
Advances in Research on Russian Business and Management 

ISSN: 2578-725X, e-ISSN: 2578-7268 

Vol. 2023 

 

79 http://researcherconnectseries.com 

The Future of Precast Concrete in Residential Construction: 

Trends, Challenges, And Innovations 

 

Dr. Wani Nalanda D.1, Mr. Sachin Sudam Jadhav2 

1 H.O.D.-Commerce, Indira College of Commerce & Science, Pune. 

2 Research Scholar, Indira College of Commerce and Science, Pune. 

Abstract  

Precast concrete is emerging as a preferred construction technology in the construction industry 

for its efficiency and sustainability, and because residential construction is under immense 

pressure from changing demands in speed and quality. Precast concrete offers a solution for 

housing, construction time and labour cost in India — a country that is undergoing rapid 

urbanization and infrastructure development. The following sequence of text will describe the 

potentials of precast concrete in housing development of India, its efforts, the obstacles it will 

face and the future it is longing for. The paper further explores opportunities for advanced 

manufacturing and automation, as well as the inclusion of regenerative techniques in precast 

concrete. Additionally, the study sheds light on how digital technologies and Industry 4.0 are 

contributing to improve the accuracy and quality of prefabricated concrete elements. It also 

compares with the Russian construction industry uncovering key similarities and opportunities 

for knowledge transfer, especially in the scope of construction efficiency and residential 

building quality improvement. 
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Introduction: 

Emerging economies like India, witnessing rapid urbanisation and infrastructure development, 

are posing new opportunities and challenges for the construction industry. In particular, India’s 

residential housing market is under tremendous pressure to cater to the demands of a rising 

population and growing numbers of urban residents. Traditional construction methods, which 

tend to depend on human labour and locally sourced materials, are becoming overwhelmed by 

these demands. Precast concrete technology has emerged as a potential solution in this regard 

to overcome the housing shortage while ensuring reduced time, cost and better quality of 

construction. The present paper intends to explore the future of residential constructions, with 

particular emphasis on the Indian context, by looking into the trends, challenges and 

innovations of precast concrete, and implying of the learnings from Russian construction 

industry. 

Precast concrete is concrete elements that are produced in a controlled environment off-site 

and then brought to the construction site for assembly. (2018, Bordass) Initial building 

components can be manufactured nearby, or manufactured elsewhere and brought on-site. The 

need for affordable, quality homes is dire in India and projected to increase with urban 

population growth of over 200 million people by 2031 (National Institute of Urban Affairs, 

2020). This demographic shift requires construction methods that can scale rapidly while 

remaining affordable and sustainable. Precast concrete is among those potentially valuable 

solutions as it has the capability to facilitate production and tend to efficiency. 
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The increasing focus on resource efficiency and sustainability in the construction industry is 

one of the significant factors supporting the growing use of precast concrete in India. One major 

issue is the environmental aspect of traditional construction processes, especially the material 

scrap and energy and carbon emissions. In addition, the sustainable benefits of precast concrete 

include less material waste because of more accurate manufacturing processes, less on-site 

construction waste, and better insulation properties for energy efficiency (Gupta, 2020). With 

the Indian governments ever-increasing focus on green building initiatives and sustainable 

growth, the need for precast concrete solutions is likely to grow, especially in the case of large 

residential projects. 

A further essential development is the introduction of digital technologies into the precast 

concrete production process. Industry 4.0 brings the further automation of construction 

materials production and assembly through the use of robotics and digital design tools. 

Especially, Building Information Modeling (BIM) is becoming increasingly utilized in the 

design and subsequent implementation of precast concrete projects. Building information 

modelling (BIM) - The use of detailed, data rich models of construction projects that enable 

clearer collaboration, fewer errors, and an overall more optimized construction process (Smith 

2019). BIMUsage is on the rise in India, particularly for large-scale infrastructure projects, and 

its potential can benefit precast concrete construction in terms of improvement of efficiency 

and enhancing quality. 

Although the use of precast concrete in housing construction in India offers several 

advantages, it is not without its challenges. A major barrier to entry is the significant initial 

investment required to establish precast concrete facilities. The collective cost involved in 

investing in equipment, technology, and expertise can serve as a barrier to entry for small and 

medium-sized enterprises (SMEs). Furthermore, the challenges involved with the 

transportation and installation of precast elements, particularly in densely populated 

metropolitan regions with restricted space, can also raise logistical issues. Implementation of 

precast concrete in residential construction projects is not only a challenge because of the 

requirement for this specialized equipment, as well as skilled labor (Sharma et al., 2018). 

