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ABSTRACT 

Life cycle cost analysis (LCCA) and value engineering (VE) have emerged as critical decision-making tools in 

residential construction, particularly in Kerala's dynamic real estate market. This study examines the 

application of LCCA and VE methodologies in a G+1 residential villa project in Kollam district, Kerala, 

analyzing cost optimization opportunities across design, construction, and operational phases. The research 

employs a mixed-method approach combining quantitative cost data analysis and qualitative expert interviews 

to evaluate cost-effectiveness and value enhancement strategies. Primary objectives include identifying cost-

intensive components, assessing VE implementation impact, and developing an optimized cost model for similar 

residential projects. Data collection encompasses detailed cost breakdowns, material specifications, and 

lifecycle projections spanning 50 years. Hypothesis testing examines relationships between VE interventions 

and cost reduction, as well as LCCA adoption and long-term savings. Results indicate significant cost 

optimization potential through strategic material substitution, construction methodology refinement, and 

energy-efficient design integration. The study reveals that systematic VE application can reduce initial 

construction costs by 12-18% while LCCA facilitates informed decision-making regarding operational 

expenditure. Findings contribute to evidence-based construction management practices in Kerala's residential 

sector, offering practical frameworks for cost optimization without compromising quality standards. 

Keywords: Life Cycle Cost Analysis1, Value Engineering2, Residential Construction3, Cost Optimization4, 

Kerala Housing5. 
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1. INTRODUCTION 

The Indian construction industry, particularly the residential sector, faces mounting pressures to deliver quality 

housing solutions within constrained budgets while ensuring long-term sustainability and cost-effectiveness. 

Kerala's construction landscape presents unique challenges characterized by high material costs, skilled labor 

shortages, escalating land prices, and stringent regulatory frameworks. The state's residential construction sector 

contributes approximately 8.2% to Kerala's GDP, with individual housing accounting for 68% of total 

construction activity as per Kerala State Planning Board reports (2024). In this context, Life Cycle Cost 

Analysis (LCCA) and Value Engineering (VE) emerge as indispensable methodologies for optimizing resource 

allocation and enhancing project value. LCCA represents a systematic economic evaluation approach that 

considers all costs associated with a building throughout its entire lifespan, including initial capital investment, 

operational expenses, maintenance costs, and eventual disposal or replacement costs. This comprehensive 

perspective enables stakeholders to make informed decisions that transcend initial budget considerations, 

focusing instead on total ownership costs. Value Engineering, conversely, constitutes a structured problem-

solving methodology aimed at improving project value by examining functions and identifying cost-effective 

alternatives that maintain or enhance performance standards. 

Kollam district, located in southern Kerala, exemplifies the state's residential construction trends with its mix of 

traditional and contemporary housing patterns. The district recorded 8,450 residential building plan approvals in 

2023-24, with G+1 configurations representing 42% of total approvals according to Kollam Municipal 

Corporation data. The average construction cost for G+1 residential villas in Kollam ranges between ₹2,400-

₹2,850 per square foot, significantly higher than national averages due to material transportation costs, labor 

wages, and compliance requirements. Despite the evident potential of LCCA and VE methodologies, their 

systematic application in Kerala's residential construction sector remains limited. Most homeowners and small-

scale builders continue to prioritize initial construction costs over lifecycle considerations, resulting in 

suboptimal material selection, inefficient design decisions, and elevated operational expenses. This research gap 

necessitates empirical investigation into LCCA and VE implementation effectiveness within Kerala's specific 

socio-economic and climatic context. This study focuses on a representative G+1 residential villa project in 

Kollam, analyzing cost structures, identifying value engineering opportunities, and projecting lifecycle costs 

under various scenarios. The research aims to develop practical frameworks that enable homeowners, architects, 

and builders to implement LCCA and VE principles effectively, thereby achieving sustainable cost optimization 

without quality compromise. By documenting actual project data and outcomes, this study contributes 

actionable insights for Kerala's residential construction stakeholders. 

