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Abstract: Implementing robotics in the Indian construction
industry presents a significant opportunity to address longstanding
challenges such as labour shortages, project delays, safety
concerns, and quality inconsistencies. As India's urbanization
accelerates, the demand for faster, safer, and more efficient
construction processes is growing. This comprehensive analysis
explores the potential benefits, obstacles, and strategies associated
with adopting robotics in India’s construction sector. Key drivers
include increasing automation trends, government initiatives like
""Make in India," and the global shift toward smart infrastructure.
However, challenges such as high initial investment, a fragmented
industry structure, and the need for skilled operators and
technicians could hinder widespread adoption. The analysis also
highlights the role of robotics in enhancing productivity, reducing
construction costs, and improving worker safety through a cost-
benefit analysis, ultimately paving the way for more sustainable
and advanced construction methodologies in India.
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I. INTRODUCTION

India‘s construction sector has grown at an annual rate of

around 9% since 2000, contributing nearly 10% to the
nation's GDP. With a government projection of $1000 billion
investment in infrastructure, the industry faces challenges
such as managing multiple projects, meeting deadlines,
ensuring quality, and dealing with fluctuating material costs
[1]. Studies have emphasised the need to reduce non-value-
adding activities, such as delays and interruptions, to improve
worker productivity [2]. Despite the growth, labour
productivity in construction has remained flat for the last two
decades compared to other sectors, resulting in a global
productivity gap of around $1.6 trillion [3]. The future of
construction is likely to be shaped by rapid urbanisation, the
integration of Al and automation, and the need to address
climate change [4]. Robotics is seen as a key solution for
addressing skilled labour shortages, enhancing safety, and
improving productivity [5].
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Countries like China and Japan have already embraced
automation to mitigate the challenges posed by shrinking
working-age populations [6]. The adoption of robotics is
expected to streamline construction operations by delivering
tasks with greater precision and efficiency than human
labour, offering substantial long-term benefits.

A. Statistics on the Labour Shortage in the Indian
Construction Industry

Construction 85%
IT and technology 84%
Manufacturing 84%

Wholesale and retail trade 84%
Banking and finance 83%

Education, health and government 83%

Figure 1: ""Share of Talent Shortage Across India in
2022, by Industry'* by Statista

The construction industry had the highest shortage of
skilled labour about 85 percent in the year 2022 [7]. While
unskilled labour is abundant in India, skilled labour is in short
supply. This scarcity of skilled workers can hamper the
progress of construction projects, leading to delays and
increased costs.

B. Role of Robotics

Robotics has transformed various industries by enhancing
efficiency, precision, and safety. In manufacturing, robots
dominate tasks like welding and quality control, especially in
the automotive and electronics sectors [8]. Healthcare
benefits from surgical robots for minimally invasive
procedures, while logistics and warehousing use robotics for
inventory management and order fulfilment [8]. Even
agriculture is adopting robots to address labour shortages and
improve productivity [8]. In construction, robotics is
emerging as a solution to labour shortages and increasing
project complexity, with robots used for tasks like
bricklaying, material handling, and demolition, driving
greater efficiency, safety, and cost reduction across projects

[9].
C. Statistics on the Adoption of Robotics in Construction
The incorporation of robotics technology in the

construction sector is growing rapidly. Some key statistics
are:
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= According to industry statistics, the market for
construction robots is expected to grow at a Compound
Annual Growth Rate (CAGR) of over 20% between 2021
and 2026 [6].

= According to Statista, the global market for construction
robots is projected to reach $470 million by 2027,
showing an increasing demand for this technology [10].

= A study by the International Federation of Robotics
revealed that the global annual supply of construction
robots is expected to reach over 37,000 units by 2022 [10].

= Research suggests that construction robots could
potentially replace 20% of the human workforce in the
industry by 2030, leading to cost savings and increased
efficiency [10].

