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1. OBJECT 

In the first part of 2010 the Master Plan for Tel Aviv Metropolitan Area was approved, after 

several years of study. This became the basis for the preliminary designs and construction works 

that are currently taking place, i.e. the Red and a portion of the Green LRT lines.  Since then the 

Master Plan has evolved and as a result of the Mass Transit Committee recommendations, Egis 

Rail has been commissioned to undertake an independent evaluation of the alternatives currently 

on the table and to estimate its costs with the current level of study. 

This note sets out our analysis of the different alternatives, as well as our recommendations on a 

preferred solution.  We have also analysed the possibility of proposing other alternatives 

different to those in consideration at this time. 

The remainder of the document is structured as follows: 

Section 1 discusses the background and context of this project 

Section 2 outlines some technical questions that are the basis of the alternatives evaluation. 

Section 3 describes the alternatives to be evaluated 

Section 4 indicates the capital and operating costs estimates for each alternative 

Section 5 analyses each alternative and indicates the results of the alternatives evaluation  
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2. EXECUTIVE SUMMARY 

The Tel Aviv Master Plan, approved in 2010, defined three Light Rapid Transit lines for the 

metropolis, serving areas of high passenger demand and distributing passengers in the Central 

Business District (CBD), two complementary radial lines and two Peripheral transversal lines. 

Further analysis of the future development of the metropolis highlighted the need to explore 

other alternatives. Egis Rail was commissioned to estimate the costs of these alternatives and to 

undertake an independent evaluation of the alternatives made by the local team. 

The alternatives analysed in this study are described below.   

 The A4 alternative, which came out of the Master Plan, proposes 5 LRT lines and 2 BRT 

lines, with some changes in the original itinerary of a couple of lines and the creation of 

a dedicated bus lane in the CBD (Central Business District). 

 The M100 alternative consists of three metro lines, including a circular line, a radial 

North-South line and a line connecting Petah Tikva to the CBD, in addition to six BRT 

lines. 

 The C2 and C3C alternatives combine LRT and metro technologies:  Alternative C2 

consists of two metro lines (a circular, and a longer radial North – South lines), 4 LRT 

lines and 4 BRT lines.  

 Alternative C3C consists of 3 metro lines (a circular, a radial North - South line and a line 

linking Petah Tikva to the CBD and Yehud), one LRT line and three BRT lines 

 The M5 alternative comprises 5 metro lines, following mostly similar itineraries to those 

of alternative C3C, but with a different operation pattern and three BRT lines. 

The costs of all alternatives were estimated by using two in-house tools (predicoutram and 

predicoumetro).  These tools utilise a database of unit prices resulting from the experience of 

Egis Rail around the world. In those cases where tunnelling is required, the costs were estimated 

for both, single and twin tunnelling.  The costs of all alternatives are shown below: 

Table 1 Capital per alternative, excluding VAT 

Alternative 
Length 
(Km) 

Twin tunnelling Single tunnelling 

O&M Cost/Year 
(Million NIS) 

Capital cost 
(Billion NIS) 

Cost per 
Kilometre 

(Million NIS) 

Capital 
cost 

(Billion 
NIS) 

Cost per 
Kilometre 

(Million NIS) 

A4 161 23.5 146 23.1 143 625 

M100 199 79.5 399 73.0 366 841 

C2 280 92.3 330 85.9 307 1 339 

C3c 247 133.0 540 121.2 492 1 000 

M5 258 159.4 618 145.1 563 1 290 
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An evaluation framework was developed to compare the alternatives, using as criteria their 

demand, urban impact, feasibility (including costs) and public transport indicators.  Each 

criterion was ranked within a relative importance and significance scale.  The evaluation showed 

that alternatives M100 and C3, both with 3 metro lines, scored the highest for the whole 

framework.   

As result, it appeared that an optimal alternative for Tel Aviv is an integrated metro, LRT and 

BRT network with three metro lines, similar to those proposed in alternative C3C, but with some 

adjustments to reduce its disadvantages. 
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3. BACKGROUND AND CONTEXT 

The Tel Aviv Metropolitan Area is a vibrant and rapidly growing city.  It has currently a 

population of around 3.9 million inhabitants, of which 400.000 live within the inner core area.  

Tel Aviv metropolis attracts 50% of the employment in Israel. 

This population and number of jobs produce and attract circa 6 million daily trips, of which 

around 80% use private cars as main mode of transport.  In spite of the existence of a network of 

bus services and a suburban train network, the use of public transport remains low across the 

metropolitan area. 

Tel Aviv has a very developed highway network, which has been the result of years of planning 

and is for the most part of the peak periods, congested. 

In 2010 the National Planning Council approved a Master Plan, which identified as the main goals 

for the metropolis: 

 Increasing public transit usage, 

 Improving accessibility to land uses, 

 Improving quality of urban life, 

 Economic efficiency, 

 Feasibility.  

To achieve these goals, the Master Plan defined seven public transport lines for the metropolis, 

which can be divided in three categories:  

 Main radial lines – The Red, Green and Purple Lines start at areas of high passenger 

demand and distribute the passengers in the Core Business District (CBD) and other areas 

in the core. These lines will provide a high frequency service and are planned to be 

operated with Light Rail Technology (LRT).  

 Complementary radial lines – The Blue and Yellow Lines bring passengers to the 

boundaries of the core and feed the main lines. These lines have an additional purpose 

of providing a local service within their districts (the southern and the northern 

respectively). 

 Peripheral transversal lines – The Pink and Brown Lines feed the main and secondary 

radial lines and do not reach the core. These lines function as an inter-city service in 

the middle ring, and as a feeder to Israel Railways and the other mass transit lines. 
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Further work on the transport needs of Tel Aviv showed the need for a Circular line around the 

middle ring.  Additionally, a transversal line linking the North and South of the city was 

identified along the external ring. 

Recent analysis of the future development of the metropolis demonstrated that the cities might 

benefit from other technologies, not included in the Master Plan, such as metro.  As result, new 

alternatives of integrated public transport networks for the metropolis emerged.  These new 

alternatives are described and compared in chapter 5. 

4. TECHNICAL QUESTIONS 

The following section aims to respond to a series of questions raised during the kick off meeting 

held in Tel Aviv on 16-17th June 2015, by the team in charge of the evaluation of the 

alternatives.  They intend to give some indication of the technical aspects that might influence 

the selection of the alternative to be pursued.  

The following questions are discussed below: 

 Basic principles of public transport network design 

 Impacts of vertical alignment choice 

 Mode choice analysis 

 Complementing mass transit services 

 Double track railway tunnels 

 Multimodal interchanges 

 Integrated Metro – LRT networks in Europe 

 The future of Public Transport 

4.1  Basic principles of public transport network design 

There are two basic key principles that must be taken into account when designing a public 

transport network. The first key principle is to provide a simple and stable inter-connected 

network of public transport lines throughout the day, with a structure and timetable that is easy 

for users to learn and understand1. Simple in this context means that lines follow direct routes 

that can support high operating speeds with clear nodal points at intersections with other lines. 

Stable means a regularity of service frequency during the day, so that users can easily learn the 

service timetables for key periods. 

                                                      
 
1 Nielsen, G., Nelson, J., Mulley, C., Tegner, G., Lind, G. and Lange, T. (2005). Public Transport - Planning the Networks - 

HiTrans Best Practice Guide 2. Stavanger, Norway, European Union Interreg III and HiTrans. 
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The second key principle of network planning is to accept and support the proposition that many, 

potentially even a majority, of travellers will need to transfer between services to access their 

selected destination. This need is heightened in dispersed cities with only moderate or limited 

degree of activity concentration. As it is unlikely that a traveller finds their trip both beginning 

and ending on the same route, it is important that transfers are made easy. This is done by 

facilitating the transfer by good physical means and coordinating timetables between services to 

reduce waiting times. 

4.1.1 Key practices 

 Simple and direct network structures: 

Public transport networks should be organised on the principle of ‘one section – one line’. The 

fundamental principle is to provide simple direct lines that can be easily remembered.  Direct 

routes are typically quicker and shorter than circuitous routes and therefore offer faster travel.   

Line network structure design should seek to consolidate and concentrate multiple similar 

adjacent lines into unified simpler lines which can offer higher frequencies and direct routes. 

Additionally, the number of lines should be minimised to create an efficient and high quality 

system for the majority of public transport users. 

 Plan a hierarchy of lines into a network 

Public transport networks require a hierarchy of interconnected lines that differ in capacity and 

speed. The range of lines in a typical hierarchy can be broadly categorised as: high-speed high-

capacity links; connecting links; and local feeder services:  

- High speed lines typically require fast, dedicated rights-of ways and high volume 

passenger loads. Heavy metros or light rail is commonly used for these lines but Bus 

Rapid Transit is also common. In low density contexts these lines are unlikely to 

attract patronage unless they are part of an integrated network of connecting 

and/or local lines.  

- Connecting lines typically operate at grade and can be used to link high speed lines 

with the trip attractors (such as shopping centres) to feed passengers to trunk 

routes. They also fulfil the role of offering internal connectivity, by linking trip 

attractors. These lines may achieve frequencies and speeds approaching that of 

trunk lines and can be operated by bus and light rail modes. The planning focus for 

such lines should be on the consistency of timetables, the reliability of travel speeds 

and coordination with trunk line transfer points.  

- Local lines link suburbs with trunk or connecting lines and nodes. They also provide 

low volume alternative connections to and between nodes. Because local lines often 

operate at low frequencies they must offer consistent, reliable and fast transfers. 

 Plan for speed, consistency and reliability 
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- Public Transport speeds comparable to or faster than car’s 

- Priority for PT vehicles (right-of-ways, dedicated lanes; and priority at intersections) 

 Coordinate convenient transfers 

 Lines operating at high frequency so that waiting times at stops on these lines are 

minimal and timetables are not required. 

 Provide clear, ubiquitous and consistent information and marking 

4.2  Impacts of vertical alignment choice 

Vertical alignment has a very significant effect on initial capital costs and the surrounding 

environment, but a smaller effect on choice of technology for mass transit systems and on the 

operating costs. Below are some of the impacts of vertical alignment choice. 

4.2.1 Capital cost – ratios for at-grade, elevated and underground systems  

A review of mass transit projects worldwide concluded that, the ratio of construction cost of 

fully segregated Metros is: At-grade 1, Elevated 2 Underground 4.523. However, there are very 

wide ranges of costs in various systems, with different ratios have been quoted in different 

geographic locations. There are cases where, when relevant factors are included; the initial 

capital cost of a surface system is the highest, given the cost of displacing neighbouring houses. 

It is clear that around the world, the choice of vertical alignment is almost always the most 

important factor influencing initial project cost and financing decisions.  

4.2.2 Visual/aesthetic impact 

The visual/aesthetic impact is often the major quoted reason for deciding to locate transit 

underground instead of at-grade or elevated. It would seem self-evident that elevated structures 

impact strongly on the visual image and character of a corridor.  Whether this impact is good or 

not depends significantly on the quality of design, the characteristics of the corridor and the 

perceptions of the residents. It also depends on how the appearance of the structure is 

maintained over time.  

4.2.3 Ridership  

If an underground alignment is not constrained to follow the existing road network, it could 

allow a Metro to serve traffic demands better than an at-grade.  There may be a positive impact 

on ridership, including a higher number of passengers, given a lower travel-time and probably 

fewer transfers. However, experience suggests that the unconstrained alignment choice occurs 

less often than expected. The reason might be that following these corridors offers a better 

solution to the location of, and access to, stations.  

                                                      
 
22 Data on cost ofMetr os in developing and developed countries—see Allport and Bamford (1998). 
3 Different ratios have been quoted in different geographic locations—this set is thought to be representative. 



 

 

 

 

 

Monitoring Services for the Tel Aviv Mass transit Network 
 

 

EGIS Rail  
8 Nachalat YItzhak St. Tel Aviv 073- 741 30 30 

       11 
11 

 

 

 

Further ridership issues are:  

 Underground stations may reduce ridership if the station is at great depth underground, 

by causing certain passengers to prefer surface modes.  

 Real or perceived passenger safety may be an issue. In some cities, some people might 

resist traveling underground for security reasons.  

 Where underground and elevated alignments co-exist, interchanges can be very difficult. 