The Future of Precast Concrete in Residential Construction is likely to be shaped by advances 

in material science and new, more sustainable concrete formulations. Researchers are 

investigating alternatives to conventional Portland cement, including geopolymer and recycled 

concrete, in order to lower the carbon footprint of precast concrete components (Ranjith et al, 

2021). Such innovations, when combined with the integration of digital technologies, are likely 

to bring down the cost of precast concrete while also making the process more sustainable in 

time. 

The Russian construction industry has also witnessed a surge in interest in precast concrete, 

especially as a means to tackle housing shortages and enhance construction productivity. 

Challenges in Russia, for instance, the weather and the limited local production capacity, are 

very different from one in India; however, scope exists for cross-learning between the two 

countries. The Russian experience of extensive usage of precast concrete in larger residential 

projects can help India learn about the advantages of scaling-up of precast solutions 

(Kostyukov et al., 2020). Also, the opportunity for cooperation to create precast concrete 

products that are eco-friendly and cost-effective and a benefit to both nations. 

Overall, trends in sustainability, digitalization, and a growing demand for efficient construction 

methods in developing countries like India point towards the making of precast concrete 

structure in residential construction. For its ubiquitous adoption actually more practical 
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aspects of limited initial investment of capital, logistical problems and lack of qualified labor 

have to be overcome. In fact, cross-border transfer of experience, especially with countries 

such as Russia, could fast-track the transfer of the technology to India while improving the 

prospects of both industries in the long run. 

Literature Review: 

Precast concrete in residential construction has gained significant recognition in recent years 

for its many benefits such as faster construction, better quality control, cost efficiency, and 

sustainability. This literature review explores the evolving trends, advantages, drawbacks, and 

innovations of precast concrete, particularly as it applies to residential construction in India. In 

addition to these very interesting things, we can discuss what was in the global construction 

industry, what is the state of affairs now, and compare with Russia, where there were also 

housing projects with the involvement of precast concrete. 

Trends in Precast Concrete in Residential Construction 

Precast concrete is a science that has improved tremendously over the past few decades with 

effective manufacturing processes, materials, and design must be adopted. According to Basart 

et al. (2019), precast concrete has gained popularity in multi-story residential buildings owing 

to its rapidity of construction, exactness and durability. The emergence of new construction 

projects and urbanization are the pivotal elements driving the adoption of precast concrete 

within the building component sector owing to the rising demand for affordable housing across 

the world, thus contributing to the growth in the global precast concrete market. Rapid 

population growth is taking place in Indian metropolitan cities like Delhi, Mumbai, and 

Bengaluru, which highlights the need for efficient, high-performance construction solutions 

(Gupta, 2020) 

Sustainability is one of the trends that has had a considerable impact on both the Indian 

construction industry as well as the global economy. When designed appropriately, precast 

concrete is deemed more sustainable than conventional cast-in-situ concrete with respect to 

exact material usage, there will be lesser waste thereby making it energy efficient for buildings 

(Sharma et al., 2018). As studies have shown material use can be streamlined with precast 

elements as the manufacturing process is more controlled leading to a lesser amount of material 

waste (Pacheco-Torgal et al., 2015). In addition, precast concrete member production can be 

done in controlled environments that are equipped with sophisticated quality control systems 

that allow for consistent strength and durability (Bordass, 2018). 

Advantages of Precast Concrete in Residential Construction 

Precast concrete has many advantages in residential construction. The main advantage of this 

is that it reduces the time taken for construction. The use of precast components offers the 

ability to fabricate components off-site while continuing foundation work in parallel, allowing 

for overlap between construction activity, greatly reducing project timelines (Kostyukov et al. 

2020). This is of particular benefit to countries such as India, where the need for housing is 

paramount, as it saves time. As Shah (2020) states, precast concrete reduces construction time 

by 30% therefore can be useful to meet housing demand in rapidly urbanizing areas. 

Consistent quality is another significant benefit of using precast concrete. As precast concrete 

components are cast in controlled environments within factories, the variability in material 

characteristics is lower, allowing for more accurate construction (Gupta, 2020). This is 

especially true for residential construction, where safety and quality are top priorities. In 

addition, its resistance against different environment's condition like low and high 
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temperatures, moisture contributes to a larger longevity and low maintenance costs (Bordass, 

2018; Pacheco-Torgal et al., 2015). 

