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 Abstract 

 This study examines the internal and external economies resulting from the 

adoption of Additive Manufacturing (AM) within the Indian automobile industry. 

With the transition from traditional manufacturing techniques to AM, industries are 

poised to benefit from reduced production costs, enhanced customization 

capabilities, and shorter lead times. The research highlights the operational 

efficiencies that AM introduces internally, such as reduced material waste and 

improved product quality, while also considering external benefits like supply chain 

agility and the fostering of local competitive clusters. Case studies of various 

automobile companies illustrate the practical implications of AM adoption, 

showcasing both the challenges and opportunities faced during implementation. 

The findings contribute to the understanding of how AM can drive innovation and 

competitiveness in the automotive sector, emphasizing the importance of 

governmental support and collaborative networks. As the technology evolves, it is 

clear that AM will play a pivotal role not only in enhancing manufacturing processes 

but also in shaping the future economic landscape of the Indian automobile 

industry. 

 

 Keywords: Additive manufacturing, competitiveness, automobile sector, external 
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 1. Introduction 

  Additive manufacturing, a coined term for 3D printing, is viewed as one of the most 

important technologies with the potential to transform a historical industrial mode 

of production – mechanized production using machines and division of manual 

operations through mass production for economic growth. Especially, opportunities 

created through on-site product customization and part manufacturing, which 

diminish, if not eradicate, waiting time from the order to delivery process, are 

viewed with optimism among researchers and industrialists. The chance to achieve 

lower per-unit production costs with the use of contemporary ways of making parts 

develops competency, dynamic capabilities, and market share among businesses in 

a global market where each would be specialized in production. Adoption of this 

new process changes the industrial structure, especially production processes at 

plants and enterprises. However, the recent debate on unfolding a new digital era 

points to challenges in industrial processes. An account of how the adoption of a 

concept would impact plant-level accounting and performance is necessary. 

 

 The recent increase in the promotion of adopting a suite of new digital technologies 

in making goods in developed economies notes that the structure and composition 

of companies oriented towards making traditional goods are undergoing transition. 

Traditions in manufacturing promoted large factories, resulting in the development 

of large cities because of spillovers to residential areas. Change impacts internally 

through processes, and management needs to adjust, and externally through the 

agglomeration impact of the population having to deal with the transition of 

industrial processes around the old plants and must relocate because of distance 

from new plants that would initially start adopting the new processes because of 

advantages.  

 

This study attempts to explore how the implementation of AM technologies would 

assist individual plants producing for the automobile industry in India. It has two 

specific objectives: i) To understand what economies of scale serve, and ii) one case 

of external diseconomies of aggregation of additive manufacturing across 

geographical regions within India. The study is based on the strategic positioning of 

automobile companies in India, their scale economies for inter-firm local electronics 

clusters, and opportunities and challenges in facilitating local geographies or 

regions that have been positioned on a map depending on firm investment for a 

more favorable position, which tends to favor production and marketing to low-

cost, i.e., least-cost firm clusters based on electrical component production, or 

production and marketing to headquarters and a more diversified rest. 
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 1.1. Background of Additive Manufacturing 

 Background of Additive manufacturing involves layer-wise increment of materials to 

fabricate objects. The process of additive manufacturing is different from traditional 

manufacturing processes such as machining, forming, and casting, in which raw 

materials are removed, deformed, and shaped before fabrication. The concept of 

additive manufacturing is not new, as it was introduced in the late 20th century, but 

it came into industrial practice only in the 21st century. The first possible reference 

to the additive process was noted in 1981 when a process of directly printing 

droplets of photopolymers one over the other to produce a three-dimensional solid 

part was confirmed. There are various milestones observed as the development of 

the additive manufacturing industry in the last four decades. Throughout these 

years, the evolution of AM as a forefront technology has been immense.  

 

After almost a decade since the first demonstration of AM, the first patent was 

granted for the concept of topology optimization in 1991. This marked a significant 

step forward in the advancement of additive manufacturing. As time went on, AM 

processes started to be accompanied by various methodologies and advanced 

technologies. Selective laser sintering, 3D printing, electron beam melting, and 

fused deposition modeling are just a few examples of the advanced techniques used 

in additive manufacturing. These technologies have gained fast momentum in 

current industry applications, finding their usefulness in sectors such as aerospace, 

dental, medical healthcare, manufacturing automotive components, oil and gas, and 

prototype machining.  

 

One of the driving factors behind the increasing popularity of additive 

manufacturing is the trend of customization and personalization in current 

manufacturing. In today's world, consumers are seeking products that are tailored 

specifically to their needs and preferences. Additive manufacturing provides the 

flexibility to create unique and customized components that fit these requirements. 

Additionally, there has been a paradigm shift towards metamaterials in recent years. 

These materials possess extraordinary properties, such as negative refractive index 

and invisibility cloaking, which open up new possibilities in various industries. The 

use of additive manufacturing techniques is particularly crucial in the fabrication of 

intelligent systems that incorporate these meta materials. Overall, additive 

manufacturing has come a long way since its inception. It has revolutionized the 

manufacturing industry, offering new possibilities, efficiency, and customization. As 

technology continues to advance, we can expect further developments and 

innovations in the field of additive manufacturing. 
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 1.2. Significance of the Automobile Industry in India 

 The automobile industry has played a significant and pivotal role in the economic 

status of the country for several decades. Over the years, it has experienced 

immense growth, with its annual production skyrocketing from a mere 4,120 cars in 

1950 to a staggering 23,364,727 cars in 2014. Fast forward to 2014, and we see that 

the industry churns out over 25 million vehicles annually, encompassing cars, two-

wheelers, and three-wheelers. This industry provides employment to more than 17 

million individuals and contributes to over 7 percent of India's GDP. In fact, the 

automobile industry alone accounted for a remarkable 7.1 percent of the country's 

total industrial output in the financial year 2008-09. Its prominence in the global 

market is further emphasized by the fact that it stands as the fifth largest 

automobile industry in the world as of 2021, with tremendous potential for 

exponential growth in the future. The industry prides itself on its contributions to 

the production of two-wheelers, three-wheelers, commercial vehicles, passenger 

cars, and MUVs, with these categories' production volume over the previous five 

fiscal years being well-documented.  

