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EDITOR’S NOTE

T
he signing of the India-EU Free Trade Agreement

after almost two decades of negotiations is being

hailed as the ‘mother of all deals’ for its impact

across segments. 

The deal is expected to be signed this year, and 

may come into effect early next year. While we await the

fine print, it is already obvious that a lot hinges on the

India-EU trade deal. 

Sudarshan Jain, Secretary General, Indian

Pharmaceutical Alliance analyses that the expected

removal of EU tariffs of up to 11 per cent on

pharmaceuticals will enhance trade and support greater

access to innovative medicines for Indian patients. He also

points out that the agreement reinforces the intellectual

property framework under the TRIPS Agreement and the

Doha Declaration, which will further strengthen trade

opportunities and collaboration between India and the EU. 

At the individual company level, such FTAs give

management the runway to make long term investments.

As Ashok Nair, MD, RPG Life Sciences puts it, “The

agreement creates a strong incentive for Indian companies

to invest further in quality, compliance and innovation

aligned with global standards. Over time, this will support

capacity expansion, employment generation and greater

R&D investments within India, while ensuring that

European patients benefit from reliable as well as 

cost-effective pharmaceutical solutions.”

Namit Joshi, Chairman, Pharmexcil stresses that the

India–EU FTA is not a short-term export stimulus; it is a

long-term competitiveness framework that empowers

MSMEs and positions Indian pharma for resilient, 

quality-led growth. He reasons that the FTA delivers

structural competitiveness as near-zero tariff access

significantly strengthens the position of Indian

formulations, APIs, and value-added medicines in the EU, a

development that is particularly consequential for India’s

pharma MSMEs, many of whom possess strong quality

capabilities but face cost and access barriers in highly

regulated markets. Reduced tariffs and smoother market

entry will directly enhance their ability to scale exports,

invest in compliance, and integrate into European supply

chains.

From Pharmexcil’s lens, this agreement enables stable,

long-term, and predictable pharmaceutical trade,

benefiting European healthcare systems and consumers

through improved affordability, continuity, and security of

supply, supported by India’s high-quality and reliable

manufacturing base. Joshi also places equal importance on

the agreement’s balanced approach to intellectual

property, which reaffirms TRIPS-aligned protections while

safeguarding India’s strengths in generics and public

health, thereby providing regulatory certainty and

confidence for MSMEs as well as large manufacturers.

The India-EU FTA could be particularly game changing

for MSME pharma companies. As Saurabh Agarwal,

Director, HAB Pharma explains, “The removal of the 11 per

cent tariff meaningfully alters the cost–competitiveness

equation, enabling Indian manufacturers to participate in

one of the world’s most regulation-intensive healthcare

markets on far more equitable terms. Improved

cooperation on non-tariff barriers, customs facilitation,

and regulatory alignment will significantly reduce friction

for MSME exporters—where time, cost, and predictability

are decisive factors.”

But policies and FTAs take a long while to actually

materialise, more so one with a bloc of 27 countries. And

execution and interpretation challenges could slow down

implementation.

Take the US Biosecure Act for instance. When it was

first being discussed in 2024, India’s pharma companies

were upbeat that the Act might create a sweet spot for

India’s pharma contract development and manufacturing

organisations (CDMOs) as it proposed restricting US

government transactions with Chinese based pharma

CDMOs. However, the watered down version of the Act,

which was signed into law by President Trump on

December 18, 2025, diminishes the opportunity for India’s

CDMO segment. Contrary to initial speculation, the Act

does not name specific countries or companies on the

restricted list.

In a recent BNP Paribas India report, dated January

2026 Tausif Shaikh, pharma and healthcare analyst

referred to conversations with China-based CDMO, WuXi

Biologics, highlighting that the company secured 86 new

projects in 1H25, with over half coming from the US. WuXi

is also building new capacities in the US. Thus Shaikh

speculates that the earlier expectation of Indian companies

benefiting from the diversification of the supply chain from

China has now tapered due to the muted version of the

revised Biosecure Act. The Office of Management and

Budget (OMB) has to publish a list of “biotechnology

companies of concern” (BCC) within a year of enactment,

which is by December 2026, so that's the next tracking

point on this policy.

The tricky nature of trade negotiations, policy

formation and implementation keeps industry on

tenterhooks. But out of turmoil, could come the trigger for

really moving the needle beyond transactions to a new

global order built on mutual growth. Especially with the

hanging sword of the ongoing tariff war with the US. Let

us hope that the India-EU FTA lives up to these promises. 

India-EU FTA offers new hope

VIVEKA ROYCHOWDHURY, Editor

viveka.r@expressindia.com

viveka.roy3@gmail.com
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AI is reshaping pharma commercialisation, transforming how companies engage healthcare
professionals and deliver scientific content. Adam Lenkowsky, Chief Commercialization
Officer, Bristol Myers Squibb and Anvita Karara, Vice President, Worldwide Commercialization
Excellence, Bristol Myers Squibb, share how BMS is embedding AI and GenAI into its
commercial strategy, including the launch of its Mosaic Content Hub in India, and what lies
ahead, in an interview with Swati Rana

AI adoption in pharma

commercialisation is

accelerating globally. From

an industry  standpoint,

what key shifts are you

seeing today in how

companies engage

healthcare  professionals? 

Adam Lenkowsky:  The

future of commercialisation

is about meeting clinicians

and patients where they  are

– and doing so in meaningful

ways. We’re committed to

building trust and helping  to

arm them with data that will

drive better patient

outcomes. 

By collecting and

analysing data, we’re gaining

insights into patient

journeys,  identifying unmet

needs, and tailoring our

approach to ensure more

patients receive  the right

treatments at the right times. 

We’re evolving our

commercialisation strategies

to reach more patients who

can  benefit from our

medicines sooner.  

AI solutions are enabling

a new delivery model for

patients in a world where

classic  methods are no

longer as effective. Digital,

data-driven tools allow us to

predict, meet  and react to

customer needs in a more

tailored manner, craft

custom content and  drive

differentiated impact with

our medicines. 

BMS is preparing to

announce a major AI-led

commercial milestone.

How does this  initiative

position the company

differently in an

increasingly competitive

global  market? 

Anvita Karara: Bristol

Myers Squibb (BMS) is

committed to pioneering AI-

driven innovation in  pharma

commercialisation. We are

setting a new industry

benchmark for how

advanced technologies can

enhance decision-making,

accelerate operations, and

deliver tailored engagement

at scale, ultimately

transforming patient lives. 

BMS is proud to announce

the launch of a first of its

kind, end-to-end, Gen-AI

enabled Mosaic Content Hub

in Mumbai, India. This

innovative initiative will

accelerate Bristol Myers

Squibb’s commercialisation

through  enhanced digital

capabilities, which will

precisely identify healthcare

practitioners’ needs in real-

time, enabling rapid creation

of patient-centric content

that is timely and tailored. 

How AI and GenAI will

reshape medical content

delivery, enabling faster,

more precise,  and more

personalised information

for healthcare

professionals across

disease areas  like oncology,

cardiovascular disease,

immunology, and

hematology? 

Karara: The Mosaic Content

Hub enables BMS marketers

to efficiently produce and

deploy  tailored content,

allowing the company to

provide tailored marketing

materials  to customers and

ultimately, patients faster

and with greater impact.  

To date, the AI-powered

The Mosaic Content Hub has

been successfully piloted

across  three US brands—

Reblozyl, Camzyos, and

Cobenfy with plans to

onboard additional brands

and expand globally. 

India is becoming central

to global digital and

analytics strategies in

pharma. What role  does

India play in BMS’s current

AI transformation

journey? 

Lenkowsky: India will play

an essential role in powering

BMS to become the

industry’s fastest  growing

innovator. For more than 20

years, BMS has been

committed to the nation of

India, and this  continued

investment highlights our

belief in its future, with a

presence in Mumbai,

Bengaluru and Hyderabad.  

As we look toward 2026,

how does BMS plan to

further embed AI and

BMS is committed to pioneering AI-driven
innovation in  pharma commercialisation

Adam Lenkowsky Anvita Karara
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GenAI into its  commercial

and scientific engagement

models? 

Lenkowsky: End-to-end

digital transformation is

integral to all elements of our

business - From molecule

design to clinical trials and

beyond, AI can be applied

across our efforts to bring

more medicines to more

patients faster. 

Patients are at the center

of everything we do. We’re

leveraging AI-powered

analytics  and solutions to

transform how we deliver

medicines and outcome-

driven care. 

BMS is fostering a culture

of digital fluency and

equipping our entire

organisation with  the skills

and expertise necessary to

shape an AI-augmented

future. 

What are the biggest

challenges—technological,

organisational, or

regulatory—that  pharma

companies face while

scaling AI-driven

commercialisation? 

Karara: Traditional

commercial playbooks for

reaching clinicians and

patients are evolving  rapidly

in the AI era, especially post-

pandemic where classical

methods are less  effective.

That shift has pushed

pharma companies,

including BMS, to rethink

how we engage these

audiences on the platforms

they rely on, and to  do so in

ways that are both

meaningful and relevant. 

From a technology

perspective, one of the

biggest challenges is closing

the gap  between what AI can

do and how teams actually

use it in practical, day-to-day

ways. 

At BMS, this is

particularly critical for

commercial teams that

increasingly rely  on digital

channels to engage HCPs.

We’re investing in AI tools

and talent  development

initiatives to equip our teams

with the skills, resources,

and  insights they need to

thrive in an AI-enabled

environment.

Operationally, pharma

companies face the challenge

of identifying physicians’

educational needs in real

time and creating

personalised content at scale

- without  sacrificing quality

or speed.

To help address this, the

Mosaic Content Hub is

designed to accelerate BMS’s

global commercialisation

efforts by bringing creatives

and technologists  together

to leverage AI and modernise

how patient-centric content

is  developed and delivered at

scale. 

With multiple therapy

areas and growing data

complexity, how is AI

helping BMS deliver  more

relevant and timely

scientific information to

HCPs?

Karara: BMS is launching a

world-class Generative

AI–powered innovation hub

in Mumbai, the  Mosaic

Content Hub, setting a new

industry benchmark for AI-

enabled  commercialisation. 

The Mosaic Content Hub,

developed in collaboration

with Accenture, will change

the  way marketing content is

created, tailored, and

delivered to accelerate time

to  market and elevating

customer engagement and

patient care.  

By leading the adoption of

transformative AI solutions

and advancing digitally

enabled  experiences, BMS is

strengthening its position as

a pharma innovator,

deepening our commitment

to patients, and unlocking

new value through strategic

partnerships. 

How is BMS balancing

speed of innovation with

governance, compliance,

and human  oversight? 

Karara: Data privacy and

compliance are foundational

to our business practices.  All

AI-enabled processes within

the The Mosaic Content Hub

Content Hub adhere  strictly

to global and local data

regulations, including GDPR

and India’s data protection

laws. 

Our partnership with

Accenture ensures robust

data governance

frameworks, and all content

is generated with compliance

at top of mind to protect

provider information. 

What would be BMS's

outlook for 2026?

Lenkowsky: We are at a

pivotal moment, both as a

company and as an industry.

BMS’s science-powered and

patient-centric story is

accelerating, driven in part

by  transformational

advancements in Artificial

Intelligence and Machine

Learning  (AI/ML).  

We are strategically

leveraging and integrating AI

tools across BMS to unlock

efficiency, democratise

access to data, boost

productivity and enhance

decision making – all with the

goal of helping our global

workforce reinvent our

industry. 

Looking ahead, what key 

AI-driven trends will

define pharma

commercialisation in  India

and globally over the next

few years? 

Lenkowsky: The future of

pharma commercialisation

will be defined by meeting

healthcare  providers and

patients on the digital

platforms they rely on

most—and ensuring  those

engagements are relevant,

personalised, and impactful.

AI has the potential to

meaningfully evolve

interactions between

marketers and  clinicians,

enhance patient targeting so

the right patients receive

the right  treatments at the

right time, and expand

reach.

swati.rana@expressindia.com

swatirana.express@gmail.com

Traditional commercial playbooks for reaching
clinicians and patients are evolving  rapidly in the
AI era, especially post-pandemic where classical
methods are less  effective.That shift has pushed
pharma companies, including BMS, to rethink how
we engage these audiences on the platforms they
rely on, and to  do so in ways that are both
meaningful and relevant
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Quick commerce is reshaping pharma distribution.But the real transformation is happening deeper in
the supply chain.Uday Kadam,COO,API Holdings,Chief Business Officer (B2B) explains how data-
driven inventory,real-time visibility,and disciplined credit management are redefining availability and
efficiency across India’s pharma trade,in an exclsuive interview with Lakshmipriya Nair

Quick commerce has

changed delivery

expectations. What has it

changed deeper in the

pharma supply chain? 

Quick commerce didn’t just

make pharma delivery

faster—it shifted the supply

chain from distributor-led,

forecast-based systems to

hyperlocal, data-driven

platforms focused on

immediate patient needs

rather than operational

efficiency alone.

Where do medicine stock-

outs usually begin? At the

factory, the distributor or

the pharmacy?

For end consumers, most

stock-outs happen between

distributors and pharmacies.

Factory-level stock-outs for

high-demand products are

rare, except during API

shortages caused by

geopolitical or regulatory

issues.

These distributor-to-

pharmacy stock-outs are

usually due to poor demand

forecasting, credit limits that

restrict reordering, priority

given to high-volume

pharmacies, sudden seasonal

or outbreak-driven demand

spikes, limited shelf space at

pharmacies, and pharmacists

avoiding expiry risk.

Is faster last-mile delivery

enough, or is better

inventory planning the real

need?

It’s a mixed picture. Quick-

commerce players are rapidly

gaining share in acute, event-

based medicines, where

consumers prefer fast delivery

and don’t buy repeatedly.

However, chronic

medicines need careful

inventory planning. For these

planned, repeat purchases,

consumers are more price-

sensitive and tend to prefer

better value over faster last-

mile delivery.

Which parts of pharma

distribution still rely too

much on manual processes?

Many small and mid-sized

distributors still manage

inventory manually or

through basic spreadsheets

instead of modern WMS

systems. This results in

manual stock counts, poor

tracking of batches and expiry

dates, frequent stock errors,

and higher losses due to

overstocking, stockouts, and

expired products—driving up

operating costs.

Returned stock handling is

also largely manual. Returns

Quick-commerce players are rapidly gaining
share in acute, event-based medicines
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due to expiry, damage, or

recalls are sorted and

recorded by hand, with ad-hoc

decisions on resale versus

disposal and little system

integration. This increases

errors, slows reverse logistics,

and erodes margins.

How does real-time

inventory visibility help

distributors and

pharmacies work better

every day?

At Ascent, our proprietary

WMS gives us real-time

visibility into inventory

across all warehouses,

helping us make better

ordering decisions and

prevent stock losses

proactively rather than

relying on periodic audits.

For pharmacists, our

Retailio platform shows real-

time inventory availability,

allowing them to place orders

with confidence. With an

industry-leading line cut of

under 0.1 per cent, our

integrated WMS and OMS

ensure predictable, stress-free

replenishment for

pharmacies.

What makes expanding

pharma distribution in tier-

2 and tier-3 cities more

complex?

Distributors focus on capital

efficiency, and expanding into

Tier-2 and Tier-3 cities

requires much tighter control

over the product assortment.

Slower sales of long-tail

medicines can reduce returns

and increase inventory

carrying costs.

Expansion into these

markets also brings higher

credit risk, weaker recovery

rates, and lower operating

leverage, as average revenue

per pharmacy is lower—

making profitability and scale

harder to achieve.

Where is working capital

getting stuck in the pharma

trade today?

Credit and slow-moving

inventory are the two biggest

working-capital challenges in

the market. Pharmacists

typically receive interest-free

credit from multiple

distributors. In Tier-1 cities,

where no single distributor

has a dominant share,

pharmacies rotate between

these credit lines, which

increases receivable days for

all distributors.

Distributors often have to

accommodate this until they

reach sufficient scale and

operating leverage, stabilise

EBITDA, and can then tighten

credit terms by selectively

deciding who to extend credit

to and for how long.

Slow-moving inventory is

another major issue affecting

both pharmacies and

distributors. With the right

systems, slow-moving stock

can be identified early to

reduce its impact. At Ascent,

our WMS provides real-time

visibility into such inventory,

allowing us to proactively

liquidate stock at discounts or

use permitted sales returns to

manage working capital more

efficiently.

How is Ascent helping

pharmacies improve

availability while managing

credit and cash flow?

Ascent distributes medicines

to over 100,000 pharmacies

across 20 states in India.

Through our pharmacist-

facing platform, Retailio, we

deliver a best-in-class

experience built on

transparency, attractive deals,

and consistent service.

Retailio digitises critical

workflows across the

business cycle, helping

pharmacists operate with

confidence and trust.

Pharmacies benefit from real-

time expiry settlements,

complete order tracking,

transparent pass-through of

schemes, and full visibility

into payments.

Our cloud-based

proprietary WMS connects all

Ascent warehouses, enabling

pharmacies in any cluster to

order from two to three

warehouses on average. This

India-first capability gives

pharmacies access to a much

wider assortment while

allowing Ascent to maintain

industry-leading inventory

efficiency.

lakshmipriya.nair@expressindia.com 

laxmipriyanair@gmail.com 
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How has the year (2025)

been for Agilent in the

pharma sector?

