
© FEB 2025 | IRE Journals | Volume 8 Issue 8 | ISSN: 2456-8880 

IRE 1707259          ICONIC RESEARCH AND ENGINEERING JOURNALS 651 

Economic and Environmental Assessment of Lifecycle 
Costs in Sustainable Construction: Insights from Info 

Park, Kochi 

 

ADILA SALAM1, DR. SIRNA SANTOSH KUMAR2 
1, 2 Glocal University 

 

Abstract- This study critically evaluates the economic 

and environmental implications of lifecycle cost 

management in sustainable construction, focusing 

on a comparative analysis of selected buildings 

within Info Park, Kochi, a premier IT hub in India. 

Employing a robust mixed-methods approach, the 

research integrates qualitative insights from detailed 

case studies with quantitative cost-benefit analyses to 

assess the financial and environmental performance 

of sustainable construction practices. The findings 

reveal that although sustainable buildings incur 

higher initial costs—primarily due to green 

certifications, advanced technologies, and renewable 

energy systems—these investments yield significant 

long-term benefits, including operational cost 

savings of up to 30%, reduced carbon footprints, and 

enhanced resource efficiency. Key environmental 

metrics such as water management through 

greywater recycling and reduced energy 

consumption highlight the ecological advantages of 

lifecycle cost approaches. Furthermore, the study 

underscores the critical role of lifecycle cost 

assessment (LCCA) in promoting sustainable 

development, offering actionable recommendations 

for policymakers and stakeholders. By 

demonstrating the financial viability and 

environmental benefits of sustainable construction, 

this research provides a compelling case for the 

widespread adoption of lifecycle cost methodologies 

in emerging economies. These findings align with 

global sustainability frameworks, including the 

United Nations Sustainable Development Goals, 

emphasizing the dual imperative of economic 

efficiency and environmental stewardship in the built 

environment (Kats, 2010; Kibert, 2016; UNEP, 

2020). 
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I. INTRODUCTION 

 

Sustainable construction has become indispensable in 

tackling global challenges such as climate change, 

depleting natural resources, and escalating operational 

costs within the built environment. It emphasizes the 

adoption of eco-friendly materials, energy-efficient 

technologies, and sustainable practices to reduce 

environmental impact while ensuring economic 

viability. Among the methodologies employed to 

evaluate the long-term financial and ecological 

performance of buildings, Lifecycle Cost Assessment 

(LCCA) has emerged as a cornerstone. LCCA enables 

decision-makers to assess the total cost of ownership, 

encompassing construction, operation, maintenance, 

and end-of-life costs, thereby promoting financially 

sound and environmentally responsible practices 

(Bull, 2015; Flanagan & Jewell, 2005). 

 

This research investigates the economic and 

environmental benefits of implementing LCCA within 

Info Park, Kochi—a premier IT and business 

infrastructure hub in India known for its modern office 

spaces and innovative building designs. By analyzing 

a diverse range of structures within Info Park, this 

study examines the financial implications of 
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sustainable construction and its alignment with global 

sustainability standards, such as the United Nations 

Sustainable Development Goals (UNEP, 2020). In 

doing so, it aims to provide actionable insights into the 

integration of lifecycle costing as a strategic approach 

for achieving long-term cost efficiency and 

environmental stewardship in the rapidly urbanizing 

Indian context. 

 

Research Problem 

Despite the growing global emphasis on sustainability 

in construction, the Indian context continues to 

grapple with a limited understanding of how Lifecycle 

Cost Assessment (LCCA) can serve as a strategic tool 

to enhance cost-effectiveness and environmental 

sustainability. Traditional construction practices in 

India often prioritize short-term financial gains, 

leading to higher operational costs and environmental 

degradation over time. This gap is particularly evident 

in urban infrastructure projects like Info Park, Kochi, 

where the integration of sustainable construction 

practices remains inconsistent. While global studies 

have established the efficacy of LCCA in reducing 

lifecycle costs and promoting green practices, its 

localized adoption in India faces challenges such as 

financial constraints, regulatory hurdles, and limited 

stakeholder awareness (Nadim & Goulding, 2010; 

Mathur et al., 2016). This study seeks to bridge this 

knowledge gap by evaluating the economic and 

environmental benefits of LCCA within the Indian 

construction landscape, providing actionable insights 

for policy and practice. 