 

However, it is important to note that the industry faced a period of slowdown from 

2013-14 to 2016-17, experiencing a slump in annual growth rates for all modes of 

transportation. This decline was attributed to various external and internal factors, 

including heightened competition, strict regulations on pollution control, and an 

emphasis on safety norms, among others. Despite these challenges, the industry 

managed to bounce back and achieve double-digit growth from 2017-18 onwards. 

One of the notable aspects of the automobile industry's impact is its significant 

contribution to expanding employment opportunities for women. This industry has 

opened doors for many working women, allowing them to enter non-traditional 

areas of employment.  

  

A multitude of women are now directly or indirectly employed in various roles such 

as engineers, assemblers, painting and testing engineers, and other crucial positions. 

It is important to highlight that the industry's impact is not limited to manufacturing 

alone; it extends to the entire industry chain, which includes the construction of 

infrastructure such as roads, fuel stations, service stations, and the transportation of 

vehicles for delivery. In addition to employment opportunities, the sales of 

automobiles also generate a substantial amount of foreign exchange earnings for 

the country. The global market has been captivated by the industry's innovations, 

such as miniaturization, ubiquitous operational features, efficiency, and the 

increasing availability of environmentally-friendly vehicles.  
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Furthermore, the introduction of modern technology, particularly automation, has 

been a game-changer for the auto industry. It has provided a means to tackle 

challenges related to cost, quality, and timely delivery by capitalizing on economies 

of scale and scope. Moreover, the adoption of additive manufacturing in casting and 

prototyping has emerged as a potential new competitive advantage, especially for 

automobile component manufacturers. This cutting-edge technology offers the 

industry an opportunity to revolutionize their manufacturing processes and enhance 

their overall productivity. In conclusion, the automobile industry's impact on the 

economy is far-reaching and multifaceted. It has witnessed tremendous growth, 

making significant contributions to employment, industrial output, and India's GDP. 

From weathering slowdowns to embracing technological advancements, the 

industry continues to evolve and hold immense potential for the future. 

 

 2. Literature Review 

 The advent of Additive Manufacturing (AM), commonly known as 3D printing, has 

transformed the manufacturing landscape, particularly within the automobile 

industry. This emerging technology, characterized by its layered approach to 

producing complex geometries and customized components, is celebrated for its 

potential to enhance productivity, reduce waste, and streamline supply chains. As 

automobile manufacturers in India increasingly embrace AM, understanding the 

dynamics of internal and external economies associated with this technology 

becomes crucial. The significance of this research lies not only in its implications for 

operational efficiency within automotive production but also in its broader impact 

on the country’s economic landscape, as India positions itself as a global hub for 

automotive manufacturing.  

 An examination of existing literature reveals several key themes regarding the 

economies of scale and scope associated with AM in the automobile sector. 

Internally, studies emphasize the reduction in material waste and lead times, 

presenting AM as a catalyst for lean manufacturing practices. For instance, Banerjee 

and Kumar (2021) assert that AM minimizes excess inventory, enabling Just-In-Time 

production. Externally, the literature often focuses on the collaborative advantages 

that arise from AM's interoperability within supply chains, allowing for adaptive 

responses to market demands.  

 The research by Singh et al. (2022) illustrates how firms engaging in AM can forge 

alliances that not only enhance their technological capabilities but also improve 

their competitive positioning globally. Moreover, the literature highlights the role of 

government policies and infrastructure in shaping the trajectory of AM adoption in 

India. The Indian government's initiatives, such as the 'Make in India' program, aim 
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to stimulate innovation and attract foreign investment in manufacturing 

technologies, including AM. However, while the current body of research provides 

valuable insights, there remain notable gaps that warrant further exploration. 

Notably, the socio-economic implications of widespread AM adoption, particularly 

in terms of labor market shifts and regional economic disparities, have received 

limited attention. Additionally, research on the environmental impact of scaling up 

AM processes remains underdeveloped, despite rising concerns about sustainability 

in manufacturing practices.  

 Furthermore, while case studies on individual firms provide preliminary insights into 

the economies of AM, a comprehensive understanding of the collective benefits and 

challenges faced by the automobile industry in India remains elusive. The need for 

empirical research that synthesizes these disparate findings is clear, as such analysis 

could yield actionable strategies for practitioners and policymakers alike. This 

literature review will first delve into the internal economies associated with the 

adoption of AM within the automobile industry in India, highlighting case studies 

that illustrate successful implementations.  

 Next, it will explore external economies, examining the interplay between AM, 

supply chain dynamics, and government policy. The concluding section will identify 

persisting gaps in the literature, advocating for future research that addresses the 

socio-economic and environmental ramifications of AM in the automotive sector. By 

providing a comprehensive overview of these facets, this literature review aims to 

contribute to the ongoing discourse surrounding the transformative impact of 

Additive Manufacturing on the automobile industry in India, paving the way for 

informed decision-making and strategic planning in this crucial domain. 

 The evolution of additive manufacturing (AM) within the automobile industry in 

India has been marked by significant transitions in both internal and external 

economies. In the early stages of AM adoption, the technology was primarily 

perceived as an innovative tool for rapid prototyping, allowing manufacturers to 

develop components with reduced lead times and decreased material waste. This 

initial phase saw companies like Mahindra & Mahindra invest in AM capabilities to 

accelerate product development cycles, effectively enhancing their internal 

economies by improving efficiency and collaboration among design teams. 

 As the technology matured, its applications expanded beyond prototyping to 

include the production of end-use parts, which began to demonstrate substantial 

external economic benefits. This shift was particularly evident during the COVID-19 

pandemic when AM played a pivotal role in mitigating supply chain disruptions. 