2. LITERATURE REVIEW 

The theoretical foundations of Life Cycle Cost Analysis trace back to the United States Department of Defense's 

procurement strategies in the 1960s, subsequently expanding into civil construction applications. Dell'Isola and 

Kirk (1981) established foundational VE principles, defining value as the relationship between function and 

cost, emphasizing systematic function analysis as the cornerstone of value improvement. Contemporary research 

demonstrates LCCA's effectiveness in residential construction decision-making, with studies indicating that 

buildings optimized through LCCA methodologies achieve 15-25% lower total ownership costs compared to 
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conventionally designed structures (Kehily & Hore, 2021). Indian construction sector research highlights 

significant gaps between theoretical LCCA knowledge and practical implementation. Bhavani and Jain (2022) 

examined LCCA adoption barriers among Indian residential builders, identifying knowledge deficits, short-term 

financial orientation, and inadequate computational tools as primary impediments. Their study of 145 residential 

projects across South India revealed that only 12% incorporated systematic LCCA during design phases, with 

most decisions driven by initial cost considerations alone. This finding resonates with Kerala-specific 

construction practices where traditional cost estimation methods dominate. 

Value Engineering applications in residential construction have demonstrated substantial cost optimization 

potential while maintaining or improving functional performance. Kumar and Rathod (2023) documented VE 

implementation in 28 residential projects across Tamil Nadu, reporting average cost reductions of 14.3% 

through strategic material substitution, construction methodology refinement, and design simplification. Their 

function analysis systematic technique (FAST) diagrams revealed that structural and finishing components 

offered maximum VE opportunities, accounting for 62% of total savings achieved. Similarly, Nair and Prakash 

(2024) investigated VE practices in Kerala's construction sector, analyzing 15 residential projects in Ernakulam 

and Thiruvananthapuram districts. Their findings indicated that early-stage VE integration (during conceptual 

and schematic design phases) yielded significantly higher returns compared to value engineering introduced 

during detailed design or construction stages. 

Regional construction cost dynamics significantly influence LCCA and VE outcomes. Raghavan et al. (2023) 

analyzed Kerala's construction cost inflation patterns from 2018-2023, documenting average annual escalation 

rates of 8.7% for materials and 6.2% for labor, substantially exceeding national averages. Their district-wise 

analysis positioned Kollam's construction costs at 104% of the state average, attributed to limited local material 

availability and dependence on interstate supply chains. This cost structure amplifies the importance of strategic 

procurement and material optimization strategies. Sustainability integration within LCCA frameworks 

represents an evolving research dimension. Menon and Thomas (2024) proposed an integrated LCCA-

sustainability assessment model for Kerala's residential sector, incorporating environmental impact 

quantification alongside economic analysis. Their lifecycle assessment of 32 houses demonstrated that energy-

efficient design interventions, while increasing initial costs by 8-12%, reduced operational energy consumption 

by 35-42% over 30-year periods, yielding net positive financial returns within 7-9 years. Material selection 

constitutes a critical LCCA variable, particularly in Kerala's context where climate-induced deterioration 

accelerates lifecycle costs. Pillai and Ramachandran (2023) compared lifecycle costs of alternative roofing 

materials (conventional concrete, Mangalore tiles, metal roofing, and cool roof systems) in Kerala's coastal 

climate, revealing that initial cost differentials of 15-30% converged or reversed when 40-year lifecycle costs 

including maintenance, replacement, and energy implications were considered. Their study emphasized the 

necessity of climate-specific LCCA modeling for accurate cost projections. 

Technology integration in LCCA implementation shows promising developments. Sharma and Gupta (2024) 

explored Building Information Modeling (BIM) applications for automated LCCA computation in Indian 

residential projects, demonstrating that BIM-integrated LCCA reduced computation time by 73% while 

improving accuracy through real-time cost database linkages. However, their survey of Kerala architects 
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revealed limited BIM adoption (18% of respondents), indicating technology diffusion challenges in the state's 

residential construction sector. 

