additionally, the
Simplified Flowsheet Input-Line Entry System (SFILES) offers a standardised
text-based approach to represent process diagrams, providing significant
advantages over traditional image formats.

The article underscores Al's potential to revolutionise process design by
streamlining workflows and fostering data-driven decision-making in
engineering.
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Artificial intelligence for engineering a better tomorrow—Part 2
S. Sakthivel

This article highlights the transformative role of Artificial Intelligence (Al) in
engineering, particularly in drafting Piping and Instrumentation Diagrams
(P&IDs) and Process Flow Diagrams (PFDs). Al technologies streamline
workflows, reduce errors, and enhance efficiency through methods such
as rule-based error detection, pattern recognition, semantic analysis, and
deep learning. These innovations enable automatic error identification
and correction, significantly improving the reliability of engineering
documentation.

Advanced tools such as transformer models and mathematical topology
support the autocorrection of flowsheets, optimise connectivity, and foster a
deeper understanding of complex systems. Al also automates tasks such as
symbol recognition, smart annotation, and labelling, ensuring standardised
and accurate documentation while reducing manual effort. Generative
design further introduces creative possibilities by suggesting optimised
layouts and configurations.

Beyond drafting, Al enhances operational efficiency through predictive
maintenance, real-time quality control, and supply chain optimisation. The
success of these applications relies on robust data availability and quality,
emphasising the importance of effective data management. By leveraging Al
engineering practices are becoming more efficient, accurate, and collaborative.

Focus on Sustainability and Affordable Housing - A Perspective
Sanjoy Chowdhury

This article highlights the rising global demand for housing, driven by
population growth, increasing urbanisation, and migration to urban areas.
This surge has led to higher housing costs, making it increasingly difficult
for many to afford suitable dwellings, whether for ownership or rental. In
India, initiatives such as the Pradhan Mantri Awas Yojana — Urban (PMAY-U)
aim to provide affordable housing for Economically Weaker Sections (EWS),
Lower Income Groups (LIG), and Middle Income Groups (MIG). Similar social
housing schemes are being implemented globally in countries such as the
UK, Belgium, Canada, and Malaysia.

However, addressing the fundamental need for housing must not come at
the expense of protecting the environment and combating global warming.
Consequently, countries are striving to create an ecosystem centred on new
technologies that are sustainable, cost-effective, and capable of reducing
construction timelines.

The adoption of innovative technologies is critical to ensuring long-term
resilience and sustainability in housing. Financial frameworks to support
such innovation, alongside incentives for adopting these technologies, are
essential to accelerating progress in this field. In India, the Technology Sub
Mission (TSM), established by the Ministry of Housing and Urban Affairs
(MoHUA), promotes sustainable technological solutions for cost-effective
and efficient housing construction.

Developing transparent frameworks for sustainable housing, providing
adequate funding and financial incentives, and fostering collaboration
among stakeholders can significantly contribute to creating affordable and
environmentally sustainable housing solutions.
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EXTERNAL REPRESENTATION FY24

Atul Choudhari recently shared insights on “Technology & Solutions for
a Low-Carbon Hydrogen Future” at the Hydrogen Technology Expo 2024.
He emphasised hydrogen’s critical role in reducing fossil fuel dependence
and driving the global shift to sustainable energy. His session focused on
the potential of transporting and blending hydrogen with natural gas to cut
carbon emissions, despite challenges such as hydrogen'’s low energy density
and the need for specialised infrastructure.

He highlighted that while existing pipelines can be adapted, upgrades are
essential to prevent embrittlement and ensure safety. Blending hydrogen
with natural gas—at concentrations of 5% to 20%—offers a cost-effective
pathway for gradual decarbonisation. However, this approach introduces
risks, including changes to material properties and heightened flammability,
which require robust safety measures.

He concluded by stressing the need for policy support, subsidies, and
collaboration between industry and government to make hydrogen
transport and blending economically viable, thereby advancing the
transition to a low-carbon energy future.

Shivnarayan Pareek recently spoke on “Valves for Water Infrastructure
Projects: Focus on AMRUT and Smart Cities” at the International Valve
Trade Fair and Conference. He highlighted growth opportunities for India’s
valve industry, particularly in the context of the Atal Mission for Rejuvenation
and Urban Transformation (AMRUT) and the Smart Cities Mission, both
aimed at enhancing urban infrastructure.

AMRUT focuses on providing tap water, sewerage connections, and green
spaces in 500 cities, with a budget of 50,000 crore. The Smart Cities Mission,
with an investment of X2,01,981 crore, aims to improve water supply,
sanitation, energy efficiency, and affordable housing through technology
and sustainable practices.

Valves are essential for water distribution, leakage control, and quality
management. Smart valves, integrated with loT and SCADA systems,
optimise water usage, detect leaks, and improve operational efficiency,
supporting sustainability and driving growth in water infrastructure.

D S Latha presented on Open Process Automation during the TCE Q2L
Session. She discussed the limitations of traditional proprietary control
systems in industrial plants, both in hardware and software. She highlighted
how technological advancements are driving the shift towards more flexible
systems, with the development of the “Open Process Automation System”
offering a new generation of control solutions.
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Atul Choudhari, Chief Technology Officer at Tata Consulting Engineers
Limited (TCE), recently participated as a panellist on Hydrogen Energy, Fuel
Cells, and CCUS Technology at the Third Net Zero Summit. In his address,
he highlighted the importance of a comprehensive approach to selecting
electrolytic hydrogen generation technologies, advocating for a holistic
evaluation that includes end-user requirements, operating conditions,
renewable energy availability, and lifecycle costs, rather than focusing solely
on electrolyser cost.