Businesses utilized AM to produce critical components locally, ensuring operational 

continuity while avoiding overseas supply delays (Nyamekye P et al., 2023). Studies 

indicate that the integration of AM into existing production systems has fostered 
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resilience against unexpected global events, highlighting its potential for enhancing 

supply chain adaptability (Wiese M et al., 2021).  

 Further, the growth of Industry 4.0 has resulted in greater interconnectedness and 

flexibility in manufacturing processes. A systematic review has shown that the 

implementation of Industry 4.0 technologies, such as big data analytics and cyber-

physical systems, can significantly bolster supply chain resilience, particularly within 

the context of the Indian automobile sector (Spieske A et al., 2021). This synergy 

between AM and advanced digital technologies showcases a progressive 

understanding of internal economies that leverage technological advancements 

while simultaneously enhancing external economic factors (Newaskar D et al., 2021).  

 Collectively, these developments illustrate a dynamic interplay between additive 

manufacturing and the evolving landscape of the automobile industry in India. The 

exploration of additive manufacturing (AM) in the automobile industry highlights 

both internal and external economies that significantly influence production 

efficiency and supply chain dynamics. One central theme is the potential of AM to 

optimize manufacturing processes, which has been particularly evident during crises 

such as the COVID-19 pandemic. As manufacturers sought alternatives to traditional 

methods hindered by supply chain disruptions, AM became a crucial solution, 

allowing for the rapid production of components with reduced lead times 

(Newaskar D et al., 2021).  

 Moreover, the incorporation of technologies like digital light processing (DLP) in 

automotive part production showcases how AM can enhance economic outcomes. 

DLP provides a cost-effective alternative for creating complex parts, broadening the 

scope of design possibilities while potentially offering cost savings compared to 

conventional methods (Wiese M et al., 2021). The ability to print intricate geometries 

reduces material waste, a factor that aligns with the growing emphasis on 

sustainability within the automotive sector. External economies also play a vital role, 

as the proliferation of industry 4.0 technologies has demonstrated the capacity to 

improve supply chain resilience. The adoption of technologies such as big data 

analytics and cyber-physical systems has been linked to enhanced visibility and 

responsiveness in supply chains, crucial for navigating disruptions (Spieske A et al., 

2021). These tools not only streamline operations but also foster collaboration 

between suppliers and manufacturers, thus yielding a more robust economic 

landscape.  

 Ultimately, the combination of internal efficiencies through advanced manufacturing 

techniques and external supports from emerging technologies underscores the 

transformative potential of AM in the Indian automobile industry, paving the way for 

innovation and competitive advantage , (Nyamekye P et al., 2023). The exploration 

of internal and external economies of additive manufacturing (AM) in the Indian 
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automobile industry reveals the varied impact of methodological approaches on the 

understanding of this transformative technology. A qualitative approach, for 

instance, has provided rich insights into the operational efficiencies gained through 

AM. This perspective emphasizes the reduction in material waste and the 

simplification of supply chains, thereby enhancing productivity and cost-

effectiveness within manufacturing processes.  

 Such qualitative analyses underscore how AM fosters innovative design possibilities, 

enabling manufacturers to produce components that were previously deemed 

impractical due to traditional manufacturing constraints (Wiese M et al., 2021). 

Conversely, quantitative methodologies have allowed for the measurement of 

specific economic impacts associated with AM adoption, particularly concerning 

mass production and inventory management. Studies employing statistical data 

indicate that companies utilizing AM can experience significant reductions in lead 

times and overall production costs, reinforcing the argument for its integration into 

mainstream manufacturing practices (Nyamekye P et al., 2023).  

 Furthermore, these quantitative assessments often highlight the environmental 

benefits of AM, such as lower energy consumption and diminished greenhouse gas 

emissions compared to conventional methods (Spieske A et al., 2021). Moreover, 

mixed-method approaches that combine both qualitative and quantitative data 

have emerged as particularly insightful for examining the broader implications of 

AM in the automobile industry. This approach not only captures stakeholder 

perspectives but also quantitates the economic advantages such as improved supply 

chain resilience fostered by technologies like big data analytics and automation 

(Newaskar D et al., 2021).  

 Thus, the methodological diversity enhances comprehension of the multifaceted 

benefits of AM, illustrating its role in reshaping the automotive landscape in India. 

The exploration of internal and external economies of additive manufacturing (AM) 

in the automobile industry reveals diverse theoretical perspectives that converge on 

both the benefits and challenges of this technology. One of the core tenets 

supporting the economic viability of AM is its potential for cost reduction through 

efficient material utilization and minimized waste, which contrasts sharply with 

traditional manufacturing methods.  

 Research demonstrates that AM can significantly lower energy consumption and 

greenhouse gas emissions, particularly in processes such as binder jetting and 

directed energy deposition, showcasing environmental advantages that contribute 

to broader economic discussions around sustainability (Nyamekye P et al., 2023). 

Moreover, the rise of AM during the COVID-19 pandemic underscores its role in 

enhancing supply chain resilience. The pandemic highlighted vulnerabilities in 

traditional supply chains, prompting a shift towards more flexible manufacturing 



CHANGEMAKER                                   ISSN: 2348-7747                                 ONLINE FIRST 

9 
 

solutions capable of rapid prototyping and local production capabilities (Spieske A 

et al., 2021). This flexibility aligns with Schumpeterian theories of innovation, where 

AM emerges as an enabling technology that not only transforms production 

processes but also fosters competitive advantages in rapidly changing markets 

(Newaskar D et al., 2021).  

 However, challenges remain, particularly regarding the scalability and cost-

effectiveness of AM when transitioning from prototypes to full-scale production. 

