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5.0 Identification and Evaluation of Initial Set of ART Concepts 
 
5.1 Introduction 

 
As discussed in Chapter 4, it was decided that the most feasible role for ART in Makkah is a 
limited role that is characterized by developing single ART lines using existing technology; 
the characteristics of this role will be used in the development of the initial list of ART 
concepts. This Chapter identifies this initial set, starting with Section 5.2, which summarizes 
the list of alternative ART concepts based on Role 1. Then Section 5.3 presents the initial 
evaluation criteria of these concepts along with the evaluation results, which specify the 
preferred ART concept that will be carried forward to the next stage of analysis (i.e. 
economic and technical feasibility analysis). 

 
5.2 Initial Set of ART Concepts 
 

The role of ART targets existing transport problems in Makkah assuming that the status of 
future transport improvements is uncertain. In other words, no high order transit service 
will be assumed available in Makkah other than the existing bus service and the Masha’er 
rail line. Furthermore, this role assumes that only the existing and tested ART technology, 
such as MDG and TDG systems, will be considered for the alternative concepts of this role. 
Accordingly, the following alternatives for ART service were identified: 
 

 Concept 1.1: Serve geographically challenged locations within Makkah. 
 Concept 1.2: Serve pairs of locations impeded by mountainous barriers. 
 Concept 1.3: Provide service between P&R facilities and passenger Drop Off 

locations. 
 Concept 1.4: Provide service between P&R facilities and buildings/hotels in the 

central area. 
 Concept 1-5: Serve Mountainous Religious Attractions 
 Concept 1-6: Serve Proposed Mina Hillside Housing 

 
The following is a detailed description of each of these alternatives. 

 
5.2.1 ART Concept 1-1 
 

 Objective:  
The objective of this concept is to provide the residents of some of the 
neighbourhoods that are located on the mountainous areas of Makkah’s central area 
with a transportation solution that will enhance access to/from their 
neighbourhoods.  
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 Why ART?  

Currently, the available means of access for residents of these neighbourhoods 
include walking and driving through very difficult and steep roads, which makes the 
trip time up and down the hill relatively long. Furthermore, conventional public 
transit is almost impossible to implement in these areas given the steep and narrow 
roads that characterize these neighbourhoods. Therefore, ART is certainly a logical 
transport solution for the residents of these areas, given that ART has been 
implemented in similar situations around the world especially in South America (i.e. 
Medellin in Columbia and Caracas in Venezuela). 

 
 Line Design Characteristics:  

The ART lines proposed for this concept are single lines that run between some of 
the mountainous neighbourhoods and ground level (e.g. Haram area). The lines are 
expected to be short lines (less than 1 km) given the relatively small size of those 
hills, and are not expected to be integrated with each other given that the lines serve 
separate mountainous areas. Furthermore, the lines are not expected to be 
integrated with other transportation modes given the lack of such modes in the 
area. 
 

 Groups Targeted (Markets):  
The main market targeted by this concept is the residents of Makkah, specifically 
those who live in the mountainous neighbourhoods in the central area. However, 
given the planned future developments in some of these mountains, which are 
expected to include significant number of hotels to house international and 
domestic visitors, this concept has the potential to be beneficial to those visitors 
sometime in the near future.  

 
 Service Seasons:  

The ART lines proposed in this concept are expected to operate all year round to 
serve the residents of these neighbourhoods. Daily peak service on the lines is 
expected in the morning and afternoon peak hours as well as around daily prayer 
times. Seasonal peak capacity is expected during Ramadan. 

 
 Proposed Application Areas:  

Four ART lines with similar characteristics are proposed for this concept, each line 
connecting one mountainous neighbourhood with the ground level (Haram area), as 
shown in Figure 5-1. The four candidate ART lines are: 
 

1. Shamiya (Jabal Almadafe’) line 
2. Jabal Khandamah line 
3. Shubikah line 
4. Jabal Ajyad line 
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 Potential ART Technology:  

The four lines are expected to use one of the existing and proven ART technologies. 
Depending on the expected demand, either Monocable Detachable Gondola systems 
(MDG) or Tricable Detachable Gondola systems (TDG) can be used for these lines. 

 
 

 
Figure  5-1:  Alternative 1-1 Application Areas 

 
 
5.2.2 ART Concept 1-2 
 

 Objective  
The objective of this concept is to provide direct transit service between areas and 
locations impeded by mountainous barriers in Makkah and the Masha’ir area.  
 

 Why ART?  
There are several cases in Makkah and the Masha’ir area where direct access 
between pairs of important locations/areas is impeded by mountainous barriers. In 
such cases there are several transport/infrastructure options to overcome these 
barriers in order to implement conventional public transit service. However, these 
transport/infrastructure solutions do not come without a price: they can be either 
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costly and disliked by authorities (such as cases involving tunnels), or may result in 
long travel times (such as cases of building roads wrapped around mountains). In 
both cases, conventional public transit can be realistically implemented, but with 
additional and significant infrastructure cost. Therefore, ART can play a critical role 
in such cases as it eliminates the need for large infrastructure investments, given 
that ART does not follow road topology. Similar cases of ART applications that 
overcome topographical barriers have been implemented around the world, such as 
in Koblenz, Germany and Roosevelt Island, USA (crossing a river), and hundreds of 
tourist areas where aerial systems have been used to overcome mountainous 
barriers. 

 
 Line Design Characteristics:  

The ART lines proposed for this concept are single lines that run between pairs of 
important locations impeded by mountainous barriers. The lines can be either short 
or long lines depending on the corridor that needs to be served. The proposed lines 
are expected to be integrated with other transportation modes given that they will 
interact with the Masha’ir rail and a P&R facility. Furthermore, the proposed 
alignments of the lines may allow them to be integrated with each other (i.e. share a 
terminal) if necessary. 
 

 Groups Targeted (Markets):  
The main market targeted by this concept includes the residents of Makkah, 
specifically those who live in the Aziziyah area. However, given that a significant 
number of international visitors stay in Aziziyah during Hajj (and possibly during 
Umrah in the future), this concept has the potential to be beneficial to those visitors 
during these periods of time. 

 
 Service Seasons:  

The ART lines proposed in this concept are expected to operate all year round to 
serve the residents of Aziziyah as well as visitors who stay there during peak 
seasons. It is expected that the operation of the service will be divided into two 
service seasons with different characteristics:  
 

o Peak Seasons (Ramadan and Hajj): given the huge number of visitors in 
Makkah during these peak seasons, it is expected that the demand for the 
service will exceed its capacity; therefore the service will operate mainly as 
a special transit service for mobility-challenged people (elderly, disabled, 
women and children), who will pay regular fare. If excess capacity is 
available, other passengers can use the services by paying a premium fare.  

o Off Peak Season: the service will have regular operations (available to 
everyone) with regular fare. Daily peak service on the lines is expected in 
the morning and afternoon peak hours as well as around daily prayer times.  
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 Proposed Application Areas:  

Two ART lines are proposed for this concept as shown in Figure 5-2. The two ART 
lines proposed are: 

1. Mina – Aziziyah line 
2. Aziziyah – Makkah line 

 
 Potential ART Technology:  

The two lines are expected to use one of the existing and proved ART technology. 
Depending on the expected demand, either Monocable Detachable Gondola systems 
(MDG) or Tricable Detachable Gondola systems (TDG) can be used for these lines. 

 
 

 
Figure  5-2:  Concept 1-2 Application Areas 

 
 
 
5.2.3 ART Concept 1-3 
 

 Objective:  
The objective of this concept is to provide additional transport capacity to 
supplement the existing shuttle bus service between some of the P&R facilities and 
the passenger drop off areas. 

 
 Why ART?  

There are several P&R sites located outside of the central area in order to 
discourage residents and domestic visitors alike from driving into the central area. 
For these P&R sites to fulfill their role, they must be served by good public transport 
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service that provides people with a faster and more convenient alternative to the 
private motor vehicle when travelling towards the Haram. Currently, shuttle buses 
are the only public transport mode that runs between these parking lots and the 
central area. Most of these shuttle buses run with mixed traffic resulting in delays 
and inconvenience to the passengers. The very few shuttle bus services that run on 
exclusive right of ways are also not problem-free, since there are still instances 
where the capacity provided by these buses does not match the demand, especially 
during peak seasons (i.e. Hajj and Ramadan), resulting in long waiting times for 
passengers. Moreover, these parking lots are separated from the central area by 
mountains and hill ranges, resulting in longer travel times as buses have to navigate 
their way around these natural barriers. Therefore, ART can play an important role 
in these cases as it can provide additional transport capacity between the P&R 
facilities and the central area. ART can also eliminate the need for costly 
infrastructure investments, and can provide fast service as ART does not follow road 
topology and can overcome topographical barriers. 

 
 Line Design Characteristics:  

The ART lines proposed for this concept are single lines that run between each P&R 
facility and its corresponding passenger drop off location, similar to the service 
provided by the existing shuttle bus service. The proposed lines are expected to be 
integrated with other transportation modes given that they will interact with P&R 
facilities and shuttle buses. Furthermore, the proposed alignments of the lines do 
not allow the lines to be integrated with each other. 
 

 Groups Targeted (Markets):  
The target markets of this concept include the residents of Makkah (specifically 
those who live in the outskirts of the city), as well as domestic Hajj and Umrah 
visitors who park their cars at the P&R facilities and use shuttle buses to access the 
Haram.  

 
 Service Seasons:  

The ART lines proposed in this concept are expected to operate all year round to 
serve people who use the P&R facilities to park their cars and then use transit to 
reach the Haram. Similar to concept 1-2, it is expected that the operation of the 
service will be divided into two service seasons with different characteristics: 
  

o Peak Seasons (Ramadan and Hajj): given the huge number of visitors in 
Makkah during these peak seasons, it is expected that the demand for the 
service will exceed its capacity; therefore the service will operate mainly as 
a special transit service for mobility-challenged people (elderly, disabled, 
women and children), who will pay regular fare. If excess capacity is 
available, other passengers can use the services by paying a premium fare.  
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o Off Peak Season: the service will have regular operations (available to 
everyone) with regular fare. Daily peak service on the lines is expected in 
the morning and afternoon peak hours as well as around daily prayer times.  

 
 Proposed Application Areas:  

Three ART lines are proposed to connect three of the busiest P&R facilities with 
their corresponding passenger drop off areas close to the Haram, as shown in 
Figure 5-3. The three ART lines proposed are: 

 
1. Kudai P&R – Bab Al-Malek drop-off area 
2. Shuhada P&R – Shubaikah drop-off area 
3. Jamarat P&R – Bab Ali drop-off area 
4. Rusayfah P&R – Shubaikah drop-off area 

 
 

 Potential ART Technology:  
The three lines are expected to use one of the existing and proven ART technology. 
Depending on the expected demand, either Monocable Detachable Gondola systems 
(MDG) or Tricable Detachable Gondola systems (TDG) can be used for these lines. 

 
 
 
 

 
Figure  5-3:  Concept 1-3 Application Areas 

 
 
5.2.4 ART Concept 1-4 
 

 Objective:  
The objective of this concept is to provide short-term hotel visitors with a premium 
transit service that is direct and fast and offers convenient connection between a 
P&R facility, hotels in the planned developments of the MCA and areas close to the 
Haram. 
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 Why ART?  

There are several planned future developments in the central area that, according to 
plans, are expected to include so many hotels that would house thousands of visitors 
every year, many of whom will be domestic visitors. During Hajj and Umrah, 
domestic visitors from across the KSA arrive to Makkah either in groups or as 
individual families. Those domestic visitors typically use their own cars to reach 
Makkah, park their cars at the P&R facilities and then use taxies to reach their hotels 
in the central area. Given the unparalleled congestion in the central area, their trips 
usually take much longer times than they should. Providing an ART service that 
moves these visitors from the P&R facilities directly to their hotels, and thus 
eliminating the inconvenience suffered by travelling in the central area roads, would 
be a very attractive option in such cases. There is also a good potential in this case 
for the developers/owners of these future developments in the central area to 
finance such ideas if ART service could result in increasing the number of visitors 
who stay in their hotels. 
 

 Line Design Characteristics:  
The ART line proposed for this concept is a single line that runs between a P&R 
facility and specific hotels in the central area, and ends at a terminal close to the 
Haram. The proposed line is expected to be integrated with other transportation 
modes given that they will interact with a P&R facility.  

 
 Groups Targeted (Markets):  

The main market targeted by this concept is short-term domestic visitors who park 
their cars at the P&R facilities and stay at hotels in the central area. 
 

 Service Seasons:  
The ART line proposed in this concept is expected to operate all year round as a 
specialized premium service for the visitors of specific hotels. Daily peak service on 
the lines is expected in the morning and afternoon peak hours as well as around 
daily prayer times. Seasonal peak capacity is expected during Ramadan. 
 

 Proposed Application Areas:  
One ART line is proposed to connect one P&R facility (Zaher) with some hotels in 
the Shamiya developments in the central area, as shown in Figure 5-4.  
 

 Potential ART Technology:  
 
The ART line is expected to use Monocable Detachable Gondola systems (MDG) 
given that they have the smallest cabin sizes, which is critical in this concept given 
the limited space available in the central area. Moreover, small cabins are also 
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appropriate for families who may wish to travel alone without other people, given 
that this is a premium service. 

 
 

 

 
Figure  5-4:  Concept 1-4 Application Areas  

 
 
5.2.5 ART Concept 1-5 

 
 Objective:  

The objective of this concept is to provide potential visitors of the religious 
attraction sites on top of some mountains in Makkah with a faster and easier way to 
reach these sites. 
 

 Why ART?  
In addition to the Haram and the Masha’ir, Makkah has other religious attraction 
sites that pilgrims may want to visit while in Makkah. However, these sites are 
located on top of the steepest mountains in Makkah; therefore, interested people 
climb to the top of these mountains on foot as this is the only means to reach these 
locations. Conventional public transit service is impossible to implement in these 
cases because of the steep terrain and also because building roads that cut through 
these mountains would produce unwanted impacts on these religious sites.  ART 
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service can provide a better solution in such cases given that the only infrastructure 
requirements for ART are terminals and towers. The number of towers can be 
minimized by choosing an ART technology with long spans and fewer towers, while 
the one terminal at the top of each mountain can be designed to minimize the 
intrusion on the religious site. Therefore, ART is a logical solution in such cases that 
can also enhance the touristic attractiveness of these sites. 
 

 Line Design Characteristics:  
The ART lines proposed for this concept are short single lines that run between each 
religious site at the top of a mountain and ground level. The proposed lines are 
expected to be integrated with other transportation modes given that they will 
interact with P&R facilities. 
 

 Groups Targeted (Markets):  
The main market targeted by this concept is domestic and international Hajj and 
Umrah visitors who visit Makkah and want to visit these religious sites.  

 
 Service Seasons:  

The ART lines proposed in this concept are expected to operate all year round to 
serve visitors. It is expected that the operation of the service will be divided into two 
service seasons with different characteristics:  
 

o Peak Seasons (Ramadan and Hajj): given the huge number of visitors in 
Makkah during these peak seasons, it is expected that the demand for the 
service will exceed its capacity; therefore the service will operate mainly as 
a special transit service for mobility-challenged people (elderly, disabled, 
women and children), who will pay premium fare (i.e. priority is given to 
those groups). Regular passengers can also use the services also by paying a 
premium fare if space is available.  

o Off Peak Season: the service will have regular operations (available to 
everyone) with regular fare.  

 
 Proposed Application Areas:  

Two ART lines are proposed to connect two religious sites with two P&R facilities, 
as shown in Figure 5-5. The two ART lines proposed are: 

1. Jabal Al-Noor line (Cave Hira’) 
2. Jabal Thawr line (Cave Thawr) 

 
 Potential ART Technology:  

The two lines are expected to use one of the existing and proven ART technologies. 
Depending on the expected demand, either Monocable Detachable Gondola systems 
(MDG) or Tricable Detachable Gondola systems (TDG) can be used for these lines. 
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Figure  5-5:  ART Concept 1-5 Application Areas  

 
 
5.2.6 ART Concept 1-6 
 

 Objective:  
The objective of this concept is to provide a transit service connection between the 
proposed Mina hillside housing locations and the Masha’ir Rail stations in Mina, as 
well as to provide connection between these housing locations and Arafat. 
  

 Why ART?  
There are proposals for building permanent housing units in the hillside areas 
adjacent to Mina. These housing units will be used to replace a portion of the tents 
that are currently used to house thousands of pilgrims during Hajj. There is also a 
possibility that these hillside housing units will be used year-round to house Umrah 
visitors given the expected increase in Umrah demand in the next 10-20 years. One 
of the transportation problems that could face these proposals is the vertical access 
between these housing locations and the main corridor in the Masha’ir area. If the 
tenants of these housing units want to access the Masha’ir rail, then there movement 
from their housing units to the Masha’ir stations would cross the mass movement of 
pilgrims in the Masha’ir area. Probably the easiest way to overcome this problem is 
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to have ART service that starts at these housing locations, cross aerially the main 
Masha’ir corridor, and terminate at Masha’ir Rail stations. This way we can 
eliminate the risk of accidents by providing a transit service that does not interact 
with the mass movement of pilgrims in the Masha’ir corridor. Furthermore, ART 
service can be provided between these housing locations and Muzdalifah and/or 
Arafat directly; therefore alleviating some of the demand on the Masha’ir rail.  

 
 Line Design Characteristics:  

The ART lines proposed for this concept are single lines. Some are short lines that 
will provide connection to the Masha’ir Rail, while others are long lines that will 
provide connection to Muzdalifah and Arafat directly. The proposed lines are 
expected to be integrated with the Masha’ir Rail. 

 
 Groups Targeted (Markets):  

The main markets targeted by this concept are domestic and international Hajj and 
Umrah visitors who will be housed in these locations.  
 

 Service Seasons:  
The ART lines proposed in this concept are expected to operate all year round to 
serve visitors. It is expected that the operation of the service will be divided into two 
service seasons with different characteristics:  
 

o Peak Seasons (Ramadan and Hajj): given the huge number of visitors in 
Makkah during these peak seasons, it is expected that the demand for the 
service will exceed its capacity; therefore the service will operate mainly as 
a special transit service for mobility-challenged people (elderly, disabled, 
women and children), who will pay regular fare. If excess capacity is 
available, other passengers can use the services by paying a premium fare.  

o Off Peak Season: the service will have regular operations (available to 
everyone) with regular fare.  

 
 Proposed Application Areas:  

Three ART lines are proposed as shown in Figure 5-6. The ART lines proposed are: 
1. Mina Hillside Housing – Masha’ir Station 2  
2. Mina Hillside Housing – Masha’ir Station 3  
3. Mina Hillside Housing – Arafat  

 
 Potential ART Technology:  

The three lines are expected to use one of the existing and proven ART technologies. 
Depending on the expected demand, either Monocable Detachable Gondola systems 
(MDG) or Tricable Detachable Gondola systems (TDG) can be used for these lines. 
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Figure  5-6:  Concept 1-6 Application Areas 

 
 
 
5.3 Initial Screening and Evaluation Process 
 

In order to choose the preferred ART alternative, an initial screening and evaluation process 
to evaluate all ART concepts was needed. The evaluation criteria reflects the specific 
characteristics, requirements, benefits, and objectives of ART in the context of Makkah 
Accordingly, a series of qualitative evaluation measures were developed to assess the 
potential of each of Role 1’s ART alternatives (concepts). In general, four major evaluation 
criteria were identified: 

 
 User Benefits/Attitude 
 Transportation System Benefits 
 Costs and Savings 
 Landscape Impacts 
 Other Characteristics 

 
Each evaluation criterion was assessed based on its potential positive impact: High 
Potential (✓✓✓), Medium Potential (✓✓) and Low Potential (✓). The evaluation criteria 
adopted and the results of the evaluation for each ART alternative of Role 1 are shown in 
Tables 5-1 to 5-6. These evaluation results are then converted into scores on a three point 
scale from 1 (Low Potential) to 3 (High Potential) in order to identify the alternative with 
the highest scores for further analysis (see Table 5-7). As shown in the table, alternatives 1-
2, 1-3 and 1-6 have the highest scores when it comes to user benefits as they are proposed 
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in areas where there is a significant demand for transportation services, especially during 
the peak seasons. In terms of transportation system benefits, alternatives 1-2 and 1-3 
(Makkah-Aziziyah corridor and P&R facilities-Haram corridors) have the highest scores as 
they are implemented in areas where there is an opportunity for modal shift to transit and 
reduction in traffic congestion.  
 