He also emphasised the need for careful assessment of high-pressure
electrolysis operations to prevent hazardous gas mixing. While energy
demands for pressurised and atmospheric electrolysers are similar, he noted
that advancements in catalysis and materials science will significantly lower
the levelised cost of hydrogen generation.

Additionally, he explored the potential of small modular nuclear reactors in
supporting industrial decarbonisation, with high-temperature electrolysis
emerging as a promising technology. At TCE, the focus remains on advancing
sustainable energy solutions and contributing to the global effort towards
net-zero emissions.

B B Gharat, AVP and Discipline Head - Civil at Tata Consulting Engineers
Limited (TCE), recently shared insights at the Seminar on Quality in Design
& Construction for Sustainable Infrastructure, organised by CEAI

In his presentation, he discussed the challenges faced by mega infrastructure
projects in today’s evolving landscape. He emphasised their transformative
potential, the complexities involved, and the urgent need to address climate
change.

He also stressed the importance of adopting innovative approaches and
the latest technologies to effectively manage risks and ensure infrastructure
meets the highest standards of quality and sustainability.

Sridhar Radhakrishnan, CFO of Tata Consulting Engineers Limited (TCE),
participated in an insightful panel discussion on “Reinventing the FP&A
Delivery Model for 2025 and Beyond - Transitioning from Annual to
Agile and Continuous Business Planning Processes” at the 12th Finance
Transformation India Summit & Awards 2024, organised by Invention
Business Intelligence.

During the discussion, he shared his expertise on shifting from traditional
annual planning models to more agile and continuous business planning
processes. This transition, he noted, is essential for driving innovation

in financial strategies and ensuring businesses remain adaptable and
responsive in a rapidly changing environment. By adopting this approach,
organisations can better align their financial planning with dynamic market
conditions and long-term goals.
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Rajeev Tanna, Head of Risk and Strategy at Tata Consulting Engineers
Limited (TCE), delivered an insightful keynote on “ERM: A Holistic
Approach towards Modern Business” at the 7th CRO Leadership Summit
& Awards 2024. He discussed the evolution of risk management framewaorks,
highlighting the importance of ISO 31000 and COSO ERM, and how
organisations can develop customised frameworks based on sector-specific
needs.

He explored the relationship between risk and value creation, focusing on
risk tolerance and appetite. Using practical examples, he illustrated how
Enterprise Risk Management (ERM) influences decision-making, improves
risk management practices, and supports efficient execution. His session
underscored ERM’s critical role in shaping modern business strategies and
building a strong risk culture.

Chitranjan Kaushik, Chief Operating Officer of Ecofirst Services Limited, a
100% subsidiary of Tata Consulting Engineers (TCE), recently participated
in the CEAI conference on “Quality of Design and Construction for
Sustainable Infrastructure.”

During his address on “Sustainable Infrastructure and Buildings,” he
emphasised the importance of environmentally responsible and resource-
efficient practices in construction and design. He discussed the need to
integrate sustainability principles across the entire lifecycle of infrastructure
projects, from planning and design to construction and operation.

His speech underscored Ecofirst's commitment to advancing green building
practices and sustainable development, in alignment with Tata Consulting
Engineers'broader vision of fostering a more sustainable and resilient built
environment.

Soumik Roy and Arnab Dandapath from the Power Business of Tata
Consulting Engineers Limited (TCE) were invited as speakers at the “‘Council
of Enviro Excellence (CEE) 3rd National Power-Gen Environment
Excellence Summit & Awards 2024!

Their presentation, titled “FGD in India: Consultant’s Qutlook for Optimised
Implementation, covered key topics including India’s FGD journey,
implementation plans, challenges, and mitigation strategies. They also
discussed the predominant FGD technologies, their optimisation, and critical
factors for selecting the best technology, such as SO, removal requirements,
CAPEX-OPEX impact, reagent/byproduct value chains, layout constraints, and
a commitment to sustainable, green solutions.

Dr Rajashekhar Malur, Senior Vice President & Head - Plant Engineering
& Design, TCE, moderated a session at the Global Services Export Conclave,
organised by CEAl and SEPC. His session focused on the Oceania & NEA
region, highlighting key countries like Australia, Japan, and New
Zealand. The discussions centred on opportunities for collaboration and
growth in engineering, infrastructure, and sustainable energy. The conclave
served as a valuable platform for connecting industry leaders, exchanging
innovative ideas, and advancing India’s role in global service exports.
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Atul Choudhari, Chief Technology Officer at Tata Consulting Engineers
Limited (TCE), delivered a session at India Gas-Tech 2024 titled “Hydrogen
Blending in Natural Gas: Accelerating the Low-Carbon Economy.”

He highlighted hydrogen’s key role in decarbonising the energy sector,
focusing on the technical and economic viability of blending hydrogen with
natural gas to reduce carbon emissions while leveraging existing pipeline
infrastructure.

He also discussed the challenges and safety considerations of hydrogen
blending and shared insights into global advancements in hydrogen
technology. His session was a key highlight, contributing to the broader
discussions on sustainable energy solutions and the future of energy.

D S Latha participated in the 8th Annual Conference on “IT & OT in Oil and
Gas,” organised by the Indian Infrastructure Forum, where she discussed key
advancements in the industry. She highlighted Open Process Automation as a
transformative approach for process automation and emphasised the benefits
of virtualisation in enhancing flexibility, scalability, and cost efficiency.

On cybersecurity, she advocated for multi-layered security strategies,
particularly “Defence in Depth,"to safeguard against cyber threats. She also
explored the role of 5G technology in improving connectivity and efficiency,
and discussed the importance of the Asset Integrity Management System

in strengthening infrastructure through data-driven insights and rigorous
standards.