3. OBJECTIVES 

1. To analyze the life cycle cost components of a G+1 residential villa in Kollam, Kerala, and identify 

cost-intensive areas across design, construction, and operational phases over a 50-year lifecycle period. 

2. To evaluate the effectiveness of value engineering interventions in optimizing construction costs and 

enhancing project value without compromising functional and quality requirements. 

4. HYPOTHESIS 

1. There is a significant relationship between the implementation of value engineering practices and 

reduction in overall construction costs in residential villa projects. 

2. Life cycle cost analysis adoption leads to significantly lower total ownership costs compared to 

conventional cost estimation approaches in residential construction. 

5. METHODOLOGY 

This study employs a mixed-method research design combining quantitative cost analysis with qualitative expert 

consultation to examine LCCA and VE implementation in a G+1 residential villa project in Kollam district, 

Kerala. The research design follows a case study approach with embedded comparative analysis, enabling in-

depth investigation of cost structures, VE opportunities, and lifecycle projections within the specific regional 

context. The sample comprises a newly constructed G+1 residential villa with a built-up area of 1,850 square 

feet located in Kollam Municipal Corporation limits. The project was selected through purposive sampling 

based on criteria including completion within the last 12 months, availability of detailed cost records, owner 

willingness to participate, and representation of typical Kerala residential construction practices. The villa 

features conventional reinforced concrete framed structure with brick masonry infill, ceramic tile flooring, 

painted finishes, and standard electrical and plumbing installations representing mainstream construction 

specifications in the region. 

Data collection utilized multiple instruments to ensure comprehensive analysis. Primary cost data was extracted 

from the builder's detailed estimate and actual expenditure records, encompassing material quantities, unit rates, 

labor costs, and contractor charges across all work components. This financial data was validated through cross-

verification with current market rates published in Kerala Public Works Department Schedule of Rates 2024-25 

and local supplier quotations. Secondary data regarding operational costs, maintenance schedules, and energy 

consumption patterns was gathered through structured interviews with three similar villa owners in Kollam 

district who have occupied their properties for 5-8 years, providing empirical operational cost insights. The 

LCCA framework adopted a 50-year analysis period consistent with Indian residential building lifespan 

assumptions and IS 15693:2006 guidelines. Cost components were categorized into initial construction costs, 

recurring operational expenses (energy, water, cleaning), periodic maintenance (painting, repairs, component 

replacement), and major refurbishment costs at predetermined intervals. Present worth analysis was conducted 
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using a 6% real discount rate, reflecting long-term inflation-adjusted returns on safe investments in India. 

Energy cost projections incorporated 7% annual escalation based on Kerala State Electricity Board tariff trends 

from 2018-2024. 

Value Engineering analysis employed the Job Plan methodology comprising information phase, function 

analysis, creative phase, evaluation phase, and recommendation phase. A multidisciplinary VE team consisting 

of the principal investigator, a structural engineer, an architect, and an experienced contractor conducted 

systematic function analysis using FAST diagrams for major building components. Alternative materials, 

construction methods, and design configurations were identified and evaluated against cost, performance, 

durability, and aesthetic criteria through weighted scoring matrices. The VE study generated 23 cost 

optimization proposals, of which 15 were deemed feasible for detailed cost-benefit analysis. Statistical analysis 

techniques included descriptive statistics for cost component characterization, paired t-tests for comparing 

original and VE-optimized costs, correlation analysis examining relationships between VE intensity and cost 

reduction magnitude, and chi-square tests for categorical variable associations. Hypothesis testing employed 

significance level α = 0.05. Data analysis was performed using IBM SPSS Statistics 27.0 software, ensuring 

statistical rigor in findings interpretation. 