Although we are nearing the

end of the calendar year, we

are at the start of our fiscal

year, as our fiscal closes in

October. From that

perspective, FY2025 has been

a fantastic year for us—not

just in terms of performance,

but also in terms of the

initiatives we have seeded to

fuel long-term growth in India.

We have made multiple

investments aimed at

accelerating innovation in

the country, and these are

paying off. We are seeing

robust growth across

pharma and biopharma,

driven largely by increased

investments in innovation.

Customers are shifting

toward high-value, complex

solutions that require

advanced technologies, and

we have focused our

investments on turning

technology into real

capabilities. This has helped

us expand market share and

capture the right

opportunities. As an

example, our recent

investments in the India

Solution Center and the

Biopharma Center are

strengthening our ability to

address evolving customer

needs. 

As we enter FY2026, we

see these growth drivers

continuing, and India is well

prepared to support this

momentum.

What major market trends

and challenges are you

observing in India’s life

sciences markets, and how

is the company addressing

them?

The Indian life sciences and

analytical market is evolving

faster than ever, driven by

strong macroeconomic

fundamentals and increased

technology adoption across

laboratories. Growth in

pharma and biopharma is

being driven by innovation

and increased investment in

R&D, while applied markets

are seeing growth through

lab modernisation and the

need for advanced analytical

capabilities.

At the same time, supply

chain resilience and the need

for faster innovation—

without compromising

quality—remain key

challenges. This is where

automation, digitalisation,

and integrated workflows

play a critical role. By

accelerating scientific

progress through these

approaches, we help labs

meet growing demands more

efficiently and reliably. Our

India Solution Center further

strengthens this by enabling

end-to-end workflow

demonstrations tailored to

local requirements.

What is Agilent’s long-term

strategy for the Indian

market, and how do recent

investments such as

solution centres support

this vision?

Our intent in India is very

clear—we are here to play the

long term. Innovation is at

the core of our strategy,

whether it’s product

innovation, capability

building, or solution

development. For India

specifically, localisation is a

major focus. Our investments

in FY2025 were aimed at

building local capabilities

while ensuring global-quality

standards.

The India Solutions

Center in Manesar, for

example, is a hub for strategic

innovation and enables us to

deliver tailored solutions

based on what Indian

customers actually need.

Similarly, the Biopharma

Center of Excellence in

Hyderabad allows customers

to experience real lab

scenarios, whether driven by

regulatory requirements or

technology adoption, before

they invest.

How important is R&D and

innovation to the company,

and how are you investing

in this area?

Innovation spans across

every part of our

organisation. We reinvest a

significant portion of our

earnings into research and

development. This has

resulted in the launch of

advanced products such as

our Infinity III LC systems

equipped with InfinityLab

Assist Technology, which

provides predictive feedback

and enhanced

automation.Infinity III

Advanced HPLC systems,

which are future-ready and

embedded with AI-driven

predictive capabilities.

We have also introduced

new LCMS platforms and

advanced consumables

designed to deliver more

reliable analysis. Beyond

products, our investments

extend to infrastructure

development, talent

acquisition, and digital

transformation. Innovation is

not just about products—it’s

about converting those

products into end-to-end

solutions for our customers.

What are the key growth

drivers for the pharma and

Nandakumar Kalathil, Country General Manager – India, Agilent Technologies, shares insights
into Agilent’s performance, strategic investments, and long-term vision for the Indian market.
He discusses key industry trends, the growing role of automation, digitalisation, and AI, and how
Agilent is strengthening local capabilities through solution centres, innovation hubs, and
sustainability-driven initiatives, in conversation with Swati Rana 

Automation, digitalisation, and integrated
workflows are redefining India’s life 
sciences landscape
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biopharma sectors today?

It’s no longer about a single

product—it’s about enabling

the workforce and

integrating end-to-end

workflows. Customers are

looking to automate and

optimize existing workflows

to improve productivity and

reliability. AI plays an

important role here, not as a

buzzword, but as an enabler

that helps manage data,

improve efficiency, and

accelerate scientific

outcomes.

GLP-1 therapies are gaining

significant momentum

globally. How is Agilent

contributing in this area,

particularly for the Indian

market?

GLP-1 represents a major

growth opportunity for

biopharma labs, and we have

proactively built the

capabilities required to

support this segment. We

offer complete end-to-end

workflows tailored to labs at

different stages—from early

adopters to mature facilities

that need compliance-ready

solutions.

Our approach combines

scientific solutions with

flexible business models,

ensuring startups can scale

quickly while advanced labs

can meet regulatory

expectations. The Biopharma

Center of Experience in

Hyderabad plays a critical

role by allowing customers to

access and experience these

workflows firsthand.

Several centres have been

launched in India recently.

How are these centres

enabling co-innovation,

localisation, and deeper

customer engagement?

In 2025, we made significant

investments to build

capabilities for Indian

customers. The India

Solutions Center enables

integrated workflows from

early research through

production and quality

testing. The Biopharma

Center of Experience serves

as an innovation hub for

advanced biopharma

solutions. We also

inaugurated the India

Refurbishment Center in

Manesar in December, which

delivers Certified Pre-Owned

instruments and supports a

circular economy through

trade-in, buyback, and

sustainable lifecycle

programs.

We also launched India’s

first Agilent Refurbishment

Center, which supports a

circular economy by

extending the life of

instruments while

maintaining global quality

standards. Alongside this, the

India Education Center

focuses on skill development,

hands-on training, and

competency building—for

both customers and our

internal teams.

Talent remains a major

challenge across the

industry. How is Agilent

addressing skill gaps

beyond internal initiatives?

Skill development is both a

challenge and an opportunity.

We work closely with

industry leaders, research

institutions, academia, and

regulators to advance skills

across the ecosystem.

Through initiatives such as

Agilent University, we offer

flexible, self-paced, and lab-

based training programs

tailored to different

competency levels.

As technology evolves,

skill enhancement will

remain an ongoing priority,

and we see it as a shared

responsibility to move the

ecosystem forward.

Our approach combines scientific solutions with
flexible business models, ensuring startups can
scale quickly while advanced labs can meet
regulatory expectations.The Biopharma Center of
Experience in Hyderabad plays a critical role by
allowing customers to access and experience
these workflows firsthand
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Sustainability is becoming

increasingly important

across industries. What role

does it play in Agilent’s

strategy?

Sustainability is embedded

into our overall strategy.

Several of our systems, such

as the 1290 Infinity III LC,

have earned sustainability

recognition under the ACT®

ecolabel program, and our

global refurbishment

programs support circular

economy principles.All our

newly launched products are

My Green certified, reflecting

built-in sustainability goals.

Our India Solution Center and

Biopharma Center of

Experience are also Ag-

certified labs, promoting

sustainable practices in daily

operations.

The India Refurbishment

Center further supports

sustainability by enabling a

circular economy—extending

product life cycles and making

advanced technologies more

accessible.

Can you share insights into

Agilent’s investment focus

in India and growth outlook?

Our investments in India are

customer-led. We invest

where our customers need

us—whether in technology,

capabilities, resources, or

geographic reach. All

investments are aligned with

global standards while

ensuring local accessibility.

These investments are

helping deepen customer

partnerships, which in turn

drives sustainable growth. We

are also transforming

internally to become more

market-centric and

responsive to evolving

customer needs.

What will be Agilent India’s

top priorities over the next

five years?

Our priorities remain focused

on innovation, localisation,

and customer partnerships.

We will continue expanding

infrastructure, workflow

capabilities, and

organisational strength. The

goal is to generate meaningful

outcomes—new solutions,

faster innovation, and deeper

collaboration with customers

across pharma, biopharma,

applied markets, and

advanced diagnostics.

How is Agilent

strengthening its presence

in advanced diagnostics?

We offer cutting-edge

technologies and solutions

that support next-generation

diagnostics and cancer

research. Our platforms are

empowering advanced

research and diagnostic

workflows, helping labs move

faster and deliver more

precise outcomes.

Looking ahead, how do you

see Agilent India’s growth

trajectory shaping up over

the next two years amid

evolving pharma and

biopharma demand?

Independent industry

forecasts indicate that India is

poised to remain the fastest-

growing instrumentation

market globally. We also see

companies in India

accelerating capital

investments to build local

manufacturing and analytical

capabilities. This shift is

creating sustained demand

for advanced analytical tools,

quality-control systems, and

bioprocess technologies

across the value chain.

Given these sectoral

tailwinds and India’s

continued infrastructure

investments, we expect India

to remain one of the most

dynamic and strategic growth

engines for Agilent globally.

Our focus will be on

deepening customer

partnerships, expanding local

capabilities, and delivering

lifecycle-driven solutions that

support India’s expanding

scientific and industrial

ecosystem.

swati.rana@expressindia.com

swatirana.express@gmail.com
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Advanced excipients: India’s gate to
high-value drug formulation
Excipients are becoming a strategic lever in India’s move toward high-value, globally competitive
drug formulations. Saransh Chaudhary, President – Global Critical Care,Venus Remedies and
CEO,Venus Medicine Research Centre (VMRC), explains why regulation and innovation are
pushing excipients to the forefront of pharma strategy

W
hen the Central

Drugs Standard

Control Organiza-

tion (CDSCO) revised Good

Manufacturing Practice

norms under Schedule M in

December 2023, it set in mo-

tion one of the most conse-

quential quality upgrades for

Indian pharma in recent

decades. By aligning Schedule

M more closely with WHO

GMP expectations, regulators

signalled that the era of mini-

mal compliance is over. Hun-

dreds of small and mid-sized

manufacturers that were long

accustomed to traditional

batch processes and straight-

forward generics now need to

modernise their facilities and

quality systems if they wish to

remain globally relevant.

At the same time, a quieter

but equally significant shift is

underway. The Drugs Rules

have been amended to require

manufacturers to disclose the

qualitative list of excipients on

labels under Rule 96, with ef-

fect from 31 March 2026. For

the first time, excipients are

moving from the background

to the foreground of regula-

tory scrutiny. Ingredients once

treated as passive “fillers” are

now central to how India will

be judged on transparency,

safety and quality.

In that sense, excipients

are no longer peripheral. They

are becoming one of the levers

that can shape India’s future

competitiveness in complex

formulations.
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Why excipients matter
more than ever
India’s excipient industry has

significant headroom to grow,

both in scale and sophistica-

tion. For years, formulators

have struggled with poorly

soluble active pharmaceutical

ingredients, sensitive biolog-

ics and the demands of modi-

fied-release dosage forms.

These challenges cannot be

solved by APIs alone. They 

require excipients that do

more than just bulk up a

tablet or stabilise a solution.

Across research centres

and development labs, scien-

tists are now examining intelli-

gent polymers, lipid-based sys-

tems and amorphous

stabilisers that can improve

solubility, protect fragile mole-

cules and control drug release

in very specific parts of the

body. Conferences hosted by

IPEC India, CPHI and aca-

demic institutions such as IISc

Bengaluru are increasingly de-

voted to topics like solubility

enhancement, stability im-

provement and patient adher-

ence, underscoring how excip-

ient science is moving closer to

the centre of formulation de-

sign.

Co-processed excipients are

a good example of this shift. By

combining the properties of

two or more materials into a

single engineered system, they

can improve compressibility,

flow and disintegration while

simplifying the manufacturing

process. For many Indian

generic manufacturers, co-

processed excipients offer a

relatively low barrier entry into

more sophisticated formulation

capabilities that would other-

wise require much larger in-

vestments.

Regulation as a catalyst,
not a constraint
The revised Schedule M guide-

lines, together with the broader

quality framework under ICH

Q8, Q9, Q10 and Q12, are re-

shaping how Indian manufac-

turers think about quality by

design. These expectations

come at an important moment.

India is increasing its focus on

complex injectables, biosimi-

lars and controlled-release

dosage forms, while also seek-

ing to reduce dependence on

critical excipients sourced

from outside the country.

Schemes such as Pharma Vi-

sion 2030 and the Production-

Linked Incentive programme

are encouraging investment

into higher-value products and

supporting the build-out of

more advanced manufacturing

infrastructure.

The new excipient labelling

mandate under Rule 96 adds

another layer of discipline. Re-

quiring the qualitative disclo-

sure of excipients on the inner-

most container for relevant

products is more than a la-

belling change. It improves

traceability, strengthens phar-

macovigilance and makes it

easier for regulators, pre-

scribers and patients to under-

stand what goes into a medi-

cine. Over time, this can help

build trust in Indian brands in

both domestic and export mar-

kets.

These policies also open

space for new types of players.

Start-ups, academic spin-outs

and incubation centres can be-

gin to focus on “pharma-ready”

excipients tailored for local

APIs, climate conditions and

therapeutic needs. If India can

develop and validate its own

portfolio of high-quality func-

tional excipients, it will not only

reduce import dependence but

also create an export opportu-

nity in a segment that has tra-

ditionally been dominated by a

few global suppliers.

The next frontier: Digital
and data-driven excipient
design
A parallel transformation is un-

folding in how excipients are

designed, screened and se-

lected. Advances in artificial in-

telligence and molecular mod-

elling are allowing researchers

to simulate drug–excipient in-

teractions before they ever

reach the lab bench. By using

predictive algorithms and in

silico screening, development

teams can narrow down candi-

dates, anticipate compatibility

issues and forecast stability

outcomes in a fraction of the

time that traditional trial-and-

error methods would take.

These tools will be espe-

cially important for continuous

manufacturing, where repro-

ducibility and tight process

control are essential. Data-

driven approaches can help en-

sure that excipient perform-

ance remains consistent across

batches and sites, reducing

variability and unplanned

costs.

For complex molecules such

as peptides, proteins and other

biologics, AI-assisted molecu-

lar design can also help identify

polymer and lipid systems that

protect against degradation or

aggregation. Coupled with ad-

vanced analytics, rheology

mapping and modern charac-

terisation techniques, this can

support the development of a

new generation of engineered

excipients that are designed

around specific therapeutic

and manufacturing needs

rather than adapted from

legacy materials.

The road ahead
India stands at a crossroads

where excipient innovation can

meaningfully reshape its posi-

tion in the global pharmavalue

chain. Moving from commod-

ity-grade materials to engi-

neered, functional excipients is

not just a scientific upgrade; it is

a strategic one. It underpins

manufacturing modernisation,

strengthens regulatory credi-

bility and opens new export av-

enues.

Over the next decade, as con-

tinuous manufacturing becomes

more common and biologics

gain a larger share of pipelines,

excipients will only grow in im-

portance. To realise this oppor-

tunity, large companies, smaller

manufacturers and early-stage

innovators will need to work in

the same direction: towards ad-

vanced materials, data-in-

formed formulation design and

alignment with international

quality expectations.

If India can combine regula-

tory reform, scientific capability

and purposeful investment, ad-

vanced excipients may well be-

come one of its most important

advantages in the next phase of

pharmaceutical growth.

Over the next decade, as continuous
manufacturing becomes more common and
biologics gain a larger share of pipelines,
excipients will only grow in importance.To realise
this opportunity, large companies, smaller
manufacturers and early-stage innovators will
need to work in the same direction: towards
advanced materials, data-informed formulation
design and alignment with international quality
expectations
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harmacy of the world, a

name that India has

earned through the pro-

vision of low-cost, quality

generics to patients geographi-

cally. India now produces close

to 20 per cent of the world’s

generic medicines and more

than 60 per cent of the demand

for vaccines worldwide. The

global healthcare landscape is

evolving with patients no

longer asking for affordable

drugs alone, but are seeking in-

novative biologics, biosimilars,

and personalised medicines.

The conversation is no

longer about India retaining

the position as one of the

world’s largest generics suppli-

ers; it is about establishing

leadership with nextgeneration

therapies and redefining access

to underserved therapeutic

categories.

Generics: The bedrock of
access
Generic medicines have revolu-

tionised the affordability of

healthcare globally. India’s

scale of production, regulatory

capacity, and low-cost supply

chains supported the global

spread of ARVs for HIV/AIDS

in Africa, oncology medicines

in Latin America, and critical

antibiotics in Asia as a few ex-

amples. 

But the generics business is

coming of age. Price erosion,

patent cliffs levelling out, and

increasing regulatory pres-

sures are compressing mar-

gins. India needs to approach

generics not as the end game

but as the springboard for in-

novation to continue playing its

role as the pharmacy of the

world.

Biosimilars: The next
frontier of access
Treatments using biologics

for oncology, autoimmune dis-

orders, and orphan diseases

amount to almost half of the

worldwide pharma market in

value. At these prices most

low- and middle-income na-

tions get excluded. Biosimi-

lars, the generics equivalent

for biologics, do provide a

great opportunity to expand

access across the board. India

is already a strong player in

this sector; it already has over

100 approved biosimilars and

has established global supply

capacity with players such as

Biocon, Dr. Reddy’s, Intas,

etc., With cost savings of

20–40 per cent relative to in-

novator biologics, Indian

biosimilars have the potential

to repeat the generics revolu-

tion on an even larger scale.

But there are challenges. The

manufacture of biosimilars re-

quires advanced biologics

manufacturing, clinical com-

parability trials, and credibil-

ity with regulators in the US

and EU. To lead the way here,

India will need to invest in ad-

vanced biologics facilities, de-

velop scientific sophistication

in cell line development, and

align regulatory norms with

the most stringent global

norms.

Precision medicine:
Beyond “one-size-fits-
all”
The future of medicine is in

personalising treatments to

the patient profile—genomics,

proteomics, and AI-driven in-

formation. Precision medicine

is no longer limited to aca-

demic laboratories; it’s about

bringing commercial pipelines

and treatment guidelines glob-

ally to India, thereby present-

ing this as both a challenge

and an opportunity.