Once an elevated alignment has been constructed, future elevated crossing lines must 

result in two-level elevated structures or there must be substantial vertical interchange 

arrangements to connect to an underground line. The interchange between two 

underground lines is less problematic.  

4.2.4 Dividing the community  

An at-grade and, to a lesser extent, an elevated transit system, can significantly impact a 

community by dividing residences, businesses, amenities and utility corridors. Negative impacts 

can result in the degradation of the physical environment, with passage across the transit 

corridor permitted only a limited number of points along the right-of-way or at stations. This can 

also cause businesses or residents to relocate, perhaps ‘down-market’, with the mass transit 

system creating a physical barrier to movement of people and vehicles between communities on 

either side, with economic impacts to the adjacent communities.  

Nevertheless, in some cases the width of avenue in the cities is already a barrier with 

constrained crossing passages for vehicles and pedestrians. In this case the integration of at 

grade alignment may significantly improve safety. 

4.2.5 Development potential  

Well-planned underground alignments allow more effective integration of the Metro with 

property developments adjacent and over stations. This maximizes the prospects of 

intensification of land use where accessibility is at its highest and it offers the prospect of 

development gain—which may also assist in funding the Metro. These potential benefits depend 

upon effective planning to be realized in practice: where this exists, such benefits may be 

substantial and the resultant benefits can be very important. Experience suggests this is likely to 

happen where government and the planning system are effective.  

4.2.6 Construction impacts  

The most disruptive of construction methods is cut-and-cover construction, which is often used 

for underground stations and sometimes for the line structures which connect the stations.  
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Significantly less disruption is caused by elevated construction since construction is primarily at 

the column locations.  However, elevated station structures have a significant impact during 

construction.  

The least disruptive method is tunnelling for line structures and mined techniques for stations. 

The only impacts are at portals, access shafts or entrances, where significant space may be is 

needed during construction.  

4.2.7 Difficulty obtaining right-of-way  

A potential rail transit alignment often faces three right-of-way problems: one physical, in 

relocating buildings and activities and avoiding other infrastructure, the second is associated 

with legal and land acquisition costs, and the third is political, related to resistance to real 

estate acquisition. Additionally, there will be opposition to any reduction in surface or road 

space (for elevated and surface rail transit systems and all citizens are concerned regarding the 

impact to adjacent properties. 

4.2.8 Vibration  

Vibration can be a significant issue in the case of underground alignments, particularly where the 

alignment is under a historic centre with important, old buildings; or when it is located near 

sensitive facilities such as hospitals, research centres or universities. However, measures to 

reduce vibration to acceptable levels are available, at some incremental cost.  

4.2.9 Operating costs  

Ventilation, lighting and staffing requirements are factors that increase operating costs for 

underground systems. Air conditioning of underground stations also is a significant factor in hot 

environments. Platform screen doors can mitigate this but they also add cost.  

 
 

 

Paris Metro Vancouver Skytrain London DLR 

Figure 4-1 Elevated Light Rail Systems

https://upload.wikimedia.org/wikipedia/commons/5/5b/TransLink_SkyTrain_departs_Stadium-Chinatown_station_in_Vancouver,_British_Columbia,_Canada.png
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4.3  Mode choice analysis 

There are many external factors and trade-offs that influence the mode choice and there does 

not seem to be one perfect choice. However, an array of public transport and land use indicators 

can provide some context to the analysis. The table below compares metro, Light Rapid Transit 

and Bus Rapid Transit systems: 

Metro LRT BRT

Pros Very high capacity
Capital costs are less than for heavy rail 

systems
Low capital costs

High speed Per unit operating costs are lower Low operation and maintenance costs

Very low pollution in operation Low pollution levels Higher capacity than normal bus services

Needs very little urban space
Needs limited urban space if elevated or 

underground
Flexible

Cons Very high capital costs
High costs if elevated, but lower capital 

costs if at grade
Lower capacity

High per unit operating costs if utilization is 

low
Needs substantial urban space if at grade More polluting

Long implementation time Lower capacity Needs urban space for dedicated corridor

Needs extensive feeder network or very 

dense captive area

Needs extensive feeder network or dense 

captive area
Low speeds

Complex interconnectivity with feeder 

system

Complex interconnectivity with feeder 

system

Relatively complex technology Relatively complex technology

Applicable 

corridors

Very high-density corridors, where road 

space is very limited.

Well suited for densely populated cities 

that have low sprawl and few spinal, long-

haul corridors.

At-grade systems are very good for 

suburban systems and the fringe areas of a 

city where space is more easily available

Medium density corridors where space 

availability is adequate for supporting 

elevated structures or at grade tracks.

Medium density cities with limited sprawl

Medium density corridors where space 

availability is adequate for supporting the 

dedicated right of way.

Medium density cities with limited sprawl

 

4.4  Complementing mass transit services 

An integrated public transport system should include feeder services to offer local accessibility 

and to ensure fast and comfortable access to trunk services. Feeder services usually pick up 

passengers in a locality to take them to a transfer point where they continue their journey on a 

trunk service. They can be provided by buses or by lower capacity minibuses, according to the 

demand.  

The table below shows the characteristics of complementing mass transit services (feeder 

services) and some typical examples in urban areas. 
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Characteristics Typical examples in urban areas 

Serves short distances 4-6 Km (typically) 

High frequency services 5-10 min 

Connects commercial, residential nodes to the trunk 
corridor 

Feeders to the metro/suburban 
stations or Central Business Districts 

Requires a transfer at the end of the journey Rail <-> bus transfers 

Provides first/last km connectivity   

Extends the trunk corridor's area of influence   

Vehicle type generally varies from the trunk mode Conventional buses 

Operate amongst mixed traffic, without priority 
infrastructure or space 

  

Bus stops are generally spaced within walking distance of 
each other 

300-400 m apart 

 

 

 

 

Bi-articulated bus 

 

Feeder bus 

Figure 4-2 Transmilenio’s trunk and feeder services vehicles (Bogota-Colombia) 

4.5  Double track railway tunnels 

Two alternative tunnel concepts are considered: 

 Single bored tunnel, i.e two parallel tracks in the same tube with escape ways to open 

air through the tunnel portals or through shafts. 

 Twin bored tunnels, i.e two parallel tubes with one track in each with intervening 

connections between the two tubes equipped with fire doors or smoke traps. 
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Single bored tunnel Twin bored tunnel 

 

 

 

 

 Paris Metro London Crossrail 

Figure 4-3 Tunnel concepts 

4.5.1 Single bored tunnels 

In single bored tunnels, both tracks are located in the same tube. This gives the lowest initial 

expenses. Many factors contribute and among these are: 

 Less work faces during construction 

 Less total mass to remove 

 Less rock surfaces to seal and secure. 

During normal traffic there will be more than one train in a single bored tunnel and the traffic 

direction decides the ventilation direction in the tunnel. When there are several trains in 

different directions in the tunnel, the natural ventilation direction on the tunnel is relatively 

unpredictable. However, a single bored tunnel generally has large extent of air volumes which 

normally gives good smoke stratification during the first phases in case of fire. 

Single tunnels can offer certain advantages for both the infrastructure and the railway 

installations: 

 The greater freedom of constructing just one tube makes it possible to better choose the 

route under the city streets. 
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 With a single tube, the communications between tracks is immediate, without the need 

of connecting tunnels which are difficult to construct and can have a negative influence 

on the regular ventilation flows and on the handling of emergency situations. 

 The double-track, single-tube solution, compared to the twin-tube solution, will likely 

disturb a smaller area of the ground surface. Furthermore, the risk connected to the 

possibility of geotechnical interference between the two tubes of the line is removed. 

 The number of buildings that are passed under by the running tunnel is generally 

reduced. 

However, single tunnels have also some disadvantages: 

 The tunnel diameter is relatively large and thus may impose a deeper vertical alignment 

for stability reasons. 

 It will be necessary to construct deeper and, possibly, more expensive stations. 

 An accident of a train on one track may cause the entire line to stop its service. 

4.5.2 Twin bored tunnels 

In this concept there are two parallel tubes, one for each track, with possibility for intervening 

connections and escape ways between the tunnel tubes. This tunnel concept is especially 

suitable for very long (15 –20 km) tunnels, where there are no cost effective escape ways to open 

air. 

In twin bored tunnels, the ventilation direction is predictable and given by the traffic. However, 

the cross sectional area in each bore is substantial less than in a single bored tunnel, and the 

smoke accumulation will occur much more rapidly. 

Given the advantages and disadvantages of both concepts, it is necessary to conduct a risk 

analysis for each feasible solution, even though such analysis may be preliminary, and to 

determine a system-wise optimal solution or combination of solutions. 

4.6  Multimodal interchanges 

Public transport interchanges are a key element of a public transport trip, as the perception of 

the trip is not only determined by the quality of travelling, but also by the quality of transfer and 

waiting.4  

The success of an interchange depends on many factors, including the position in the network, 

the urban environment and the modes involved.  However, an optimal service depends on 

individual opinions: a high quality urban transport interchange will be different for passengers, 

transport operators and policy makers. 

From the passenger perspective, interchanges are a major influence on perceptions of public 

transport.  There are a range of factors that drive travel behaviour, the most commonly 

                                                      
 
4 Harmera, C., Millarda, K., Palmera, D., Ubbelsb, B., Monzonc, A. and Hernández, S. What makes a successful urban 

interchange? Results from an evidence review. Transport Research Arena 2014, Paris. 
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discussed are: Travel and waiting time, Convenience and reliability, Comfort, Accessibility, Costs 

(fares, fuel price etc), and Security (or safety) 5. These factors all influence the ‘interchange 

penalty’, or the perception by passengers that changing modes is a barrier to travelling. 

Attempting to reduce the interchange penalty increases the likelihood of a successful 

interchange and travellers will be more likely to use it. This leads to several additional services 

at public transport interchanges besides the transport function itself. 

The most significant aspects of the interchange penalty are time and cost. Travellers do not 

perceive time as having equal value throughout a journey, with time spent waiting regarded as 

equivalent to a longer period of time spent on the move. Users, particularly those who are not 

frequent travellers, consider there to be a high interchange penalty as a result of travelling to 

the interchange and then waiting for their connection. However, this does not have to be the 

case with good real time information services, while comfortable and attractive waiting facilities 

also help to reduce the interchange penalty.  

Facilities that can enhance the quality of interchanges for users include the intermodal 

integration of modes, for example the availability of secure bicycle parking; passenger services, 

such as integrated ticketing, and way finding; and design aspects including short distances 

between different modes. 

Some examples of successful interchanges in operation in Europe are shown below. 

                                                      
 
5 Hine, J. and Scott, J. (2000) Seamless, accessible travel: users' views of the public transport journey and interchange, 

Transport Policy 7 (2000). 
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Gare du Nord – Gare de l’Est (Paris) Embankment – Charing Cross (London) 

Figure 4-4 Transfers at surface level 

 

  

Montparnasse (Paris) Bank – Monument (London) 

Figure 4-5 Long underground transfers 

 

  

Part Dieu - Lyon 

Figure 4-6 Underground to surface level transfers 
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4.7  Integrated Metro – LRT networks in Europe 

There are several examples of integrated metro-LRT network existing in Europe. We show here 

some that seem relevant given the similarities between Tel Aviv and these cities, in terms of 

population: Lyon, Prague, Brussels, Barcelona, Berlin and Milan. 