In terms of costs and savings, all alternatives have a relatively similar score as all 
alternatives will use the same low-cost technology, and thus will be able to help reduce 
roadway costs. Moreover, all alternatives have a very good potential to be funded by the 
public or private sector. 
 
Overall, alternative 1-3 has the highest positive potential when accounting for all the 
evaluation criteria (as shown in Table 5-7) and therefore will be investigated in the 
economic feasibility study.  

 
Table  5-1:  User Benefits/Attitude Evaluation Measures 

Evaluation Criteria 
Potential 

Alternative 
1-1 

Alternative 
1-2 

Alternative 
1-3 

Alternative 
1-4 

Alternative 
1-5 

Alternative 
1-6 

Benefits Makkah Residents ✓✓✓ ✓✓✓ ✓✓✓ ✓ ✓ ✓ 

Benefits Domestic Visitors ✓ ✓✓ ✓✓ ✓✓✓ ✓ ✓✓ 

Benefits International Visitors ✓ ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓ 

Expected Demand/Usage ✓✓ ✓✓✓ ✓✓✓ ✓ ✓✓✓ ✓✓✓ 

Favourable Public Attitude 
Toward Concept 

✓✓ ✓✓✓ ✓ ✓ ✓ ✓✓ 

Quality Compared to other 
Transportation Options 

✓✓✓ ✓✓✓ ✓✓✓ ✓✓ ✓✓✓ ✓✓✓ 

 
 

Table  5-2:  Transportation System Benefits Evaluation Measures 

Evaluation Criteria 
Potential 

Alternative 
1-1 

Alternative 
1-2 

Alternative 
1-3 

Alternative 
1-4 

Alternative 
1-5 

Alternative 
1-6 

Opportunity of Service 
Utilization All Year? 

✓ ✓✓✓ ✓✓✓ ✓✓ ✓ ✓ 

Potential for Future 
Enhancements (Extension) 

✓ ✓✓✓ ✓✓✓ ✓✓ ✓✓ ✓✓ 

Opportunity for Modal Shift 
from Auto to ART 

✓✓ ✓✓✓ ✓✓✓ ✓ ✓ ✓✓ 

Opportunity for Integration 
with Other Modes 

✓ ✓✓✓ ✓✓ ✓ ✓ ✓✓ 

Opportunity for Traffic 
Congestion Reduction 

✓✓ ✓✓✓ ✓✓ ✓ ✓✓ ✓✓ 
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Table  5-3:  Costs and Savings Evaluation Measures 

Evaluation Criteria 
Potential 

Alternative 
1-1 

Alternative 
1-2 

Alternative 
1-3 

Alternative 
1-4 

Alternative 
1-5 

Alternative 
1-6 

Low System Cost ✓✓ ✓✓ ✓✓ ✓✓✓ ✓✓✓ ✓ 

Opportunity for Roadway Cost 
Savings 

✓ ✓✓ ✓✓✓ ✓ ✓✓ ✓✓ 

Opportunity for Public Funding ✓✓ ✓✓ ✓✓ ✓✓✓ ✓ ✓ 

Opportunity for Private 
Funding 

✓✓ ✓✓✓ ✓✓✓ ✓ ✓✓ ✓✓✓ 

 
 

 
Table  5-4:  Landscape Impacts Evaluation Measures 

Evaluation Criteria 
Potential 

Alternative 
1-1 

Alternative 
1-2 

Alternative 
1-3 

Alternative 
1-4 

Alternative 
1-5 

Alternative 
1-6 

Overcome Topographical 
Barriers? 

✓✓✓ ✓✓✓ ✓✓ ✓ ✓✓✓ ✓✓✓ 

Space Availability for Stations ✓✓ ✓✓✓ ✓✓✓ ✓✓ ✓✓ ✓✓✓ 

Low Impact on Privacy ✓✓ ✓✓✓ ✓✓ ✓ ✓✓✓ ✓✓✓ 

Low Impact on Religious Sites ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓ ✓ ✓ 

 
 
 
 

Table  5-5:  Other Characteristics Evaluation Measures 

Evaluation Criteria 
Potential 

Alternative 
1-1 

Alternative 
1-2 

Alternative 
1-3 

Alternative 
1-4 

Alternative 
1-5 

Alternative 
1-6 

Opportunity for 
Hillside/Mountainous Areas 
Development 

✓✓ ✓✓✓ ✓✓✓ ✓ ✓ ✓✓✓ 

Similar Worldwide Applications 
Exist? 

✓✓✓ ✓✓✓ ✓✓ ✓ ✓✓✓ ✓✓ 

Opportunity of Use in 
Emergencies 

✓ ✓ ✓✓ ✓ ✓✓ ✓✓ 
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Table  5-6:  All Evaluation Measures 

Evaluation Criteria 
Potential 

Alternative 
1-1 

Alternative 
1-2 

Alternative 
1-3 

Alternative 
1-4 

Alternative 
1-5 

Alternative 
1-6 

Benefits Makkah Residents ✓✓✓ ✓✓✓ ✓✓✓ ✓ ✓ ✓ 

Benefits Domestic Visitors ✓ ✓✓ ✓✓ ✓✓✓ ✓ ✓✓ 

Benefits International Visitors ✓ ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓ 

Expected Demand/Usage ✓✓ ✓✓✓ ✓✓✓ ✓ ✓✓✓ ✓✓✓ 

Favourable Public Attitude 
Toward Concept 

✓✓ ✓✓✓ ✓ ✓ ✓ ✓✓ 

Quality Compared to other 
Transportation Options 

✓✓✓ ✓✓✓ ✓✓✓ ✓✓ ✓✓✓ ✓✓✓ 

Opportunity of Service 
Utilization All Year? 

✓ ✓✓✓ ✓✓✓ ✓✓ ✓ ✓ 

Potential for Future 
Enhancements (Extension) 

✓ ✓✓✓ ✓✓✓ ✓✓ ✓✓ ✓✓ 

Opportunity for Modal Shift 
from Auto to ART 

✓✓ ✓✓✓ ✓✓✓ ✓ ✓ ✓✓ 

Opportunity for Integration 
with Other Modes 

✓ ✓✓✓ ✓✓ ✓ ✓ ✓✓ 

Opportunity for Traffic 
Congestion Reduction 

✓✓ ✓✓✓ ✓✓ ✓ ✓✓ ✓✓ 

Low System Cost ✓✓ ✓✓ ✓✓ ✓✓✓ ✓✓✓ ✓ 

Opportunity for Roadway Cost 
Savings 

✓ ✓✓ ✓✓✓ ✓ ✓✓ ✓✓ 

Opportunity for Public Funding ✓✓ ✓✓ ✓✓ ✓✓✓ ✓ ✓ 

Opportunity for Private 
Funding 

✓✓ ✓✓✓ ✓✓✓ ✓ ✓✓ ✓✓✓ 

Overcome Topographical 
Barriers? 

✓✓✓ ✓✓✓ ✓✓ ✓ ✓✓✓ ✓✓✓ 

Space Availability for Stations ✓✓ ✓✓✓ ✓✓✓ ✓✓ ✓✓ ✓✓✓ 

Low Impact on Privacy ✓✓ ✓✓✓ ✓✓ ✓ ✓✓✓ ✓✓✓ 

Low Impact on Religious Sites ✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓ ✓ ✓ 

Opportunity for 
Hillside/Mountainous Areas 
Development 

✓✓ ✓✓✓ ✓✓✓ ✓ ✓ ✓✓✓ 

Similar Worldwide Applications 
Exist? 

✓✓✓ ✓✓✓ ✓✓ ✓ ✓✓✓ ✓✓ 

Opportunity of Use in 
Emergencies 

✓ ✓ ✓✓ ✓ ✓✓ ✓✓ 
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Table  5-7:  Evaluation Criteria Scores 

Evaluation Criteria 
Potential 

Alternative 
1-1 

Alternative 
1-2 

Alternative 
1-3 

Alternative 
1-4 

Alternative 
1-5 

Alternative 
1-6 

Benefits to Makkah Residents 3 3 3 1 1 1 

Benefits to Domestic Visitors 1 2 3 3 1 2 

Benefits to International Visitors 1 2 3 3 3 3 

Expected Annual Demand/Usage  2 2 3 1 3 3 

Favourable Public Attitude 
Toward Concept 

2 3 3 1 2 3 

Quality Compared to other 
Transportation Options 

2 2 3 1 2 2 

Opportunity of Service Utilization 
All Year Round? 

3 2 3 2 3 3 

Potential for Future 
Enhancements (Extension) 

2 3 3 1 1 3 

Opportunity for Modal Shift from 
Auto to ART 

1 2 3 2 1 1 

Opportunity for Integration with 
Other Modes 

1 2 3 2 2 2 

Opportunity for Traffic 
Congestion Reduction 

2 3 3 1 1 2 

Low System Cost 2 2 2 3 3 1 

Opportunity for Roadway Cost 
Savings 

1 3 3 1 1 2 

Opportunity for Public Funding 1 2 3 1 2 2 

Opportunity for Private Funding 2 2 2 3 1 1 

Overcome Topographical 
Barriers? 

3 3 3 1 3 3 

Space Availability for Stations 2 3 3 2 2 3 

Low Impact on Privacy 2 3 2 1 3 3 

Low Impact on Religious Sites 3 3 3 3 1 1 

Opportunity for 
Hillside/Mountainous Areas 
Development 

2 3 1 1 1 2 

Similar Worldwide Applications 
Exist? 

3 3 2 1 3 2 

Opportunity of Use in 
Emergencies 

1 1 2 1 2 2 

Total Score 42 54 59 36 42 47 
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6.0 Preferred Concept Alignment, Specifications and Impacts  
 
6.1 Introduction 

 
This chapter discusses all aspects related to the preferred ART concept in terms of 
alignment, infrastructure, capacity and line specifications. Section 6.2 provides a description 
of the preferred ART concept including the application areas and service specifications. 
Following that, Section 6.3 discusses the alignment specifications of each ART alternative 
and the associated technological and local constraints that need to be respected in the 
alignment specification process, while Section 6.4 discusses all aspects of system capacity 
and specifications of the ART lines of the preferred Alternative. Section 6.5 presents a 
summary of the service and operational characteristics of all preferred ART alternatives, 
while Section 6.6 briefly discusses the possible terminals and station designs and shapes 
that have been implemented around the world, and which can be adopted in Makkah. 
Following that, Section 6.7 presents a brief discussion of the fare collection system that can 
be used with such systems, namely Automatic Fare Collection systems. Next, Section 6.8 
provides a brief overview of the characteristics of the storage facilities needed for ART 
systems, while Section 6.9 discusses the safety considerations associated with these 
technologies. Finally, Sections 6.10 and 6.11 provide a brief summary of the environmental 
and city development impacts that ART systems might have as experienced in other 
applications around the world and which would apply to Makkah. 
 

6.2 Preferred Concept Description 
 

As mentioned in the previous Chapter, the objective of the preferred concept is to provide 
additional transport capacity to supplement (or in some cases replace) the existing shuttle 
bus service between some of the P&R facilities outside the MCA and the passenger drop-off 
locations around the Haram. This section provides a description of this concept in terms of 
the corridor/area of application as well as some service specifications. 

 
6.2.1 Corridor/Area of Application 
 

As it stands now, there are several P&R sites located outside or on the fringe of the MCA. 
The aim of these P&R sites is to discourage residents and domestic visitors alike from 
driving into the central area where traffic congestion reaches unprecedented levels 
especially during the peak seasons of Ramadan and Hajj. For these P&R sites to fulfill their 
role, they must be served by good public transport service that provides people with a 
faster and more convenient alternative to the private motor vehicle for travelling 
towards/from the Haram. Currently, shuttle buses are the only public transport mode that 
runs between these parking lots and the drop-off locations around the Haram. Some of 
these shuttle buses run with mixed traffic resulting in delays and inconvenience to the 
passengers, especially during the peak seasons. In certain cases and as a result of the severe 
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congestion in the MCA, shuttle buses from specific P&R sites (such as Rusayfah) are often 
re-routed to another shuttle bus route in order to reach the drop-off locations around the 
Haram.  
 
Moreover, the very few shuttle bus services that run on exclusive right of ways are also not 
problem-free, since there they experience instances where the capacity provided by these 
services do not match the demand, especially during peak seasons (i.e. Hajj and Ramadan), 
resulting in long waiting times for passengers. Moreover, the severe congestion in the MCA 
during peak seasons obstructs the movement/access of emergency vehicles to/from the 
MCA during these periods. This is a major problem that needs to be addressed in any future 
transportation solution in Makkah. 
 
To add to these problems, these parking lots are separated from the central area by 
mountains and hill ranges, resulting in longer travel times as buses have to navigate their 
way around these barriers. Therefore, ART can play an important role in these cases as it 
can provide additional transport capacity between the P&R facilities and the central area. 
ART can also eliminate the need for infrastructure investments, and will provide faster 
service as ART does not follow road topology and can overcome topographical barriers. 
 
As discussed in the Chapter 5, the evaluation process revealed that connecting the P&R 
facilities with the Haram is the preferred alternative. Since there are several P&R sites 
around Makkah, it was not feasible to consider all of the P&R in the analysis. So, after 
extensive research of the city needs and consultations with several local experts, it was 
decided that three ART alignments will be proposed to connect three of the busiest P&R 
facilities with their corresponding passenger drop-off areas around the Haram. The three 
ART corridors proposed for further investigation are: 
 

1. Kudai Corridor: connecting Kudai P&R with the Haram area 
2. Rusayfah Corridor: connecting Rusayfah P&R with the Haram area 
3. Taneem Corridor: connecting Taneem Mosque and Al-Shuhada’ P&R with the Haram 

area 
 
For some of these corridors, multiple alignments and alternatives will be investigated as 
will be discussed later in this Chapter. 
 

6.2.2 Service Specifications 
 

The ART lines proposed for this concept will be designed as single lines that run between 
each P&R facility and its corresponding passenger drop-off location (similar to the service 
provided by the existing shuttle bus service). The proposed lines are expected to be 
integrated with other transportation modes given that they will interact with P&R facilities 
and shuttle buses. As mentioned in Chapter 4, the ART lines proposed in this concept are 
expected to operate all year round to serve people who use the P&R facilities to park their 
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cars and then use transit to reach the Haram. It is expected that the operation of the service 
will be divided into two service seasons with different characteristics:  
 

 Peak Seasons (Ramadan and Hajj): given the huge number of visitors in Makkah 
during these peak seasons, it is expected that the demand for the service will exceed 
its capacity; therefore, the service will operate mainly as a special transit service for 
mobility-challenged people (elderly, disabled, women and children), who will pay 
regular fare. If excess capacity is available, other passengers can use the services by 
paying a premium fare.  
 

 Off-Peak Season: the service will have regular operations (available to everyone) 
with regular fare. Daily peak service on the lines is expected in the morning and 
afternoon peak hours as well as around daily prayer times.  

 
The ART lines are expected to use one of the existing and proven ART technologies as 
discussed in Chapter 2. 

 
6.3 Alignment 

 
In order to identify the alignment of any specific transit system, several issues have to be 
taken into account. The first factor is the local context in which the transit system will be 
implemented and its associated challenges and constraints (i.e. constraints due to location). 
The second factor is the type of transit technology used and its associated technical 
constraints that could prevent it from being implemented in certain contexts (i.e. technology 
constraints). This section discusses both of these challenges/constrains and their impact on 
providing ART service in the proposed corridors. 
 

6.3.1 Constraints Due to Location/Context 
 
In order for the proposed ART service along the three corridors of this concept to be 
technically and operationally feasible, it is important to understand the City of Makkah’s 
local context (especially along these corridors), and any associated constraints that might 
have an impact on the proposed alignments and lines. Accordingly, several local issues need 
to be discussed first in order to have a full understanding of the local context. In the context 
of Makkah, these issues include: 
 

1. Makkah’s topography;  
2. The location of the Haram 
3. The Zamzam aquifer; 
4. High density land use and limited space; 
5. Travel patterns 

 
These issues are discussed next. 
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6.3.1.1 Topography 
 

The harsh mountainous terrain of Makkah presents many transportation challenges that 
sometimes are difficult to address using conventional public transit modes (see Figure 6-
1). Some locations, such as those on top of mountains, are extremely hard to connect with 
other locations at different elevations using conventional transit modes.  Moreover, the road 
network is routed to avoid the hills and mountains surrounding the Haram, which results in 
indirect and long roads between the MCA and the areas outside the MCA.  
 
These kinds of transportation problems can be addressed using ART, since this mode can 
have fairly straight lines between any two locations without relying on the topography or 
the street network layout, although this may not be the case for some corridors of this 
specific concept (connecting P&R sites with the Haram area).   
 

6.3.1.2 Location of the Haram 
 

The location of the Haram plays a major role in the implementation of any public transport 
system in Makkah. The Haram is located at the core of the central area surrounded by 
significant urban developments and limited street capacity and space on the ground. 
Therefore, the location of stations/terminals around the Haram could pose a problem given 
the lack of space around the Haram. This situation creates numerous challenges for any 
transit system and would require innovative transport solutions, such as ART, which could 
be designed without requiring much space for stations/terminals as will be discussed in 
Chapter 6. 
 
In addition to the Haram, there are other religious sites spread around Makkah that must 
also be taken into consideration by any proposed public transport system, as shown in 
Figure 6-2. These include the Tan’eem Mosque in the north (close to the proposed ART 
service along the Tan’eem corridor), and cemeteries located to the north-east of the Holy 
Haram. The locations of these sites have to be considered in the design of any ART service.  
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Figure  6-1: Mountainous Terrain of Makkah 

 
 

 
Figure  6-2: Locations of Religious Sites in Makkah 
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6.3.1.3 Zamzam Aquifer 

 
Although underground heavy rail technologies (i.e. Metro) can be implemented in Makkah’s 
city center, the alignment might be constrained by the Zamzam Aquifer, potentially limiting 
direct underground access between key locations and along critical corridors, and might 
prevent the implementation of most of the proposed Metro lines.  Accordingly, there are 
locations that, under all circumstances, might not be feasible to serve by underground 
systems and could also be constrained aboveground by the limited street capacity.  In such 
cases, ART can be a valuable option that will not be affected by the presence of the Zamzam 
Aquifer, nor will it be constrained by the limited street capacity. 

 
6.3.1.4 High Density Land Use and Limited Space 
 

Owing to its relatively small area (approximately 6 km2) and large numbers of 
residents/visitors and activities, the central area of Makkah is characterized by a high-
density land use, offering very limited space for additional road and surface transit 
infrastructure (see Figure 6-3). In addition, several urban development projects are 
currently under construction or planned in the MCA, which adds to the challenges of 
providing public transport systems in the MCA. This means that one of the most logical 
solutions for transit service is the air, where ART can run without any hassles. 

 
 

 
 

Figure  6-3: Limited Space in the Makkah Central Area 
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6.3.1.5 Travel Patterns 
 
Unlike other urban environments, Makkah experiences extremely variable demand 
throughout the year, with major influxes of several million visitors for Hajj and Umrah 
(particularly in Ramadan) and much lower visitor demand during the rest of the year (with 
exceptions on Fridays).  Additionally, for the limited duration of Hajj, the major city 
activities are concentrated in the central area of Makkah and the Masha’er area.  During 
Umrah (particularly in Ramadan), the main activities are focused in the Haram area.  For the 
rest of the year, the regular city activities (businesses, study, tourist, etc.) are dispersed 
throughout the City of Makkah.  Such variability in the travel demand and activity 
concentration/dispersion by time of year poses major challenges to the planning and 
provision of efficient and cost–effective transportation system that can serve the mobility 
needs in Makkah throughout the year.  Therefore, in high demand seasons, ART can operate 
at full capacity as an integral part of the transit system in Makkah, helping to transport 
worshippers all around the city.  In low demand seasons, ART can operate at lower capacity 
with fewer cabins and lower frequency.  However, given the unique type of service that ART 
can provide, there is a great chance that ART demand will be still relatively high as people 
who visit Makkah will try to experience this unique service in person.   