She concluded by stressing the need for integrating emerging technologies
to drive innovation, enhance security, and build a more resilient future for the
oil and gas sector.

Rajeev Tanna, Head — Risk Management & Strategy at Tata Consulting
Engineers Limited (TCE), participated in the panel discussion on “Enterprise
Risk Management - Boardroom Perspectives”at the Institute of Directors (IOD),
India Western Regional Directors Conclave. He discussed the importance of
Value-Based Enterprise Risk Management (ERM) as an integrated framework,
the evolving role of Chief Risk Officers (CROs) in decision-making, and
advancements in risk identification and assessment techniques.

Biswajit Bhattacharyya, Vice President and Business Unit Head — Mining
& Metals at Tata Consulting Engineers Limited (TCE), participated in the
3rd China Green Steel Summit 2024, where he delivered a presentation
on “Leading the Green Steel Revolution: Tata Consulting Engineers’
Blueprint for Sustainable Manufacturing.”

His presentation covered the global decarbonisation landscape,
highlighting both opportunities and challenges in achieving sustainability
worldwide. It also addressed India-specific decarbonisation challenges and
opportunities in the steel industry. Mr. Bhattacharyya showcased TCE's role

in advancing innovations in green steel, sharing case studies on successful
decarbonisation projects that demonstrate TCE's commitment to sustainable
manufacturing solutions.
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Pravinchandra R Shahu, Chief Information Officer & Head of Digital at Tata
Consulting Engineers Limited (TCE), participated in the CEAI conference,
contributing to a panel discussion on “Digital Technologies for Quality
Deliverance in the Built Environment.” He highlighted the role of digital
technologies in improving quality and efficiency in infrastructure projects,
stressing the importance of integrating advanced solutions to create
sustainable, resilient infrastructure.

At TCE, we focus on leveraging digital innovation to ensure quality and
sustainability across all our projects, reinforcing our commitment to building
a better future.

Raghavan Ramadurai, Vice President and Power Business Head of Tata
Consulting Engineers Limited (TCE), participated in the Indian Nuclear
Society’s Annual Conference (NSAC2024) held in Mumbai. The
conference, themed “Regulatory Framework for Nuclear Renaissance,”
brought together senior officials from AERB, NPCIL, BARC, the Indian Nuclear
Society, and industry leaders to discuss the future of nuclear energy in India.

He contributed to a panel discussion on “Innovations in Regulatory
Approaches for Next-Generation Nuclear Power Plants and New Entities in
the Nuclear Landscape! He shared key insights on India’s nuclear energy
vision, particularly the goal of achieving 100GW of installed nuclear capacity
by 2047, driven by the decarbonisation of industries. The discussion also
focused on the need for evolving regulatory frameworks to support
advanced reactor technologies and modular designs, balancing safety with
project timelines, and addressing public perceptions and the growing need
for technical expertise in assessing new nuclear technologies.

Shishir H B, AGM - Mechanical at Tata Consulting Engineers Limited (TCE),
participated in the “Material Handling in India” conference in New Delhi.

In his presentation, “Key Trends and Outlook for Material Handling Systems
in India,"he explored the industry’s current landscape, emerging customer
needs, technological innovations, and growth drivers. He also discussed key
challenges, potential solutions, and the future outlook for material handling
systems in India.

Sachin Mishra, General Counsel & Company Secretary at Tata Consulting
Engineers Limited (TCE), participated as a panellist at the Cll Legal Services
Conclave 2024.The event focused on “The Role of the Corporate Sector in
Economic Development: Legal Challenges and Opportunities,” exploring
the impact of evolving legal and regulatory requirements on economic
growth.

In the panel discussion on Artificial Intelligence, Cybersecurity, and the
DPDP Act, He shared insights on how advancements in Al and cybersecurity
are reshaping the corporate sector, emphasising the need for robust legal
frameworks to navigate these rapidly evolving areas.
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Rohit S Mishra, Senior Manager — Legal at Tata Consulting Engineers
Limited (TCE), represented the company at the Consulting Engineers
Association of India (CEAI) - Western Region Conference, focused on “Recent
Developments in Laws and their Impact on the Construction Industry.”

He addressed key topics such as Extension of Time, Prolongation Costs,

and Delay Damages & Compensation in Construction Contracts. He also
participated in a panel discussion on Construction Disputes and Arbitration,
offering insights on common causes of project delays and strategies for
mitigation.

Abhishek Gaurav, CEng (India) and AGM — Infrastructure Business, actively
participated in the “Digitalisation in Construction” conference organised
by the India Infrastructure Forum. He shared valuable insights into the
transformative role of technology in the infrastructure sector.

As a key panellist in the discussion on “Focus on Water Infrastructure,” he
highlighted how technology optimises water network planning, design, and
maintenance, as well as the latest digital solutions for water conservation and
uninterrupted supply. He also discussed the challenges and experiences of
optimising water pumping systems.

4

In another insightful talk on “Focus on Transportation,” he explored
how digital technologies are revolutionising construction mechanisation
and expediting project execution. He addressed critical solutions across
design, construction, and O&M stages, sharing experiences from various
transportation sectors, including metro rail, railways, roads, highways,
bridges, and tunnels. He also discussed the challenges and emerging
technologies in digital construction.

B B Gharat, AVP and Discipline Head — Civil at Tata Consulting Engineers
Limited (TCE), recently participated in a seminar organised by CEAI, where he
discussed Parallel Flange Beams and TMT Bars.