The consideration of production economics is crucial; studies indicate that while AM 

boasts lower initial setup costs for small batch runs, larger production may not 

always yield the expected economic benefits without significant advancements in 

technology and process optimization (Wiese M et al., 2021). Thus, while AM's 

potential is substantial, it demands a nuanced understanding of its theoretical 

implications within the broader economic landscape, especially concerning the 

unique context of the Indian automobile industry. 

  

 3. Conceptual Framework 

 Economies of scale and economies of scope in production processes determine the 

internal efficiencies of firms. When the size of the firm increases, the economies of 

scale refer to the total average cost decreasing at an increasing rate. When the 

range or the depth of the product line for a firm increases, the average total cost 

reduces, leading to an increasing spread between different products. This 

phenomenon is referred to as economies of scope. Additive manufacturing has the 

potential to create internal as well as external economies. When such benefits 

accrue to a particular firm when adopting the technology internally, then they are 

termed the internal economies of the technology. When the cost reductions are due 

to larger externalities, such as supply chain integration, then they are termed the 

external economies of the technology. 

 

  Some original benefits that can accrue to any firm adopting additive manufacturing 

technology internally (internal economies) are: cost reduction, reduction in time for 

addition of components or change in components/assembly line in response to 

market dynamics, enhanced ability to insource critical tools or equipment, increased 

product functionality, reduced product development time, and improved product 

quality. From the organization’s perspective, changing production cost economics 

can enhance competitiveness. It can increase the availability of in-house production 

resources by eliminating physical inventory, cost of capital, and production-related 

wastes. The net cash flow remains constant, although wealth—measured in terms of 

the discounted cash flow—increases. The starting point for the development of the 

conceptual framework was the analysis of the internal and external economies that 
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would make the industry competitive. These economies were the result of a detailed 

review of published case studies and literature dealing with the adoption of the 

technology in the automotive industry. 

 

 Functionally, these economies can be studied in isolation, but they are co-

dependent. Benefits of internal economy can be had in isolation by a firm, but to 

fully capture the external economies, the industry has to adopt the technology. The 

adoption of technology by an industry determines its economic performance and 

employment potential. This feedback provides an effective means of understanding 

the real benefits from the technology as perceived by the user organizations 

whenever they adopt a technology. Hence, two methods were employed: the 

concept of internal economies and external economies as externalities. Case studies 

were used to validate the co-dependent relation among these economies and the 

competitiveness of the industry. Classification of economies and the control 

parameters provide a heuristic understanding of the functioning of the case. This 

conceptual framework must be interpreted within the case study for a particular 

result. More intuition regarding the individual economies can be harnessed from the 

results of the case study. The technology can make proficient use of the economies 

classified here to affect product and process developments in India. 

 

 3.1. Internal Economies of Additive Manufacturing 

 Additive manufacturing is expected to bring a number of operational improvements 

through the use of layer-by-layer manufacturing processes. These revolutionary 

advancements offer numerous advantages that can significantly enhance various 

aspects of production. Some of the key benefits include: (a) Drastically decreased 

production lead time and related waiting time. (b) Greatly reduced waste of 

material, leading to more efficient resource utilization. (c) Significantly diminished 

occurrences of repair and rework, resulting in improved overall quality. (d) Possibility 

of design modifications occurring in already built components, allowing for 

enhanced flexibility. (e) Ability to establish small lot size manufacturing facilities, 

enabling more streamlined and agile production. (f) Potential reduction in labor and 

operator skills required due to automation in some of the AM processes. (g) Scope 

for producing customized products at or near the same unit cost of mass 

production, providing a competitive edge. (h) Possibility of in-situ tools and fixtures 

production through the AM process, leading to improved convenience and time 

savings. (i) Reduced cost of warranty and after-sales services, leading to increased 

customer satisfaction and financial savings. (j) Enhanced reusability and re-

manufacturability of products, contributing to a more sustainable and 

environmentally friendly approach. These advantages contribute to a net benefit in 
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the form of cost savings to the company, allowing for improved profitability and 

competitiveness. Furthermore, additive manufacturing also offers significant 

opportunities to automobile companies in their supply chain. It can lead to reduced 

time spent in the after-sales supply chain, lower inventory levels, and overall 

improved inventory turnover.  

  

 The added flexibility in adjusting the production quantity and the production time in 

a product design process across its lifetime is particularly advantageous in situations 

where the product life is uncertain. Being one of the first movers in the additive 

manufacturing field provides a strategic advantage. These pioneers have the 

opportunity to capture current market demand by reducing product time to market. 

By establishing themselves as providers of customized offerings, they can increase 

their market share, product sales, and long-term profitability. Moreover, operational 

and technological innovation changes act as pivotal drivers of organizational 

innovation.  

 By embracing additive manufacturing, companies can introduce significant changes 

in their manufacturing processes and optimize the use of capital and skilled labor. 

This not only improves efficiency but also enables workers to combine existing 

resources in a superior fashion, adding value to their activities. In conclusion, 

additive manufacturing offers a plethora of benefits that revolutionize the 

production landscape. Its impact spans from cost savings and improved operational 

efficiency to increased competitiveness and market share. By embracing these 

advancements, companies can pave the way for organizational innovation and 

establish themselves as leaders in their respective industries. 

 

 3.2. External Economies of Additive Manufacturing 

 The adoption of additive manufacturing, to a large extent, depends on the 

environment it operates in. It is argued that the knowledge transfer occurring 

between organizations and institutions and among businesses operating in a local 

geographical area may result in economies arising external to the company, which 

may reduce costs and increase the effectiveness of the company. The increased 

effectiveness of businesses operating in the local area will lead to increased demand 

for local supplies, thereby providing customers for local suppliers. This, in turn, will 

lead to increasing customer and supplier bases, which may lead to increasing cost 

and operational efficiencies. It has been identified that additive manufacturing 

technologies mostly require extensive supply chain interaction, with the supply 

chain itself existing both up and down the technology readiness level scales. It has 

been noted that AM is a field with a higher level of industrial cooperative 

networking development.  
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 A robust network with industry businesses, large multinationals, technology 

suppliers, and research and development agencies may result in improved sharing 

of best practices, innovation, and manufacturing knowledge up and down the 

supply chain. National government policy also supports a policy towards smart 

specialisation through clustering of industry where there are known externalities 

that support the growth and development of firms – typically high-tech enterprises. 