 
6.3.2 Technology Constraints  
 

As mentioned several times throughout the report, one of the advantages of ART technology 
is its ability to overcome topographical barriers and street layouts because of its aerial 
medium, which gives it a significant advantage over surface transit like buses. Nevertheless, 
ART technologies still have their limitations that arise mainly from the fact that these 
technologies have been developed originally for purposes other than transit services (i.e. 
recreational purposes). These constraints and limitations need to be taken into account in 
designing any new ART line in Makkah. These limitations include: 
 

 The length of one ART line (with one Drive) cannot exceed 6 Km. Therefore, if a 
specific proposed line is more than 6 Km long, then another drive needs to be 
installed for every additional 6 Kms. 
 

 Any specific tower cannot change the direction of the line more than 2 degrees. All 
the towers combined cannot change the direction of the line more than 15 degrees. 
Therefore, Angle Stations are needed if there is more than 15 degrees change in the 
direction of the line.  

 
 Vertical slopes of any ART line cannot exceed 45 degrees. 

 
 The maximum span between successive towers cannot exceed a specific distance 

based on the technology used; for MDG systems, the maximum span is 350 m, while 
for TDG systems it can reaches up to 3000 m. 
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 The minimum service headway depends on the technology used (see section 6.4). 

 
 Unlike conventional transit services, the existing ART technology is not amenable to 

line branching given the simple operation procedures of the technology. 
 

 The design and locations of ART stations and integration with other transit modes 
need careful consideration. 

 
 There is also the important issue of privacy as some people might oppose the idea of 

having ART services flying above private properties. Therefore, this issue should be 
dealt with in the early planning stages of any ART project 

 
 The integration of multiple ART lines into a network may be a challenge, and the 

design of transfer stations where different ART lines can intersect is not 
straightforward and has not been done before. Almost all world implementations 
have been in the form of single lines.  

 
 Similarly, the integration of ART lines with conventional transit systems (subway, 

bus, LRT, etc.) poses some design challenges, although recent attempts seem to find 
some solutions (e.g. Medellin in Colombia). 

 
 The maximum capacity achievable of this mode is unlikely to match that of semi-

rapid transit (LRT and BRT). Increasing line capacity is dependent on a number of 
factors including cabin capacity, headway, wait time and speed. In some contexts, 
ART line capacity is also dependent on the longest unsupported cable span 
achievable and the heaviest weight such cables can carry. 
 

 The design and locations of ART stations needs careful consideration. Terminal 
stations seem to have larger footprints than terminals of other transit modes. This is 
mainly due to the fact that ART terminal stations house maintenance bays and car 
yards which add to the space requirement. In the absence of new innovative 
solutions to reduce the terminal station footprint, their locations have to be 
carefully selected in areas with low space constraints.  

 
 The integration of ART stations with urban land use and with other transit modes is 

of prime importance.  
 

 Finally, access to ART stations should be carefully designed to minimize disutility 
associated with access. 

 
In summary, ART is still a relatively new transit technology in the urban environment. 
Therefore, the technology is still in its early stages, which means that there is still a large 
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room for improvement, and this can be noticed in the numerous advancements that the ART 
manufacturers have made in the past few years.  

 
6.3.3 Proposed Alignments 

 
As discussed in Chapter 5, the idea of the preferred ART concept is to provide additional 
transport capacity to supplement the existing shuttle bus service between some of the P&R 
facilities outside the MCA and the passenger drop-off locations around the Haram. In this 
context, and after consultations and careful consideration, it was decided that the corridors 
with the most potential for ART service, and which connect to P&R facilities are the 
following corridors: 
 

1. Kudai P&R - Haram Corridor 
2. Rusayfah P&R - Haram Corridor (Umm Al-Qura Street) 
3. Taneem Mosque – Shuhada P&R - Haram Corridor (Taneem Street) 

 
The following sections discuss each of these corridors with their proposed ART alignments 
and alternatives.  

  
6.3.3.1 Kudai Corridor 
 

For the Kudai corridor, one alignment of the ART line was considered. The alignment 
extends between the Kudai P&R (Kudai Terminal) to a drop-off terminal close to the Haram 
(Haram 2 Station), with no intermediate stations for a total length of 2.3 Km. The location of 
the Haram 2 Station (or Terminal) is not finalized at this stage of the project, but at the 
moment it is considered to be located near Bab Al-Malek bus drop-off station.   
 
Two alternatives were developed for this corridor (Alternative 1 and Alternative 2). The 
alternatives follow the same alignment and design with two terminals and no intermediate 
stations, as shown in Figure 6-4. The only difference between the alternatives is the type of 
technology used: Alternative #1 uses an MDG technology while Alternative #2 uses TDG 
technology.  
 
All the local context and technological constraints were respected in the development of the 
Kudai Corridor alignment. However, some technological and design constraints such as the 
exact locations of the towers as well as the vertical slope of the ART line will depend on the 
final design of each ART line, which can be carried out in a future stage of the project. 
 
However, at this stage we can compute a preliminary number of towers based on the 
minimum infrastructure requirements of ART systems.  For MDG systems, the maximum 
distance between successive towers should not exceed 350 m. This implies that for 
Alternative #1, a minimum of six supporting towers are needed between the two 
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terminals. However, depending on the final design of the line and local areas along the 
alignment, the exact number of towers can be found.  
 
For TDG systems, the maximum distance between successive towers should not exceed 
3000 m. This means that for Alternative #2, theoretically there is no need for any 
supporting towers given that the total line length is 2.3 km. However, this does not mean 
that there will not be a need for any supporting towers, as the sagging of the cables may 
warrant the need to use one or more towers depending on the final design of the line and 
local areas along the alignment. However, at this stage we will assume that the same 
number of towers is needed for both MDG and TDG systems for illustration purposes, 
bearing in mind that the final and exact location of the towers can be addressed when a final 
design of each ART alternative is available. Accordingly, Figure 6-4 shows the preliminary 
location of these six towers without taking local areas into context. 
 
In terms of the vertical slope of the ART Alternatives, this will need to be addressed when a 
final design of each ART line is available, which can be carried out in a future stage of the 
project. At this stage, however, we can show the vertical elevation of the Kudai corridor 
alignment (as shown in Figure 6-5) that will used to determine the vertical slope of the ART 
line in future stages of the project. 
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Figure  6-4: Kudai Corridor Alignment 
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Figure  6-5: Vertical Elevation Profile of the Kudai Corridor Alignment 

 
 
6.3.3.2 Rusayfah Alignment (A)  
 

For the Rusayfah corridor, two alignment of the ART line were considered (Alignment A and 
Alignment B). Alignment A extends between the Rusayfah P&R (Rusayfah Terminal) to a 
drop-off terminal close to the Haram (Haram Terminal 1), with no intermediate stations for 
a total length of 3.15 Km. The location of Haram Terminal (1) is not finalized at this stage of 
the project, but at the moment it is considered to be located near Al-Shubaikah bus drop-off 
station.   
 
Two alternatives were developed for this alignment (Alternative 3 and Alternative 4). The 
alternatives follow the same alignment (alignment A) and design with two terminals and no 
intermediate stations, as shown in Figure 6-6. The only difference between the alternatives 
is the type of technology used: Alternative #3 uses an MDG technology while Alternative #4 
uses TDG technology.  
 
Similar to the Kudai Corridor, technological constraints such as the exact locations of the 
towers as well as the vertical slope of the line will depend on the final design of each ART 
line, which can be carried out in a future stage of the project. 
 
Again, at this stage we can only compute a preliminary number of towers based on the 
minimum infrastructure requirements of ART systems. As mentioned earlier, at this stage 
we will assume that the same number of towers is needed (i.e. a maximum distance of 350 
m between successive towers) for both MDG and TDG systems for illustration purposes, 
bearing in mind that the final and exact location of the towers can be addressed when a final 
design of each ART alternative is available. Accordingly, for this alignment that has a total 
length of 3.15 km, a minimum of eight supporting towers are needed between the two 
terminals. Figure 6-6 shows the preliminary location of these eight towers without taking 
local areas into context. Figure 6-7 shows the vertical elevation profile of the Rusayfah 
Alignment A corridor. 
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Figure  6-6: Rusayfah Alignment A  

 
 
 
 
 
 
 
 
 
 

Figure  6-7: Vertical Elevation Profile of the Rusayfah Alignment A Corridor 
 
 

 
6.3.3.3 Rusayfah Alignment (B)  
 

This alignment (Alignment B) was developed as an alternative to Alignment A in case there 
was any opposition to Alignment A passing over private property. Accordingly, Alignment B 
follows mostly the street layout and thus reducing the portion of the route that passes over 
private property. However, following the street layout has its consequences as the line’s 
direction will change (for more than 15 degrees) three times in order to follow the street 
layout, requiring the installation of three angle stations (as discussed in Section 6.3.2). 
Given that these stations need to be installed for technological reasons, they can also be 
used for passenger loading and unloading similar to the operation at the terminals, thus 
increasing the potential ridership on the line.  
 
Hence, similar to Rusayfah Alignment A, Alignment B extends between the Rusayfah P&R 
(Rusayfah Terminal) to a drop-off terminal close to the Haram (Haram Terminal 1), with the 
exception that Alignment B has three intermediate stations between the two terminals 
(Areef, Mansour and MCA-3 stations) for a total length of 3.3 Km. 
 
 
Two alternatives were developed for this alignment (Alternative 5 and Alternative 6). The 
alternatives follow the same alignment (alignment B) and design with two terminals and 
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three intermediate stations, as shown in Figure 6-8. The only difference between the 
alternatives is the type of technology used: Alternative #5 uses an MDG technology while 
Alternative #6 uses TDG technology.  
 
As mentioned earlier, at this stage we will assume that the same number of towers is 
needed (i.e. a maximum distance of 350 m between successive towers) for both MDG and 
TDG systems for illustration purposes. Accordingly, for this alignment that has a total length 
of 3.33 km, a minimum of nine supporting towers are needed between the two terminals. 
However, this case is different from all other previous cases since the presence of 
intermediate stations will reduce the number of towers needed as intermediate stations 
work as a support structure as well. Therefore the total length of the line will be divided 
into four segments (between each terminal/station and the following terminal/station). 
Accordingly the alignment is divided into four segments (starting from Rusayfah Terminal) 
with the following lengths: 670, 700, 1180 and 750 meters. The number of towers needed in 
each segment is as follows: 
 

Segment # Length (m) # Towers Needed 
1 670 1 
2 700 1 
3 1180 3 
4 750 2 

 
 
Accordingly, a minimum of seven supporting towers are needed. Figure 6-8 shows the 
preliminary location of these seven towers without taking local areas into context, while 
Figure 6-9 shows the vertical elevation profile of the Rusayfah Alignment B corridor. 
 
 

 

 
Figure  6-8: Rusayfah Alignment B 
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Figure  6-9: Vertical Elevation Profile of the Rusayfah Alignment B Corridor 

 
 
 
6.3.3.4 Taneem Alignment (A)  
 

For the Taneem corridor, three alignment of the ART line were considered (Alignment A, 
Alignment B and Alignment C). Alignment A extends between the Taneem Mosque (Taneem 
Terminal) and the same drop-off terminal as the Rusayfah alignments (Haram Terminal 1), 
with no intermediate stations for a total length of 5.1 Km.  
 
Two alternatives were developed for this alignment (Alternative 7 and Alternative 8). The 
alternatives follow the same alignment (alignment A) and design with two terminals and no 
intermediate stations, as shown in Figure 6-10. The only difference between the 
alternatives is the type of technology used: Alternative #7 uses an MDG technology while 
Alternative #4 uses TDG technology.  

 
As mentioned earlier, the exact locations of the towers as well as the vertical slope of the 
line will depend on the final design of each ART line.  
 
For this alignment that has a total length of 5.1 km, a minimum of 14 supporting towers 
are needed between the two terminals. Figure 6-10 shows the preliminary location of these 
14 towers without taking local areas into context, while Figure 6-11 shows the vertical 
elevation profile of the Taneem Alignment A corridor. 
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Figure  6-10: Taneem Alignment A  
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Figure  6-11: Vertical Elevation Profile of the Taneem Alignment A Corridor 

 
 
 
6.3.3.5 Taneem Alignment (B)  
 

This alignment (Alignment B) has the same alignment as Taneem Alignment (A) except that 
it has an additional intermediate station at Al-Shuhada P&R facility to allow passenger 
boardings from this P&R facility especially during peak seasons. Hence, similar to Taneem 
Alignment (A), Alignment B extends between the Taneem Mosque (Taneem Terminal) and 
the Haram Terminal (1) for a total length of 5.1 Km. Two alternatives were developed for 
this alignment (Alternative 9 and Alternative 10). The alternatives follow the same 
alignment (Alignment B) and design with two terminals and one intermediate station, as 
shown in Figure 6-12. The only difference between the alternatives is the type of 
technology used: Alternative #9 uses an MDG technology while Alternative #10 uses TDG 
technology.  

 
As mentioned earlier, at this stage we will assume that the same number of towers is 
needed (i.e. a maximum distance of 350 m between successive towers) for both MDG and 
TDG systems for illustration purposes. Accordingly, for this alignment that has a total length 
of 5.1 km, a minimum of 14 supporting towers are needed between the two terminals. 
However, Similar to Rusayfah Alignments B, the presence of intermediate stations will 
reduce the number of towers needed as intermediate stations work as a support structure 
as well. Therefore for this alignment, the total length of the line will be divided into two 
segments, given that there is one intermediate station only. Accordingly the alignment is 
divided into two segments (starting from Taneem Terminal) with the following lengths: 
1700 and 3400 meters. The number of towers needed in each segment is as follows: 
 
 

Segment # Length (m) # Towers Needed 
1 1700 4 
2 3400 9 
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Accordingly, a minimum of 13 supporting towers are needed. Figure 6-12 shows the 
preliminary location of these 13 towers without taking local areas into context, while 
Figure 6-13 shows the vertical elevation profile of the Taneem Alignment B corridor. 

 
 
 

 
Figure  6-12: Taneem Alignment B Corridor 
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Figure  6-13: Vertical Elevation Profile of the Taneem Alignment B Corridor 

 
 
 
6.3.3.6 Taneem Alignment (C)  
 

This alignment (Alignment C) was developed as an alternative to alignments A and B in case 
there was any opposition to these alignments passing over private property in the MCA. 
Accordingly, Alignment C follows mostly the street layout, resulting in two additional 
intermediate stations in the central area (MCA-1 and MCA-2 stations), for a total of three 
intermediate stations (including Al-Shuhada station). 
 
All the local context and technological constraints were respected in the development of 
this alignment. The addition of intermediate stations were necessary as a result of the 
constraint that ART lines cannot change direction using towers only if the overall change in 
direction is more than 15 degrees.  
 
Similar to alignments A and B, Taneem Alignment C extends between the Taneem Mosque 
(Taneem Terminal) and the Haram (Haram Terminal 1) for a total length of 5.8 Km. Two 
alternatives were developed for this alignment (Alternative 11 and Alternative 12). The 
alternatives follow the same alignment (alignment C) and design with two terminals and 
three intermediate stations, as shown in Figure 6-14. The only difference between the 
alternatives is the type of technology used: Alternative #11 uses an MDG technology while 
Alternative #12 uses TDG technology.  

 
In terms of supporting towers, this alignment has a total length of 5.8 km, which means that 
a minimum of 16 supporting towers are needed between the two terminals. However, 
Similar to Taneem Alignments B, the presence of intermediate stations will reduce the 
number of towers needed as intermediate stations work as a support structure as well. 
Therefore, given that there are three intermediate stations, the total length of this alignment 
is divided into four segments (starting from Taneem Terminal) with the following lengths: 
1700, 2200, 700 and 1200 meters. The number of towers needed in each segment is as 
follows: 
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Segment # Length (m) # Towers Needed 

1 1700 4 
2 2200 6 
3 700 1 
4 1200 3 

 
 
Accordingly, a minimum of 14 supporting towers are needed. Figure 6-14 shows the 
preliminary location of these 14 towers without taking local areas into context, while 
Figure 6-15 shows the vertical elevation profile of the Taneem Alignment B corridor. 

 
 
 

 
Figure  6-14: Taneem Alignment C Corridor 
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Figure  6-15: Vertical Elevation Profile of the Taneem Alignment C Corridor 

 
 
 
6.4 ART System Capacity and Specifications 

 
As discussed numerous times throughout this report, ART technology is a new and 
emerging type of mass transportation systems in the urban environment.  As such, the 
operation of this type of technology has few differences compared to conventional public 
transportation modes.  Therefore, in determining the specification and size of an ART 
system, it is important to still use the conventional methodology used to determine the 
specifications of conventional public transit modes, while at the same time clarifying some 
of ART system aspects that are different from conventional transit modes. 
 
The operation of any public transport system depends on several factors; most of them are 
related to the technology and system characteristics of that specific system.  For example, 
the operation of a metro rail system is very different from the operation of a surface transit 
system such as buses, as a result of the difference in the type of technology between the two 
systems and the associated differences in system size, terminal and station design, boarding 
and alighting, fare collection system, etc. 
 
Hence, this section discusses all aspects of system capacity and specifications of an ART 
system given the limited available information about this technology.   
 

6.4.1 Line Capacity 
 
Similar to conventional transit modes, the system (line) capacity of ART technologies 
depends on two main parameters: the vehicle (i.e. cabin) size and the service frequency.  
These two parameters must be known in advance for both the MDG and TDG technologies 
in order to be able to determine the line capacity of the different alternatives.  Accordingly, 
Table 6-1 presents the service and operational characteristics of both MDG and TDG 
technologies that allow the systems to achieve maximum capacity. These characteristics 
allow the system to achieve the maximum capacity at all times, especially during peak 
periods. 
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The table shows that different ART technologies have different cabins with different 
capacities.  MDG systems have medium-size cabins that have a maximum capacity of 15 
persons per cabin, while TDG technologies have larger cabins with a maximum capacity of 
35 persons per cabin.   
 
The service frequency of ART systems is one of the main benefits of this technology as ART 
systems can operate with service headways as low as 15 sec as a result of the automated 
operations of ART systems, which allow the system to have very high frequency with very 
reliable timings. Unlike conventional transit system, the minimum service headway of MDG 
and TDG systems is not a function of dwell time, number of cabin births or terminal 
operations. The reason for that is twofold: 
 

1. Unlike conventional transit systems, the operation of MDG and TDG systems do not 
allow the cabins to stop at the terminal. Rather the cabins drop off/pick up 
passengers and change direction at the terminal while moving at a creep speed of 
0.15 m/s (without stopping at the terminal). Therefore, the minimum headway is 
not affected by the dwell times or terminal times at terminals. 

2. The minimum headway achieved by MDG and TDG systems is a function of the 
support structure of these systems (i.e. the ability of the cables and towers to 
support the weight of the cabins). Therefore, the support structure determines total 
weight that the system can carry, and in turn determines the number of cabins that 
can be supported by the system the spacing between cabins can then be used to 
calculate the minimum headway achieved based on the line speed. 

 
Both these system specifications (i.e. cabin capacity and service headway) result in different 
line capacities for the two ART technologies.  As shown in Table 6-1 below, MDG systems 
can operate with a line capacity (i.e. maximum offered capacity) of 3,600 persons/h while 
TDG systems can operate with a line capacity of 6,000 persons/hr.   