In his session, he focused on the latest trends in steel construction,
emphasising the importance of sustainability throughout the entire project
lifecycle, from concept to commissioning. He also shared insights from the
design and construction of TCE's innovative steel building in Jamshedpur,
highlighting how sustainable engineering practices are transforming
modern construction.

Pawan Kumar Rallabandi, Business Unit Head — Digital & Advanced
Technologies at Tata Consulting Engineers Limited (TCE), recently presented
at the Autodesk Design & Make Summit India.

His session, “Streamlining MEP Projects with BIM Technology,” highlighted
how Building Information Modelling (BIM) optimises Mechanical, Electrical,
and Plumbing (MEP) projects. Through real-world applications, he showcased
the benefits of digital transformation in engineering, offering valuable
insights on enhancing project efficiency and innovation with advanced
technology.
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FOSTERING INNOVATION

Tata Innovista Winners

Lakshman Rao and Nandakishore Desapande shared their insights at
the 5th Edition cemWHR Conference on 23 and 24" April 2024, discussing
“Advancements & Innovations in Waste Heat Recovery.” They explored
the potential of supercritical CO, as a working fluid for capturing waste heat
in industrial applications.

In industrial plants, 25% to 50% of energy is lost as low-temperature heat,
such as exhaust gases. Current recovery technologies, like the Organic
Rankine Cycle (ORC) and Kalina Cycle, face limitations due to their working
fluids. CO, offers distinct advantages—being non-toxic, inexpensive,
environmentally friendly, and possessing low Global Warming Potential
(GWP) and Ozone Depletion Potential (ODP).

Atul Choudhari presented a paper titled “Is Blending Green Hydrogen
the Best Option for Gas Pipelines?” at the 3rd Green Hydrogen India
Conference. In his session, he explored the opportunities and challenges
of integrating green hydrogen into existing gas pipeline infrastructure. He
examined the technical feasibility, cost implications, and the significant
potential of hydrogen blending in reducing carbon emissions.

His presentation highlighted how this approach could accelerate the
transition to clean energy, providing a viable path to sustainable energy
solutions. The session sparked insightful discussions on the role of green
hydrogen in shaping India’s energy future.

Devdatta Bose, Senior General Manager of the Infrastructure Business at
Tata Consulting Engineers Limited (TCE), shared valuable insights on the
Hybrid Annuity Model (HAM) in dredging and reclamation works at the
15% Dredging Conference organised by Indian Infrastructure.

He discussed the obligations of both the Concessionaire and the Authority,
key risks in the HAM model, and strategies for mitigation, particularly

in capital dredging. He highlighted the need for careful planning and
management in long-term projects, emphasising the importance of
addressing unforeseen risks such as changes in site conditions, fuel
escalations, and customs duties. For the HAM model to succeed, he stressed
the importance of a well-defined RFP and a shared risk approach between
the Authority and Concessionaire, with careful consideration of the cost
recovery model to ensure project viability.

Tata InnoVista, Tata Group's exceptional innovation platform, designed to drive collaboration and knowledge-sharing
across the entire group. At TCE, innovation is integral to our approach, ensuring we lead with cutting-edge solutions
and transformative technologies. This year, TCE submitted 198 entries, with 40 making it to the next stage and 6
advancing to the semi-finals. Three exceptional projects from the Design Honour category—Engineering A Legacy,
Hydraulic Turbine Mechanism for Wind Turbine Blade, and Design of SPMs for SLV Integration for Chandrayaan 3—
secured spots in the final round. The Design of SPMs for SLV Integration for Chandrayaan 3 emerged as the winner at
Tata Innovista 2024, a testament to TCE's relentless pursuit of excellence and innovation.
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FINALIST OF TATA INNOVASTA 2024

HYDRAULIC TURBINE MECHANISM FOR
WIND TURBINE BLADE

An innovative solution to enhance efficiency and reduce
dependency on imports for wind turbine blade production.

INDIGENOUS HYDRAULIC TURNING MECHANISM
FOR ENHANCED PRECISION AND COST EFFICIENCY
Name of Innovators - Muhammed Thanseem P,

Pravin Magdum, Sanjay Magdum, Suraj Chougule,
Pawan Kumar Rallabandi, Mandar Padgaonkar

TCE developed an indigenous Hydraulic Turning
Mechanism (HTM) to replace imported Mould Turning
Systems used for rotating large wind turbine blade
moulds. These imported systems posed challenges

in terms of high costs, long lead times, and limited

local support, which led to maintenance issues and
production delays. The HTM, developed by TCE, is a
cost-effective solution offering improved precision and
reliability while reducing dependency on imports. The
system features a 600 kNm torque capacity, capable of
managing 80-ton moulds up to 85 meters in length,
and incorporates five synchronised hydraulic hinges for
precise mould alignment. Additionally, Its modular design
accommodates various mould sizes, and conventional
hydraulic drive elements, combined with advanced
control algorithms, ensuring optimal performance.

The HTM resulted in significant cost savings of 36 crore
per machine for customers. Furthermore, this innovation
is expected to generate Y60 crore in acquisitions from
turnkey projects, strengthening TCE's position in the
wind turbine manufacturing sector.

— et [

ENGINEERING A LEGACY

A landmark approach to temple construction, blending
traditional values with modern technology.