4.7.1 Lyon (France) 

 

 

Population: 

 1.3 M inhabitants in the 

metropolitan area 

 0.5 M inhabitants in Lyon 

 

4 Metro lines 

 32.5 Km 

 44 stations 

 740 000 daily trips 

 198 M trips in 2013 

 

6 Tramway lines 

 84.9 Km 

 107 stations 

 82,5 M trips in 2014 

 

  

 
 

Lyon Metro Lyon Tram 
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Figure 4-7 Lyon public transport network 

 

4.7.2 Prague (Check Republic) 

 

 

Population: 

 1.25 M inhabitants 

 

3 Metro lines 

 62 Km 

 61 stations 

 589 M trips in 2012 

 

21 Tramway lines 

 143 Km 

 324 M trips in 2012 

  

  

Prague Metro Prague Tram 

Figure 4-8 Prague public transport network 
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4.7.3 Brussels (Belgium) 

 

 

 

Metro and Premetro network 

 

Population: 

 1.1 M inhabitants in the 

metropolitan region  

 0.18 M in Brussels 

 

4 Metro lines 

3 Premetro lines 

 39.9 Km 

 55.7 Km incl. premetro* 

 69 stations with premetro 

 138 M trips in 2013 

 29.4 Km/hr 

 310000 daily passengers 

 

Tram network 

 

 

17 Tramway lines 

 138.9 Km 

 291 stations 

 123.5 M trips in 2012 

 16.6 Km/hr 

* Premetro: Light railway that 

includes segments built to rapid 

transit standards 

  

Brussels Metro Brussels Tram 

Figure 4-9 Brussels public transport network 
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4.7.4 Barcelona (Spain) 

 

 

Population: 

 3.4 M inhabitants in the 

metropolitan area 

 1.6 M in Barcelona 

8 Metro lines  

 102.6 Km 

 141 stations 

 376 M trips 

6 Tramway lines 

 29,2 km 

 56 stations 

 24.5 M trips in 2014 

 

  

  

Barcelona Metro Barcelona Tram 

Figure 4-10 Barcelona public transport network 
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4.7.5 Berlin (Germany) 

 

 

Population: 

 3.38 M inhabitants  

 

10 Metro lines 

 151.7 Km 

 170 stations 

 507.3 M trips in 

2012 

 30.7 Km/hr 

 

15 Tramway lines 

 332 Km 

 166 stations 

 402 M trips in 2012 

  

  

Berlin Metro Berlin Tram 

Figure 4-11 Berlin public transport network 
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4.7.6 Milan (Italy) 

 

 

Population: 

 5.2 M inhabitants 

in Greater Milan 

 1.3 M in Milan 

 

4 Metro lines 

 100 Km 

 110 stations 

 1.15 M daily trips 

 30 Km/hr 

 

17 Tramway lines 

 115 Km 

  

  

Milan Metro Milan Tram 

Figure 4-12 Milan public transport network 
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4.8  The future of Public Transport 

4.8.1 Vehicle technologies 

4.8.1.1 Personal Rapid Transit 

Personal Rapid Transit systems use on-demand pods and exclusive guideways to combine the 

advantages of private vehicles with those of rail transit. Although the concept has been around 

for over fifty years, there are few systems in the world that can be reasonably defined as 

personal rapid transit: those in Morgantown, West Virginia, which opened in 1975; Rotterdam in 

The Netherlands (1999); Masdar City in Abu Dhabi (2010); Heathrow Airport in London (2011); 

and Suncheon Bay in South Korea (2014). 

 

 

Figure 4-13 London Heathrow Pod 

The pros of PRT include: 

 It is an on-demand system with short or no waiting times.  Passengers can travel directly 

to their preferred destinations without stopping in between; as the intermediate 

stations are bypassed.  In addition, PRTs can provide round-the-clock availability and the 

privacy of personal automobiles. 

 PRT systems cost less to build and operate than other transit systems. 

 PRT systems use about a fraction of the energy per passenger Km of other transport 

systems. In addition, since they are all powered by electricity, the system sustainability 

can be readily upgraded by upgrading the sustainability of the power source. 

 Simple and accessible service 

 They do not interfere with vehicle traffic, as they generally use a segregated elevated 

guideway. 
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On the other hand, the cons of PRT include: 

 To provide a good service in an area, the PRT system requires an extensive guideway 

network and a high number of stations. 

 Visual intrusion caused by elevated sections of guideway 

 Very few PRT systems have been implemented over the world, making difficult to 

estimate the true investment and operation costs, as well as the life duration of the 

project 

 They have a limited capacity:  Assuming a 2 seconds interval, and a capacity of 4 

passengers per vehicle, the maximum capacity is 7200 passengers per hour in theory. 

 

4.8.1.2 Self-driving cars 

Autonomous vehicles (AVs) can dramatically change the way people move around today.  

Assuming self-driving cars obey traffic laws, communicate with each other, and the general 

public embraces the capability, AVs will have an important impact on society.  It is believed that 

autonomous cars will minimize the number of accidents, as most accidents are caused by human 

factors, and will also reduce traffic by using the road more efficiently, therefore requiring less 

road capacity.  

  

Google car Audi self-driving car 

Figure 4-14 Self driving cars 

Research and testing of self—driving cars is well under way, with as many as seven companies 

having testing permits in the state of California, operating 48 self-driving vehicles (as of May 

2015).  

Although the legislation and regulation is not ready yet, driverless technologies are already 

appearing, in instalments, in mass-produced cars. Experts estimate that partially automated cars 

will be on the road in significant numbers by 2016, and even more highly automated vehicles will 
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be around by 2020. By 2035 most self-driving vehicles will be operated completely independent 

from a human occupant’s control. 

There are some potential barriers to self-driving cars deployment and two major technology 

risks: software reliability and cyber security. The barriers include implementation of a legal 

framework for self-driving cars and establishment of government rules and regulations. 

In terms of costs, IHS Automotive6 forecasts that the price for the self-driving technology will be 

between $7,000 and $10,000 in 2025, around $5,000 in 2030 and around $3,000 in 2035.  This 

means that by 2035 they might not just be affordable, but also popular. 

4.8.2 Automated trains 

In metro systems, automation refers to the process by which responsibility for operation 

management of the trains is transferred from the driver to the train control system. The key 

elements for this are7: 

 Automatic Train Protection (ATP) is the system and all equipment responsible for basic 

safety; it avoids collisions, red signal overrunning and exceeding speed limits by applying 

brakes automatically. 

 Automatic Train Operation (ATO) insures partial or complete automatic train piloting 

and driverless functionalities. The ATO system performs all the functions of the driver, 

except for door closing. The driver only needs to close the doors, and if the way is clear, 

the train will automatically proceed to the next station.  

 Automatic Train Control (ATC) performs automatically normal signaller operations such 

as route setting and train regulation. The ATO and the ATC systems work together to 

maintain a train within a defined tolerance of its timetable. 

4.8.2.1 Grades of automation 

There are various degrees of automation (or grades of metro automation (GoA), which are 

defined according to which basic functions of train operation are the responsibility of staff, and 

which are the responsibility of the system itself.  

Type 1 Trains (GoA 1): In the driver-controlled mode, the metro train is driven without 

assistance systems. The driver drives the metro train on sight, while stationary light signals 

control railway operation. 

Type 2 Trains (GoA 2) have Automatic Train Operation (ATO), which means that a driver in the 

cab starts the metro train manually and opens doors ONLY  The automatic driving system takes 

over precision control of the movement between two stations on its own and also automatic 

precision stopping of the train at the platforms. 

                                                      
 
6 IHS Automotive. Emerging Technologies: Autonomous Cars—Not If, But When. 2014. 
7 International Association of public transport.  Press kit metro automation facts, figures and trends. 
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Type 3 Trains (GoA 3) also have ATO and are completely computer controlled.  Most systems still 

elect to maintain a driver, or a train attendant of some kind, to mitigate risks associated with 

failures or emergencies and to operate doors. 

Type 4 Trains (GoA 4) also considered as  Unattended Train Operation (UTO) and are capable of 

going totally driverless (though occasionally these, too, have an official on board for other 

purposes).  

The following figure summarises who is responsible for the basic functions of train operation for 

each grade of automation: 

 Figure 4-15  Types of train operation8 

4.8.2.2 Operational benefits of automated trains 

According to a study by the Imperial College London, as of 2013 automated trains only operated 

on 6% of the world's total rail-transit line length. Metros with automated service include Paris, 

Lyon, Copenhagen, and Vancouver (which in 2006 was the longest fully automated rapid-transit 

system in the world). London has announced plans to go driverless in the future, and Honolulu is 

working toward the first fully automated major system in the United States. 

Some of the operational benefits of automated metros often quoted are indicated below: 

 Automation requires a significant up-front investment from transit agencies, but the 

operational savings should be significant (reportedly 30 percent in the case of the Paris 

Metro, compared with conventional service). Two transit systems in an Imperial College's 

report on Automated Metros estimated their rate of return at 10 to 15 percent. 

 Removing the driver's cab reportedly ads between 4 and 6 percent capacity to the train. 

                                                      
 
8 International Association of public transport.  Press kit metro automation facts, figures and trends. 
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 Automated trains can increase the capacity of a metro line by up to 50%, as trains can 

run at shorter headways. 

 Automated lines are in the top third for reliability, measured as distance between 

incidents that cause more than a 5-minute delay. 

 Headway regularity is higher. 

 

4.8.2.3 Objections to automated trains 

One of the main objections to fully driverless metro networks is a perception that handing total 

control over to an automated system poses a threat to public safety and security. This is partly 

driven by the natural comfort derived from having a qualified human driver on the train to react 

to unusual situations and provide a friendly face to the public. The other main objection is the 

spectre of mass job losses. 

Nevertheless, the perception of such technology has significantly evolved. Now it is very well 

approved due to the safety aspect and a little bit also by the full transparency of the vehicles 

which allows to have a look on the tunnel during the run 

4.8.3 New technologies at stations 

Modern public transport stations are not just a place to wait and board a public transport 

vehicle. Pretty much everything the modern traveller could ever expect can be offered inside 

the facilities of a modern station: 

 Fully handicap-accessibility and special paths for the blind 

 Automated ticket machines 

 Wireless internet connection 

 Interactive information points 

 Barcodes (known as "QR" or "Quick Response" codes), which allow the passenger scanning 

the barcode (with an internet-enabled smartphone) to get real-time arrival information, 

schedules and an area map 

 Virtual visit of the station (360 degrees station) 

 Services, such as currency exchange, luggage lockers, showers, restaurants, cafés, 

lavatories. 

 Pedal power to charge smartphones 

 Cultural exhibitions 

 Pianos for any member of the public to play. 
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Public piano at St Pancras 

Station (London) 

Pedal powered charging 

station at Montparnasse 

(Paris) 

Art Exhibition in Amiens 

Station 

Figure 4-16  Innovative stations 

4.8.4 Other public transport technologies: Monorail 

The primary advantage of monorails over conventional rail systems is that they require minimal 

space, both horizontally and vertically. Monorail vehicles are wider than the beam, and monorail 

systems are commonly elevated, requiring only a minimal footprint for support pillars. 

Due to a smaller footprint they are seen as more attractive than conventional elevated rail lines 

and block only a minimal amount of sky. 

   

Sidney Monorail - Australia Wuppertal Suspension Railway 

- Germany 

Kuala Lumpur Monorail - 

Malaysia 

Figure 4-17  Some Monorail systems around the world 

They are quieter, as modern monorails use rubber wheels on a concrete track. (Some non-

monorail subway systems, like certain lines of the Paris Métro and all of the Montreal metro, use 

the same technique and are equally quiet.) 

Monorails are capable of climbing and descending steeper grades than heavy or light rail systems. 

Unlike conventional rail systems, straddle monorails wrap around their track and are thus not 

physically capable of derailing, unless the track itself suffers a catastrophic failure, which is why 

monorails have an excellent safety record. 
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In an emergency, passengers may not be able to immediately exit because the monorail vehicle 

is high above ground and not all systems have emergency walkways. The passengers must 

sometimes wait until a rescue train, fire engine, or cherry picker/boom lift comes to the rescue. 

Newer monorail systems resolve this by building emergency walkways alongside the entire track, 

at the expense of visual intrusion. Suspended railways resolve this by building aircraft style 

evacuation slides into the vehicles. Japanese systems are set up to use the next train to tow 

broken-down trains to the next station. 

Adding extensions by diverging the track is more expensive because of the linear nature of the 

track itself. 
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5. MASTER PLAN PUBLIC TRANSPORT ALTERNATIVES 

5.1  Alternatives description 

5.1.1 A4:  Master Plan 

The A4 is the alternative that came out of the current Master Plan, and which evolved in the 

second part of 2012. The main evolution concerned the Yellow line, whose corridor changed to 

link Kfar Saba and Petah Tikva via Hod Hasharon. Additionally, the Purple line was modified to 

serve the centre of Or Yehuda, with an extension to Yehud. 

Furthermore, a dedicated bus lane in the Tel Aviv CBD was planned, from the terminus of the 

Pink line in the North to the terminus of the Blue line.  This line would be parallel to the Green 

line in Tel Aviv Yaffo. 

