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Abstract. In terms of infrastructure development, the twenty-first century
offers previously unheard-of opportunities and challenges. The materials used to
build the built environment must be assessed for their long-term resilience,
sustainability, and economic efficiency in addition to their initial affordability in
light of the rapid urbanization, climate change, and resource scarcity. The hidden
costs of upkeep, replacements, and environmental externalities are frequently
overlooked by traditional procurement methods, which are primarily concerned
with initial costs. An innovative approach that can greatly increase the longevity,
security, and life-cycle cost effectiveness of both public and private projects is
the mainstreaming of stainless steel in Indian infrastructure. In addition to
showing how stainless steel is consistent with sustainability and the circular
economy, this paper explores the importance of Life Cycle Costing (LCC) in
infrastructure planning. The articles were taken from scientific reports, peer-
reviewed research articles, and case studies that were validated by the industry.
Based on case studies from India and other countries, such as Singapore's
NEWater initiative, Changi Airport, Bandra-Worli Sea Link, and Delhi Metro,
the study demonstrates that stainless steel is a better option than conventional
materials because of its longevity, recyclability, corrosion resistance, and low
maintenance requirements. In order to mainstream stainless steel in Indian
infrastructure, the paper ends by recommending policy changes, industry-
academia collaboration, and capacity-building initiatives. The main idea of the
argument is that the true cost is determined by what is saved and maintained over
many generations rather than by the amount paid up front.

Keywords: Life Cycle Costing, Stainless steel, Sustainability, Corrosion
Resistance

1 Introduction

The foundation of both social progress and economic growth is infrastructure. How-
ever, construction practices are still driven more by short-term affordability than long-
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term value in many parts of the world, especially in rapidly developing countries like
India. This kind of thinking leads to costly repairs, frequent expenditures, and early
replacements that deplete public resources and interfere with services. Urbanization is
spreading around the world at a rate never seen before. Almost 70% of people on the
planet will reside in cities by 2050. According to projections, more than 600 million
Indians will live in cities by 2030 in India alone. The need for sustainable and long-
lasting infrastructure is greater than ever thanks to projects like the Smart Cities Mis-
sion, high-speed rail, metro rail extensions, and extensive port and airport moderniza-
tion.[1] Conventional materials like wrought iron, concrete, and carbon steel are not
made to last in harsh urban and coastal environments. Over time, corrosion, wear and
tear, and repeated maintenance cycles add significant hidden costs. This presents a
strong argument for using materials that are circular, long-lasting, and sustainable.[2]
Stainless steel is a material that can change the world because of its exceptional me-
chanical strength, resistance to corrosion, longevity, and 100% recyclable nature.
Using empirical data from case studies worldwide, this paper examines its function in
tackling infrastructure issues via the frameworks of the circular economy and life
cycle costing (LCC).[3]

1.1  The Case for Life Cycle Costing (LCC)

Definition and Formula:

An economic evaluation technique called life cycle costing (LCC) takes into con-
sideration an asset's entire cost of ownership over the course of its whole life. In addi-
tion to the Initial Cost (IC), it also comprises the following costs: Maintenance (MC),
Energy (EC), Operational (OC), and Replacement (RC). [4]

LCC=IC+MC+EC+O0OC+RC

1.2 Why It Matters

The goal of traditional procurement methods is frequently to minimize IC. The expo-
nential costs that build up over decades are ignored by this shortsighted strategy. MC
and RC typically outweigh the initial investment because infrastructure is expected to
last for 30 to 100 years. Traditional materials: Lower IC but high MC and RC due to
corrosion, repainting, or structural failure.Stainless steel: Higher IC (10-20% more)
but significantly lower MC and RC, with lifespans exceeding 50—100 years in many
applications.

