5. India’s Biotech Surge - Science & Technology

India’s biotech surge builds momentum but faces scale bottlenecks. India’s bioeconomy has
rapidly expanded to $165.7 billion in 2024, driven by innovations in biopharma, agriculture, and
bioenergy, with a target of $300 billion by 2030 under the BioE3 Policy. However, fragmented
infrastructure and outdated regulations hinder its full potential.

1. Understanding Bioeconomy

The bioeconomy refers to an economy that utilizes renewable biological resources—such as
plants, microorganisms, and organic waste—to produce food, bio-based products, and energy sustain-
ably. It merges biological sciences with technological innovation to reduce dependence on fossil fuels
and support climate-friendly growth.

Key pillars include -

Renewable Resources - Sustainable use of biomass for food, energy, and materials.

Innovation & Biotechnology - Tools like gene editing (CRISPR), bioprinting, synthetic biology, and bi-
omanufacturing enable efficient production.

Circular Economy Integration - Waste is repurposed into raw materials, closing production loops and
reducing environmental footprints.

Digital Tools - Al, data analytics, and bioinformatics optimize bioprocessing, precision agriculture, and
drug discovery.

2. Global Context of Bioeconomy

The global bioeconomy is valued at over $4 trillion and plays a vital role in achieving the UN Sus-
tainable Development Goals (SDGs), especially in clean energy, zero hunger, and good health. Countries
like the USA, Germany, and China have institutionalized national bioeconomy strategies linking innova-
tion with environmental sustainability. India, with its biodiversity and youth-driven innovation ecosystem,
has emerged as a leading player in this transformation.

3. India’s Bioeconomy — Growth Trajectory

India’s bioeconomy grew from $10 billion in 2014 to $165.7 billion in 2024, marking a 16-fold rise
within a decade. The sector now contributes 4.25% to India’s GDP, driven by strong research and startup
ecosystems. CAGR of 17.9% between 2020-24 underscores India’s competitive edge in biopharma, agri-
culture, and bioenergy. India ranks among the Top 12 global biotechnology destinations and 3rd in the
Asia-Pacific region, showcasing global leadership potential.
4. Segments of India’s Biotechnology Sector
1. Biopharmaceuticals - India is a vaccine powerhouse, producing over 60% of the world’s vaccines.
Growth in biosimilars, cell-based therapies, and personalized medicine has positioned India as a hub for
affordable healthcare innovation.
2. Bio-Agriculture -
Genomics, transgenic crops, and gene-editing technologies are improving productivity and climate re-
silience. Notable advances -
1. SAATVIK (NC9) chickpea — drought-tolerant, high-yielding.
2. DEPI-edited MTU-1010 rice — enhanced grain yield.
3. IndRA and IndCA genotyping arrays — genetic identification of rice and chickpea.
4. Amaranth genomics — supports anti-obesity and high-protein varieties.
5. Nano-biocontrol agents — eco-friendly pest management.
6. Kisan-Kavach suit — safeguards farmers from pesticide exposure.
3. Bioenergy -
The ethanol blending programme rose from 1.53% (2014) to 15% (2024), targeting 20% blending by 2025.
Diversification into biogas, green hydrogen, and biomass gasification aligns with India’s Net-Zero 2070
goals.
4. Bio-IT and Bioservices -



Al, machine learning, and genomics analytics aid drug discovery, precision diagnostics, and bioinfor-
matics research. India’s software strength synergizes with biotech for advanced digital bioeconomy
platforms.

5. Key Government Initiatives

1. BioE3 Policy (2024) - Biotechnology for Economy, Environment, and Employment

Vision - Achieve a $300-billion bioeconomy by 2030.

Strategy - Integrate sustainability, circular economy principles, and innovation-led growth.

Focus areas - biomanufacturing clusters, skill development, and regulatory modernization.

2. National Biopharma Mission (NBM) - Implemented by BIRAC under the Department of Biotechnol-
ogy (DBT).

Objective - Strengthen vaccine, biosimilar, and medical device production capabilities.

Approach - Foster collaboration between academia, startups, and industry.

3. Biotech-KISAN Programme - Promotes a scientist-farmer interface to enable lab-to-land transfer of
technologies. Encourages region-specific innovations to improve yield, soil health, and water effi-
ciency.

4. BIRAC's Startup Ecosystem - Established in 2012 to accelerate biotech entrepreneurship. Over 95
bio-incubation centres provide funding, mentorship, and shared R&D infrastructure. Initiatives like
BioNEST and SEED Fund support early-stage innovation and commercialization.

5. Agricultural Biotechnology Initiatives - Genomics-driven crop improvement and climate-smart
farming. Support for genome editing, biofertilizers, and molecular breeding.

6. Challenges and Structural Bottlenecks

Fragmented Infrastructure - Over 70 incubators exist but lack comprehensive pilot-scale and regula-

tory facilities. Startups face logistical and cost inefficiencies due to dispersed facilities.

Regulatory and Legal Challenges - Outdated frameworks for clinical trials, GM crop approvals, and bio-

tech patents. Inadequate adaptation to emerging areas like Al-biotech integration, synthetic biology,

and gene therapies.

Funding and Market Entry Barriers - Early-stage biotech ventures struggle with long gestation periods

and uncertain regulatory clearance. Need for dedicated bio-venture funds and innovation-linked pro-

curement policies.

7. Way Forward — Towards a Resilient Bioeconomy

Integrated Infrastructure Development - Establish BioManufacturing Clusters with end-to-end R&D,

testing, and scaling facilities. Promote biofoundries and shared pilot plants for small enterprises.

Regulatory Modernization - Update biosafety, patent, and clinical trial frameworks to reflect 2Ist-cen-

tury biotech realities. Introduce single-window approval for biotech startups.

skill and Workforce Development - Create a National Bioeconomy Skill Mission to train bioengineers,

data biologists, and biomanufacturing technicians.

Strengthening Academia-Industry Linkages - Expand public—private partnerships for translational re-

search and global collaboration.

Sustainability Focus - Integrate bio-based materials and fuels into industrial supply chains. Encourage

adoption of bio-plastics, enzymatic waste treatment, and green chemistry solutions.

8. Strategic Outlook

India’s bioeconomy is entering a transformative phase where biology, technology, and sustaina-
bility converge. It serves not only as a growth engine but also as a resilience strategy—enhancing food,
health, and energy security while generating employment. By 2030, India aspires to become a global
leader in bio-manufacturing and sustainable biotechnology, setting an example for inclusive, innova-
tion-driven economic development.
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