The A4 alternative proposed 5 LRT lines and 2 BRT lines, as shown in Figure 5-1. 

The following alternatives are described in relation to the A4 alternative.  Note that the Red line 

is considered one of the 5 LRT lines even if not included in the text, as it is already under 

construction.  

5.1.2 M100: 100 Billion NIS Metro 

The M100 alternative is an integrated network of metro and BRT. It consists of three metro 

lines:  A circular line (not considered at all in alternative A4), a radial North - South line (formed 

by the North section of the Yellow line and the South section of the Green line and named Metro 

line # 1 in the map) and a radial line that starts in Petah Tikva, enters the CBD and ends in 

Yehud (part of it was the Purple line in alternative A4 and it is named Metro line # 2 in the map). 

In addition, there are six BRT lines:  the Blue, Yellow and Pink lines, which follow the same 

itineraries as in alternative A4; the North section of the Green line, which ends in the CBD, 

where it connects to the Radial Metro lines; the North branch of the Yellow line; and a new 

North – South Cyan line running along Road 40. 

5.1.3 C2:  Combined alternative with two Metro lines 

The C2 alternative is a combination of alternatives A4 and M100, with 2 metro lines and 4 LRT 

lines, excluding the Red line.  In this alternative, the Radial North – South Metro line is extended 

North and South, running parallel to the pink line in the North and to the Blue line in the South.  

The Radial Metro line #2 becomes two LRT lines in alternative C2: The Purple and the RG_RA 

lines, serving Rosh Haayin.  In addition, the Green and Yellow lines are considered LRT lines, 

following the same itineraries as in alternative A4.  The Green line and the RG_RA line are 

considered as LRT+ lines (underground LRT). 
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The Blue, Pink, Brown and Cyan BRT lines follow the same itinerary as in the previous 

alternatives. 

5.1.4 C3C: Combined alternative with three Metro lines 

The C3C alternative is also a combined alternative, with 3 metro lines: A radial Metro line #1+2, 

which follows a similar itinerary to that of the radial metro line #1 in alternative C2, but with 

two additional branches to Kefar Sava in the North and Ramla in the South; a radial metro line 

#3, formed by joining the Purple and RG_RA lines; and a circular line.  The Blue and Yellow lines 

are removed, as it is the South West branch of the Green line.  The Green line is still considered 

as LRT+, whereas the Blue, Pink and Brown lines are considered as BRT. 

5.1.5 M5: Five Metro lines 

Alternative M5 is an integrated network of metro and BRT only.  It consists of 5 metro lines, 

following mostly similar itineraries to those of the metro lines in alternative C3, but with a 

different operation pattern.  Thus the Green line, called radial metro # 1, starts in the North and 

ends in Ramla; the radial metro line #2, is formed by the Yellow and Blue lines, the Radial metro 

line #3 runs from Kefar Sava in the North to Yehud; the radial metro line #4 runs from Rosh 

Haayin to Holon in the South; and the circular line. In addition 3 BRT lines, the Pink, Brown and 

Cyan lines. 
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Table 2 : Main characteristics of the A4 alternative 

Line Technology
Length

(km)

Number of 

Stops

Distance 

between 

stops (km)

Total time 

(min)

Speed 

(KPH)

Frequency

(mins)

Red Line LRT+ 26 38 690 56 28 4

Green Line LRT+ 36 60 600 84 26 4

Yellow Line LRT 27 53 510 70 23 6

Purple Line LRT 27 41 670 63 26 8

Brown Line LRT 28 38 740 60 28 5

Blue Line BRT 21 38 560 61 21 4

Pink Line BRT 21 37 570 60 21 5

 

 

 

 

 

 

Figure 5-1 Alternative A4 
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Table 3 : Main characteristics of the M100 alternative 

Line Technology
Length

(km)

Number of 

Stops

Distance 

between 

stops (km)

Total time 

(min)

Speed 

(KPH)

Frequency

(mins)

Radial Metro #1 Metro 29 30 980 51 34 3

Radial Metro #2 Metro 27 30 920 50 33 5

Circular Metro Metro 25 24 1030 42 35 6

Red Line LRT+ 29 41 700 61 28 9

Green Line BRT 11 18 590 29 22 5

Brown Line BRT 30 44 680 79 23 5

Pink Line BRT 21 37 580 60 21 4

Blue Line BRT 21 39 550 62 21 4

Yellow Line BRT 5 10 520 15 21 5

Cyan Line BRT 29 35 830 68 25 4

 

 

Figure 5-2 Alternative M100 
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Table 4 : Main characteristics of the C2 alternative 

Line Technology
Length

(km)

Number of 

Stops

Distance 

between 

stops (km)

Total time 

(min)

Speed 

(KPH)

Frequency

(mins)

Radial Metro #1 Metro 46 45 1020 79 35 3

Circular Metro Metro 25 24 1030 42 35 5

Red Line LRT+ 29 41 700 61 28 11

Green Line LRT+ 36 60 600 84 26 17

RG_RA Line LRT+ 20 26 780 41 30 6

Purple Line LRT 24 37 650 55 26 4

Yellow Line LRT 27 53 510 70 23 10

Brown Line BRT 30 44 680 79 23 4

Pink Line BRT 21 37 580 60 21 4

Blue Line BRT 21 39 550 62 21 5

Cyan Line BRT 29 35 830 68 25 4

 

 

Figure 5-3 Alternative C2 
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Table 5 : Main characteristics of the C3C alternative 

Line Technology
Length

(km)

Number of 

Stops

Distance 

between 

stops (km)

Total time 

(min)

Speed 

(KPH)

Frequency

(mins)

Radial Metro #1+2 Metro 81 78 1040 140 35 3

Radial Metro #3 Metro 38 38 990 66 34 4

Circular Metro Metro 25 24 1030 42 35 5

Red Line LRT+ 29 41 700 61 28 10

Green Line LRT+ 22 35 640 50 27 9

Brown Line BRT 30 44 680 79 23 5

Pink Line BRT 21 37 580 60 21 4

Cyan Line BRT 29 35 830 68 25 4

 

 

Figure 5-4 Alternative C3C 
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Table 6 : Main characteristics of the M5 alternative 

Line Technology
Length

(km)

Number of 

Stops

Distance 

between 

stops (km)

Total time 

(min)

Speed 

(KPH)

Frequency

(mins)

Radial Metro #1 Metro 37 38 980 65 34 4

Radial Metro #2 Metro 43 41 1040 73 35 4

Radial Metro #3 Metro 39 41 950 69 34 4

Radial Metro #4 Metro 34 34 1000 59 34 4

Circular Metro Metro 25 24 1030 42 35 4

Red Line LRT+ 29 41 700 61 28 11

Brown Line BRT 30 44 680 79 23 4

Pink Line BRT 21 37 580 60 21 4

Cyan Line BRT 29 35 830 68 25 5

 

 

Figure 5-5 Alternative M5 
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6. CAPITAL AND OPERATING COSTS 

The cost of a transport investment falls into two categories: capital costs, and operating and 

maintenance (O&M) costs. Capital costs are the start-up costs for the project, including the costs 

of track construction, stations, vehicles, and any system facilities necessary before the project 

can begin operation. Operating and maintenance costs are the costs associated with the regular 

running of a transport facility, including supporting operations such as feeder buses, or other 

improvements needed. Costs such as labour, vehicle maintenance, and overall facility 

maintenance are included in this category. 

This section presents the capital cost for design and construction, as well as the annual operating 

and maintenance (O&M) costs for all the alternatives.  

6.1  Capital Costs 

Capital cost estimates have been developed in accordance with the cost disaggregation 

recommended in France for public transport projects9. In the estimates, cost components for the 

various alternatives are developed and summarized into the standard cost categories. These cost 

categories form the basis for the format and structure that is used for the capital cost detail and 

for the summary sheets developed for this commission. 

Capital costs have been estimated using two in-house tools developed by Egis Rail: Predicoutram 

and Predicoumetro. They are the conjunction of a methodology, a computer tool and a database, 

which contains the unit prices of around 200 items. The unit prices come from the experience of 

Egis Rail working on previous metro and LRT projects around the world. These tools attribute a 

value by default to each item, but are modifiable by the user, according to the country and 

operation context. 

Key assumptions affecting the capital cost estimates are indicated below. 

6.1.1 Assumptions for underground sections 

 All metro lines have been considered as underground. 

 Some LRT lines have part of their alignment underground: the central sections of the red 

line and the green line as well as the initial section of the light orange line (RH RG line). 

                                                      
 
9 Appraisal of Segregated Public Transport systems. Certu (Research Centre for networks, transport, town planning and public 

construction), 2002 
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Figure 6-1 Red line (Left) and Green line (Right) 

  

 

Figure 6-2 RG RA line 

 

 Studies are estimated at 11% of the total construction cost, 3% of utility cost and the 

rolling stock studies are estimated at 2.4% of the rolling stock cost. 

 The contingency reserve is 15%  

 VAT is not included  
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6.1.1.1 Tunnelling 

Two concepts of metro tunnelling have been considered for the capital costs estimates: 

 Parallel twin bored tunnels, i.e two parallel tubes with one track in each, with 

connections between tubes every 762 m and equipped with fire doors or smoke traps, as 

recommended by American standards (NFPA 13010).  

 Single bored tunnel, i.e two parallel tracks in the same tube with escape ways to open 

air through the tunnel shafts every 762 m (NFPA 130). 

Capital costs for each concept differ mostly due to the different depth of construction and 

volume to excavate. Even though the capital costs of twin tunnelling items are lower (smaller 

diameter, lower depth etc), twin tunnelling requires more Tunnel Boring Machines (TBM) and 

drilling is multiplied by 2 (2 tubes).  

Note that, as Israeli standards tend to be more conservative regarding the distance between 

shafts, the global cost of each alternative under Israel Standard SI 5435 has also been calculated 

and it is indicated in Table 31.  According to SI 5435 (Fixed guideway transit and passenger rail 

systems: Fire safety requirements), the recommended spacing between shafts is 381m and the 

distance between cross passages for twin tunnels is 250m. 

Table 7 Capital costs for twin tunneling 

Items Unit 
Unit prices 

(Million 2014 Euros) 
Unit prices 
(Million NIS) 

Drilling TBM ml 0.022 0.090 

TBM (single tube 10m diameter) u 18.0 75.4 

Installation TBM u 5.0 20.9 

TBM shaft u 13.7 57.2 

Station crossing TBM u 3.0 12.6 

Intertube connections u 2.0 8.4 

 

Table 8 Capital costs for single tunneling 

Items Unit 
Unit prices 

(Million 2014 Euros) 
Unit prices 
(Million NIS) 

Drilling TBM ml 0.026 0.110 

TBM (single tube 10m diameter) u 20.0 83.8 

Installation TBM u 8.0 33.5 

TBM shaft U 25.5 106.7 

Station crossing TBM U 3.0 12.6 

Ventilation shaft U 12.0 50.3 
 
 

                                                      
 
10 National Fire Protection Association.  NFPA 130, Fixed Guideway and Passenger Rail Transit Systems 
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6.1.1.2 Stations 

 This cost estimate does not take into account the extra security and civil defense 

features required in Israel. Therefore, the cost estimate of the stations does not reflect 

the cost of a dual use as a sealed bomb shelter. 

 The stations are considered to be 100m long, 30m wide and 28m deep. The cost 

estimate for one station is 310 M ILS. However, that cost might be reduced if the station 

is less deep.  

 Stations are equipped with screen doors. 

Table 9 Cost per station 

Items Unit 
Unit prices  

(Million 2014 Euros) 
Unit prices 
(Million NIS) 

With Rolling stock (90m long) u 74 310 

Track ml 0.010 0.042 
 

6.1.1.3 Systems 

 The train operation is unattended (UTO).  This means that starting, stopping, operating 

doors and handling of emergencies are fully automated without any on-train staff. 

 The cost estimate includes 1 rail switch every 2 km.  

6.1.1.4 Rolling stock 

 The cost estimate for the rolling stock is for a subway train of 90m long at 41.8 M ILS. 

6.1.1.5 Depot 

 Each line has its own at-grade depot. Each depot is equipped with a Rolling stock 

stabling area, a workshop, a service station, a washing station, a guarding post and all 

necessary equipment, such as mobile multifunction machine for exterior washing, water 

recycling system, interior washing system, under-floor lathe, lifting equipment, painting 

equipment and towing equipment. 