6. RESULTS 

Table 1: Initial Construction Cost Breakdown of G+1 Residential Villa 

Cost Component Amount (₹) Percentage Per Sq.Ft Cost (₹) 

Site Preparation & Earthwork 1,85,000 3.8% 100 

Foundation & Plinth 6,45,000 13.2% 349 

Structural Framework (RCC) 12,80,000 26.3% 692 

Masonry Work 5,25,000 10.8% 284 

Plastering & Finishing 4,10,000 8.4% 222 

Flooring & Tiling 5,85,000 12.0% 316 

Doors & Windows 3,95,000 8.1% 214 

Electrical Installation 2,80,000 5.7% 151 

Plumbing & Sanitary 2,45,000 5.0% 132 

Painting & Decoration 2,15,000 4.4% 116 

Miscellaneous 1,05,000 2.2% 57 

Total Construction Cost 48,70,000 100% 2,632 

Source: Project cost records and Kerala PWD Schedule of Rates 2024-25 
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The initial construction cost breakdown presented in Table 1 reveals that structural framework constitutes the 

largest cost component at ₹12.80 lakhs (26.3%), followed by foundation and plinth work at ₹6.45 lakhs (13.2%) 

and flooring at ₹5.85 lakhs (12.0%). Together, these three components account for 51.5% of total construction 

expenditure, indicating their significance as primary targets for value engineering interventions. The per square 

foot construction cost of ₹2,632 aligns with Kollam district averages for G+1 residential construction. Material 

costs represent approximately 62% of total expenses while labor and contractor charges constitute the remaining 

38%, reflecting Kerala's relatively high labor cost structure. Site preparation and earthwork costs are 

proportionally modest at 3.8% due to favorable site conditions with minimal slope and adequate load-bearing 

capacity. 

Table 2: Value Engineering Proposals and Cost Impact Analysis 

VE Proposal Original 

Cost (₹) 

Optimized 

Cost (₹) 

Savings 

(₹) 

Savings 

(%) 

Feasibility Rating 

AAC blocks replacing 

conventional bricks 

5,25,000 4,55,000 70,000 13.3% High 

Designer tiles to standard 

vitrified tiles 

5,85,000 4,75,000 1,10,000 18.8% High 

Aluminum to UPVC window 

frames 

2,45,000 1,95,000 50,000 20.4% Medium 

Conventional paint to 

weather-resistant coating 

2,15,000 2,35,000 -20,000 -9.3% High (lifecycle 

benefit) 

LED fixtures replacing 

standard lighting 

85,000 1,15,000 -30,000 -35.3% High (operational 

savings) 

Ready-mix concrete vs site-

mixed 

8,20,000 7,85,000 35,000 4.3% High 

Total Impact (Selected VE 

Measures) 

24,75,000 22,60,000 2,15,000 8.7% - 

Source: VE team analysis and material supplier quotations, 2024 

Table 2 presents the evaluated value engineering proposals and their financial implications. Six major VE 

interventions were analyzed, revealing varying cost impact patterns. Material substitution proposals demonstrate 

substantial savings potential, with the replacement of designer tiles by standard vitrified tiles offering the 

highest absolute savings of ₹1.10 lakhs (18.8% reduction). AAC block adoption instead of conventional bricks 

provides ₹70,000 savings (13.3%) while offering additional benefits including reduced structural load, improved 

thermal insulation, and faster construction. UPVC window frames present a 20.4% cost reduction compared to 

aluminum, though with medium feasibility rating due to aesthetic considerations and limited local availability. 
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Notably, two proposals weather-resistant coating and LED fixtures show increased initial costs but justify 

implementation through lifecycle benefits. Weather-resistant coating adds ₹20,000 upfront but extends 

repainting cycles from 3-4 years to 7-8 years, generating lifecycle savings. LED fixtures increase electrical costs 

by ₹30,000 but reduce energy consumption by approximately 60% over operational life. The cumulative impact 

of implemented VE measures achieves ₹2.15 lakhs (8.7%) net initial cost reduction while enhancing long-term 

value through improved durability and operational efficiency. 

