e
‘j‘IJSREl:{‘
h.ema 7 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 04 | April - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

Adoption of Warehouse Automation Technologies in Indian E-Commerce

SUNIDHI CHOUHAN

Student, Department of Management studies, Parul University, Vadodara.

SNEHIT ATTRI
Student, Department of Management studies, Parul University, Vadodara.

Abstract

The warehousing and logistics industry of India is currently experiencing one of the biggest structural changes in
decades. What used to be mere storage systems are now being reconstructed as technology- enabled fulfillment
centers on the ground and the rate of change is increasing. The warehouse has long since outgrown its previous
function as a cost center as the e-commerce market in India is set to pass USD 200 billion by 2027. It has become the
core of the competitive landscape in companies, with a direct impact on speed of delivery, accuracy of the order, the
type of brand experience that customers have learned to expect. This paper will examine the adoption of warechouse
automation technologies in the e-commerce industry in India, and attempt to learn what is motivating the adoption as
well as what is impeding the adoption. The study is based on a mixed-method study, which consisted of 103
respondents of e-commerce retailers, logistics service providers, and technology vendors. The results provide a rather
clear image of the current state of affairs: such technologies as barcode scanning (92.2%), conveyor systems (90.3%),
and Warehouse Management Systems (89.3%) have become a standard practice of most players. However, more
complex features, such as AI/ML-based demand forecasting (4.9%), robotics and AGVs (5.8%), and loT integration
(6.8%), are much less widespread.

The actual difference between the current position of Indian warehousing and global standards is a gap. The paper
also examines frankly what is retarding things. The biggest challenge is capital costs, particularly when it comes to
smaller businesses that are unable to incur the initial cost of serious automation. Lack of individuals possessing the
technical expertise to operate and service these systems is another enduring issue and it is further exacerbated by
natural panic among warehouse workers about the implications of automation on their jobs. The broken infrastructure
and the lack of uniform access to the digital world contribute to more problems. On the bright side, the government
plans such as National Logistics Policy (2022) and PM Gati Shakti are establishing more favourable conditions in
which to invest. The paper ends by providing practical suggestions to the warehouse operators, technology vendors,
and policymakers, specifically focusing on the rollout strategies, the model of human-robot collaboration working,
and the specific investment in reskilling. Keywords: Warehouse Automation, Indian E-Commerce, Autonomous
Mobile Robots (AMR), Warehouse Management System (WMS), Supply Chain Digitalization, Operations
Management, Technology Adoption, Logistics 4.0.

Part I — General Information

1.1 Overview of the World Market

The warehousing and logistics industry across the world is changing at a pace that is not anticipated by the majority of
people in the industry. By 2030, the global e-commerce sales would be greater than USD 7 trillion and warehouses are
no longer where goods are stored between the manufacturing and selling process. Companies in the United States,
Germany, Japan, and China have been actively constructing Automated Storage and Retrieval Systems (AS/RS),
Autonomous Mobile Robots (AMRs) and advanced picking systems. Retailers such as Walmart and Alibaba have
established a new benchmark on what automation on scale should look like and competitors have to either keep up or
risk falling behind. The modernisation pressure has been further exacerbated by the pandemic, which has revealed
how vulnerable most supply chains were. Increasing energy prices and frequent freight crises have elevated the issue

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM59474 | Page 1



https://ijsrem.com/

G 1Y

7 &

¢ IISREM 3|

h.ema 7 International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 10 Issue: 04 | April - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

of resilience to a reality rather than a rhetoric. Largely, major organisations are resorting to artificial intelligence, the
Internet of Things, and analytics of big data to create warehouses capable of responding to issues in real-time instead
of hindsight. The warehouse is less of a storage point but more of an intelligent decision making place in a digital
supply chain that is being connected.

1.2 Introduction to the Indian Market.

The warehousing industry in India is growing at a rate that is honestly difficult to follow. Even the e- commerce
market is projected to reach USD 200 billion by 2027 and such growth is creating demand on warehousing which the
traditional facilities are not constructed to accommodate. Among the most important structural changes in recent years
has been the GST reform which enabled companies to take dozens of warehouses across state borders that were often
small and dispersed and consolidate them into fewer, larger warehouses and better placed distribution centers. Another
level of complexity has been introduced by the emergence of fast-commerce platforms. Blinkit, Zepto and Swiggy
Instamart have fundamentally invented a novel category of micro-fulfillment center that is intended to facilitate
deliveries in 10-30 minutes. This is a radically different operation issue compared to normal next-day shipment, and it
demands a degree of spatial and technological accuracy that was certainly not a mass consideration five years ago.
The state of Gujarat has become a key logistics hub in this regard with Ahmedabad, Surat, and Vadodara now
becoming key centres of high-capacity and technology-enabled warehousing, with the location of the state within the
Delhi-Mumbai Industrial Corridor.

1.3  Expanding the Warehouse Automation Industry.

The market of warehouse automation in India is estimated to be USD 0.56 billion in 2025 and USD 1.29 billion in
2030, which translates to a compound annual growth rate of circa 18.14%. Such a long-term growth indicates the
intersection of various trends: the increased penetration of online shopping, consumers who are more demanding, the
rapid urbanisation process, and the growing labour and real estate prices, particularly in big metropolitan centres.
Today, the hardware solutions such as sortation systems, conveyors, AMRs have concentrated a great part of the
market activity. The more long term path however, gives software and orchestration platforms as the true points of
divergence. These systems unify human employees, automation machinery, and data lines into concerted functioning,
which can adapt to evolving circumstances. Inventory control and real-time monitoring predictive analytics are
already transforming the way the most successful Indian warehouses work, and the future where technology does not
simply support human decision-making as a factor but actively influences it.

