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Abstract—Fused Deposition Modeling (FDM) technology 

is experiencing unprecedented growth in India, driven by 

government initiatives, startup innovation, and increasing 

industrial adoption. This paper presents a comprehensive 

review of emerging trends in FDM across India's 

manufacturing landscape, focusing on sustainable material 

development, industrial scaling strategies, and market 

expansion opportunities. The Indian additive manufacturing 

market is projected to reach USD 314 million by 2030, 

growing at a compound annual growth rate of 26.3%. This 

growth is catalyzed by the National Strategy on Additive 

Manufacturing, SAMARTH Udyog Bharat 4.0 initiatives, and 

the rising demand from aerospace, automotive, and 

healthcare sectors. Our analysis reveals that sustainable bio-

based filaments, pellet-based extrusion systems, and AI-

integrated manufacturing processes are reshaping the sector. 

We identify key challenges including material 

standardization, thermal management in pellet systems, and 

workforce skill development. Future opportunities lie in 

hybrid additive-subtractive manufacturing, cloud-based 

distributed production networks, and specialized biomedical 

applications. This paper serves as a critical resource for 

manufacturers, researchers, and policymakers navigating 

India's rapidly evolving FDM landscape. 

Keywords—Fused Deposition Modeling, Sustainable 

Materials, Additive Manufacturing, India, Bio-based 

Filaments, Industrial Scaling, Manufacturing Innovation 

I. INTRODUCTION 

Additive Manufacturing (AM), commonly known as 3D 

printing, represents a paradigm shift in production 

methodology, transitioning from traditional subtractive 

techniques to layer-by-layer fabrication. Within the AM 

ecosystem, Fused Deposition Modeling (FDM) has 

emerged as the most accessible and widely adopted 

technology globally, accounting for approximately 25.6% 

of the industrial 3D printer market share in 2025. India's 

engagement with FDM technology has accelerated 

dramatically over the past four years, positioning the 

country as a significant player in the Asia-Pacific additive 

manufacturing landscape. 

 

 

 

The Indian additive manufacturing market demonstrated 

remarkable resilience and growth, with the market valued 

at USD 677.4 million in 2023 and projected to reach USD 

3,749.5 million by 2030, representing a compound annual 

growth rate (CAGR) of 26.1%. This exponential growth 

trajectory is substantially higher than global averages, 

reflecting India's strategic focus on advanced 

manufacturing technologies and their integration into 

traditional manufacturing sectors. The market expansion is 

driven by three converging factors: policy-level support 

through the National Strategy on Additive Manufacturing 

(2022), technological advancement in material science and 

machine design, and increasing demand from high-value 

sectors including aerospace, defense, medical devices, and 

automotive manufacturing. 

This paper synthesizes current research and market 

intelligence to provide a comprehensive analysis of 

emerging trends in FDM technology within India's 

manufacturing ecosystem. Our investigation focuses on 

five critical dimensions: (1) sustainable material 

innovation, particularly bio-based and composite filaments; 

(2) industrial-scale FDM systems and pellet-based 

extrusion strategies; (3) government support mechanisms 

and startup ecosystem development; (4) sectoral 

applications and market penetration; and (5) challenges and 

future research directions. The analysis integrates findings 

from peer-reviewed literature, government policy 

documents, and market research reports to present a holistic 

perspective of India's FDM landscape. 

II. MARKET OVERVIEW AND GROWTH DRIVERS 

A. Market Size and Projections 

India's additive manufacturing sector has experienced 

accelerated growth in recent years, with market expansion 

driven by both supply-side innovations and demand-side 

requirements. The sector's growth rate of 26.3% annually 

significantly exceeds global benchmarks, indicating India's 

emergence as a high-growth AM market.  
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This acceleration is particularly evident in FDM 

technology, which dominates India's desktop and industrial 

printing segments due to lower equipment costs and 

reduced material expenses compared to metal-based AM 

systems. 

Market segmentation reveals that hardware components 

account for the largest revenue contribution, with 

industrial-grade FDM printers commanding premium 

valuations. The hardware segment is projected to maintain 

its dominance through 2030, driven by investments in 

large-scale additive manufacturing (LSAM) facilities and 

hybrid manufacturing platforms that combine additive and 

subtractive  capabilities.  Material  costs  have  declined 

substantially, with domestic manufacturing of PLA 

(Polylactic Acid), ABS (Acrylonitrile Butadiene Styrene), 

and PETG (Polyethylene Terephthalate Glycol) filaments 

reducing import dependence and improving price 

competitiveness. 

