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The Athens Metro, operated largely by STASY S.A. (Stationary Transport S.A.) and developed by ELLINIKO
METRO A.E., represents the backbone of the Attica region's public infrastructure. Far more than a mere
subterranean transit network, the system is a marvel of civil engineering that successfully reconciles ultra-modern
logistical requirements with the preservation of one of the world's most significant archaeological heritages. This
technical analysis explores the systemic architecture, operational mechanics, and multi-modal integration of the
Athens Metro, providing a definitive resource for urban planners, technical researchers, and high-frequency
commuters.

1. Historical Evolution and Architectural Framework

The genesis of the Athens Metro system dates back to 1869 with the inauguration of the Athens-Piraeus Railway,
now known as Line 1 (Green Line). While Line 1 began as a steam-powered surface train, its eventual
electrification in 1904 marked the beginning of heavy rail transit in Greece. However, the modern era of the network
commenced with the Base Project in the late 1990s, leading to the opening of Line 2 (Red) and Line 3 (Blue)in
January 2000.

A defining characteristic of the Athens Metro's construction is the Archaeological Program. During the excavation
of the tunnels and stations, over 50,000 artifacts were recovered. This necessitated a unique engineering approach
where stations like Syntagma, Monastiraki, and Akropoli function simultaneously as transit hubs and in-situ
museums, featuring stratigraphy displays and ancient hydraulic systems behind glass enclosures.

2. Technical Breakdown of the Rail Network

The network currently consists of three primary lines, with a fourth under construction. Each line utilizes specific
rolling stock and signaling protocols tailored to its geographic and technical constraints.

Line 1 (The Green Line): Piraeus — Kifissia

Spanning 25.6 kilometers, Line 1 is primarily a surface-level line. It connects the port of Piraeus with the northern
suburb of Kifissia. Unlike the newer lines, Line 1 utilizes a third-rail electrification system (750V DC)and has
undergone several generational upgrades to its rolling stock, most notably the 8th and 11th batch trains which are
currently being refurbished to extend their operational life by 25 years.

Line 2 (The Red Line): Anthoupoli — Elliniko

Line 2 serves the north-south axis of the Athens metropolitan area. It covers 17.9 kilometers and is entirely
underground. The technical infrastructure of Line 2 is characterized by its deep-level tunneling, particularly in the
central segments where the line passes beneath heavy urban density and geological faults.

Line 3 (The Blue Line): Dimotiko Theatro — Airport

Line 3 is the most technologically diverse line in the system. It spans 46.5 kilometers and features a unique dual-
voltage capability. While the urban segment (Dimotiko Theatro to Doukissis Plakentias) operates on the standard
750V DC third ralil, the segment from Doukissis Plakentias to the Athens International Airport (ATH)utilizes 25kV



AC overhead catenary lines, sharing tracks with the Suburban Railway (Proastiakos).

3. Operational Mechanics and Capacity Analysis

The efficiency of the Athens Metro is governed by rigorous mathematical models for passenger flow and headway
management. During peak hours (07:30-10:00 and 15:00-18:00), the system operates at maximum frequency to
accommodate a daily ridership exceeding 1.1 million passengers.



Metric Line 1 (Green) Line 2 (Red) Line 3 (Blue)

Total Length (km) 25.6 17.9 46.5

Total Stations 24 20 27

Peak Headway (mins) 6 45 4

Max Speed (km/h) 80 80 120 (Airport segment)
Electrification 750V DC (3rd Rail) 750V DC (3rd Rail) 750V DC / 25kV AC

Mathematical Modeling of Frequency

To determine the optimal headway (H), the operations team utilizes the following formula:
H = (T_cycle) / (N_trains)

Where T_cycle represents the total round-trip time including dwell times at terminals, and N_trainsis the number of
active train sets on the line. For Line 3, the complexity increases due to the integration of the airport spur, which
requires precise slot allocation to avoid interference with the Hellenic Train (Suburban) services.

4.The ATH.ENA Ticketing Ecosystem

In 2017, the Athens transport network transitioned from legacy paper tickets to an Electronic Ticketing System
(ETS)known as the ATH.ENA system. This system is based on ISO/IEC 14443 standards for contactless smart
cards.

ATH.ENA Ticket (Paper-based RFID)

Designed for short-term users and tourists, these are rechargeable paper tickets. They can hold various products,
such as 90-minute transfers, 24-hour passes, or 5-day passes. They do not support stored value (e-purse) but can
be reloaded multiple times until physical degradation occurs.