1.4  Government Policy Support

There has been a significant positive change in policy environment in India, which is now more conducive to
modernisation of logistics. India has established a clear goal of bringing its logistics expenses down to approximately
8 percent of the global logistics expenses of approximately 8% of GDP (National Logistics Policy, 2022). Even the
partial accomplishment of that ambition would be a dramatic change in the competitiveness of Indian manufacturing
and commerce more generally. This is supplemented by the PM Gati Shakti program, which is the creation of a single
digital platform to harmonize the development of infrastructure in rail, road, air, and sea corridors. In addition to these
flagship projects, the government has also proposed incentives on Multi-Modal logistic park and Free trade
warehousing zones and Special Economic Zones have also been established to offer good location based conditions in
large scale warehousing projects. All these steps help mitigate some of the tensions that have long existed to
complicate the process of making massive infrastructure investments, especially among players of the private sector,
who require long time frames to recoup the investment.

1.5 Financial Performance and Industry Trends

The warehousing industry has evolved into a real investment destination in recent years, with strong private equity
and institutional investments in it. There is a significant demand in grade-A warehouses which are equipped with fire
safety, automation infrastructure, and loT readiness. Grade-A warehousing demand in the country is estimated to be
about 60 percent through e-commerce, and 25 percent on top of that through third-party logistics providers. Since the
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cost of land in cities is ever increasing, the companies are moving towards vertical warehousing and robot pallet
systems in order to utilize the cubic space they have to its maximum. Blackstone, Prologis and ESR Group are all
international investors that have increased their presence in the Indian market and it is a noteworthy indicator. These
are complex institutional actors that have international standards of what a legitimate warehousing investment should
be like, and the fact that they remain in the Indian market is an indication that they believe in its long-term
fundamentals.

1.6 Sustainability and Environmental Considerations

Sustainability has ceased to be a nice to have to becoming a real strategic thought process on how warehouses are
designed and managed. Automated systems can help in this in a number of ways; it saves time that is not being used,
improves efficient movement of equipment and saves energy in a number of ways that cannot be equaled in traditional
manual operations. New Grade-A facilities are now often equipped with the likes of electric AMRs, solar-powered
rooftops, and intelligent HVACs.

Companies are currently seeking green building certifications such as IGBC and LEED as an environmental statement
as well as a commercial indicator of institutional investors and multinational clients. ESG reporting demands are also
contributing to this aspect as it is compelling both multinational organizations and Indian companies to offset their
operational presence with environmental goals.

Part I — About Major Companies in the Industry

2.1 E-Commerce Giants and Early Adopters

The largest Indian e-commerce players have not waited before automation turns out to be mainstream before they
pour their resources into it. Amazon India has implemented thousands of robotics units in its fulfillment network with
order cycle times and throughput showing direct and quantifiable improvements. Flipkart has followed suit and
invested in the demand forecasting powered by Al as well as automated sorting plants capable of handling up to 4,500
packages in an hour. The omni-channel logistics of Reliance Retail are being developed with modernized automated
storage facilities, and both Tata Digital and Aditya Birla Group are investing in high-tech warehouse facilities to
facilitate its integrated online-offline commerce plans. Such companies are not merely establishing potential
capability on their behalf. They are also establishing a standard of performance that all the other people in the industry
must answer to whether they are prepared or not.

2.2  Automation Technology Providers

India has also created a plausible domestic automation technology industry of its own. Adverb Technologies is a
provider of complete AMRs, shuttle system, and warehouse management software supported by Reliance Industries.
Grey Orange has established a credible reputation of warehouse orchestration platforms based on Al. Falcon
Autotech specializes in automated sorters, scanners, and conveyor systems, whereas Godrej Consoveyo represents
the supplier of the AS/RS solutions in the local market. Some of these firms have also begun to export their solutions
to foreign markets which is indicative of a degree of technological maturity that the logistics industry in India never
possessed ten years ago.

2.3 Comparative Analysis of Automation Strategies

Organisations of various kinds are approaching automation in rather different ways, and with understandable reasons.
Massive e-commerce businesses with high and predictable volumes of orders are more likely to drive to end-to-end
automation since the economics of their scale and since they are able to absorb the risk of these complex
implementations. The third party logistics providers have other priorities: they require flexibility and configurability,
as they work with a variety of clients having various needs, and, therefore, modular systems are more appealing to
them. Technology vendors are concentrated mainly on scalability, in an attempt to develop platforms that can
accommodate both small and large customers without necessarily having to develop totally different products. The
similarity in all these strategies is that there is a conflict between the efficiency of the capital, the flexibility of
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operations and the speed of deployment, and the way that it is resolved by separate companies depends on its
business model and stage of growth.

Part I — Product Profile: Major Automation Technologies

3.1 Hardware Automation Solutions

The hardware component of warechouse automation in India is a core of technologies which cover the most labour-
intensive operations in the warehouses. Automated Guided Vehicles and Autonomous Mobile Robots are in charge of
the circulation of goods on the floor of the warehouse. Automated Storage and Retrieval Systems enable facilities to
utilize the vertical space in a much more efficient way compared to racking. High-speed sortation systems sort large
amounts of orders, without the same bottlenecks that manual sorting causes, whereby conveyor networks connect the
various areas of operations together into a coherent flow. Collectively these solutions solve the three causes that tend
to slow down a manual warehouse; moving goods around the place; locating the correct item out of thousands of
goods; and sorting and dispatch orders at a high rate.