Ilustration: A stainless steel pedestrian bridge may cost 20% more initially but
saves 50-60% in maintenance costs over 50 years.This analysis reframes the central
question: “Would you pay less today but spend five times more over the next five
decades?”
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1.3 Software and Tools

Several LCC analysis tools and software platforms are now available globally. They
enable engineers, planners, and policymakers to input project parameters (material
type, maintenance cycles, service environment, inflation rates, etc.) to generate a 30—
100 year cost profile. Adoption of such tools in India’s procurement processes could
transform how infrastructure projects are evaluated and approved.[5][6][7]

2 Methodology

The Research has extracted case studies from the electronic database sources consti-
tuting peer review journal articles, featured articles in Scientific reporting magazines
and Stainless steel peer reviewed publications featured in ISSDA. No time limit and
geographical limitations have been set for data extraction. The Science direct elec-
tronic database was screened to extract since it is comprehensive and peer reviewed.
The Keywords strings chosen for extraction of documents are Stainless steel, Sustai-
nability

2.1 Stainless Steel and Sustainable Infrastructure

Corrosion Resistance and Longevity.

The most significant advantage of stainless steel lies in its passive chromium-rich
oxide layer that resists corrosion. This makes it ideal for bridges, metro stations, air-
ports, and marine structures, especially in coastal India where salinity accelerates
degradation of conventional materials.[8][9]
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Fig. 1.Case Example: The Bandra-Worli Sea Link incorporates stainless steel reinforcement to
withstand Mumbai’s saline coastal environment, preventing the catastrophic corrosion seen in
conventional rebar structures. [10](Source: Use and Performance of Epoxy-Coated Reinforcing
Steel Over 37 Years, 2010)

Fig. 2.TheBandra-Worli Sea Link[11] (Source: Featured Article in Science Reporter, 2010)

2.2 Circular Economy and Recyclability

Stainless steel is infinitely recyclable without loss of mechanical or chemical proper-
ties. Globally, over 95% of stainless steel is recycled into new applications. This mi-
nimizes landfill burden and conserves raw materials such as iron ore and nick-
el.[12][13]

Case Example: Using 100% recyclable, sustainable, and long-lasting stainless steel
to support the global circular economy. This is demonstrated in this brief video:
https://youtu.be/V2UVDNZv2Ks

2.3  Low Maintenance and Operational Efficiency

Stainless steel needs almost no surface maintenance, in contrast to carbon steel,
which needs coatings and repainting every two to four years.[14] [15]


https://youtu.be/V2UVDNZv2Ks
https://youtu.be/V2UVDNZv2Ks
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Fig. 3.An example of this is Changi Airport in Singapore, which reduced maintenance costs by
almost 40% over 30 years by using stainless steel extensively in its structural and service infra-
structure.[16] (Source: 2021 Advanced Structural Analysis of Innovative Steel-Glass Structures
in Relation to the Architectural Design)

24 Fire and Seismic Resilience

Stainless steel is perfect for metro tunnels, bridges, and earthquake-prone areas be-
cause it maintains its mechanical integrity in the face of high temperatures and seis-
mic stresses. [17], [18]

carried sillion passe
in 60 years with = injur
from train accidents.

Fig. 4.Example: To ensure passenger safety during earthquakes, Japan's Shinkansen Rail Net-
work  uses  stainless steel for  resilience and  safety. . (Source:
https://www.facebook.com/unboxfactory/posts/japans-shinkansen-bullet-train-network-is-not-
just-fast-its-incredibly-safe-in-0/767235578960828/)
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3 Comparative Evidence and Case Studies

3.1 Delhi Metro (India)

Difficulty: Rapid urbanization, severe climate fluctuations, and heavy passenger
loads.

* Rolling stock and station structures made of stainless steel are the answer.

* Impact:
e 35+ years of service life, as opposed to conventional coaches' 20 years.
e 60% less maintenance is required.

Millions of dollars were saved by fewer repainting cycles, and energy consumption
was decreased by the lightweight design

Fig. 5.Delhi Metro coaches with stainless steel bodies are long-lasting, resistant to corrosion,
and built for heavy passenger traffic.(Source: Author)

3.2  Singapore’s NEWater

* Problem: Water became contaminated by corroding conventional pipes, necessitat-
ing frequent replacements.

Tanks and pipes made of stainless steel are the answer.

* Impact:

Treated wastewater provides more than 40% of Singapore's potable water.