While motivations like safety, speed, precision,
sustainability, and coping with the decreasing number of
skilled construction workers drive the adoption of robotics,
several drawbacks impede their widespread implementation.
The objective of this paper is to conduct a comprehensive
analysis of the feasibility and impact of implementing
robotics in the Indian construction industry. The study aims
to evaluate the potential benefits in terms of operational
efficiency, cost savings, and safety improvements, while also
identifying the challenges including high initial investment,
maintenance costs, and skill gaps.

1. OVERVIEW OF ROBOTICS IN CONSTRUCTION

A. Global Trends in Robotic Construction

The global construction robot market is poised for
significant growth, projected to rise from US$ 173 billion in
2022 to US$ 936 billion by 2033, with a CAGR of 16.6%
[11]. This expansion is driven by automation advancements,
workforce shortages, and safety concerns. Asia Pacific leads
the market, with China and Japan at the forefront—China
through government-backed investments and Japan through

company-driven efforts. Robots like the SAM100 and ijj

Hadrian X are revolutionizing bricklaying, while demolition
robots, with advanced safety features, are expected to grow at
a CAGR of 13.1% [12]. Rising urbanization and the need for
precision and efficiency continue to fuel this demand
globally.

Table 1: Showing the Construction Robot Market
Outlook in Different Countries

Country Market Value &
CAGR

Construction Robot Market Size (2022A) US$ 173 Billion
Estimated Market Value (2023E) US$ 201.3 Billion
Forecasted Market VValue (2033F) US$ 936 Billion
Global Market growth rate (2023 to 2033) 16.6% CAGR
US Market growth rate (2023 to 2033) 11.6% CAGR
Japan Market growth rate (2023 to 2033) 14.6% CAGR
China Market growth rate (2023 to 2033) 16% CAGR
Germany Market growth rate (2023 to 2033) 12.2% CAGR

B. Existing Robotic Technologies in Indian Construction
Industry

The existing robotic technologies in the Indian construction
industry are gradually evolving, driven by the need for
increased efficiency, safety, and productivity. Here’s an
overview of the different types of Robotic Technologies in
India:
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i. Autonomous Drones

Drones are increasingly used for site surveys, inspections,
and monitoring progress. They provide real-time data,
enhancing decision-making and reducing the need for manual
labour on-site [13].

ii. Robotic Arm Systems

These systems are employed for tasks such as cutting,
stacking, and packaging materials. They help automate
repetitive tasks, increasing precision and reducing labour
costs [13].

iii. 3D Printing Robots
3D printing technology is being explored for constructing

buildings and components, allowing for rapid construction
and customization of designs [14].

iv. Painting Robots

For instance, WALT, developed by Endless Robotics, can
paint walls significantly faster than human workers,
showcasing the potential for robots to handle specific tasks
efficiently [15].

v. Logistics Robots

These robots streamline the movement of materials on
construction sites, improving workflow and productivity by
automating the transportation of supplies [15].

To expand automated construction methods, improvements
in hardware engineering, standardized control software, and
algorithmic  structures for multi-robot autonomous
construction planning are deemed essential [14].

C. Current Integration Practices

Government Initiatives

The Indian government has recognized the potential of
robotics in construction, with plans to invest significantly to
enhance construction efficiency and promote automation
[16].

Industry Adoption

Major construction firms and startups are increasingly
exploring robotic technologies to improve their operations.
Initiatives like ‘Make in India’ and ‘Digital India’ are
fostering an environment conducive to technological
advancements.
iii.Research and Development

There is a growing focus on R&D to develop new robotic
solutions tailored to the unique challenges of the Indian
construction landscape.

D. Challenges in Indian Construction

While the integration of robotic technologies in the Indian
construction industry is promising, challenges such as high
initial costs, the need for skilled operators, and regulatory
hurdles remain [17]. However, with continued investment
and innovation, the use of robaotics in construction is expected
to grow, leading to a more efficient and safer industry [17].
In summary, the Indian construction industry is beginning to
embrace robotic technologies, with various applications and
capabilities being explored. As the sector continues to evolve,
the integration of robotics is likely to play a crucial role in
enhancing productivity, safety, and overall
project outcomes.
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I11. METHODOLOGY

A. Research Design

This study employed a survey-based research design to
gather insights into the current integration of robotics in the
construction industry, including its benefits, challenges, and
prospects. A questionnaire was distributed to building
professionals in India to collect data. The survey approach
was chosen for its effectiveness in capturing information
from a large number of respondents within a short timeframe.