 
 
Table  6-1:  Capacity Related Characteristics of ART Technologies 

Service Characteristics Unit MDG TDG 
Cabin Capacity  Persons 15 35 
Service Headway  Seconds 15 21 
Line Capacity  Persons/hr 3600 6000 

 
 
 
6.4.2 System Specifications 

 
Similar to conventional public transit modes, the operation characteristics of ART, such as 
the operating speed and number of cabins in service, depend on the specifications that are 
associated with the technology. For ART systems, the service characteristics that are 
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needed to compute the important operational characteristics of ART systems are line speed 
and terminal and station dwell times.  For line speeds, MDG and TDG systems can operate 
with various speeds depending on the purpose/local context of the system. However, it is 
not unreasonable to assume that an ART system in Makkah can operate with the maximum 
line speed, given that the system has its own right of way. 
 
As mentioned earlier, the operation at the terminals and stations of MDG and TDG systems 
is different from conventional transit modes as the cabins keep moving inside the 
terminal/station even for passenger loading/unloading. Therefore determining the 
terminal time (at terminals) and dwell time (at stations) is not straight forward as in 
conventional transit modes. The following is an explanation of computing the 
terminal/dwell times of MDG operations (the same operations occur with TDG systems): 
 

 the cabin arrives at the terminal at line speed of 6 m/s;  
 the cabin decelerate to a terminal creep speed of 0.15 m/s with a deceleration rate 

of 1 m/s (takes 5.85 sec and a track length of 18 m);  
 the cabin then moves at a creep speed of 0.15 m/s for a total of 15 sec (track length 

of 2.25 m)  to unload passengers (assuming 1 sec unloading time for each 
passenger); 

 the cabin moves at the creep speed for 80 sec on a track of 12 m (used for diverting 
the cabins to storage/maintenance facility or vice versa, if needed);  

 the cabin then moves at a creep speed of 0.15 m/s for a total of 15 sec (track length 
of 2.25 m)  to load passengers (assuming 1 sec unloading time for each passenger); 

 the cabin accelerates from the creep speed of 0.15 m/s to the line speed of 6 m/s 
(takes 5.85 sec and a track length of 18 m);  

 the cabin leaves the terminal at line speed of 6 m/s;  
 

Overall, the cabin will spend 122 sec at the terminal (i.e. terminal time), mostly moving at 
creep speed, and would require a track length of 52.5 m. 
 
The same method discussed above for terminal operations is also used at intermediate 
stations. The only difference is that intermediate stations do no require a diverting/merging 
track to storage facilities, which eliminates 80 sec of the dwell time and 12 m of track length 
at intermediate stations. Accordingly, the dwell time at intermediate stations is assumed to 
be 42 sec, and the track length is 40.5 m. 
 
The same method can be used to compute the terminal times, dwell times and track lengths 
for TDG systems. The main differences is that the line speed of TDG systems is 8.5 m/s and 
the total unloading and loading time is 70 sec (for a maximum of 70 passengers 
alighting/boarding at the terminal/station). This implies that for TDG systems: 
 

 The terminal time is 167 sec; 
 The dwell time at intermediate stations is 87 sec; 
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 The track length at terminals is 95 m; 
 The track length at terminals is 83 m; 

 
The value of each of these characteristics for both MDG and TDG technology are shown in 
Table 6-2 below. 

 
 

Table  6-2:  System Specifications of ART Technologies 
Service Characteristics Unit MDG TDG 

Maximum Line Speed  
 

6 m/s  
(21.6 km/h) 

8.5 m/s  
(30.6 km/h) 

Terminal Dwell Time (Per Terminal) Seconds 122 167 
Intermediate Station Dwell Time (Per 
Station) Seconds 42 87 

 
 
 

The terminal and dwell times of Table 6-2 as well as the service headway provided in 
Table 1 imply that MDG systems can have a maximum of 8 cabins in the terminal at any 
specific time. These cabins are either entering the station, unloading/loading passengers, 
moving at the diverting tracks, or leaving the station, while for intermediate stations, a 
maximum of 3 cabins can be at the station at the same time. 
 
TDG systems, on the other hand, can also have a maximum of 8 cabins in the terminal at any 
specific time (either entering the station, unloading/loading passengers, moving at the 
diverting tracks, or leaving the station); for intermediate stations, a maximum of 4 cabins 
can be at the station at the same time. 

 
6.5 Service and Operational Characteristics of All ART Alternatives 

 
Generally, the most important service characteristics that affect the operations of public 
transit modes include: travel time, average operating speed, cycle time and number of 
vehicles (or cabins in this case).  Based on the system specifications discussed in the 
previous section, these service characteristics, in addition to system capacity 
characteristics, are computed for all ART alternatives as shown in Tables 6-3 to 6-8 below. 
As shown in the tables, one of the advantages of ART systems is that they have their own 
right of way, which allows the cabins to run at the maximum line speed between the 
terminals without interruption, assuming that there are no intermediate stations between 
the terminals.  Once intermediate stations are added to the line, the operating speed 
between the terminals deteriorates, which results in longer travel times between the 
terminals and in turn a reduction in the expected ridership between the terminals.  
However, the addition of intermediate stations would also result in an additional ridership 
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at these stations that could compensate for the loss of ridership at the terminals.  These 
issues will be further discussed in the demand forecasting model in Chapter 7. 

 
 
 
 
 
 

Table  6-3:  Service and Operational Characteristics of Kudai Corridor Alternatives 

Line Characteristics 
Measure.  

Unit 
Alternative 

#1 
Alternative 

#2 
Technology Type  MDG TDG 
Line Length Meter 2289 2289 
Number of Terminals   2 2 
Number of Intermediate Stations   0 0 
Cabin Capacity  Persons 15 35 
Service Headway  Seconds 15 21 
Line Maximum Capacity  PPDPH 3600 6000 
Line Speed  Km/h 21.6 30.6 
Total Terminals Time  Seconds 244 334 
Total Intermediate Stations Dwell Time  Seconds 0 0 
One-Way Travel Time between Terminals Minutes 6.4 4.5 
Average Operating Speed between Terminals  Km/h 21.6 30.6 
Cycle Time  Minutes 16.8 14.5 
Number of Cabins in Service   68 42 
Cabin Spacing Meter 90 179 
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Table  6-4:  Service and Operational Characteristics of Rusayfah Alignment (A) Alternatives  

Line Characteristics Measure.  
Unit 

Alternative 
#3 

Alternative 
#4 

Technology Type  MDG TDG 
Line Length Meter 3177 3177 
Number of Terminals   2 2 
Number of Intermediate Stations   0 0 
Cabin Capacity  Persons 15 35 
Service Headway  Seconds 15 21 
Line Maximum Capacity  PPDPH 3600 6000 
Line Speed  Km/h 21.6 30.6 
Total Terminals Time  Seconds 244 334 
Total Intermediate Stations Dwell Time  Seconds 0 0 
One-Way Travel Time between Terminals Minutes 8.8 6.2 
Average Operating Speed between Terminals  Km/h 21.6 30.6 
Cycle Time  Minutes 21.7 18.0 
Number of Cabins in Service   87 52 
Cabin Spacing Meter 90 179 

 
Table  6-5:  Service and Operational Characteristics of Rusayfah Alignment (B) Alternatives 

Line Characteristics 
Measure.  

Unit 
Alternative 

#5 
Alternative 

#6 

Technology Type  MDG TDG 
Line Length Meter 3330 3330 
Number of Terminals   2 2 
Number of Intermediate Stations   3 3 
Cabin Capacity  Persons 15 35 
Service Headway  Seconds 15 21 
Line Maximum Capacity  PPDPH 3600 6000 
Line Speed  Km/h 21.6 30.6 
Total Terminals Time  Seconds 244 334 
Total Intermediate Stations Dwell Time  Seconds 126 261 
One-Way Travel Time between Terminals Minutes 11.4 10.9 
Average Operating Speed between Terminals  Km/h 17.6 18.4 
Cycle Time  Minutes 26.8 27.3 
Number of Cabins in Service   108 79 
Cabin Spacing Meter 90 179 
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Table  6-6:  Service and Operational Characteristics of Taneem Alignment (A) Alternatives 

Line Characteristics 
Measure.  

Unit 
Alternative 

#7 
Alternative 

#8 

Technology Type   MDG TDG 
Line Length Meter 5116 5116 
Number of Terminals   2 2 
Number of Intermediate Stations   0 0 
Cabin Capacity  Persons 15 35 
Service Headway  Seconds 15 21 
Line Maximum Capacity  PPDPH 3600 6000 
Line Speed  Km/h 21.6 30.6 
Total Terminals Time  Seconds 244 334 
Total Intermediate Stations Dwell Time  Seconds 0 0 
One-Way Travel Time between Terminals Minutes 14.2 10.0 
Average Operating Speed between Terminals  Km/h 21.6 30.6 
Cycle Time  Minutes 32.5 25.6 
Number of Cabins in Service   130 74 
Cabin Spacing Meter 90 179 

 
Table  6-7:  Service and Operational Characteristics of Taneem Alignment (B) Alternatives 

Line Characteristics 
Measure.  

Unit 
Alternative 

#9 
Alternative 

#10 

Technology Type   MDG TDG 
Line Length Meter 5116 5116 
Number of Terminals   2 2 
Number of Intermediate Stations   1 1 
Cabin Capacity  Persons 15 35 
Service Headway  Seconds 15 21 
Line Maximum Capacity  PPDPH 3600 6000 
Line Speed  Km/h 21.6 30.6 
Total Dwell Time  Seconds 244 334 
Total Intermediate Stations Dwell Time  Seconds 42 87 
One-Way Travel Time between Terminals Minutes 14.9 11.5 
Average Operating Speed between Terminals  Km/h 20.6 26.7 
Cycle Time  Minutes 33.9 28.5 
Number of Cabins in Service   136 82 
Cabin Spacing Meter 90 179 
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Table  6-8:  Service and Operational Characteristics of Taneem Alignment (C) Alternatives 

Line Characteristics 
Measure.  

Unit 
Alternative 

#11 
Alternative 

#12 

Technology Type   MDG TDG 
Line Length Meter 5837 5837 
Number of Terminals   2 2 
Number of Intermediate Stations   3 3 
Cabin Capacity  Persons 15 35 
Service Headway  Seconds 15 21 
Line Maximum Capacity  PPDPH 3600 6000 
Line Speed  Km/h 21.6 30.6 
Total Dwell Time  Seconds 244 334 
Total Intermediate Stations Dwell Time  Seconds 126 261 
One-Way Travel Time between Terminals Minutes 18.3 15.8 
Average Operating Speed between Terminals  Km/h 19.1 22.2 
Cycle Time  Minutes 40.7 37.2 
Number of Cabins in Service   163 107 
Cabin Spacing Meter 90 179 

 
 
 
 
6.6 Terminals and Stations Characteristics 
 
6.6.1 Location and Design 
 

As mentioned throughout the report, one of the advantages of ART systems is the overall 
flexibility of these technologies, including the flexibility of choosing the station location. In 
recent ART installations around the world, stations have been located in different locations: 
adjacent to crowded neighbourhoods, next to high-rise buildings, in industrial areas, in 
parks, and on hills.  Depending on the purpose of the ART, it may be useful to integrate it 
with the local transit system; this has already been achieved by locating the ART station 
adjacent or above stations/stops of other modes or installing pedestrian bridges that 
connect to those stations/stops.  Two ART lines may also be connected with a pedestrian 
bridge, as in Medellin.  It is sometimes desirable that not all stations be aligned; such a 
change in ropeway direction is achievable through angle stations.  There are such stations 
in Caracas and Hong Kong, the latter without boarding facilities. 

 
Regarding station size, the boarding/disembarking areas require a small area (often around 
200 square metres as observed in most ART systems), although this will depend on the 
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length of required track as discussed earlier in Section 6.4.2; the vehicle maintenance and 
storage, ticket, operation, and drive rooms may add a few hundred square metres; and the 
station’s footprint can vary depending on whether additional facilities or open spaces are 
integrated into the station (at the owner’s discretion).  (See Appendix B for typical station 
areas.)  Elevating the station is an option that makes the ground level available for other 
uses. 
 
ART stations can be and have been designed in various shapes and using various materials, 
resulting in structures ranging from simple concrete boxes to tapered meshed façades. 
Implemented designs include large community centres (e.g. Caracas), prominent elegant 
structures (e.g. Portland), simple structures with little visual impact (e.g. Constantine), and 
structures reflecting their surroundings (e.g. Parque Arvi, Medellin). Several examples are 
provided in Figure 6-16 below to demonstrate the flexibility of ART station design in 
accommodating various purposes and contexts.45 
 

 
 

Parque Arvi Station, Medellin, Columbia 

 

La Aurora Terminal, Medellin, Colombia 

 
San Havier Terminal Transfer, Medellin, Colombia46 

 

Intermediate Station, Caracas, Venezuela 

 
Upper Terminal, Portland, Or, USA Tung Chung Terminal, Hong Kong, China 

                                                             
45 http://gondolaproject.com, The Gondola Project. Accessed June 6, 2011. 
46 http://www.360cities.net, 360Cities. Accessed June 6, 2011. 
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Chuc Station, Constantine, Algeria 

 

Tatache Terminal, Constantine, Algeria 

 
 

Figure  6-16: Examples of Terminal/Station Location and Design from Existing ART 
Systems around the World 

 
 
 
In the context of the proposed ART lines in Makkah, choosing the exact location of the 
terminals/stations will depend on the area surrounding the possible locations of these 
terminals/stations.  

 
6.6.2 Terminal/station Interior 

 
The design of ART terminals and stations require the installation of several common 
components, including: 
 

 In-station vehicle structure – This refers to the area within which the vehicles 
normally operate in an ART station.  The structure is surrounded by a platform, and 
the track ropes are often diverted to a vehicle housing structure in one or both 
terminals and a maintenance bay in the terminal or an intermediate station. 

 Operator Room – This is typically located in one terminal where an unobstructed 
view of the ropeway operation is possible.  The safety and efficiency of the ART 
system’s operation is monitored through this room, while the vehicles are operated 
manually, semi-automatically or automatically.  It is typical for the room to be 
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directly linked to the vehicles through a communication system, used by an 
attendant or by passengers in an emergency. 

 Concourse – As in subway stations, this is the central area where passengers gather 
before accessing the platform or other facilities within an ART station. 

 Payment – Passengers pay a fare at gates positioned before the platform.  Several 
fare collection methods have been successfully implemented in ART systems and 
transit systems in general.  This is discussed further in Section  6.7. 

 Platform – Passengers are guided through signs and access systems to the boarding 
area, which is separate from the disembarking area in detachable gondolas and 
possibly combined in reversible ropeways.  Sufficient queuing area is provided, and 
platforms are sheltered from the weather and sized to allow free passage of 
passengers.  Passenger flow may be split into individual batches for pre-ride 
queuing and then directed by attendants as vehicles arrive.  Level boarding and 
alighting is possible and required to ensure accessibility. 

 
The London Cable Car, which will be the first urban ART system in the United Kingdom 
when opened in 2012 (expected), is presented here as an example of a recently planned 
application of ART in a prominent setting.47  The design traverses the River Thames near 
the O2 arena and features two stations, each with a concourse (where the ticket office, gates 
and drive room are located) and a platform level (where the boarding/disembarking area 
and operator room are located).  The gondola housing is articulated from the main 
structure of the South Station to reduce the perceived massing, as shown in Figures 6-17 to 
6-19.48  Note that, where space permits, it is possible to combine the two levels into one; 
this modification would ease passengers’ access to the gondolas, especially if the station is 
at ground level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                             
47 http://www.tfl.gov.uk, Transport for London Website.  Accessed June 7, 2011. 
48 http://www.greenwich.gov.uk, Greenwich Council Website.  Accessed June 7, 2011. 
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Figure  6-17: London Cable Car South Station 

 
 

 
Figure  6-18: London Cable Car North Station Section 
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Figure  6-19: London Cable Car North Station Platform Level Plan 
 
 
 

6.7 Automatic Fare Collection System 
 
Automatic fare collection (AFC) systems have been used for decades to allow passengers to 
directly deposit the fare amount into a machine and gain access to the platform through an 
automatic gate/turnstile, often eliminating the need for attendants responsible for fare 
collection.  Such systems generally contribute to reduced labor costs, better security of 
funds, and improved passenger convenience (compared to manual collection).  The 
technology has advanced from tokens to magnetic stripes and chips that store data and 
allow for distance-based fare structures, as described below: 
 

 Metal or Plastic Tokens – Tokens are purchased from attendants or vending 
machines and are deposited at every entry into the transit system, i.e. the passenger 
does not retain any fare instruments. 

 Magnetic Stripe Tickets and Cards – Paper tickets and plastic cards with magnetic 
stripes are issued from vending machines upon payment by the passenger.  The fare 
instrument is inserted into slots or swiped at departure and (sometimes) arrival 
gates.  The value stored in the fare instrument may be deducted per ride (a flat rate), 
based on the distance travelled (fare by distance), or based on a set period of use 
(e.g. a day pass).  The value stored in the instrument may be reloaded at machines 
located in the stations, and the instruments may be used as proof-of-payment.  Such 
fare instruments were the state of the art over a decade ago.  Although production 
costs are low and the instruments have been tested extensively, they are not 
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without disadvantages, including limited data storage capacity, risk of 
counterfeiting, and possibly slower passenger flow than token payment. 

 Smart cards – Smart cards can store a much greater amount of data (in a 
microchip) than magnetic stripes on paper or card, but they cost significantly more.  
Contactless smart cards (by means of radio frequency transmission or optical 
coupling) provide faster passenger flows than contact smart cards and magnetic 
stripe tickets and cards. 

 Credit and debit cards – The use of these cards instead of other fare instruments in 
urban areas where they are widely adopted simplifies the payment process, 
particularly for first-time users.  However, they cannot be used as proof-of-payment 
(for transfers, for instance).  Note that many ticket/card vending machines accept 
credit and debit cards, along with cash, as payment. 
 
 
 

 
Figure  6-20: Roosevelt Island Tram Turnstiles with Magnetic Card Readers 

 
 
AFC systems have been broadly implemented in subway systems and can be incorporated 
in an ART system.  Fare collection systems in ART lines are often designed to be 
interoperable with any other mode they are integrated with, thus enhancing passenger 
convenience.  Several fare collection methods are in use in ART systems worldwide; for 
example, Metropolitan Transportation Authority (MTA) MetroCards (magnetic stripe cards) 
are swiped in the Roosevelt Island Tram (as well as the New York subway system) as 
shown in Figure 6-20, and tickets, valid Oregon Health & Science University (OHSU) 
identification cards, Portland Streetcar annual passes, and C-Tran monthly passes are 
validated by attendants in the Portland Aerial Tram. 



178 
 

 
6.8 Safety Considerations 

 
The overall safety of ART systems depends on a high level of preparedness and 
commitment to safety.  This entails thoroughly analyzing hazards and planning the 
following accordingly: design of components with due regard to passenger safety and 
environmental conditions; system tests and inspection; proper monitoring of installation, 
maintenance and operation; preventative measures; regular training of personnel in 
operation and rescue; and passenger education.  Potential hazards include mechanical risks, 
electrical risks, thermal risks, exposure to noise, ergonomics-related risks, infrastructure-
related risks, and vulnerability to severe weather.49  As can be inferred from this list, the 
consequences can range from mere discomfort to fatality and from minor to catastrophic 
property damage.  Negative consequences are preventable because of the experience 
offered by the wide-spread and long-running application of ART technologies in developed 
and developing countries, where standards and codes regulate the industry. 
 
A potential risk in gondola operation arises from the detachment and subsequent 
attachment of grips in stations for passenger alighting and boarding.  Such systems 
therefore incorporate electronic monitors and mechanisms that automatically bring a 
gondola to a halt, without risk to the passengers, if the grip is incorrectly connected to the 
cable during departure or not disconnected during arrival.  Other available features are 
electronic monitoring of any rope deviation and a rope catching device that is activated if 
the rope derails at a tower in front of the station.50  Aerial ropeways have provisions for an 
auxiliary drive in the event of electric power failure, usually gasoline or diesel driven, and 
they are designed with provisions to clear lines of passengers within a reasonable amount 
of time.  Once this drive, called the evacuation power unit, is engaged, passenger loading 
ceases and the ropeway operation is shut down once the ropeway has been unloaded. 
 