B. Government Policy Support 

The Government of India's commitment to advancing 

additive manufacturing is evident through multiple policy 

initiatives. The National Strategy on Additive 

Manufacturing, released in February 2022 by the Ministry 

of Electronics and Information Technology (MeitY), 

establishes ambitious targets for 2025: achieving 5% of the 

global AM market share, creating approximately USD 1 

billion in GDP contribution, establishing 100 new startups, 

developing 50 India-specific technologies, producing 500 

new AM products, and training 1 lakh (100,000) skilled 

workers. This comprehensive policy framework represents 

a deliberate effort to transform India from an AM consumer 

nation to an innovation hub. 

Complementing the national strategy, the SAMARTH 

Udyog Bharat 4.0 initiative, administered by the Ministry 

of Heavy Industries, establishes demonstration centers for 

Industry 4.0 adoption across India. These experiential 

centers, strategically located in major manufacturing hubs 

including Bangalore, Pune, and Mumbai, provide hands-on 

training, technology demonstration, and innovation 

incubation for manufacturing enterprises. The initiative has 

successfully incubated multiple FDM-related innovations 

and has facilitated technology transfer partnerships 

between academic institutions (such as IISc Bangalore) and 

industry leaders. 

III. SUSTAINABLE MATERIAL INNOVATIONS IN FDM 

Environmental consciousness and resource scarcity have 

catalyzed rapid innovation in FDM material science.  

 

 

Sustainable filaments represent one of the fastest-

growing segments within the FDM materials market, driven 

by regulatory pressure, consumer preferences, and lifecycle 

cost advantages. The innovations span three primary 

categories: bio-based polymers from renewable sources, 

recycled material filaments, and biocomposite reinforced 

systems. 

A. Bio-Based Filaments and Biodegradable Polymers 

Polylactic Acid (PLA), derived primarily from corn 

starch or sugarcane residues, has established itself as the 

leading sustainable filament in India's FDM ecosystem. 

PLA offers multiple advantages: lower processing 

temperatures (190-220°C) compared to conventional ABS, 

reduced volatile organic compound emissions, lower 

density than conventional thermoplastics, and complete 

biodegradability under industrial composting conditions. 

The Indian market has seen the emergence of domestically 

manufactured PLA filaments, with several manufacturers 

achieving cost reductions of 15-25% compared to imported 

alternatives. 

Emerging research has demonstrated the viability of 

thermoplastic polyurethane (TPU) filaments with bio-

content exceeding 90%, synthesized using 100% bio-based 

polyols and diisocyanate precursors. These advanced 

filaments enable the fabrication of flexible, elastomeric 

components suitable for wearable electronics, custom 

prosthetics, and protective equipment. A study published in 

the Journal of Polymers and the Environment (2025) 

documented successful printing of auxetic structures using 

bio-based TPU, achieving strain values exceeding 170% 

with favorable energy absorption characteristics. Such 

materials are particularly valuable for India's growing 

medical device manufacturing sector. 

B. Recycled Material Filaments and Circular Economy 

Approaches 

The transition toward a circular manufacturing economy 

has motivated substantial research into recycled material 

filaments. Recent innovations include filaments 

manufactured from upcycled municipal solid waste, 

recycled polyethylene terephthalate (rPET), and composite 

filaments incorporating coffee grounds, hemp fibers, and 

cocoa shell waste. A notable example is the development of 

bio-composite filaments combining PLA with 5-10 wt.% 

cocoa bean shell waste, which maintains mechanical 

properties while reducing virgin plastic consumption and 

addressing agricultural waste streams.  
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Indian startups and SMEs are actively developing 

collection and recycling infrastructure for post-consumer 

FDM feedstock, creating closed-loop manufacturing 

systems that align with the government's Atmanirbhar 

Bharat (Self-Reliant India) objectives. 

C. Natural Fiber-Reinforced Composites 

Natural fiber-reinforced composite filaments represent 

an emerging frontier in sustainable FDM materials. These 

materials combine thermoplastic matrices (PLA, PBAT) 

with natural reinforcements including flax, hemp, jute, and 

bamboo fibers. Such composites offer superior specific 

strength compared to unreinforced polymers, reduced 

density enabling lighter components, and improved 

environmental credentials through renewable sourcing and 

end-of-life biodegradability. Current research challenges 

include fiber-matrix compatibility, moisture absorption 

management, and mechanical property variability. 

Nonetheless, automotive suppliers in India are conducting 

pilot programs to evaluate natural fiber composites for non-

critical structural components and trim parts, where cost 

advantages and environmental benefits offset the 

performance trade-offs. 

