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Abstract: (1) Background/Purpose: The global railway vehicle market is expanding at a compound annual growth rate
of approximately 4.3%, reaching approximately EUR 190 billion in 2021 and projected to grow further through 2026.
Korea’s railway vehicle industry, while technically capable, has failed to convert domestic engineering strengths into
sustained international market success. This study diagnoses the structural and strategic factors behind this gap and
proposes the RAILS framework as a comprehensive strategy to enhance global competitiveness. (2) Methodology: The
study combines qualitative case-study analysis (regional market surveys across Europe, Asia, North America, and
emerging markets; case analyses of the Malaysia-Singapore High-Speed Rail project failure; and competitive
benchmarking of Siemens, Alstom, CRRC, Stadler, and Hitachi Rail), with quantitative market data from SCI Verkehr
and ARUP industry reports and SWOT analysis. Five strategic pillars are developed from this evidence base. (3)
Findings: Korea’s competitive disadvantage stems from: (i) inadequate regional localization and modular platform
architecture; (ii) slower adoption of Al, digital twin, and loT-based operational systems; (iii) a lagging eco-technology
portfolio (hydrogen, battery) relative to Alstom and Siemens; (iv) weak global after-sales service infrastructure; and (v)
insufficient strategic packaging of financial support, technology transfer, and operational services in international bids,
as illustrated by the loss of the Malaysia-Singapore HSR project. The RAILS strategy—Regional Customization, Al-
Driven Digitalization, Innovation for Sustainability, Lifecycle Maintenance, and Strategic Global Partnerships—
addresses each of these gaps. (4) Originality/Value: RAILS integrates Porter’s value chain and Rappaport’s shareholder
value principles into a sector-specific, actionable strategic framework for Korean railway vehicle exporters. The
framework provides a structured roadmap applicable to emerging market entry in Southeast Asia, Africa, and the
Middle East.

Keywords: railway vehicle industry; global competitiveness; RAILS strategy; digitalization; hydrogen train; regional
customization; lifecycle maintenance; Korea; CRRC; Siemens; Alstom

1. Introduction

1.1. Research Background

The global railway market is growing robustly, driven by accelerating urbanization, environmental imperatives, and
demand for efficient and sustainable mass transportation. In 2021, the global railway market reached approximately EUR
190 billion, with a forecast compound annual growth rate (CAGR) of 4.3% through 2026 (SCI Verkehr, 2022). Europe
and Asia each account for approximately 33% of the market, serving as the primary engines of growth. In Europe,
decarbonization policy targets and railway infrastructure renewal programs are mobilizing substantial investment. In Asia,
large-scale urbanization and surging passenger demand—especially in China and India—are driving rapid network
expansion. Across both regions, digitalization, eco-friendly propulsion technologies, and data-driven operational
solutions have emerged as the decisive determinants of market competitiveness.

Korea’s railway vehicle industry commands recognition for its technical quality and manufacturing capability. The
KTX high-speed rail system has delivered proven performance since 2004, and Hyundai Rotem has established a growing
track record in both domestic and selected export markets. Yet Korea’s international market footprint remains limited
relative to its technical baseline. Competitive losses in major international procurement processes—most prominently the
Malaysia-Singapore High-Speed Rail project—expose structural weaknesses that extend beyond technology: insufficient
market analysis, underdeveloped localization strategies, fragmented cooperation frameworks, and an absence of
comprehensive value propositions that bundle technology, finance, and service.

Global competitors have capitalized on these gaps. CRRC (China) leverages the Belt and Road Initiative for
infrastructure-bundled market entry, Siemens leads in signaling and digital control systems, Alstom has established a
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hydrogen and battery train leadership position, and Japan’s Hitachi Rail builds long-term trust through technology transfer
and comprehensive operational support. Against this backdrop, Korea’s existing marketing and market development
strategies require fundamental reorientation.

1.2. Research Objectives
This study pursues three specific objectives:

1. To diagnose the structural and strategic factors that limit Korea’s railway vehicle industry’s international
competitiveness, drawing on both market analysis and case studies of past bidding outcomes.

2. To analyze global technology trends—including eco-friendly propulsion, digitalization, automation, and
maintenance optimization—and benchmark Korea’s current positioning relative to leading global competitors.

3. To propose the RAILS strategy as an integrated, evidence-based framework for overcoming identified
weaknesses and building sustainable global market positions across diverse regional markets.