 The depot access is underground. 

Table 10 Depot capital cost 

Items Unit 
Unit prices 
(Million NIS) 

Depot Per vehicle (if number of vehicles <40) 8 

 
Per vehicle (if number of vehicles >40) 6 

 

The figure below shows a cost split of a metro project per item. As expected the underground 

drilling and stations account for 78% of the total cost of the project.  
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Figure 6-3 Item cost split – radial metro 1 – C2 alternative 

 

6.1.1.6 Red line 

 The Red line cost was calculated using Predicoutram for the at-grade section and using 

the metro twin tunnelling capital costs for the underground section. The Red line cost 

estimation is not included in the totals of all the alternatives, as it is considered as a 

project base cost. The total cost for the Red line is estimated at 12.9 billion ILS, which 

translates into 489 - M ILS/km. The underground section costs 697 - M ILS/km and the at-

grade section costs 166 M ILS/km. Note that this cost is not the approved cost for the 

Red Line but an indicative cost based on our cost estimation approach. 

6.1.2 Assumptions for at-grade LRT sections  

 To reflect the particularities of executing projects in Israel, an additional rate of 20% 

was added to the construction costs in France. This is based on a broad comparison of 

unit prices in previous projects. 

All LRT lines follow this general description: 

 Studies include topography, geotechnical studies, soils, acoustics, air quality studies, 

specific surveys, technical control.  

 The project owner’s cost generally depends on the staffing size. For this estimate, staff 

includes 1 project director for 6 years, 1 vice director, 1 mandate director, 1 finance 

and administrative director, 1 technical director, 12 other staff over a period of 3 to 6 

years. 

 The project contractor’s costs include 3% of the utility works, 11% of overall 

construction cost and 2.4% of the rolling stock cost. 
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 Land acquisition is not included in the cost estimate 

 As the utility works costs might change significantly as more detailed information is 

available along the project, a ratio of 8.37M ILS/km has been used to estimate a rough 

utility works cost. This ratio excludes major utilities. 

 Preparatory works include preparing the area, urban equipment removal, tree removal 

(1 tree/10m), road deviation, temporary lighting, site installation, etc. 

 No information was available on major structures to be built or demolished, thus the 

estimates are based on assumptions resulting from site visits and maps inspection 

 Width of the driving platform: 6.4m wide 

 1 rail switch every 2 km 

 Double track concrete track lanes throughout the LRT line; if the width requires 

reducing vibration track lanes or floating slabs, the cost will change. 

 Concrete surface (grass surface is less expensive) 

 Roads and public spaces: roads in bituminous asphalt (asphalt concrete) 12m wide 

(2x6m), sidewalks in asphalt (2x3m) 

 Urban equipment: trees (+10% of the total removed trees), planted strip (2x2m), bike 

parking equipment, trashbins, public lighting 

 Signalling: major road crossing every 300m, other signalling every 200m.  

 Stations: 37.5m*2 (75m) long with 3-m wide platforms, high quality station with stone 

surfacing, underground technical box 

 Substations: 6 substations for 10 km of line 

 Catenary poles every 20m – mix of lateral and central cast-iron poles 

 Low current and OCC: intercom, video surveillance at crossings, stations, terminus, 

multifunction TVM, on-train ticket punching machines, bank card server, central 

ticketing systems, detection equipment at crossings, SAE (operating support system), 

radio transmission 

 Each line has its own depot equipped with : 

o Administrative building 

o Rolling stock storage building 

o Workshop 

o Service station 

o Washing station 
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o Guarding post 

o Equipments such as: mobile multifunction machine for exterior washing, water 

recycling system, interior washing system (nettotram), sand distribution, 

pantograph control system, under-floor lathe, lifting equipment, painting 

equipment, towing equipment. 

 Rolling stock: 37.5m long, 2.65m wide. Most lines are equipped with double cars.  

The table below shows the unit prices used for the estimation of LRT capital costs. 

Table 11 Unit prices for at-grade LRT 

Items Comments Unit Unit price  € 2014 Unit price ILS

Studies km 100 000 €                   418 767 ILS

Project owner’s costs depends on the staffing size 12 200 000 €              51 089 574 ILS

Utility works 3.0% 3.0%

Overall construction of the project 10.8% 10.8%

Rolling stock 2.4% 2.4%

Land acquisition not included

Utility works major utility network exluded km 2 000 000 €                8 375 340 ILS

Preparatory works

Depends on the site (cost exludes any major 

removal of special public equipment such as 

fountains, monument etc), number of trees etc 

(assumption 1 tree removed /10m) ml 865 €                           

3 622 ILS

Civil Engineering works Overpass/bridge m² 5 000 €                        20 938 ILS

overpass reinforcement u 1 000 000 €                4 187 670 ILS

track/driving platform Double track concrete track lanes ml 4 000 € 16 751 ILS

Switch u 390 000 €                   1 633 191 ILS

2-way switch for service operation in two branchesu 800 000 €                   3 350 136 ILS

switch to another line u 2 000 000 €                8 375 340 ILS

Terminus switch u 1 300 000 €                5 443 971 ILS

concrete surface m² 119 €                           498 ILS

separator ml 147 €                           616 ILS

Roads and public spaces ml 2 600 €                        10 888 ILS

Urban equipments ml 1 000 €                        4 188 ILS

Road traffic signaling Traffic light crossing every 300m 74 000 €                      309 888 ILS

Directional signage, horizontal signage every 200m 8 000 €                        33 501 ILS

Stations (at-grade) High quality station u 1 100 000 €                4 606 437 ILS

Catenary poles  (lateral) u                 33 300 € 139 449 ILS

Catenary poles  (central) u 14 000 €                      58 627 ILS

Substations u             1 100 000 € 4 606 437 ILS

Others (contact cable, cable feeder, energy control etc)

Station videosurveillance, interphony, ticketing system, equipment management system etcStation 350 000 €                   1 465 685 ILS

Ticketing system inside vehicle vehicle 55 000 €                      230 322 ILS

Ticketing central system flat rate package 1 500 000 €                6 281 505 ILS

road traffic equipment/detection crossing 100 000 €                   418 767 ILS

SAE (operating support system) flat rate package 4 500 000 €                18 844 515 ILS

SAE embarked on vehicle (operating support system)vehicle 26 300 €                      110 136 ILS

transmission radio, transmission system 20 km of LRT line 2 000 000 €                8 375 340 ILS

rail signalling flat rate package 1 800 000 €                7 537 806 ILS

Depot 20 LRT  (37.5m long) per LRT train 1 700 000 €                7 119 039 ILS

20 LRT (37.5m long) per LRT train 1 400 000 €                5 862 738 ILS

40 LRT  (37.5m long) per LRT train 1 300 000 €                5 443 971 ILS

Rolling stock 37.5 long LRT u 3 500 000 €                14 656 845 ILS

Contingencies 15%

VAT 18%

Project contractor’s costs

Specific rail systems

Surfacing

Power supply equipment

Low current and OCC
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Figure 6-4LRT project item cost split (Purple line for the A4 alternative) 

6.1.3 Assumptions for BRT  

 The BRT lines cost have been calculated from reference costs per kilometre in France.  

 No allowance was made for major structures for BRT lines.  

 The BRT rolling stock is characterized by branded articulated buses. 

Table 12 BRT capital costs 

 

Item Unit 
2014 Unit prices  
(Million Euros) 

2014 Unit prices  
(Million NIS) 

Line Km 8.0 33.5 

Station U 0.2 0.8 

Rolling stock U 1.0 41.9 

 

 The cost estimation of the 5 regional BRT lines (Orange, Ashdod, Regional south, 

Regional North, RD 4 north lines) is calculated at 60% of the BRT cost. It is assumed that 

the lines are not entirely segregated throughout their alignment and the rolling stock 

does not include articulated buses. 

admin
Sticky Note
Should be 4.19.
The Metronit RS cost was about half 500K Euro per unit and 1 million Euro per hybrid model. 
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6.1.4 Number of vehicles per alternative 

The following tables detail the number of vehicle per alternative. The number of vehicles is 

based on the peak frequency of each line, as detailed in section 5. Note that the LRT vehicles 

are double units (2X37.5m). 

Table 13 Number of metro trains per line and alternative 

Alternative A4 M100 C2 C3C M5 

Radial metro 1 
 

56 85 62 44 

Radial metro 2 
 

28 
  

49 

Radial metro 3 
 

 
 

45 47 

Radial metro 4 
 

 
  

40 

Circular line 
 

22 24 26 30 

Total 0 106 109 133 210 

Table 14 Number of LRT vehicles per line and alternative 

Alternative A4 M100 C2 C3C M5 

Green line 78  64 46 
 RG RH line 

 
 29 

  Yellow line 64  40 
  Purple line 44  76 
  Brown line 32  

   Total 218 0 209 46 0 

Table 15 Number of BRT vehicles per line and alternative 

Alternative A4 M100 C2 C3C M5 

Green line 
 

17 
   Yellow line 

 
10 

   Brown line 
 

41 52 41 52 

Blue line 43 43 35 
  Pink line 32 41 41 41 41 

Cyan line 
 

48 48 48 39 

Total 75 200 176 130 132 

Table 16 Number of BRT vehicles per regional line for alternatives M100, C2, C3C and M5 

Line 
Number of 

buses 

Orange line 17 

Ashdod line 14 

Regional line South 30 

Regional line North 66 

RD 4 line North 24 

Total 151 
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6.1.5 Capital costs for each alternative 

The total capital costs for each alternative and for each line are shown in the following tables.  

6.1.5.1 A4 alternative 

The total capital costs of the alternative A4 is around 27.8 billion NIS, as detailed in the table 

below. The Green line cost is 8.5  billion NIS when single tunneling is considered, however if the 

twin tunneling option is considered, the cost increases by about 6%, passing from 8.5 to 9.03 

billion NIS.  

Table 17 Alternative A4 capital costs per line 

Line Mode 
Capital Cost  
(Billion NIS) 

Length  
(Km) 

Cost per Km  
(Million NIS) 

Red line LRT 12.9 26 489 

Green line LRT 9.03 36 250 

Yellow line LRT 4.3 27 161 

Purple line LRT 3.8 27 138 

Brown line LRT 4.3 27 152 

Blue line BRT 1.09 21 51 

Pink line BRT 1.03 21 49 

Total 
 

36.4 187 
194 

 

Total – Excluding Red line 
 

23.5 161 146 

     Single tunneling: 
    Green line LRT 8.5 36 237 

 
 

Overall, the A4 alternative costs 143 - 146 M ILS/km (177 - 181 M ILS/km for LRT and 50 M ILS/km 

for BRT). 

The split of costs by mode is shown in the table below.  

Table 18 Alternative A4 capital cost per kilometre 

 
Metro LRT BRT Total 

Twin Tunneling 
    Capital cost (Billion NIS) 
 

21.4 2.1 23.5 

Length (Km) 
 

119 43 161 

Cost per Km (Million NIS) 
 

181 50 146 

     Single Tunneling  
    Capital cost (Billion NIS) 
 

20.9 2.1 23.1 

Length (Km) 
 

119 43 161 

Cost per Km (Million NIS) 
 

177 50 143 
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6.1.5.2 M100 Alternative 

The total capital costs for M100 is around 80 billion ILS. The twin tunneling option is around 9% 

more expensive in this alternative. 

Table 19 M100 capital costs per line 

Line Mode 
Capital Cost  
(Billion NIS) 

Length  
(Km) 

Cost per Km  
(Million NIS) 

Red line LRT+ 13.1 29 456 

Radial metro 1 Metro 27.3 29 928 

Radial metro 2 Metro 25.2 28 915 

Circular line Metro 21.3 25 858 

Green line BRT 0.5 11 49 

Yellow line BRT 0.3 5 51 

Brown line BRT 1.4 30 47 

Blue line BRT 1.1 21 51 

Pink line BRT 1.1 21 51 

Cyan line BRT 1.4 29 49 

Total 
 

92.6 228 406 

Total - Excluding Red line 
 

79.5 199 399 

     Single tunneling: 
    Radial metro 1 Metro 24.9 29 846 

Radial metro 2 Metro 22.8 28 829 

Circular line Metro 19.5 25 785 

Overall, the M100 alternative costs 366-399 M ILS/km (822-902 M ILS/km for metro and 49 M 

ILS/km for BRT). The metro costs increase the cost/km as compared to the A4 alternative 

cost/km. 