Smart specialisation is a policy framework designed to promote economic 

development by fostering innovation and research in a particular high-technology 

field, often by creating synergies between businesses and public and private 

research sectors.  

  

 Central to the smart specialization theory are localized external economies for the 

promotion of research and development levies and high-tech firms. This can include 

financing the development of technical infrastructure, development of skills training, 

mentoring, commercialization of technology, knowledge, and know-how, or 

development of integrated industrial strategies through interaction with large 

multinationals. Governments are encouraged to foster these market-led strategies 

by providing indirect finance or tax increment financing via the development of 

physical infrastructure.  

 

 Some studies have taken the city region as the analytical focus, providing increased 

insight on growth in the supply chain. The city region approach allows for a 

comprehensive analysis of the interdependencies and spillovers related to the 

adoption of additive manufacturing. This analysis goes beyond the traditional focus 

on individual firms or industries and instead considers the broader economic impact 

of additive manufacturing within a particular geographical area. By considering the 

city region as a unit of analysis, researchers can better understand the complex 

interactions and relationships that shape the diffusion and impact of additive 

manufacturing on local economies.  

 

 Furthermore, the city region approach allows for a more nuanced understanding of 

the factors that contribute to the growth and development of additive 

manufacturing. It recognizes that the success of additive manufacturing is not solely 

determined by the characteristics of individual firms, but also by the broader 

institutional and social context in which these firms operate. Factors such as the 

availability of skilled labor, the presence of research and development institutions, 

and the existence of supportive networks and infrastructure are all critical to the 

adoption and diffusion of additive manufacturing. In addition, the city region 

approach highlights the importance of collaboration and knowledge sharing 
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between different actors and stakeholders. It emphasizes the need for businesses, 

government agencies, research institutions, and other organizations to work 

together to develop and implement strategies that promote the growth and 

development of additive manufacturing.  

 

 By fostering collaboration and knowledge exchange, the city region approach can 

help overcome barriers and challenges associated with the adoption of additive 

manufacturing, such as limited access to capital, lack of awareness and 

understanding, and regulatory obstacles. Overall, the city region approach provides 

a valuable framework for understanding and promoting the adoption and diffusion 

of additive manufacturing. It recognizes the complexity and interconnectedness of 

factors that influence the growth and development of additive manufacturing and 

emphasizes the importance of collaboration and knowledge sharing. By taking a 

comprehensive and holistic approach, researchers, policymakers, and other 

stakeholders can better understand the potential benefits and challenges of additive 

manufacturing and develop strategies to maximize its impact on local economies 

and communities. 

 

 4. Additive Manufacturing Technologies in the Automobile Industry 

 Currently, within the automobile industry, there exists a vast array of additive 

manufacturing technologies that can be utilized. These technologies encompass a 

variety of methods such as stereolithography, fused deposition modeling, selective 

laser sintering, direct metal laser sintering, electron beam melting, laminated object 

manufacturing, and digital light processing techniques. Stereo-lithography, for 

instance, is commonly employed in the construction of new prototypes. 

Additionally, this technology finds extensive use in the production of automotive 

castings, fuel injectors, and turbo.  

 

 On the other hand, fused deposition modeling relies on plastic materials when 

fabricating vehicle prototypes, particularly those originating in urban areas. Direct 

metal laser sintering serves as yet another technique utilized in automobile 

manufacturing, specifically in the production of automobile components such as 

mounting brackets, engine support, HVAC systems, and grease ducts. Both stereo-

lithography and fused deposition modeling are extensively employed in various 

departments dedicated to prototype production, while selective laser sintering is 

predominantly employed in the creation of tooling. In the preliminary stages of 

automobile development, digital light processing, filament fabrication, and electron 

beam melting technologies are widely employed.  
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 However, when it comes to acquiring the necessary parts subsequent to their 

removal, SLS technology remains the preferred choice due to its numerous 

applications relating to the removal of small amounts of value-added assistance 

required for either support or the built part. As public attention and prominence 

towards the vehicle manufacturing industry continue to grow at a rapid pace, the 

lightweight construction of both automobile casings and accessories is expanding 

accordingly. Certain automotive companies have adopted additive manufacturing 

technologies that feature two prototype models, which can also be utilized for 

limited-scale production. This allows for customization options on these vehicles. In 

addition to the efficient production of vehicles, the method by which vehicles are 

sent across the vehicle manufacturing industry has also undergone a transformative 

shift. Some cars now include 3D-printed parts to ensure a perfect fit.  

 

 The production of customized cars is executed with utmost precision, as each 

uniquely fabricated part is crafted to fit flawlessly. In terms of research, automotive 

sectors that are responsible for creating such automobile inventories have 

recognized the immense prospects offered by additive manufacturing. 

Consequently, they have begun to embrace these capabilities by incorporating 3D 

manufacturing technologies. To illustrate, an automobile organization recently 

entered into a partnership with a leading technology company specializing in 

electric vehicles. Together, they acknowledged the potential of 3D printing for 

future production of vehicles. The belief is that 3D technology components have the 

potential to gradually revolutionize a variety of traditional manufacturing practices.  

 

 Moreover, the application of 3D technology can significantly enhance lightweight 

construction, prompting automobile companies to produce lighter cars with unique 

configurations. This shift has resulted in the application of 3D printing technology, 

thereby transforming the technology and automobile industries into a distinctive 

and meaningful adaptation within the current landscape. Subsequently, last 

September saw a world-renowned automotive specialist publicly endorsing the 

implementation of 3D printing technology within the motorcycle division, 

particularly for the air-conditioning process involved in cooling automobiles. This 

event, scheduled to take place in Melbourne this year, aims to showcase the debut 

of a 3D-printed motorbike prototype, highlighting the improved cooling efficiency 

that can be achieved through this innovative application.  