3.2 Software and Digital Automation Solutions

The more significant half of the automation equation is arguably the software, which is less popularly discussed. A
Warehouse Management System offers the real-time, in-store inventory tracking and workflow coordination that all
the rest of it relies upon. Warehouse Execution Systems control the real time coordination of human and automated
equipment to ensure that each is doing the right thing at the right time. Pick-to-Light and Voice Picking systems
eliminate a lot of errors as opposed to paper-based picking, and they are usually quite fast as well. Orchestration
platforms based on the cloud are becoming more essential because as companies develop distributed fulfillment
networks, multiple sites can be coordinated as a coherent set of data on a single layer.

3.3  Emerging Technologies

In addition to the traditional core technologies, there are a number of new capabilities that are emerging to transform
what can be done in the operation of a warehouse. Micro-fulfillment centres are designed specifically to support
quick-commerce and these are a truly new infrastructure type and not a smaller version of an existing warehouse. loT
sensors and edge computing afford the finer real-time data on inventory whereabouts and equipment condition that
previously was not available. Digital twin technology enables operators to experiment with process or capacity
changes without making a physical investment, minimizing the chances of making costly errors. Blockchain is
enhancing supply chains transparency and accountability in multi-party supply chains, computer vision systems are
providing automated quality inspection and sortation that would otherwise need to be done by a human.

3.4  Operational Impact of Integrated Automation

When properly integrated, the improvements in operations can be considerable when these technologies are combined.
Accuracy of orders increases, the number of returns reduces and unexpected downtime is reduced since they are able
to identify the need to maintain a system before it becomes a failure. The human workers are relieved of high volume
repetitive jobs and are now able to be focused on jobs that demand judgement, supervision or customer service.
Predictive replenishment improves inventory turnover and Al-based scheduling makes sure that resources are being
based on the area where they are needed the most. This net effect is evident in the cost-to-serve per order which is
ultimately the measure that defines whether a business will be able to compete on a sustainable basis in a market
where margins are under continuous pressure.

35 Workforce Adaptation and Skills

It would be wrong to talk about automation in the warehouse without mentioning the consequences that automation
has on employees who operate in these warehouses. Certain menial positions will definitely be lost, and that is a valid
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argument. However, it is also factual that automation introduces other types of jobs that have not previously existed,
in such fields as robotics programming, system maintenance, data analytics, and process optimisation. How to go
about this transition effectively is a question, which the sector is yet to figure out. Far better placed will be companies
and government agencies that invest in reskilling programmes and vocational training of technology-driven jobs than
those organisations that leave workforce adaptation as the problem of another.

Part II — Primary Study

4.1 Introduction to the Study

Shopping habits have evolved in a manner that is difficult to exaggerate. Consumers do not only want to get what
they have ordered, but they want it fast, correct, and with a minimum of hassle in case something goes amiss. This is a
shift that has been spearheaded by the growth of e-commerce and this change has altered the meaning of the running
of a warehouse. The same facility that was satisfactory five years ago might be totally insufficient today not because
the building has been altered but because its demands have. This pressure is especially acute in India. E-commerce is
expanding at a higher rate than anywhere and the disconnect between customer expectations and what can be offered
by the traditional warehouse company is becoming an actual competitive issue. Most Indian warehouses remain
predominantly manual and disjointed over a network of small facilities and can not support the complexity of modern
omnichannel fulfillment without the digital infrastructure that is already in place. They do not have the capacity to
support thousands of SKUs at the pace and precision that same-day or 10-minute delivery guarantees. The logical
reaction is automation, and it is not a decision but a necessity more and more. This paper attempts to examine that
transition systematically: what is accelerating it, what is making it slower and what sort of performance benefits
actually do accrue when automation is actually well undertaken. We do so with information on 103 respondents in the
sector, yet with also a candid evaluation of the gaps that remain to be filled in evidence.

4.2 Literature Review

The Digital Imperative: Market Trends and Growth Drivers. According to the academic and industry literature on
warehouse automation in India, it is possible to identify a relatively steady group of themes, but the situation is more
complex than any one of the stories can convey.

. E-commerce as the key driver (Honeywell, 2025): The increasing online shopping poses operational
challenges that simply cannot be fulfilled under a large scale by manual systems.

. E-commerce as the primary catalyst (Honeywell, 2025): The growth in online shopping creates operational
demands that manual systems fundamentally cannot meet at scale. This is not a labour issue of hard work or
productivity among employees; this is a structural imfit.Indian automation market size (Mordor Intelligence, cited in
Mathew, 2025): The Indian automation market is currently approximately USD 0.56 billion and it is projected to
increase by more than 18 percent CAGR till 2030, which is a sign of real business confidence towards the market
direction.

. Push by government policy (Invest India, 2024): The National Logistics Policy and PM Gati Shakti are
specifically designed to decrease the cost of logistics in India (between 13 and 14 percent of their GDP) to the world
average (8 percent), which makes supply chain efficiency a declared national priority, not merely a commercial
issue.The consolidation of fragmented warehouse networks into larger, more efficient Grade-A warehouses has been
enabled by GST-driven consolidation (Invest India, 2024).

. Market financial scale (Mordor Intelligence, cited in Mathew, 2025): The Indian automation market, currently
around USD 0.56 billion, is growing at a CAGR above 18% through 2030, which reflects genuine commercial
confidence in the sector's trajectory.