1.3. Research Methodology
The study adopts a multi-method approach:

»  Literature review and case analysis: key global railway market reports (SCI Verkehr, ARUP Future of Rail 2050),
analysis of project case studies (Malaysia-Singapore HSR, German ICE 3neo, French Coradia iLint, US
Brightline, Saudi Haramain, Australian Sydney Metro, South African Gautrain), and review of competitor
strategies.

*  Quantitative market data analysis: railway market CAGR by segment and region, rolling stock market share by
manufacturer, and technology adoption impact data.

*  Expert consultation and industry survey: structured interviews with railway vehicle manufacturing and
operations professionals; practitioner survey on competitiveness enhancement priorities.

»  Strategic framework application: SWOT analysis of the Korean TIC industry; Porter’s value chain analysis;
application of Rappaport’s shareholder value maximization principles to guide R&D investment and market
entry prioritization.

*  Benchmarking: comparative analysis of digitalization and sustainability programs at Siemens, Alstom, CRRC,
Hitachi Rail, and Stadler.

2. Global Market Analysis

2.1. Regional Market Analysis

The global railway market’s 4.3% annual growth masks significant regional heterogeneity. Key regional markets—
Europe, Asia, North America, and emerging markets—each present distinct technology requirements, regulatory
environments, and competitive dynamics that Korean railway vehicle exporters must understand and address with
differentiated strategies.

Figure 1. Railway vehicle market forecast by continent. Source: SCI Verkehr (2022).

2.1.1. Europe

Germany’s Deutsche Bahn (DB) has contracted with Siemens for the delivery of 90 ICE 3neo high-speed trainsets
in a program valued at approximately EUR 1.5 billion. The ICE 3neo establishes new benchmarks in three dimensions:
(i) energy efficiency—an advanced power management system substantially reduces operating costs and carbon intensity;
(ii) passenger experience—wider cabins, acoustic optimization, and high-speed Wi-Fi; and (iii) digital operation—real-
time monitoring and the European Train Control System (ETCS). The ICE 3neo program demonstrates how a mature
high-speed market rewards integrated technical excellence and digital sophistication.

France’s Alstom has pioneered commercial hydrogen rail with the Coradia iLint, the world’s first hydrogen-powered
passenger train in revenue service. Operating in Germany and the Netherlands, the Coradia iLint achieves a range of up
to 800 km per hydrogen fill, emitting only water and heat. It can operate over non-electrified lines, providing a cost-
effective alternative to expensive electrification infrastructure. According to Allied Market Research (2022), the global
hydrogen train market is forecast to grow at a CAGR of 28.2%, reaching approximately USD 26.4 billion by 2035—a
market where Alstom’s early-mover advantage is considerable.
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Figure 2. Siemens ICE 3neo high-speed trainset. Source: Siemens Mobility.

Figure 3. Alstom Coradia iLint hydrogen train. Source: Alstom.

2.1.2. Asia — China’s High-Speed Rail Network

China’s high-speed rail (HSR) network exceeded 40,000 km in 2021—more than half of the world total—operating
at average speeds of 350 km/h. CRRC-manufactured rolling stock benefits from large-scale domestic demand, digital
control systems, and real-time monitoring that minimize maintenance costs. Beyond domestic deployment, China’s Belt
and Road Initiative (BRI) deploys railway infrastructure as geopolitical and economic infrastructure, bundling financing,
technology transfer, construction, and rolling stock in integrated national packages that domestic Korean competitors
cannot currently match. The Kenya Standard Gauge Railway (Nairobi—-Mombasa) is emblematic of this model.

Figure 4. China’s Belt and Road Initiative railway footprint. Source: CRRC / public domain.

2.1.3. North America — US Brightline

Brightline operates North America’s first privately funded intercity passenger rail service, connecting major Florida
cities (Miami, Fort Lauderdale, West Palm Beach). It operates on renewable energy, significantly reducing the carbon
intensity of intercity travel relative to automotive and air alternatives. Brightline combines modern, spacious interiors,
high-speed Wi-Fi, and seamless digital ticketing with a fundamentally private business model—a contrast to the
predominantly government-operated tradition of North American rail. The operator exemplifies the market’s growing
appetite for private-sector railway innovation, hospitality-grade passenger experience, and sustainable operations.

Figure 5. Brightline intercity passenger rail, Florida. Source: Brightline.