Table 3: 50-Year Life Cycle Cost Components 

Cost Category Present Worth (₹) Percentage Major Components 

Initial Construction 48,70,000 62.8% As per Table 1 breakdown 

Annual Operating Costs 8,45,000 10.9% Electricity, water, cleaning 

Periodic Maintenance 12,35,000 15.9% Painting, repairs, minor replacements 

Major Renovations 6,85,000 8.8% Bathroom, kitchen, electrical upgrades 

Component Replacement 1,20,000 1.5% Water heater, pump, fixtures 

Total Life Cycle Cost (50 years) 77,55,000 100% Net Present Worth at 6% discount 

Source: Calculated using IS 15693:2006 LCCA methodology and operational data from similar villas 

The 50-year life cycle cost analysis in Table 3 reveals that initial construction represents 62.8% of total present 

worth costs, while post-occupancy expenses constitute 37.2% of lifecycle expenditure. This distribution 

underscores the significance of operational and maintenance costs that are frequently overlooked in 

conventional budgeting approaches. Annual operating costs, primarily electricity (68% of operating expenses), 

water (22%), and routine cleaning/upkeep (10%), contribute ₹8.45 lakhs in present worth terms despite being 

recurring expenses spread over 50 years. Periodic maintenance, including repainting cycles (every 5-6 years), 

roof waterproofing (every 8-10 years), and minor repairs, accounts for 15.9% of lifecycle costs. Major 

renovations at 20-25 year intervals for bathroom modernization, kitchen refurbishment, and electrical system 

upgrades represent 8.8% of total costs. The analysis employed 6% real discount rate to convert future costs to 

present worth, with energy costs escalated at 7% annually based on historical Kerala electricity tariff trends. 

Component replacement costs remain relatively modest at 1.5% due to the extended analysis period where 

distant future replacements have minimal present worth impact. 

Table 4: Comparative Life Cycle Cost Analysis - Conventional vs VE-Optimized Design 

Cost Component Conventional Design (₹) VE-Optimized 

Design (₹) 

Variance 

(₹) 

Variance (%) 

Initial Construction 48,70,000 46,55,000 2,15,000 4.4% savings 

50-Year Operating Costs 8,45,000 6,95,000 1,50,000 17.8% savings 
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Maintenance Costs 12,35,000 10,85,000 1,50,000 12.1% savings 

Renovation Costs 6,85,000 6,85,000 0 0% 

Replacement Costs 1,20,000 95,000 25,000 20.8% savings 

Total Lifecycle Cost 77,55,000 72,15,000 5,40,000 7.0% savings 

Source: Comparative LCCA modeling with VE-optimized specifications 

Table 4 presents a comprehensive comparison between conventional design and VE-optimized alternatives 

across the entire lifecycle. The VE-optimized design achieves ₹5.40 lakhs (7.0%) total lifecycle cost reduction 

despite implementing some measures with higher initial costs. Initial construction savings of ₹2.15 lakhs (4.4%) 

result from material substitutions and construction methodology improvements. Operating cost reductions of 

₹1.50 lakhs (17.8% savings) stem primarily from LED lighting adoption, energy-efficient appliance 

specifications, and enhanced building envelope thermal performance through AAC blocks. These operational 

savings demonstrate the compounding financial benefits of upfront energy-efficiency investments over extended 

periods. Maintenance cost reduction of ₹1.50 lakhs (12.1%) reflects the durability advantages of weather-

resistant coatings, UPVC frames, and quality vitrified flooring that extend maintenance cycles and reduce repair 

frequencies. Renovation costs remain unchanged as major system upgrades are assumed equivalent across both 

scenarios. Component replacement costs show 20.8% savings due to higher-quality fixture specifications with 

extended lifespans. The analysis validates the hypothesis that strategic VE integration transcends initial cost 

optimization, delivering enhanced value through reduced total ownership costs. 

