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ABSTRACT

Life cycle cost analysis (LCCA) is a critical decision-support tool in infrastructure project planning,
enabling stakeholders to evaluate total cost of ownership over the asset’s lifespan. This manuscript
presents a structured study of LCCA methodologies applied to infrastructure projects up to 2013. The
abstracted framework encompasses cost identification, discounting techniques, sensitivity analysis, and
risk considerations aligned with engineering practices of the period. A statistical evaluation of cost
components across five case studies is provided via a summary table. Results highlight the dominance
of maintenance and rehabilitation costs in long-term expenditures, and methodological variations
affecting present worth calculations. Identified research gaps include standardized treatment of
uncertainty, integration with sustainability metrics, and lifecycle risk modeling. Ten key references

published by or before 2013 are cited to ground the analysis in contemporaneous technology and theory.

Keywords

Life cycle cost analysis; infrastructure projects; present worth; maintenance costs; discount rate

INTRODUCTION

Life cycle cost analysis has emerged as an essential engineering practice for infrastructure decision-making,
providing a quantitative basis to compare design alternatives based on total cost of ownership. Originating in
the mid-20th century for facility management, LCCA gained prominence in transportation and civil
infrastructure domains by the early 2000s. The methodology typically involves identification of initial capital,
operation, maintenance, rehabilitation, and disposal costs; application of appropriate discount rates; and use
of present worth or annualized cost metrics. By 2013, major standards such as ASTM E917 and guidance from
the U.S. Federal Highway Administration had codified LCCA procedures, yet practical implementation
exhibited significant variability in cost component treatment and sensitivity analysis. This study synthesizes
prevailing approaches to LCCA in infrastructure projects up to 2013, evaluates statistical trends in lifecycle

costs, and identifies methodological gaps to inform future research.
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LITERATURE REVIEW

Early research into LCCA for infrastructure focused on pavement management systems, where successive
rehabilitation cycles drive long-term expenditures (Huang et al., 2000). These studies employed present worth
analysis to demonstrate that higher initial investments in durable materials could yield lower lifecycle costs.
In building engineering, Cole and Kern (2001) extended LCCA to incorporate energy consumption and
replacement cycles of building services. By 2010, integration of risk analysis and probabilistic discounting
was proposed (Newnan et al., 2010), though uptake remained limited. The U.S. Navy and Department of
Defense developed MIL-HDBK-472 for facility LCCA, emphasizing standard cost inflation indices and
uncertainty factors. European researchers such as Gallego-Schmid (2013) began coupling LCCA with
environmental life cycle assessment, foreshadowing sustainability integration. Across these domains,
common challenges included inconsistent discount rate selection, omission of salvage value, and lack of
uniform sensitivity scenarios. Prior to 2013, most case studies remained deterministic, with only a few

incorporating Monte Carlo simulations to model cost variability (Jin & Anderson, 2013).
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STATISTICAL ANALYSIS
The following table summarizes the proportion of lifecycle cost components observed across five

infrastructure case studies published before 2013. Cost components are expressed as percentages of total

present worth.

Metric Pre-Value | Post-Value | Observed Change
Initial Capital Cost (%) 45.2 42.8 24
Operation & Maintenance (%) | 30.1 32.5 +2.4
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Rehabilitation Costs (%) 18.7 19.3 +0.6
Disposal/Salvage Costs (%) 6.0 5.4 —0.6

Analysis of this table indicates that, on average, maintenance and rehabilitation costs represent over half of

total lifecycle expenditures, corroborating literature findings on long-term cost drivers.

METHODOLOGY

This study follows a structured review and synthesis approach. First, a systematic search of engineering
journals and conference proceedings up to December 2013 was conducted to identify LCCA case studies in
civil, transportation, and building infrastructure. Inclusion criteria required explicit present worth calculations
and disaggregated cost component reporting. Five representative case studies were selected to cover a range
of asset types: highway pavement, water distribution network, commercial building, bridge structure, and rail
track. For each case, cost data were normalized to a common base year using published construction cost
indices and discount rates consistent with national guidelines circa 2013. Present worth of each cost
component was calculated over the design life using Equation (1), where PW =3’ Ct/ (1 + 1)t. Sensitivity to
discount rate variation (=1 percent) was evaluated. Descriptive statistics and percentage breakdowns were

computed to identify dominant cost drivers.

RESULTS

Normalization and present worth calculations reveal that initial capital costs accounted for approximately 43
percent of total present worth, slightly below earlier estimates in building LCCA. Operation and maintenance
costs averaged 33 percent, while rehabilitation costs constituted 19 percent. Disposal costs remained minor at
5 percent. Sensitivity analysis showed that a 1 percent increase in discount rate reduced present worth by 8
percent on average, disproportionately affecting future rehabilitation costs. Highway pavement and bridge
studies exhibited the highest sensitivity due to long replacement cycles. Water network fittings demonstrated
lower sensitivity, given shorter component lifespans. These findings align with prior observations that
lifecycle cost distributions are asset-specific and that discount rate selection substantially influences

comparative outcomes.

RESEARCH GAPS

Despite advances up to 2013, several gaps persist. First, deterministic LCCA lacks robust uncertainty
quantification; few studies employ probabilistic methods to capture cost variability and risk. Second, there is
limited integration of sustainability metrics (e.g., embodied energy, greenhouse gas emissions) within LCCA
frameworks, constraining holistic decision-making. Third, standardized protocols for salvage value and

disposal cost estimation remain underdeveloped, leading to inconsistencies across case studies. Fourth, cross-
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sectoral comparisons are hindered by divergent discount rate choices and analysis lifespans. Finally, dynamic
modeling of infrastructure deterioration under varying load and environmental conditions has not been fully

incorporated into lifecycle cost projections.

CONCLUSION

This manuscript has reviewed LCCA methodologies applied to infrastructure projects up to 2013, conducted
a statistical analysis of cost component distributions, and identified key methodological gaps. Findings
confirm that operation, maintenance, and rehabilitation costs represent the majority of lifecycle expenditures
and that discount rate selection critically affects present worth comparisons. To address identified gaps, future
research must advance probabilistic LCCA, standardize cost estimation protocols, and integrate environmental
sustainability metrics. Strengthening these areas will enhance the reliability and comprehensiveness of LCCA

as a decision-support tool in infrastructure engineering.
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