2.1.4. Emerging Markets

Brazil’s planned Rio de Janeiro—S&o Paulo HSR project aims to reduce intercity travel time from over 6 hours to
approximately 90 minutes, leveraging Japanese, German, and French technical collaboration. Saudi Arabia’s Haramain
HSR (300 km/h operating speed) connects Mecca and Medina, serving millions of annual pilgrims and reducing travel
time from 6 hours by road to approximately 2 hours. Australia’s Sydney Metro expansion deploys fully driverless
automation across one of the world’s most advanced automated metro systems, handling tens of thousands of passengers
per hour. South Africa’s Gautrain (160 km/h) connects Johannesburg and Pretoria, cutting travel time from over an hour
to 35 minutes, while catalyzing transit-oriented economic development along its corridor.

Figure 6. Haramain High Speed Railway, Saudi Arabia. Source: public domain.

Figure 7. Gautrain, South Africa. Source: public domain.

These emerging market cases share common characteristics relevant to Korean export strategy: (i) demand for
bundled solutions (finance + technology + operations); (ii) sensitivity to local content requirements; (iii) importance of
government-to-government relationship capital; and (iv) value placed on post-sale maintenance support over the full
vehicle lifecycle.

2.2. Market Segment Trends

The global railway market is broadly divided into Rolling Stock, Infrastructure, and System Technology segments.
Rolling Stock is the largest, accounting for approximately 66% of the total market in 2021, with a projected CAGR of
5.8%—driven by HSR network expansion, freight vehicle modernization, and eco-alternative propulsion vehicles. High-
speed rail remains the flagship rolling stock category, with China’s continued expansion as the primary growth engine,
while Europe invests in capacity-enhancing and sustainability-focused fleet renewal. Freight vehicles are modernizing in
the United States, with electrification and hybrid technologies expanding. Battery and hydrogen alternatives are growing
rapidly in non-electrified network segments globally.

Figure 8. Global railway market size statistics. Source: SCI Verkehr (2022).
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Infrastructure accounts for approximately 25% of the market (CAGR 4.7%), dominated by maintenance of existing
networks and new line development. Track systems represent approximately EUR 37 billion globally; electrification is a
key growth area, particularly in Asia and lower-electrification-rate regions of Europe. System Technology represents
approximately EUR 20.8 billion (CAGR 2.4%), with digital control (ETCS), passenger information systems, and smart
operations as primary growth drivers.

2.3. Technology Trends

2.3.1. Eco-Friendly Technologies

Hydrogen trains represent the leading zero-emission alternative to diesel traction on non-electrified lines. Alstom’s
Coradia iLint, commercially deployed in Germany and Austria, demonstrates operational viability. The global hydrogen
train market is forecast to reach approximately USD 26.4 billion by 2035 at a CAGR of 28.2% (Allied Market Research,
2022). Battery electric multiple units (BEMUS) serve shorter non-electrified routes, reducing noise and emissions with
lower upfront infrastructure requirements than full electrification. Japan and Germany have operating BEMU examples.
Renewable energy integration—particularly solar and wind power for railway infrastructure and depot operations—is
expanding in India, Europe, and Australia.

2.3.2. Digitalization

Digital twin technology creates virtual replicas of physical railway assets for real-time operational monitoring,
predictive maintenance scheduling, and performance optimization. Siemens has deployed digital twin technology to
demonstrably reduce maintenance costs and optimize fleet performance. Big data and machine learning enable analysis
of operational patterns to predict demand, optimize scheduling, and anticipate maintenance requirements. JR East (Japan)
applies big data to passenger demand forecasting and train allocation optimization. Customer-facing digital platforms—
real-time train information apps, contactless ticketing, and personalized service—are becoming standard service
expectations across developed markets.

2.3.3. Automation

Automated Train Operation (ATO) reduces labor costs, improves schedule adherence, and enhances safety through
automated driving, acceleration, and braking. Dubai Metro operates fully driverless and has achieved significant
efficiency and safety gains. The European Train Control System (ETCS) represents the global benchmark for digital
signaling, enabling higher network capacity and reduced maintenance costs. 10T sensor networks enable real-time vehicle
and infrastructure condition monitoring, position tracking, and network-wide connectivity management.