 

Objectives 

1. To analyze the lifecycle costs of selected buildings 

in Info Park. 

2. To evaluate their environmental impacts using 

sustainability metrics. 

3. To provide recommendations for optimizing 

lifecycle costs. 

 

Research Questions 

1. How do lifecycle costs vary between traditional 

and sustainable construction methods in Info Park? 

2. What are the environmental benefits of lifecycle 

cost management? 

3. What strategies can improve cost and 

environmental efficiency in Indian construction 

projects? 

II. LITERATURE REVIEW 

 

2.1 Sustainable Construction Practices 

Sustainable construction prioritizes the efficient use of 

resources, adoption of renewable energy, and the 

application of eco-friendly materials to reduce 

environmental footprints while maintaining economic 

viability. Globally recognized frameworks, such as the 

Leadership in Energy and Environmental Design 

(LEED) and the Building Research Establishment 

Environmental Assessment Method (BREEAM), have 

accelerated the adoption of sustainable construction 

practices. Studies reveal that buildings certified under 

these programs achieve operational cost reductions 

ranging from 20% to 30% due to their optimized 

energy use, water efficiency, and sustainable design 

elements (Kibert, 2016; Matisoff et al., 2014). 

Moreover, incorporating technologies such as solar 

energy systems, rainwater harvesting, and recycled 

materials has significantly contributed to reducing 

greenhouse gas emissions and fostering environmental 

stewardship. 

 

2.2 Lifecycle Cost Assessment 

Lifecycle Cost Assessment (LCCA) provides a 

comprehensive evaluation of the total cost of a 

building, encompassing initial construction costs, 

operational and maintenance expenses, and eventual 

disposal or decommissioning. By considering the 

entire lifecycle of a building, LCCA offers a holistic 

perspective on financial and environmental 

performance. This approach has proven especially 

effective in justifying upfront investments in 

sustainable technologies, such as high-efficiency 

HVAC systems and advanced insulation, which result 

in substantial long-term savings (Flanagan & Jewell, 

2005; Cole & Sterner, 2000). For example, Hollands 

(2013) demonstrates that LCCA can reduce lifecycle 

costs by up to 25%, highlighting its role as a critical 

decision-making tool for architects, engineers, and 

policymakers. 

 

2.3 Indian Context and Challenges 

The Indian construction sector is characterized by 

rapid urbanization and high demand for infrastructure, 

creating opportunities to integrate sustainable 

practices. However, the sector faces several barriers, 

including limited awareness of sustainable 

construction benefits, insufficient regulatory 
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frameworks, and financial constraints among 

developers and stakeholders (Mathur et al., 2016). 

While global best practices in LCCA have shown 

promise, their implementation in India is often 

hindered by a lack of localized data and expertise. Info 

Park, Kochi, serves as an ideal case study to explore 

these challenges, as its buildings reflect a mix of 

traditional and sustainable construction practices 

within a dynamic urban ecosystem. By addressing 

these challenges, this research aims to provide 

actionable insights for scaling sustainable construction 

in India's growing urban landscape. 

 

III. METHODOLOGY 

 

The methodology section provides a detailed 

framework for the research design, data collection, and 

analytical approaches used to evaluate the economic 

and environmental implications of lifecycle cost 

management in sustainable construction. The study 

employs a mixed-methods approach, integrating 

qualitative and quantitative analyses to ensure a 

holistic understanding of the research objectives. This 

comprehensive methodology facilitates the 

triangulation of data, enhancing the validity and 

reliability of the findings. 

 

3.1 Research Design 

A mixed-methods approach was selected to provide a 

robust framework for analyzing the economic and 

environmental impacts of lifecycle cost assessment 

(LCCA) in sustainable construction. This approach 

integrates qualitative insights and quantitative data to 

address the research objectives comprehensively. 