B. Sampling Technique

This study utilized a non-probability convenience sampling
method for selecting participants. Respondents will be chosen
based on their availability and willingness to participate. The
sample will include professionals from various sectors of the
Indian construction industry, such as project managers,
architects, engineers, contractors, and subcontractors. This
diverse representation aims to provide a comprehensive
perspective on the integration of robotics in the construction
industry.

C. Data Collection Method

A structured questionnaire was employed to gather data for
the study. Its objective was to capture information on the
current practices of robotics integration, its benefits,
challenges, and prospects in the construction industry. The
questionnaire was distributed online to selected participants,
who were provided with a link and invited to complete it.

D. Data Analysis Method

The data analysis method for this study will involve
examining the responses gathered from the questionnaire to
identify the key concerns and perceptions related to the
adoption of robotics in construction, particularly focusing on
technologies with significant future potential. After analysing
the data, the study will address one of the most significant
barriers to adoption: the high initial investment required for
robotic systems. By conducting a cost-benefit analysis, the
research will evaluate the financial viability of robotic
technology, comparing the upfront costs with the long-term
benefits such as improved productivity, reduced labour costs,
enhanced safety, and minimized material wastage.

Cost-benefit analysis is a systematic approach to estimating
the strengths and weaknesses of different investment options
by quantifying both the costs and expected benefits,
providing a clear picture of the overall return on investment
(ROI). This analysis will help to identify the most cost-
effective robotic technology with future growth potential for
addressing construction challenges in India, enabling
stakeholders to make informed decisions about future
investments in automation.

E. Questionnaire Structure

By structuring the questionnaire in this manner, researchers
can gather comprehensive data on participants' perceptions,
experiences, and attitudes towards the integration of robotics
in the construction industry, aiding in the development of
informed strategies and policies in this field. Provided a brief
overview of the purpose of the questionnaire and its
importance in gathering insights on the integration of robotics
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in the construction industry. The questionnaire has been
divided into 5 sections:

i. Section 1 — Participant information

Collected basic demographic data such as name, age,
location, the organization they belong to and years of
experience in the construction industry. This helps in
categorizing and analyzing responses.

ii. Section 2 — Understanding Current Practices in the
Construction Industry

Inquired about current methods and technologies used in
the construction industry, the level of mechanization in the
construction projects the participants’ companies’ are
involved in, to what extent they are currently using robotic
technologies in their construction projects and what specific
types of robotic applications are being used in the present
scenario.

Section 3 — Present Scenario

Collected data about how the participants perceive the
potential benefits of using robotics in construction projects,
the primary barriers or challenges hindering the widespread
adoption of robotics in construction, how effective the
government strategies, policies, and incentives for the
integration of robotics in India and what additional measures
can the government take to effectively integrate robotics into
the construction industry in India.

iv. Section 4 —Future Projections

Inquired about what areas of construction hold the most
promise for future robotic applications, how do they see the
role of human workers evolving alongside the integration of
robotics, what are the expectations for the growth of the
robotics market in the Indian construction industry over the
next 5-10 years.

v. Section 5- Recommendation and Conclusions

Concluded the questionnaire by inquiring about Which
sector or stakeholder within the construction industry is
demonstrating the most interest in integrating robotics into
the construction industry in India and asked for other
additional insight into this area of research.

IV. RESULTS AND ANALYSIS

Out of 30 respondents to the survey on "Integration of
Robotics in the Construction Industry,” 36.67% were
architects, 30% civil engineers, and 33.33% from Project
Management Consultancy (PMC), with representation from
firms like Cushman & Wakefield and L&T. Most participants
(66.67%) had less than 5 years of experience, while 23.33%
had over 10 years. A majority (60%) worked on residential
projects, with the remainder involved in commercial,
industrial, infrastructure, and mixed-use projects. Regarding
current technologies, 63.3% use semi-automated processes,
30% rely on traditional methods, and only 6.6% report using
advanced robotic integration. The survey also revealed that
40% of respondents reported a low level of mechanization in
their projects, while 46.7% experienced moderate levels, and
only 13.3% saw high levels of mechanization.
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Notably, 63.3% of participants stated that robotic
technologies are not yet being used in their projects, and 20%
reported limited usage, primarily in pilot projects. Current
robotics applications in the construction industry include
demolition, prefabrication, material handling, and inspection
robots, with some adoption of bricklaying, masonry, welding,
and finishing robots.