 

Table 20 M100 capital cost/km 

 
Metro LRT BRT Total 

Twin Tunneling  
    Cost (Billion NIS) 73.7 

 
5.8 79.5 

Length (Km) 82 
 

118 199 

Cost per Km (Million NIS) 902 
 

49 399 

     Single Tunneling  
    Cost (Billion NIS) 67.1 

 
5.8 73 

Length (Km) 82 
 

118 199 

Cost per Km (Million NIS) 822 
 

49 366 
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6.1.5.3 C2 Alternative 

The total capital costs for C2 is around 92 billion ILS. The twin tunneling option is less than 8% 

more expensive in this alternative.  

 

Table 21 C2 capital costs per line 

Line Mode 
Capital Cost  
(Billion NIS) 

Length  
(Km) 

Cost per Km  
(Million NIS) 

Red line LRT 13.1 29 456 

Radial metro 1 Metro 41 46 893 

Circular line Metro 21.4 25 862 

Green line Metro 8.7 36 242 

Yellow line LRT 3.8 27 142 

Purple line LRT 4.1 24 171 

RG RA line LRT 8.3 20 407 

Brown line BRT 1.5 30 50 

Blue line BRT 1.1 21 49 

Pink line BRT 1.1 21 51 

Cyan line BRT 1.4 29 49 

Total 
 

105.5 308 342 

Total - Excluding Red line 
 

92.3 280 330 

     Single tunneling: 
    Radial metro 1 Metro 37.5 46 817 

Circular line Metro 19.6 25 790 

Green line LRT 8.2 36 228 

 

Overall, the C2 alternative costs 307-330M ILS/km (807-883 M ILS/km for metro, 222-232 M ILS 

for LRT and 50 M ILS/km for BRT).  

Table 22 C2 capital cost/km 

 

 
Metro LRT BRT Total 

Twin Tunneling  
    Cost (Billion NIS) 62.4 24.9 5 92.3 

Length (Km) 71 107 102 280 

Cost per Km (Million NIS) 883 232 50 330 

     Single Tunneling  
    Cost (Billion NIS) 57.1 23.8 5 85.9 

Length (Km) 71 107 102 280 

Cost per Km (Million NIS) 807 222 50 307 
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6.1.5.4 C3C Alternative 

The total capital costs for C3C is around 133billion ILS. The twin tunneling option is around 10% 

more expensive in this alternative.  

 

Table 23 C3C capital costs per line 

Line Mode 
Capital Cost  
(Billion NIS) 

Length  
(Km) 

Cost per Km  
(Million NIS) 

Red line LRT 13.1 29 456 

Radial metro 1 Metro 67.4 81 830 

Radial metro 3 Metro 33.1 38 878 

Circular line Metro 21.5 25 867 

Green line LRT 7.1 22 316 

Brown line BRT 1.4 30 48 

Pink line BRT 1.1 21 51 

Cyan line BRT 1.4 29 49 

Total 
 

146.1 275 531 

Total - Excluding Red line 
 

133 247 540 

     Single tunneling: 
    Radial metro 1 Metro 61 81 751 

Radial metro 3 Metro 30 38 796 

Circular line Metro 19.7 25 794 

Green line LRT 6.6 22 294 
 

Overall, the C3C alternative costs between 492 and 540 M ILS/km (770-849 M ILS/km for metro, 

294-316 M ILS for LRT and 48 M ILS/km for BRT). The C3C alternative of the green line increases 

the cost/km for LRT (294-316 M ILS/km) as compared to the C2 alternative cost/km (228-242 M 

ILS/km). The green line in this alternative is much 14 km shorter in the at-grade sections but 

conserves the same length in the underground sections, therefore increasing the cost/km since 

the weight of the underground sections is higher (18% compared to 11% for A4 and C2 

alternatives). 
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Table 24 C3C capital cost/km 

 
Metro LRT BRT Total 

Twin Tunneling  
    Cost (Billion NIS) 122 7.1 3.9 133 

Length (Km) 144 22 80 247 

Cost per Km (Million NIS) 849 316 48 540 

     Single Tunneling  
    Cost (Billion NIS) 110.6 7.1 3.9 121.2 

Length (Km) 144 22 80 247 

Cost per Km (Million NIS) 770 294 48 492 
 

6.1.5.5 M5 Alternative 

The total capital costs for M5 is around 159 billion ILS. The twin tunneling option is around 10% 

more expensive in this alternative.  

Table 25 M5 capital costs per line 

Line Mode 
Capital Cost  
(Billion NIS) 

Length  
(Km) 

Cost per Km  
(Million NIS) 

Red line LRT 13.1  29  456 

Radial metro 1 Metro 32.8  37  885  

Radial metro 2 Metro 36.4  43  851  

Radial metro 3 Metro 34.8  39  897  

Radial metro 4 Metro 29.7  34  877  

Circular line Metro 21.7  25  875  

Brown line BRT 1.5  30  50  

Pink line BRT 1.1  21  51  

Cyan line BRT 1.4  29  47 

Total 
 

172.6  287  602 

Total - Excluding Red line 
 

159.4  258  618 

     Single tunneling: 
    Radial metro 1 Metro 29.7  37  802  

Radial metro 2 Metro 32.9  43  768  

Radial metro 3 Metro 31.5  39  812 

Radial metro 4 Metro 27.1  34  800 

Circular line Metro 19.9  25  803  
 

Overall, the M5 alternative costs between 563 and 618M ILS/km (796-877M ILS/km for metro and 

50 M ILS/km for BRT). 
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Table 26 M5 capital cost/km 

 

 
Metro LRT BRT Total 

Twin Tunneling  
    Cost (Billion NIS) 155.5 

 
3.9 159.4 

Length (Km) 177 
 

80 258 

Cost per Km (Million NIS) 877 
 

50 618 

     Single Tunneling  
    Cost (Billion NIS) 141.1 

 
3.9 145.1 

Length (Km) 177 
 

80 258 

Cost per Km (Million NIS) 796 
 

50 563 

 

6.1.5.6 Summary 

The following table shows a cost summary. 

 

Table 27 Capital costs per alternative, assuming twin tunneling and excluding Red line (Billion NIS) 

Alternative Metro LRT BRT Total 
Length 
(Km) 

Cost/km (Million 
NIS) 

A4 
 

21.4 2.1 23.5 161 146 

M100 73.7 
 

5.8 79.5 199 399 

C2 62.4 24.9 5 92.3 280 330 

C3c 122 7.1 3.9 133 247 540 

M5 155.5 0.0 3.9 159.4 258 618 
 
 

The following table shows a sensitivity test with single tunneling. 

Table 28 Capital costs per alternative, assuming single tunneling and excluding Red line (Billion NIS) 

Alternative Metro LRT BRT Total 
Length 
(Km) 

Cost/km 
(Million NIS) 

A4 
 

20.9 2.1 23.1 161 143 

M100 67.1 0.0 5.8 73 199 366 

C2 57.1 23.8 5 85.9 280 307 

C3c 110.6 6.6 3.9 121.2 247 492 

M5 141.1 0.0 3.9 145.1 258 563 

 

The sensitivity test shows that for the short underground sections of the LRT lines (Green and RG 

RH lines), twin tunneling is over 5 % more expensive. For alignments longer than 20km, twin 

tunneling is 10% more expensive.  
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Table 29 Capital cost/km per mode for the twin tunneling option (Million NIS) 

Alternative Metro LRT BRT Total 

A4 
 

181 50 146 

M100 902 
 

49 399 

C2 883 232 50 330 

C3c 843 316 48 540 

M5 877 
 

50 618 

Table 30 Capital cost/km per mode for the single tunneling option (Million NIS) 

Alternative Metro LRT BRT Total 

A4 
 

177 50 143 

M100 822 
 

49 366 

C2 807 222 50 307 

C3c 770 294 48 492 

M5 796 
 

50 563 

 

6.1.5.7 Israeli standards for distance between shafts 

The table below shows the additional cost vs. European regulations that each alternative would 

carry if the Israeli norm is used in terms of shaft and cross passage spacing (see section 6.1.1.1). 

Table 31 Additional cost if Israeli norm is used (Billion NIS) 

Alternative 
Twin 

tunneling 
Single 

tunneling 

A4 +0.4 +0.3 

M100 +2.3 +6.9 

C2 +2.3 +6.7 

C3c +4.2 +12.4 

M5 +5 +15 

 

6.1.5.8 Regional BRT lines 

The total capital cost for the 5 regional BRT lines is 3.91 billion NIS. 

Table 32 Regional BRT lines capital costs 

Line 
Cost  

(Billion NIS) 
Length  
(Km) 

Cost per Km  
(Million NIS) 

Orange Line 0.46 17 28 

Ashdod Line 0.31 11 29 

Regional South Line 1.02 39 26 

Regional North Line 1.45 51 28 

RD 4 line North Line 0.65 24 27 

Total 3.91 142 28 
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6.2  Operating costs 

Urban rail transit Operating and Maintenance costs are defined as the sum of all the costs of rail 

transit system during transporting passengers.  They include employee wages and bonus, 

material costs, electric power costs and depreciation costs. 

Operating and maintenance cost estimates for each alternative have been determined by 

multiplying the unit costs by the number of hours and kilometers of service. The fully burdened 

cost comes from adding the costs generated by these factors and the overhaul and obsolescence 

cost. 

6.2.1 Operating costs assumptions 

The operating costs were calculated based on the following assumptions: 

 Different weekday headways were calculated according to the high peak frequency 

 Midday/evening headway: +20% of the high peak headway 

 Off-peak headway varies between + 50% to +100% of the high peak headway 

 Summer weekdays headway: +20% of the weekdays headway 

 Friday headway: +50% of the weekdays headway 

 Saturday/holiday headway: +100% of the weekdays headway 

The following table illustrates these assumptions.  

Table 33 Typical Rapid transit lines headways by time period (minutes) 

*1.2 *1.5 *2 as Saturday

05h-06h off peak (peak*2) 10 13 15

06h-07h off peak (peak*1.5) 8 10 11

07h-08h peak 5 7 7.5

08h-09h peak 5 7 7.5

09h-10h peak 5 7 7.5

10h-11h 6 8 9

11h-12h 6 8 9

12h-13h 6 8 9

13h-14h 6 8 9

14h-15h 6 8 9

15h-16h 6 8 9

16h-17h peak 5 7 8

17h-18h peak 5 7 8

18h-19h peak 5 7 8 10 10

19h-20h

*1.2 from peak time 

(evening) 6 8 9 12 12

20h-21h

*1.2 from peak time 

(evening) 6 8 12 12

21h-22h off peak (peak*1.5) 8 10 15 15

22h-23h off peak (peak*2) 10 13 20 20

23h-24h off peak (peak*2) 10 13 20 20

00h-01h off peak (peak*2) 10 13 20 20

*1.2 from peak time 

midday

Intervals in minutes

Weekdays -

Summer
Friday SaturdayWeekdays Holiday
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Figure 6-5 Rapid transit lines headways by time period (minutes) 

 

 For the estimation of annual O&M costs, the days are classified in 5 categories, as shown 

in the table below. 

Table 34 Day categories of service 

Day category Days/year 

Weekdays 222 

Summer weekdays 30 

Friday 52 

Saturday 52 

Holidays 9 

Total 365 

 The peak headways are shown in the following table. 

Table 35 Peak headway per line and alternative (minutes) 

Line Mode A4 M100 C2 C3C M5 

Radial metro 1 Metro 
 

2.5 6 2.5 4 

Radial metro 2 Metro 
  

6 5 4 

Radial metro 3 Metro 
  

4 
 

4 

Radial metro 4 Metro 
    

4 

Circular line Metro 
 

5 4.5 5.5 4 

Green line LRT/BRT 4 7 6 5 
 RG RH Line LRT 

 
4 

   Red line LRT 4 5 4 4 5 

Yellow line LRT/BRT 6 10 
 

5 
 Purple line LRT 8 4 

   Blue line BRT 4 5 
 

4 
 Brown line BRT 5 4 5 5 4 

Pink line BRT 5 4 4 4 4 

Cyan line BRT 
 

4 4 4 5 

Orange line BRT 
 

7.5 7.5 7.5 7.5 

Ashdod line BRT 
 

7.5 7.5 7.5 7.5 
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Regional line South BRT 
 

7.5 7.5 7.5 7.5 

Regional line North BRT 
 

5 5 5 5 

RD 4 line North BRT 
 

5 5 5 5 

 

 The annual kilometres do not include dead mileage to depots. The operating costs are 

calculated from reference operating costs per kilometer in France. 