IV. INDUSTRIAL SCALING: PELLET-BASED FDM 

SYSTEMS 

While filament-based FDM has dominated the 

prototyping and low-volume production sectors, industrial-

scale additive manufacturing increasingly utilizes pellet-

based extrusion systems. This technology represents a 

paradigm shift toward cost-effective, high-volume AM 

production, addressing critical requirements in sectors 

demanding large-format parts or substantial production 

volumes. 

A. Technical Advantages and Economic Benefits 

Pellet-based FDM (FGF - Fused Granule Fabrication) 

systems employ rotating screw mechanisms to transport, 

melt, and extrude raw polymer pellets directly into the print 

chamber. This approach offers substantial economic 

advantages: raw industrial pellets cost 10-20 times less than 

processed filaments, eliminating the intermediate filament 

manufacturing step and associated markup. Material waste 

reduction is significant, as pellet systems enable recycling 

of rejected parts directly into the feedstock stream. 

Additionally, the expanded material palette available in 

granular form includes engineering-grade polymers such as 

polycarbonate, polyetherimide, and PEEK composites that 

are prohibitively expensive in filament form. 

 

 

 

Industrial pellet-based systems achieve build platform 

dimensions exceeding 500mm × 500mm, with layer 

thicknesses variable from 0.2mm to 2.0mm, enabling 

production of large-format components for aerospace, 

automotive tooling, and industrial applications. Print 

speeds of 100-200 mm/s are achievable, substantially faster 

than filament systems, facilitating production of parts 

requiring days rather than weeks of build time. These 

performance characteristics position pellet-based FDM as a 

viable alternative to injection molding for low-to-medium 

volume production runs (typically 50-10,000 units), where 

tooling costs for conventional manufacturing are 

prohibitive. 

B. Technical Challenges and Material Management 

Pellet-based FDM systems face distinctive technical 

challenges that have historically limited their adoption. 

Thermal management represents a critical hurdle: uniform 

heating of the screw channel is complicated by variable 

pellet geometry and density, resulting in thermal gradients 

that promote material degradation and inconsistent 

viscosity. The retraction mechanism—stopping polymer 

flow without creating dimensional defects—remains 

technically demanding in pellet systems compared to 

filament alternatives. Nozzle clogging from undissolved 

pellet fragments or material oxidation occurs more 

frequently than in filament systems, requiring enhanced 

filtration and material conditioning protocols. Real-time 

process monitoring through pressure drop sensors and 

temperature measurement is essential for maintaining print 

quality, necessitating integration with PID (Proportional-

Integral-Derivative) control systems and data acquisition 

platforms. 

Advanced pellet-based systems now incorporate multi-

zone heating with independent temperature control, 

precision screw design optimized for material conditioning, 

and integrated real-time monitoring systems. Hybrid 

systems that enable rapid switchover between pellet and 

filament operation are emerging in the market, providing 

manufacturers flexibility to optimize material selection for 

specific applications. Indian startups such as Karkhana.io 

have  successfully  deployed  pellet-based  systems  for 

production of aerospace components and automotive parts, 

demonstrating the technology's viability within the Indian 

manufacturing context. 

V.   SECTORAL APPLICATIONS AND MARKET EXPANSION 

A. Aerospace and Defense 

India's aerospace and defense sectors are emerging as 

primary drivers of additive manufacturing adoption.  
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Indian Space Research Organisation (ISRO) has 

integrated advanced manufacturing technologies into 

multiple programs, including 3D-printed components for 

the PS4 liquid engine and subsequent propulsion systems. 

Hindustan Aeronautics Limited (HAL) has deployed metal 

and polymer AM systems for producing titanium alloy 

brackets, fasteners, and structural components for military 

and civilian aircraft. FDM technology supports the rapid 

prototyping of non-critical components, ducting 

assemblies, and structural inserts, reducing lead times from 

months to weeks. The high reliability standards in 

aerospace drive continuous material development, with 

extensive qualification testing protocols being established 

for FDM-produced components. 

5.2 Automotive and Tool Manufacturing 

The Indian automotive sector, comprising established 

OEMs (Tata Motors, Mahindra & Mahindra, Bajaj Auto) 

and Tier-1 suppliers, has rapidly adopted FDM technology 

for tool and jig manufacturing, functional prototyping, and 

fixture design. FDM-based manufacturing enables rapid 

iteration in product development, reducing time-to-market 

for new models and variants. Customized automotive 

components, such as interior trim parts, air intake 

manifolds, and thermal management components, are being 

prototyped and produced via FDM. The technology's 

capacity for complex geometry realization supports design 

innovation, enabling engineers to develop lightweight 

structures with optimized load paths. Indian startups 

including Custiv have commercialized FDM services 

combining 3D printing with CNC machining and injection 

molding, addressing the complete product development and 

low-volume production needs of automotive suppliers. 