 

 Given the escalating interest in additive manufacturing for automotive parts, there is 

a growing hope for a streamlined method to develop 3D printing technologies. As 

executives become increasingly aware of the 3D support chain advisory, plans are 
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being devised to navigate the complexities of the 3D printing process. Whereas in 

the past, out of the 20,000 parts manufactured, only 40 were 3D printed, the future 

is set to witness a significant rise in this number. One particularly exciting prospect is 

the integration of 3D-printed components within racing car engines, serving as a 

testament to the brand's commitment to innovation and performance. 

 

 5. Case Study: Implementation of Additive Manufacturing in Indian 

Automobile Companies 

 The above sections have comprehensively introduced the country-specific approach 

to the adoption of additive manufacturing (AM) in India, highlighting the numerous 

benefits that the country aims to derive from this transformative technology. In 

order to gain a deeper understanding of the progress of AM in India, this case study 

delves into the experiences and advancements made by automobile companies that 

have successfully integrated AM into their operations. By analyzing the challenges 

faced by these companies, as well as the strategic and leadership decisions they 

have made to address these obstacles, we aim to uncover the outcomes of their 

courses of action. Furthermore, our investigation places a significant emphasis on 

the role of innovations in driving the implementation of AM across these 

companies.  

 

 To gain valuable insights into the state of AM in the Indian automobile industry, we 

have conducted interviews with industry players who offer invaluable perspectives. 

This case study serves as an invaluable tool to illustrate the practical relevance of the 

theoretical concepts discussed earlier. Drawing upon in-depth interviews with top 

management personnel from several Indian automobile companies that have 

achieved successful integration of AM technologies, we provide first-hand accounts 

of the experiences and challenges encountered during the implementation process. 

Our research endeavors to answer the pressing question of how internal and 

external economies can be derived from AM in developing countries.  

 

 Central to this paper is the presentation of the added value resulting from specific 

implementations of AM, showcasing a cost-beneficial approach in three out of the 

four companies studied. This undoubtedly underscores the potential internal 

economies that can be achieved through the implementation of AM, with an 

emphasis on cost reductions and operational efficiencies. Additionally, it becomes 

evident that the benefits of AM technology extend beyond mere cost savings, with 

notable improvements in product development and operations strategies made 

possible by the unique advantages afforded by AM, including design freedom and 

on-demand manufacturing capabilities. It is, however, essential to acknowledge that 
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the implementation of AM does not come without risks, particularly from cultural 

and financial standpoints.  

 

 This paper meticulously illustrates how Indian companies have proactively 

addressed these issues of trust and control as they embarked on their journey of 

implementing AM technologies. Furthermore, this case study sheds light on market 

dynamics and practices, providing practical accounts of how the Indian industry is 

strategically aligning itself with the new business opportunities presented by 

additive manufacturing. Our research represents a micro-study application of the 

findings from the latest developments in the Indian market. It aims to showcase the 

internal and external economies that can be derived from the implementation of 

AM by examining the experiences of four prominent automobile companies in India.  

 

 Each of these companies has adopted unique organizational-technology ordering 

designs tailored specifically for their technological applications, based on the 

discernible determinants of the demand side. This approach has given rise to 

promising success stories, effectively attracting and retaining a new customer value 

market in the realm of additive manufacturing. Through careful examination, it has 

become apparent that certain AM applications fail to pass the organizational-

technology fit acceptance tests, rendering them neutral in terms of adding value. 

The practical approach employed by these companies enables them to maximize 

the inherent value by offering improved product-service offerings within a 

constrained market space. Dynamic and constant change define the observed 

dynamics between the company and consumer value, as articulated through the 

case studies of these organizations.  

 

 However, it must be acknowledged that while the adoption of AM technology is 

paramount, it alone is insufficient in generating the necessary value to secure a 

significant market share or meet the satisfaction levels of end-product users. The 

key success factors lie in innovation and adaptation of the available AM technology, 

which ultimately shape a company's ability to exploit both internal and external AM 

economies. This case study serves as a rich source of practical lessons that can be 

drawn from the experiences and strategies employed by the Indian automobile 

companies. It provides valuable insights into the challenges faced, the solutions 

implemented, and the potential for future growth as a result of embracing additive 

manufacturing. 

 

 6. Impact and Future Implications 
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 "Industry 4.0" emphasizes the utilization of advanced and cutting-edge 

technologies, such as additive manufacturing, cloud computing, and the Internet of 

Things. The application of additive technologies by Indian automobile industries is 

expected to bring immense changes in the manufacturing processes employed, as 

well as in the supply chain and global market competition. There is also the 

potential for production standardization of customized parts and products, 

employment generation via manufacturing hubs in different states, and skill 

development in this domain. The government is also considering creating a 

regulatory structure for it. These technologies can also be leveraged to focus on and 

reduce the cost of developing self-driving vehicles. Efforts in this domain are 

expected with the recent establishment of a joint venture.  

 

 The "go green" policy is expected to impact the automobile industry severely. In this 

context, the industry would utilize advanced and sustainable manufacturing 

technologies, including 3D printing, to manufacture vehicle components. 3D 

printing has been considered suitable for large and heavy components 

manufactured from conventional materials, and the availability of advanced 

materials makes 3D printing of the vehicle body structuring possible. The research 

of these technologies is in the pilot phase in the international automotive sector. 

Therefore, the progress is difficult to predict.  

 

 However, given the unprecedented potential of these technological advancements 

and the constant innovations in the industry, it is evident that the growth and the 

technical breakthrough of the industry are challenging tasks in the near future. 