The task is obvious: ad-

vanced R&D capacities, large-

scale biobanking, and assured

data governance remain em-

bryonic. The potential is

larger; India has unparalleled

genetic diversity, an acceler-

ant in its digitising healthcare

environment, and computa-

tional science cost advan-

tages. With the combination

of AI and biopharma produc-

tion and clinical studies, India

can bypass into:

● Strong regulatory ecosys-

tems – Need for establishing

strong regulatory ecosystem

(like USFDA, EMA, PMDA)

through voluntary compli-

ance, quicker DMF/CEP sub-

missions, and implementation

of global GMP/GDP best prac-

tices. Regulatory trust will be

the “currency” of biosimilar

and biologic acceptance. 

● Invest in biologics infra-

structure – Support

public–private partnerships

and incentives for cell culture

facilities, fermentation units,

and bioanalytical laboratories.

The Indian PLI schemes

should move toward complex

biologics as well. 

● Academia–industry link-

ages – Focus more on transla-

tional research centers where

all parties like universities,

startups, and the pharma indus-

try work together on biosimi-

lars, monoclonal antibodies, and

even on gene therapy.

● Leverage AI and digital

health – Utilise AI for predic-

tive compliance, supply-chain

optimisation, and precision

medicine R&D. India’s IT

backbone naturally enhances

its digital bio-pharma integra-

tion capabilities.

● Develop global market ac-

cess – In addition to the US

and the EU, we need to look at

Africa, Southeast Asia, and

Latin America. Countries

where demand for affordable

biosimilars and precision

therapies is escalating. It will

be important to partner with

local distributors, regulators,

and governments.

● Maintain talent develop-

ment – Specialised pro-

grammes in manufacturing of

biologics, regulatory affairs

and bioinformatics need to be

introduced in universities and

also scaled up to ensure the

workforce is future ready.

A new definition of 
accessibility
While the early writings in

the story of India’s pharma

journey was that of making

generics affordable, the next

chapter should be the one to

make innovative medicines

available. We don’t just need

low priced medicines, we

need access to therapies that

can alter the course of au-

toimmune conditions, rare

diseases and cancer. By build-

ing on its established

strengths India can redefine

medicine access for billions.

It will not only solidify our po-

sition as the pharmacy of the

world, but also advance our

position to become a global

health innovator.

Can Indian biosimilars and generics restate
accessibility in global underserved markets?
Hari Kiran Chereddi, MD & CEO – HRV Pharma & NHG Pharma highlights that India’s
success in generics is no longer enough, as the world now demands advanced biologics,
biosimilars, and personalised medicines. He further emphasises on the need for stronger
regulation, innovation, and investment so India can lead in next-generation therapies and
expand global access to cutting-edge healthcare
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With friendshoring gaining attention in global supply 
chain conversations, this story looks at what it could 
mean for the India pharma inc

By Neha Aathavale
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F
or decades, globalisa-

tion has shaped supply

chains around a single

organising principle: produce

where it is cheapest and most

efficient, and move goods

across borders at scale. But in

an increasingly fractured

world marked by geopolitical

tensions, trade restrictions

and policy-driven realign-

ments, that logic is quietly be-

ing reworked. Supply chains

are no longer evaluated solely

on cost and capacity, but in-

creasingly on trust, reliability

and political alignment. 

Friendshoring is gaining 

momentum, and the pharma 

industry is no exception.

However, the question is

whether it is emerging as a 

targeted risk management 

exercise or it represents a per-

manent shift away from global

supply networks. Equally 

important is how India is be-

ing positioned within this

framework by industry stake-

holders.

Setting the context
Friendshoring has moved

from a conceptual strategy to

an actionable consideration

for pharma companies as they 

reassess vulnerabilities in

their supply chains. Supply

chains are no longer evaluated

solely on cost efficiency; they

have direct implications for

patient access, regulatory

compliance, and operational

resilience. 

Nihar Medh, Global Head of

Supply Chain at Piramal

Pharma, says the pandemic

and geopolitical pressures “ex-

posed the fragility of highly

concentrated sourcing mod-

els, particularly for critical

APIs and key starting materi-

als.” He adds that today, “sup-

ply continuity, resilience, and

predictability carry equal

weight alongside cost effi-

ciency,” highlighting how risk

management has become as

important as cost considera-

tions.

However, rather than sig-

nalling a complete withdrawal

from global networks, friend-

shoring is being adopted as a

targeted approach. Compa-

nies are identifying these vul-

nerable points and diversify-

ing selectively. As Shrikant

Gade, Sr VP Procurement,

FDC notes, “Most pharma

companies are not wholesale

relocating entire supply

chains in the short term, given

capital intensity, regulatory

complexity and established

global networks. Instead,

friendshoring is being adopted

selectively—often focusing on

high-risk nodes such as API

production, critical packaging

materials, or essential drug

manufacturing where geopo-

litical risk or supply fragility is

greatest.” In practice, this

means focusing on areas of

critical risk while maintaining

the advantages of global effi-

ciencies elsewhere.

Regulatory alignment has

also emerged as a major factor

in choosing trusted geogra-

phies. Kaifeel Shaikh, VP - Do-

mestic Distribution & Global

Logistics–EXIM, Indoco

Remedies points out that com-

panies are prioritising coun-

tries with strong IP protec-

tions and harmonised

regulatory standards. He ex-

plains, “Aligning R&D and ad-

vanced manufacturing with

friendly nations with strong,

enforceable IP laws is a major

priority. Sourcing from coun-

tries with regulatory stan-

dards harmonised with the

FDA, EMA, or PMDA drasti-

cally reduces compliance risk

and accelerates time-to-mar-

ket.” Regulatory trust has be-

come central to decisions

about where critical produc-

tion occurs, rather than a

background consideration.

Operational efficiency and

responsiveness are also driv-

ing friendshoring. Diversified

regional supply chains can

shorten lead times, improve

responsiveness to demand

shifts, and reduce logistical

risks. Medh observes, “Re-

gionally diversified supply

chains improve lead times, in-

crease responsiveness to de-

mand shifts, and enable more

efficient inventory and logis-

tics management, while also

reducing the environmental

impact associated with long

distance transportation.” By

spreading operations across

reliable geographies, compa-

nies are building resilience

without abandoning the ad-

vantages of global production

networks.

Geopolitical tensions and

trade disruptions continue to

reinforce these shifts. Neeraj

India is increasingly being
viewed as a long term
strategic partner rather
than only a China+1 
alternative, even though
diversification initially
accelerated engagement

Nihar Medh
Global Head of Supply Chain,
Piramal Pharma

The pharma industry 
is undergoing a 
fundamental strategic 
re-structuring

Kaifeel Shaikh
Vice President - Domestic Distribution
& Global Logistics–EXIM,
Indoco Remedies

Adoption today tends to
be strategic and targeted
rather than sweeping,
with companies 
integrating friendshoring
principles as part of
broader diversification,
regionalisation and risk
mitigation efforts

Shrikant Gade
Senior Vice - President Procurement,
FDC Limited

Tariff and trade 
uncertainty is already
prompting companies to
change their production
plans and explore new
contracts to relocate
manufacturing 

Neeraj Bansal
Partner & Head, India Global,
KPMG India
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Bansal, Partner and Head, 

India Global, KPMG in India,

reiterates, “recent survey es-

timates show that pharma

supply chain challenges will

remain the most impactful in-

dustry trend over the next 12

months. This shift has been

accelerated by a fresh wave of

geopolitical disruptions, ex-

port controls and now even

tariffs and trade restrictions,

which are directly disrupting

supply chains.”

Pharma’s special case
While friendshoring strategy

is gaining momentum, it also

comes with its distinct set of

challenges. With pharma sup-

ply chains being tightly regu-

lated, and highly specialised.

Disruptions are not just opera-

tional, they can affect access

to essential medicines.

The sector’s complexity

makes selective risk manage-

ment essential. Shaikh high-

lights that pharma supply

chains are time-sensitive and

intricate, with many critical

components concentrated in a

few regions. He notes that the

areas of highest concern in-

clude “Active pharmaceutical

ingredients (APIs) and key

starting materials, sterile in-

jectables, biologics, mono-

clonal antibodies, vaccines,

cell and gene therapy, and cer-

tain specialty raw materials

and intermediates.” These

nodes are particularly vulnera-

ble because production capac-

ity is limited and alternatives

are scarce.

Beyond manufacturing

complexity, regulatory compli-

ance and quality standards

play a decisive role in sourcing

decisions. Gade points out that

global clients are increasingly

evaluating geographies based

on regulatory compliance, le-

gal reliability, IP protection,

governance transparency,

data access, and geopolitical

alignment. In pharma, even

minor lapses in regulatory ad-

herence can have outsized

consequences, making trusted

geographies non-negotiable

for critical products.

Operational factors add 

another layer of nuance. Medh

explains that regionally diver-

sified supply chains help com-

panies “improve lead times, 

increase responsiveness to 

demand shifts, and enable

more efficient inventory and

logistics management,” while

also mitigating environmental

impact. However, advanced 

intermediates, complex

chemistries, and high-com-

plexity manufacturing often

remain globally integrated, as

companies continue to rely on

established hubs where ex-

pertise, scale, and ecosystem

maturity are concentrated.

The high stakes also ex-

tend to data integrity and in-

tellectual property protec-

tion, particularly for biologics

and novel therapies. Shaikh

underscores that aligning

R&D and manufacturing with

nations that uphold strong IP

laws is critical. Clients expect

geographies where IP is re-

spected and data access is se-

cure, ensuring that innova-

tion and quality are

safeguarded throughout the

supply chain.

Taken together, these 

factors explain why pharma

companies approach friend-

shoring with caution. It is not

about replacing global net-

works but selectively enhanc-

ing resilience where risk is

highest.

This selective approach

raises the question of how 

companies define the geogra-

phies they can rely on most. 

Understanding what makes a

country “trusted” sheds light

on India’s evolving role in

global pharma supply chains.

What makes a geography
‘trusted’
As pharma companies evalu-

ate friendshoring strategies,

the concept of trusted geogra-

phies has become central to

decision-making. For global

clients, trust is multi-dimen-

sional, encompassing regula-

tory compliance, intellectual

property protection, opera-

tional transparency, data in-

tegrity, and geopolitical align-

ment. Medh explains,

“Trusted geographies com-

bine regulatory rigor, gover-

nance discipline, data trans-

parency, and geopolitical

stability to support depend-

able, long-term pharmaceuti-

cal supply partnerships.”

Regulatory alignment is 

often the starting point. Coun-

tries with consistent inspec-

tion outcomes, harmonised

standards with global regula-

tors, and a robust compliance 

culture are considered more 

reliable. Shaikh notes that

aligning R&D and manufac-

turing with nations that have

strong, enforceable IP laws

and regulatory standards

“drastically reduces compli-

ance risk and accelerates

time-to-market.” This ensures

that critical production re-

mains uninterrupted while

meeting global quality expec-

tations.

Geopolitical stability and

predictability are equally crit-

ical. Companies increasingly

avoid sourcing from regions

where political tensions or

trade restrictions could

threaten supply continuity.

Gade observes that clients

consider not only regulatory

and operational reliability but

also “alignment with US, EU,

and Japan-led trade and sanc-

tions regimes” and a low prob-

ability of forced supply redi-

rection during crises. These

considerations underpin

strategies such as dual sourc-

ing and China+1 diversifica-

tion.

India’s role in this land-

scape has grown beyond being

a fallback option. Medh points

out that the country is “in-

creasingly being viewed as a

long-term strategic partner

rather than only a China+1 al-

ternative,” thanks to its depth

in chemistry, manufacturing

capabilities, regulatory expe-

rience, and scale of execution.

Shaikh adds that India’s poli-

cies, robust pharma infra-

structure, and high number of

US FDA-approved plants sig-

nal reliability to global clients.

From a market perspec-

tive, Bansal notes that this

shift has created expanded op-

portunities for Indian manu-

facturers. He observes, “The

EU and the UAE are actively

strengthening pharma supply

chains and increasingly engag-

ing India as a trusted partner,

creating expanded opportuni-

ties for Indian API and formu-

lation manufacturers.” At the

same time, India’s dependence

on imported APIs, particularly

from China, underscores the

need for ongoing domestic ca-

pacity building to mitigate

risks and solidify its strategic

position.

In effect, India is transi-

tioning from a tactical diversi-

fication option into a critical

node in global pharma supply

chains. Companies are lever-

aging its regulatory maturity,

skilled workforce, and manu-

facturing scale to anchor es-

sential production while re-

taining flexibility elsewhere.

Trusted geographies like India

allow pharma companies to

combine resilience, compli-

ance, and speed in a world

where geopolitical and trade

uncertainties are increasingly

shaping strategic sourcing de-

cisions.

Sensitive nodes
Even within trusted geogra-

phies, pharma companies are

selective about which parts of

their supply chains are friend-

shored. The focus is on nodes

where disruption could have

the most immediate impact on

patient access, regulatory

compliance, or operational

continuity. Medh explains,

“Client concern is sharpest

where disruption directly

threatens access and patient

outreach. APIs and key start-

ing materials remain the most

sensitive, especially where

supply is geographically con-

centrated or alternatives are

limited.”

Sterile injectables, critical

for hospital medicines and

vaccines, are another priority,

alongside complex biologics

and biosimilars. Shaikh high-

lights that “monoclonal anti-

bodies, vaccines, cell and gene

therapy, and certain specialty

raw materials and intermedi-

ates” are high-risk areas due

to capacity scarcity and chem-

ical complexity. Cold-chain lo-

gistics also remain a vulnera-

bility, given the dependence on

specialised providers and

cross-border transport.

At the same time, not all

parts of the pharma supply

chain are being regionalised.

Finished dosage manufactur-

ing for small molecules, early-

stage R&D, and non-critical

raw materials often continue

to rely on globally integrated

networks. 

Operational and economic

considerations influence this

balance. Companies weigh the

● From cost to continuity: Pharma supply chains are being recalibrated to prioritise
reliability, regulatory trust and geopolitical alignment alongside cost.

● Selective, not sweeping: Friendshoring in pharma is emerging as a targeted risk-
management tool, focused on critical and vulnerable supply nodes rather than full-scale
relocation.

● Regulation shapes geography: Alignment with global regulators and strong IP frameworks
is increasingly influencing where advanced manufacturing and sourcing decisions land.

● Operational resilience matters: Shorter lead times, regional diversification and supply
predictability are becoming strategic advantages.

● Implications for India: As global pharma diversifies away from concentrated hubs, India’s
role is evolving from cost-efficient supplier to strategic manufacturing and supply partner.

AT A GLANCE
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benefits of resilience against

scale, cost, and capability

depth. Medh points out that

friendshoring “is a targeted

strategy focused on critical

vulnerabilities, balancing re-

silience with scale, capability

depth, and economics.” In

practice, this means that while

critical APIs, sterile injecta-

bles, and advanced intermedi-

ates are being regionalised or

dual-sourced, other compo-

nents and manufacturing

processes continue to leverage

established global hubs where

expertise and ecosystem ma-

turity are concentrated.

This selective approach

sets the stage for understand-

ing what capabilities global

clients now expect from In-

dian CDMOs, including scala-

ble capacity, regulatory readi-

ness, data security, and speed,

which will define India’s

strategic role in friendshored

supply chains.

CDMO test
With selective friendshoring

targeting high-risk nodes,

global pharma companies are

increasingly focused on the ca-

pabilities of contract develop-

ment and manufacturing or-

ganisations (CDMOs) in

trusted geographies. Indian

CDMOs, in particular, are un-

der spotlight for their ability

to deliver resilience, regula-

tory compliance, and opera-

tional agility across complex

supply chains.

Medh notes that clients are

seeking CDMOs that can 

combine multiple capabilities:

“In the wake of the Biosecure

Act, clients are asking Indian

CDMOs to strengthen capabil-

ities in a balanced way. Capac-

ity scale still matters, but with 

an emphasis on flexible and

modular capacity that can

adapt quickly without quality

trade offs.”

“Regulatory readiness 

remains fundamental, with 

expectations of constant in-

spection readiness, strong

quality systems, and confi-

dence across multiple regula-

tory regimes. Data security

and digital maturity are rising

priorities, covering data in-

tegrity, cybersecurity, and

controlled transparency,” he

adds. 

In essence, the expectation

is for CDMOs to deliver scale

with agility, compliance with

confidence, and speed with

discipline.

These requirements align

with the broader trend of risk-

aware global sourcing. Indian

CDMOs benefit from the coun-

try’s established regulatory in-

frastructure, skilled work-

force, and proven track record

in high-volume and complex

manufacturing, which collec-

tively support these client ex-

pectations.

At the same time, geopolit-

ical and trade uncertainties 

continue to influence plan-

ning. Bansal states that “tariff

and trade uncertainty is al-

ready prompting companies

to change their production

plans and explore new con-

tracts to relocate manufactur-

ing. CDMOs are reevaluating

reliance on China and increas-

ingly turning to nearshoring

and friendshoring for supply

chain security.” This is creat-

ing opportunities for Indian

manufacturers, particularly in

APIs, essential drugs, and

shortage-prone categories, as

companies look to diversify

and secure supply from reli-

able partners.