 

 

Mode 

O&M cost 
(NIS/km) 

Automatic metro (UTO) 52 

LRT 44 

BRT 25 

 

 The overhaul and obsolescence cost is calculated over a period of 35 years, using as 

basis the Jerusalem Red line project and it is estimated as 20% of the rolling stock cost. 

To this end, it is assumed that Metro and LRT vehicles have a major overhaul every 25 

years. BRT vehicles have a shorter life cycle and therefore, the assumption is that they 

get a major overhaul every 7.5 years.  

6.2.2 Operating costs 

6.2.2.1 A4 Alternative 

The total O&M cost/year for the A4 alternative is 1 612 M ILS. 

Table 36 Alternative A4 operating costs 

Line Mode 
Km/year 
(Million) 

Operating 
cost/year 
(Million NIS) 

Overhaul and 
obsolescence 
per year 
(Million NIS) 

Total O&M 
Cost/Year  
(Million NIS) 

Green line LRT 3.5 164 263 427 

Yellow line LRT 2.5 116 216 332 

Purple line LRT 1.9 89 148 238 

Brown line LRT 3.1 146 216 362 

Blue line BRT 2.9 61 83 144 

Pink line BRT 2.3 47 62 109 

Total 
 

16.1 625 1165 1612 
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6.2.2.2 M100 Alternative 

The total O&M cost/year for the M100 alternative is 2248 M ILS. 

Table 37 A 

lternative M100 operating costs 

Line Mode 
Km/year  
(Million) 

Operating 
cost/year  
(Million NIS) 

Overhaul and 
obsolescence per 
year  
(Million NIS) 

Total O&M  
Cost/Year  
(Million NIS) 

Radial metro 2 Metro 6.5 286 539 825 

Radial metro 2 Metro 3.0 134 270 403 

Circular line Metro 2.5 110 212 322 

Green line BRT 1.2 24 33 57 

Yellow line BRT 0.6 12 19 31 

Brown line BRT 3.3 69 79 148 

Blue line BRT 2.9 61 83 144 

Pink line BRT 2.9 61 79 140 

Cyan line BRT 4.0 83 92 176 

TOTAL 
 

26.9 841 1406 2248 

 

6.2.2.3 C2 Alternative 

The total O&M cost/year for the C2 alternative is 3 530 M ILS. 

Table 38 Alternative C2 operating costs 

Line Mode 
Km/year  
(Million) 

Operating 
cost/year  
(Million NIS) 

Overhaul and 
obsolescence  
(Million NIS) 

Total O&M  
Cost/Year  
(Million NIS) 

Radial metro 1 Metro 10.1 445 819 1263 

Circular line Metro 2.7 121 231 352 

Green line LRT 2.8 133 216 349 

Yellow line LRT 1.5 70 135 205 

Purple line LRT 3.3 157 256 413 

RG RA line LRT 2.8 133 196 328 

Brown line BRT 4.1 87 100 187 

Blue line BRT 2.3 49 67 116 

Pink line BRT 2.9 61 79 140 

Cyan line BRT 4.0 83 92 176 

TOTAL  36.7 1339 2191 3530 

 
 
 
 
 



 

 

 

 

 

Monitoring Services for the Tel Aviv Mass transit Network 
 

 

EGIS Rail  
8 Nachalat YItzhak St. Tel Aviv 073- 741 30 30 

       59 
59 

 

 

 

6.2.2.4 C3C Alternative 

The total O&M cost/year for the C3C alternative is 2686 M ILS. 

Table 39 Alternative C3C operating costs 

 

Line Mode 
Km/year 
(Million) 

Operating 
cost/year 
(Million NIS) 

Overhaul and 
obsolescence 
(Million NIS) 

Total O&M 
Cost/Year  
(Million NIS) 

Radial metro 1 Metro 7.4 326 597 923 

Radial metro 3 Metro 5.2 228 433 662 

Circular line Metro 3.0 134 250 384 

Green line LRT 2.1 97 155 253 

Brown line BRT 3.3 69 79 148 

Pink line BRT 2.9 61 79 140 

Cyan line BRT 4.0 83 92 176 

TOTAL 
 

27.9 1000 1687 2686 

 

6.2.2.5 M5 Alternative 

The total O&M cost/year for the M5 alternative is 3 567 M ILS. 

Table 40 Alternative M5 operating costs 

Line Mode 
Km/year 
(Million) 

Operating 
cost/year 
(Million NIS) 

Overhaul and 
obsolescence  
(Million NIS) 

Total O&M 
Cost/Year  
(Million NIS) 

Radial metro 1 Metro 5.1 225 424 649 

Radial metro 2 Metro 5.9 259 472 731 

Radial metro 3 Metro 5.3 235 453 688 

Radial metro 4 Metro 4.7 206 385 591 

Circular line Metro 3.4 151 289 439 

Brown line BRT 4.1 87 100 187 

Pink line BRT 2.9 61 79 140 

Cyan line BRT 3.2 67 75 142 

TOTAL 
 

34.7 1290 2277 3567 
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6.2.2.6 Operating cost summary 

The following table shows a summary of the annual operating costs per alternative. As expected, 

M5 has a higher operating cost and A4 the lowest operating cost. Though as we analyzed the cost 

per running km, A4 and M5 both have high cost/running km. C2 and C3C are comparable in terms 

of cost/running km and M100 has the lowest operating cost/running km, overhaul included. 

Table 41 Operating costs per alternative 

 

A4 M100 C2 C3C M5 

Kilometres/Year (Million) 16.1 26.9 36.7 27.9 34.7 

O&M Cost/Year (Million NIS) 625 841 1339 1000 1290 

Overhaul and obsolescence (O&O) (Million NIS) 987 1406 2191 1687 2277 

O&M Cost/Year Incl. O&O (Million NIS) 1612 2248 3530 2686 3567 

O&M Cost/Km (NIS) 39 31 36 36 37 

O&M Cost/Km Incl. O&O (NIS) 100 83 96 96 103 
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7. ALTERNATIVES ANALYSIS 

Three key objectives to keep in mind when planning public transport networks are indicated 

below: 

 Coverage, i.e. the extent of origins and destinations covered by the network; 

 Legibility of the network, which indicates how easily users and potential users 

understand it; and 

 Directness of the network, which indicates the number of times a passenger needs to 

transfer from one vehicle to other to reach their destination.  Directness can also 

impinge on network legibility;  

In this section we summarize the extent to which the different alternatives attain these 

objectives. 

7.1.1 A4:  Master Plan 

 There are pockets of population not directly served by any mass transit lines, such as 

part of Hod  Hasharon , part of Rishon LeZyon and a large part of Petah Tikva.  Although 

it would not be feasible to provide mass transit lines across the whole metropolis, an 

integrated network should also include connecting public transport lines and feeder 

services.  Feeder services would pick up passengers from the trip generators centres, to 

take them to a transfer point where they would be able to continue their journey on a 

trunk service. 

 The municipalities located on the edges of the metropolis (along road Nr 6) are not 

directly served by any mass transit lines (Rosh Haayin, El’ad, Kfar Qasem and Shoham). 

 The Blue, Yellow and Green lines are not connected to the Red line in Jaffa.  

 It focuses on radial movements.  There are no orbital lines that offer connectivity 

between municipality centres, encouraging development of the CBD. 

 There is a high stops density in the CBD.  Further analysis should be done in the area to 

determine how much offer is required. 

 The yellow line seems complex and difficult to operate, given the existence of three 

relatively short branches. 

 It misses a radial connection between Red and Purple in Givatayim, RG and Bnie-Brak 

(RG-RH in other alternatives) 
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7.1.2 M100: 100 Billion NIS Metro 

 Alternative M100 covers all of the municipalities, at least partially.   

 It is an integrated network that offers the capacities of different modes to respond to 

varying demands across the network. 

 Part of Petah Tikva and the future development around Ramat ha-Sharon are not served 

directly, but could be served through services of lower capacity, such as conventional 

buses. 

 A large part of the Cyan line runs along areas that are not currently populated and which 

do not appear to represent development areas for the near future.  The demand for this 

line might not justify the provision of a frequent BRT service along the whole itinerary, 

at least in the near future, but it could be dedicated to bus and High Occupancy 

Vehicles (HOV) during the peak hours. 

 The Blue line is not connected to the Red line in Jaffa.  

7.1.3 C2:  Combined alternative with two Metro lines 

 It seems to offer an excess capacity in the South of Tel Aviv, with the provision of 4 

mass transit lines running along a similar itinerary (Yellow line, Blue line and two 

branches of the Green line) in addition to the suburban rail.   The catchment area of a 

section of these lines overlaps over a distance of around 5 Km.  Although the demand in 

this area might justify the provision of a high capacity public transport network, some of 

the itineraries could be offered through services of lower capacity, such as conventional 

buses. 

 It offers fully competing services along a long section of the Pink and Blue lines with the 

Metro radial line #1. Further analysis might demonstrate that the Blue line should be 

designed as a local LRT line to serve Ness Ziona and Rehovot.  Additionally it might not 

be necessary to extend it to the CBD, given the existence of the Metro radial line #1. 

 It offers a complex network of mass transit services around Ramat ha-Chayil, with the 

provision of three lines in an area of around 2 Km of diameter (final stations of the 

Yellow, Green and Red lines).  This might not just be unjustified by the demand, but 

also technically difficult to implement, given the complexity of the infrastructure that it 

would require. 

7.1.4 C3C: Combined alternative with three Metro lines 

 Alternative C3C offers a complex metro network, difficult to operate, as the central 

section of Radial line #1 appears short. In practice, any delays generated at either end 

of the line would accumulate along the North and Sound sections, generating serious 

delays on the central section. 
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 The branches of the radial metro lines #1 and #2 compete directly with the pink line.  

This might not be incompatible, as long as the metro and the BRT lines are given 

different and complementary functions.  The BRT can offer local accessibility, while the 

metro line offers high speed connection to the CBD.  In that case, the distance between 

stations should be optimised, so that passengers have a short walk to access the BRT 

line, which then feeds them onto the metro services. 

 In the south, the Brown line acts as a feeder BRT and as local service. 

 The north branch of the purple line seems long and goes through an area of low density, 

before reaching Rosh Haayin.  Some sections actually serve wholly unpopulated areas.  A 

couple of options are envisaged here:  Keeping the extension between Petah Tikva and 

Rosh Haayin as a high speed metro line, with no intermediary stations (in which case, it 

could also be considered as a segregated/elevated metro); or replacing it for a BRT or 

LRT extension. 

7.1.5 M5: Five Metro lines 

 Alternative M5 appears very complex and difficult to read for the user. 

 It encourages the development of the CBD, as opposed to the development of other 

municipalities.  Ideally, an integrated network should encourage the development of 

cities located outside the CBD.  This can be done by offering cross city links connecting 

the necessary radial lines. 

 There are three metro lines running parallel, within 1Km from each other in the South of 

Tel Aviv, generating competing services and, probably, oversupply of public transport 

services. 

 The Radial Metro line #1 runs along the same itinerary of the Brown line. However, as 

indicated above, these lines can be complementary, as they can offer different 

functions (local accessibility Vs fast connexion to the CBD). 

 The North branch of the Radial Metro line #3 runs parallel to the Pink line.  As 

mentioned above in alternative C3C, the two lines can be designed to offer 

complementary services, so that the BRT line feeds the metro line. Another option is 

extending the metro line, with a relatively short distance between stations, to remove 

the Pink line. 