INNOVATIVE ENGINEERING SOLUTIONS FOR TEMPLE
CONSTRUCTION

Name of Innovators - Binod Shukla, C R Indumathi,
Nilesh Tamhane, Atul Choudhari, K Ramesh

TCE, serving as Design Review, Engineering, and
Project Management Consultant, introduced a series
of innovative solutions for the construction of a temple
designed to last for 1,000 years. The project featured

a unigue foundation system and re-imagined raft and
plinth design, ensuring exceptional structural stability.
TCE's approach utilised open excavation and Roller
Compacted Concrete (RCC) engineered fill, marking

its first application in Indian temple construction, to
address soil complexities, seismic zone concerns, and
the depth of cultural debris. The integrated substructure
system, combining RCC, PCC Raft, and Stone Plinth,
enhanced the temple’s structural integrity. Despite
facing a few challenges, the project was completed on
schedule, with cost optimisations of I3 crore and time
savings of 2 months.
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DESIGN OF SPMS FOR SLV INTEGRATION FOR CHANDRAYAAN-3

Revolutionising the integration process of Satellite Launch Vehicles with advanced engineering solutions.

PIONEERING SPECIAL PURPOSE MACHINES FOR
INDIA’S SPACE MISSIONS

Name of Innovators - Ashish Diwate, Pranav Viyavahare,
Muhammed Thanseem P, Shrishail Kore,

Pawan Kumar Rallabandi, Mandar Padgaonkar

TCE developed groundbreaking Special Purpose
Machines (SPMs) that played a pivotal role in the
integration, transportation, and launch of
Chandrayaan-3's Satellite Launch Vehicle (SLV), marking a
historic first for ISRO. These cutting-edge SPMs addressed
the precision and scalability demands of future missions
like Gaganyaan and Human Space programmes.

Overcoming stringent design criteria, TCE engineered
these systems to meet rigorous launch timelines while
addressing challenges such as multi-axis synchronisation
for large-scale platforms and achieving ISRO SDRT
committee approvals. These SPMs were instrumental

in the successful launch of Chandrayaan-3, marking a
significant national achievement.

Additionally, this pioneering work positions TCE as a
frontrunner for acquiring 6-8 critical projects in the
Space and Defence sectors, valued at ? 75-80 crore,
thereby cementing its role in advancing India’s space
exploration capabilities.
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KEY INNOVATIONS INCLUDED:

+ Horizontal Sliding Doors (HSDs): Equivalent to
the size of a four-storey building (27m x 11m x
1.1m)

+  SCVRP (Special Cantilever Vertical Rotating
Platform): Featuring a 19-metre cantilever
platform

«  FCVRP (Fixed Cantilever Vertical Rotating
Platform): Designed with a 7-metre cantilever
and modular structure

+  Multi-Axis Synchronised Moving Platform:
Engineered for highly accurate multi-directional
movement

«  Mobile Launch Pedestal (MLP): Achieving
surface accuracy of 30 arc seconds (~1 mm per
10 m length)

- Innovative Bogie System: Designed for smooth
transportation of propellant-loaded SLVs (1,600-
ton payload) on curved twin rail tracks




Pride Campaign

Innovation and value-driven solutions define TCE's technical expertise. The PRIDE programme provides a dynamic
platform to spotlight the landmark ideas and enhancements incorporated into our projects. It serves as a catalyst for

nurturing a culture of continuous improvement, fostering collaboration, and sharing knowledge across teams. Through
this initiative, TCE celebrates ingenuity and recognises employees whose client-approved innovations have set new
benchmarks in quality, efficiency, and cost-effectiveness.
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Empowering People and Shaping
a Future-Ready Workforce

At Tata Consulting Engineers (TCE), our vision is anchored in fostering a collaborative
and inclusive environment where talent is nurtured, innovation is at the forefront,
and values remain our quiding force. In line with this vision, we are proud to share
significant updates on our initiatives and milestones that empower our people to

engineer a better tomorrow

« Young Engineers Development Program (YEDP)

2024 Batch:

TCE *.CEYEDP

YOUNG ENGINEERS DEVELOPMENT PROGRAM

The Young Engineers Development Program (YEDP)
reached an unprecedented milestone in 2024,
onboarding a record-breaking 555 trainees at TCE,
along with 28 at EcoFirst — the largest cohort in the
programme’s history. These exceptional individuals,
selected from India’s top academic institutions, bring
a wealth of creativity, innovation, and passion to

our organisation, ensuring a bright future for our
engineering workforce.
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NURTURING YOUNG TALENT AND DEVELOPING FUTURE LEADERS

The programme offers an intensive, multi-faceted
development journey designed to equip participants
with the necessary skills for long-term success. This
journey begins with pre-onboarding training that
introduces participants to TCE's values and work culture,
followed by specialised SME (Subject Matter Expert)
interactions that provide insight into our engineering
projects. Additionally, Qlik2Learn technology lectures
lay a solid foundation in cutting-edge tools, while the
structured behavioural and functional training modules
ensure that participants develop both technical
proficiency and leadership potential.



Furthermore, on-the-job learning opportunities
enable trainees to apply their knowledge in real-
world scenarios, fostering practical experience
and problem-solving capabilities. This holistic and
comprehensive approach ensures that our future
leaders are well-prepared to make a significant
impact at TCE.

Functional Capability Building for Young
Engineers: Recognising the need for cutting-edge
skills in a tech-driven world, YEDP has incorporated
specialised 3D Tools Training. This forward-thinking
training module provides engineers with the
expertise required to tackle complex engineering
challenges, fostering a culture of creativity, analytical
thinking, and innovation. As part of their journey,
participants gain hands-on experience in using
state-of-the-art technologies, ensuring they are well-
prepared to meet the demands of an increasingly
tech-driven world.