India’s positioning is evolv-

ing from a diversification op-

tion to a long-term strategic

partner. As Medh points out,

“Global clients see India as a

dependable base for high-qual-

ity APIs, intermediates, and

finished dosages, backed by a

strong regulatory track

record, skilled talent, and

proven global delivery.” Gov-

ernment incentives, such as

production-linked schemes,

and the country’s growing ca-

pabilities in complex biologics

and advanced therapies fur-

ther strengthen this narrative.

For Indian CDMOs, the 

challenge is balancing capac-

ity expansion, regulatory

readiness, and technology up-

grades with speed and flexibil-

ity. Companies that can meet

these multidimensional re-

quirements are positioned 

not only to serve existing 

markets but also to 

anchor new supply chain hubs

as global pharma navigates

friendshoring strategies.

India’s path forward
Selective friendshoring is 

reshaping how global pharma

views investment, policy, and

strategic partnerships. Com-

panies are increasingly priori-

tising reliability, regulatory

alignment, and political pre-

dictability over purely cost-

driven decisions. 

As Bansal observes, recent

geopolitical disruptions and

trade restrictions “have 

exposed critical vulnerabilities

in global drug supply chains, 

including overdependence on

concentrated production hubs

and the risk of shortages.”

For India, this creates 

opportunities to strengthen its

role beyond being a short-

term China+1 alternative. The

country is recognised for its

manufacturing depth, regula-

tory track record, and skilled

workforce, making it an at-

tractive partner for high-qual-

ity APIs, intermediates, and

finished dosages. Indian CD-

MOs, in particular, are ex-

pected to meet multidimen-

sional demands; scalable

production, regulatory readi-

ness, and operational 

flexibility, positioning them as

strategic anchors in global 

supply networks.

At the same time, India’s 

reliance on imports for nearly

70 per cent of its APIs high-

lights a critical vulnerability.

Bansal notes that reducing

this dependency and expand-

ing 

domestic API capacity will be

essential for securing both 

domestic supply and export

commitments. Policy incen-

tives, private sector invest-

ment, and innovation-led ini-

tiatives will play a decisive role

in consolidating India’s posi-

tion.

Beyond traditional US and

China linkages, global compa-

nies are increasingly looking

to Western Europe, Japan,

Korea, Singapore, and parts of

North America to build diver-

sified supply chains. This

opens avenues for India to

deepen collaborations while

helping create a more bal-

anced and resilient pharma

ecosystem.

In a world where trust, 

compliance, and capability

now define supply chain part-

nerships, India’s challenge will

be to translate its scale and 

regulatory strength into a 

permanent, long-term strate-

gic role. Building domestic ca-

pacity, fostering innovation,

and strengthening public-pri-

vate collaboration will deter-

mine whether the country be-

comes a cornerstone of

friendshored pharma supply

chains or remains primarily a

diversification fallback.

neha.aathavale@expressindia.com

nehaaathavale75@gmail.com
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PACKAGING

F
or decades, the food &

pharmaceutical indus-

tries have relied on pack-

aging to be the final, infallible

guardian of its products. Yet,

high-profile contamination

events and evolving global stan-

dards have exposed a critical

truth: the protector, if not metic-

ulously controlled, can become

the source of profound risk.

Achieving true compliance and

securing consumer safety de-

mands that the industry moves

beyond simply ticking regula-

tory boxes to embrace a proac-

tive, ‘Safe by Design’ philosophy

that starts with the chemistry of

packaging inks.

The fundamental expecta-

tion of pharmaceutical packag-

ing, be it a blister foil, a folding

carton, or a label, is to protect

the active pharmaceutical ingre-

dient (API) from external fac-

tors like moisture, light, and mi-

crobial ingress. Packaging is

basically the barrier against the

outside world.

However, the raw materials

used in packaging materials,

particularly printing inks, repre-

sent a significant, often unmon-

itored contamination pathway.

The chemicals from the inks, ap-

plied to the outer layer, can mi-

grate into the drug itself, com-

promising patient safety.

The Indian ink industry, 

especially in the absence of 

explicit, mandatory pharma-

specific guidelines for packaging

inks, has historically 

deployed several controversial

chemicals. These include:

● Toluene: A common solvent,

Toluene is classified as a CMR

(Carcinogenic, Mutagenic, or

Reprotoxic) Category 2 sub-

stance. While the Food Safety

and Standards Authority of In-

dia (FSSAI) and the Bureau of

Indian Standards (BIS) have

banned its use in food packaging

inks, its prevalence elsewhere

poses a critical cross-contamina-

tion risk that contradicts funda-

mental food and drug safety

principles.

● Mineral oils (MOAH/

MOSH): Components of mineral

oils, specifically the Aromatic

Hydrocarbons (MOAH), are

considered potential genotoxic

carcinogens that have been

widely documented to migrate

from packaging (especially recy-

cled board) into products. The

use of mineral oil-based inks un-

dermines the principle of provid-

ing a safe packaging material.

●Benzophenone and photoini-

tiators: These compounds are

essential for 

UV-curing inks, but their unre-

acted residues are highly prone

to migration. Benzophenone, in

particular, has repeatedly

haunted the pharma industry,

resulting in issues due to its dis-

covery in packaging component

where it can permeate the mate-

rial and contaminate the prod-

uct itself. 

These are only the most 

recognised threats. The future of

packaging safety is already un-

der threat from numerous other

chemicals, including:

● Per- and Polyfluoroalkyl

Substances (PFAS): Often used

for grease resistance, these "for-

ever chemicals" are facing global

bans due to extreme persistence

and health concerns.

● Synthetic dyes: Many syn-

thetic dyes contain aromatic

amines, which are linked to car-

cinogenicity and mutagenicity,

posing a quiet but severe risk

when used in primary or second-

ary packaging.

The cost of 
non-compliance
Packaging safety is no longer

just a technical issue; it is a busi-

ness imperative that impacts:

● Consumer safety and trust:

The ultimate failure is the 

patient/customer-level impact.

High-profile incidents, such as

the Sartan contamination

(where N-nitrosamine carcino-

gens were found in certain blood

pressure tablets, leading to mas-

sive global recalls) and the tragic

Diethylene Glycol (DEG) con-

tamination in 

Indian-made cough syrups,

obliterate consumer trust and

permanently scar brands and

nations.

● Perceived safety: Even the

fear of contamination can de-

stroy consumer confidence

overnight, especially when inter-

national scrutiny is involved.

● Indian exports and global

Image: When a product is 

recalled globally, it severely 

restricts international market

access, damaging India’s image

as a reliable global pharmacy

and threatening its export econ-

omy.

Pharma industry needs to
understand what is safe
packaging inks
Given the absence of a specific

mandate, the pharma Industry

must proactively define its 

requirements for packaging

safety. True safety begins with

understanding the core concept

of migration-optimised inks.

A migration-optimised ink is

far more than just "Toluene-free

ink”. It is a solution "Safe by De-

sign," meaning every single com-

ponent, from solvents, binders

and pigments to 

photoinitiators and additives,

has been carefully selected and

assessed to minimise the risk of

chemical transfer into the drug.

Key considerations for the

pharma industry must include:

1. Strict raw material selec-

tion: The supplier must adhere

to a positive list approach, where

only substances explicitly evalu-

ated for their migration limits

are used, following the highest

global standards.

2. Mitigation of non-intention-

ally added substances (NIAS):

NIAS are chemical compounds

that have not been intentionally

added to the packaging compo-

nent but may be present as im-

purities, reaction by-products,

or degradation products. A truly

safe ink supplier must have

stringent quality control and

supply chain transparency to

identify and mitigate NIAS for-

mation.

3. Debunking marketing gim-

micks: The industry should not

be misled by simple marketing

claims like “Toluene-free inks”

or “Mineral Oil-free inks.” 

The replacement of just one haz-

ardous chemical with an unveri-

fied or less-controlled 

alternative often results in “re-

grettable substitution,” where

the replacement chemical poses

a new, equally dangerous, or

even unknown risk. Safety is

about the careful selection of all

raw materials, not the mere re-

placement of one.

Addressing the regulatory
gaps
The pharma sector, unlike the

food industry, lacks specific, ded-

icated guidelines for printing

inks used on its packaging. This

regulatory absence creates a

dangerous scenario: Pharma

companies, whose core expert-

ise lies in drug formulation and

manufacturing, are inadver-

tently placed in the role of pack-

aging and ink safety experts - a

field where they inherently lack

deep knowledge.

The closest concept often

adopted by the pharma industry

as a best practice is the Food

Grade Ink concept, which in the

Indian context, translates to the

BIS Standard – IS 15495. While

adopting IS 15495 is a crucial

first step for domestic compli-

ance, it is fundamentally insuffi-

cient for global export markets.

For companies dealing with

exports, particularly in highly

regulated markets like the EU

and the US, a much higher 

degree of sensitivity and care is

required. These global markets

demand adherence to global

standards that rigorously con-

sider the chemical migration as-

pects. Therefore, companies

must adopt globally bench-

marked standards.

Securing the future of
pharma
The path to safeguarding the

pharma supply chain runs 

directly through the chemistry

of its packaging. The days of

treating packaging as a com-

modity are over. Pharma compa-

nies must recognise the inherent

risks associated with printing

inks and elevate their standards

to global best practices immedi-

ately. This vigilance requires

strong, knowledgeable partners

who not only possess the correct

know-how and expertise in mi-

gration concepts but also deeply

understand the complex, frag-

mented regulatory landscape

and, critically, operate with com-

plete transparency. 

The invisible threat: Why packaging inks are
the next major recall risk for pharma
Jatin Takkar, Head – Product Safety & Regulatory, Siegwerk India argues for a shift from
checkbox compliance to a 'safe-by-design' approach, starting with ink chemistry to protect
patients, brands, and India’s global pharma credibility
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MANUFACTURING

FACTORY OFTHE FUTURE
Intelligent, connected, sustainable  

As pharma manufacturing accelerates toward a digitally driven future, the industry is
redefining how quality, efficiency, compliance, and sustainability are achieved. From

Pharma 4.0 architectures and AI-powered automation to real-time quality assurance and
autonomous operations, data and intelligence are rapidly becoming the backbone of

modern manufacturing.Yet this transformation is not only about technology adoption—it
is equally about governance, skills, regulatory alignment, and human accountability.

Industry leaders from across the pharma value chain share their perspectives on how
automation, digitalisation, artificial intelligence, and process analytics are reshaping

manufacturing.They share their perspective on the evolution of digital architectures, the
growing role of AI and robotics, the shift from reactive to proactive quality systems through

PAT, the challenges of cybersecurity and workforce readiness, and the importance of
embedding trust, governance, and human oversight into advanced GMP environments.

P
harmaceutical manufac-

turing is undergoing a

profound transforma-

tion, evolving from traditional

manual and experience-based

operations toward data-driven,

intelligent systems empowered

by Artificial Intelligence (AI)

and advanced digital technolo-

gies. This shift, often referred

to as Pharma 4.0, integrates au-

tomation, real-time data ana-

lytics, and seamless connectiv-

ity to enhance efficiency,

quality, compliance, and sus-

tainability.

Digital Architecture
Framework
A robust Digital Architecture

Framework — commonly

aligned with the ISA-95 (Pur-

due Reference Model) — pro-

vides a hierarchical structure

for system integration. It typi-

cally comprises the following

layers:

● Level 1 – Equipment & Sens-

ing Layer Data generation at

the shop floor through Pro-

grammable Logic Controllers

(PLCs), IoT sensors, Process

Analytical Technology (PAT)

tools, balances, and other in-

strumentation.

● Level 2 – Control Systems

Layer Real-time process moni-

toring and control via Supervi-

sory Control and Data Acquisi-

tion (SCADA), Distributed

Control Systems (DCS), Build-

ing Management Systems

(BMS), and Environmental

Monitoring Systems (EMS).

● Level 3 – Manufacturing Ex-

ecution Layer Execution and

electronic recording of manu-

facturing processes through

Manufacturing Execution Sys-

tems (MES) and Electronic

Batch Recording (EBR).

● Level 4 – Business & Quality

Management Layer Integration

of quality, manufacturing, and

supply chain systems, includ-

ing Laboratory Information

Management Systems (LIMS),

Quality Management Systems

(QMS), Document Manage-

ment Systems (DMS), and En-

terprise Resource Planning

(ERP).

● Level 5 – Intelligence & Inte-

gration Layer Advanced ana-

lytics, AI/ML applications, data

lakes/warehouses, visualisation

tools, dashboards, and emerg-

ing technologies such as digital

twins.

The overarching vision of

this architecture is to create a

fully integrated, data-driven

manufacturing ecosystem. It

enables seamless information

flow from the shop floor to the

top floor (and vice versa), deliv-

ering real-time visibility, pre-

dictive quality assurance, and

accelerated, informed decision-

making.

Key elements of 
automation in pharma
manufacturing
Automation extends far beyond

isolated robotic applications,

encompassing system-wide

transformation through data

integration, AI, and human-

machine collaboration.

1. Advanced Robotics and

Collaborative Automation Ro-

botics represent one of the

most prominent trends in

pharmaceutical automation:

● Industrial Robots — Ideal

for high-precision, repetitive

tasks such as sorting, inspec-

tion, and packaging; these are

relatively straightforward to

implement.

● Collaborative Robots

(Cobots) — Designed for safe

human-robot interaction, they

excel in assembly lines and

pick-and-place operations.

● AI-Enabled Advanced Ro-

bots — Emerging solutions ca-

pable of independently manag-

ing complex, variable tasks.

2. AI and Machine Learning

Integration AI extends au-

tomation into higher-value,

cognitive domains:

Building the digital backbone of Pharma 4.0 manufacturing

Sanjay Sharma, Senior VP & Head

Manufacturing Science and

Technology, Zydus

Pharmaceuticals
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● Predictive Analytics and

Quality Control — Sophisti-

cated algorithms analyse his-

torical and real-time machine

data to detect anomalies, pre-

dict deviations, and recom-

mend proactive interventions

— significantly reducing batch

failures.

Autonomous Process Con-

trol — By establishing "golden

batch" profiles from historical

data, advanced process control

systems can automatically ad-

just Critical Process Parame-

ters (CPPs) in real time 

to maintain optimal process

conditions.

Phased adoption strategy
The adoption of these technolo-

gies follows a risk-based ap-

proach, prioritising areas with

lower patient risk, mature solu-

tions, and strong regulatory

alignment.

● Warehouse operations —

First to achieve high levels of

autonomy due to their logisti-

cal nature (material movement,

storage, and inventory manage-

ment). Proven technologies in-

clude Automated Storage and

Retrieval Systems (AS/RS),

Automated Guided Vehicles

(AGVs)/Autonomous Mobile

Robots (AMRs), RFID/barcode

systems, and AI-driven de-

mand forecasting. Many large-

scale pharmaceutical facilities

have already implemented fully

autonomous warehousing.

● Packaging operations —

Next in priority, particularly

secondary packaging, which is

highly repetitive and struc-

tured. With advanced robotics

and vision systems, both pri-

mary and secondary packaging

lines are progressing toward

lights-out (minimal human in-

tervention) operations.

● Core manufacturing

processes — Focus shifts to

continuous processing, sup-

ported by PAT, real-time ad-

vanced data analytics, and au-

tonomous control systems.

This approach has received

strong encouragement from

global regulators (e.g., FDA and

EMA) for its potential to im-

prove consistency, reduce vari-

ability, and enhance quality.

In summary, modern au-

tomation in pharmaceutical

manufacturing transcends in-

dividual robots or isolated

tools. It represents a holistic,

system-wide evolution — un-

derpinned by robust digital in-

tegration, AI-driven intelli-

gence, and collaborative

human-machine workflows.

These advancements deliver

increased throughput, superior

product quality, enhanced regu-

latory compliance, greater op-

erational flexibility, and im-

proved sustainability,

positioning forward-thinking

organisations to meet the 

demands of an increasingly

complex and patient-centric 

industry.

T
he pharmaceutical and

biopharmaceutical in-

dustries are undergoing

a fundamental shift from tradi-

tional, end-product quality

testing toward real-time,

process-driven quality assur-

ance.  Moreover, regulators be-

lieve that the in- process test-

ing is done to verify that the

process is moving as designed

at various stages of manufac-

turing rather than testing the

quality of the product. Being

destructive testing, only statis-

tical analysis of any sample of a

batch is possible and if done at

the end stage, considerable

time, efforts & resources will

get wasted, in case of any fail-

ure. Thus, there is a major shift

happening in the industry

thought process. 

In the centre of this trans-

formation is Process Analytical

Technology (PAT)—a frame-

work that enables continuous

monitoring, automated control,

data-driven decision-making

and optimization of manufac-

turing processes. PAT plays a

critical role in enabling real-

time, autonomous quality as-

surance, reducing reliance on

manual interventions while im-

proving product consistency,

efficiency, quality, regulatory

compliance, and operational

excellence.

PAT integration: Various PAT

tools are available in the mar-

ket which can be integrated in

line or online with the process

equipment to chart the course

of manufacturing process. This

integration allows manufactur-

ers to understand process be-

haviour as it happens, forming

the foundation for autonomous

quality assurance.

● Advanced sensors and analy-

sers (e.g., NIR, Raman, mass

spectrometry)

● Multivariate data analysis

(MVDA) and chemometrics

● Automation and control sys-

tems

● Data management and real-

time analytics

Through real-time meas-

urement of CPPs and CQAs;

PAT proactively enables au-

tonomous quality systems that

operate with minimal human

oversight.