ATH.ENA Card (Plastic-based NFC)

Available in 'Personalized' and 'Anonymous' versions, these cards are the primary choice for frequent commuters.
The Personalized Card requires a Greek Social Security Number (AMKA) or a passport and supports monthly, 3-
month, 6-month, and annual passes. It also features a recovery mechanism if the card is lost.

Fare Structure and Zones



Product Type Validity Price (2024/2025) Scope

Standard Integrated 90 Minutes €1.20 All modes (Except Airport)

Daily Pass 24 Hours €4.10 All modes (Except Airport)

5-Day Ticket 5 Days €8.20 All modes (Except Airport)

Airport Metro Ticket One-way €9.00 Direct to/from Airport

3-Day Tourist 72 Hours €20.00 Includes 1 Airport Round
Trip

5. Multi-Modal Integration and Logistics

The Athens Metro is the central component of a larger Integrated Transport Network managed by OASA.
Effective navigation requires understanding the interconnection points between the Metro, Tram, and the
Proastiakos (Suburban Rail).

e Syntagma Square: The primary interchange between Line 2 and Line 3, and the terminus for several Tram
lines (T6).

e Monastiraki: The interchange between Line 1 and Line 3.

e Omonia: The interchange between Line 1 and Line 2.

e Piraeus: A critical logistical node connecting Line 1, Line 3, the Tram, and the International Port.

» Doukissis Plakentias: The transition point where Line 3 commuters must ensure they are on an 'Airport'
designated train versus a 'Plakentias' terminal train.

Integration with Intercity Bus Stations

While the Metro does not directly enter the Kifisos (Terminal A) or Liosion (Terminal B) Intercity Bus Stations,
technical proximity is maintained via feeder buses. The Eleonas Station (Line 3) is the closest node for Kifisos,
while Attiki Station (Lines 1 & 2) and Kato Patissia serve as conduits for Liosion.

6. Future Expansions: Line 4 (The Orange Line)

The most ambitious infrastructure project currently underway in Greece is the construction of Line 4 (Section A:
Alsos Veikou — Goudi). This 'U-shaped' line will introduce several technological firsts for the Athens network:

1. Driverless Trains (Grade of Automation 4 - GoA4): Line 4 will utilize fully automated train sets, significantly
reducing human error and allowing for tighter headways.

2. Platform Screen Doors (PSDs): To enhance safety, all Line 4 stations will feature floor-to-ceiling glass
barriers that only open when a train is perfectly docked.

3. Optimized Energy Recovery: New rolling stock will feature advanced regenerative braking systems, feeding
electricity back into the grid during deceleration.

7. Operational Challenges and Troubleshooting

Despite high reliability indices, the Athens Metro faces specific operational challenges that require sophisticated
engineering solutions.

Issue: Flash Flooding and Drainage



Given Athens' topography, heavy rain can lead to surface runoff entering the tunnel systems, particularly on Line 1.
The solution involves high-capacity industrial pump systems located at low-lying stations like Thissio and
Monastiraki, capable of moving thousands of cubic meters of water per hour.

Issue: Signaling Synchronization

On Line 3, the transition between the STASY signaling system (used in the city) and the Hellenic Train ETCS
(European Train Control System) used on the airport spur can occasionally cause delays. Maintenance protocols
involve weekly synchronization of the on-board computers in the dual-voltage train sets.

Issue: High Peak-Load Management

During major events at the OAKA Olympic Stadium (served by Irini Station on Line 1), the system implements a
'pulsed' dispatch protocol. Instead of a linear schedule, trains are held at strategic sidings and released in clusters
to clear platform congestion rapidly.

8. Strategic Importance and Sustainable Urbanism

The Athens Metro is not merely a transport utility but a primary driver of sustainable urban development. By
removing approximately 200,000 private vehicles from the road daily, the system contributes significantly to the
reduction of CO2 emissions and the mitigation of the 'urban heat island' effect in central Athens.

The integration of the Athens Metro Mapinto digital platforms via the General Transit Feed Specification (GTFS)
has further empowered real-time navigation. Commuters can now access live arrival data via the 'OASA Telematics

app, which uses GPS data from trains to provide accuracy within a 30-second margin.

As the network expands with Line 4 and extensions toward llion (Line 2) and Glyfada, the Athens Metro will
continue to evolve as a benchmark for how ancient cities can implement cutting-edge transit solutions without
compromising their historical integrity. Whether for a visitor navigating the route from the Airport to Syntagma or a
daily commuter traversing the Piraeus-Kifissia axis, the Metro remains the most reliable, efficient, and
technologically advanced method to navigate the Greek capital.
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