C. Medical Device and Dental Manufacturing 

India's medical device sector, valued at approximately 

USD 11 billion annually and growing at 14-15% year-on-

year, is increasingly leveraging FDM for surgical models, 

dental prosthetics, and orthopedic fixtures. Patient-specific 

models derived from CT/MRI imaging data enable 

surgeons to conduct pre-operative planning for complex 

craniofacial, spinal, and orthopedic procedures, reducing 

operative time and improving outcomes. The 

biocompatibility of medical-grade polymers (ULTEM, 

PEKK) enables production of temporary surgical guides 

and fixtures that remain in situ. Dental laboratories are 

adopting FDM for producing resin pattern molds for crown 

and bridge work, leveraging the technology's precision and 

rapid turnaround capabilities.  

 

 

 

Regulatory frameworks for medical device AM are 

rapidly maturing, with the Central Drugs Standard Control 

Organisation (CDSCO) establishing guidelines for design, 

validation, and clinical evaluation of AM-produced medical 

devices. 

VI. STARTUP ECOSYSTEM AND INNOVATION LANDSCAPE 

India's AM startup ecosystem has experienced explosive 

growth, with the emergence of 50+ dedicated AM 

technology and service companies in the past five years. 

Key players include STPL3D, which manufactured India's 

first domestically designed selective laser sintering system; 

Karkhana.io, specializing in FDM services for aerospace 

and automotive applications; and Custiv, offering 

integrated additive-subtractive manufacturing solutions. 

These companies represent a new generation of 

entrepreneurs applying Indian manufacturing expertise to 

advanced technologies. 

Academic institutions including IISc Bangalore, IIT 

Bombay, IIT Delhi, and NIT Rourkee have established 

dedicated AM research centers, fostering fundamental 

research in material science, process optimization, and 

applications engineering. These institutions are generating 

intellectual property that is being commercialized through 

incubation mechanisms such as the NASSCOM Emerge 

program and various government-sponsored innovation 

grants. The convergence of academic research, startup 

innovation, and corporate investment is creating a vibrant 

ecosystem that supports India's ambitions to capture 

significant global AM market share. 

 

VII. KEY CHALLENGES AND BARRIERS TO ADOPTION 

EXTRUSION STRATEGIES IN FDM 

A. Filament-Based Extrusion 

 

Fig. 1. Comparison of Direct Drive and Bowden extrusion systems. 
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B. Pellet-Based Extrusion 

 
 

Fig. 2. Single-screw pellet extruder showing feed, compression, and 

metering zones. 

Feature Filament Pellet 

Material Cost High Low 

Failure Buckling Clogging 

Scalability Small/Medium Large 

Precision Very High Moderate 

 

A. Material Standardization and Certification 

The absence of comprehensive, India-specific material 

standards for FDM feedstocks remains a critical barrier. 

While international standards (ASTM, ISO) provide 

guidance, their applicability to Indian manufacturing 

contexts is limited. Material suppliers employ diverse 

specifications for filament diameter tolerance, melting 

temperature range, and mechanical property guarantees, 

creating challenges for manufacturers seeking consistent 

quality across suppliers. The development of Indian 

Standards (IS) specific to additive manufacturing materials, 

led by the Bureau of Indian Standards (BIS), is underway 

but remains incomplete. This standardization gap hinders 

industrial adoption, particularly for safety-critical and 

medical applications requiring validated material 

specifications. 

7.2 Workforce Skill Development 

The rapid expansion of India's AM sector has outpaced 

workforce development, creating a significant skills gap. 

FDM system operators require understanding of material 

science, thermodynamics, machine operation, and post-

processing techniques. Design engineers developing AM-

optimized components must master computational tools 

including CAD, finite element analysis, and design for 

additive manufacturing (DfAM) principles.  

The National Strategy on Additive Manufacturing 

targets training of 1 lakh skilled workers by 2025, but 

current capacity of academic and vocational training 

institutions falls substantially short of requirements. 

Government-sponsored skill development programs 

through NASSCOM and ITI centers are expanding 

capacity, but demand-supply imbalances persist, 

particularly in smaller cities and rural manufacturing 

clusters. 