A. Key Construction Tasks for Robotic Integration

The construction industry, particularly in developing
countries like India, relies heavily on manual labour for tasks
such as digging, carrying materials, bricklaying, and other
physically demanding activities. The tasks within the
construction process that could benefit from robotic
implementation are Excavation and earthmoving,
Bricklaying and masonry, Plastering, Painting and Finishes,
Concrete pouring and finishing, Material Handling and
Transport, Demolition, Formwork erection, Welding and
Steel Fabrication. While manual labour is essential, it can also
pose productivity challenges compared to mechanized or
automated methods. Factors such as fatigue, skill levels, and
weather conditions can affect the efficiency and output of
labour-intensive work.

B. Benefits and Challenges in the Implementation of
Robotics in Construction

Potential benefits of integrating robotics in construction in
the order of ranking are Safety Improvement, Increased
Productivity, Enhanced Quality and Consistency,
Government Incentives, Cost Reduction, and Labour
Shortage. Hence, this paper analyses the implementation of
Robotics for Safety and Productivity.

Primary barriers or challenges hindering the widespread
adoption of robotics in construction in the order of ranking
are High initial cost, Technological limitations, Limited
availability of robots suitable for specific construction tasks,
Lack of Skilled labour, Regulatory hurdles, Resistance to
change, Adoption and Integration of Robotic Technology.
Hence, this paper addresses the challenge of High initial cost

s

()
Figure 2: (i) Wall Finishing Robot Manufactured by CANVAS, (ii) Wall Finishing Robot Manufactured by PACE

for the implementation of Robotics through Return on
Investment (ROI) analysis.

C. Areas of Construction Hold the Most Promise for
Future Robotic Applications

In order of ranking are: Bricklaying, Interior Finishing and
Painting, Prefabrication and Modular Construction, Material
handling and logistics, Demolition and hazardous material
removal, building inspection and data collection, Welding
and fabrication. Although bricklaying holds significant
potential for the future, it was not considered in this study as
it has proven to be financially unviable in the Indian context.
The cost savings associated with bricklaying robots are not
substantial, and some numerous complexities and challenges
need to be addressed before they can be widely adopted. So,
the next in the order, Robotics related to Interior Finishing
and Painting is considered for the study.

V. COST ANALYSIS OF IMPLEMENTING
ROBOTICS

Wall-finishing robots are automated systems designed to
perform various tasks related to interior wall finishing in
construction projects [18]. These robots can handle a wide
range of tasks, including plastering, putty application,
painting, and even tiling. They are equipped with advanced
features like robotic arms, precision sensors, and intelligent
software algorithms to ensure accurate and efficient wall-
finishing operations. There are several types of wall-finishing
robots:

Modular Wall Finishing Robots: These robots are designed
to automate tasks like plastering, putty application, and
painting. They offer significant advantages in terms of speed,
cost savings, and consistent quality compared to traditional
manual methods [19]. Drywall Finishing Robots: Robots like
the Canvas Finishing System can semi-autonomously finish
large sections of drywall, changing the way drywall teams
perform their work. These robots use on-board visual sensors
to identify the work area and perform tasks assigned by the

operator [20].

|

s
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Multipurpose Interior Finishing Robots: Robots like
"TAMIR" (Technion Autonomous Multipurpose Interior
Robot) are designed to perform various interior finishing
tasks, including wall building, plastering/painting, and tile
setting. These robots require mutual adaptation between
manual methods and available robotic technology to ensure
successful execution [21].