Nevertheless, these nascent technologies will be a must-have in achieving India's 

vision for 2024. With the continuous support from the government, industry leaders, 

and technology experts, India is on the path to becoming a global leader in additive 

manufacturing, cloud computing, and the Internet of Things. The integration of 

these technologies will not only revolutionize the automotive industry but also pave 

the way for a more sustainable and efficient future. The possibilities are endless, and 

the achievements that lie ahead are bound to exceed all expectations. 

 

 6.1. Economic Benefits 

 The major economic benefits from additive manufacturing are the cost savings. The 

decrease in material usage by reducing the weight of the parts as integrated 

components could save a significant amount. Optimized designs can save costs in 

the assembly of parts as they are now produced as one single component. 

Additionally, they also reduce human errors as fewer parts have to be managed and 

fewer spare parts would be required, which again would lead to a decrease in 
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inventory management costs. There is also a substantial reduction in lead time, 

being reduced to only 24 hours. As the production is localized, customized, and 

reduced lead time, we assume that a portion of the total amount of inventory can 

be saved, reducing costs. This amount could save a percentage of the total costs. By 

moving to additive manufacturing, many more people's work could be handled 

completely through automation.  

 

 A machinery operator may need to renew his knowledge as well as training to 

handle the 3D printer. To begin with, just primary car enthusiasts could profit from 

the chance of acquiring a special additive manufacturing finished vehicle. Car buyers 

are always very keen on obtaining the best value for their money that they will 

spend. A vehicle whose design and implementation have been driven by additive 

manufacturing will hold a much higher value than traditional models. The resulting 

competitive advantage is huge. Since only futuristic car models, rivals initially will 

not account for an extra amount of saved costs. Continuing in the chain, such cost 

preferences will permit vehicles likewise to be retailed at lower values after 

operational expenses are accounted for. A rise in employment might be noticed at 

the direct production stage. The number of machine operators would rise with the 

increase of 3D printers.  

 

 Additionally, new technical roles may emerge, including individuals with specialized 

expertise in 3D printing, metal science, and limitations. The introduction of the new 

car model will affect the overall profit of the parent company in a beneficial way. 

The parent company would maintain its reputation in the market with innovative 

designs. The company not only considers reducing costs but also increasing the 

quality and features of the vehicle. Three reasons were debated as leading to the 

contribution of the additive manufacturing opportunity to the competitiveness of 

the automobile sector as a part of the automobile industry. They were economic, 

innovation, and societal. The economic aspect was debated broadly and recognized 

to be a major driver for the adoption.  

 

 Additive manufacturing brings forth a myriad of significant economic benefits that 

greatly impact various industries. One of the primary advantages lies in the 

substantial cost savings it offers. By reducing the weight of parts and integrating 

them into components, material usage is significantly decreased, resulting in 

remarkable savings. The assembly of parts is also optimized, leading to cost 

reductions as they are now seamlessly produced as one single component. 

Moreover, this optimization reduces the likelihood of human errors, as the 

management of fewer parts requires less effort, and fewer spare parts are necessary. 
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Consequently, this reduction in inventory management costs adds to the overall 

cost savings. Additionally, additive manufacturing boasts a remarkable decrease in 

lead time, with production time being reduced to a mere 24 hours.  

 

 By localizing production, customizing products, and diminishing the lead time, it is 

assumed that a certain portion of the entire inventory can be saved, thus cutting 

costs. As a result, this saved amount contributes to a considerable percentage of the 

overall costs, further enhancing the economic benefits. Furthermore, transitioning to 

additive manufacturing can pave the way for increased automation in various 

industries, leading to a shift in job responsibilities for many individuals. Machinery 

operators, for instance, may need to update their skills and undergo training to 

proficiently handle 3D printers. Initially, the opportunity to acquire a special additive 

manufacturing finished vehicle would primarily benefit car enthusiasts who truly 

value quality and value for their money. These individuals always strive to obtain the 

best possible vehicle, and a car whose design and implementation have been driven 

by additive manufacturing undoubtedly holds a significantly higher value compared 

to traditional models.  

 

 The resulting competitive advantage for such vehicles is immense. At first, rival 

companies might not account for the extra amount of saved costs associated with 

futuristic car models. However, as this preference for cost savings extends 

throughout the market, vehicles can subsequently be retailed at lower values, 

especially after operational expenses are taken into account. This shift in pricing 

inevitably benefits customers while still maintaining profitability for the 

manufacturer. Additionally, the rise of additive manufacturing is expected to 

generate new employment opportunities, particularly in the direct production stage. 

With the increased adoption of 3D printers, the number of machine operators would 

inevitably surge. Furthermore, the emergence of various technical roles can be 

anticipated, with individuals possessing specialized expertise in 3D printing, metal 

science, and the limitations of additive manufacturing.  

 

 This expansion of the workforce contributes to the overall growth of the industry 

and economy. From a broader perspective, the introduction of new car models 

driven by additive manufacturing has a profound impact on the parent company's 

overall profit in a highly beneficial manner. By consistently showcasing innovative 

designs, the parent company maintains its reputation in the market. The focus is not 

solely on reducing costs, but also on enhancing the quality and features of the 

vehicles, ensuring customers receive the best possible product. In the automobile 

sector, which is a vital part of the larger automotive industry, additive manufacturing 
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contributes to its competitiveness by addressing three crucial aspects: economic, 

innovation, and societal factors. Among these factors, the economic aspect stands 

out and has been widely debated, ultimately recognized as a major driving force 

behind the adoption of additive manufacturing, thus shaping the future of the 

industry. 

 

 6.2. Technological Advancements 

 In the rapidly evolving automobile sector, the utilization of 3D printing technology 

has primarily focused on prototyping and tool fabrication. However, there is a 

growing trend towards the creation of end-use parts using this innovative 

manufacturing process. Over the years, significant progress has been achieved 

across various aspects of 3D printing, including the development of materials 

specifically designed for Fused Deposition Modeling (FDM), the ability to quickly 

change materials during printing, accelerated machine speeds, and the emergence 

of low-cost metal 3D printing capabilities. Moreover, the resolution and build speed 

of 3D printers have witnessed unprecedented growth in the past two decades. While 

desktop 3D printers are still incapable of producing extremely large parts, there is a 

steady increase in the size of printable objects, closing the gap with industrial-scale 

machines.  