Over 50-year lifespans with no corrosion failures were guaranteed by stainless
steel.
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Fig. 6.Stainless steel water infrastructure at the NEWater plant in Singapore, as well as stain-
less steel storage and piping, guarantee a clean water supply that requires little upkeep(Source:
Author)

3.3  Eiffel Tower vs. Chrysler Building

e The annual upkeep of the Eiffel Tower (Iron, 1889) costs €4 million because of

painting and corrosion.
e The Chrysler Building (Stainless Steel, 1930) has only had three significant repairs

in almost a century, and maintenance costs $831 annually.
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Fig. 8.Chrysler Building — Stainless Steel
Crown, Still Gleaming After 90 Years(Source:
Author)

Fig. 7.Eiffel Tower — Annual Painting in
Progress(Source: Author)
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The Chrysler Building's stainless steel is essentially unaltered, but the Eiffel Tower
requires expensive, ongoing maintenance.

Table 1.Comparative evidence
Comparison Eiffel Tower,Paris, France | Chrysler Building,
New York, USA
Material Used Wrought Iron Stainless Steel (18 Cr : 8 Ni)
Operational Since May 1889 (135 Yrs) May 1930 (94 Yrs)
Annual Mainten- 4 Million Euros Leave aside | US$ 831
ance Cost major repairing costs since | Has undergone repairs only thrice
1889 since 1930

3.4  Progresso Pier, Mexico

e 70-year-old stainless steel pier: Expected to last for more than 100 years with no
maintenance.
e The thirty-year-old carbon steel pier is already in ruins.

Fig. 9.Progreso Pier, reinforced with stainless steel, is evidence of the steel's more
than 100-year durability in harsh marine environments. (Source: Author)
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4 Discussions

4.1 Emerging Opportunities in India

Railway Infrastructure.

Stainless steel is already required for handrails, benches, water systems, and ven-
dor spaces at 1,275 stations that have been identified for modernization. The next fron-
tier is the integration of rebar and structural applications.

Example: India’s first stainless steel Foot Overbridge (FOB) inaugurated at Naupada,
Andhra Pradesh.

Fig. 10.Nuapada Railway Station Andhra Pradesh,2022 (Source:
https://timesofindia.indiatimes.com/city/visakhapatnam/naupada-gets-indias-first-stainless-
steel-fob/articleshow/90467428.cms)

4.2  Airports and Ports

The use of stainless steel in terminals, aerobridges, and marine structures presents
substantial opportunities, as India is expected to emerge as the third-largest aviation
market by 2024.

Future plans call for US$25 billion in regional connectivity and aviation by 2027.


https://timesofindia.indiatimes.com/city/visakhapatnam/naupada-gets-indias-first-stainless
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Fig. 11.Bangkok's Suvarnabhumi Airport Fig. 12.Miami International Telephone Booth
ticket desk [19] in Bangkok [19]

(Source: Sustainable Stainless Steel Transit Station Design)

4.3  Policy and Institutional Framework

Three enablers are essential for the growth of stainless steel:

1. Policy Integration:
Offer tax breaks for recyclable and sustainable materials.
Include LCC in the evaluation of all government-funded infrastructure tenders
2. Industry-Academia Collaboration
To create climate-specific solutions, promote collaborations between manufactur-
ers, IITs, NITs, and architecture schools.
3. Capacity Building
Train engineers, architects, and policymakers in LCC-based evaluation.
Make design guidelines and manuals specifically for Indian environments.

5 Conclusion

A careful balancing act between current demands and future commitments is neces-
sary for sustainable development. This balance is reached in infrastructure by invest-
ing in materials that reduce hidden costs and environmental impacts over generations,
rather than by selecting the least expensive material up front. Stainless steel epitomiz-
es this philosophy. It is a calculated investment in India's long-term resilience rather
than just a material. Its ability to endure decades without degradation, its full recycla-
bility, and its proven success in global and Indian case studies underscore its trans-
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formative potential. The decision is obvious as India constructs the cities of the fu-

ture:
* Change the focus from short-term affordability to long-term value.
* Don't just build for today; build for the next hundred years.
* See stainless steel not as a cost, but as a long-term investment in infrastructure

that will last.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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