● Immediate detection of

process deviations

● Real-time corrective actions

before product quality is com-

promised

● Reduced batch failures and

rework

Regulatory agencies, includ-

ing the FDA and EMA, actively

encourage PAT adoption as

part of modern pharmaceutical

manufacturing. PAT supports

compliance by:

● Providing traceable, high-fre-

quency data for audits and in-

vestigations

● Reducing operator-depend-

ent variability and manual er-

rors

● Enabling real-time release

testing (RTRT) by demonstrat-

ing process control

By shifting from retrospec-

tive analysis to real-time in-

sight, PAT eliminates delays

between production and qual-

ity decisions, a prerequisite for

autonomous operations and

helps in real time release of

batches.

PAT is especially critical for

continuous manufacturing,

where traditional batch testing

is impractical. In these environ-

ments, PAT ensures uninter-

rupted quality monitoring and

rapid response to disturbances.

In essence, PAT transforms

quality assurance from a reac-

tive checkpoint into an intelli-

gent, self-regulating system—

unlocking the future of

autonomous manufacturing.

Although digitalisation and

automation are not something

very recent with two of the

leading Indian companies hav-

ing their plants certified as

Light Houses by World Eco-

nomic Forum, however it will

not be incorrect to say that

most of the organisations are

still work in progress. Every-

one wants to be there but lacks

clarity & vision. The road map

for creating an autonomous

system is yet to be prepared in

most of the organisation. Some

of the organisations have

started going for Digital Matu-

rity assessment and initiated

actions accordingly to fill up

the gaps.

Having said that, pharma

professionals/ work force with

desired skills are mostly un-

available with most of the lead-

ership believing that some sort

of skill development training is

required in this aspect. 

With the rise of AI adoption,

people having knowledge of

various levels of AI, its capabil-

ity & usage on the shopfloor are

needed across the entire

pharma ecosystem. Operators

& shopfloor managers will have

to deal in digital processes, the

kind of reports they need from

the massive data being

churned so as to be meaningful

and provide course correction

or action plan. They will need

more digital analytical skills

and knowledge of terminology

used in the digital ecosystem to

adapt and be an agile practi-

tioner. 

There exists a huge gap in

supply vs demand of workforce

for managing autonomous sys-

tems and strong need by the

pharma academia to include

this in their curriculum and

start Digital Academies for

Pharma professionals.

From end-product testing to real-time quality: The rise of 
PAT-driven manufacturing

Naresh Gaur, Executive VP,

Operations, Stallion Laboratories 

By shifting from retrospective analysis to real-
time insight, PAT eliminates delays between
production and quality decisions, a prerequisite
for autonomous operations and helps in real time
release of batches
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P
ackaging and manufac-

turing are distinct areas,

but both offer significant

opportunities for automation—

particularly in packaging,

where repetitive tasks such as

packing, palletising, sealing, and

labeling can be handled faster,

smarter, and in more sustain-

able ways. Automation enables

high-speed operations with

greater throughput, quicker

changeovers, and optimised use

of materials during setup and

transitions, directly improving

operational efficiency.

A key advantage of automa-

tion is real-time monitoring,

which significantly reduces er-

rors while enhancing quality,

compliance, and traceability. By

maintaining consistency at high

speeds, automation eliminates

the variability associated with

manual processes. Advanced

online inspection systems

equipped with high-resolution

cameras continuously monitor

operations, enabling early de-

fect detection, waste reduction,

and improved product quality.

Automation also plays a crit-

ical role in regulatory compli-

ance. By minimising risks such

as mislabeling, cross-labeling,

or the use of incorrect or mixed

labels, automated systems help

prevent regulatory violations,

product recalls, and market

losses. This not only protects

manufacturers but also

strengthens trust in the prod-

uct and the brand.

The value of automation lies

in a combination of speed, ac-

curacy, cost efficiency, and flex-

ibility—each closely linked to

the other. Increased speed

drives higher productivity,

while accuracy enhances qual-

ity and compliance. Cost effi-

ciencies make products more

affordable for consumers while

improving profitability for

manufacturers. Flexibility al-

lows rapid adaptation to prod-

uct variations and changing

market requirements.

Automation has also trans-

formed the role of MS&T (Man-

ufacturing Science and Tech-

nology) teams, especially in

packaging scale-up and tech-

nology transfer. Traditionally

serving as the bridge between

R&D and commercial manufac-

turing, MS&T teams have

evolved into more data-driven,

proactive, and digitally inte-

grated functions. Today, they

leverage automation and data

analytics to model scale-up sce-

narios, simulate packaging

processes before physical trans-

fer, and reduce dependence on

manual trial-and-error ap-

proaches.

Standardised automated

workflows make it easier to

replicate processes across sites

and product lines, significantly

reducing the risk of failures

during scale-up. Importantly,

automation and data-driven in-

sights help minimise the num-

ber of actual scale-up batches

required—delivering substan-

tial cost savings, particularly

when working with high-value

or costly APIs.

Automation in packaging: Driving consistency, compliance, and
scalable manufacturing

Bhagwan Pandhare,

MS&T - Packaging Development,

Alembic Pharmaceuticals

O
ver the next three to

five years, AI-driven

quality intelligence

combined with predictive ana-

lytics is expected to have the

most significant impact on

pharmaceutical manufactur-

ing. These technologies are

maturing rapidly and are al-

ready delivering measurable

returns on investment, often

faster than robotics or digital

twins. Across the industry, dig-

ital strategies are moving away

from reactive control toward

predictive management—

leveraging historical and real-

time data to anticipate quality

deviations and process drift

before issues arise.

What makes this combina-

tion particularly powerful is

its scalability. AI models can

be built on existing data infra-

structures such as MES, e-

logs, LIMS, and historian sys-

tems without requiring major

capital investments or plant

redesigns. Digital twins, while

promising, rely heavily on the

maturity of predictive models

and robust data foundations

and are likely to follow once

organisations achieve deeper

data-driven process under-

standing. Robotics and au-

tonomous mobile robots

(AMRs) are also advancing,

though adoption remains

slower due to validation com-

plexities and high integration

costs. That said, robotics inte-

grated with AI is emerging as

a key enabler for “dark facto-

ries” in pharma, an area

where a few organisations

have already begun making

progress.

As manufacturing environ-

ments become more au-

tonomous and intercon-

nected, cybersecurity has

emerged as a critical pillar of

operational trust. The most

significant risks lie at the con-

vergence of operational tech-

nology (OT) and information

technology (IT), where manu-

facturing equipment, MES

platforms, and cloud-based

analytics systems interact.

Recent ransomware incidents

targeting utilities, HVAC sys-

tems, and isolators have ex-

posed vulnerabilities on pro-

duction floors when digital

defenses fail to keep pace with

connectivity.

The increasing use of AI

introduces additional risks re-

lated to model integrity and

data provenance. Since model

outputs directly influence

product quality and compli-

ance, any tampering with AI

models, critical process pa-

rameter data, or audit trails

could lead to regulatory non-

compliance or even product

recalls. Ensuring secure, vali-

dated, and traceable data

flows is therefore becoming as

important as process control

itself.

Robotics and advanced

handling systems are also

transforming operations in

sterile and high-risk manufac-

turing environments. In re-

sponse to tighter regulatory

expectations, particularly un-

der EU Annex 1, robotic isola-

tors and automated material

transfers are increasingly es-

sential. By reducing human

intervention, these systems

significantly lower contamina-

tion risk and particle genera-

tion—areas under growing

regulatory scrutiny.

From a safety perspective,

robotics is redefining how po-

tent APIs and cytotoxic mate-

rials are handled. High-risk

tasks such as aseptic fill-finish

operations and material

transfer in toxic zones are

progressively being auto-

mated, improving operator

safety while delivering

greater process consistency

and repeatability.

Advances in process ana-

lytical technology (PAT) are

further enabling the shift

from reactive to proactive

quality control. Real-time

NIR, Raman, and imaging

sensors now provide continu-

ous visibility into manufactur-

ing processes, reducing re-

liance on end-batch testing.

For example, in oral solid

dosage manufacturing, online

blend uniformity analysis is

replacing intermittent offline

sampling, with PAT-based in-

sights determining process

endpoints instead of fixed

time assumptions. Similar

transitions are occurring in

tablet manufacturing, where

content uniformity testing is

increasingly supported—or

replaced—by PAT tools.

When combined with AI

and multivariate analytics,

PAT systems can predict de-

viations before they occur.

Seamless integration of PAT

data with MES, LIMS, and

batch review systems enables

manufacturers to move to-

ward continuous verification

and proactive quality over-

sight, fundamentally changing

how quality is managed across

the production lifecycle.

AI, predictive analytics, and the shift toward autonomous pharma operations

Anurag Chauhan, AGM,

Digitalisation & Automation,

Amneal Pharmaceuticals
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A
I and advanced analytics

are fundamentally re-

shaping how quality de-

cisions are made in regulated

manufacturing, but the question

is not whether we can trust au-

tomation of GMP frameworks —

it is how we design systems

where technology enhances

compliance without diluting ac-

countability.

For decades, GMP-driven

quality assurance has relied on

periodic checks, manual re-

views, and retrospective investi-

gations. Today, with real-time

data capture across equipment,

processes, and environments,

and with the advent of agentic

AI, a shift from reactive quality

management to predictive and

preventive quality intelligence is

now possible. Advanced analyt-

ics can identify subtle process

deviations long before they man-

ifest as non-conformances, flag

emerging risks in real time, and

recommend corrective actions

based on historical and contex-

tual data. This is not simply au-

tomation — it is a new layer of

decision intelligence that makes

quality systems more proactive,

consistent, and transparent.

However, GMP is ultimately

built on the principle of account-

ability. Regulators expect not

only that the right decisions are

made, but that there is traceabil-

ity of how and why those deci-

sions were made.

Archimedis Digital is at the

forefront of this transition in the

Indian pharma ecosystem, lever-

aging its AI-enabled compliance

stack to transform periodic com-

pliance into real-time assurance,

span vast and heterogeneous

datasets, and help organizations

align with an increasingly dy-

namic regulatory landscape. At

Archimedis Digital, we believe

that AI governance and Human-

in-the-Loop (HITL) are the most

fundamental requirements for

compliant implementation of

any advanced AI system in a

GMP environment. Organisa-

tions must invest in governance

frameworks that define how al-

gorithms are validated, how

models are monitored for drift,

and how audit trails are main-

tained. This ensures that every

AI-enabled decision is compliant

and meets regulatory expecta-

tions. In parallel, any agentic AI-

driven decision-making should

always be anchored by human

accountability through HITL.

The final sign-off by the Human-

In-The-Loop is not a 

limitation of technology, but a

necessary safeguard for ac-

countability and responsibility.

Technology adoption in this

space is still evolving, and trust

in AI-driven quality systems will

grow as the industry matures its

validation practices for digital

tools, much as it did for comput-

erised systems over the past two

decades. Those who succeed will

be the companies that embed

governance, explainability, and

human-accountability at every

level of AI-transformation.

Designing trustworthy AI for GMP: Balancing automation 
with accountability

Duraisamy Rajan Palani, Founder

& CEO, Archimedis Digital
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A
s a nation known for

generations as the

“Pharmacy of the

World,” India’s reputation was

based upon both manufacturing

capability and an established

system of generic drugs. How-

ever, the world of international

pharmaceuticals is undergoing

significant change. Post-pan-

demic economic growth,

changes in global geopolitics

due to the “China+1” model and

increasingly stringent interna-

tional regulation are shifting

supply chain management from

a basement function to a high-

level corporate concern. To

meet projections that have the

Indian pharma sector valued at

$130 billion by 2030, the indus-

try will need to evolve beyond

the traditional models of logis-

tics and move toward becoming

what Gartner calls an “Intelli-

gent Enterprise” driven by AI.

The geopolitical pivot:
Capitalising on China+1
India has an extraordinary

chance to grow by leveraging

the 'China+1' strategy—used by

multinational pharma compa-

nies that are looking for alterna-

tives to China as they create di-

versified sourcing and

manufacturing models. This will

require more than simply lower

labor costs: India’s pharma in-

dustry needs to develop a sup-

ply chain that matches the same

level of visibility and dependabil-

ity that can be found in the

global marketplace.

AI is a technology that can

close this gap. When India’s

pharma companies use AI-

based systems, they provide the

level of transparency required

by Western partner companies. 

Whether it is tracking active

pharma ingredients sourced in-

ternationally or providing a dig-

ital verification of quality and

consistency of final mile delivery

of a biologic product to a remote

village in India, AI creates the

digital handshake that ensures

the quality and consistency of

products produced in India,

making India the most attrac-

tive “plus one” in the global 

market.

Beyond spreadsheets:
Predictive demand 
forecasting
The Indian pharma market is

unique in its complexity with

fragmented market conditions

and more than sixty thousand

generic brands available to con-

sumers. Because of these condi-

tions, the “bullwhip” effect has

occurred historically, caused by

minor fluctuations in retail de-

mands that result in large, costly

fluctuations in both production

and inventory levels for the

company providing the product.

The traditional method of fore-

casting is no longer reliable be-

cause it has been based on his-

torical sales patterns and simple

spreadsheet calculations.

Machine learning (ML) of-

fers an alternative solution to

traditional methods of forecast-

ing. Algorithms used in ML are

capable of ingesting nontradi-

tional types of data including:

1. Epidemiological trends of

disease outbreaks 

2. Weather patterns to pre-

dict seasonal increases in respi-

ratory or tropical illnesses

3. Macroeconomic trends to

adjust for changes in consumer

purchasing power due to infla-

tion

Pharma companies using

predictive models instead of re-

active models can improve their

forecasting accuracy up to 95

per cent, which can ensure that

products reach customers at

the right location and at the

time of need when a surge oc-

curs, resulting in almost com-

plete elimination of two major

problems faced by all pharma

companies: stock-outs and ex-

pired inventory.

Precision at scale: 
ML-driven inventory
optimisation
The logistics of the pharma in-

dustry is limited by only two

things: tight profit margins and

strict expiration dates (shelf

lives). Because of the need to

store pharma inventory in a

highly controlled environment,

the inventory holding costs for

pharma inventory are much

higher than for typical retail in-

ventory. As a result, the “mid-

dle-mile” is transforming to be

more efficient by using AI-

driven smart warehousing.

Unlike traditional warehous-

ing, which often experiences

“dwell time,” (the amount of

time a product spends idle), AI

is used to eliminate dwell time

through dynamic slotting and

picking. The AI analyses the

real-time demand signals and

uses them to automatically de-

termine the best place to put

high velocity or sensitive items

(such as biologics) to pick at the

most opportune time possible.

This limits the number of times

that an item is physically han-

dled and ensures that items

with the shortest expiration

date will flow quickly through

the warehouse, thereby limiting

the opportunity for the item to

expire.Beyond the walls of the

warehouse, AI allows for dy-

namic rebalancing to take place

nationally. Because India is

made up of many different

states, stock shortages and sur-

pluses occur regularly. For ex-

ample, if an AI platform verifies

there is an overstock of a partic-

ular antibiotic in a warehouse

located in Maharashtra and de-

termines there will be a short-

age of that same antibiotic in a

warehouse located in Kar-

nataka, it can autonomously is-

sue a transfer order to redistrib-

ute the excess to the area

experiencing a shortage.

As a result of the real-time

rebalancing of stock that takes

place between warehouses in

each state, the supply chain be-

comes a fluid, responsive sys-

tem rather than a collection of

separate silos. Pharma compa-

nies can also reduce the amount

of capital being held in “safety

stock” and assure that life-sav-

ing medications are available

when they are needed, long be-

fore a crisis arises.

The cold chain frontier: IoT
and AI integration
Because of India’s tropically

warm environment, maintain-

ing the “golden mean” tempera-

ture for vaccines and other spe-

cialised biologic drugs has been

notoriously challenging. This is

why most of the total lost value

occurs during the cold chain

process. Traditional data log-

gers are merely recording de-

vices that report on a failure

once it has occurred; however,

with the integration of AI and

Smarter supply chains for a healthier India
Kishan Kumar, MBA Graduate Student, Southern Connecticut State University, US points out
that India’s pharma future will be decided as much by logistics as by manufacturing. He explains
how AI-enabled, intelligent supply chains can make India a more reliable and trusted global
pharma partner

Figure 1: The AI Digital Handshake. The illustration shows how AI-based transparency systems and digital veri-

fication methods help Indian pharmaceutical logistics companies fulfill Western global partners’ demanding

standards during the “China+1” period
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the Internet of Things (IoT),

thermal integrity for vaccines

and biologic drugs is now evolv-

ing alongside proactive preven-

tative systems.

When utilising a continuous

flow of real-time data on tem-

perature, humidity and light ex-

posure, AI converts the cold

chain from a passive monitoring

mode to an active preventive

mode. As an example, AI can

recognise the slight vibration

patterns of a compressor in a re-

frigerated truck as indicative of

an impending mechanical fail-

ure. Once this information is

identified by the system, the sys-

tem alerts the driver to take ac-

tion to move the shipment to the

closest validated cold storage fa-

cility. The potential risk associ-

ated with the shipment has been

eliminated.

The sophistication of the

monitoring systems used in this

type of process culminates in a

comprehensive digital audit

trail. Although anecdotal assur-

ances may have been sufficient

in the past, global regulatory

bodies such as the US Food and

Drug Administration (FDA) and

the European Union Good Man-

ufacturing Practices (EU GMP)

require a data-driven based ap-

proach to ensure compliance

with environmental regulations.