7.3 Equipment Costs and Infrastructure Investment 

While FDM equipment costs have declined by 30-40% 

over the past five years, capital requirements for industrial-

scale AM systems remain substantial (INR 20-50 lakhs for 

mid-range equipment). Small and medium enterprises 

(SMEs) comprising the majority of Indian manufacturers 

struggle to justify such investments based on current 

production volumes. The lack of government financing 

mechanisms specifically for AM equipment acquisition 

hinders sector-wide adoption. Infrastructure limitations 

including reliable power supply, climate control for 

maintaining consistent ambient conditions, and post-

processing facilities are inadequately developed in many 

manufacturing regions. Public-private partnerships through 

SAMARTH Udyog centers are beginning to address this 

gap, but coverage remains limited. 

VIII. FUTURE TRENDS AND EMERGING RESEARCH 

DIRECTIONS 

8.1 AI-Integrated Manufacturing and Predictive Quality 

Management 

Emerging research is integrating artificial intelligence 

and machine learning into FDM systems to enable 

predictive quality management and process optimization. 

AI algorithms can analyze real-time sensor data 

(temperature, pressure, extrusion force) to predict potential 

failures and automatically adjust parameters to maintain 

dimensional accuracy. Computer vision systems enable 

automated detection of surface defects during printing, 

enabling corrective actions mid-print. These technologies 

are particularly valuable for high-value aerospace and 

medical applications where post-print rework is costly. 

Indian startups and research institutions are developing 

indigenous AI-powered monitoring solutions tailored to the 

Indian manufacturing context. 

8.2 Hybrid Additive-Subtractive Manufacturing Systems 

Hybrid systems integrating FDM with CNC machining 

and other subtractive processes enable manufacturers to 

optimize material utilization and geometric accuracy.  
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These systems enable 3D printing of near-net-shape 

components followed by precision machining to achieve 

tight tolerances for critical surfaces. The technology 

reduces material waste, accelerates production timelines, 

and enables cost-effective production of parts combining 

complex geometries with precision-engineered features. 

Custiv and similar Indian manufacturers have successfully 

commercialized hybrid platforms addressing the specific 

needs of automotive tooling and aerospace component 

production. 

8.3 Decentralized Manufacturing and Supply Chain 

Resilience 

Global supply chain disruptions have motivated interest 

in decentralized, distributed manufacturing models 

wherein production is moved closer to points of 

consumption. FDM technology's relatively low equipment 

costs, simple material requirements, and minimal 

infrastructure demands make it ideally suited for 

distributed manufacturing networks. Indian manufacturers 

are exploring cloud-based manufacturing platforms that 

enable remote job submission and monitoring, facilitating 

network optimization of production across geographically 

dispersed facilities. This trend aligns with India's self-

reliance objectives and positions the country as a potential 

hub for decentralized global manufacturing networks. 

IX. CONCLUSION 

India's additive manufacturing sector, particularly fused 

deposition modeling technology, stands at an inflection 

point characterized by accelerating market growth, policy-

level support, and technological innovation. The 

convergence of sustainable material development, 

industrial-scale process optimization, and sectoral 

applications across aerospace, automotive, and medical 

domains creates a favorable environment for market 

expansion. The Indian FDM ecosystem has transitioned 

from early-stage adoption to infrastructure development 

and commercialization, with emerging startups, 

established manufacturers, and academic institutions 

collaborating to advance the technology. Sustainable 

materials innovations, including bio-based polymers, 

natural fiber composites, and circular economy 

approaches, are addressing environmental concerns while 

reducing production costs. Industrial-scale pellet-based 

FDM systems are enabling cost-competitive production of 

large-format components, positioning FDM as a viable 

alternative to conventional manufacturing for specific 

applications. 

 

 

However, realizing the sector's full potential requires 

addressing material standardization, accelerating 

workforce skill development, and expanding capital 

equipment infrastructure. Government initiatives including 

the National Strategy on Additive Manufacturing and 

SAMARTH Udyog Bharat 4.0 are providing essential 

policy support and demonstration facilities, but sustained 

commitment and resource allocation are necessary. Future 

research and development should prioritize: (1) 

development of India-specific material standards and 

certification protocols; (2) advancement of AI-integrated 

process monitoring and quality management systems; (3) 

expansion of hybrid additive-subtractive manufacturing 

platforms; and (4) exploration of advanced biomedical 

applications in tissue engineering and regenerative 

medicine. 

The Indian FDM ecosystem is poised to emerge as a 

significant global innovation center, leveraging 

technological capabilities, manufacturing expertise, and 

cost competitiveness to capture meaningful global market 

share. Success requires continued collaboration 

between government, industry, and academia to navigate 

technical challenges, develop human capital, and translate 

research advances into commercial products and services. 

The next three to five years will be critical in determining 

whether India can achieve its ambitious objectives of 5% 

global market share and transformation of the 

manufacturing landscape through advanced additive 

technologies. 
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