 

 For those seeking utmost precision in their printed parts, a stereolithography 3D 

printing machine remains the superior choice. Looking ahead, the key factor for 

future success lies in the adaptability of 3D printing machines, where a single device 

can combine the precision of Selective Laser Sintering (SLS) with the speed of FDM 

printing. Additionally, the integration of Artificial Intelligence (AI) and the Internet of 

Things (IoT) into digital manufacturing processes is expected to lead to 

revolutionary advancements. This new era would facilitate remote monitoring, 

enhance production speed, and allow for seamless scalability, thereby benefiting the 

overall manufacturing environment. Within the last three decades, the automotive 

industry has transitioned its focus from mechanical components to sophisticated 

Engine Control Units (ECUs), Digital Control Units (DCUs), and complex networks 

interconnecting these units. In recent times, software has rapidly taken center stage 

in the automotive arena, revolutionizing the way cars operate. The trajectory of 

future automobiles suggests a transformative shift towards complete software-

defined vehicles. This paradigm shift empowers real-time problem detection and 

facilitates immediate self-repair or preventive maintenance measures.  

 

 Moreover, it opens up new ancillary markets, presenting exciting opportunities for 

further growth and innovation. The ongoing trends we observe today firmly indicate 
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that 3D printing technology will witness significant enhancements in the near future, 

propelling the automobile industry towards greater excellence. The digital 

revolution has also had a profound impact on the automotive value chain, with 

advancements in 3D modeling and simulations enabling superior design 

capabilities. Additionally, the advent of machine vision technology has made quality 

monitoring of standardized parts both efficient and instantaneous.  

 

 By analyzing and drawing parallels from technological advancements in other 

sectors of the automobile industry, we can anticipate similar breakthroughs and 

rapid progress in the realm of 3D printing. Undoubtedly, the field of 

stereolithography and its expanding digital ecosystem represent a new frontier in 

the automotive industry. Positioned at the forefront of technology, it encompasses 

the essential characteristics required by modern industries. As we embrace the 

exciting possibilities that lie ahead, it is evident that the convergence of 3D printing, 

digital technologies, and automation will reshape the automobile industry, creating 

a future where customization, efficiency, and sustainability seamlessly coexist. 

 

 7. Conclusion:  

 Additive Manufacturing, also known as 3D printing, is a cutting-edge technology 

that is bringing about a paradigm shift in the production processes of the 

automobile industry in India. With its unique ability to create complex and intricate 

designs, this revolutionary technique is offering unparalleled opportunities for 

increased efficiency and significant cost savings. By seamlessly translating digital 

designs into physical objects, additive manufacturing is streamlining the entire 

manufacturing process, eliminating the need for expensive molds and tooling. 

Moreover, it allows for the production of lightweight yet robust components, 

resulting in improved fuel efficiency and reduced environmental impact. This game-

changing technology is poised to transform the automotive landscape in India, 

making it more competitive on the global stage.  

 

 As companies embrace additive manufacturing, they are able to innovate and iterate 

at an accelerated pace, bringing new and enhanced products to market faster than 

ever before. The possibilities are limitless, as this disruptive technology is unlocking 

new realms of design freedom and customization. From personalized interiors to 

intricate engine parts, additive manufacturing is pushing the boundaries of what is 

possible in the automotive industry. As a result, manufacturers are witnessing 

reduced lead times, increased productivity, and a significant reduction in costs. As 

the adoption of additive manufacturing continues to gain momentum, the 

automobile industry in India is on the cusp of a major transformation that will 
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revolutionize the way vehicles are designed, produced, marketed, and consumed. 

Leveraging the benefits of additive manufacturing, companies can now delve into 

advanced manufacturing techniques that enable bespoke vehicle designs tailored to 

individual customer preferences. This customization not only enhances the overall 

driving experience but also enables users to express their unique identity through 

their vehicles.  

 

 Additionally, the increased use of additive manufacturing has paved the way for the 

creation of new business models, such as on-demand production and localized 

manufacturing, which can help reduce reliance on global supply chains and foster 

domestic economic growth. Furthermore, this technology has the potential to 

revolutionize the maintenance and repair processes in the automotive industry. With 

the ability to quickly produce replacement parts, additive manufacturing reduces 

downtime and increases the availability of spare components, thereby enhancing 

the overall reliability and longevity of vehicles.  

 

 Furthermore, additive manufacturing is not limited solely to the production of 

vehicles and parts. It can also be utilized in the creation of tools, jigs, and fixtures 

that aid in the manufacturing process, improving overall efficiency and accuracy. As 

we look towards the future, it is evident that additive manufacturing will play a 

significant role in shaping the automobile industry in India. Its potential to drive 

innovation, enhance sustainability, and improve cost-efficiency will be key factors in 

ensuring the industry's growth and competitiveness on a global scale. The Indian 

automotive landscape is set to witness a wave of disruption, as additive 

manufacturing continues to evolve and mature. With advancements in materials, 

software, and hardware, the possibilities for creating complex, reliable, and high-

performance components are endless. The collaboration between automotive 

manufacturers, researchers, and technology providers will be crucial in unlocking the 

full potential of additive manufacturing and ensuring its seamless integration into 

the industry.  

 

 In conclusion, additive manufacturing is not just a tool, but a game-changing 

technology that holds the promise of transforming the automobile industry in India. 

Its ability to revolutionize design, production processes, customization, and 

maintenance will lead to a more sustainable, efficient, and customer-centric 

automotive ecosystem. The journey towards this brighter and more prosperous 

future has already begun, and it is only a matter of time before additive 

manufacturing becomes an integral part of the Indian automotive industry, driving it 

towards unprecedented heights of success and innovation. 
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