A digital audit trail creates an

unalterable and verifiable

record of quality for each point

of contact in the supply chain.

Manufacturers can certify their

compliance with regulations;

make audit processes easier;

and, most importantly, they can

ensure that the efficacy of the

drug remains uncompromised

when going from the manufac-

turing site to the patient by

tracking the journey of the fin-

ished product back to the raw

materials used to create it.

The road ahead: Building
the intelligent enterprise
The implementation of AI in lo-

gistics operations requires more

than technological updates be-

cause it stands as a fundamen-

tal requirement for Indian

pharma leaders to achieve suc-

cess in the upcoming 10 years.

The future business model of In-

dian pharma leaders requires

them to establish AI as their

core operational foundation.

Organisations need to

achieve three critical develop-

ment stages to transform into

an “intelligent enterprise”:

1. Data democratisation: The

current obstacles that block

manufacturing from sharing

data with sales and logistics de-

partments need to be eliminated.

2. “Pilot scaling” refers to the

method that allows AI testing to

move from limited small-scale

research to complete organiza-

tion-wide implementation of AI

systems.

3. The talent upstreaming

program teaches logistics pro-

fessionals to work with automa-

tion systems through analytical

training, which enables them to

achieve effective system collabo-

ration.

To create a healthier India,

the intelligent capabilities of our

supply chains will determine

whether healthcare will be ac-

cessible to all citizens. The In-

dian pharma industry will main-

tain its position as the Pharmacy

of the World through AI imple-

mentation, which will also estab-

lish the nation as the world’s

leading technologically ad-

vanced and dependable partner.
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Figure 2: Illustration of traditional forecasting vs machine learning (ML): By analysing epidemiological and

weather patterns, AI can improve forecasting accuracy to 95 per cent, virtually eliminating stock-outs

Figure 3: Conceptual illustration that shows the shift from passive monitoring to active prevention. The com-

parison demonstrates that AI and IoT integration provides superior protection than basic data recording

because it enables real-time defense systems that stop system threats from happening

Whether it is tracking active pharma ingredients
sourced internationally or providing a digital
verification of quality and consistency of final mile
delivery of a biologic product to a remote village in
India,AI creates the digital handshake that
ensures the quality and consistency of products
produced in India
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I
ndia's pharma industry

has traditionally been

known as the ‘pharmacy of

the world,’ exporting cheap

generics and vaccines to the

world. However, over the last

few years, a sequence of dis-

ruptions ranging from border

shutdowns and raw material

supply disruptions to geopolit-

ical tensions and logistics con-

gestion have put the en-

durance of pharma supply

chains to the test. These set-

backs have transformed pro-

curement into a strategic

function that aims not just at

minimising costs but also at

managing risks, ensuring con-

tinuity, and long-term viability.

Challenges of 
procurement in uncertain
times
India's pharma supply chains

are highly reliant on imported

Active pharmaceutical ingre-

dients (APIs), especially from

China, covering almost 70 per

cent of demand. Global trans-

port disruptions, export re-

strictions, and price volatility

tend to equate into value chain

bottlenecks. The procurement

leaders now have to steer

through these uncertainties

and provide seamless supply

of life-saving drugs, ensure

compliance, and keep costs

under control.

Changes in procurement
strategy for enhanced
resilience
In order to create agility and

protect from disruptions, a

few significant changes have

been witnessed across the sec-

tor:

● Supplier diversification

and localisation: Indian com-

panies are cutting dependence

on one-country sourcing by di-

versifying to new geographies

and placing investments in do-

mestic production under the

Production Linked Incentive

(PLI) scheme, which has al-

ready backed the manufacture

of 35 priority APIs.

● Strategic supplier part-

nerships: Long-term supplier

collaboration is taking over

from transactional relation-

ships. Joint planning, common

risk assessments, and co-inno-

vation are becoming norms.

● Digital procurement and

visibility: Procurement teams

are implementing e-sourcing,

AI dashboards, and supply

chain control towers. Studies

indicate digital adoption

among Indian pharma is set to

grow at a 19.2 per cent CAGR

from 2024-2029, allowing for

improved forecasting and real-

time risk monitoring.

● Risk mapping and scenario

planning: Firms are stress-

testing supply chains by creat-

ing second- and third-tier sup-

plier maps, conducting

disruption scenarios, and

making contingency planning

for geopolitical and environ-

mental threats.

● Sustainability and compli-

ance: As international buyers

insist on ESG compliance, In-

dian pharma is integrating

sustainability into procure-

ment choices through more

sustainable packaging, ethical

sourcing, and tighter supplier

audits.

Industry examples from
India
1. Serum Institute of India di-

versified its supply base for

vials, stoppers, and cold-chain

logistics to prevent single

points of failure in mass-scale

vaccine manufacturing.

2. Dr Reddy's Laboratories ex-

pedited digital procurement,

with increased transparency

and responsiveness in pur-

chasing.

3. Sun Pharma made invest-

ments in backward integration

for key APIs, limiting depend-

ence on external vendors.

4. Cipla has integrated sus-

tainability into procurement

by implementing green pack-

aging and supplier ESG man-

dates.

The road ahead for 
pharma procurement
Procurement in the Indian

pharma industry has evolved

into a strategic function inte-

gral to decision-making. The

future will be shaped by flexi-

bility through diversified

sourcing and increased do-

mestic capacity, digital matu-

rity with predictive analytics

and AI-driven insights and

sustainable practices against

global ESG standards.

With 71.7 per cent of bulk

drug imports continuing to

originate from China in FY24,

becoming genuinely resilient

is still a work in progress, but

Indian companies are taking

tangible action to minimise

vulnerabilities and enhance

long-term competitiveness.

Building resilient pharma
supply chains
In a world characterised by

uncertainty, resilience is the

currency of trust. Procure-

ment in India's pharma indus-

try has become a strategic cat-

alyst for cost-effectiveness,

compliance, and supply chain

continuity. By instilling re-

silience in each sourcing ac-

tion, Indian pharma compa-

nies are poised to enhance

their position as predictable

global partners and protect

medicine security globally.

Procurement lessons from India’s pharma sector
Arjit Agarwal, Principal Consultant, Business Consulting, Nexdigm highlights that as pharma
supply chains navigate unprecedented disruption, procurement is emerging as a strategic lever
to build resilience, manage risk and safeguard global medicine supply
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- Electro polishing
- Piping Installation
- Orbital Welding
- Boroscopy
- Instrumentation & Automation

PURIFIED WATER / WFI
GENERATION SYSTEMS
PW/WFI DISTRIBUTION SYSTEMS
MCDP / PSG SYSTEMS
STORAGE / MIXING TANKS
WFI TANKS
HOSES, DRAIN TRAPS
SANITARY PUMPS

OFFERS

SERVICES

purewaterengineers3@gmail.com
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To Advertise in

Business Avenues

EEmmaaiill::  rajesh.bhatkal@expressindia.com

rbhatkal@gmail.com
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OsmoTECH® XT Single
- SampleMicro-Osmometer

Best-in-class osmolality performance,
designed with you in mind.

Now available!

HIGHLIGHTED FEATURES:

No. 127, Bussa Udyog Bhavan, Tokershi Jivraj Road, SewriWest, Mumbai-400015,

Maharashtra, Landline : +91 022 - 24166630 Mobile : +91 9833286615

Offers the widest range of osmolality testing (0 – 4000 mOsm/kg H2O)
Supports 21 CFR part 11, GMP and EU Annex 11 compliance
Meets Pharmacopeia osmolality testing guidelines
3 Level user access and password protection
Storage: unlimited data storage for access
Audit trail: Preserve unlimited results and events
Database backup, protects your data with automatic or manual backup
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K
ilian’s story tells of the

rise, fall and resurgence

of a Berlin company

steeped in tradition, which is

now based in Cologne. It is the

story of the entrepreneur Fritz

Kilian, who turned a small lock-

smith’s workshop in Berlin into

a successful company that is

still a leading manufacturer of

tablet presses today. It is the

story of a visionary whose

legacy has endured the test of

time and continues to this day.

In the beginning: the late
19th century
In a small locksmith’s work-

shop in the Lichtenberg district

of Berlin, 150 years ago, the

foundations were laid for the

tradition-steeped Romaco Kil-

ian company we see today. In

this workshop, which his father

had founded in 1875, the young

Friedrich Franz Otto Kilian

discovered his passion for engi-

neering. Following his appren-

ticeship as a mechanic, in 1886

the young man took over his fa-

ther’s business following the

latter’s untimely death, and de-

veloped a keen interest in com-

pression techniques.

Fritz Kilian was commis-

sioned by pharmacies in Berlin

to develop various compression

devices. These included a man-

ual spindle press for producing

pastilles, for which he obtained

his first patent in 1891. As his

next major goal, he devoted

himself to designing an auto-

matic tablet press. His proto-

type impressed the German

Imperial Military Administra-

tion, and this catapulted his or-

der book to a whole new level.

Fritz Kilian had now made a

name for himself as an entre-

preneur. He moved into new

premises and named his com-

pany the “Fabrik pharma-

ceutischer Maschinen und

Geräthschaften” (Factory of

Pharmaceutical Machines and

Apparatus). In 1898, he ob-

tained a patent for his univer-

sal press – the eccentric tablet

press 4D, in which printing of

the finished tablets was also in-

corporated.

Straight to the top
To cope with the rise in incom-

ing orders, Fritz Kilian estab-

lished new company premises

including residential quarters

in Berlin-Lichtenberg and, in

1899, began trading under the

name “Fritz Kilian Maschinen-

fabrik” (Fritz Kilian Machine

Factory). He chose a powder

mill bearing his initials as the

company logo, demonstrating

his expertise in the handling of

the raw materials involved in

tablet production – knowledge

that, even then, was critical for

end product quality. His cus-

tomer-focused, end-to-end ap-

proach and foresight as re-

gards the importance of

compressed products for vari-

ous industries were key to his

entrepreneurial success.

In 1905, a second factory

was built in Berlin-Hohen-

schönhausen, significantly ex-

panding Fritz Kilian’s produc-

tion capacity. This laid the

perfect groundwork for a mod-

ern company with a workforce

of over 100 and numerous

branches in other countries, in-

cluding in the U.S. and UK. At

the 1913 EXPO in Gent, Bel-

gium, he was awarded the

“Grand Prix” for his automated

machines for the production of

pharmaceutical products.

Throughout his long career, he

protected many of his inven-

tions with more than 60

patents. Up until his retirement

aged 74, the company contin-

ued to grow steadily in terms of

sales, profits and portfolio ex-

pansion. Fritz Kilian emerged

unscathed from the Wall Street

Crash in the late 1920s, in part

because the pharmaceutical in-

dustry was less affected by the

general downturn. The bitter

turning point only arrived with

the onset of the Second World

War.

Relentless decline
In 1940, Fritz Kilian stepped

back from active involvement

in the company and passed the

business on to his two sons,

Fritz and Hans. In retrospect,

this was the beginning of the

end. In 1941, Fritz Kilian Jr. was

killed when a bomb was

dropped on his night train to

Hanover, where he was heading

on business. A year later, in

1942, Fritz Kilian Sr. died of a

stroke at the age of 76.

His other son Hans Kilian

had taken over his father’s ma-

chine factory in the middle of

wartime and somehow man-

aged to keep the business go-

ing. The good news: the two

production plants in Hohen-

schönhausen and Lichtenberg

in Berlin survived the end of

the war virtually unscathed,

and Hans Kilian saw a realistic

chance of resuming full pro-

duction with most of the old

workforce. He had purposefully

decided against moving with

his family to Hamburg, thereby

sealing his fate.

In 1946, Hans Kilian was ar-

rested by the Soviet military

administration and initially de-

tained at the prison in Berlin-

Hohenschönhausen. From

there, he was transported to

the Special Camp Sachsen-

hausen near Oranienburg

where he is thought to have

died, in 1947 already, of tuber-

culosis. The reasons for his ar-

rest were never officially con-

firmed. His wife Eva then

managed to flee with their

three children to her mother’s

home in Delmenhorst.

After the sudden disappear-

ance of Managing Director

Hans Kilian, operations at the

Maschinenfabrik Fritz Kilian

finally ceased. Some employ-

ees, including Head of Produc-

tion Werner Rühe and Head of

Engineering Fritz Greter, man-

aged to flee to the Western Oc-

cupation Zone – carrying nu-

merous company documents

and format drawings with them

in their luggage.

150 years of Romaco Kilian: The story of an
East-West German company

Kilian nameplate bearing the styl-

ized powder mill logo

Company premises of the Fritz Kilian Maschinenfabrik in Berlin-

Hohenschönhausen, photo taken in 1922 Assembly workshop at the Kilian plant in Berlin-Hohenschönhausen

Kilian’s “Heinzelmännchen” – the

vintage “helpful elf” tablet press

from the year 1918

Company founder Fritz Kilian Sr. (first on the left, front row) with family

in 1914
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Resurgence in Cologne
In the same year that her

brother-in-law had died, the

widow of Fritz Kilian Jr. took

the initiative to rebuild the

company and, together with

Rühe and Greter, the two heads

of department who had also

fled the East, contacted the

heirs of Fritz Kilian Sr. They

soon found a production part-

ner, Strunk, and in 1948 the

newly founded Kilian & Co.

GmbH was set up in Ehrenfeld,

Cologne as the official repre-

sentative of the Maschinenfab-

rik Fritz Kilian.

Despite the war years, inter-

national demand for Kilian

products was as high as ever. A

huge need for spare parts and

services meant the company

overcame its initial teething

problems in its new setting and

launched the first fully en-

closed Kilian tablet press made

in Cologne onto the market in

1952.

Back on track for success
Kilian was back. In 1953,

wealthy English manufacturer

James Frank Marshall and his

wife – the widow of Fritz Kilian

Jr. – acquired a majority stake

in Kilian & Co. GmbH. At this

point, production was out-

sourced to the Schmidding-

Werke plant in the Niehl dis-

trict of Cologne. After

Marshall’s death, Kilian was fi-

nally sold in its entirety to

Schmidding-Werke in 1976 and

remained a privately owned

company until 2000. As there

were no suitable successors,

Kilian & Co. GmbH was then

sold to the Italian group IMA

S.p.A. Subsequently, Kilian was

part of the globally active IMA

Group for 13 years. During this

period, the company also

moved into the modern and

spacious company premises

and light-filled assembly work-

shop in Scarlettallee 11 in Niehl,

Cologne. The current owner,

Romaco, took over the tablet-

ing technology manufacturer

in 2013 and incorporated Kilian

in its Processing division.

Today, the successor models

to Fritz Kilian’s original tablet

press machines have joined the

portfolio of Romaco, a one stop

provider with technologies that

cover the entire process chain

for the manufacture and pack-

aging of pharmaceuticals and

non-pharmaceutical products.

Here, alongside processing ma-

chines from Innojet and tablet

coaters from Tecpharm, Kil-

ian’s tablet presses are in good

company. This seems to be in

keeping with the inventor’s in-

tentions. After all, Fritz Kilian

made a stylized powder mill his

company logo way back in 1899,

demonstrating – almost by the

by – his expertise in powder

processing.

Technical achievements
When the young Fritz Kilian

brought his first apparatuses

onto the market, he was by no

means the first. From the mid-

19th century, many manufac-

turers of tablet press machines

were already active in Europe

and the U.S., all trying to outdo

one another with their latest in-

ventions. It is therefore all the

more remarkable that, with his

inventions, the initially quite

penniless Fritz Kilian managed

to assert himself in this com-

petitive environment, and to

become one of the leading

tablet press suppliers of his

time. Today, Kilian is the oldest

still active manufacturer of

tableting technology in the

market.

Looking back, several of

Fritz Kilian’s technical achieve-

ments were groundbreaking

for modern tableting technol-

ogy, and these deserve a closer

look. In 1900, Kilian designed a

pair of compression rollers for

his rotary presses, so that the

compression force could be

generated by upper and lower

punches. The practice, still

common today, of pre-com-

pressing products before they

enter the main compression

unit, was developed by Kilian.

The company launched a press

with three filling stations for

multilayer tablets way back in

1908. The best-known rotary

tableting system from the early

Kilian years is probably the

“Heinzelmännchen”, named af-

ter the mythical helpful elves of

Cologne because of its user-

friendly design. And in 1919,

Kilian introduced the non-

wearing upper punch guide.

In the mid-1930s, Kilian’s in-

dustrial production of tab-in-

tab applications was another

pioneering invention that grew

in popularity after the war. At

this time, tablets were increas-

ingly becoming the method of

choice for taking antibiotics.

However, the core containing

the active ingredients needed

to be dry-coated to protect the

unstable substances and mask

the bitter taste of the medicine.

Kilian had set the standard for

the tab-in-tab production

process, which helped the com-

pany gain a foothold in Cologne

in the early 1950s and remain

an active player in the interna-

tional market until this day.

The modern successors to

Kilian technologies impres-

sively continue the legacy of

company founder Fritz Kilian:

on show at interpack in Düssel-

dorf, Germany (Hall 16, Booth

D22) from May 7 to 13, 2026.

Concluding remarks
This article is based on the

memoirs of Hans-Jürgen Kilian

(son of Hans Kilian and grand-

son of Fritz Kilian Sr.). The

memories endure, and so do

the stories they inspire.