A. Long-Term Benefits and Strategic Advantages

i. Increased Productivity
A Wall Finishing Robot can work continuously, reducing
downtime. Traditional methods rely on manual labour, which
is subject to fatigue and inconsistency. Robots can work up
to 3-4 times faster, achieving greater efficiency
[22][26]1[27][28][29][30].
ii. Consistency and Quality
Robotic systems ensure uniformity in plastering, putty
application, and painting, reducing errors and rework, unlike
human labour which can lead to uneven finishes [18].

vi. Labour Market Cost and Productivity in India

International Journal of Management and Humanities (IJMH)
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iii. Cost Savings in Labour

As labour shortages become more prevalent and labour
costs rise, the investment in a robotic solution would help
reduce long-term reliance on manual labour [4].
iv. Safety and Risk Mitigation

Robots minimize human involvement in hazardous
environments, leading to fewer workplace injuries and
associated costs [4].
v. Scalability and Project Timeline

Large-scale projects can be completed faster, which results
in strategic advantages for companies looking to meet tight
deadlines and reduce overall project costs [15].

B. Comparison with Traditional Methods

The comparison between robotic technology and traditional
methods is based on four key parameters: labour cost,
productivity, safety, and material wastage.

Activity Aésousrp(ec(:jolgta gg’rlaz?:;l;r Productivity Rate Cost per m?
Plastering Rs 1461.17 10.39 m?/day Rs 141.2 per m?

Putty Application Rs 1179.36 8 to 10 m¥day Rs 117.9 to Rs 147.42 per m2
Painting Rs 1000 12 to 15 m?/day Rs 66.67 to Rs 83.33 per m?

Wall Finishing Robot:

The productivity of the Wall Finishing Robot is
approximately 100 m2/ day, which is 10 times more than the
traditional method [22]. The tentative cost of the making of
the wall finishing Robot is in the range of Rs20 lakhs to Rs25
Lakhs.

i. Safety

Traditional method: Higher risk of accidents due to manual
handling on ladders or scaffolding. Injury rates may add costs
related to medical expenses or insurance claims. Risks
associated with repetitive motion injuries and working at
heights. Painters are exposed to chemical fumes and physical
strain, increasing risks of health issues and workplace
accidents [15].

Wall Finishing Robot: Robots reduce human exposure to
hazardous chemicals, eliminate direct human involvement,
and reduce risks of falls and repetitive strain injuries
improving safety by 95% [23].

ii. Material Wastage

Traditional method: Manual plastering can lead to up to
15% material wastage due to inconsistent application [24].
Manual painting and putty application can lead to 5-10%
wastage due to overspray and uneven coverage [25].

Wall Finishing Robot: Robots ensure precise application,
reducing wastage to around 2-3%, and enhancing material
efficiency by 80%.

C. Return on Investment (ROI) Analysis

The ROI analysis is based on a case study of a residential
gated community project covering 3 acres in Rajahmundry,
Andhra Pradesh. The project consists of five blocks, each
with six floors, and a clubhouse with a shared basement. For
this analysis, only Block C has been considered, which has a
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total built-up area of 6,384 square meters. The plastering area
for Block C amounts to 10,193 square meters, while the putty
and painting areas cover 11,409.2 square meters. The total
estimated budget of the project is ¥168 Crores and the
estimated project duration is 3.5 years

i. Cost Assumptions and Calculations

= Two wall-finishing robots will be deployed for the
project, covering plastering, putty, and painting tasks.
Each robot is priced at approximately 320,00,000. So the

total investment for the two robots amounts to
%40,00,000.

= The costs are calculated annually to determine the
payback period.

= The total number of working days is assumed to be 310
per year, with 120 days allocated for plastering, 100 days
for putty application, and 90 days for painting.

= The assumed Operational Cost of Robot is ¥500/day (for
maintenance and electricity)

ii. ROI Calculation

The total annual cost incurred on Labour: for Plastering, Putty
and Painting = 334,75,808.2

The cost incurred on Robots (Including Purchase Spread
Over 3.5 Years) = %40,00,000/3.5 =311,42,857.14
Operational Cost: *500 x 310 =%1,55,000

Total annual cost of Robots = X11,42,857.14+%1,55,000 =
%12,97,857.14

Annual Cost Savings from Labour: 34,75,808.2
(traditional) —%12,97,857 (robot) =%21,77,951.2

Annual Material Wastage (Traditional): %3,79,970.