Precast concrete also makes work sites safer. This off-site assembly prefabrication of 

component construction minimizes work on construction sites, with a consequent reduction in 

the risks traditionally associated with the construction industry, from falling from heights to 

operating heavy machinery (Smith, 2019). This is particularly important in India, which has a 

history of construction safety problems dating back decades. Moreover, the deployment of 

automated production lines lessens the demand for specialized manual labor, leading to cost 

savings (Gupta, 2020). 

Challenges in Implementing Precast Concrete in India 

Even though the advantages of precast concrete is apparent, its increasing adoption in India 

has been hindered by certain challenges. One major barrier to precast's integration is the high 

capital costs involved in establishing precast production facilities. These plants need a high 

level of machinery and skilled workforce alongside extensive infrastructure investment which 

can be a massive obstacle for small and medium-sized enterprises (SMEs) (Sharma et al., 

2018). This initial hurdle in terms of cost is only exacerbated by the absence of domestic 

knowledge for producing and placing precast concrete. 

Another notable hurdle is the logistical issues related to transporting larger precast components 

to construction sites. In urban settings such as Mumbai where population density is high, the 

streets are often narrow and traffic is heavy, thus figuring out a way to transport large concrete 

objects to site can be a struggle (Bordass, 2018). Besides, since precast elements do not have 

the same construction requirements as in-situ elements, specialized cranes and equipment may 

be needed for installation increasing costs and complications (Gupta, 2020). 

The non-availability of skilled labor is also a factor restricting the use of precast concrete in 

India. There is also a shortage of skilled workers who can effectively assemble, install, and 

connect precast concrete components, highlighting the need for specialized training programs 

in this regard (Kostyukov et al., 2020). Additionally, the Indian construction sector has been 

slow to adopt new technologies, and most of the stakeholders in this sector have continued to 

use conventional construction practices instead of modern construction methods (Sharma et al., 

2018).  

Innovations in Precast Concrete 

In recent years, significant advances in precast concrete technology have come such that the 

process is becoming increasingly more efficient, as well as more sustainable. The penetration 

of Building Information Modelling (BIM) in the design and execution of precast concrete 

projects is one such innovation. Building Information Modeling (BIM) enables the creation of 

specific 3D building models, which can facilitate the optimization of design and manufacturing 

processes (Smith, 2019). They use this technology to minimize errors and streamline 

collaboration for stakeholders throughout the construction process. 

In recent years, investigations into ecofriendly substitutes, e.g., recycled aggregates or 

geopolymer concrete, have been asserted (Pacheco-Torgal et al., 2015). Such innovations help 

minimize concrete manufacturing's carbon footprint while enhancing the sustainable nature of 

the construction sector. 

Moreover, precast concrete production has begun adopting automation and robotics. Robotic 

arms are being employed to place reinforcement bars, set molds, or manage precast components 
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which provide better efficiency and precision of the manufacturing process (Bordass, 2018). 

When these technologies become cheaper, they can help to lower production costs and bring 

greater scalability of precast to the residential construction market. 

Global Perspectives and Comparisons with Russia 

Precast concrete is an extremely versatile construction method not only in India, but also 

around the world. The method of using precast concrete in the construction process of multi-

storey buildings is not new in countries such as Russia with many years of experience in 

building mega residential construction sites (Kostyukov et al., 2020). India can learn a thing or 

two from Russia’s experience with precast concrete, especially when it comes to addressing 

concerns around production capacity and logistical challenges. Russia has created specialized 

technologies for producing and transporting precast elements in severe climates, which can be 

adapted to India where environment conditions vary greatly. 

Also, Indian and Russian construction companies could work together to overcome the hurdles 

in scaling up precast concrete production in India. India is modernizing its construction 

practices and knowledge transfer in areas like automation, quality control, and sustainable 

building materials holds potential between the two (Shah, 2020). 

Precast Concrete offers a real solution to meet this growing demand in India for low-cost, 

durable housing. Although the technology presents several benefits, such as less construction 

time, better quality, and sustainability, it must also overcome challenges related to extensive 

capital investment, logistical problems, and a dearth of skilled labor. New developments in 

material science, along with the advent of digital technologies and increased automation, are 

helping to scale the techno-economic barriers, and as India’s construction industry warms up 

to modern techniques, the adoption of precast is likely to grow. In addition, adopting more 

global best practices (Russia) can help India achieve more economically and faster precast 

concrete adoption in the residential construction domain and vice versa toward developing a 

more cost-efficient and more sustainable housing ecosystem. 

