













































































l"“ﬂﬂ Challenges in the Indian Context

India’s target of achieving a 25% contribution to GDP from the manufacturing sector by 2025 has not been met, with the
sector contributing around 13-14% to GDP as of 2025.

India’s manufacturing sector poses several specific challenges in addition to those outlined above, which can further hinder
its transition to automated manufacturing. These include:

B Low internet penetration:

India has seen only 67% internet penetration across the country as of March 2024.

B Limited domestic Al compute capacity:

India hosts only 2% of global data centers despite generating 20% of global data.

B Legal challenges:

Lack of a comprehensive Al law, and lack of adherence to data privacy laws, especially among MSMEs.
B Challenges for MSMEs:

—= (Qutdated technology and expertise gaps cause limited awareness or willingness to implement advanced technology.
—= Challenges with respect to access to higher financing.

W Infrastructure gaps:

—= Disrupted supply of electricity and internet, especially in non-urban areas. According to the Central Electricity Authority
(CEA), India experienced a power deficit of approximately 73,000 million units in FY 2022-23.

Logistical gaps, for example, issues such as a lack of last mile connectivity for supply chains.

Lack of standardized data infrastructure, for example, data silos. Presently, the manufacturing sector is not equipped
with standardized edge or cloud computing capabilities.
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B Skills gap:

—  The majority of India's manufacturing workforce presently lacks the skills and technical proficiency required to operate or
maintain smart systems, such as cybersecurity, technology literacy, and human-centric skills such as problem-solving,
creative thinking, and design thinking.

—= Although the transition to smart manufacturing will displace existing jobs, it will also create higher roles within the sector.
However, retraining the workforce requires investment and time in training and attracting specialised talent.

—= |nIndia, the Al market is also facing a skills gap, with the market growing at a faster rate than skilled Al talent.

In order to automate and transition India’s manufacturing sector, the above challenges need to be dealt with in an integrated
manner. It is important to enhance connected industries such as infrastructure and logistics and power supply, internet
penetration, and digitalization of every Indian user, and to provide skilling and training for the general workforce. The
government has been providing various schemes and incentives such as Make in India, SAMARTH Udyog, and the PLI
schemes (covered in the above sections). These initiatives aim to inject Industry 4.0 technologies into the manufacturing
sector to improve its efficiency, attract FDI, and to enhance the competitiveness of the sector in keeping with global
standards.

Many initiatives are also in place to revise the curriculum at various universities and even retrain employees to equip them
with the necessary skills and achieve an overall higher technological expertise within the workforce. For example, the
initiatives by the National Skill Development Corporation (NSDC), Industrial Training Institutes (ITls), or collaborations with
industry bodies like NASSCOM and FICCI aim to bridge the skills gap within the manufacturing sector.




07. STRATEGIES FOR SUCCESSFUL
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As seen in the above sections, the transition to fully lights-out manufacturing requires a very high initial investment. In
determining the extent to which a company can implement automation in manufacturing, a company needs to perform a cost-
benefit analysis to weigh the initial capital investment against the potential long-term returns.

In general, the implementation of fully lights-out production is more conducive for factories that carry out simple and
repetitive tasks. Automating processes with complex tasks or with customized production may either prove more difficult or
may not provide expected returns on investment (ROI). In most lights-out manufacturing operations, human workers are still
required to manage or supervise the facility, to plan production, and oversee the process. Further, lights-out manufacturing
will also mean hiring additional skilled workers in anticipation of increased production volume through automation.

The common drivers or factors of interest for companies considering implementation of lights-out manufacturing are worker
shortage or increasing labour cost, and potential benefits such as improved efficiency and reduced operating costs, reduced
environmental footprint, improved quality control, and enhanced global competitiveness. In a crisis such as the COVID-19
pandemic, a lights-out setup proved most advantageous since it eliminates the need for human workers, and supervision,
maintenance, and the end-to-end manufacturing process and supply chain can be automated. The success cases outlined in
this report have demonstrated the long-term benefits of the transition to smart, or fully automated manufacturing.

In a 2025 Deloitte survey, surveyed manufacturers indicated that Al and machine learning have the largest impact on
business outcomes relative to other smart manufacturing technologies. Further, generative Al or causal Al offer the largest
ROI behind cloud and software-as-a-service technologies.

In this section, we outline some strategies to consider while implementing automated manufacturing:

B Dim Factory or Lights-Sparse Manufacturing

For automating a production process, humans are generally required only to set up the machines for each production run.
Lights-out manufacturing is a practical solution for large companies with a huge production volume and low variation, where
small processes run over a long cycle. In such cases, a human only has to turn the machine on or begin the process and let
automation take over. However, the length of time each machine can run unattended is a potential limiting factor.

Instead of implementing fully lights-out production, small and medium-sized manufacturers may consider the dim factory
model, i.e., a lights-sparse factory, as a viable alternative. In this setup, only part of the production process is automated. For
example, with regards to warehouse automation, a small business may opt for a conveyor system or automated guided
vehicles (AGVs), whereas large companies may opt for more sophisticated Al-driven robots capable of handling multiple tasks.

B Micro-Factories

Micro-factories are small-to-medium scale manufacturing facilities that utilize automation and technology to produce a
variety of products, often focusing on customization within a small volume of production. Such factories are best suited for
SMEs with products that have a higher demand for customization from customers or are based on market demand. This kind
of setup allows businesses to pivot on short notice to meet market demand while maintaining the return on investment.