. Governmental policy push (Invest India, 2024): The National Logistics Policy and PM Gati Shakti are explicitly
aimed at reducing India's logistics costs from 13—-14% of GDP to the global benchmark of 8%, making supply chain
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efficiency a stated national priority rather than simply a business concern.

. GST-driven consolidation (Invest India, 2024): Tax reform has allowed companies to consolidate previously
fragmented warehouse networks into larger, more efficient Grade-A facilities. This integration forms the physical
size at which investments in automation will be economically feasible. Technology Stack and Its Operational
Impact.

. WMS basics (UAC, 2024): A decent Warehouse Management System is technically the key to any larger
automation program, the visibility of inventory and the coordination of processes without which all the rest is
impossible.

. Efficiency and cost saving (McKinsey & Company, 2022): The impact of digitalization at the logistics level can
be to increase the efficiency of the processes by up to 40% and minimize the costs of operation by up to 10% of the
operations, which is significant enough to justify a significant investment.

. Al to predict value (ijrr, 2025): Demand forecasting based on machine learning can help to decrease
significantly or even eliminate stockouts and excess inventory, which are expensive in one form or another.

. Robotics and throughput (jjirss, 2025): Al-controlled robotics such as AMRs and intelligent sorters can literally
revolutionize the speed of picking and accuracy of inventory.

. Foundational role of WMS (UAC, 2024): A good Warechouse Management System is essentially the
prerequisite for any broader automation initiative, providing the inventory visibility and process coordination
everything else depends on.

. Efficiency and cost reduction (McKinsey & Company, 2022): Digitalization at the logistics level can improve
process efficiency by up to 40% and reduce operational costs by up to 10%, figures that are large enough to justify
substantial investment.

. Al for predictive advantage (ijrrr, 2025): Machine learning applied to demand forecasting can
significantly reduce stockouts and excess inventory, both of which are costly in different ways.

. Robotics and throughput (ijirss, 2025): Al-driven robotics including AMRs and intelligent sorters can

dramatically improve picking speed and inventory accuracy. DHL has reported up to 180 per cent

throughput growth after implementation, and this is a number worth considering.» Performance standards (Mathew,
2025): When Flipkart is processing 4,500 packages per hour, this establishes a standard that the other industry
players have to take into account at least, although they may not be able to achieve it.

. Performance benchmarks (Mathew, 2025): Flipkart processing 4,500 packages per hour sets a standard that
other players in the sector have to at least consider, even if they cannot immediately match it. Complicated Problems
of Adoption.

. Capital expenditure dilemma (Mathew, 2025): Full automation is prohibitive to most small and medium
enterprises, and it is not an issue that better technology can fix.The human resource barrier (ijirss, 2025): the
problem here is twofold.

. Capital expenditure dilemma (Mathew, 2025): The upfront cost of full automation is prohibitive for
most small and medium enterprises, and this is not a problem that improved technology alone will solve.

. The human resource barrier (ijirss, 2025): There is a dual problem here. There is a shortage of experienced
people who are able to use superior systems and much of the existing personnel are naturally worried about the
future of automation on their jobs. They both must be dealt with.Infrastructure gaps (ijirss, 2025): Many automation
technologies require high-speed connectivity that is reliable, IoT networks, and a stable power supply, and they are
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not always present everywhere in India.

. Cultural reluctance (3SC Solutions, 2025): Organisational inertia is always underestimated as a barrier of
adoption. * Infrastructure gaps (ijirss, 2025): Reliable high-speed connectivity, IoT networks, and stable power
supply are prerequisites for many automation technologies, and these are not consistently available across all regions
of India.

. Cultural reluctance (3SC Solutions, 2025): Organisational inertia is consistently underestimated as a barrier to
adoption. The challenge of making people shift the status quo of working is more difficult than most technology
roadmaps takes into consideration.

4.3 Problem Statement

The main issue that this study seeks to solve is the discrepancy between the urgency of automation of the warehouses
in the Indian e-commerce context and the slow pace of its adoption. That gap cannot be attributed to one factor but to
four interrelated issues that are likely to strengthen each other.

Challenge 1 - Uneven and Suboptimal Adoption
State-of-the-art automation systems such as AS/RS, robotics, and Al-based orchestration are
still disjointed and far below the international standards throughout the Indian industry, even

though there are evident economic incentives and an increasing competitive pressure among
international players.

Challenge 2 - Prohibitive Capital Investment

The initial capital cost of the advanced automated systems is a major constraint especially to
the large portion of small and medium-sized enterprises that constitute a significant portion of
the Indian logistics ecosystem. Majorities of SMEs just lack access to the funds required.

Challenge 3 - Dual Human Resource Challenge

The sector has shortage of skills in technical positions to run and maintain automation
systems, and high organisational resistance among employees who fear loss of jobs. These
are two compounding problems.

Challenge 4 - Absence of an Integrated Adoption Framework

The research is also deficient in a general model that attempts to explain how internal
variables such as organisational preparedness and financial strength interact with external
variables such as government policy and competition pressure in influencing automation
adoption performance in the Indian context.

4.4 Objectives of the Study

. To evaluate the major barriers to adoption, including high capital costs, digital skill gaps,
organisational resistance, and infrastructure limitations.

. To assess the operational impact of different automation levels, from basic WMS deployment through
to advanced robotics, on key metrics like efficiency, order accuracy, and cost.
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. To develop a framework connecting organisational readiness, financial capability, and technological
factors as predictors of successful automation adoption in Indian e-commerce.

