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MACHINE TOOLS AUTOMATION FACILITY PROCESS INDUSTRY EVENTS PROJECTS

AUTOMATION RESHAPES THE PHARMA INDUSTRY
FOR GLOBAL COMPETITIVENESS AND COMPLIANCE

Dr. Sanjay Agrawal Dr. Parina Kumari Gunjan Ramteke

Pharmaceutical Assistant Professor Partner Development Manager
Consultant MM College of Pharmacy Amazon Web Services (AWS) &
Maharishi Markandeshwar University Independent Researcher

Automation reshapes the pharma industry for
global competitiveness and compliance

By Staff Report March 12, 2026 7:04 pm IST

g Listen this article

Automation, defined as the application of control systems with minimal human
intervention, has been implemented across production, packaging, labelling,
and warehousing.

India’s pharmaceutical industry, traditionally reliant on manual processes, is
rapidly transitioning to automation to remain competitive in a highly regulated,
interconnected global market. Companies are integrating advanced Operational
Technology (OT) and Information Technology (IT) systems to improve efficiency,
strengthen compliance, and enable scalable growth. According to ARC Advisory
Group, sustained innovation and the strategic adoption of emerging technologies
will be crucial for pharma players—both domestic and global—to navigate evolving
industry demands.
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The sector faces mounting challenges, including stringent international regulatory
requirements, persistent quality concerns, inconsistent manual workflows, rising
cost pressures, and intensifying global competition. Automation—defined as the use
of control systems with minimal human intervention—is now embedded across
production, packaging, labelling, and warehousing operations. It is also facilitating
personalised medicine manufacturing through flexible, repeatable, and cost-
effective processes. In many facilities, automated systems complement or replace
manual inspections, delivering higher accuracy and consistency.

Automation reshaping pharmaceutical manufacturing

Dr. Sanjay Agrawal, Pharmaceutical Consultant, observes that automation has
shifted pharmaceutical manufacturing from skill-dependent operations to process-
driven intelligence. Where production once relied heavily on individual oversight
and expertise, modern systems now enable standardised execution, real-time
monitoring, and end-to-end traceability. Critical process parameters are
continuously monitored, deviations are detected early, and corrective measures are
implemented swiftly. This transformation has reinforced compliance and quality
assurance while enhancing productivity. Today's facilities are increasingly

predictable, scalable, and data-driven—allowing organisations to prioritise
sustainable and compliant growth over reactive problem-solving.

Dr Parina Kumari, Assistant Professor at MM College of Pharmacy, Maharishi
Markandeshwar University, describes this evolution as the emergence

of “Pharmacy 4.0." Smart factories are leveraging IoT, sensor technologies,
automation, and advanced analytics to oversee the entire manufacturing lifecycle.
For instance, the Novartis plant in Stein has implemented sensor-driven, analytics-
enabled tablet production lines, reducing production time by nearly 30 percent and
accelerating batch release by 60 percent.

Gunjan Ramteke, Partner Development Manager at Amazon Web Services (AWS)
and Independent Researcher, notes that the industry is moving from a “make and
test” approach to a “predict and prevent” model. Real-time data from equipment,
sensors, and quality systems now enables early detection of process drift and

tighter control. The growing adoption of advanced, continuous manufacturing
alongside traditional batch production is shortening cycle times, reducing
deviations, and ensuring more reliable supply chains—critical in patient-centric
healthcare environments.

https://www.oemupdate.com/pharma-automation/automation-reshapes-the-pharma-industry-for-global-competitiveness-and-compliance/



Robotics and Al strengthen GMP compliance

Robotics and Artificial Intelligence (Al) are playing a pivotal role in reinforcing Good
Manufacturing Practice (GMP) compliance. Dr Agrawal highlights that robotics
ensures sterile handling, precision, and repeatability in high-risk and repetitive
operations. Al-driven systems analyse extensive process data in real time,
identifying deviations before they escalate into compliance failures. Automated
documentation, digital audit trails, and intelligent inspection systems support
proactive quality management. Rather than replacing professionals, these
technologies enhance human decision-making with accurate and timely insights.

Dr Parina adds that robotic systems are widely deployed in sterile filling, vial
handling, and packaging to minimise human variability. Al tools continuously
monitor sensor-generated data to maintain compliance thresholds. At
GlaxoSmithKline (GSK), the introduction of collaborative robots into packaging
reportedly reduced labelling errors by 95 per cent,

underscoring automation’s measurable impact on quality assurance.