Accelerated Designer Proficiency Training (ADePT):
The ADePT programme continues to play a pivotal

role in building a strong talent pipeline from diploma
colleges across India. This year, 140 trainees enrolled in
the programme, which offers a balanced combination
of behavioural training and specialised technical
sessions. By providing participants with a thorough
understanding of both soft and technical skills, ADePT
ensures that trainees are equipped to excel in the ever-
evolving ADC (Accelerated Delivery Centre) business.

This year's batch has demonstrated significant progress
in adapting to the dynamic demands of the industry,
reinforcing our commitment to developing the next
generation of design professionals.

CAPABILITY BUILDING: GROOMING
FUTURE LEADERS

EMBARK First-Time Leaders Program:

EMBARK

Leadership 'I" Program

The EMBARK First-Time Leaders Program was carefully
crafted following thorough needs assessments to
address the core competencies crucial for emerging
leaders: communication, team leadership, and
conflict resolution. Aligned with TCE's Competency
Framework, this three-month programme

combines interactive workshops, group coaching,
and experiential learning opportunities to equip
participants with the skills necessary to thrive in
leadership roles.

To date, 32 colleagues from the ADC (Accelerated
Delivery Centre) business have successfully completed
the programme, marking a significant step in their
leadership development journey. EMBARK not only
provides first-time managers with the tools to succeed
but also ensures their growth is in harmony with TCE's
broader talent strategy.




Empowering Women at TCE

Inspire to Aspire

Launched on International Women'’s Day 2024,

the Inspire to Aspire programme was designed to
address the unique challenges faced by women
employees at TCE. With over 150 participants,

the programme offers a range of Career Mastery
workshops, experiential activities, and thought-
provoking discussions aimed at fostering confidence,
overcoming barriers, and unlocking the potential of
women across the organisation.

This initiative is a powerful testament to TCE's
commitment to diversity, inclusion, and professional
growth. By providing women with the tools, guidance,
and network to excel, Inspire to Aspire plays a critical
role in empowering them to take charge of their
careers and strive for leadership positions.

Driving Inclusion: Open-Door Internship
Programme
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QPN DOORS INTERNSHP PROGRAM
In November 2024, TCE took an important step
towards fostering a truly inclusive workplace by
welcoming nine interns with disabilities as part of
the Open-Door Internship Programme. This initiative
includes individuals with hearing impairments and
mobility challenges, showcasing TCE's dedication
to offering equal opportunities and creating an
environment where diversity is celebrated.

The programme is a key component of TCE's broader
inclusion strategy, providing these talented individuals
with valuable work experience, mentorship, and
exposure to the corporate world. By embracing diverse
perspectives and abilities, TCE not only strengthens

its workforce but also leads the way in driving social
responsibility and inclusivity within the industry.

Career Fair 2024
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In November 2024, TCE took an important step
towards fostering a truly inclusive workplace by
welcoming nine interns with disabilities as part of
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the Open-Door Internship Programme. This initiative
includes individuals with hearing impairments and
mobility challenges, showcasing TCE's dedication

to offering equal opportunities and creating an
environment where diversity is celebrated.

The programme is a key component of TCE's broader
inclusion strategy, providing these talented individuals
with valuable work experience, mentorship, and
exposure to the corporate world. By embracing diverse
perspectives and abilities, TCE not only strengthens

its workforce but also leads the way in driving social
responsibility and inclusivity within the industry.




SIMPLIFYING WORKWITH SYMPHONY

ik SYMPHONY

The launch of SYMPHONY, TCE's state-of-the-art HR
management system, marks a significant milestone
in streamlining processes and elevating the overall
employee experience. Designed to simplify everyday
tasks, Symphony incorporates several key features to
ensure seamless operations:

@ -

Employee Central allows employees to manage
their personal profiles effortlessly, providing quick
access to key information.

o
O %EE O

Attendance Regularisation improves the
efficiency of attendance management, enabling
swift corrections and approvals.

o O

o % o

The onboarding and hiring processes have been
streamlined, ensuring a smoother transition for

new employees and greater administrative ease.

To facilitate the transition, Experience Zones were
established at various TCE locations, offering hands-on
guidance and support to employees. Virtual Experience
Zones also ensured that colleagues at project sites

and overseas could easily access the platform’s
functionalities from any location, ensuring inclusivity
and accessibility.

Looking ahead, Symphony's next phase will bring even
more transformative features, including Al-powered
assistants, automated payroll, job mobility tools, and career
development resources. These upcoming additions will
further enhance the employee experience by making HR
processes even more intuitive, efficient, and personalised.

ENGAGING EMPLOYEES AND INSPIRING
CREATIVITY

COLIURS
This initiative celebrated the vibrant artistic talents
within TCE, encouraging employees to showcase their
creativity through paintings and sketches. The event

fostered a culture of innovation and artistic expression,
strengthening team bonds across the organisation.

-
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Peer Recognition Week

You're an

A Essential ! \ difference
Piece

Held in August, Peer Recognition Week served as a
platform for employees to recognise and appreciate
one another’s contributions. During this five-day
event, a remarkable 4,494 tokens of appreciation
were exchanged, reinforcing the value of teamwork
and collaboration within TCE.

Happiness Week 2024

With an impressive 7,800 recognitions shared, Happiness
Week reminded employees of the power of small,
meaningful gestures. It underscored the importance of
fostering a positive and supportive work environment,
where every contribution is acknowledged.

Engineer’s Day 2024

ENGINEERS

2024

This event celebrated TCE's rich engineering heritage
while looking forward to the future. It was a moment
to honour the dedication and ingenuity of engineers
at TCE while reinforcing the company’s commitment
to innovation and excellence.