B Brownfield Vs Greenfield Automation

Brownfield projects refer to reusing or upgrading existing factories with advanced technologies, whereas greenfield
implementation refers to setting up a new automated factory on undeveloped land. With respect to lights-out implementation,
brownfield projects that involve retrofitting or upgrading existing systems face greater integration challenges and
compatibility issues. These manufacturing facilities can still reap the incremental benefits of business-driven process
automations; however, greenfield projects offer design flexibility and control over automation systems since they are
designed and set up from scratch, incorporating digital or Al-powered automation without the additional cost of integration.

In 2024, greenfield projects accounted for 54.1% of the lights-out manufacturing market, according to markets.us, a market
research firm.

B Horizontal Vs Vertical Integration

Horizontal integration connects similar processes or departments across multiple locations, with real-time data being shared
from one end of the supply chain to the other. On the other hand, vertical integration, on the other hand, connects different
stages within a single factory, using technology such as sensors, Al, and data analytics. Decisions are taken autonomously by
Al systems, thus optimizing workflow on the factory floor.

B Robotics-As-A-Service (RaaS)

Robotics-as-a-Service (RaaS), developed on the same principles as the Software-as-a-Service (SaaS) model, allows
companies to rent or lease robots on a subscription or pay-per-use basis, instead of purchasing them. This model is especially
helpful for small and medium-sized companies since RaaS reduces the barrier to entry and offers a solution for challenges
such as financial constraints and a lack of in-house expertise in robotics automation.

Raas also allows flexibility in cases where product demand is seasonal or in an uncertain market. However, it is important to
note that in the long term, the cost of renting robots will outweigh their potential benefits, making it more cost-effective to
purchase the robots instead.

W Zero-Defect Manufacturing

Aims to achieve zero defects, zero waste, and zero accidents in manufacturing by leveraging Industry 4.0 technologies like Al,
robotics, and advanced sensors.

As automation and Industry 4.0 technologies are increasingly deployed in the manufacturing sector, companies considering
the shift to lights-out manufacturing or some version of automated manufacturing must consider whether this shift aligns
with their business vision, and not just from technological feasibility or to keep up with the global trends. Some other issues
to be considered before implementation include standardisation in technology and processes, specialized employee and
management training, and scalability issues.
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Victor Hugo wrote, “No power on earth can stop an idea whose time has come." Automated manufacturing is no longer a
model that companies must consider; it is a change that has been underway for over a decade, and it is here to stay.
Manufacturers that are slow to adapt to this transformation may well face the risk of falling behind in terms of global
competitive advantage.

According to a study published by the Confederation of Indian Industry (Cll), although most manufacturers in India recognise
technology adoption as a critical driver of profitability and competitiveness, current investments remain modest, with many
allocating less than 10% of their budgets. However, the report predicts a shift towards higher investment, targeting 11-15% of
budgets, in the next two years, particularly in loT, robotics, and Big Data.

Although a full lights-out setup may not be feasible for India at this stage, India can embrace Industry 4.0, which forms the
core of digital transformation. A phased implementation can be followed, for example:

B InPhase 1, the focus may be on digitization by integrating loT sensors and cloud-based systems to enable real-time data
collection and analytics in manufacturing units.

B InPhase 2, Al adoption and automation can be implemented, leveraging machine learning for predictive maintenance
and process automation.

B Policy Support:

—= With the foundation for digital transformation in place, various policies by the government are helpful, such as the
Production Linked Incentive (PLI) scheme targeting sectors like electronics, automotive, and semiconductors. Through
automation, Indian semiconductor manufacturers can enhance precision, improve production yields, and reduce errors.
Driven by demand from the EV sector and with the rollout of 5G in India, the need for advanced semiconductors is
paramount, since both require specialized chips for high-speed data transmission.

—= Other than the manufacturing sector, the country is witnessing a strong focus on smart cities, smart buildings, and an
overall upgrade to infrastructure, transport, and logistics. Further, sustainability is at the heart of Industry 4.0, whose
technologies facilitate efficient use of resources and waste reduction. With ESG reporting standards getting more
stringent around the world, smart manufacturing offers businesses all the tools for transitioning towards more efficient,
sustainable manufacturing setups, and helps India meet its climate goals and transition toward greener manufacturing
practices.

W Skill Development:
As mentioned in the above sections, collaborations with |ITs and other industry bodies to establish training programs and an
Industry 4.0-focused curriculum will help increase the expertise of the workforce.

W Financing Model:

The government may establish schemes to provide higher access to financing for MSMEs to upgrade their setup to smart
technologies.

B Public-Private Partnerships (PPPs)

The National Manufacturing Competitiveness Programme (NMCP) programme helps SMEs with information and
communication technology, manufacturing management, financing help, design clinics, skill development, and marketing
support for SMEs. PPPs can also work to establish shared technology hubs through which MSMEs can access high-cost
technologies. Such hubs can also serve as centres for R&D, training, and industry-academia collaboration.

India’s adoption of Industry 4.0 technologies and smart manufacturing is slowly but surely reshaping its factory automation
market. A planned transformation of the manufacturing sector can not only help position India as a global manufacturing hub
but also achieve the goal of the sector contributing 25% to India’s GDP.
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