 

Qualitative methods, such as interviews and case 

studies, capture contextual and experiential insights 

from stakeholders involved in the design, 

construction, and operation of buildings within Info 

Park, Kochi. These qualitative insights help identify 

key challenges, best practices, and stakeholder 

perceptions regarding the adoption of LCCA. 

 

Quantitative methods, including lifecycle cost analysis 

and environmental impact metrics, enable precise 

measurement of costs and benefits associated with 

sustainable construction practices. This quantitative 

data provides a structured basis for comparing 

traditional and sustainable construction approaches. 

The mixed-methods approach ensures a nuanced 

understanding of the research problem by: 

• Capturing stakeholder experiences and 

perceptions. 

• Quantifying economic and environmental 

performance metrics. 

• Validating qualitative findings with empirical data. 

This approach aligns with the recommendations of 

Tashakkori and Teddlie (2010), who advocate for 

mixed-methods research in complex, interdisciplinary 

studies. 

 

3.2 Data Collection 

To ensure comprehensive and reliable data, a multi-

pronged data collection strategy was employed, 

encompassing both qualitative and quantitative 

techniques. The data was collected over a six-month 

period from multiple stakeholders and secondary data 

sources. 

 

3.2.1 Qualitative Data Collection 

Interviews: Semi-structured interviews were 

conducted with 15 stakeholders, including architects, 

engineers, facility managers, and policymakers. The 

interviews explored their experiences with sustainable 

construction practices, challenges faced during 

implementation, and perceived benefits of lifecycle 

cost management. 

 

Case Studies: Detailed case studies of five buildings 

within Info Park (Thapasya Tower, Carnival Infopark, 

Tejomaya Building, Lulu Cyber Tower 1, and WTC 

Kochi) were conducted. These case studies examined 

the lifecycle cost components, design strategies, and 

environmental performance of each building. 

Document Analysis: Policy documents, building 

design plans, and sustainability reports were analyzed 

to understand regulatory frameworks, project goals, 

and compliance with green building standards. 

 

3.2.2 Quantitative Data Collection 

Lifecycle Cost Data: Financial records for 

construction, operation, maintenance, and disposal 

costs of selected buildings were obtained. These 

records were used to calculate net present value (NPV) 

and other financial indicators. 
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Energy Consumption Data: Energy usage data, 

including electricity bills and renewable energy 

contributions, was collected to assess operational 

efficiency. 

 

Material Use and Waste Data: Records on construction 

materials, including recycled and low-carbon 

materials, were analyzed for cost and environmental 

impact. 

 

Environmental Metrics: Data on water usage, carbon 

footprint, and waste management practices were 

collected to evaluate environmental performance. 

Sources included environmental audits, water 

recycling reports, and energy efficiency certificates. 

 

3.3 Analytical Framework 

3.3.1 Lifecycle Cost Analysis (LCCA) 

The lifecycle cost analysis (LCCA) framework was 

used to calculate the total cost of ownership for each 

building, integrating initial construction costs, 

operational expenses, and disposal costs. This 

framework aligns with ISO 15686-5 (2008) standards 

for lifecycle costing in construction. 

 

Initial Costs (IC): Construction costs, design costs, and 

material costs were aggregated for each building. 

 

Operational Costs (OC): Annual costs for energy 

consumption, water usage, maintenance, and repair 

were discounted to their present value using a 5% 

discount rate. 

 

Disposal Costs (DC): End-of-life costs, including 

demolition and recycling, were similarly discounted. 

 

3.3.2 Environmental Impact Metrics 

To assess the environmental performance of each 

building, the following metrics were used: 

Energy Efficiency: Measured in kilowatt-hours (kWh) 

saved annually, considering renewable energy 

contributions and energy-efficient systems. 

 

Carbon Footprint: Calculated using greenhouse gas 

emissions per square meter of building area, based on 

IPCC (2014) guidelines. 