4.5 Research Hypotheses

Hypothesis Statement

H1 There is a significant positive relationship between perceived
competitive pressure from market leaders such as Amazon and
Flipkart and the degree of warehouse automation adoption by
Indian e-commerce firms.

H2 High CapEx is a significant negative predictor of automation
adoption, particularly among Small and Medium-sized Enterprises
in Indian e-commerce logistics.

H3 Successful automation, measured by improved operational
efficiency and accuracy, is positively mediated by the availability of
adequately skilled technical workforce and proactive organisational
change management.

Part II — Research Methodology

5.1 Research Design

The research design of this study is a descriptive-cum-exploratory mixed-method design. Rationality in this decision
is that the adoption of automation is not a phenomenon that can be well comprehended based on numbers alone, or
interviews alone. The descriptive portion of the study tracks the magnitude and trends of adoption within the sector,
responding to questions related to the technologies that are adopted, the extent to which they are adopted, and the
quantifiable impacts of the same. The exploratory strand attempts to reach deeper below those patterns in order to find
out why organisations make the decisions they make in adoption, and what the implementation experience actually
looks like on the ground. The advantage of combining the two would be that the research could provide both
statistically- based and broad enough results that could be generalised across the sector as well as provide the
organisational depth and strategic context that a pure survey data would overlook.

5.2 Sources of Data
Primary Data

Primary data was collected directly with individuals in the operational/strategic role within warehousing decisions:
warehouse managers and operations directors with insight into day-to-day technology decision; supply chain and
logistics professionals with insight into the network-level strategy; IT integration leads with insight into the technical
aspect of the system implementation; and automation vendors with insight into the long-term direction of the market
and the constraints facing clients. This combination of views assures the main data is realistic in terms of the actual
decision-making processes and not the ideal-state assumptions.

Secondary Data

Secondary data would be market research reports such as Mordor Intelligence, industry whitepapers and case studies
of companies such as Ramco Systems and Falcon Autotech, scholarly literatureimplementing technology adoption
models such as TAM and the Diffusion of Innovations model, and government and industry publications on regulatory
frameworks and digital transformation policy. This outer layer offers the macroeconomic and sectoral background that
puts the main findings into the context of the industry.
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5.3 Data Collection Method

The data collection was organized into two significant stages. The quantitative step involved the application of
standardised questionnaires that comprised of a combination of closed questions and five- point Likert-scale questions
on the rate of automation adoption, perceived ROI, organisational preparedness and effectiveness of change
management. They were delivered online to enable a wide coverage and easy analysis. The qualitative step consisted
of semi-structured in-depth interviews with top executives and project heads, and case studies of two or three
organisations at both ends of the spectrum between large-scale e-commerce competitors and innovative startups.
These case studies followed the entire process of automation adoption since the first strategic decision up to the
operational performance. The cross-validation of the results of the surveys, interviews, and case studies will allow a
certain degree of triangulation that no single method will be able to offer independently.

5.4 Population, Sampling, and Sample

The study sample includes all online stores with warehouses in India, including big multi-location corporations to
small local businesses and 3PL providers. In such organisations, the respondents who are relevant are the technical
teams, managerial leadership, floor supervisors and external technology partners. The purposive sampling method was
adopted whereby organisations that were known to have engaged in or had actual intentions of automating their
warehouses were sampled. It is not a random sample and is not to be, since the aim is to comprehend in detail the
adoption decisions and experiences, not to assert anything about what percentage of all Indian warehouses have
adopted (or not adopted) certain technologies. A stratified purposive method was used to represent various functional
roles and various organisations of different sizes. The resulting sample of 103 respondents is sufficient to offer
sufficient statistical power to conduct a regression analysis but small enough to conduct a quality qualitative
investigation.

5.5  Data Analysis Procedures

On the quantitative level, the analysis involved descriptive statistics to set adoption benchmarks and the percentage of
technology penetration; Exploratory Factor Analysis to determine the underlying dimensions such as financial,
technical, human, and regulatory factors that drive adoption; and Regression Analysis to determine the direction and
strength of influence of those factors on adoption likelihood and performance results. On the qualitative level,
thematic analysis was used to analyze transcripts of interviews and documentation of case studies, systematically
working through coding, pattern recognition and theme development. The last step was triangulation of all three
sources of data, surveys, interviews, and case studies, ensuring that statistical results are maintained when compared
to the more detailed organisational environment that the qualitative effort will bring.

Part IT — Data Analysis and Interpretation
6.1 Type of Organization

A total of 103 responses were collected and analysed. The sample is concentrated in core logistics and e- commerce
industry participants, which is intentional given the focus of the study.

Type of Organization Respondents Percentage
Logistics / Warehouse Service40 38.8%
Provider

E-Commerce Retailer 28 27.2%
Technology Vendor 28 27.2%
Procurement Service Provider 1 1.0%
Financial Sector 1 1.0%
FMCD 1 1.0%
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Consultancy 1
Textile Company 1
Software 1
Other 1
Interpretation

1.0%
1.0%
1.0%
1.0%

The sample is dominated by Logistics/Warehouse Service Providers (38.8%), followed
equally by E-commerce Retailers and Technology Vendors at 27.2% each. This distribution
works well for the purposes of the study, since it means the findings come primarily from
organisations that are directly involved in the decisions and trade-offs around warehouse

automation, rather than peripheral players.

6.2 Company Size by Number of Employees

Company Size Respondents
More than 500 employees 33
201-500 employees 26
Less than 50 employees 25
51-200 employees 19

Interpretation

Percentage
32.0%
26.2%
24.3%
18.4%

The largest share of respondents (32%) come from organisations with more than 500
employees, which means there is meaningful representation from large enterprise players.
Importantly though, the distribution is reasonably spread across size categories, so the
findings are not purely a reflection of what large companies are doing. Smaller and mid-sized
organisations are represented in proportions that allow some meaningful comparison.