 The north branch of the Radial Metro line #3 goes through an area of low density before 

reaching Rosh Ha’ayin.  As before, a couple of options are envisaged:  Keeping the 

extension between Petah Tikva and Rosh Haayin as a high speed metro line, with no 

intermediary stations (in which case, it could also be considered as a 

segregated/elevated metro); or replacing it for a BRT or LRT extension. 
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7.2  Multi-criteria evaluation of alternatives 

7.2.1 Evaluation framework 

An evaluation framework has been developed to compare the different alternatives.  This is a 

mechanism to describe, measure, judge, rank and compare the various impacts from the 

different alternatives. The main objective of this framework, therefore, is to select the 

preferred alternative, taking into account the criteria indicated below: 

 Demand criteria 

 Ridership of PT lines 

 Global PT share 

 Urban aspects  

 Impact on development linked to Network structure (centralised Vs 

polarised) 

 System’s integration in the existing urban grid 

 Feasibility 

 Alignment (elevated, at grade, underground) 

 Availability of right of way 

 Depots location 

 Costs 

 Public transport 

 Operation flexibility 

 Adequacy of supplied capacity  

 Commercial speeds 

 Vehicle-kilometres 

7.2.2 Assessment of Importance and Significance 

Some evaluation criteria may be more important than others in terms of achieving Tel Aviv’s 

goals. Hence, each criterion has been ranked with a relative importance scale, which is reflected 

in the final evaluation: 

+++ High Importance 

++ Moderate Importance 

+ Slight Importance 
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Effectively, this provides a weighting system, which, is consistent with a proposed seven-point 

scale for the assessment of significance (3 positives, 3 negatives and one neutral, see below). 

 Large beneficial 

 Moderate beneficial 

 Slight beneficial 

 Neutral 

 Slight adverse 

 Moderate adverse 

 Large adverse  

 

7.2.3 Demand criteria 

The table below shows the indicators used to evaluate the impact on demand of each 

alternative. For this analysis, the 2040 population and jobs in the catchment area has been 

considered as those within the following distances from a mass transit station: 

 BRT= 400m 

 LRT= 600m 

 Metro =800m 

The results show that alternative M5 has the highest public transport ridership, with around 0.31 

million trips in the AM peak period and a PT share of 39%. In contrast, alternative A0, i.e. the 

Red Line only, would attract only 24% of trips to public transport in the AM peak period. 

Alternative M5 is also the alternative with the highest number of population an employment 

within the catchment area of its mass transit stations. 

Table 42 Demand indicators 

Alternative 

2040 AM 

peak PT 

trips 

(Millions) 

2040 AM 

peak Car 

trips 

(Millions) 

2040 AM 

peak PT 

share 

2040 

Population 

(Millions) 

2040 Jobs 

(Millions) 

 A0  0.18 0.57 24% 0.37 0.40 
 A4  0.26 0.51 33% 0.90 0.53 

 M100  0.26 0.51 34% 1.41 0.71 
 C2  0.28 0.49 37% 1.68 0.87 
 C3  0.29 0.48 38% 1.77 0.88 
 M5  0.31 0.47 39% 1.88 0.97 
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Figure 7-1  Demand indicators 

 

The evaluation framework applied to these criteria is shown in the table below: 

Table 43 Evaluation of demand indicators 

Alternative AM peak PT 
trips 

AM peak PT 
share Population Jobs Overall 

 A4       
 M100       
 C2       
 C3       
 M5        

7.2.4 Urban aspects 

Rapid Transit can be a trigger for city development and/or renewal of the city.  The urban 

criteria indicated below allow measuring how well the system integrates in the actual urban grid.  

Two aspects are thus analysed: The number of expropriations required and the impact on the 

landscape /environment.  In these two senses, the impact on the urban grid is greater for those 

alternatives with a higher number of mass transit stations. 

As shown in Table 44, alternative M5 has the highest number of mass transit stations and the 

shortest length of at grade alignment.  While a higher number of stations in the Central Business 

District (CBD) might encourage hyper densification of the CBD, a long length of at grade 

alignment will mean a higher number of land expropriations and a greater impact on the 

landscape. 
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Table 44 Urban indicators 

Alternative Rapid Transit 
Stations 

At grade 
alignment length 

(Km) 
A4 192 114 

M100 84 0 
C2 245 97 
C3 175 18 
M5 178 0 

   

Figure 7-2 Urban indicators 

 

The table below translates the indicators above in measures of significance. In addition, it 

intends to show in what measure the alternative encourages development of the CBD.  The 

premise is that a radial network will encourage a centralised development, whereas a grid of 

mass transit lines will encourage a decentralised development.  It is generally accepted that a 

decentralised development will lead to shorter commuting times and a more balanced used of 

the transport network. 

Table 45 Evaluation of urban indicators 

Alternative 
Impact on 

development 

System's 
integration in the 
existing urban grid 

Overall 

A4       

M100       

C2       

C3       

M5       

7.2.5 Feasibility 

In the context of this study, feasibility criteria include technical feasibility, or a measure of the 

technical difficulty to implement the alternative (number of depots, aggregate of right of way) 

and the economic feasibility, measured as capital costs.  
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The technical indicators are shown in table 45. 

Table 46 Feasibility Indicators 

Alternative 
Total 

underground 
length (Km) 

Nr of rail 
based lines 

Capital cost 
(Billion NIS) 

Capital 
cost/Km 

(Million NIS) 

Capital 
cost/person 
(Thousand 

NIS) 

Operating 
costs/year 

(Million NIS) 

A0 13 1 13.1 545 35 137 

A4 4 4 23.5 146 26 533 

M100 82 3 79.5 399 94 841 

C2 81 6 92.3 330 47 1240 

C3c 148 4 133 540 52 980 

M5 177 5 159 618 85 1290 

 

   

Figure 7-3 Feasibility indicators 

 

The feasibility indicators are reflected in the table below. 

Table 47 Feasibility Indicators evaluation 

Alternative Right of way Depots 
Cost 

/Person 
Operating 

cost 
Overall 

A4     
  

M100     
  

C2     
  

C3     
  

M5     
  

 

Overall, alternative A4 is the most feasible, as although it requires a significant amount of right 

of way, it requires fewer depots than alternatives C2 or M5 and has the lowest capital costs.  In 

contrast, alternative C2 is the least feasible, mostly given the high number of depots required 

and its highest operating costs. 
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7.2.6 Public transport criteria 

The public transport criteria analysed include: 

 Operation stability 

 Adequacy of supplied capacity 

 Average commercial speeds 

 Time savings 

 Number of boardings per passenger 

The operation stability is key to provide a good level of service in terms of speed and regularity, 

at the lowest operating cost. A stable operation ensures that priority can be given to mass transit 

vehicles at intersections and also the respect of the planned scheduling.  The difference 

between the alternatives in regard of this criterion mainly lies in the quantity of common trunks 

of each line. Common trunks create a number of constraints in the operation and imply that a 

perturbation on a line can spread to another one. Short branches at the extremity of a line are 

not considered to create common trunks, as the operational constraints are much lower in this 

case, because the coordination is much easier.  

From this perspective, alternative M5 is the most stable, as it provides long public transport 

lines, with fewer branches, whereas alternative A4 is the least stable. 

On the other hand, the capacity supplied by an alternative is considered adequate if the 

maximum loads on the lines are close to 100% of the capacity, the overall average loads are high 

and there is capacity reserve, which would allow shortening the headways if required.  These 

aspects are measured through the maximum volume/capacity ratio of each line.  Note that both, 

under-utilisation and over congestion of public transport vehicles are scored negatively, while 

lines operating at between 70% and 80% of capacity are considered as optimal. 

As shown in Table 50: 

 2 mass transit lines of alternative A4 are over congested, as show a volume/capacity 

ratio higher than 1.0. 

 No mass transit lines over congested in alternative M100 

 The Red line is over congested in Alternative C2 

 The Circular metro and Green lines are under-utilised in alternative C3 

 No MT lines are over congested in alternative M5, but Radial Metro line #1 and Red line 

are under-utilised 

 

 



 

 

 

 

 

Monitoring Services for the Tel Aviv Mass transit Network 
 

 

EGIS Rail  
8 Nachalat YItzhak St. Tel Aviv 073- 741 30 30 

       70 
70 

 

 

 

Table 48 Public transport indicators 

Alternative 
Passenger 

hours 
(Millions) 

Time savings 
(Thousand 

hours) 

Boardings 
/passenger 

PT speeds 
PT In vehicle 
Time (min) 

Max V/C  
Ratio* 

Nr of MT 
Branches 

A0 5.33 0 1.6 22.0 15.3 1.1 1.0 

A4 5.10 123 1.8  24.3 12.6 1.6 6.0 

M100 4.89 338 1.9 28.2 9.8 1.2 1.0 

C2 4.99 238 1.9 27.2 10.2 1.2 5.0 

C3 4.89 335 1.9 29.2 9.5 1.4 4.0 

M5 4.73 492 2.1 30.3 8.3 1.4 0.0 

* Detailed analysis in Table 50. 

 

Table 49 Evaluation of Public transport indicators 

 

Alternative 
Time 

savings 
Boardings/ 
Passenger 

PT speeds 
PT In 

vehicle 
Time (min) 

Adequacy of 
supplied 
capacity 

Operation 
stability 

Overall 

A4 
       

M100 
       

C2 
       

C3 
       

M5 
       

 
 
Table 50 Volume/Capacity ratio by line and alternative 

 

Line A4 M100 C2 C3 M5 A4 M100 C2 C3 M5 

Radial Metro #1   0.8 0.6   0.3 

    

U 

Radial Metro #1+2       0.8   
     Radial Metro #2   0.5     0.7 

     Radial Metro #3       0.7 0.4 

     Radial Metro #4         0.6 

     Circular Metro   0.4 0.4 0.3 0.5 

   

U 

 Red Line 1.4 0.9 1.0 0.7 0.5 

     Green Line 1.3 0.9 0.7 0.3   

   

U 

 RG_RA Line     0.7     

     Yellow Line 0.8 0.5 0.5     

     Purple Line 1.3   0.8     

     Brown Line 0.6 0.7 0.7 0.9 0.7 

     Blue Line 1.6 1.3 0.6     

     Cyan Line   1.1 1.2 1.2 1.4 

     Pink Line 1.3 1.4 0.9 0.9 0.8 

     

           Overall 
          U=Under-utilisation 
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Figure 7-4  Public transport indicators 
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7.2.7 Overall evaluation 

Table 51 Overall evaluation 

Importance → Slight Slight High High 

Overall Criteria → 
Demand Urban Feasibility 

Public 
Transport Alternative ↓ 

A4           

M100           

C2           

C3           

M5           

 

As the table above shows, Alternative M5 scores the highest for demand, urban impact and 

Public Transport, but it has a high cost, mostly driven by the long underground tunnelling it 

requires.  In addition, alternative M5 scores low in urban criteria. 

Alternative M100 scores well for feasibility and public transport, but their impact on demand 

and urban criteria are low. 

C3 is the most balanced of alternatives, as although it does not show the highest score in any of 

the criteria; it scores high for demand and public transport.  C3 is moderately beneficial in urban 

criteria and only slightly adverse in the feasibility criteria. 

Overall, M100 and C3, both with 3 metro lines, score the highest for the whole framework.  The 

main drawback of alternative C3 is its high cost, while for alternative M100 is the demand and 

urban criteria. 

In conclusion, an optimal alternative for Tel Aviv seems to be a combination network of 3 metro 

lines, LRT and BRT, similar to C3C, but with some adjustments to reduce its disadvantages. Thus, 

it is proposed that a new alternative is analysed in detail, as that displayed in Figure 7-5.  This 

new alternative reflects a multimodal network, with: 

- around 100Km of metro (two radial lines and a circular line), 

- three LRT lines (Red, Green and Yellow)  

- and three BRT lines (Brown, Pink and Blue).   

The three metro lines proposed are:  

- a radial metro line #1, which runs from Herzliyya in the North to Ramla and Rehovot 

in the South, with a possible extension to Kefar Sava in a later stage; 

- a radial metro line #2, following the same itinerary as the Purple and RG_RH line 

(serving Petah Tikva, the CBD and Yehud), with a possible extension to Rosh Haayin; and  

- a circular line, as defined in alternative M100.   



 

 

 

 

 

Monitoring Services for the Tel Aviv Mass transit Network 
 

 

EGIS Rail  
8 Nachalat YItzhak St. Tel Aviv 073- 741 30 30 

       73 
73 

 

 

 

 

This alternative should also include a complementary feeder bus network and park and ride sites 

at main stations. 

 

Figure 7-5  New alternative with 100 Km of metro 

 