Annual Material Wastage (Robot): %3,79,970 x 80% =
375,994
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Annual Material Savings: ¥3,03,976

Total Annual Savings: ¥21,77,951.2 (labour savings) +
¥3,03,976 (material savings) = ¥24,81,927.2

Payback Period:

Payback period = Initial Investment / Annual cash flow
Payback period = ¥40,00,000 / 324,81,927.2 = 1.61 years
The Wall Finishing Robot offers substantial cost savings
through increased productivity, reduced labour costs, and
minimized material wastage. The payback period is 1.6 years
i.e. 1 year and 7 months, making it a financially viable
investment with significant long-term benefits.

VI. RECOMMENDATIONS

A. Adoption Strategy

= Pilot Projects: Begin with a pilot project to assess the
real-world performance of the Wall Finishing Robot in
various construction environments. This allows for
practical evaluation of productivity gains and cost savings
before full-scale implementation.

= Gradual Integration: Gradually integrate the robotics
technology into existing workflows to minimize
disruption and allow time for staff training and adjustment
to new processes.

B. Training and Skill Development

= Employee Training: Invest in comprehensive training
programs for operators and maintenance personnel to
ensure the effective use and upkeep of the robotics
system. This includes both initial training and ongoing
education as technology evolves.

= Skill Enhancement: Partner with educational institutions
or industry organizations to develop specialized courses
focused on robotics in construction, enhancing the overall
skill set of the workforce.

C. Maintenance and Support

= Regular Maintenance: Establish a routine maintenance
schedule to ensure the robot remains in optimal condition
and performs consistently. This includes scheduled
inspections, software updates, and prompt repair of any
issues.

= Technical Support: Secure a reliable technical support
agreement with the robotics manufacturer to address any
operational problems quickly and minimize downtime.

D. Cost Management

= Budgeting for Additional Costs: Factor in potential
additional costs, such as unexpected repairs or
technological upgrades, into the overall budget. This will
help manage financial risks and ensure smoother financial
planning.

= Financial Planning: Explore financing options or leasing
arrangements to manage the initial capital outlay more
effectively, allowing for smoother cash flow
management.

E. Evaluate Long-Term Benefits

= Ongoing Performance Assessment: Continuously monitor
and evaluate the performance of the Wall Finishing Robot
to ensure it meets productivity and cost-saving
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expectations. Adjust operational strategies based on
performance data.

= Strategic Expansion: Once the initial implementation
proves successful, consider expanding the use of robotics
to other tasks or projects within the organization to
maximize the benefits of automation.

VII. CONCLUSION

The Wall Finishing Robot from Pace Robotics represents a
significant advancement over traditional wall finishing
methods. With a productivity rate of 100 m2/day, the robot
dramatically outperforms manual methods, which range from
10 to 15 m#/day depending on the task. The financial analysis
indicates that the robot’s initial investment, ¥40,00,000, can
be offset by substantial annual savings. Specifically, the robot
leads to cost savings of approximately ¥21,77,951.2 in labour
and %3,03,976 in material wastage, totalling annual savings
of around ¥24,81,927.2. Consequently, the payback period
for the robot is estimated between 1.6 years. In addition to
economic benefits, the robot enhances safety by reducing
human exposure to hazardous conditions and repetitive strain
injuries, improving overall safety by up to 95%. It also
ensures precision in application, reducing material wastage
from up to 15% to around 2-3%, thereby enhancing
efficiency. However, one limitation of the Wall Finishing
Robot is that its financial viability is more suited for large-
scale projects, where its high productivity and cost savings
can be fully realized. For smaller-scale projects, the return on
investment may not be as significant, potentially making the
robot less practical in those scenarios. Overall, the Wall
Finishing Robot offers a compelling return on investment
through improved efficiency, cost savings, and enhanced
safety, making it a valuable addition to the construction
industry.
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