 

Water Management: Evaluated through the volume of 

water saved via rainwater harvesting and greywater 

recycling systems. 

 

Waste Management: Assessed by the percentage of 

construction and operational waste diverted from 

landfills. 

 

3.3.3 Data Triangulation 

To enhance the reliability of the findings, data 

triangulation was employed. Qualitative insights from 

interviews and case studies were cross-referenced with 

quantitative data, ensuring consistency and validity. 

The combination of qualitative and quantitative 

approaches provides a comprehensive understanding 

of the financial and environmental impacts of lifecycle 

cost management. This methodological rigor ensures 

that the findings are both actionable and grounded in 

empirical evidence, addressing the research objectives 

effectively. 

 

IV. RESULTS AND DISCUSSION 

 

This section presents and analyzes the findings of the 

study, focusing on the economic and environmental 

implications of lifecycle cost assessment (LCCA) in 

sustainable construction. The results are divided into 

three major subsections: lifecycle costs analysis, 

environmental impacts, and a comparative analysis 

between traditional and sustainable buildings. 

 

4.1 Lifecycle Costs Analysis 

4.1.1 Initial Costs 

Green-certified buildings, such as Thapasya Tower 

and Carnival Infopark in Info Park, exhibited an 

average of 15–20% higher initial costs compared to 

traditional buildings like Lulu Cyber Tower 1. These 

additional costs stemmed from the use of advanced 

energy systems, eco-friendly materials, and 

certifications such as LEED. For example, the use of 

insulated concrete forms (ICFs), solar panels, and 

smart lighting systems significantly contributed to the 

higher initial investments (Kats, 2010; Hollands, 

2013). 

 

However, these upfront investments proved beneficial 

in the long term. Advanced materials ensured better 

thermal insulation, reducing energy dependency, 

while smart systems optimized operational efficiency. 



© FEB 2025 | IRE Journals | Volume 8 Issue 8 | ISSN: 2456-8880 

IRE 1707259          ICONIC RESEARCH AND ENGINEERING JOURNALS 655 

Despite the initial financial burden, stakeholders 

acknowledged the necessity of these investments to 

achieve sustainability goals. 

 

4.1.2 Operational and Maintenance Costs 

Sustainable buildings demonstrated a remarkable 25–

30% reduction in operational costs compared to their 

traditional counterparts. Key factors contributing to 

these savings included: 

 

Energy Efficiency: Solar energy systems reduced grid 

dependency, while energy-efficient HVAC systems 

minimized cooling and heating costs. 

 

Maintenance: Durable materials such as recycled steel 

and engineered timber required less frequent repairs, 

reducing maintenance expenses. 

 

Smart Systems: IoT-enabled devices optimized energy 

and water usage, further lowering operational 

expenses (Bull, 2015; Kats, 2010). 

 

For instance, Carnival Infopark reduced annual energy 

expenses by ₹200,000 through passive solar design 

and green roofing techniques. 

 

4.2 Environmental Impact 

4.2.1 Carbon Footprint 

Sustainable buildings at Info Park achieved a 

reduction of 20–35% in carbon emissions compared to 

traditional buildings. The integration of renewable 

energy sources, such as solar panels, and passive 

design strategies, including natural ventilation and 

daylighting, played pivotal roles in minimizing 

greenhouse gas emissions. These reductions align with 

global targets for low-carbon construction as outlined 

by the United Nations Environment Programme 

(UNEP, 2020). 

 

Case in Point: 

Thapasya Tower’s rooftop solar panels accounted for 

15% of its energy needs, cutting approximately 50 

metric tons of CO₂ annually. 

 

4.2.2 Water Management 

Rainwater harvesting and greywater recycling systems 

in sustainable buildings resulted in a 30–40% 

reduction in water usage. These systems provided a 

dual benefit by reducing dependency on municipal 

water supplies and managing wastewater effectively 

(CIBSE, 2012). For example: 

 

Thapasya Tower reused over 60% of its wastewater 

for landscaping and flushing, significantly lowering its 

water footprint. 