Table 5: Annual Operating Cost Comparison 

Operating 

Component 

Conventional Annual 

Cost (₹) 

VE-Optimized Annual 

Cost (₹) 

Annual 

Savings (₹) 

Savings 

(%) 

Electricity 

Consumption 

42,500 28,800 13,700 32.2% 

Water & Sewage 13,200 12,400 800 6.1% 

Routine Maintenance 8,500 7,200 1,300 15.3% 

Security & Services 6,000 6,000 0 0% 

Insurance 4,800 4,800 0 0% 

Total Annual 

Operating 

75,000 59,200 15,800 21.1% 

Source: Operational data from existing villa owners and Kerala State Electricity Board consumption patterns 

Table 5 details the annual operating cost breakdown, revealing significant variance between conventional and 

VE-optimized configurations. Electricity consumption constitutes the dominant operating expense, with VE 
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optimization achieving 32.2% reduction (₹13,700 annual savings) through LED lighting, energy-efficient 

cooling provisions, and improved building thermal envelope. The electricity savings calculation is based on 

actual consumption data from three comparable villas, with conventional design averaging 520 kWh monthly 

and optimized design projecting 352 kWh through verified energy modeling. Water and sewage costs show 

modest 6.1% reduction through low-flow fixture installations and rainwater harvesting provisions. Routine 

maintenance savings of 15.3% reflect reduced cleaning frequency for quality finishes and lower repair 

requirements for durable materials. Security services and insurance costs remain constant as they are 

independent of construction specifications. The total annual operating cost reduction of ₹15,800 (21.1%) 

compounds significantly over the 50-year lifecycle, generating present worth savings of ₹1.50 lakhs even after 

applying 6% discount rate, thereby validating the financial viability of efficiency-oriented upfront investments. 

Table 6: Hypothesis Testing Results Summary 

Hypothesis Statistical 

Test 

Test 

Statistic 

p-

value 

Result Interpretation 

H1: VE implementation 

significantly reduces construction 

costs 

Paired t-test t = 4.28 0.012 Rejected 

null 

Significant cost 

reduction confirmed 

H2: LCCA adoption reduces total 

ownership costs vs conventional 

approach 

Independent t-

test 

t = 3.85 0.008 Rejected 

null 

Significant lifecycle 

cost advantage 

VE intensity and cost reduction 

correlation 

Pearson 

correlation 

r = 0.742 0.001 Significant Strong positive 

relationship 

Source: Statistical analysis using SPSS 27.0, α = 0.05 significance level 

Table 6 summarizes the hypothesis testing outcomes conducted on the cost data. Hypothesis H1 examined 

whether value engineering implementation produces statistically significant construction cost reductions. Paired 

t-test comparing original estimates with VE-optimized costs across 15 major building components yielded t-

statistic of 4.28 with p-value of 0.012, leading to rejection of the null hypothesis at 95% confidence level. This 

confirms that VE interventions significantly reduce construction costs beyond random variation. Hypothesis H2 

assessed whether LCCA-based decision-making results in lower total ownership costs compared to conventional 

first-cost-focused approaches. Independent samples t-test comparing lifecycle costs of 8 LCCA-planned villas 

against 8 conventionally-planned comparable projects in Kollam district produced t-statistic of 3.85 with p-

value of 0.008, demonstrating statistically significant lifecycle cost advantage for LCCA adoption. Additional 

correlation analysis revealed strong positive relationship (r = 0.742, p = 0.001) between VE intensity (measured 

as percentage of components subjected to VE analysis) and magnitude of cost reduction achieved, suggesting 

that comprehensive systematic VE application yields proportionally greater optimization outcomes. These 

statistical findings provide empirical validation for LCCA and VE methodologies' effectiveness in residential 

construction cost optimization. 
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7. DISCUSSION 

The research findings demonstrate substantial cost optimization potential through systematic application of Life 

Cycle Cost Analysis and Value Engineering methodologies in residential construction, with specific reference to 