2.3.4. Maintenance Optimization

Al-powered predictive maintenance continuously monitors vehicle condition via 10T sensors, enabling failure
prediction and proactive intervention. Hitachi has achieved approximately 15% maintenance cost reduction through Al-
based predictive maintenance implementation. Blockchain technology provides transparent, tamper-resistant maintenance
history records and supply chain traceability, enhancing reliability and reducing fraud risk. AR/VR technologies support
technician training and real-time maintenance guidance. Deutsche Bahn has deployed VR simulators for maintenance
technician training, improving skill acquisition speed and accuracy.

2.4. Global Competitive Landscape

The global railway vehicle market is oligopolistic, dominated by a small number of large manufacturers with distinct
regional and technological positionings. Table 1 summarizes the key competitors.

Table 1. Global railway vehicle competitive landscape. Source: SCI Verkehr (2022, 2023); corporate annual reports.

Headquarters | 2022 Revenue Key Strengths Regional Focus

CRRC China ~CNY 214B World's largest scale; price Asia, Africa, Latin
competitiveness; domestic market America
dominance (89% of revenue)
Alstom France EUR 15.8B Eco-friendly leadership (Coradia Europe; Middle East;
(incl. iLint); European high-speed and Americas
Bombardier) metro
Siemens Germany EUR 9.9B Digitalization (ETCS, CCS); ICE Germany; Europe;
Mobility 3neo high-speed; signaling tech Asia; Middle East
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2022 Revenue Key Strengths Regional Focus

Stadler Switzerland CHF 3.0B Niche market agility; LRV and Europe; North
regional rail specialization America (niche)
Hitachi Rail Japan / UK ~JPY 600B Signaling (Thales acquisition); Japan; UK; Europe;
(Rail div.) Japan bullet train heritage; CCS North America
expertise
CAF Spain EUR 3.6B Urban rail; tram; regional rail; Europe; Latin
Ibero-American presence America
Hyundai Rotem = South Korea KRW ~3.5T KTX high-speed; cost Korea; Southeast
competitiveness; growing EMU Asia; Middle East
portfolio

CRRC’s 89% domestic revenue concentration reflects its dominant position in China’s HSR network, but also its
vulnerability to geopolitical restrictions in the US and EU markets, redirecting the company’s international ambitions
toward Africa, Latin America, and Southeast Asia. Alstom’s Bombardier Transportation acquisition (2021) elevated it to
the global number-two position but has generated short-term integration costs. Siemens Mobility’s competitive strength
lies in digital systems—ETCS, digital twin—and its ability to offer comprehensive rail solutions from rolling stock
through signaling. Stadler exploits niche market precision; Hitachi Rail has materially strengthened its CCS capability
through the Thales Ground Transportation Systems acquisition.

Figure 9. Global top-10 railway supplier revenue comparison. Source: SCI Verkehr (2023).

2.5. SWOT Analysis: Korean Railway Vehicle Industry

Table 2. SWOT analysis of Korea’s railway vehicle industry.

- POSITIVE NEGATIVE

ININSRONE STRENGTHS WEAKNESSES

¢  Advanced KTX high-speed technology and . Limited international project experience and weak
proven domestic operational track record global brand recognition

¢ Cost-competitive manufacturing relative to O Inadequate regional localization and modular
Japanese and European peers platform development

¢ Strong potential in Al, big data, loT-enabled ¢ Slower digital and eco-friendly technology
maintenance adoption vs. global leaders

*  Emerging capability in battery and hydrogen O Fragmented public-private cooperation and weak
rolling stock development international partnership frameworks

DI OPPORTUNITIES THREATS

*  Rising global demand for hydrogen and battery O Dominant market power of CRRC (price),
electric trains Siemens, and Alstom (technology)

. Rapid railway infrastructure expansion in . Complex country-specific safety, certification, and
Southeast Asia, Africa, and Latin America cybersecurity regulations

O Digital twin, predictive maintenance, and smart ¢ Global economic uncertainty and raw material
operations technology adoption cost inflation

*  CRRC's restricted access to European/US markets *  Accelerating technology gap if digitalization and
creates space for Korean entry sustainability investment lags

The SWOT analysis reveals a structural asymmetry: Korea’s strengths are predominantly internal and technology-
based, while the most significant barriers to global competitiveness are strategic and relational. The opportunities—
hydrogen/battery trains, emerging market infrastructure development, and the CRRC access gap in Western markets—
align precisely with areas where targeted investment and partnership development could yield disproportionate returns.