On normal terrain, most aerial systems have provisions for the evacuation of stranded 
carriers using harness and rope to lower individual passengers to the ground below, using 
the abseil technique.51  Where the ART line is outside a dense urban area, lighting and 
pathways may be installed to ensure passengers’ safety in the event of a vertical rescue.  If 
the ropeway traverses difficult terrain or has a high vertical clearance, the alternative of 
sending an independently powered, small rescue cabin to remove stranded passengers may 
become necessary (since the entire line must be accessible by rescue crew); such cabins are 
more common in Bicable and Tricable gondola and aerial tramway systems.  Prior to the 
arrival of rescue personnel, passengers typically have access to first-aid kits, portable lights, 
and communication devices within the ART vehicles. 
 

                                                             
49 Meyer, Fritz; Schweiz, Suva.  Beginn der Sicherheit – Gefährdungsbilder.  O.I.T.A.F.  Seminar: Safety of Ropeway 
Installations.  2007. 
50 Beha, Rudolf.  The Safe Coupling Process at Detachable Lifts.  O.I.T.A.F.  Seminar: Safety of Ropeway Installations.  
2007. 
51 http://library.mines.edu/About_Ropeways.  Accessed May 25, 2010 
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6.9 Storage Facilities 
 
Gondola storage or housing structures are located on the platform or lower level of a 
terminal.  The vehicles are manually, semi-automatically or automatically diverted onto 
parking rails, where they are compactly stored when not in use and where they are 
accessed for maintenance (see Figure 6-21).  The design of the parking rails is flexible and 
optimized for the available space.  If there are only a few vehicles on the ART line, they may 
be parked within the terminal platform area, thus eliminating the need for the additional 
terminal footprint. 

 
 
 

 
Figure  6-21: Example of Gondola Housing52 

 
 
To provide a general understanding of the required space, approximately 425 square 
meters and 160 square meters have been designated in one case for 50 eight-passenger 
Doppelmayr gondolas’ storage and maintenance, respectively.53  Regarding maintenance 
areas, they may be located at the terminals or at intermediate stations. 

 

                                                             
52 http://www.doppelmayr.com, Doppelmayr Garaventa Website, Accessed June 8, 2011 
53 http://www.snowfarmnz.com, Snow Farm New Zealand Website.  Accessed June 8, 2011. 
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6.10 Impact on Landscape and Environment 
 

ART is acknowledged to have a relatively minimal footprint on the landscape during both 
construction and operation.  The usefulness of ART in this regard is particularly apparent 
when transit routes must traverse topographic obstacles or wide roadways, which would 
necessitate the construction of bridges or tunnels if other transit modes were used.  In 
addition, other modes that achieve similar or higher levels of service than ART such as BRT 
and LRT require either a dedicated right-of-way (e.g. BRT and LRT) or a significant footprint 
(e.g. subway). In some cases (e.g. where there are very steep grades, the route is 
environmentally sensitive, or there is limited road capacity or space for other modes), ART 
may, in fact, be the only practicable and acceptable option. 
 
Perspectives on the impact of ART on the landscape can be influenced by various factors, 
which can be addressed through consultation with the local community and relevant 
organizations and through improved routing and architectural design.  These factors 
include how the route affects the privacy of residential properties, how the locations and 
sizes of support towers are perceived, and how compatible the ART system is with the local 
architecture and nature (i.e. whether there it will have a detrimental visual impact).  An 
additional consideration is that curved horizontal alignments are less common in ART 
systems than in other modes and are typically achieved through intermediate angle 
stations, which may increase the impact on the landscape.  Understandably, a low profile 
design, i.e. low elevation (with improved safety and reduced insurance costs), with routes 
along roadways, rivers or public spaces would minimize residents’ opposition to an ART 
project.54 
 
The ART vehicles themselves do not have motors, thus effectively eliminating noise and air 
pollution along the route; some newer vehicles incorporate solar panels that power on-
board devices.  Overall, ART systems have relatively low carbon footprints and have been 
used to sell greenhouse gas (GHG) emissions credits (e.g. in Medellin, Colombia).55  In 
situations where commuters rely heavily on private automobiles and diesel buses, ART can 
also play a positive role in preventing substantial amounts of GHG emissions. 

 
6.11 Impact on City Development 

 
The impact of ART on city development, though generally positive, has varied based on the 
route, level of integration with other modes, and characteristics of the areas served.  In 
impoverished areas, it has been implemented in conjunction with new public facilities, 
spaces and services to revitalize and integrate the areas; provide significantly reduced 
travel times to jobs and government services; increase investment in the areas; lower crime 
rates (partly because there are more eyes on the streets); and support civic pride and 

                                                             
54 http://gondolaproject.com, The Gondola Project. Accessed May 23, 2011. 
55 http://eco2data.com, eCO2data Website. Accessed May 23, 2011. 



181 
 

community involvement.  In other areas, where ART was implemented primarily for 
tourists, it has provided a reliable, pleasant and fast means of travelling to popular 
destinations, without being affected by automobile and pedestrian movements.  Property 
values have improved in impoverished areas because of the socio-economic benefits of ART 
implementation; however, they have been negatively impacted in wealthy residential areas 
traversed by ART lines.56 
 
Although urban ART systems are now fairly common in South America, an ART mass transit 
project in other parts of the world, including in Makkah, will still be perceived to be novel 
and, based on the experience in South America, will experience high usage rates.  ART 
systems have been shown to improve the image of cities and the experience of passengers, 
both local and visiting.  In areas that are newly developed or redeveloped, ART, as a simple, 
innovative transit alternative, can facilitate the implementation of transit-oriented 
development. 
 
In the context of Makkah, ART can be seen as an important feature of a multi-modal 
transport system in Makkah, and can be easily customized for the needs of the local needs. 
Where possible, ART terminals can be designed such that they include other facilities and 
services, which could generate additional revenues and increases the attractiveness of the 
service. Moreover, some ART stations/terminals can be integrated within buildings and 
hotels, thus increasing the value for the owners. Finally, as ART does not need any space on 
the ground for the line operations, this will allow for the scarce vacant land in Makkah to be 
used for other more important uses such as buildings, hotels, hospitals, etc. 

 
 
 

                                                             
56 http://web.pdx.edu/~bertini/, Portland State University Website. Accessed May 23, 2011. 
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7.0 Demand Estimation          
 
7.1 Introduction 
 

This Chapter discusses the demand (and revenue) forecasts for the ART alternatives of the 
preferred concept. Section 7.2 provides a description of the adopted demand estimation 
method and the reasons for using this method, as well as the estimated demand for each 
ART alternative. Section 7.3 presents the base year annual revenue forecasts for each ART 
alternative, while Section 7.4 presents and discusses the revenue stream for the life cycle of 
each ART alternative, and finally Section 7.5 sets out the results for the fare sensitivity tests 
that show the impact that the change in fare may have on the estimated ridership and 
revenues. 
 

7.2 Demand Estimation Method 
 

In order to deliver a comprehensive economic evaluation for each of the proposed ART lines 
(with their different alternative alignments), and assess their economic feasibility, it is 
essential to develop a model to evaluate the annual revenue stream for the life cycle of each 
line. This model should rely, to the extent possible, on some actual and realistic demand 
forecasting and financial assumptions underlying this revenue stream in order to provide 
reasonable estimates of the revenues for each proposed ART line.  
 
Accordingly, one of the main components of this economic model is developing a realistic 
demand forecasting model to estimate the ridership on each proposed ART line in order to 
assess the ridership and revenue stream for that specific line. Usually, the demand 
forecasting modelling process incorporates a road network assignment for cars and public 
transport modes, which then generates times and costs to feed into a gravity model to 
determine patterns and volumes of travel. The time and cost data are then used as inputs to 
a mode choice model that estimates the modal share of cars and public transport services. A 
final assignment process then allocates the public transport demand to the existing and 
proposed public transport services so that the necessary outputs can be obtained to feed 
into the financial revenue stream model.  

 
7.2.1 Demand Estimation Method Constraints and Characteristics 
 

As explained in the previous section, developing a demand forecasting model is an essential 
component in evaluating any public transportation investment. Unfortunately, developing a 
conventional demand forecasting model for this project is a very difficult task given the 
following problems/challenges 

 
 The availability, or lack thereof, of data related to trip patterns in Makkah: this 

situation prevents the team from assessing existing trip patterns and using this 
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information to develop a reasonable estimate of potential ART ridership for each 
ART line;  

 The lack of public transit services in Makkah: this situation also prevents the team 
from assessing existing public transit services (or lines) and analyzing them to 
develop reasonable public transit trip rates to use in estimating potential ART 
ridership on each ART line; and 

 Even if all required data was obtained, using a traditional demand model might not 
be the most preferred option in our case, given the fact that ART service is a new 
public transit concept and traditional demand forecasting models might not be able 
to capture all the impacts and aspects of the service. 
 

Hence, it was difficult to develop a demand forecasting model using existing trip patterns in 
Makkah. Nevertheless, we were able to develop a realistic and reasonable demand 
forecasting method based on the following propositions: 
 

 Although we lack the data to develop a detailed demand forecasting model, we have 
enough knowledge about the local transport conditions and challenges in Makkah. 
Hence, we have a very good idea about such issues as: daily activity patterns; daily 
and seasonal variations in trip volumes and patterns within Makkah; and traffic and 
pedestrian congestion levels experienced on some of the proposed routes for ART 
service in Makkah. This knowledge helped us develop realistic demand assumptions 
that are consistent with Makkah`s existing transport conditions and challenges.  

 All the proposed ART lines are focused on the Haram, which guarantees that the 
demand for public transit services will always be there and will grow in the future 
as a result of the increasing congestion levels in the roads leading to the Haram. This 
is also supported by our knowledge of the daily and seasonal demand volumes 
experienced at the Haram and the expected increase in these numbers in the future.  

 The team relied on sound and proven public transit demand forecasting techniques 
and measures to determine the impact that different ART services might have on the 
estimated demand volumes on each ART line. In more specific terms, using the 
demand estimates for a specific MDG line, we will be able to estimate the demand on 
a TDG system using some demand forecasting measures (such as travel time and 
fare elasticities) without the need to run separate demand estimating procedure for 
TDG systems. 

 The team relied on their knowledge of (and experience in) public transport practice 
to make sound assumptions regarding the estimated ridership levels on each line 
during each period of the day. For example, our assumptions for peak and off-peak 
capacity utilization rates are consistent with similar public transport services 
around the world, albeit with adjustments to suit the conditions of Makkah. 

 The team used a sensitivity analysis to determine the impact of the different 
assumptions on the estimated demand and revenues for each line. This exercise will 
paint a picture of what can be expected (in terms of ridership numbers and revenue 
forecasts) if any of the assumption values was different from the original value. 
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 The team used very conservative assumptions to reduce the uncertainty of the 
demand and revenue estimates, and eliminate the chance of overestimating the 
demand and revenue numbers. 

 Nevertheless all the above points, it should be mentioned that this study is a not full-
fledged feasibility study, which would require a thorough and more detailed 
demand forecasting model. 

 Moreover, Appendix C includes the results of several sensitivity tests that were 
carried out in order to assess the impact of changes in the values of some of the 
assumed demand method parameters on the estimated ridership and revenues 
computed in this chapter.  

 
7.2.2 Demand Method General Assumptions 

 
Based on the propositions outlined in the previous section, assumptions for the values of 
several general service and operational variables that feed into the demand estimation 
method have been made. These assumptions include: 
 
1. Each year is divided into three periods depending on the travel patterns and expected 

usage volumes during that period. In our estimation method, we assumed that there are 
three distinct periods in terms of expected demand throughout the year. They are:  
 

a. Ramadan and Hajj: 51 days (30 days of Ramadan and 3 weeks of Hajj);  
b. Fridays: 47 days; and  
c. Weekdays: 267 days.  

 
2. The daily service operating hours are assumed be 18 hours for all periods. 

 
3. Throughout the day, a number of daily peak and off-peak hours is assumed at each 

terminal for each period. This assumption is based on observed and well-known general 
travel patterns in large cities throughout the world, as well as observed travel pattern in 
Makkah specifically.  
 
The assumed number of daily peak and off-peak hours for weekdays is shown in Table 
7-1 below. The rationale for using these numbers of peak and off-peak hours for 
weekdays is that during weekdays, access to the Haram area is not restricted so people 
can reach the Haram area freely using their cars, and therefore reducing the number of 
potential users of the ART service. It is assumed that residents and visitors living away 
from the Non-Haram terminals will mostly walk or use other motorized modes to access 
the Haram during peak and off-peak times. 
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Table  7-1:  Assumed Number of Daily Peak and Off-Peak Hours for Weekdays 

Service Hours Characteristics 
Unit of 

Measure
. 

Period of Year 

Weekdays 

Number of Peak Hours (At Non-Haram Terminal) Hours 3 
Number of Off-Peak Hours (At Non-Haram 
Terminal) 

Hours 15 
Number of Peak Hours (At Haram Terminal) Hours 3 

Number of Off-Peak Hours (At Haram Terminal) Hours 15 

 
 
Accordingly, demand for this service will consist mostly of residents and visitors living 
near the Non-Haram terminal. It is assumed that the demand for the service occurs in 
the inbound direction (i.e. at the Non-Haram Terminal) 0.5 hour before each 
congregational prayer and 0.5 hour in the outbound direction (i.e. at the Haram 
Terminal) after each prayer, which would result in a total of 2.5 hours of peak demand 
during weekdays. However, because some prayers may experience higher demand than 
others, the peak period at both the Non-Haram and Haram terminals is extended to 3 
hours per day to account for such conditions. During the off-peak period, demand is 
assumed to be generally low, consisting mainly of people going to the Haram area to 
perform Umrah or for other business in the MCA. 
 
As shown in Table 7-1, the number of peak and off-peak hours at both the Non-Haram 
and Haram terminals are exactly the same, which is a valid assumption for any public 
transportation system where there is usually a reverse of the peak hours at the two 
ends of the line/route. 
 
The assumed number of daily peak and off-peak hours for Fridays is shown in Table 7-
2 below: 
 

Table  7-2:  Assumed Number of Daily Peak and Off-Peak Hours for Fridays 

Service Hours Characteristics 
Unit of 

Measure 

Period of 
Year 

Fridays 

Number of Friday Prayer Peak Hours (At Non-Haram Hours 1 
Number of Peak Hours (At Non-Haram Terminal) Hours 2.5 
Number of Off-Peak Hours (At Non-Haram Terminal) Hours 14.5 
Number of Friday Prayer Peak Hours (At Haram Hours 1 
Number of Peak Hours (At Haram Terminal) Hours 2.5 
Number of Off-Peak Hours (At Haram Terminal) Hours 14.5 
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The rationale for using these numbers of peak and off-peak hours for Fridays is the 
same rationale used for weekdays, except that during Fridays, access to the Haram area 
by cars is restricted one hour before and one hour after the Friday prayer. Therefore, 
there is one Friday Prayer Peak hour in each direction that will be handled differently 
from the other peak times during the day as shown in Table 7-2. 
 
The assumed number of daily peak and off-peak hours for Ramadan and Hajj days is 
shown in Table 7-3 below: 
 
 
Table  7-3:  Assumed Number of Daily Peak and Off-Peak Hours for Ramadan and 

Hajj Days 

Service Hours Characteristics 
Unit of 

Measure 

Period of 
Year 

Fridays 

Number of Peak Hours (At Non-Haram Terminal) Hours 10 
Number of Off-Peak Hours (At Non-Haram Terminal) Hours 8 
Number of Peak Hours (At Haram Terminal) Hours 10 
Number of Off-Peak Hours (At Haram Terminal) Hours 8 

 
 
 
During Ramadan and Hajj, it can be easily assumed that the whole day (i.e. 18 service 
hours) is a peak period given the fact that the city will be hosting millions of people 
during these times who would require transportation from different parts of the city to 
the Haram area, as well due to the fact that access to the Haram area by car will be 
restricted. However, we made an assumption that peak demand at each of the Haram 
and Non-Haram terminals occurs for only 5 hours during the day (1 hour before and 
after each daily prayer) instead of 18 hours for few reasons, such as: 
 

 During Hajj, there will be few days when all the pilgrims will be at Al-Masha’er 
Al-Mugaddassah performing Hajj, thus reducing the overall demand on the 
service during these few days. This is accounted for by reducing the average 
daily peak hours during Ramadan and Hajj; 

 During these periods, the service might be utilized by emergency personnel, 
thus reducing the overall utilization of the service during these periods. 
Therefore, reducing the average number of daily peak hours account for this 
situation as well; and 

 During these periods, the service might be utilized mostly by special groups like 
the elderly, disabled, women and children, therefore reducing the overall 
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utilized capacity of the service. Reducing the average number of daily peak 
hours to 5 hours per day account for this condition as well. 

 
4. For each of the peak/off-peak periods, the expected ridership (boardings) is affected by 

the assumed peak/off-peak load factor (i.e. the expected capacity utilization during the 
period). For the base case, the following load factors have been assumed: 
 

a. For Weekdays: 
i. Peak hour load factor:  0.25  

ii. Off-peak hour load factor:  0.1  
b. For Fridays: 

i. Friday Prayer load factor: 0.8 
ii. Peak hour load factor:  0.4  

iii. Off-peak hour load factor:  0.1  
 

c. For Ramadan and Hajj: 
i. Peak hour load factor:  0.9  

ii. Off-peak hour load factor:  0.6  
 

7.2.3 Demand Estimation Methodology 
 

As explained throughout this report, the preferred ART alternatives differ in terms of line 
length, technology used, line operating speed, system capacity, as well as the number of 
intermediary stations on the line. Accordingly, the demand forecasting methodology needs 
to take into account these differences in characteristics in order to produce reasonable and 
reliable estimates of the expected ridership on each alternative ART line. 
 
Based on this, the demand estimation methodology for estimating the ridership on the 
proposed ART lines is based on developing the estimates for a Base Case Scenario for the 
base year (opening year), and then using the estimates of this base case to build the 
ridership estimates for the remaining cases using well-known and reliable transportation 
demand modelling techniques. Accordingly, the assumptions adopted for Base Case 
Scenario are as follows:  
 
1. The Base Case Scenario assumes an ART line of only two terminals with no 

intermediary stations, similar to alignment alternatives: Kudai, Rusayfah-A, and 
Taneem-A  
 

2. The Base Case Scenario assumes that the ART line uses an MDG technology for its 
operation with a maximum offered capacity of 3,600 PPHPD.  
 
Based on these assumptions, the base case ridership calculations are valid for the 
following three ART alternatives:   
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1. Alternative #1: Kudai (MDG)  
2. Alternative #3: Rusayfah-A (MDG)  
3. Alternative #7: Taneem-A (MDG)  

 
Based on both the general assumptions outlined in Section 7.2.2, as well as the Base Case 
Scenario assumptions outlined in this section, the daily ridership for all the ART 
alternatives is discussed in the next few sections, starting with the Base Case Scenario as 
shown in the following section. 
 

7.2.4 Case 1 (Base Case Scenario): Two Terminals; No Intermediary Stations; 
MDG Technology 
 
The daily ridership (i.e. boardings) for an ART line with only two terminals/stations 
assumed to be composed of equal boardings at each terminal (i.e. half of the expected daily 
boardings occur at the Non-Haram terminal and the other half occurs at the Haram 
terminal), which is a logical assumption for any public transport service of this type. Hence, 
once we compute the daily boardings at the Non-Haram terminal, we will be able to find the 
total daily boardings on the line given that the daily boardings at the Haram terminal are 
the exact same as the Non-Haram terminal. 