6.3

Current Level of Warehouse Automation

Automation Level Respondents
Basic automation (barcode68

scanners, WMS, conveyors)

Manual operations only 18

Advanced automation (robots, Al, 17
IoT integration)
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Percentage

66.0%

17.5%
16.5%
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Interpretation

Two-thirds of respondents have moved beyond purely manual operations, which represents a
genuine shift from where things stood even a few years ago. But only 16.5% have adopted
what would be considered advanced automation, and 17.5% still rely entirely on manual
processes. That spread reflects just how varied India's logistics sector is, from operations that
are surprisingly sophisticated to those still working with basic methods that were standard
two decades ago.

6.4  Key Technologies Adopted

Technology Respondents Adoption Rate
Barcode Scanning 95 92.2%
Conveyor Systems 93 90.3%
Warehouse Management 92 89.3%
System (WMS)
Automated Storage/Retrieval 19 18.4%
System (AS/RS)
IoT Sensors 7 6.8%
Robotics / AGV 6 5.8%
AI/ML for Demand Forecasting 5 4.9%
Other 2 1.9%
Interpretation

The contrast here is stark and important. Barcode scanning, conveyor systems, and WMS are
essentially universal among the companies surveyed. But robotics, [oT, and AI/ML
forecasting are at less than 7% adoption across the board. This is not just a technology
maturity gap; it reflects real structural barriers around cost, skills, and risk appetite. It also
points to where the biggest opportunities for competitive differentiation lie for companies that
can get past those barriers.

6.5 Automation Decision Initiation

Decision Initiator Respondents Percentage
Top Management / Board 47 45.6%

IT Department 30 29.1%
Operations Team 25 24.3%
External Consultants 1 1.0%
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Interpretation

The fact that nearly half of automation decisions originate at board or top management level
i1s meaningful. It suggests that automation is increasingly being treated as a strategic
investment question rather than a purely operational one. IT departments (29.1%) and
operations teams (24.3%) also play significant roles, which points to growing cross-
functional ownership of these initiatives rather than them being driven from a single silo.

6.6 Organizational Readiness for Advanced Automation

Respondents were asked to rate their organisation's readiness for advanced automation on a scale of 1 (Not Ready) to 5
(Fully Ready).

Readiness Rating Respondents Percentage

5 — Fully Ready 23 22.3%

4 — Mostly Ready 25 24.3%

3 — Moderate Readiness 32 31.1%

2 — Limited Readiness 21 20.4%

1 — Not Ready 2 1.9%
Interpretation

Around 77% of respondents rated themselves at moderate readiness or above, which is
encouraging as a directional indicator. But only 22.3% consider themselves fully ready, and
that matters because advanced automation implementations can go wrong when organisations
are not adequately prepared for them. The 20% sitting at limited readiness represents a
segment that is at real risk of either delaying necessary investment or rushing into
implementations they are not equipped to manage well.

6.7  Key Drivers of Automation Adoption

Respondents rated the importance of key automation drivers on a 5-point scale. The table below shows consolidated
findings for the top-rated responses.

Driver Factor Rating 45 (Important) Top Rating (5)
Faster Order Turnaround 68.0% 40.8%
Customer Demand 61.1% 29.1%
Error Minimization 60.2% 29.1%
Cost Reduction 57.3% 25.2%
Labor Shortages 53.4% 26.2%
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Interpretation

Speed of order fulfillment is the dominant driver, with 40.8% rating it as the single most
important factor. This confirms something that is intuitive but worth having data behind: in
the current Indian e-commerce market, competitive speed is a stronger motivation for
automation investment than cost reduction alone. Customer expectations and error rates
follow closely, while labour shortages, though sometimes underemphasised in the automation
debate, are recognised as a structural driver by more than half the respondents.

6.8 Measured Impact of Automation on KPIs

Respondents assessed automation's impact on key performance indicators on a 1-5 scale. Combined high-impact
ratings (4+5) are shown below.

KPI Area High Impact (45 Rating) Max Rating (5)
Customer Satisfaction 62.2% 28.2%

Order Accuracy 58.3% 28.2%

Labor Productivity 60.2% 24.3%
Operational Efficiency 59.2% 27.2%
Workplace Safety 54.4% 29.1%
Interpretation

The results show broadly positive impacts across all five dimensions. Customer satisfaction
and labour productivity come out as the strongest areas of improvement, which is consistent
with the finding that speed and service quality are the primary drivers of investment. The
workplace safety data is particularly worth noting: 54.4% of respondents reported meaningful
safety improvements from automation, which is a benefit that tends to get overlooked in
purely financial ROI calculations but is highly relevant from a workforce management

perspective.
6.9  Future Automation Expansion Plans
Expansion Plan Respondents Percentage
Yes — Planning to Expand 55 53.4%
Not Sure 28 27.2%
No — No Expansion Planned 20 19.4%
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Interpretation

A clear majority of respondents plan to expand their automation investment over the next
three years, which reflects genuine confidence in the returns it delivers. The 27.2% who are
uncertain are probably the most interesting segment from a policy and vendor strategy
perspective: they are not opposed to automation but face real obstacles, most likely financial
or organisational, that are preventing them from committing. This group represents a
significant opportunity for well-designed financing models and targeted government support.