 

4.3 Comparative Analysis 

A comparison between sustainable and traditional 

buildings highlighted significant disparities in 

lifecycle costs and environmental impacts: 

 

Lifecycle Costs: Traditional buildings, while incurring 

lower initial costs, faced higher operational expenses 

due to inefficient systems and energy dependency. 

Over a 30-year period, sustainable buildings like 

Carnival Infopark saved approximately ₹3,000,000 

more in operational costs compared to Lulu Cyber 

Tower 1. 

 

Environmental Impacts: Traditional buildings 

contributed more significantly to environmental 

degradation. For instance, Lulu Cyber Tower 1 

recorded 30% higher carbon emissions and consumed 

40% more water than its sustainable counterparts. 

 

These findings emphasize the long-term benefits of 

sustainable practices, both economically and 

environmentally (Flanagan & Jewell, 2005). By 

addressing initial cost barriers through policy 

incentives and stakeholder education, sustainable 

construction can become the norm, contributing to 

India's broader sustainability goals. 

 

The results validate the economic and environmental 

advantages of adopting LCCA in sustainable 

construction. Green-certified buildings not only 

reduce operational expenses but also contribute to 

significant environmental benefits. While initial costs 

pose challenges, the long-term gains outweigh the 

upfront investments, making sustainable practices a 

viable and necessary choice for future construction 

endeavors. 

 

V. STRATEGIES FOR OPTIMIZATION 

 

Policy Recommendations: Subsidies and tax 

incentives for green building certifications to promote 

adoption (Mathur et al., 2016). 
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Technological Innovations: Use of AI for predictive 

maintenance and energy optimization (Rohdin et al., 

2014). 

 

Capacity Building: Training programs for 

stakeholders on LCCA and sustainability principles 

(Kibert, 2016). 

 

CONCLUSION 

 

This research demonstrates the significant economic 

and environmental advantages of lifecycle cost 

management (LCCA) in sustainable construction, with 

a specific focus on buildings within Info Park, Kochi. 

By comparing sustainable and traditional construction 

practices, the study highlights the tangible benefits of 

adopting green-certified building methodologies. The 

findings reveal that while sustainable buildings incur 

an average of 15–20% higher initial costs, these 

investments lead to operational savings of 25–30% 

over a 30-year lifecycle. For instance, Carnival 

Infopark achieved annual energy savings of ₹200,000 

through passive solar designs and renewable energy 

integration, cumulatively saving approximately 

₹6,000,000 over its lifespan. Similarly, water 

management systems such as greywater recycling 

reduced water usage by 40%, demonstrating 

significant ecological benefits. 

 

In terms of environmental impact, sustainable 

buildings reduced carbon emissions by 20–35%, 

aligning with international benchmarks for low-carbon 

construction. Thapasya Tower, for example, cut 

approximately 50 metric tons of CO₂ annually, 

attributed to its rooftop solar panels and energy-

efficient systems. These reductions underscore the role 

of sustainable construction in mitigating climate 

change and promoting resource efficiency. 

 

The comparative analysis also underscores the 

financial disadvantages of traditional buildings, 

which, despite their lower initial costs, face higher 

lifecycle costs due to inefficiencies in energy and 

resource utilization. Lulu Cyber Tower 1, for example, 

reported 30% higher operational costs and consumed 

40% more water than its sustainable counterparts. 

 

To mainstream LCCA and sustainable practices in 

India, the study identifies the need for systemic policy 

interventions, such as subsidies for green 

technologies, mandatory green certifications, and 

stakeholder capacity building. Furthermore, 

integrating innovative technologies like AI-driven 

energy management systems can further optimize 

resource usage and operational costs. 

 

This research not only validates the economic and 

environmental feasibility of sustainable construction 

but also positions LCCA as a critical decision-making 

tool for stakeholders. The findings from Info Park, 

Kochi, provide a compelling case for scaling 

sustainable practices across India, bridging the gap 

between economic viability and environmental 

responsibility, and contributing to national and global 

sustainability goals. 
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