 
7.2.4.1 Daily Boardings at the Non-Haram Terminal 
 

The daily boardings at the Non-Haram terminal can be computed using the following steps: 
 
1. Compute the Daily Peak Period Boardings 
 
For each period of the year, the daily peak hour boardings are computed by multiplying the 
line maximum offered capacity by the assumed peak hour load factor for that period, as 
illustrated in the following formula: 
 
 
Daily Peak Hour Boardings (At Non-Haram Terminal) =  

(Line Maximum Offered Capacity)*(Assumed Peak Hour Load Factor) 
 

Given that the assumed peak hour load factor for the Base Case is not the same for all 
periods, then the daily peak hour boardings for each period of the year is computed as 
follows: 
 
For Weekdays: 
 
Daily Peak Hour Boardings (At Non-Haram Terminal) = (3600)*(0.25) 
       = 900 Persons/hr 
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For Fridays: 
 
Friday Prayer Peak Hour Boardings (At Non-Haram Terminal) = (3600)*(0.8) 
       = 2880 Persons/hr 
 
Daily Peak Hour Boardings (At Non-Haram Terminal) = (3600)*(0.4) 
       = 1440 Persons/hr 
 
For Ramadan and Hajj: 
 
Daily Peak Hour Boardings (At Non-Haram Terminal) = (3600)*(0.9) 
       = 3240 Persons/hr 
 
 
To calculate the total peak period boardings, we multiply the daily peak hour boardings by 
the number of daily peak hours for each period as follows: 

 
Daily Peak Period Boardings (At Non-Haram Terminal) =  

(Daily Peak Hour Boardings) * (Number of Daily Peak Hours) 
 
 
Given that the assumed number of daily peak hours for the base case is not the same for all 
periods, then the daily peak hour boardings for each period of the year is computed as 
follows: 
 
For Weekdays: 
 
Daily Peak Hour Boardings (At Non-Haram Terminal) = (900)*(3) 
          = 2700 Persons 
 
For Fridays: 
 
Friday Prayer Peak Hour Boardings (At Non-Haram Terminal) = (2880)*(1) 
          = 2880 Persons 
 
Daily Peak Hour Boardings (At Non-Haram Terminal) = (1440)*(2.5) 

               = 3600 Persons 
For Ramadan and Hajj: 
 
Daily Peak Hour Boardings (At Kudai Terminal) = (3240)*(5) 
          = 16,200 Persons 
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2. Compute the Daily Off-Peak Period Boardings 
 
The same method used for estimating the demand during the peak period is repeated for 
the off-peak period to estimate the off-peak period ridership. Accordingly, the daily off-peak 
period boardings (at the Non-Haram Terminal) for each period of the year are computed as 
follows: 
 
 
For Weekdays: 
 
Daily Peak Hour Boardings (At Non-Haram Terminal) = (3600)*(0.1)*(15) 
          = 5,400 Persons 
 
For Fridays: 
 
Daily Peak Hour Boardings (At Non-Haram Terminal) = (3600)*(0.1)*(14.5) 
          = 5,220 Persons 
 
 
For Ramadan and Hajj: 
 
Daily Peak Hour Boardings (At Kudai Terminal) = (3600)*(0.6)*(13) 
          = 28,080 Persons 
 
 
3. Compute the Total Daily Boardings 
 
The daily boardings at the Non-Haram terminal can now be computed for each period by 
summing up the peak and the off-peak periods’ boardings as follows: 
 
 
Total Daily Boardings (At Non-Haram Terminal) =  

Peak Period Boardings + Off-Peak Period Boardings 
 
 
Using this formula, the total daily boardings at the Non-Haram terminal can be computed as 
follows: 
 
 
For Weekdays: 
 
Total Daily Boardings (At Non-Haram Terminal) = 2,700 +5,400 = 8,100 Persons 



191 
 

      
For Fridays: 
 
Total Daily Boardings (At Non-Haram Terminal) = 2,880 +3,600+5,220 = 11,700 Persons 
 
For Ramadan and Hajj: 
 
Total Daily Boardings (At Non-Haram Terminal) = 16,200 +28,080 = 44,280 Persons 
 
Table 7-4 below provides a summary of the calculations of daily boardings at the NON-
HARAM terminal. 

 
 

Table  7-4:  Daily Boardings at Non-Haram Terminal for Base Case Alternatives  

Service Characteristics Unit of 
Measure. 

Period of Year 

Ramadan 
and Hajj  Fridays   Weekdays 

ART System Type   MDG MDG MDG 
Line Maximum Capacity PPDPH 3600 3600 3600 
Number of Days per Year Days 51 47 267 
Daily Service Hours Hours 18 18 18 
Assumed Friday Prayer Load Factor   80  
Assumed Daily Peak Hour Load Factor  % 90 40 25 
Assumed Daily Off-Peak Hour Load 
Factor  

% 60 10 10 

Number of Friday Prayer Peak Hours (At 
Non-Haram Terminal)   1  

Number of Daily Peak Hours (At Non-
Haram Terminal) Hours 5 2.5 3 

Number of Daily Off-Peak Hours (At Non-
Haram Terminal) Hours 13 14.5 15 

Daily Peak Period Boardings (At Non-
Haram Terminal) Persons 16,200 6,480 2,700 

Daily Off-Peak Period Boardings (At Non-
Haram Terminal) Persons 28,080 5,220 5,400 

Daily Boardings (At Non-Haram 
Terminal) Persons 44,280 11,700 8,100 
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7.2.4.2 Daily Boardings at both Terminals (Total Daily Boardings on the Line) 
 

As mentioned earlier, the daily boardings at the Haram terminal are equal to the total daily 
boardings at the Non-Haram terminal. In other words, the total daily boardings (i.e. daily 
demand) for the base case for each period of the year can be computed as shown in Table 
7-5 below: 

 
Table  7-5: Total Daily Boardings for Base Case Alternatives 

Boardings Unit of 
Measure. 

Period of Year 

Ramadan 
and Hajj  Fridays   Weekdays 

Daily Boardings (At Non-Haram Terminal) Persons 44,280 11,700 8,100 

Daily Boardings (At Haram Terminal) Persons 44,280 11,700 8,100 

Total Daily Boardings (Demand) on the line Persons 88,560 23,400 16,200 

 
 
7.2.4.3 Annual Boardings on the Line 
 

The annual boardings for each period of the year can now be computed by multiplying the 
total daily boardings by the number of days per period as shown in Table 7-6.  

 
Table  7-6:  Total Annual Boardings for Base Case Alternatives  

 
Unit of 

Measure. 

Period of Year 

Ramadan 
and Hajj  Fridays   Weekdays 

Total Daily Boardings (Demand) on the line Persons 88,560 23,400 16,200 

Number of Days per Year Persons 51 47 267 
Total Daily Boardings (Demand) on the 
line Persons 4,516,560 1,099,800 4,325,400 

 
 

Finally, the total annual boardings on the line can be computed by summing up the 
boardings encountered during each period of the year. Accordingly, the total annual 
ridership for the base case is: 
 
Total Annual Ridership = 4,516,560+ 1,099,800 + 4,325,400 
Total Annual Ridership = 9,941,760 Persons 
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As explained earlier in this section, the base case scenario is similar to the following 
alternatives: Alternative 1 (Kudai MDG), Alternative 3 (Rusayfah-A MDG), and Alternative 7 
(Taneem-A MDG). Accordingly, the expected daily and annual ridership/boarding numbers 
for the three alternatives is the same as the base case scenario. The daily and annual 
ridership for the three lines is shown in Table 7-7 below: 
 
 

Table  7-7:  Daily Boardings at Non-Haram Terminal for Base Case Alternatives  

Alternative 
# 

Line Type 
Annual  

Boardings  
1 Kudai  MDG 9,941,760 
3 Rusayfah-A  MDG 9,941,760 
7 Taneem-A  MDG 9,941,760 

 
 

7.2.5 Case 2: Two Terminals; No Intermediary Stations; TDG Technology 
 

As explained in the previous section, the base case scenario assumes an ART line of only two 
terminals with no intermediary stations, similar to alignment alternatives: Kudai, Rusayfah-
A, and Taneem-A. The base case scenario also assumes the line uses an MDG-type 
technology with a capacity of 3,600 PPHPD. Therefore, the base case ridership calculations 
were also valid for the following three alternatives:  Kudai (Type MDG), Rusayfah-A (Type 
MDG), and Taneem-A (Type MDG). 
 
Given that the ridership estimates for the three alternative alignments were computed for 
the MDG technology (alternatives 1, 3 and 7), these estimates can now be used to estimate 
the ridership for the same alternatives but for the TDG technology (i.e. alternatives 2, 4 and 
8) given that the only difference between these alternatives is the type of technology used.  
 
Using the TDG technology instead of the MDG technology for any specific line will have an 
impact on the estimated ridership because of the difference in speed/travel time between 
the two technologies.  As discussed earlier in Chapter 3, TDG technologies have the 
advantage of being able to move at higher speeds compared to MDG systems (30.6 km/h for 
TDG system compared to 21.6 km/h for MDG systems), which in turn will have an impact on 
the expected ridership as higher speeds mean more riders will opt to use the TDG systems 
given its lower travel times and higher speeds. Hence, the methodology of estimating the 
ridership for alternatives 2, 4 and 8 will depend on using proved transportation planning 
methods/techniques taking advantage of the difference in speed/travel time between the 
two technologies.  
 
After consulting many references, it was decided that using travel time elasticities is the 
most suitable method that can be used in this instance to estimate the ridership for the 
alternatives with TDG technologies. Travel time elasticity is used extensively in the public 
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transportation planning community for estimating the impact that any change in a public 
transit system travel time might have on the expected ridership of that system.  

 
Economists measure price sensitivity using elasticities, defined as the percentage change in 
consumption of a good caused by a one-percent change in its price or other characteristics 
(such as traffic speed or road capacity). Similarly, transit service elasticity is defined as the 
percentage change in transit ridership resulting from each 1% change in transit service, 
such as frequency and speed. A negative sign indicates that the effect operates in the 
opposite direction from the cause (an increase in price causes a reduction in 
travel/ridership). Elasticities can be calculated based on ratios, rather than absolute price 
values, such as the ratio between existing transit operating speed and future operating 
transit operating speed. 
 
In this regard, travel time elasticities can be used to capture the impact that the higher 
speeds (i.e. lower travel times) of TDG systems have on the expected ridership compared to 
MDG systems. For the sake of this project, a travel time elasticity of -0.557 is used in the 
analysis. 
 
Based on the above discussion, travel time elasticities can be used to estimate the ridership 
for the following alternatives: 

 
a. Alternative #2: Kudai (TDG)  
b. Alternative #4: Rusayfah-A (TDG)  
c. Alternative #8: Taneem-A (TDG)  

 
These alternatives have the same alignment as alternatives 1, 3 and 7 respectively, except 
that they use the TDG technology instead of the MDG technology. The impact that this 
difference has on the expected ridership on alternatives 2, 4 and 8 can be computed using 
travel time elasticities as follows: 
 
1. Compare the travel time between each TDG alternative and its corresponding MDG 

alternative. The differences in travel time for the three alternatives of this case and their 
corresponding base case alternatives are shown in Tables 7-8 to 7-10 below. 

 
Table  7-8:  Travel Time Difference between Alternatives 2 and 1  

Alternative # 1 2 

Technology Type MDG  TDG 
Travel Time between Terminals  (min) 6.4 4.5 
% Difference in Travel Time   -29.4% 

 

                                                             
57 http://www.vtpi.org/tranelas.pdf   
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Table  7-9:  Travel Time Difference between Alternatives 4 and 3  

Alternative # 3 4 

Technology Type MDG  TDG 
Travel Time between Terminals  (min) 8.8 6.2 
% Difference in Travel Time   -29.4% 

 
 

Table  7-10:  Travel Time Difference between Alternatives 8 and 7  

Alternative # 7 8 

Technology Type MDG  TDG 
 
Travel Time between Terminals  (min) 

14.2 10.0 

% Difference in Travel Time   -29.4% 
 
 
 

2. Compute the estimated gain in ridership (compared to the corresponding base case 
alternative ridership) using travel time elasticities as follows: 
 
 
% Gain in Ridership = (% Difference in Travel Time)*(Travel Time Elasticity) 
 
Given that the percentage difference in travel time for alternatives 2, 4 and 8 is the same 
(i.e. -29.4%), then the percentage gain in ridership for each alternative compared to the 
base case ridership is the same and equals: 
 
% Gain in Ridership = (-29.4%)*(-0.50) = 14.7% 
 

3. Compute the estimated ridership using the computed gain in ridership as follows: 
 
 

Total Annual Boardings for TDG Alternative =  
 (Total Annual Boardings for MDG alternative)*(1+ % Gain in Ridership) 

 
 
Using the above formula, we can now compute the annual boardings (i.e. ridership) for 
alternatives 2, 4 and 8 as follows: 
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Total Annual Boardings for Alternatives (2, 4 and 8) = 9,941,760 *(1+0.147) 
               = 11,403,784 Persons  

  
 

Accordingly, the total annual boardings (ridership) for alternatives 2, 4 and 8 are shown in 
Table 7-11 below. 
 

 
Table  7-11:  Total Annual Boardings for Case 2 Alternatives  

Alternative 
# 

Line Type 
Annual 

Boardings 
2 Kudai  TDG 11,403,784 
4 Rusayfah-A TDG 11,403,784 
8 Taneem-A TDG 11,403,784 

 
 
7.2.6 Case 3: Two Terminals; Intermediary Stations; MDG Technology 
 

To estimate the ridership for this case’s alternatives, we also need to refer to the ridership 
of the base case alternatives (i.e. case 1 ridership). The base case scenario assumes an ART 
line of only two terminals with no intermediary stations, and uses an MDG-type technology 
with a capacity of 3,600 PPHPD. Accordingly, the ridership estimates for the three 
alternatives that fit the base case (i.e. alternatives 1, 3 and 7) were computed for a system 
with no intermediary stations. These estimates can now be used to estimate the ridership 
for the similar alternatives with intermediary stations (i.e. alternatives 5, 9 and 11) given 
that the only difference between these alternatives and the base case alternatives is the 
existence of the intermediary stations.  
 
The method used to estimate the ridership on these lines is similar to the method discussed 
in the previous section to estimate the ridership for alternatives with TDG technology, with 
minor modification to account for the extra ridership gained by the addition of intermediary 
stations. More specifically, the methodology of estimating the ridership for alternatives 5, 9 
and 11 will depend on using travel time elasticities to compute the estimated ridership at 
the terminals, while the ridership at the intermediary stations will be computed using 
reasonable conservative assumptions.  

 
In this case, travel time elasticities are used to capture the impact that the lower speeds (i.e. 
higher travel times) of this case’s alternatives (due to the addition of intermediary stations) 
have on the expected ridership compared to the base case.  
 
Accordingly, travel time elasticities can be used to estimate the ridership on the following 
alternatives: 
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a. Alternative #5: Rusayfah-B (MDG) 
b. Alternative #9: Taneem -B (MDG)  
c. Alternative #11: Taneem-C (MDG)  

 
The impact that the addition of intermediary stations has on the expected ridership for 
alternatives 5, 9 and 11 can be computed as follows: 
 
1. Compare the travel time (between terminals) for each alternative with its 

corresponding base case alternative. The travel time comparisons for this case are 
shown in Tables 7-12 to 7-14 below. 
 

 
Table  7-12:  Travel Time Difference between Alternatives 5 and 3  

Alternative # 3 5 

Technology Type MDG  MDG 
Travel Time between Terminals  (min) 8.8 11.4 
% Difference in Travel Time   28.6% 

 
 

Table  7-13:  Travel Time Difference between Alternatives 9 and 7  

Alternative # 7 9 

Technology Type MDG  MDG 
Travel Time between Terminals  (min) 14.2 14.9 
% Difference in Travel Time   4.9% 

 
 

Table  7-14:  Travel Time Difference between Alternatives 11 and 7  

Alternative # 7 11 

Technology Type MDG  MDG 
Travel Time between Terminals  (min) 14.2 18.3 
% Difference in Travel Time   28.9% 

 
 
 

2. Compute the estimated gain in ridership (or loss in this case) for each alternative 
(compared to the base case) using travel time elasticities as follows: 
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 % Gain/Loss in Ridership = (% Difference in Travel Time)*(Travel Time Elasticity) 
 
 
Using this formula, the % gain/loss in ridership for each alternative (with intermediary 
stations) compared to the ridership of the corresponding base case alternative can be 
computed as shown in Table 7-15 below: 
 

 
Table  7-15:  Gain in Ridership for Alternatives 5, 9 and 11 

Alternative # 5 9 
 

11 

% Difference in Travel Time   28.6% 4.9% 28.9% 
Travel Time Elasticity -0.50 -0.50 -0.50 
% Gain in Ridership -14.31% -2.46% -14.44% 

 
 
 

3. Compute the annual ridership adjusted for travel time difference as follows: 
 

Annual Ridership (for Alternatives 5, 9 and 11) =  
 (Annual Ridership for Corresponding Base Case)*(1+ % Gain in Ridership) 

 
 
Table 7-16 below show the annual ridership adjusted for travel time difference for the ART 
alternatives of this case. 

 
 

Table  7-16:  Ridership Adjusted for Time Difference (Alternatives 5, 9 and 11) 

Alternative # 5 9 
 

11 

Ridership for Corresponding Base Case   9,941,760 9,941,760 9,941,760 
% Gain in Ridership -14.31% -2.46% -14.44% 
Ridership Adjusted for Travel Time Difference  8,519,497   9,696,908   8,506,656  
 

 
4. Compute the additional annual ridership at intermediary stations as follows: 
 
Given the lack of data related to the expected ridership at the intermediary stations, it was 
decided that the additional ridership at each intermediary station is assumed to be 20% of 
the ridership at the terminals. Accordingly, the ridership gained from the addition of 
intermediary stations for each alternative can be computed as follows: 
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Annual Additional Ridership =  

(0.2)*(Annual Ridership at Terminals)*(# Intermediary Stations) 
 

 
Table 7-17 below show the annual ridership adjusted for additional ridership resulting 
from intermediary stations for the ART alternatives of this case. 

 
 

Table  7-17:  Ridership Adjusted for Additional Stations (Alternatives 5, 9 and 11) 

Alternative # 5 9 
 

11 

Ridership Adjusted for Travel Time Difference  8,519,497   9,696,908   8,506,656  
Number of Intermediary Stations 3 1 3 
% Ridership Gained 0.2 0.2 0.2 
Total Annual Ridership 13,631,195  11,636,290  13,610,650  

 
 
Accordingly, the total annual ridership (boardings) for alternatives 5, 9 and 11 is shown in 
the Table 7-18 below. 
 

 
Table  7-18:  Total Annual Boardings for Alternatives 5, 9 and 11  

Alternative 
# 

Line Type 
Annual 

Boardings 

5 Rusayfah B  MDG 13,631,195 
9 Taneem B MDG 11,636,290 

11 Taneem C MDG 13,610,650 
 
 
 
7.2.7 Case 4: Two Terminals; Intermediary Stations; TDG Technology 
 

This case includes alternatives 6, 10 and 12. These alternatives have the same 
characteristics as alternatives 5, 9 and 11, except that they use the TDG technology instead 
of the MDG technology. The method used to estimate the ridership for these alternatives is 
similar to the method discussed for case 2 (i.e. using travel time elasticities to capture the 
impact that replacing MDG technology with TDG technology has on the ridership). However, 
it is important to notice that the corresponding base case alternatives for alternatives 6, 10 
and 12 are now alternatives 5, 9 and 11 respectively instead of 1, 3 and 7 as in case 2. 

 



200 
 

Based on the above discussion, travel time elasticities can be used to estimate the ridership 
on the following alternatives: 

 
a. Alternative #6: Rusayfah-B (TDG)  
b. Alternative #10: Taneem-B (TDG)  
c. Alternative #12: Taneem-C (TDG)  

 
These alternatives have the same alignment as alternatives 5, 9 and 11 respectively, except 
that they use the TDG technology instead of the MDG technology. The impact that this 
difference has on the expected ridership can be computed using as follows: 
 
4. Compare the travel time between each TDG alternative and its corresponding MDG 

alternative. The travel time comparisons for this case are shown in Tables 7-19 to 7-21 
below. 
 