Part I — Results and Findings

7.1 Executive Summary: The Automation Imperative

Combined with the findings, it is true to say that Indian warehousing is at an inflection point. Automation cannot be
viewed as an issue which organisations can postpone till it becomes relevant as they continue to compete in the
present. The industry is marked by a large adoption of the foundational technology, average organisational
preparedness, high forward intention and huge discrepancies in the advanced technology adoption. The existence of
those gaps is both the most urgent problem and the biggest opportunity of India.

7.2 The Technology Adoption Hierarchy

The automation of the warehouse in India is actually a two level system. The most basic level, which includes
barcode scanning, conveyors, and WMS, is almost universal. The higher level, robotics, AI/ML, and 10T, is at a
lower adoption of less than 7%. That is not simply an indication of technology preparedness, it is a depiction of the
three types of barrier that always come out of the information. The most commonly mentioned are economic
obstacles, mostly CapEx restrictions. The second category is organisational barriers such as risk aversion and poor
change management. The third is infrastructure impediments, unreliable power supply and old IT systems. All three
should be tackled to enhance advanced adoption to pick up.

7.3 Strategic Significance of Automation Decisions

The fact that 45.6 percent of automation projects begin within board or senior management is important more than it
claims regarding governance. It informs us that organisations that consider automation as a strategic inquiry as
opposed to a tactical upgrade are more ambitious in their technological roadmap and rank high on the measures of
readiness. Executive sponsorship is not simply symbolic; it seems to be functional in the success of adoption
Initiatives.

7.4 Structural Barriers

There exist three barriers that are evident in both quantitative and qualitative data. The simplest one is the capital
wall: high CapEx and long ROI cycles are prohibitive to the SMEs, especially the ones that lack access to institutional
funding or other new models such as Automation-as-a-Service. What makes the skill paradox even more complex is
that the industry cannot recruit and train skilled individuals to operate complex systems, yet, at the same time, it has
to confront the resistance of the manual workers, whose jobs are at stake. These two issues draw towards dissimilar
directions and need dissimilar solutions. Integration complexity is the third barrier and it is mostly underestimated.
The disjointure between the contemporary automation platforms and the old ERP and WMS systems that most
warehouses already operate on is a big technical and organisational problem that postpones most implementations.

7.5 Competitive Pressure as an Adoption Catalyst

The evidence is a strong evidence in favor of Hypothesis H1. The organisations that are in the markets where
Amazon India and Flipkart are direct competitors have significantly higher automation readiness scores and stronger
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intentions to invest in it, as compared to those markets where the competitors are less prevalent. This is in line with
what the technology diffusion literature would suggest: when one player establishes a standard of performance, other
players in the market are either adapting or giving ground. The automation wave of Indian e-commerce is partly in
reaction to the standard that a few large competitors have set.

Part I1 — Strategic Recommendations

8.1 For E-Commerce Firms and Warehouse Operators

. Phase-by-Phase Deployment: Start with software, not hardware. Investing in physical robotics before
upgrading WMS, WES and predictive analytics capabilities decreases the capital risk, and develops the
organisational capability to deal with more complex technology in the future.

. Cobotics Model: Do not think of automation as a substitute to human workers; instead, create
workflows in which the human and the robot truly complement one another.

. Cobotics Model: Rather than framing automation as a replacement for human workers, design workflows
where humans and robots genuinely complement each other. The robots take care of the repetitive and physically
challenging tasks, and people with the things that need judgement, flexibility, and customer interaction.Predictive
Analytics First: AI/ML demand forecasting is already at less than 5% adoption yet has some of the highest return
on investment potential at relatively low capital cost.

. Predictive Analytics First: AI/ML demand forecasting is sitting at under 5% adoption but offers some of the
best return on investment available at relatively modest capital cost. This must be at the first level of any automation
map.

. Change Management Investment: Technologies implementation without organized change
management nearly never perform.

. Change Management Investment: Technology deployment without structured change management almost
always underperforms. Organisations must take training, communication and role transition support as seriously
as they take the technology itself.

. Frugal Innovation to India: Solutions that work well in European or North American warehouse
environments do not necessarily work in India, where fluctuating power supply, high-temperature conditions
and floor infrastructure limitations are a reality.

8.2 For Technology Vendors

. Frugal Innovation for India: Solutions designed for European or North American warehouse conditions often do
not translate well to India, where variable power supply, temperature extremes, and floor infrastructure constraints are
realities. The vendors that design to these conditions will tap a far greater portion of the market.

. AaaS Financing Models: Automation-as-a-Service would change the decision-making on investment to the
recurring operational costs, and this converts high initial capital requirements into SMEs.

. AaaS Financing Models: Automation-as-a-Service converts high upfront capital requirements into ongoing
operational expenditure, which transforms the investment decision for SMEs. Profit-driven vendors that provide this
model are able to eliminate the capital barrier to a large portion of the potential customers.Integration-First
Architecture: A large number of prospective customers already possess a WMS, barcode, and ERP system.

. Integration-First Architecture: Many potential customers already have WMS, barcode, and ERP systems in
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place. Any solution that integrates well with these existing systems instead of necessarily needing a complete
replacement will be met with much less resistance to adoption.

8.3  For Government and Industry Bodies

. Digital-Ready Certifications: A formal certification system of the logistics parks with the required
minimum automation requirements, such as power availability, floor capacity, connectivity levels, etc., would
provide investors with a good quality assurance and provide commercial incentives to upgrade infrastructure.

. Workforce Reskilling Programs: The elimination of manual to technology-oriented operations in the
warehouse poses real displacement risk to employees and this must be addressed proactively.