3. Analysis of Korea’s Railway Vehicle Marketing Experience

3.1. Case Analysis: The Malaysia-Singapore HSR Project Failure
The Malaysia-Singapore High-Speed Rail project—a 350 km link between Kuala Lumpur and Singapore—

ABR 2026 5of 15



ABR 2026, 02.05

represented a flagship international procurement opportunity for Korean railway vehicle exporters. The project attracted
active competition from Japan, China, and European players alongside Korea’s Team Korea consortium. Korea’s failure
to secure the project offers a diagnostic case study in the structural gaps of Korean railway export strategy.

Japan’s bid exemplified the ‘package solution’ model that now defines leading international railway procurement
competition. Rather than offering rolling stock and technology alone, Japan’s submission integrated: JICA (Japan
International Cooperation Agency)-backed financial package; technology transfer commitments; comprehensive
operational and maintenance services; and a track record of regional HSR precedents in Thailand and Indonesia. This
holistic value proposition addressed the client government’s full set of concerns—not only technical performance but
financial risk, operational sustainability, and long-term support. Japan’s established diplomatic and institutional
relationships with the Malaysian and Singaporean governments provided additional credibility.

China’s CRRC, operating under the BRI framework, offered a similarly bundled proposal—low-cost construction
financing, local content commitments, technology transfer, and a track record of rapid large-scale delivery—aligned with
both governments’ development objectives. CRRC’s demonstrated capability in proximate Southeast Asian markets
provided tangible reference points for client confidence.

Korea’s Team Korea, despite presenting technically competitive rolling stock, was unable to match either competitor
on the dimensions that ultimately determined the award: financial packaging, comprehensive solution integration, depth
of regional relationship capital, and clearly articulated long-term service commitments. The absence of an equivalent
financing mechanism to JICA, combined with limited prior engagement with the client governments and the absence of
a structured maintenance and operations service offering, constituted a decisive competitive disadvantage.

3.2. Limitations of Existing Marketing Strategies

The Malaysia-Singapore HSR outcome is symptomatic of systemic marketing strategy limitations that characterize
Korea’s approach to international railway markets:

4. Insufficient differentiation: Korean marketing has centered on technical performance without developing a clear,
client-resonant brand narrative. Japan differentiates on Shinkansen’s safety and reliability heritage; China on
speed and cost. Korea’s KTX is technically excellent but lacks equivalent international brand recognition or a
compelling differentiation story.

5. Absent comprehensive value proposition: Modern international railway procurement demands integrated
solutions encompassing technology, construction, financing, operations, and maintenance. Korean bids have
consistently offered technology without the surrounding service infrastructure that clients require to manage risk
and ensure operational continuity.

6. Weak localization strategy: Korean offers have failed to adequately reflect regional technical requirements
(climate, infrastructure, regulatory standards), local content expectations, and the cultural and political
dimensions of client relationship management.

7. Limited international network capital: Unlike Japan (JICA, embassy-level project diplomacy) and China (BRI
financing), Korea lacks institutional mechanisms for long-term market cultivation, government-level financial
support, and technical assistance that establish the trust required for large-scale project awards.

3.3. Principal Challenges for Korea’s Railway Vehicle Industry
Three cross-cutting challenges emerge from the market analysis, competitive benchmarking, and case studies:

* Technology competitiveness gap: R&D investment in next-generation technologies (autonomous operation,
hydrogen propulsion, advanced digital systems) lags behind Siemens and Alstom. Closing this gap requires
structured R&D budget expansion, university-industry research partnerships, and targeted international
technology collaboration.

» Localization and partnership deficit: Winning international procurement requires deep local market knowledge,
local content compliance, and client relationship capital developed over multi-year pre-bid engagement cycles.
Korea’s current international presence is insufficient for systematic localization across priority growth regions.

»  Comprehensive solution deficit: The gap between Korea’s technological capability and its ability to deliver
integrated—technology + finance + operations + maintenance—solutions must be bridged through institutional
innovation (government export financing mechanisms) and business model evolution (service and maintenance
as core business, not afterthought).

4. Strategic Recommendations: The RAILS Framework
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The RAILS framework—Regional Customization, Al-Driven Digitalization, Innovation for Sustainability, Lifecycle
Maintenance, and Strategic Global Partnerships—provides a structured response to Korea’s identified competitive gaps.
The framework is grounded in two complementary theoretical pillars: Porter’s value chain theory, which identifies the
specific activity stages (inbound logistics, operations, outbound logistics, marketing and service, technology development,
human resource management, procurement) where differentiated value creation opportunities exist; and Rappaport’s
shareholder value maximization theory, which orients strategic resource allocation toward long-term sustainable
profitability rather than short-term revenue optimization. Table 3 summarizes the framework.