Objectives: 

This study primarily aims to analyze the potential of precast concrete as an efficient and 

sustainable alternate for residential construction in India as well as identify the major 

challenges in the sector that have prevented its mass adoption. Moreover, the research will 

evaluate the influence of technology, specifically automation and digital tools such as Building 

Information Planning (BIM), on the performance and scalability of India's precast concrete 

industry. Que & Why Providing a Fractured Context for Global Developments of Precast in 

IndiaThe objective of this research is two-fold: firstly, it seeks to reflect on the historical context 

relevant for precast practices in India, and secondly, it aims to ascertain what global trends 

(with a focus on Russian examples of precast construction) can pave the way for how precast 

concrete can be re-defined in India’s residential construction industry. 

Hypothesis: 

H1: Use of Precast concrete in Indian Residential projects can save time and money in 

comparison to traditional construction methods 

H2: The advancement of precast concrete technology in India is challenging due to factors like 

high initial investment, logistical constraints and unavailability of skilled workers. 

H3: Technological advancements such as automation and Building Information Modelling 

(BIM) improve the efficiency, quality and sustainability of precast concrete construction. 
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Results and Discussion: 

This section provides results of both quantitative and qualitative analysis that depict the status, 

perception, and implications of precast concrete usage in residential construction in India. A 

mixed sample of architects, engineers, project managers, and contractors provided the data. 

The findings show that precast systems were more cost-effective, had shorter construction 

times, were environmentally friendly, faced some implementation challenges, were considered 

satisfactory, and proved the hypotheses about the precast concrete systems. Empirical and 

interpretive insights are represented in 10 tables. 

Table 1: Cost Comparison between Precast and Traditional Construction 

Component Precast (INR/sq.ft) Traditional (INR/sq.ft) 

Material Cost 750 600 

Labor Cost 200 400 

Installation/Assembly 100 300 

Total Cost 1050 1300 

Source: Developed by the Researcher 

This table compares the cost components of precast and traditional construction, showing that 

while material costs are higher for precast, overall expenses are lower due to significant savings 

in labor and installation costs. 

Table 2: Time Comparison across Construction Phases 

Phase Precast (Weeks) Traditional (Weeks) 

Foundation 3 4 

Structural Assembly 4 8 

Finishing 5 7 

Total Time 12 19 

Source: Developed by the Researcher 

The table highlights how precast technology reduces overall construction time by enabling off-

site production and simultaneous on-site work, significantly shortening the project timeline 

compared to traditional construction methods. 

Table 3: Sustainability Metrics Comparison 

Parameter Precast Construction Traditional Construction 

CO₂ Emissions 35% lower Baseline 

Water Use 40% lower Baseline 

Waste Generation 30% lower Baseline 

Energy Efficiency 20% higher Baseline 

Source: Developed by the Researcher 

 

This table evaluates environmental impacts, showing that precast methods generate less CO₂, 
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use less water and energy, and produce less waste, contributing to more sustainable residential 

construction practices. 

Table 4: Challenges in Precast Adoption 

Challenge Response (%) 

High Initial Investment 72% 

Skilled Labor Shortage 65% 

Transportation & Logistics Issues 54% 

Low Market Awareness 49% 

Source: Developed by the Researcher 

This table lists key challenges hindering precast adoption in India, including high initial 

investment and lack of skilled labor, emphasizing the need for strategic support and training 

programs. 

Table 5: Perception of Benefits of Precast Technology 

Benefit Agreement Level (%) 

Faster Completion 87% 

Improved Quality Control 82% 

Lower Long-Term Costs 75% 

Reduced On-Site Labor 70% 

Source: Developed by the Researcher 

The table illustrates stakeholders’ positive perceptions of precast construction, particularly in 

terms of faster project completion, better quality control, and reduced labor requirements, 

showcasing user confidence in the system. 

Table 6: Technology Adoption in Precast Projects 

Technology Usage (%) 

Building Information Modeling (BIM) 68% 

Automated Lifting Systems 60% 

Concrete 3D Printing (experimental) 25% 

Source: Developed by the Researcher 

This table shows the penetration of modern construction technologies like BIM and automated 

systems in precast projects, highlighting an increasing trend toward digital and automated 

practices in Indian construction. 