. Digital-Ready Certifications: Establishing a formal certification framework for logistics parks that meet
minimum automation prerequisites, including power stability, floor load capacity, and connectivity standards,
would give investors a reliable quality signal and create commercial incentives for infrastructure upgrades.

. Workforce Reskilling Programs: The transition from manual to technology-driven warehouse operations
creates genuine displacement risk for workers, and this has to be managed proactively. Vocational education on
robotics maintenance, WMS administration, and logistics data analytics funded by the government would assist,
but the magnitude of that which is required would likely have to be brought up to government, industry
organizations, and technology providers.Financial Incentives to SMEs: Directly aimed at the CapEx barrier which
the research cites as the biggest obstacle to adoption in this market segment, capital subsidy schemes or tax
incentives to SMEs investing in automation technologies would be the solution.

. Financial Incentives for SMEs: Targeted capital subsidy schemes or tax incentives for SMEs investing
in automation technologies would directly address the CapEx barrier that the research identifies as the primary
adoption obstacle for this segment of the market.

Part II — Limitations of the Study

Such a research is limited in some way, and it is better to be honest about them to put the research findings into
perspective and to indicate to the researcher what the research should do in the future.High Capital Expenditure
Barrier: The reality that most SMEs cannot afford advanced automation implies that the study will be constrained in its
capability to examine the outcomes of advanced automation at scale.

. High Capital Expenditure Barrier: The fact that advanced automation is financially out of reach for most
SMEs means the study is necessarily limited in its ability to analyse advanced automation outcomes at scale. The
bulk of what we know about advanced systems is provided by a very limited number of organisations.Skill
Shortage Impact: It is natural that respondents who are yet to embrace advanced technologies have less to
comment on the technical aspects of using them.

. Skill Shortage Impact: Respondents who have not yet adopted advanced technologies naturally have less to
say about the technical realities of operating them. The lack of trained specialists in the field influences the level of
information that can be obtained through the survey population.

. Organisational Resistance Dynamics: Self-report estimates of such sensitive issues as internal
resistance or cultural inertia are known to give conservative estimates.

. Organisational Resistance Dynamics: Self-reporting on sensitive topics like internal resistance or cultural
inertia tends to produce conservative estimates. There might be underreporting of the barriers experienced by some
respondents especially those who are in organisations with less experience in automation.

. Infrastructure Variability: India is not a homogenous market, and digital and physical infrastructure

quality differs in an enormous way across geographies.

. Infrastructure Variability: India is not a homogenous market, and digital and physical infrastructure quality
varies enormously across geographies. Results which are valid in Ahmedabad or Bangalore might not apply to
smaller cities or rural logistics corridors.Fragmented Supply Chain: The logistics ecosystem of India is too diverse, in
terms of the types of stakeholders, contractual forms, and coordination arrangements, to be truly easy to assemble a
single analytical framework that fits into every situation.Advanced Adoption Sample Size: The sample size of
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respondents with direct experience of these technologies is small with robotics, Al, and IoT adoption below 7.

. Fragmented Supply Chain: The diversity of India's logistics ecosystem, in terms of stakeholder types,
contractual structures, and coordination arrangements, makes it genuinely difficult to construct a single analytical
framework that applies across all contexts.

. Advanced Adoption Sample Size: With robotics, Al, and IoT adoption below 7%, the number of
respondents who have direct experience of these technologies is small. The results of the advanced automation
should be approached with due caution.

Conclusion

The paper has attempted to give a clear evidence-based description of the current state of warehouse automation in
Indian e-commerce, as opposed to where the literature of the industry may indicate the direction it is taking. The
results are not quite pleasant. The difference between basic and advanced automation uptake is significant, the
obstacles are tangible, and the 17.5% of organisations that continue to work in a completely manual mode is a group
that will literally be left behind by a faster moving market than they can keep up with. At the same time, the
directional signals are positive. Most organisations have intentions to increase their investment in automation.
Leading players are actively facilitating adoption in the sector due to competitive pressure. The government policy is
making the conditions more favourable than they were five years ago. And institutional investors have confirmed the
long-term fundamentals by putting in the sector serious capital. There are three findings of the research that are
especially important to us. To begin with, competitive pressure is a more significant automation investment driver
when compared to cost optimisation. This indicates that the adoption wave will be more intense as the Amazon and
Flipkart keep increasing the operational standard, and this implies that organisations have a shortening time frame to
follow suit. Second, organisational preparedness and change management are equally important as the financial
capacity. Technology adoption which is faster than people-ready is not performing well and the study confirms the
same in the Indian scenario. Third, the next decade opportunity is in the advanced technology gap, which is less than
7% in robotics, IoT, and Al, although it can only be tapped by focusing on the capital, skills, and infrastructure
barriers in a concerted action. The National Logistics Policy and PM Gati Shakti has established a policy environment
that offers truly supportive structural conditions. Together with increasing institutional investment and mounting
competitive intensity, the factors of a significant acceleration between basic and advanced automation are there,
provided that the perceived obstacles can be met in a systematic manner. Automation in the warehouse in India is not
a solitary issue of the operational management. It is a strategic priority where the employment, national
competitiveness, and capacity of India to be aligned with global ESG standards have implications. It is the
organisations which make this transition intelligently, investing in their people as well as their technology and
developing a resilient infrastructure and not an efficient one, which will be the ones that become true leaders. The
warehouse has turned out to be a strategic asset. This is how the firms will treat it, defining the next decade of Indian
e-commerce.
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