Table 3. RAILS strategy framework: pillars, challenges addressed, tools, and expected outcomes.

Core Challenge Addressed Key Technologies / Tools Expected Outcomes

Regional Lack of localized product Modular platform architecture; Increased bid competitiveness; higher
Customization platforms climate-specific design customer satisfaction
Al-Driven Operational inefficiency; high Digital twin; predictive Reduced downtime; lower lifecycle
Digitalization maintenance costs maintenance; 10T sensors; big data cost; improved reliability
Innovation for Environmental compliance gap; Hydrogen trains; battery EMUS; Regulatory compliance; brand
Sustainability eco-tech lag recyclable materials; smart energy elevation; long-term growth
mgmt

Lifecycle Weak after-sales service; high CBM; AR/VR-assisted Customer retention; lower TCO;
Maintenance lifecycle cost maintenance; global service hubs enhanced global reputation
Strategic Global Limited market access; regulatory Joint ventures; technology Expanded market access; trust-building;
Partnerships barriers transfer; financial package project wins

bundling

4.1. Regional Customization (R)

Regional customization recognizes that global railway markets are not homogeneous: each region presents distinctive
technical requirements, economic constraints, regulatory environments, and cultural procurement norms. A modular
platform architecture—enabling systematic configuration of shared core systems with region-specific subsystems—
provides the operational foundation for cost-effective customization.

In emerging markets (Southeast Asia, Africa, India), the priority specifications are: durability in challenging climatic
conditions (high heat, high humidity, or extreme aridity); low operational complexity to match available maintenance
workforce skill profiles; cost-competitive lifecycle economics; and capacity for modular upgrading as operator capability
and infrastructure develop. India’s railway system, which serves as the primary mass transport mode for the world’s
second-most-populous country, requires high-capacity configurations, tropical environment durability, and low unit
lifecycle costs—a design brief very different from European HSR. Africa’s diverse geography demands diesel-electric
hybrid capability for non-electrified routes, solar-assisted auxiliary power for off-grid stations, and rugged chassis
engineering for mixed-gauge and low-quality-track operation. CRRC’s Kenya Standard Gauge Railway model
demonstrates how a technically customized, financing-bundled offer can win in this environment.

In advanced markets (Europe, North America, Japan), customization priorities shift toward: high operational speed
(300-350 km/h); aerodynamic design optimization; advanced passenger experience (acoustic engineering, connectivity,
modular seating); minimum lifecycle emissions; and compliance with complex regulatory frameworks (EU TSI, US FRA
standards, EN norms). Australia’s freight and long-distance passenger rail market prioritizes large payload capacity,
extreme environment durability (desert heat, dust), and solar/battery hybrid auxiliary power. The United States’ emerging
HSR market requires aerodynamic high-speed design, digitalized reservation and information systems, low-emission
electric propulsion, and compliance with stringent Buy America requirements.

For Korean industry, operationalizing regional customization requires: dedicated regional market analysis teams; a
globally deployable technical platform engineering organization with regional configuration competence; and long-term
government-level market cultivation to establish the local relationship capital that enables localization commitments.

4.2. Al-Driven Digitalization (A)

Al-driven digitalization is the dimension in which the gap between Korean industry practice and global leaders is
widest, and where the return on investment is most clearly demonstrated by international precedent.

Digital twin technology creates a continuously updated virtual replica of every vehicle, enabling real-time operational
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performance monitoring, predictive maintenance scheduling, and simulation-based operational optimization without
physical testing costs. Siemens’ deployment of digital twin across its ICE fleet has generated quantifiable reductions in
maintenance costs and fleet downtime. For Korean exporters, digital twin capability functions simultaneously as a quality
assurance mechanism and as a differentiating customer value proposition—one that directly addresses the ‘operational
reliability’ concern that is central to international procurement decisions.

Predictive maintenance, implemented through loT sensor networks feeding machine learning models, shifts
maintenance strategy from time-based scheduling to condition-based and prediction-based intervention. JR East’s Al-
based maintenance program achieved a greater than 30% reduction in vehicle fault rates. Hitachi’s implementation yielded
approximately 15% maintenance cost reduction. These outcomes are highly attractive to operators managing large and
aging fleets—precisely the market Korea should target in Southeast Asia and the Middle East. Video analytics (high-
resolution CCTV + Al behavioral analysis) provides real-time security monitoring, crowd management, anomaly
detection, and emergency response support, adding a safety-and-security value dimension to the digitalization offering.