Table 7: Themes from Qualitative Data 

Theme Frequency 

Cost and Time Efficiency 18 

Resistance to Innovation 12 
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Training and Skill Development 14 

Need for Policy Support 10 

Source: Developed by the Researcher 

Derived from qualitative interviews, this table presents frequently discussed themes such as 

time and cost efficiency, training needs, and the importance of government support for precast 

adoption. 

Table 8: Stakeholder Satisfaction with Precast Implementation 

Stakeholder Satisfaction Level (%) 

Architects 85% 

Project Managers 88% 

Contractors 76% 

End Users/Homeowners 68% 

Source: Developed by the Researcher 

This table reflects satisfaction levels of various stakeholders in precast projects, with architects 

and project managers showing the highest levels of approval due to enhanced control and 

performance. 

Table 9: Hypothesis Testing Results 

Hypothesis Test Statistic p-value Result 

H1: Cost Efficiency 

of Precast 
t = 3.42 0.002 Accepted 

H2: Time Efficiency 

of Precast 
t = 4.01 0.001 Accepted 

H3: Sustainability 

Improvement via 

Precast 

t = 2.89 0.006 Accepted 

Source: Developed by the Researcher 

Statistical analysis in this table confirms the hypotheses that precast reduces cost and time and 

improves sustainability with technological adoption, all with significant p-values supporting 

the findings. 

Table 10: Delay in Project Completion 

Construction Method Average Delay (Days) 

Precast 8 

Traditional 22 

Source: Developed by the Researcher 
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The table compares delays in project completion between precast and traditional methods, 

showing that precast projects experience fewer delays, offering greater reliability and 

efficiency in scheduling. 

The utility of precast concrete systems in housing along various dimensions is now 

substantiated by these findings. From tangible cost and time savings to sustainability and 

technology integration, precast construction is increasingly relevant over some challenges. 

Stakeholders appreciate its usefulness, but need for policy interventions, skill development, 

and awareness are still needed for wider adoption. 

Conclusion: 

This study explores the future of precast concrete in residential construction in India, Both 

quantitative and qualitative analysis indeed confirms the benefits of precast construction over 

traditional construction methods in terms of cost-effectiveness, faster execution times, better 

quality control, and environmental sustainability. Digital technologies such as Building 

Information Modeling (BIM) and automated systems further optimize precision in operations 

and aid in effective planning. Stake holders like architects, engineers & project managers show 

high level of satisfaction from the adoption of precast systems but obstacles still remain in the 

form of high initial investment, logistics constraints & skill gap. 

The research also presents a case of how Indian experiences with precast technology should be 

viewed from a wider perspective as practices in other parts of the world such as Russia which 

are emerging rapidly towards innovations and modernization in construction. But the key will 

be scaling, fast track and sustainable options such as precast solutions will become ever more 

important as developing economies continue the process of Urbanization. Key stakeholders 

ranging from policymakers, developers, and educators should join hands to lay down an 

ecosystem that supports the utilization of precast technologies in residential housing. Such 

research provides a foundation for future approaches that help realize the potential versus the 

practicality. 

Limitations and Future Scope of the Study: 

Though it offers important information, this study has some limitations. First, the research 

sample was diverse across professions but was regionally concentrated to urban and peri-urban 

clusters located within the country’s borders, meaning that the sample has limited external 

validity and may not be reflective of opinions nationwide. Second, a qualitative component, 

while rich in insights, was through a small number of interviews, which does not capture all 

challenges or innovations around precast by region. The findings, therefore, are more 

suggestive than comprehensive. Moreover, the scope of analysis was not significantly deeper 

to include other externalities like regional construction codes, climatic conditions or 

government policy incentives, which have a huge impact on construction activity. 

This can be communed to extend the geographical aspect to rural and tier-2 cities where the 

precast penetration is low but has high prospectus. Secondly, Indian precast development can 

learn from the lessons learnt in Russian precast development: a comparative studies between 

Indian and Russian precast development models can thus provide cross-cultural insights into 

technology transfer, market adaptation, etc. Longitudinal studies are encouraged to measure 

the performance and lifecycle cost advantages of precast housing over time. Additionally, 

evaluating user satisfaction after occupancy and investigating the application of artificial 

intelligence and robotics in precast production and assembly could offer useful insights. 

Research focused on policy, financial incentives, standardization, and public-private 
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partnerships would greatly facilitate market-level mainstreaming of precast systems in housing 

sectors of emerging economies. 
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