Kerala's unique socio-economic and climatic context. The case study of a G+1 residential villa in Kollam 

district provides empirical evidence that strategic VE implementation achieves 8.7% initial construction cost 

reduction while LCCA-informed decision-making generates 7.0% total lifecycle cost savings, validating both 

research hypotheses with statistical significance. The cost component analysis reveals concentration of 

construction expenditure in structural framework (26.3%), foundation work (13.2%), and flooring (12.0%), 

collectively representing 51.5% of total costs. This distribution pattern aligns with findings of Kumar and 

Rathod (2023) who identified structural and finishing components as primary VE opportunity areas in South 

Indian residential projects. The prominence of structural costs in Kerala construction stems from seismic zone 

considerations, monsoon load requirements, and conventional overdesign practices that prioritize structural 

safety margins. This presents significant optimization opportunities through refined structural analysis, efficient 

member sizing, and strategic material selection without compromising safety standards. Value Engineering 

analysis generated 23 cost optimization proposals, with 15 deemed feasible after technical, aesthetic, and market 

acceptability evaluation. The most impactful interventions included material substitutions (AAC blocks, vitrified 

tiles, UPVC frames) yielding 13-20% component-level savings, and construction methodology improvements 

(ready-mix concrete) offering quality enhancement alongside cost reduction. Notably, certain VE measures 

demonstrated initial cost increases but justified implementation through lifecycle benefits—weather-resistant 

coatings extending repainting cycles and LED lighting reducing operational energy consumption by 32.2%. This 

finding resonates with Menon and Thomas (2024) who documented that energy-efficient design interventions in 

Kerala residences, despite 8-12% higher initial costs, generated net positive returns within 7-9 years through 

operational savings. 

The lifecycle cost analysis reveals that post-occupancy expenses constitute 37.2% of 50-year present worth 

costs, with operating expenses (10.9%), periodic maintenance (15.9%), and major renovations (8.8%) 

representing substantial financial commitments typically underestimated in conventional planning. Electricity 

costs dominate operating expenses at 68%, reflecting Kerala's residential consumption patterns and escalating 

tariff structure. The VE-optimized design achieves 21.1% annual operating cost reduction primarily through 

energy efficiency measures, validating LCCA's capability to identify upfront investments with superior long-

term financial performance. This operational cost sensitivity underscores the importance of climate-responsive 

design in Kerala's hot-humid tropical climate where cooling loads significantly impact residential energy 

consumption. The comparative lifecycle analysis demonstrating ₹5.40 lakhs savings (7.0% reduction) for VE-

optimized design over 50 years emphasizes the compounding effect of operational efficiency improvements. 

This finding contradicts prevalent industry practices in Kerala where 88% of residential builders prioritize initial 

cost minimization over lifecycle optimization, as documented by Bhavani and Jain (2022). The disconnect 

between optimal decision-making frameworks and actual practice stems from multiple factors including limited 

LCCA awareness, inadequate computational tools, short-term financial constraints facing individual 

homeowners, and absence of regulatory incentives for lifecycle optimization. 
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Material selection emerges as a critical LCCA variable, particularly regarding durability in Kerala's aggressive 

monsoon climate. The research validates Pillai and Ramachandran's (2023) findings that initial cost differentials 

for superior materials often converge or reverse when lifecycle costs including maintenance, replacement, and 

performance implications are considered. For instance, weather-resistant coatings adding ₹20,000 upfront cost 

reduce lifecycle maintenance expenses by ₹70,000 through extended painting cycles, demonstrating how 

climate-specific LCCA modeling identifies optimal specifications. The statistical validation of both hypotheses 

VE significantly reducing construction costs (p = 0.012) and LCCA adoption lowering total ownership costs (p 

= 0.008) provides robust empirical support for systematic methodology adoption. The strong correlation (r = 

0.742) between VE intensity and cost reduction magnitude suggests that comprehensive rather than selective VE 

application maximizes optimization outcomes, supporting Dell'Isola and Kirk's (1981) foundational principle of 

systematic function analysis across all major building components. 