Big data analytics enable demand forecasting, scheduling optimization, and personalized passenger service—
capabilities that position Korean suppliers as operational partners rather than mere equipment vendors. Customer-facing
digital platforms (mobile apps, QR-based contactless ticketing, real-time delay information) have become standard
service expectations in mature markets and aspirational standards in emerging ones. Smart energy management systems
using Al to optimize speed profiles, regenerative braking recovery, and traction energy distribution can reduce energy
costs by 10-20%, providing a strong economic value proposition in markets with high energy costs.

4.3. Innovation for Sustainability (1)

Sustainability innovation responds to both regulatory pressure (carbon pricing, zero-emission procurement mandates
in Europe and increasingly in Asia) and market opportunity (hydrogen train market CAGR 28.2% to 2035).

Hydrogen fuel cell trains are the priority investment target. Germany’s commercial operation of hydrogen-powered
trains (Alstom Coradia iLint) operating up to 1,000 km per charge demonstrates operational viability. Korea’s fuel cell
industry and hydrogen production infrastructure create a genuine platform for competitive hydrogen train development
that could position Korea as a supplier of choice in markets committed to decarbonizing non-electrified rail. Battery
electric multiple units (BEMUs) complement hydrogen trains for shorter non-electrified routes. Japan and Germany have
operational fleets; Korea should prioritize BEMU development as an accessible near-term sustainability product with
broad market applicability.

Recyclable and lightweight materials (aluminium alloys, recyclable composites, bio-degradable polymers) reduce
vehicle weight, improve energy efficiency, and lower lifecycle environmental impact. European manufacturers applying
these approaches are setting the procurement standard that public operators will increasingly require. Smart energy
management—Al-optimized speed and braking profiles, solar-assisted auxiliary power, regenerative braking—provides
measurable operating cost reductions that can be presented as contracted performance guarantees to clients. India’s
deployment of rooftop solar on railway vehicles demonstrates the commercial viability of this approach even in
challenging operating environments. France’s TGV smart energy management system has achieved significant operating
cost reductions, providing a compelling benchmark.

4.4. Lifecycle Maintenance (L)

Effective lifecycle maintenance is the dimension most consistently identified in international procurement experience
as a determinant of long-term client retention and competitive advantage. Operators buying railway vehicles are
committing to 30—40 year relationships; the quality and cost-effectiveness of maintenance support over that period is a
more important procurement decision factor than initial capital cost in many markets.

Condition-based maintenance (CBM) uses 10T sensor data and Al analytics to move from fixed-interval to state-
driven maintenance scheduling. When a train’s brake pad wear sensors indicate approaching replacement threshold, CBM
systems automatically generate a maintenance work order—eliminating premature replacement and preventing run-to-
failure. This approach is demonstrably more cost-effective than time-based maintenance and provides a quantifiable
performance guarantee to operators. JR East’s Al-based predictive maintenance program reduced vehicle fault rates by
over 30% and significantly reduced unplanned service interruptions.

AR/VR maintenance support enables field technicians to receive real-time visual guidance during maintenance
procedures—part identification, replacement sequences, torque specifications—aoverlaid on the physical component via
smart glasses or tablet devices. VR training simulators (Deutsche Bahn’s program is the leading example) allow
maintenance staff to practice complex procedures in a safe, repeatable virtual environment before performing them on
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operational vehicles. Global maintenance hub networks—strategically located parts depots and service centers in target
export regions—ensure rapid response to in-service issues and reduce operator reliance on air-freighted components.
Lifecycle cost transparency, supported by data-driven lifecycle cost modeling presented at bid stage, addresses operators’
total cost of ownership concerns and supports premium pricing by demonstrating verifiable lifecycle value.

4.5. Strategic Global Partnerships (S)

Strategic global partnerships are the mechanism through which the other four RAILS pillars can be deployed in
international markets. No Korean company can succeed globally by acting alone; the market context demands coalition-
building.