Sports Championships 2024-2025

TCE SPORTS

HAMPION

* LEAGUE - MUMBAI 2024-25 %

The Sports Championships, which featured
competitive Badminton and Chess events, saw 300
participants in badminton and 105 in chess. These
activities promoted physical wellness, teamwork,
and sportsmanship, encouraging employees to stay
active while fostering a healthy spirit of competition.

EMPLOYEE WELLNESS INITIATIVES

Meditation Oasis Webinar: Aimed at enhancing
focus and calm, this webinar resonated with
employees, fostering mindfulness in daily routines.

Chair Yoga Sessions: Held on International Yoga
Day, these sessions encouraged employees to
practice yoga at their desks, promoting wellness and
a conscious state of mind.

World Health Day Webinar: A session by Dr Sayali
Patil highlighted the importance of health investments,
providing employees with actionable tips to maintain
well-being amidst professional commitments.




Ethics and Integrity at TCE:
A Foundation for Excellence

At TCE, ethics and integrity form the bedrock of our organisational culture,
underpinning trust, collaboration, and long-term success. Our commitment
to maintaining a highly ethical workplace is supported by comprehensive
governance frameworks and a strong focus on transparency. We continuously

strive to create an environment where ethical values guide our decisions,
actions, and relationships.

ENABLING AN ETHICAL CULTURE

- Awareness and Sensitisation:

To ensure our employees are consistently aligned with TCE's ethical standards, we implement monthly initiatives
such as the Ethical Nugget of the Month, coupled with ongoing training programmes. These initiatives serve to
raise awareness, reinforce core ethical principles, and promote a culture of responsibility across the organisation.
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. ETHOS Platform: ETHICS WEEK 2024: BEYOND

COMPLIANCE

In November 2024, TCE celebrated Ethics Week with the
theme Beyond Compliance, engaging employees in a
series of interactive and educational activities designed
to deepen understanding and commitment to ethical
practices.

aw
TATA

BEYOND COMPLIANCE

INTERNALISING ETHICS

The ETHOS platform is a central digital tool that
simplifies reporting grievances, declaring conflicts

of interest, and accessing key resources such as

case studies, leadership messages, and quizzes. This
platform is designed to empower employees to make
informed, ethical decisions while fostering a culture
of accountability and trust.

Encouraging Open Conversations: TCE is
committed to maintaining an open and transparent
work environment where employees feel confident
to voice concerns. Our approach encourages
employees to engage in candid discussions
without fear of retaliation, ensuring that any issues
are addressed promptly and with the utmost
confidentiality.

Recognising Ethical Role Models: - The Ethics

Flag Bearer programme is an initiative designed to
recognise and celebrate employees who consistently
demonstrate the highest ethical standards. These role
models are featured on TCE's intranet, where their
commitment to integrity is celebrated, and they are
rewarded with gift cards as a token of appreciation.
This recognition programme plays a crucial role in
reinforcing the values that drive our ethical culture.

Compliance Tools: To further strengthen compliance
across the organisation, the Legal Compliance
Management System has been implemented. This
system offers automated reminders and escalation
mechanisms, ensuring that all employees adhere to
legal and regulatory requirements.

- Escape Room Challenges: Participants took part

in a gamified learning experience that encouraged
them to navigate complex ethical decision-making
scenarios. The challenge promoted teamwork, critical
thinking, and ethical problem-solving, reinforcing the
importance of integrity in decision-making.

Awareness Sessions:

Over 2,800 attendees participated

in POSH (Prevention of Sexual
Harassment) sessions, focusing on
creating a safer, more inclusive workplace.

(A

1,400+ participants attended the LEC’s
Open House, where open discussions
about ethics, legal compliance, and
organisational values were held.

200+ employees took the ethics pledge,
committing to uphold ethical standards
and lead by example.

More than 250 employees participated
in ethics quizzes, testing their knowledge
of TCE's ethical guidelines and compliance
practices.

e Over 150 consultants and suppliers
engaged in compliance workshops,
helping them align with TCE's ethical and
legal expectations.




- Digital Engagement:

iﬁﬁ?ﬁ? The week saw more than 4,000
th; interactions across various social media
platforms, driving engagement and
spreading awareness about ethics.

850+ engagements took place on

@ Yammer, encouraging employees to
share insights, questions, and experiences
related to ethics and compliance.

LEADERSHIP-DRIVEN INITIATIVES

TCE's leadership continues to play an integral role in
shaping an ethical culture through a variety of key
initiatives:

« MD Townhalls: These open forums provide
employees with the opportunity to engage directly
with the Managing Director and leadership team,
discussing important topics related to ethical
practices, organisational values, and governance. The
townhalls reinforce the company’s commitment to
transparency, trust, and ethical integrity.

ETHICS WEEK CELEBRATION

- POSH Awareness: In alignment with our ongoing
commitment to creating a respectful and safe
workplace, comprehensive training on POSH
was conducted, reinforcing the importance of
a zero-tolerance policy toward harassment and
discrimination.

- Ethics Committee Training: The Ethics Committee
underwent Leadership in Business Ethics sessions
and masterclasses for investigators, ensuring they are
equipped with the knowledge and skills to oversee
ethical governance and investigate any potential
breaches of conduct with integrity and fairness.

Through these initiatives, TCE continues to nurture a
culture where ethics, inclusion, and innovation go hand
in hand, empowering employees to uphold the values
of integrity, respect, and responsibility every day. The
company’s unwavering focus on fostering a culture of
trust and accountability ensures that these principles are
woven into the fabric of our work environment.
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ENGINEERING THE FUTURE
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Crafting a Sustainable and
Inclusive Future with TCE

At Tata Consulting Engineers Limited (TCE), our mission goes beyond delivering
engineering excellence; we are dedicated to shaping a sustainable and inclusive
future. As a part of the Tata Group, recognised for its exemplary legacy of social
responsibility, we embed Corporate Social Responsibility (CSR) into every layer of
our organisational fabric.