Summary
Romaco Kilian looks back at its

150-year history. It all began in

1875, in a small locksmith’s

workshop in Berlin, where

Fritz Kilian built his first tablet

press machines. Major con-

tracts from the German Impe-

rial Military Administration

paved the way for the Fritz Kil-

ian Maschinenfabrik to become

a leading supplier of tableting

technology in just a few

decades, with over 100 employ-

ees and several branches

around the world. The inven-

tions of this visionary entrepre-

neur were protected by more

than 60 international patents.

Only World War II abruptly in-

terrupted the company’s suc-

cess story. The years between

1941 and 1947 saw the deaths of

both founder Fritz Kilian Sr.

and his two sons Fritz and

Hans, whom he had trained to

be his successors. The two fac-

tories in Berlin then ceased

their operations.

However, 1948 already her-

alded a new beginning in

Cologne, where Fritz Kilian’s

heirs and some of his closest

employees rebuilt the company

together with partners from

the industry. Global demand for

spare parts and services was

unwavering, which helped the

company to restore its business

relationships. The first tablet

press made in Cologne arrived

on the market in 1952, and Kil-

ian fought its way back onto the

winning track. Kilian was sold

to Schmidding-Werke in the

1970s, and remained in private

ownership until the turn of the

millennium. In 2000, the com-

pany became part of the Italian

IMA Group, until the tradition-

steeped company was acquired

by Romaco in 2013 to expand

its Processing division.

The world has inventor

Fritz Kilian to thank for several

trailblazing developments,

such as his design of the first

automatic rotary press, which

featured a pair of compression

rollers for generating compres-

sion force with upper and lower

punches. One of the best-

known models of the early Kil-

ian years was the “Heinzelmän-

nchen” – the user-friendly

“helpful elf” rotary tableting

system. Kilian also set the stan-

dard for the industrial produc-

tion of tab-in-tab tablets in

1935. With the widespread use

of antibiotics in tablet form

from the 1950s onwards, this

technology grew in importance

in the post-war years and se-

cured the financial status of

Kilian & Co. GmbH for the fu-

ture.

Romaco Group
Romaco is a leading interna-

tional supplier of processing

and packaging equipment spe-

cializing in engineering tech-

nologies for pharmaceutical

products. The Group provides

individual machines, lines and

turnkey solutions for manufac-

turing, filling and packing pow-

ders, granulates, pellets,

tablets, capsules, syringes, liq-

uids and medical devices. The

company also serves the food

and chemical industries.

Through its various technolo-

gies, Romaco is committed to

sustainable production and to

systematically reducing CO2

emissions.

The Romaco Group has its

headquarters in Karlsruhe

(Germany) and is part of the

Truking Group, a globally oper-

ating high-tech enterprise

based in Changsha (China).

Truking’s core competency is

handling and filling pharma-

ceutical liquids.

Romaco operates from six

production sites worldwide,

with a broad portfolio com-

prised of seven established

product brands. Noack and

Siebler (Karlsruhe, Germany)

supply blister, heat-sealing and

rigid tube filling machines. Ma-

cofar (Bologna, Italy) markets

technologies for filling sterile

and non-sterile powders and

liquids. Promatic (also

Bologna, Italy) specializes in

cartoners, track & trace sys-

tems and case packers. Kilian

(Cologne, Germany) is a lead-

ing manufacturer of tablet

presses. Innojet (Steinen, Ger-

many) is in the business of

granulating and coating fine

solid particles. Tecpharm

(Barcelona, Spain) offers tablet

coating technologies.

More than 930 highly skilled

and committed Romaco em-

ployees are dedicated to the de-

velopment of future product

technologies and to the contin-

uous implementation of inter-

nal improvement processes.

The Romaco Group’s multi-

brand system solutions are sold

worldwide through eight Sales

& Service Centers and a dense

network of local agent organi-

zations. Over 12,000 installa-

tions delivered by Romaco are

currently in use in more than

180 different countries.

For more information on 

Romaco, visit our website 

and social media channels:

www.romaco.com – Showroom –

LinkedIn – YouTube

Company contact
Susanne Silva

Market Communications

Romaco Group

Am Heegwald 11

76227 Karlsruhe

Germany

T +49 (0)721 4804 0

E susanne.silva@romaco.com

Press contact
Micha L. Harris

Senior PR Consultant

Carta GmbH

Iggelheimer Str. 26

67346 Speyer

Germany

T +49 (0)6232 100 111 20

E harris@carta.eu
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I
t’s always a pleasure to

share our expertise and

work experience with our

esteemed customers on inno-

vative vacuum automation so-

lutions. As someone who has

spent 18 years across automo-

tive vacuum automation appli-

cations, I’ve seen how small in-

novations can transform entire

industries. Today, one such in-

novation is reshaping Indian

manufacturing: Air-saving vac-

uum generators.

Walk into any automotive

supplier in India today and

you’ll hear the same refrain:

“Reduce Carbon footprints.”

The industry is under relent-

less pressure to reduce carbon

footprints, and every line must

deliver zero-defect quality. Yet

behind the scenes, many facto-

ries still rely on legacy vacuum

systems that quietly waste

70–90 per cent of compressed

air — the second-largest utility

cost in manufacturing. This

hidden inefficiency drains prof-

its, inflates energy bills, and un-

dermines sustainability goals.

Why air-saving matters
Compressed air is expensive.

Every cubic meter wasted is

money lost — and emissions

added. In fact, energy costs for

compressed air have risen

nearly 20 per cent in the past

three years. From Automotive

OEMs to their Tier I and II

supplier, that can mean lakhs of

rupees in avoidable expenses

annually.

Air-saving ejectors directly

tackle this challenge. By con-

suming air only when needed,

they cut energy costs by up to

90 per cent. But the benefits go

far beyond savings:

● Reliability in harsh Indian

conditions — no electronics to

fail during voltage dips or mon-

soon humidity.

● Zero-defect performance —

stable vacuum ensures consis-

tent quality, fewer rejects, and

lower warranty costs.

● Sustainability impact — each

line can reduce CO2 emissions

by over four tons annually,

equivalent to planting 700

trees.

This isn’t just about ma-

chines. It’s about enabling man-

ufacturers to stay competitive,

meet government incentives,

and align with global carbon

neutrality targets.

Industrial vacuum automa-

tion applications are depending

on compressed air supply.

Schmalz pneumatically and

electrically operated air saving

ejectors ensure 90 per cent

compressed air savings during

vacuum automation cycle time.

Result:

● Less compressed air usage

● Less electrical consumption

● Reduced carbon footprint

Automotive OEM’s produc-

tion process — Press Shop,

BIW (Body in White), paint

shop and assembly lines — ma-

jor vacuum automation com-

pressed air usage is at press

shop, BIW line and assembly

line. Schmalz ensures to pro-

vide right products to all the

vacuum automation applica-

tions, such as our 100 per cent

compressed saving ejectors –

100 per cent pneumatically and

electrically.

Real-world transformation
Consider an automotive

BIW (Body in White) line that

replaced its non-air saving ba-

sic ejectors with air saving

ejectors. The results were dra-

matic:

● Energy costs dropped from

`35,000 to `13,300 per month

— a 62 per cent reduction.

● ROI was achieved in just

seven months.

Across India, suppliers are

discovering that air-saving

ejectors don’t just cut costs —

they boost reliability and sus-

tainability. Once reserved for

high-volume OEMs, these sys-

tems are now accessible to

mid-tier suppliers, changing

the economics of small-batch

manufacturing. As I often say:

“Air-saving ejectors don’t just

save air — they change the eco-

nomics of manufacturing.

India’s Paris Agreement

commitments and OEM car-

bon neutrality targets make

sustainability a competitive ad-

vantage. A 10-line facility can

cut 43 tons of CO2 annually —

215 tons over five years — num-

bers that resonate with regula-

tors and customers alike.

Why act now
● OEMs demand aggressive

cost reductions by 2026

● Compressed air costs keep

rising

● Government PLI incentives

reward efficiency

Indian manufacturing

stands at a crossroads. Legacy

systems drain resources, while

air-saving ejectors offer a

proven path to lower costs,

higher reliability, and real sus-

tainability.

At Schmalz India, we invite

manufacturers to schedule a

free energy audit and trans-

form their lines into models of

efficiency and resilience.

Check out how we save com-

pressed air:

https://youtu.be/gIh8B7QQRmQ?

si=XankF9oWSGgse6xa

Contact

Schmalz India

Marketing Department

EL 38, J Block, MIDC, Bhosari,

Pune 411026

T: 020-69115500

marketing@schmalz.co.in

Beyond energy efficiency: Air-saving ejectors drive
sustainability and reduce global warming in industry

SXMPi series ejectors for Press Shop

Air Saving Solution at Glass Gluing station

Air saving ejectors solutions - SCPSi 15 M IMP, SMPi 25 IMP, SCPb 25,

SEAC 15 RP ECO series 

Rajesh Salunkhe, Industry Segment Manager – Schmalz India points out that sustainability in
manufacturing begins with fixing hidden inefficiencies on the shop floor. He shares how air-
saving vacuum ejectors are helping Indian manufacturers cut energy costs, reduce emissions
and stay globally competitive
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O
ptima India combines

global turnkey expertise

with localized engineer-

ing and service capabilities to

support India’s growing aseptic

manufacturing demand.

The Indian pharmaceutical

industry is undergoing a struc-

tural transformation. Rising in-

vestments in injectables, biolog-

ics, biosimilars and advanced

therapies are increasing de-

mand for high-performance

aseptic processing technologies.

At the same time, stricter regula-

tory expectations, operational

efficiency targets and faster

project timelines are driving

manufacturers toward inte-

grated production concepts. In

this environment, turnkey solu-

tions are gaining strategic im-

portance — particularly when

supported by strong local engi-

neering and service organiza-

tions.

OPTIMA packaging 

machines India Pvt. Ltd., a

wholly owned subsidiary of the

Optima Group, is addressing

this need by combining global

turnkey expertise with ex-

panded engineering and serv-

ice capabilities in India. The

company’s approach enables

pharmaceutical manufacturers

to accelerate project imple-

mentation while maintaining

high quality and compliance

standards.

Turnkey solutions in the
Indian pharma context
Turnkey solutions in pharma-

ceutical manufacturing refer to

the delivery of fully integrated,

pre-tested and qualified systems

from a single supplier. In aseptic

fill-and-finish applications, this

typically includes filling ma-

chines, isolators and freeze dry-

ers designed as one coordinated

functional unit. Compared to

conventional multi-vendor proj-

ects, this holistic approach re-

duces interface complexity, min-

imizes project risk and shortens

time-to-production.

For Indian manufacturers ex-

panding injectable and biologics

capacity, turnkey concepts offer

clear advantages. Integrated

system engineering ensures

compatibility across mechanical

components, automation plat-

forms and containment tech-

nologies. Pre-validation strate-

gies and standardized

qualification concepts simplify

regulatory compliance and com-

missioning — a critical factor in

time-sensitive market launches.

Digital engineering as a
foundation for integration
Digital engineering plays a cen-

tral role in modern turnkey proj-

ects. Simulation tools are used

early in the design phase to

model airflow behavior, temper-

ature distribution and deconta-

mination cycles using vaporized

hydrogen peroxide (VHP). These

simulations allow precise opti-

mization of isolator airflow pat-

terns and injector positioning to

meet regulatory requirements

such as EU GMP Annex 1.

The close correlation be-

tween simulation results and

physical smoke studies improves

design reliability and allows po-

tential risks to be identified be-

fore installation. This approach

enhances system stability, re-

duces costly on-site modifica-

tions and strengthens regulatory

conformity.

Expanding engineering
capabilities in India
While global engineering plat-

forms form the backbone of

turnkey delivery, strong local en-

gineering presence is essential

for efficient execution and long-

term customer support. Optima

India has significantly expanded

its engineering footprint with

the establishment of a dedicated

engineering services center in

Pune, one of India’s leading tech-

nology hubs.

The Pune facility supports

global engineering activities

while strengthening local project

coordination, application engi-

neering and documentation ca-

pabilities. Together with the

company’s headquarters in Ban-

galore and regional service loca-

tions, Optima India operates an

integrated sales, service and en-

gineering network.

By combining German engi-

neering standards with Indian

technical expertise, the com-

pany is building a localized

knowledge base that improves

responsiveness, enhances cus-

tomer proximity and supports

faster implementation of com-

plex turnkey projects.

In-house testing, qualifica-
tion and service readiness
Optima’s Comprehensive Scien-

tific Process Engineering

(CSPE) concept enables exten-

sive system testing and qualifi-

cation at the company’s global

facilities before delivery. This in-

cludes verification of safety cir-

cuits, isolator leak testing, au-

tomation validation and

integrated Factory Acceptance

Testing (iFAT). Qualification

documentation can be partially

leveraged at the customer site,

reducing validation workload

and accelerating commissioning.

After installation, Optima In-

dia’s trained service engineers

provide lifecycle support cover-

ing installation, qualification,

maintenance, operator training

and performance optimization.

Engineers undergo structured

training programs at Optima’s

global headquarters, ensuring

consistent service quality and

technical alignment.

The establishment of a dedi-

cated service hub in Ahmedabad

further strengthens regional

coverage and improves response

times. In parallel, Optima India

has expanded local spare parts

distribution and is developing re-

build and retrofit capabilities,

enabling customers to extend

equipment lifecycles and adapt

installed lines to evolving pro-

duction requirements.

Project coordination and
lifecycle partnership
Dedicated project management

is a key element of turnkey exe-

cution. Coordinated planning

across engineering, automation,

installation and service teams re-

duces interface risks and ensures

smooth project implementation

in cleanroom environments.

Structured operator training

programs — including on-site in-

struction, system-specific quali-

fication training and digital

learning modules — prepare

production teams for efficient

startup and stable long-term op-

eration. This integrated lifecycle

approach reflects Optima’s long-

term partnership strategy

rather than a purely transac-

tional equipment supply model.

As India’s pharmaceutical in-

dustry continues its shift toward

advanced therapies and high-

value injectables, demand for in-

tegrated, flexible and compliant

production platforms will con-

tinue to grow. Turnkey solutions

supported by strong local engi-

neering and service organiza-

tions are becoming a critical suc-

cess factor.

With more than a decade of

presence in India, expanding en-

gineering infrastructure and a

continuously growing service or-

ganization, Optima India is well

positioned to support this trans-

formation. By combining global

technology innovation with lo-

calized execution excellence, the

company is contributing to

faster project realization, im-

proved regulatory readiness and

sustainable manufacturing per-

formance in one of the world’s

most dynamic pharmaceutical

markets.

Turnkey competence with local execution: 
OPTIMA India strengthens integrated pharma solution
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I
n a significant boost to In-

dia's pharma sector, Lac-

tose India Limited (LIL) has

launched a new lineup of spe-

cialised lactose grades, marking

a pivotal advancement in the

country’s domestic production

capabilities. 

Established in 1991 and

headquartered along the  Vado-

dara-Ahmedabad Expressway

in Poicha, LIL is leveraging its

expansive state-of-the-art 5-

acre facility to deliver high-

value high performance lactose

products. This move not only

expands their product portfolio

but also aligns seamlessly with

the national vision of 'Atma

Nirbhar Bharat' (self-reliant In-

dia)  and 'Make in India', reduc-

ing the nation’s dependence on

imports for critical pharma ex-

cipients.  

In keeping with its commit-

ment to responsible growth,

Lactose India Limited’s focus

on sustainability drives opera-

tional excellence — through op-

timised energy-efficient

processes, reduced emissions,

conscious material sourcing,

waste-water recycling systems

to promote greener practices

across its product lifecycle.

Every batch reflects LIL’s holis-

tic belief that progress and en-

vironmental governance must

go hand in hand

Lactose India Limited, a

recognised leader in lactose

monohydrate production with

an installed  capacity of 12,000

metric tons per annum—is set

to double following a recent ac-

quisition—is a market leader

for its regular grades such as

200 Mesh, 125M, 450M, PHA,

DC2050,  DC60, 80M, 100M,

325M, and IMP variants in

milled and sieved forms. These

have served both domestic and

overseas markets effectively.

The introduction of spe-

cialised segments marks a

strategic evolution, targeting

niche applications in pharma,

including excipients, APIs, and

formulations—all housed

within a single campus featur-

ing dedicated  production

blocks, warehouses, and quality

assurance offices, ensuring

world class standards in every

batch. 

The new specialised
grades: Innovation meets
demand  
The newly constructed "Lac-

tose Specialty Segments" facil-

ity is designed to cater to regu-

lated  markets in India and

abroad. Samples for several

high-demand grades are now

available, with  select variants

undergoing stability studies to

ensure full compliance with

global pharmacopeial stan-

dards. 

Key launches include:  

● Spray dried lactose: De-

signed for direct compression

in tablet formulations, this

grade offers  superior flowability

and compressibility, making it a

preferred choice for high-speed

manufacturing processes.  

● Anhydrous lactose: Known

for its exceptional stability in

dry environments, this variant

is essential for  moisture-sensi-

tive formulations, enhancing

shelf life and efficacy in phar-

maceutical products.  

● Inhalation grades:

Engineered for respiratory

drug delivery systems, these

grades meet stringent  particle

size and purity specification,

supporting the growing de-

mand for inhalable medications

in treatments for asthma,

COPD, and other pulmonary

conditions and Specialised DPI

- Dry Powder Inhalations 

● Low endotoxin grades:

Critical for injectable and 

sensitive applications, these 

ensure  

Low endotoxins and TOC

minimal bacterial contamina-

tion, aligning with pharma-

copeial standards like USP and

EP to safeguard patient safety.  