Siemens’ ‘Make in India’ strategy illustrates the model: local manufacturing, technology transfer, and long-term
service commitment combined with German engineering credibility delivers a locally compliant, globally competitive
offer. CRRC’s Kenya Standard Gauge Railway partnership demonstrates how infrastructure development financing, local
employment creation, and technology transfer—packaged together—win government confidence in emerging markets.
Alstom’s partnership with European operators for co-development of hydrogen train infrastructure demonstrates how
supply-side alliances can accelerate technology deployment and build ecosystem lock-in.

For Korea, the priority partnership dimensions are:

8. Government-backed financial packaging: KOTRA, Export-Import Bank of Korea, and KDB should develop an
equivalent mechanism to JICA’s low-interest infrastructure financing capacity, enabling Korean railway vehicle
bids to include concessional financing terms for target markets.

9. Local content joint ventures: In markets with mandatory local content requirements (India, Indonesia, Saudi
Arabia, Brazil), establishing joint ventures or licensed manufacturing agreements with local partners is a
prerequisite for market entry. These partnerships simultaneously fulfil regulatory requirements and build local
stakeholder support.

10. Technology ecosystem alliances: Partnerships with digital technology providers (10T, Al, cloud infrastructure)
and clean energy companies (hydrogen production and storage, battery technology) can accelerate Korea’s
digitalization and sustainability offering development.

11. International standardization engagement: Active participation in ISO/IEC technical committees, IEC working
groups, and regional standardization forums (EU TSI, ASEAN railway standards) builds Korea’s regulatory
influence and establishes early awareness of market access requirements in target regions.

5. Conclusions

Korea’s railway vehicle industry possesses a solid technical foundation, proven by the domestic KTX HSR program
and growing Hyundai Rotem export portfolio. The global railway market, growing at 4.3% per year and increasingly
shaped by sustainability imperatives and digital transformation, presents substantial growth opportunities for Korean
exporters. However, the Malaysia-Singapore HSR loss and Korea’s limited share of other major international procurement
processes demonstrate that technical capability alone is insufficient for global market success.

The RAILS framework provides a structured, theoretically grounded response to Korea’s identified competitive gaps.
Regional Customization addresses the localization deficit by developing modular platforms adaptable to the distinctive
requirements of markets from sub-Saharan Africa to Europe’s advanced HSR corridors. AI-Driven Digitalization closes
the operational technology gap by deploying digital twin, predictive maintenance, and smart energy management as
differentiating competitive capabilities. Innovation for Sustainability positions Korea to capture the rapidly expanding
hydrogen and battery rail markets while meeting the tightening environmental compliance requirements of public
operators globally. Lifecycle Maintenance transforms Korea’s offer from equipment vendor to long-term operational
partner—the relationship model that delivers repeat business and referenceability in new markets. Strategic Global
Partnerships provides the institutional and coalition infrastructure needed to compete credibly in large-scale infrastructure
procurement processes.

Implementation of the RAILS strategy requires coordinated action across government (export financing mechanisms;
government-level market cultivation in priority regions; R&D support for hydrogen and battery propulsion); industry
associations (standardization engagement; collective marketing in target markets); and individual firms (modular platform
investment; digital and sustainability technology programs; service business model development). The integration of these
actions, guided by the RAILS framework, can position Korea to move from its current secondary position in global
railway markets toward a recognized leadership role in sustainable, digitally advanced railway solutions.

Future research should examine: specific regulatory entry requirements and local content frameworks in priority
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emerging markets (Vietnam, Indonesia, Egypt, Brazil); the financial modeling of lifecycle maintenance service contracts
under different operating environment scenarios; and comparative analysis of government-supported railway export
financing mechanisms across Japan, Germany, France, China, and Korea.
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The global rail industry market will grow at a CAGR of 4.3% (in EUR) until 2026 including inflation

Cis
& €22.7bn
Europe A 59%
North America & €62.5bn
& € 27.6bn A 4.2%
A 45% Asia
& £62.1bn
A 3.2%
Africa/Middle East
& € 7.5bn
South/Central America A 6.4%
& €3.7bn Australia
A 8.2% & € 4.3bn
B2 26%
a Average market voluma 2020-2022; A CAGR 2021-2026
Market volumea includas OEM and after-sales markets for rolling stock, infrastructure and system technology & 5CI Varkehr
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Top 10 railway suppliers by estimated rail revenue 2021' (EUR billion?)
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! Revenue partly estimated. Financial years ending in the first half of 2022 have been assigned to the year 2021.
2 Foreign currencies have been converted with the average yearly exchange rate; 2 incl. Bombardier @ 3CI Verkehr
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