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Abstract

Purpose: The transition of urban transport fleets to electric systems trequires a precise assessment of economic
implications and infrastructure capacity to ensure sustainable operation. This study aims to explain the economic
rationale, develop an integrated financial model, and design an infrastructure planning framework to support the
integration of electric buses into the public transportation network.

Methodology: The research adopts an analytical-applied approach based on Life Cycle Cost (LCC) modeling, sensitivity
analysis under variable energy scenarios, estimation of charging infrastructure requirements, and the development of an
integrated financial model using Net Present Value (NPV), Internal Rate of Return (IRR), and discounted cash flow
indicators. In addition, the optimal infrastructure configuration and charging station location were evaluated through
power network load simulation.

Findings: The results indicate that the financial sustainability of electric bus fleets depends on the simultaneous
adjustment of capital investment costs, support mechanisms, and operational patterns. LCC analysis demonstrates the
economic supetiority of electric buses under conditions of increasing maintenance costs for diesel fleets. The developed
financial model effectively stabilizes price fluctuations and network load variations within an acceptable range.
Furthermore, the proposed charging station location model reduces peak network load by 18% to 27%.

Originality/Value: The integration of financial modeling with scenatio-based infrastructure planning not only enhances
economic efficiency and urban energy resilience but also provides a robust framework for long-term policy-making in
the development of sustainable urban transportation.
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Table 1 - Comparison of life cycle costs of electric and diesel
fleets (in million Tomans per bus over 12 years).
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Table 2- LCC in different energy price scenarios.
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Table 3- Sensitivity analysis of LCC with respect to key parameters.
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Table 4 - Annual cash flow (DCF) for each bus over a 12-year period.
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Table 5- NPV index under different scenarios.
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Table 6- Internal rate of return (IRR).
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Table 7 - Line energy requirements and consumption patterns.
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Table 8- Number and type of charging equipment required.
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Table 9- Results of network load simulation (before and after construction of stations).
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Table 10 - Peak load reduction results under different station location scenarios.
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Table 11- Model output of optimal charging station locations.
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Table 12- Comparison of Base — Optimal — High Demand scenarios.
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Table 13- Integration of LCC and financial model.
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Table 14 - The effect of infrastructure location on economic justification.
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Table 15- Final output of the integrated framework (economic + financial + infrastructure).
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