 

Table  7-19:  Travel Time Difference between Alternatives 6 and 5  

Alternative # 5 6 

Technology Type MDG  TDG 
Travel Time between Terminals  (min) 11.4 10.9 
% Difference in Travel Time   -4.1% 

 
 

Table  7-20:  Travel Time Difference between Alternatives 10 and 9  

Alternative # 9 10 

Technology Type MDG  TDG 
Travel Time between Terminals  (min) 14.9 11.5 
% Difference in Travel Time   -23.0% 

 
 

Table  7-21:  Travel Time Difference between Alternatives 12 and 11  

Alternative # 11 12 

Technology Type MDG  TDG 
Travel Time between Terminals  (min) 18.3 15.8 
% Difference in Travel Time   -13.8% 
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5. Compute the estimated gain/loss in ridership using travel time elasticities as follows: 

 
 % Gain in Ridership = (% Difference in Travel Time)*(Travel Time Elasticity) 

 
Using the above formula, we can now compute the percentage gain in ridership for 
alternatives 6, 10 and 12 compared to alternatives 5, 9 and 11 respectively, as shown in 
Table 7-22 below.  

 
 

Table  7-22:  Gain in Ridership for Alternatives 6, 10 and 12  

Alternative # 6 10 
 

12 

% Difference in Travel Time   -4.1% -23.0% -13.8% 
Travel Time Elasticity -0.50 -0.50 -0.50 
% Gain in Ridership 2.07% 11.50% 6.88% 

 
 
 

6. Compute the estimated ridership using the % computed gain in ridership as follows: 
 

Total Annual Boardings for TDG Alternative =  
 (Total Annual Boardings for Base Case)*(1+ % Gain in Ridership) 

  
Using the above formula, we can now compute the total annual ridership adjusted for travel 
time differences as shown in Table 7-23 below.  

 
 

Table  7-23:  Ridership Adjusted for Time Difference (Alternatives 6, 10 and 12) 

Alternative # 6 10 
 

12 

Ridership for Corresponding Base Case   13,631,195 11,636,290 13,610,650 
% Gain in Ridership 2.07% 11.50% 6.88% 
Ridership Adjusted for Travel Time 
Difference 

13,913,780 12,974,535 14,546,617 

 
 
 

Accordingly, the total annual boardings (ridership) for alternatives 6, 10 and 12 are shown 
in the Table 7-24 below.  

 
 



202 
 

 
Table  7-24:  Total Annual Boardings for Adjusted for Alternatives 6, 10 and 12 

Alternative 
# 

Line Type 
Annual 

Boardings 

6 Rusayfah B  TDG 13,913,780 
10 Taneem B TDG 12,974,535 
12 Taneem C  TDG 14,546,617 

 
 
Finally, Table 7-25 and Figure 7-1 below summarize the computed total annual boardings 
for all alternatives (i.e. alternatives 1 through 12). 

 
 

Table  7-25:  Total Annual Boardings for All Preferred ART Alternatives  

Alternative 
# 

Line Type Annual 
Boardings 

1 Kudai  MDG 9,941,760 
2 Kudai  TDG 11,403,784 

 
3 Rusayfah A  MDG 9,941,760 
4 Rusayfah A TDG 11,403,784 

 
5 Rusayfah B  MDG 13,631,195 
6 Rusayfah B  TDG 13,913,780 

 
7 Taneem A  MDG 9,941,760 
8 Taneem A TDG 11,403,784 

 
9 Taneem B MDG 11,636,290 

10 Taneem B TDG 12,974,535 
 

11 Taneem C MDG 13,610,650 
12 Taneem C  TDG 14,546,617 
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Figure  7-1:  Total Annual boardings for All Preferred ART Alternatives  

 
 
 
 
7.3 Revenue Forecasts 
 

Annual revenue forecasts are an essential component of any public transportation 
investment as it presents the expected financial returns of the project. Moreover, since 
revenue forecasts depend on the fare paid by customers (and set out by the transit agency), 
the revenue forecast process can be used to test several fare policies and their impact on the 
expected annual revenues as well as their impact on the expected ridership. 
 
For the sake of this project, and in order to estimate the annual revenues for each ART 
alternative, it was assumed that the fare that will be paid by customers in the base year is 
SAR 3 per one-way trip. This assumption is based on observed fares paid by customers 
using different transportation modes in Makkah such as buses and taxies. It should be 
noted, however, that this fare (SAR 3) is the average one-way trip fare for all types of fare 
structures and customers. In other words, this fare represents the average revenue per one-
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way trip that would be obtained after applying discounts for wholesale purchase of tickets, 
through pre-paid travel cards or season tickets and for particular customer groups 
(typically children, the elderly and people with disabilities). This means that the adult one-
way trip fares would be higher and their exact level would be determined by the fare 
strategy adopted by the service operator. Table 7-26 below summarizes the annual 
revenues for each ART alternative for the base year assuming a base fare of SAR 3.  

 
 
 
 

 Table  7-26:  Annual Revenue Forecasts for All Alternatives 

Alternative 
# 

Line Type Annual Boardings Annual Revenues 
(SAR) 

Annual Revenues 
($) 

1 Kudai  MDG 9,941,760 29,825,280 7,953,408 
2 Kudai  TDG 11,403,784 34,211,351 9,123,027 

 
3 Rusayfah A  MDG 9,941,760 29,825,280 7,953,408 
4 Rusayfah A TDG 11,403,784 34,211,351 9,123,027 

 
5 Rusayfah B  MDG 13,631,195 40,893,585 10,904,956 
6 Rusayfah B  TDG 13,913,780 41,741,340 11,131,024 

 
7 Taneem A  MDG 9,941,760 29,825,280 7,953,408 
8 Taneem A TDG 11,403,784 34,211,351 9,123,027 

 
9 Taneem B MDG 11,636,290 34,908,870 9,309,032 

10 Taneem B TDG 12,974,535 38,923,604 10,379,628 
 

11 Taneem C MDG 13,610,650 40,831,951 10,888,520 
12 Taneem C  TDG 14,546,617 43,639,851 11,637,294 

 
 

It should be noted that even though the fare assumed in the revenue forecasts (i.e. SAR 3) is 
a realistic assumption given the existing transportation conditions in Makkah, several 
sensitivity tests were undertaken in order to study the impact that a different service fare 
set out by the service operator would have on the expected ridership and revenues. The 
results of the sensitivity tests are documented later in this chapter. 
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7.4 Revenue Stream  
 

The previous section presented the estimated base year annual revenues for all the ART 
alternatives. These estimates can now be used to develop an annual revenue stream for the 
life cycle of the project, which will then be used as inputs for the economic evaluation model 
(i.e. BCA analysis). 
 
In order to develop an annual revenue stream for the life cycle of each ART alternative, 
several ridership and economic assumptions need to be made first; these include:  

 
 An annual ridership growth of 2% between the years 2014 to 2044 is assumed for 

all alternative lines, which is a very modest assumption for any public transit 
system; 

 Construction time for each ART alternative is 1 year; 
 Fares paid by customers have to be annually adjusted for inflation to account for the 

degradation of the value of money with time. Accordingly, an inflation rate of 5%58 is 
assumed for the life cycle of the project. Using this inflation rate, and given that the 
assumed fare in the opening year is 3 SAR, then the fares adjusted for inflation for 
each of the following years are shown in Table 7-25 below. 

 An annual real discount rate of 5%59 is assumed for the life cycle of the project. This 
rate is used to discount future revenues to the present year. It should be mentioned, 
however, that raising the fare annually to account for inflation is not mandatory, and 
the decision is usually in the hands of the service operator to adjust fares according 
to its fare policy. Moreover, even if the fare is adjusted annually for inflation, the 
annual inflation rate is not expected to be the same throughout the project life cycle, 
which means that the service operator has to make sure that adjusted fares take into 
account the actual inflation rate of that year. 
 

Based on these assumptions, the revenue stream for the life cycle of each ART alternative is 
developed and discussed in the following few sections. 

 
 
 
 
 
 
 
 
 

                                                             
58 http://www.tradingeconomics.com/saudi-arabia/inflation-cpi 
59 http://www.tradingeconomics.com/saudi-arabia/inflation-cpi 
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Table  7-27:  One-Way Trip Fare Adjusted for Inflation for the Life Cycle of the Project 

Year Fare Year Fare 

1 3.0 16 6.2 
2 3.2 17 6.5 
3 3.3 18 6.9 
4 3.5 19 7.2 
5 3.6 20 7.6 
6 3.8 21 8.0 
7 4.0 22 8.4 
8 4.2 23 8.8 
9 4.4 24 9.2 

10 4.7 25 9.7 
11 4.9 26 10.2 
12 5.1 27 10.7 
13 5.4 28 11.2 
14 5.7 29 11.8 
15 5.9 30 12.3 

 
 

 
7.4.1 Kudai Corridor  
 

The proposed ART service for the Kudai corridor has one alignment only for the two 
alternative technologies (MDG and TDG) assumed for this line (alternatives 1 and 2). The 
alignment assumes that in both cases, the ART line will have two terminals only with no 
intermediary stations. Given this information and the assumptions explained earlier, Figure 
7-2 below shows the revenue stream for the life cycle of the two alternatives:  

 
 Alternative 1: Kudai (MDG); and  
 Alternative 2: Kudai (TDG). 

 
As shown in the figure, for the first few years of operation, the annual revenues (with fares 
adjusted for inflation) for both alternatives remain below SAR 50 Million per year. After the 
early years of operation, the annual revenues start to increase more sharply as the 
accumulated ridership growth starts to build more ridership and the value of the inflation-
adjusted fares start to increase with time. In year 30 of operations, the annual revenues for 
both alternatives are expected to exceed SAR 200 Million per year, which is a significant 
increase from the less than SAR 50 Million per year expected in the first few years if 
operation. It should be mentioned again that the inflated are subject to the inflation rate 
used and should be adjusted accordingly as more information on the annual inflation rates 
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become available. For example, if the annual inflation rate becomes 1%, then the adjusted 
fares should reflect this fact. 
 
As expected, the TDG alternative (alternative 2) produces more revenues given the extra 
ridership expected as a result of the higher speeds and lower travel times of the TDG 
technology. It should be noted, however, that this increase in ridership will come at a cost, 
as the capital and operation costs of TDG systems will be much higher than those of MDG 
systems, a topic that will be discussed later in the economic feasibility study in Chapter 9.  
 
 
 
  

 
 

Figure  7-2:  Revenue Stream for Kudai Alternatives  
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7.4.2 Rusayfah Corridor 
 

The proposed ART service on the Rusayfah corridor (i.e. Umm Al-Qura Road) has two 
alternative alignments (Rusayfah-A and Rusayfah-B) with two alternative technologies 
(MDG and TDG). The first alignment (Rusayfah-A) assumes that the ART line has two 
terminals only with no intermediary stations (alternatives 3 and 4). The second alignment 
(Rusayfah-B) assumes that the ART line has two terminals and three intermediary stations 
(alternatives 5 and 6). Given this information and the assumptions explained earlier, 
Figures 7-3 and 7-4 below show the revenue stream for the life cycle of the four 
alternatives:  

 
 Alternative 3: Rusayfah-A (MDG);  
 Alternative 4: Rusayfah-A (TDG); 
 Alternative 5: Rusayfah-B (MDG); and 
 Alternative 6: Rusayfah-B (TDG); 

 
Figure 7-3 is the exact same figure (with the same numbers) as Figure 7-2 given that both 
the Kudai and Rusayfah-A alignments share the same assumptions with regard to demand 
as explained earlier. So the discussion provided for the Kudai alignment holds also for the 
Rusayfah-A alignment. 
 
For alignment B, which has three intermediary stations in addition to the two terminals, 
Figure 7-4 shows that the annual revenues for the MDG alternative of this alignment 
(alternative 5) are greater than those of alignment A (alternative 3). This trend holds also 
for the TDG alternatives (alternative 6 compared to alternative 4). This means that the 
additional ridership gained from the addition of the intermediary stations is more than 
offsets the ridership lost at the terminals due to the increased travel time resulting also 
from the addition of the intermediary stations. In fact, as shown in Figure 7-5, both 
alternatives for alignment B show more annual revenues than the alternatives of alignments 
A, this means that an MDG system that follows alignment B has the potential of having more 
ridership, and in turn more revenues, than a TDG system that follows alignment A.  
 
As shown in Figure 7-5, in year 30 of operations, the annual revenues for the alternatives 
that follow alignment B are expected to be close to or more than SAR 300 Million per year, 
which is much higher than the expected annual revenues for alignment A alternatives 
(between SAR 200 and 250 Million). 
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Figure  7-3:  Revenue Stream for Rusayfah A Alignments  
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Figure  7-4:  Revenue Stream for Rusayfah B Alignments 
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Figure  7-5:  Revenue Stream for All Rusayfah Alternatives  
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7.4.3 Taneem Line Revenue Stream 
 

The proposed ART service on the Taneem corridor has three alternative alignments 
(Taneem-A, Taneem-B and Taneem-C) with two alternative technologies (MDG and TDG). 
The first alignment (Taneem-A) assumes that the ART line has two terminals only with no 
intermediary stations (alternatives 7 and 10). The second alignment (Taneem -B) assumes 
that the ART line has two terminals and one intermediary station (alternatives 8 and 11), 
while the third alignment (Taneem -C) assumes that the ART line has two terminals and 
three intermediary stations (alternatives 9 and 12). Given this information and the 
assumptions explained earlier, Figures 7-6 to 7-8 below show the revenue stream for the 
life cycle of the six alternatives:  

 
 Alternative 7: Taneem-A (MDG);  
 Alternative 8: Taneem -A (TDG); 
 Alternative 9: Taneem -B (MDG);  
 Alternative 10: Taneem -B (TDG); 
 Alternative 11: Taneem -C (MDG);  
 Alternative 12: Taneem -C (TDG); 

 
 
Figure 7-6 shows that the annual revenues for the MDG alternative of Alignment C 
(alternative 11) are greater than those of alignments A and B (alternatives 7 and 9 
respectively). This trend holds also for the TDG alternatives as shown in Figure 5-6 
(alternative 12 compared to alternatives 8 and 10). As explained earlier in the discussion of 
the Rusayfah alignments, this trend is a result of the addition of the three intermediary 
stations to Alignment C, which added more ridership and in turn more revenues to 
alignment C compared to alignments A (no intermediary stations) and B (one intermediary 
station) 
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Figure  7-6:  Revenue Stream for Taneem MDG Alternatives  
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Figure  7-7:  Revenue Stream for Taneem TDG Alternatives  
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Figure  7-8:  Revenue Stream for All Taneem Alternatives  
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7.5 Fare Sensitivity Tests 
 

The previous two sections presented the base year annual revenues and the life cycle 
revenue streams for all the ART alternatives. As mentioned in Section 7.3, the reported 
annual revenues are based on the assumption that that the base year average (flat) fare 
collected per one-way trip is SAR 3. Although this assumed fare is consistent with existing 
fares paid by customers for using other transportation modes in Makkah, an exercise has 
been undertaken to determine how sensitive the demand and revenue is to changes in the 
service fare. This exercise makes it possible for the service operator to establish an 
approach of how the fare strategy and structure and to determine the impacts of the 
assumed fare on the expected ridership and revenues for each ART alternative. 
 
In order to perform the fare sensitivity analysis, a fare (or price) elasticity of -0.5 was 
assumed, which is then used to compute the impact that the change in ART fare has on the 
ridership of each ART alternative. The assumed fare elasticity of -0.5 is similar to fare 
elasticities experienced on public transit services throughout the world. 
 
Based on the above discussion, several flat fares (ranging between 2 and 5 SAR) were tested 
using the demand forecasting and revenue model. Figure 7-9 shows the results of the 
sensitivity tests for the base year ridership and revenue forecasts for some of the ART 
alternatives, namely alternatives 1, 3 and 5 (Kudai-MDG, Rusayfah A-MDG and Taneem-A 
MDG). The figures showing the fare sensitivity analyses of the other alternatives are not 
shown here since they have the same trend as Figure 7-9.  
 
As shown in Figure 7-9, and as expected, the ridership on the line decreases constantly as 
the fare increases, while the annual revenues increase as a result of the increase in fare. The 
challenge, therefore, would be to set out the preferred policy fare based on the required 
revenues/ridership on each line, and also based on the required revenue/cost ratio (i.e. R/C 
ratio), as will be discussed in Chapter 9. 
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Figure  7-9:  Fare Sensitivity Analysis (for Alternatives 1, 3 and 5)  
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8.0 Project Capital and Operating Costs       
 
8.1 Introduction 
 

Project costs are a main factor in deciding whether any transportation investment can be 
deemed feasible or not. Therefore, it is crucial to have precise estimates of all the costs 
associated with any proposed or planned project. Hence, once the preferred ART 
alternatives have been identified, the next step is to compute the costs of building and 
operating each ART alternative. In this context, this Chapter discusses the total capital and 
operating costs for each of the preferred ART alternatives based on estimates obtained from 
ART vendors (namely the Doppelmayr/Garaventa Group) and experts. The cost evaluation 
process will also cover costs incurred during the project life cycle. Accordingly, Section 8.2 
discusses and summarizes the capital costs of all the preferred ART alternatives, while 
Section 8.3 presents the operating and maintenance costs of these alternatives. 

 
8.2 Capital Costs 
 

For conventional transit systems, capital costs do not only cover initial investment costs, 
but they also include renewal and overhauling (heavy maintenance) costs, as these should 
be taken into account in any economic feasibility analysis of any specific project. However, 
unlike conventional transit systems, renewal and maintenance costs for ART systems are 
accounted for in the annual operating and maintenance costs of the system as will be 
discussed later in section 8.3. This section, therefore, discusses the investment (or capital 
cost) portion of the costs of any ART system. The discussion focuses on the 
investment/capital cost of each system component with the aim of developing capital cost 
estimates for each preferred ART alternative. It is worth mentioning that the cost estimates 
reported in this chapter are based mostly on information gathered from one of the major 
vendors of ART technologies in the world (the Doppelmayr/Garaventa Group). Hence, the 
reported cost estimates are reliable with a small margin of error, as discussed throughout 
this chapter. 

 
8.2.1 Currency Exchange Rates  
 

The currency used in this economic evaluation study and all its components is the SAR 
(Saudi Arabic Riyal). Since most of the original cost estimates for ART systems is in the Euro 
currency, an exchange rate of 5 SAR per 1 Euro is applied for prices originally quoted in 
EURO. An exchange rate of 3.75 SAR per 1 Dollar is also applied for prices originally quoted 
in both USD (United States Dollar) and CAD (Canadian Dollar). 
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8.2.2 Capital Cost Components  
 

Project investment/capital costs include all cost elements associated with the initial 
investment made for the project. For ART systems, these elements include:  
 

 Drive and Return Motors (at the two end terminals); 
 Infrastructure and Line Equipment; 
 Intermediate Stations (if they exist); 
 Terminal/Station Capital Cost; 
 Infrastructure Civil Works (including foundations, piling, cupping and soil tests); 
 Back-up Generator; 
 Local Transportation; 
 Duty on Equipment (including infrastructure, line equipment, and motors at 

terminals and stations); and 
 Contingency Costs 

 
It should be noted that land acquisition costs, if actually needed, are not included in this 
study for several reasons: 
 

 At this stage of the project, the focus is on the concept of ART service along some 
corridors not the actual design/alignment of each AR line. Therefore, at this stage, 
there is no information available on the size of land that needs to be acquired (if 
any) for each ART line. 

 For ART systems, land is usually needed for only terminals and stations since the 
operation of the line will be neither at grade nor underground. Again, at this stage of 
the project, the location of all terminals and stations is not finalized and therefore it 
is not known how much land needs to be acquired for any specific ART line. 

 Land acquisition is very expensive in Makkah compared to other cities in the region 
and the country, and therefore this cost component must be taken care of separately 
and reliable data must be available. 

 There is a realistic option that most of the proposed ART lines might be designed 
without the need to acquire sizeable private land, and instead using existing streets’ 
right-of-way to build the lines. 

 ART lines can help from a city development point of view, since development of land 
around ART terminals and stations could be used to increase the revenue stream of 
ART lines.  

 Finally, and most importantly, no land acquisition cost data was available to 
consider land acquisition costs even if the locations of terminal and stations were 
finalized.   
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Therefore, land acquisition costs should be considered in future stages of the project when 
the final alignment/design of each ART line is finalized and land acquisition costs are 
available. 
 