Our approach centres on building collaborative In 2024, we strengthened our focus on inclusivity by
partnerships with government bodies, non-profit prioritising initiatives to support children and individuals
organisations, and community stakeholders. Together, with disabilities. Recognising the barriers they face and
we create impactful solutions that address critical their untapped potential, we launched targeted programs
societal issues, ensuring scalability and sustainability. to enhance accessibility, foster skill development,
Whether by promoting STEM education for and create equal opportunities in education and
underprivileged students, spearheading renewable employment. By forging alliances with NGOs, experts, and
energy initiatives, or empowering youth through community organisations, we aim to challenge societal
technical training, our CSR endeavours reflect our stereotypes, reduce inequalities, and empower individuals
steadfast commitment to the greater good. with disabilities to lead fulfilling and independent lives.
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ENDEAVOUR FOR QUALITY STEM
EDUCATION

Access to quality STEM education remains a key driver
for social and economic development, especially

for underprivileged communities. Building on the
success of previous years, TCE's Vigyaan Program
focuses on improving the STEM learning experience
for marginalised students from Navi Mumbai Municipal
Schools. This program also enhances the capacity of
educators to deliver engaging, activity-based lessons
aligned with the school curriculum.

In partnership with Nehru Planetarium, the program
equips teachers with tools and techniques that

simplify complex scientific concepts through practical
demonstrations. Teachers are trained to foster a scientific
temperament in students by encouraging inquiry,
experimentation, and problem-solving.

Students are further supported through hands-on
learning opportunities in Nehru Planetarium’s state-of-
the-art laboratory, where they can engage with real-
world applications of scientific theories. This immersive
approach bridges the gap between theoretical learning
and practical understanding.

IMPACT HIGHLIGHTS FOR 2024:

6 3 6 students 5 6 zgfunteers

from Navi Mumbai dedicated
Municipal Schools approximately

participated across 900 H
ours
25 Batches to the program

ENDEAVOUR FOR SKILL BUILDING AND
EMPLOYABILITY

Skill development is essential for creating a future-ready
workforce. Through the Utkarsh Program, TCE continues
to promote technical skill-building and employability

in partnership with the Maharashtra State Board of
Technical Education (MSBTE).

This initiative focuses on equipping technical faculty
with the necessary expertise to incorporate modern
skill-building modules into their teaching. By training
faculty members, the program ensures that skill
development becomes an integral and sustainable
component of the academic curriculum.

IMPACT HIGHLIGHTS FOR 2024:

26 45

Faculty Members Sustainable Development
trained this year to of a skilled talent pool,
deliver enhanced addressing industry

technical training demands

ENDEAVOUR FOR INCLUSION

Creating an inclusive society is a core element of TCE's
CSR strategy. This year, we introduced two significant
initiatives to empower individuals with disabilities:

1. Open-Door Internship Program

This tailored internship program offers young people
with disabilities meaningful work opportunities that
build professional competencies and bridge the gap
between education and employment. Participants are
guided by experienced leaders across departments,
ensuring an inclusive and supportive work environment.

Key objectives of the program include:

I

Providing Enhancmg BU|Id|ng career

hands-on project participants’ pathways for
experience. confidence and individuals with
skill sets. diverse abilities.
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ENDEAVOUR FOR VOLUNTEERING

Volunteering is deeply ingrained in TCE's culture, reflecting the Tata Group's values of collective social responsibility. In
2024, we developed a comprehensive strategy to enhance the scale, reach, and impact of volunteering initiatives:

Diverse Opportunities:
A variety of activities catered to
different interests and skillsets.

Employee-Driven Programs:
Designed based on findings from
employee surveys and CSR focus areas.

B

l Unified Themes with Local
@ Impact: A central theme
complemented by region-specific
activities.

k. ¥ Technology Integration: Use of Lumos
a2 technology to track and measure
volunteering KPIs.

Round-the-Year Engagement:
Opportunities made available
throughout the year, with options
for short-term and long-term
commitments.

2. Capacity-Building Workshop for Special Educators

Recognising the transformative potential of STEM
education for children with disabilities, TCE conducted
workshops designed specifically for special educators
within the Navi Mumbai Municipal Corporation (NMMCQ).

These workshops focus on:

s}{@

Introducmg Equplng Enhancmg

innovative educators curiosity and

teaching with assistive problem-solving
methodologies technologies and skills among
tailored to diverse activity-based students.

learning needs. learning tools.

By empowering educators, this initiative ensures that
children with disabilities gain equal access to quality

STEM education, fostering their confidence and
academic growth.

DURING TATA VOLUNTEERING WEEK
22, TCE EMPLOYEES DEMONSTRATED
REMARKABLE DEDICATION:

3,063

volunteers
contributed
approximately

6,900

hours

80 activities

were conducted,
benefiting over

6,500

Individuals.

These efforts underline our commitment to fostering
a culture of giving back and creating a lasting positive
impact on communities.

At Tata Consulting Engineers, we believe that progress
is meaningful only when it is shared. Our CSR initiatives
align with the United Nations Sustainable Development
Goals (SDGs), ensuring we address local community
needs while contributing to global sustainability. By
leveraging the collective strength of our employees,
partners, and communities, we continue to innovate
for a brighter, more equitable future, true to our
commitment to “Engineering a Better Tomorrow.”
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VOLYMPICS

WHERE THE BEST COMPETE TO DO GOOD
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