● Homoeopathy grades (HP):

Specialised for homeopathic

remedies, providing extra-pure

lactose suitable for dilution

processes in alternative 

medicine. 

These grades are available

on demand, with LIL emphasis-

ing their importance as critical

import substitutes. Today, In-

dia's pharma industry relies

heavily on foreign suppliers for

such specialised lactose prod-

ucts, leading to vulnerabilities

in supply chains and higher

costs. 

Driving cost 
competitiveness and 
economic benefits 
By producing these grades lo-

cally, Lactose India Limited de-

livers more competitive pric-

ing, enhancing the

cost-effectiveness of pharma

formulations. This initiative di-

rectly contributes to foreign ex-

change conservation, as it re-

places 100 per cent imported

products, thereby reducing

currency outflows and bolster-

ing India's economic stability.

Reduced dependency on inter-

national markets mitigates

risks from global fluctuations,

ensuring consistent availability

and predictable pricing for do-

mestic buyers. 

The company's leadership

emphasises that this expansion

strengthens the overall product

portfolio, enabling "single-point

sourcing" for customers who

can now procure a wide range

of lactose grades from one

trusted Indian manufacturer.

With over three decades of

manufacturing expertise, 

Lactose India is positioned to

support the growth of local 

industries while fostering 

innovation and self-reliance. 

Lactose India Limited unveils new specialised grades:
Advancing self-reliant pharma manufacturing  
By producing these grades locally, Lactose India Limited delivers end-to-end reliability!
Strengthening India’s pharmaceutical backbone with high-performance, globally
benchmarked  lactose solutions
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H
igh-speed doors for

clean rooms are spe-

cialized industrial

doors essential for maintaining

controlled environments.

These doors are engineered to

be airtight, creating a reliable

barrier between different areas

of a facility. Their design en-

sures durability and minimal

maintenance, reducing the fre-

quency of repairs and replace-

ments.

High-speed clean room

doors offer a range of critical

benefits essential for maintain-

ing stringent environmental

control. These doors enhance

hygiene by providing an air-

tight seal that effectively iso-

lates clean room environments,

preventing the ingress of dust

and other contaminants. This

capability is especially crucial

in sectors such as pharmaceu-

ticals, biotechnology, and food

production, where maintaining

sterility is non-negotiable.

In the pharmaceutical and

life sciences industries, compli-

ance with rigorous regulatory

standards necessitates the

manufacture of products

within controlled clean room

environments. A high-perform-

ance clean room door is an in-

tegral component in ensuring

the integrity of these spaces,

safeguarding product quality

and patient safety.

Beyond contamination con-

trol, these doors are engi-

neered with advanced safety

mechanisms, including auto-

mated sensors and emergency

stop functions, which mitigate

the risk of operational hazards.

Moreover, high-speed clean

room doors are designed to

maintain precise overpressure

or under pressure conditions

within the environment. This is

vital for preventing cross-con-

tamination and ensuring that

the clean room remains in a

state of controlled integrity,

even under varying operational

demands.

Given the critical role these

doors play in maintaining the

purity and safety of highly spe-

cialized environments, select-

ing the appropriate door sys-

tem is a decision of strategic

importance.

Prime Clean Reset, our

high-speed door is designed

specifically for clean rooms.

This innovative solution is en-

gineered to meet the stringent

requirements of controlled envi-

ronments, ensuring excep-

tional performance and relia-

bility. Designed with precision

to meet the stringent require-

ments of controlled environ-

ments, Prime Clean Reset is

the epitome of performance

and reliability, ensuring that

your clean room operations

consistently meet the highest

standards of regulatory com-

pliance and product integrity.

Prime Clean Reset is suit-

able for clean rooms up to ISO

Class 5, offering an unparalleled

air permeability rate of less

than 12 m³/m² h at ? 50 Pa. This

ensures that even in the most

sensitive environments, the

door effectively maintains the

critical pressure differentials

required to prevent contamina-

tion, thereby safeguarding your

processes and products.

Engineered with cutting-

edge European technology and

innovative design principles,

Prime Clean Reset offers rapid

cycle times for both opening

and closing, making it the opti-

mal solution for medium to

large entrances in clean room

applications. The door's con-

struction is specifically tailored

to minimize air leakage and

particulate infiltration, ensur-

ing that it supports the rigor-

ous cleanliness standards nec-

essary for applications such as

pharmaceutical manufactur-

ing, semiconductor fabrication,

food processing, and other

highly specialized sectors.

With its robust design and

reliable performance, Prime

Clean Reset seamlessly inte-

grates into your clean room in-

frastructure, providing a criti-

cal barrier that preserves the

integrity of controlled environ-

ments. Whether you are oper-

ating in a pharmaceutical,

biotechnology, electronics, or

defence industry, Prime Clean

Reset offers the precision,

durability, and compliance

needed to maintain your com-

petitive edge in highly regu-

lated markets.

Key features of Gandhi Au-

tomations' High-Speed Clean

Room Doors include:

● Low Air Permeability: De-

signed to maintain low air per-

meability in pressurized rooms

with both positive and negative

air pressure.

● Compact Design: The doors

are designed to fit inside the

columns, with a self-supporting

construction that minimizes air

leakage.

● Customizable Trans-

parency: They can be

equipped with transparent

PVC horizontal sections or vi-

sion windows for visibility.

● Specialized Side Guides:

The special side guides ensure a

tight integration of the curtain,

providing high leak tightness.

● Efficient Operation: The

doors offer high efficiency and

low permeability values, com-

pliant with EN 12426 and EN

12427 standards, ensuring < 12

m³/m² h ? 50 PA.

● Durable Control Device En-

closure: The control device en-

closure is made of Stainless-

Steel SS 316, ensuring

durability and resistance to

corrosion.

These high-speed doors are

meticulously engineered to

minimize air leakage and main-

tain strict environmental con-

trol, making them indispensa-

ble for clean room operations.

Their rapid opening and clos-

ing operation ensure that the

internal facility remains iso-

lated from external conditions,

effectively upholding the clean-

liness and controlled environ-

ment essential for maintaining

the integrity of clean rooms.

For further information on our

high-speed doors offering,

contact:

Gandhi Automations Pvt Ltd

Chawda Commercial Centre

Link Road, Malad (W), 

Mumbai-400064, India. 

Off: +91 22 66720200 /

66720300 (200 lines)

Fax: +91 22 66720201

Email : sales@geapl.com

Website: www.geapl.com 

Ensuring Clean Room Integrity with Prime Clean Reset 
High-Speed Doors: Minimizing Air Permeability and Leakages
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I
n recent years, the inter-

section of nanotechnology

and microfluidics has

emerged as one of the most

promising frontiers in the ad-

vanced manufacturing of

nanocarriers for drug delivery

and vaccine development.

This convergence is now driv-

ing innovation across health-

care and biopharma, estab-

lishing microfluidic systems

as a powerful platform for

both translational research

and industrial-scale manufac-

turing.

The Need for Advanced
Nanoparticle
Manufacturing:
Nano-delivery systems have

revolutionized the biopharma-

ceutical sector, by enabling

targeted, efficient, and con-

trolled delivery of therapeutic

agents. Advanced nano-sys-

tems such as lipid nanoparti-

cles (LNPs), liposomes and

polymeric nanoparticles have

become key components of

modern drug delivery, and

gene therapy. The clinical suc-

cess of RNA-based vaccines,

along with the rapid progress

in cell and gene therapies, has

emphasized the critical need

for a robust, reproducible, and

scalable manufacturing plat-

form for nanoformulations.

Microfluidics: Precise
synthesis of NPs at
microscale:
Microfluidics involves manip-

ulating fluids within channels

typically micrometres in size.

This controlled environment

makes it possible to finely

tune parameters such as flow

rate and mixing ratio directly

influencing nanoparticle size,

polydispersity and encapsula-

tion efficiency. Microfluidic

platforms are remarkably ver-

satile, enabling the fabrication

of a wide range of nanomate-

rials tailored for diverse bio-

medical applications such as

Lipid nanoparticles, lipo-

somes and polymeric

nanoparticles. This broad ca-

pability highlights the poten-

tial of microfluidics as a uni-

versal manufacturing

platform for nanoparticles

and nanoformulations, posi-

tioning it as the “factory of the

future” for nanomedicine.

Engineering and
Manufacturing
Advantages:
From a manufacturing stand-

point, microfluidic systems

enable precise control over

nanoparticle size and unifor-

mity, driving their adoption

over conventional bulk meth-

ods. Scalability is achieved

through increased chip di-

mensions and throughput

without loss of quality. Inte-

grated automation, real-time

monitoring and process con-

trol enhance efficiency and re-

producibility, while low

reagent consumption and

minimal waste support sus-

tainable manufacturing. To-

gether, these advantages posi-

tion microfluidics as a

powerful platform for next-

generation nanomedicine pro-

duction.

Future Outlook: Toward
Translational
Manufacturing:
The global demand for

nanoparticle-based therapeu-

tics is rapidly increasing. To

meet this demand, the future

lies in fully automated, mi-

crofluidic platforms capable

of seamless integration into

industrial pipelines. In India,

Amar Biosystem Pvt. Ltd. has

taken the lead in launching

the fully automated microflu-

idic platform Nanomake-L,

aiming to leverage the Make-

in-India initiative, make a sig-

nificant impact in the bio-

pharma sector, and position

India prominently on the

global stage. Salient features

of Nanomake-L include fully a

automated system, a reusable

chip, wide operating flow-rate

range, three configurable pre-

cursor pumps, a built-in wash-

ing program, and flexible sam-

ple collection options.

As the field matures, the

integration of engineering, bi-

ology, and materials science

will unlock even greater po-

tential, transforming mi-

crofluidics from a niche tech-

nology into a global

manufacturing standard for

nanoparticle and nano-formu-

lation production.

Author 

- Dr. Ganesh Gaikwad

& TeamAmar Bio systems

Pvt Ltd 

(A Unit of Ami Polymer)

Microfluidic Technology: An Advanced Synthesizing 
Platform for Nano formulations
Dr. Danish Eqbal, Dr. Alazhar Colombowala, Dr. Ganesh Gaikwad, Amar Biosystems Pvt. Ltd.
A unit of Ami Polymer

Figure 1. A schematic illustration of nanoparticle synthesis using a microfluidic chip

Figure 2. Schematic representation of various types of nanoparticles commonly used for drug encapsulation

and nanoformulation. A. lipid nanoparticles, B. emulsions /double emulsions, C. polymeric nanoparticles, D.

liposomes / hybrid nanoparticles 

Figure 3. Schematic representation of the key advantages of microflu-

idic systems in nanoparticle manufacturing
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E
MDEX® (Dextrates, NF)

is a directly compressi-

ble, water-soluble tablet

binder and filler. Its unique

composition of 95 per cent glu-

cose monohydrate and differ-

ent oligosaccharides derived

from starch is monographed

under Dextrates in the NF, with

use levels ranging from one per

cent to 99 per cent. EMDEX® is

designed for a variety of tablets

& lactose free applications[4].

Physical Properties [4]: 
◆ Made from corn starch

(GMO-free EMDEX® available)

◆ Natural sweet taste of dex-

trose

◆ Freely and rapidly water-sol-

uble (1000g/L) 

◆ Excellent flowability

◆ Spherical, porous particles

◆ Directly compressible filler-

binder

◆ High bulk density

◆ Narrow particle size distri-

bution

◆ Calorie content- 4.0-5.0Kcal/

gram

SEM of EMDEX®l
EMDEX® Benefits and Appli-

cations[5][6]:

Benefits:

◆ Superior flow, compaction,

and tablet robustness in direct

compression applications

◆ Does not require a glidant,

due to superior flow properties

◆ Exhibits excellent mixing

properties

◆ Easy to handle – does not

stick to punches

◆ Non-dusting

◆ Results in smooth and shiny

tablets

◆ Tablets demonstrate very

low friability

◆ Metabolis es fully without os-

motic laxative effect

◆ Provides patients with a

pleasant, sweet taste and a cool

mouth feel

◆ Does not cause dry mouth

feel when compared to sugar

alcohols

◆ Particle porosity improves

EMDEX® solubility and flavour

absorption capacity- a key ad-

vantage for tablet taste en-

hancement

◆ Compendial (NF), eliminat-

ing regulatory hurdles

Emdex is designed for variety

of tablet types and dosage

forms:

◆ Chewable tablets

◆ Orodispersible tablets

◆ Effervescents

◆ Sachets

◆ Multi-layer tablets

◆ As a replacement for lactose

Applications:

◆ EMDEX® is 100 per cent wa-

ter-soluble, it is also perfect for

applications in which a good

mouth feel or a clear solution is

required.

◆ EMDEX® has excellent

flowability and non-dustiness

makes it appropriate to be used

as flow improvement aid in sa-

chets and stickpacks.

◆ EMDEX® exhibits narrow

particle size distribution with

an average particle size of 200

μm. Along with its spherical

particle shape and high bulk

density, this ensures supreme

flow properties.

◆ EMDEX® is a porous mate-

rial that absorbs fluids, allow-

ing chewable formulation de-

velopment and manufacture

using liquid APIs.

◆ The porous structure of the

sparay-dried EMDEX® parti-

cles  enables excellent content

uniformity even for low dose,

micronised APIs.

◆ Oily APIs are readily ab-

sorbed by the sponge-like

structure of EMDEX®.

◆ Highly suited for veterinary

products, due to its pleasant

taste.

Comparison of powder char-

acteristics of EMDEX® and

spray dried lactose [3]:

A comparision of EMDEX® and

spray dried lactose with regard

to their powder characterstics

demonstrated the similarility

of the two materials. Both are

water-soluble, crystallised

powders with a porous struc-

ture and a spherical particle

shape. The particle shape, in

combination with the high bulk

EMDEX®-AMultifunctional Binder and Filler
EMDEX® is designed for a variety of tablets and lactose-free applications

Parameter EMDEX® Spray-Dried Lactose

Particle Size d50 (μm) 190-220 130-160

Bulk Density (g/L) 600-700 600-700

Tapped Density (g/L) 700-800 700-800

Flodex Index (mm) 4 4

Water Solubility (g/L) 1000 220

Bulk Density 0.70 g/m3

Tapped Density 0.75 g/m3

Hausner Ratio 1.07

Angle of Repose 300

Loss on Drying 7.8-9.2 (glucose monohydrate, the assay includes crystal water)

Dextrose Equivalent 93 – 99 %

Heat of Solution -105 J/g

Median Particle size 190 – 220 μm

Spherical particle shape and

porous structure - EMDEX®    

Powder Characteristics of EMDEX® and spray dried 
lactose.
Compactability

In this study, the effect of different soluble binder on tablet hardness

was evaluated.

Observation: The kind of diluent used had a significant influence

on the hardness of the tablets. While tablet manufactured with

EMDEX® resulted in the highest compactability, those made from

glucose and spray-dried lactose exhibited the lowest compactabil-

ity. Spray drying of EMDEX® as well as the presence of oligosaccha-

rides leads to massive increase in tablet strength.

Flowability

In this study, the flowability of different soluble binders was evalu-

ated.

Observation: Due to its high bulk density and spherical 

particle shape, EMDEX® exhibits excellent flowability. This func-

tional advantage can be utilised in pre-form or for flow enhance-

ment in tableting blends and stickpacks. Angle of repose found to

be a 300.
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density, leads to excellent 

powder flow of EMDEX® 

and spray-dried lactose. 

Furthermore, both excipients

are appropriate for direct com-

pression applications and de-

form mainly by brittle fracture.

Hardness vs flowability:

In this study, the effect on hard-

ness and flowability was evalu-

ated.

Observation: The flowability

of DC-grade micro-crystalline

cellulose (VIVAPUR® 102) can

be further improved by

adding increasing amounts of

EMDEX®

EMDEX® is a promising

substitute for spray dried lac-

tose as it has similar powder

and tableting properties.

Spray-dried lactose is widely

used as filler and binder in the

pharma industry, but many

adults are not able to digest

lactose. Lactose is absorbed

from the gastrointestinal tract

once it is hydrolyzed by the

enzyme “lactase” into glucose

and galactose. Hence, children

deficient in “lactase,” are un-

able to absorb lactose (due to

congenital defect or lack of

the enzyme) and develop flatu-

lence, diarrhoea, gastroin-

testinal bloating following in-

gestion of milk due to the

build-up of lactic acid, hydro-

gen and carbon dioxide. Lac-

tose intolerance in infants and

children can lead to prolonged

episodes of bloating, diar-

rhoea, dehydration and meta-

bolic acidosis. Therefore, it is

indispensable to provide al-

ternatives to lactose-contain-

ing drugs in order to make

them suitable for lactose-in-

tolerant patients[1][2].

Conclusion:

◆ EMDEX® is a water –solu-

ble filler binder with brittle

fracture as the main binding

mechansim.

◆ EMDEX® and spray dried

lactose show great similarity

in terms of particle morphol-

ogy, bulk density and flowabil-

ity. EMDEX® was, therefore,

ideally suited as a substitute

for spray dried lactose in or-

der to make them suitable for

lactose-intolerant people.

◆ EMDEX®  is well-suited for

chewable tablets, effervescent

tablets, oro-dispersible

tablets, multi-layer tablets

and sachet kind of formula-

tion.
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