Ramteke further explains that robotics enhances GMP compliance by reducing
contamination risks through controlled handling in sensitive operations. Al
strengthens quality oversight by detecting anomalies across process data,
equipment logs, and environmental signals—often earlier than manual reviews.

Predictive quality systems can flag potential issues before they become deviations,
while maintaining comprehensive audit trails and preserving human
accountability for final release decisions.

Reducing human error in production

Manual processes inherently introduce variability and the risk of error, particularly
in repetitive tasks. Automation mitigates these risks by maintaining precise control
over dosing, mixing, temperature, and timing within validated parameters.
Continuous monitoring systems detect deviations instantly, lowering batch failure
rates and improving yield consistency.

Dr Parina notes that leading Indian pharmaceutical companies, such as

Dr Reddy’s Laboratories and Cipla, have adopted Al-driven automation across
quality control and production workflows. Automated sampling, in-process testing,
and final inspections are reducing rejection rates and ensuring uniformity across
batches—strengthening reliability and patient safety.
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Beyond manufacturing, digital transformation is accelerating drug discovery and
scale-up for commercialisation. Advanced analytics, modelling, and simulation
tools enable early prediction of formulation behaviour and manufacturing
performance, reducing trial-and-error cycles. Integrated digital platforms facilitate
seamless knowledge transfer from research laboratories to commercial production.

Dr Parina explains that Al and machine learning technologies support faster target
identification, predictive toxicology, and formulation screening. Digital twin
technologies allow virtual simulation of process modifications before physical
implementation. For example, Pfizer used digital twin models during the production
of its mRNA-based COVID-19 vaccine, reportedly improving yield by 20 per cent
without altering physical infrastructure.

Ramteke adds that digital integration connects discovery, development, and
manufacturing into a continuous evidence stream. By linking development data
with manufacturability insights early in the lifecycle, companies reduce delays
during technology transfer and scale-up—an essential capability for advanced
modalities and personalised medicine.

Balancing automation with regulatory validation

While automation delivers significant advantages, requlatory compliance remains
paramount. Dr Agrawal stresses that manufacturers are adopting risk-based
validation and Quality-by-Design (QbD) frameworks to align automation initiatives
with regulatory expectations. Automated systems increasingly incorporate
embedded compliance features such as robust data integrity controls, full
traceability, and secure electronic records.

Dr Parina highlights structured validation protocols—Design Qualification (DQ),
Installation Qualification (IQ), Operational Qualification (0Q), and Performance
Qualification (PQ)—to ensure systems meet regulatory standards. Leading
organisations are also engaging regulators early in automation initiatives, applying
QbD principles and risk-based methodologies to build scalable, inspection-ready
systems.

Ramteke concludes that successful companies treat validation as a lifecycle
discipline rather than a one-time exercise. Al is often implemented as a decision-
support tool within clearly defined boundaries, supported by audit trails, version
control, and continuous performance monitoring. This balanced approach ensures
that automation drives innovation while maintaining compliance integrity.
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Overall, automation has evolved beyond an operational efficiency tool into a
strategic imperative. As India’s pharmaceutical industry advances toward
Pharmacy 4.0, automation and digital transformation are strengthening
compliance, enhancing quality, enabling scalability, and building a more resilient,
data-driven, and globally competitive ecosystem.

Quotes:
Dr. Sanjay Agrawal, Pharmaceutical Consultant,

Automation has shifted pharmaceutical manufacturing from skill-dependent
operations to process-driven intelligence. Today'’s facilities are increasingly
predictable, scalable, and data-driven—allowing organisations to prioritise
sustainable and compliant growth over reactive problem-solving.

Dr Parina Kumari, Assistant Professor, MM College of Pharmacy, Maharishi
Markandeshwar University

Smart factories are leveraging IoT, sensor technologies, automation, and
advanced analytics to oversee the entire manufacturing lifecycle.

Gunjan Ramteke, Partner Development Manager, Amazon Web Services (AWS) &
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The growing adoption of advanced, continuous manufacturing alongside
traditional batch production is shortening cycle times, reducing deviations,
and ensuring more reliable supply chains—critical in patient-centric
healthcare environments.
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