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India's Al-Biomanufacturing Revolution: Matching Vision with Regulation

Introduction: India at the Crossroads of Al and Biotech

India is undergoing a significant transformation in biomanufacturing, driven by artificial intelligence (Al). With its
established strength in generic drug production and global vaccine supply, the country is aiming to leverage Al to lead
in next-generation biotechnology. Policies like the BioE3 Policy and the IndiaAl Mission reflect this ambition.
However, regulatory gaps and implementation challenges threaten to slow this momentum.

What is Al in Biomanufacturing?

Al in biomanufacturing refers to the integration of technologies like:
e Machine learning, digital twins, and predictive analytics.
e Real-time monitoring of key variables (e.g., fermentation, pH, microbial growth).
e Simulation and optimization through virtual replicas of production systems.

Examples:
e Biocon uses Al to improve drug screening and reduce manufacturing errors.
e Strand Life Sciences applies Al in genomics for targeted medicine development.

India’s Position in the Global Biomanufacturing Landscape
e Supplies ~“60% of global vaccines.
e Leads in generic drug exports.
e Specialty chemicals market valued at X2.74 lakh crore.
e Al tools are being adopted by firms like Wipro and TCS in drug discovery and trial optimization.

Opportunities Presented by Al in Biotechnology
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Increased Productivity:
o Real-time Al monitoring prevents batch failures.
o Digital twins enhance process simulations.
Lower Costs:

o Automation reduces manual interventions and speeds up production.
Accelerated Drug Discovery:

o Virtual screening of molecules reduces lab costs and time.
Improved Rural Healthcare:

o Context-aware Al can deliver personalized care in underserved regions.
Export Competitiveness:

o Al enhances traceability and product consistency for global markets.

Government Initiatives: Bold Vision Meets Ground Reality
BioE3 Policy (2024)

Aims to develop biomanufacturing hubs, biofoundries, and Bio-Al Hubs.
Offers funding and incentives to startups and enterprises.

IndiaAl Mission

Focuses on ethical Al, supporting explainable, bias-free, and safe Al in biotech applications.

Regulatory Gaps: The Risk of Moving Too Fast

Current frameworks are outdated for Al-based processes.
Challenges:
o Validating Al used in critical tasks like vaccine yield prediction.

o Ensuring dataset representativeness and preventing systemic errors.
Global examples:

o EU’s Al Act (2024): Risk-tier classification.
o US FDA guidance (2025): Emphasizes adaptive, risk-aware oversight.

Key Challenges Hindering Progress
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Regulatory Obsolescence:

o Existing laws don’t account for Al-managed processes.
Data Bias & Representativeness:

o Urban-biased datasets may not suit rural or small-scale units.
Safety & Accountability:

o No clear audit mechanism for Al-led decision-making.
Intellectual Property Ambiguities:

o Ownership issues around Al-generated inventions.

5. Workforce Gaps:

o Shortage of professionals skilled in both Al and biotechnology.

Way Ahead: Strategic Recommendations
1. Adopt Risk-Based Regulations:
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o Model after the EU Al Act and US FDA frameworks with tiered oversight and adaptive control
systems (e.g., Predetermined Change Control Plans).
2. Ensure Data Diversity & Quality:
o Mandate inclusive datasets covering India’s regional variations.
3. Institutional Oversight:
o Create regulatory sandboxes and continuous auditing systems.
4. Cross-Sector Collaboration:
o Form consortia of academia, industry, and regulators to co-develop standards.
5. Clarify Legal Frameworks:
o Introduce Al-specific laws for patenting, licensing, and data usage in biotech.

Conclusion

India's journey into Al-driven biomanufacturing holds immense transformative potential — from affordable
healthcare to global biotech leadership. But realizing this vision requires smart regulation, ethical Al practices, and
robust data governance. With the right ecosystem of policy, people, and innovation, India can not only supply the
world with biotech products but also design the future of biomanufacturing.
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