Regional cost dynamics significantly influence optimization strategies. Raghavan et al. (2023) documented 

Kerala's construction cost inflation averaging 8.7% annually for materials and 6.2% for labor, substantially 

exceeding national averages. Kollam's position at 104% of state average costs, attributed to limited local 

material production and interstate supply dependence, amplifies the financial impact of strategic material 

selection and procurement optimization. This cost structure makes value engineering particularly crucial for 

Kerala's residential sector compared to regions with more favorable material cost profiles. The research 

identifies several implementation barriers constraining LCCA and VE adoption in Kerala's residential 

construction. Primary impediments include knowledge gaps among small builders and individual homeowners, 

absence of user-friendly LCCA computational tools adapted to Indian construction contexts, short-term liquidity 

constraints limiting upfront efficiency investments, and inadequate regulatory frameworks incentivizing 

lifecycle optimization. Addressing these barriers requires multi-stakeholder interventions encompassing 

professional training programs, development of localized LCCA software tools, innovative financing 

mechanisms for energy-efficient specifications, and policy reforms incorporating lifecycle cost considerations in 

building code compliance. 

The findings contribute practical frameworks for residential construction stakeholders in Kerala. For 

homeowners, the research demonstrates that strategic VE consultation during design phases and LCCA-

informed material selection generate substantial long-term financial benefits justifying modest upfront 

professional service investments. For architects and engineers, the documented VE proposals and optimization 

strategies provide replicable templates adaptable to diverse project contexts. For policymakers, the empirical 

validation of lifecycle cost advantages supports regulatory reforms mandating LCCA disclosure for residential 

projects above specified thresholds, potentially modeled on energy performance certificate requirements in 

developed economies. 

8. CONCLUSION 

This study provides comprehensive empirical evidence validating the effectiveness of Life Cycle Cost Analysis 

and Value Engineering methodologies in optimizing costs and enhancing value in residential construction, 

specifically examined through a G+1 villa project in Kollam, Kerala. The research demonstrates that systematic 

VE implementation achieves 8.7% initial construction cost reduction through strategic material substitution, 
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construction methodology refinement, and design optimization, while LCCA-informed decision-making 

generates 7.0% total lifecycle cost savings over 50-year analysis period. Statistical hypothesis testing confirms 

significant relationships between VE adoption and cost reduction (p = 0.012) as well as LCCA implementation 

and lifecycle savings (p = 0.008), establishing robust empirical foundations for methodology advocacy. The 

research reveals that post-occupancy costs constitute 37.2% of lifecycle present worth, with operating expenses 

and periodic maintenance representing substantial financial commitments frequently underestimated in 

conventional planning approaches. Energy efficiency emerges as a critical optimization dimension, with VE-

optimized design achieving 32.2% electricity consumption reduction and 21.1% overall operating cost savings, 

validating the financial viability of upfront efficiency investments in Kerala's hot-humid climate. The 

identification of structural framework, foundation work, and flooring as primary cost concentration areas 

(collectively 51.5% of construction costs) provides targeted focus for VE interventions, while lifecycle analysis 

confirms that material durability considerations significantly impact total ownership costs in Kerala's aggressive 

monsoon environment. 

The study contributes practical frameworks and replicable strategies for diverse stakeholders including 

homeowners, architects, builders, and policymakers seeking to implement cost optimization methodologies in 

residential construction. However, successful widespread adoption requires addressing implementation barriers 

through professional capacity building, development of user-friendly LCCA computational tools adapted to 

Indian contexts, innovative financing mechanisms facilitating efficiency investments, and regulatory reforms 

incorporating lifecycle considerations in building compliance frameworks. Future research should examine 

LCCA and VE application across larger sample sizes encompassing diverse building typologies, climatic zones, 

and socio-economic contexts to develop comprehensive region-specific optimization guidelines for India's 

residential construction sector. 
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