Moreover, costs of project development (client fees, professional fees, legal fees and 
management and studies’ costs) are not included in this study, and should be considered at 
a later stage of the project.  
 
It should also be mentioned that the cost estimates provided in this chapter can be safely 
assumed accurate within a range of -5.0% and +5.0% (obtained from the 
Doppelmayr/Garaventa Group), as these cost estimates were developed based on limited 
information from the vendors and without comprehensive analysis of the study area and 
local costs in Makkah. Again, more accurate cost estimates would be available at a later 
stage of the project when a full-fledged economic feasibility study is carried out for this 
project. 

 
The following is a brief description of the other capital cost components.  

 
8.2.2.1 Drive and Return Motors  
 

Drive and Return motors at the system terminals are the engines that run any ART 
technology since ART cabins do not have on-board engines to operate them. Therefore, the 
costs of the Drive and Return motors are one of the major cost components of any ART 
technology since they are the core of the system, and without them the system will not 
operate. For MDG technologies, the Drive motor costs around SAR 6 Million while the 
Return motor costs around SAR 4 Million, which is much lower than their TDG technology 
counterparts.  As shown in the table below, the cost of the Drive/Return motor of a TDG 
system is five times the cost of the Drive/Return of an MDG system, which results in a much 
heavier investment compared to MDG systems. The reason for this significant increase in 
the costs of motors is that TDG systems operate heavier cabins (cabins that carry up to 35 
passengers compared to 15 passengers in the case of MDG systems) at a higher speed than 
MDG systems (30.6 km/hr compared to 21.6 km/hr). Hence, the higher cost of TDG 
technologies comes with several benefits such as higher transport capacity, higher speeds, 
longer spans and better wind resistance.  

 
 

ART System Component Cost Unit  
Capital Cost  

MDG 
Technology 

TDG 
Technology 

Terminal 1 Drive Motor  Million SAR 6.00 30.00 
Terminal 2 Return Motor  Million SAR 4.00 20.00 
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8.2.2.2 Infrastructure and Line Equipment  
 

Infrastructure and Line Equipment costs include costs of cabins (vehicles), towers, cables 
and any other related infrastructure costs such as the cabin carriage, power supply and 
telecommunication systems. The Infrastructure and Line Equipment costs for each ART 
alternative will be determined separately and will depend on the line length of that 
alternative.  
 
ART system vehicles (cabins) are unique and very different from conventional transit 
system vehicles as they do not have motors, which reduce their capital costs significantly. 
Therefore, vehicle (cabin) costs are a major advantage of ART systems as their 
acquisition/capital costs are very low compared to conventional transit modes. In fact, the 
cost of ART system vehicles (cabins) is so inexpensive that it is not even comparable to that 
of the cheapest conventional transit systems such as buses. That is why their cost is not 
calculated separately, but rather included with other Line Equipment costs such as towers 
and cables in the capital costs of any ART technology.  
 
Infrastructure and Line Equipment costs are usually estimated on a per kilometer basis as 
shown in the table below. The table shows that MDG technologies have a much lower 
Infrastructure and Line Equipment costs than TDG technologies (SAR 12.5 Million per 
kilometer for MDG technology compared to SAR 26 Million per kilometer for TDG 
technology). This significant difference in costs is a result of the bigger cabins, better 
support towers, and bigger propulsion and suspension cable system associated with the 
TDG technology. 

 
 
 

ART System Component Cost Unit  
Capital Cost  

MDG 
Technology 

TDG 
Technology 

Line Equipment/Infrastructure  
(per km) 

Million SAR 12.50 26.00 

 
 
 
8.2.2.3 Intermediate Stations  
 

Similar to terminals, intermediate stations have motors/engines that are needed to run the 
service at these stations. To some degree, the cost of an intermediate station motor (i.e. 
Drive) is comparable to the cost of the Drive motor at the Drive terminal. As shown below, 
the intermediate station Drive motor for MDG technologies costs around SAR 6 Million 
(similar to the cost of the MDG Drive motor at the terminal), while for TDG technology the 
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intermediate station Drive motor costs around SAR 24.5 Million (compared to the SAR 30 
Million cost of the TDG Drive motor of at the terminal). 

 
 

ART System Component Cost Unit  
Capital Cost  

MDG 
Technology 

TDG 
Technology 

Intermediate Station Motor Million SAR 6.00 24.5 
 

 
8.2.2.4 Terminal (or Station) Capital Cost 
 

Terminal or station capital costs are the cost needed for basic infrastructure, architectural 
and civil works necessary to build a terminal or a station. For the sake of this project, these 
costs account only for basic station/terminal design that is necessary to operate an ART line 
(similar to stations at the Koblenz 3S system), and do not account for extra costs associated 
with additional station amenities or services such as shops or stores (similar to stations at 
the Caracas MDG system).  
 
 

ART System Component Cost Unit  
Capital Cost  

MDG 
Technology 

TDG 
Technology 

Terminal/Station Capital Cost Million SAR 3.50 3.50 
 

 
8.2.2.5 Infrastructure Civil Works 
 

Infrastructure Civil Works costs include the costs associated with foundations, piling, 
cupping and soil tests. At this stage of the project, these cost estimates are very crude 
numbers as these estimates depend on the local conditions/costs in Makkah and the final 
design of each ART line. Once the design of any specific ART line is finalized, these costs 
should be analyzed further to provide more accurate cost estimates. Nevertheless, as these 
cost components are not major cost generators within a built system, any inaccuracies 
should fall within the margin of error of the total costs (i.e. contingency costs) 
 
Other than soil tests, which are estimates as a one-time single cost estimate, infrastructure 
civil works costs are usually estimated on a per kilometer basis as shown in the table below. 
As shown in the table, the Infrastructure Civil Works costs are not key cost drivers as their 
total cost is a small portion of the total capital cost for both MDG and TDG technologies. 
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ART System Component Cost Unit  
Capital Cost  

MDG 
Technology 

TDG 
Technology 

Foundations/Piling (per km) Million SAR 2.25 3.25 
Cupping (per km) Million SAR 0.375 0.75 
Soil Tests  Million SAR 0.50 0.50 

 
 

 
8.2.2.6 Back-Up Generator 

 
As mentioned in previous chapters of this report, all aerial ropeway systems have 
provisions for an auxiliary drive (Back-Up Generator) in the event of an electric power 
failure. This generator is usually gasoline or diesel driven and will automatically turn on if 
an electric power failure occurs. As shown in the table below, the cost of this Back-Up 
Generator constitutes a small portion of the total capital cost of an ART system, but its 
importance cannot be overstated as it prevents any possible hazards or stoppage in service 
in case there was an electric power failure. The cost of this Back-Up Generator for both MDG 
and TDG technologies is the same, amounting to SAR 0.75 Million. 
 

 

ART System Component Cost Unit  
Capital Cost  

MDG 
Technology 

TDG 
Technology 

Back-up Generator Million SAR 0.75 0.75 
 

 
8.2.2.7 Local Transportation 
 

To install any ART system, there is a need for local heavy-load transportation services to 
transport materials and system components. The estimation of this cost component is based 
on other ART installations and experiences around the world, and not based on information 
gathered for Makkah. Therefore, this cost component should be re-evaluated to provide 
more accurate estimates once any specific ART line is carried out to the next stage of 
economic evaluation. Based on the information available from other ART installations, local 
transportation services amount to around SAR 1.0 Million. 

 

ART System Component Cost Unit  
Capital Cost  

MDG 
Technology 

TDG 
Technology 

Local Transportation Million SAR 1.00 1.00 
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8.2.2.8 Duty on Equipment 
 

The duty on equipment costs are the costs of the duty on the Elector-Mechanical 
components of the system, which are the Drive and Return motors, Line Equipment and any 
motors at the intermediary stations.  
 
For the sake of this project, the Duty on Equipment is considered to be 10% of the capital 
costs of the Electro-Mechanical components of the system, which is based on experience 
from other ART installations around the world 

 
8.2.2.9 Contingency 
 

Contingency costs are included to cover any unexpected capital costs that might arise 
because of the limited available information about the local conditions pertaining to the 
proposed ART lines at this stage of the project. This cost should be more than enough to 
cover any unexpected cost, which means that this cost component can be much lower than 
what is assumed here once a full-fledged economic feasibility study is undertaken. 
 
For the sake of this project, the Contingency cost is considered to be 20% of the total capital 
cost of any specific ART line. 

 
Table 8-1 below provides a summary of the cost of each capital cost component of an ART 
system for both MDG and TDG technologies. 

 
Table  8-1:  Capital Costs of Individual System Components (for MDG and TDG Technologies) 

ART System Component Cost Unit  
Capital Cost  

MDG 
Technology 

TDG 
Technology 

Terminal 1 Drive Motor  Million SAR 6.00 30.00 
Terminal 2 Return Motor  Million SAR 4.00 20.00 
Intermediate Station Motor Million SAR 6.00 24.5 
Terminal/Station Capital Cost Million SAR 3.50 3.50 
Line Equipment/Infrastructure (per km) Million SAR 12.50 26.00 
Foundations/Piling (per km) Million SAR 2.25 3.25 
Cupping (per km) Million SAR 0.375 0.75 
Soil Tests  Million SAR 0.50 0.50 
Back-Up Generator Million SAR 0.75 0.75 
Local Transportation Million SAR 1.00 1.00 
Duty on Equipment % 10 10 
Contingency % 20 20 
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8.2.3 Capital Costs Estimation 
 

Based on the cost estimates discussed in the previous section (see Table 8-1), the following 
section summarizes the estimates of capital costs investment required for each of the 
preferred ART alternatives. It is important to mention that these cost estimates are 
preliminary estimates and would need to be revised once the exact alignment and design of 
each alternative is approved, and based on other local cost information that need to be 
collected in the next stage of the project. 

 
8.2.3.1 Kudai Alignment 
 

For the Kudai corridor, two ART alternatives were developed. As shown in Figure 8-1, the 
alternatives have the same alignment and design with two terminals and no intermediate 
stations. The only difference between the alternatives is the type of technology used: 
Alternative #1 uses an MDG technology while Alternative #2 uses TDG technology. 
Accordingly, the investment cost for each Kudai corridor alternatives can be computed 
using the individual costs of each system component provided in the previous section. 
These costs are summarized in Table 8-2 below.  
 
As shown in Table 8-2, the capital cost of Alternative #2, which uses TDG technology for its 
operation, is more than two times the capital cost for alternative #1, which uses MDG 
technology. The main difference in costs between the two alternatives is the cost of the 
Motors and Line Equipment costs, as TDG technology is more expensive in these two 
categories. The same pattern will show up later whenever a comparison is made between 
different ART alternatives. 
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Figure  8-1: Kudai Corridor Alignment 
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Table  8-2:  Capital Costs of Individual System Components for Kudai Alignment Alternatives 

Investment Component Cost Unit  
Capital Cost 

Alternative 
1 (MDG) 

Alternative 
2 (TDG) 

Drive + Return Motors (at Terminals) Million SAR 10.0 50.0 
Intermediate Station  Million SAR -- -- 
Terminal and Station Capital Costs Million SAR 7.0 7.0 
Line Equipment/Infrastructure (per km) Million SAR 28.6 59.5 
Foundations/Piling/Cupping (per km) Million SAR 6.0 9.15 
Soil Tests  Million SAR 0.5 0.5 
Back-up Generator Million SAR 0.75 0.75 
Local Transportation Million SAR 1.0 1.0 
Duty on Equipment Million SAR 3.86 10.95 
Contingency Million SAR 11.55 27.78 

Total Capital Cost Million SAR 69.28 166.65 
 
 
 
 
8.2.3.2 Rusayfah Alignment (A)  

 
For the Rusayfah (Alignment A) corridor, two ART alternatives were developed. As shown 
in Figure 8-2, the alternatives have the same alignment and design with two terminals and 
no intermediate stations. Again, the only difference between the alternatives is the type of 
technology used: Alternative #3 uses an MDG technology while Alternative #4 uses TDG 
technology. The investment cost for these alternatives is summarized in Table 8-3 below 

 
 
 

 Figure  8-2: Rusayfah Alignment A Corridor 
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Table  8-3:  Capital Costs Estimates for Rusayfah (Alignment A) Alternatives 

Investment Component Cost Unit  
Capital Cost 

Alternative 
3 (MDG) 

Alternative 4 
(TDG) 

Drive + Return Motors (at Terminals) Million SAR 10.0 50.0 
Intermediate Station  Million SAR 0 0 
Terminal and Station Capital Costs Million SAR 7.0 7.0 
Line Equipment/Infrastructure (per km) Million SAR 39.72 82.6 
Foundations/Piling/Cupping (per km) Million SAR 8.34 12.71 
Soil Tests  Million SAR 0.5 0.5 
Back-up Generator Million SAR 0.75 0.75 
Local Transportation Million SAR 1.0 1.0 
Duty on Equipment Million SAR 4.97 13.26 
Contingency Million SAR 14.46 33.57 

Total Capital Cost Million SAR 86.73 201.39 
 
 
 
 
8.2.3.3 Rusayfah Alignment (B)  
 

For the Rusayfah (Alignment B) corridor, two ART alternatives were developed. The two 
alternatives (Alternatives #5 and #6) are based on Alignment B, which is unlike Alignment 
A that has no intermediate stations, has two terminals and three intermediate stations as 
shown in Figure 8-3. The only difference between alternatives #5 and #6 is the type of 
technology used: Alternative #5 uses an MDG technology while Alternative #6 uses TDG 
technology. The investment cost for these alternatives is summarized in Table 8-4 below. 

 
 
 

 
Figure  8-3: Rusayfah Alignment B Corridor 
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Table  8-4:  Capital Costs Estimates for Rusayfah (Alignment B) Alternatives 

Investment Component Cost Unit  
Capital Cost 

Alternative 5 
(MDG) 

Alternative 6 
(TDG) 

Drive + Return Motors (at Terminals) Million SAR 10.0 50.0 
Intermediate Station  Million SAR 18.0 73.5 
Terminal and Station Capital Costs Million SAR 17.5 17.5 
Line Equipment/Infrastructure (per km) Million SAR 41.63 86.58 
Foundations/Piling/Cupping (per km) Million SAR 8.74 13.32 
Soil Tests  Million SAR 0.5 0.5 
Back-up Generator Million SAR 0.75 0.75 
Local Transportation Million SAR 1.0 1.0 
Duty on Equipment Million SAR 6.97 21.0 
Contingency Million SAR 21.0 52.83 

Total Capital Cost Million SAR 126.10 316.99 
 
 
 
8.2.3.4 Taneem Alignment (A)  
 

Table 8-5 below presents the investment costs of Taneem line (Alignment A), which has 
two terminals and no intermediate stations.  

 
For the Taneem (Alignment A) corridor, two ART alternatives were developed. As shown in 
Figure 8-4, the alternatives have the same alignment and design with two terminals and no 
intermediate stations. Alternative #7 uses an MDG technology while Alternative #8 uses 
TDG technology. The investment cost for these alternatives based on the individual cost 
components discussed earlier in this chapter is summarized in Table 8-5 below 
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Figure  8-4: Rusayfah Alignment A Corridor 
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Table  8-5:  Capital Costs Estimates for Taneem (Alignment A) Alternatives 

Investment Component Cost Unit  
Capital Cost 

Alternative 7 
(MDG) 

Alternative 8 
(TDG) 

Drive + Return Motors (at Terminals) Million SAR 10.0 50.0 
Intermediate Station  Million SAR 0 0 
Terminal and Station Capital Costs Million SAR 7.0 7.0 
Line Equipment/Infrastructure (per km) Million SAR 63.95 133.0 
Foundations/Piling/Cupping (per km) Million SAR 13.43 20.47 
Soil Tests  Million SAR 0.5 0.5 
Back-up Generator Million SAR 0.75 0.75 
Local Transportation Million SAR 1.0 1.0 
Duty on Equipment Million SAR 7.39 18.3 
Contingency Million SAR 20.8 46.2 

Total Capital Cost Million SAR 124.83 277.24 
 
 
8.2.3.5 Taneem Alignment (B)  
 

For the Taneem (Alignment B) corridor, two ART alternatives were developed. The two 
alternatives (Alternatives #7 and #8) have two terminals and one intermediate station as 
shown in Figure 8-5. Alternative #9 uses an MDG technology while Alternative #10 uses 
TDG technology. The investment cost for these alternatives is summarized in Table 8-6 
below. 

 
Table  8-6:  Capital Costs Estimates for Taneem (Alignment B) Alternatives 

Investment Component Cost Unit  
Capital Cost 

Alternative 9 
(MDG) 

Alternative 
10 (TDG) 

Drive + Return Motors (at Terminals) Million SAR 10.0 50.0 
Intermediate Station  Million SAR 6.0 24.5 
Terminal and Station Capital Costs Million SAR 10.5 10.5 
Line Equipment/Infrastructure (per km) Million SAR 63.95 133.0 
Foundations/Piling/Cupping (per km) Million SAR 13.43 20.47 
Soil Tests  Million SAR 0.5 0.5 
Back-up Generator Million SAR 0.75 0.75 
Local Transportation Million SAR 1.0 1.0 
Duty on Equipment Million SAR 8.0 20.75 
Contingency Million SAR 22.83 52.3 

Total Capital Cost Million SAR 136.95 313.78 
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Figure  8-5: Rusayfah Alignment B Corridor 
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8.2.3.6 Taneem Alignment (C)  
 

Table 8-7 below presents the investment costs of Taneem line (Alignment A), which has 
two terminals and three intermediate stations.  

 
For the Taneem (Alignment C) corridor, two ART alternatives were developed. The two 
alternatives (Alternatives #11 and #12) have two terminals and three intermediate 
stations as shown in Figure 8-6. Alternative #11 uses an MDG technology while Alternative 
#12 uses TDG technology. The investment cost for these alternatives is summarized in 
Table 8-7 below 

 
 

Table  8-7:  Capital Costs Estimates for Taneem (Alignment C) Alternatives 

Investment Component Cost Unit  
Capital Cost 

MDG Cost TDG Cost 
Drive + Return Motors (at Terminals) Million SAR 10.0 50.0 
Intermediate Station  Million SAR 18.0 73.5 
Terminal and Station Capital Costs Million SAR 17.5 17.5 
Line Equipment/Infrastructure (per km) Million SAR 72.97 151.76 
Foundations/Piling/Cupping (per km) Million SAR 15.32 23.35 
Soil Tests  Million SAR 0.5 0.5 
Back-up Generator Million SAR 0.75 0.75 
Local Transportation Million SAR 1.0 1.0 
Duty on Equipment Million SAR 10.1 27.53 
Contingency Million SAR 29.23 69.18 

Total Capital Cost Million SAR 175.36 415.1 
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Figure  8-6: Rusayfah Alignment C Corridor 
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8.2.4 Summary of Capital Costs for All Alternatives  

 
Table 8-8 below summarizes the capital costs for all ART alternatives discussed in the 
previous section. As shown in the table, the amount of investment required to build an ART 
line ranges between SAR 69 Million for Alternative #1 (MDG) to SAR 415 Million for 
Alternative #12. The key cost drivers for any ART line, which is also the reason for the 
difference in the amount of investment required for each alternative, are:  
 

 Technology type (MDG vs. TDG); 
 Line length; and  
 Number of intermediate stations. 

 
As shown in the table, lines with TDG technology require higher investment than their MDG 
counterparts. Similarly, lines with intermediate stations require more investments than 
lines without intermediate stations, since each additional ART station requires a certain 
amount of capital investment that would add to the total capital cost of any ART alternative.  

 
 

Table  8-8:  Capital Costs Summary of all Alternatives 

Alternative 
# Corridor Type 

Total Capital 
Costs  

(Million SAR) 
1 Kudai  MDG 69.28 
2 Kudai  TDG 166.65 

 
3 Rusayfah A  MDG 86.73 
4 Rusayfah A TDG 201.39 

 
5 Rusayfah B  MDG 126.10 
6 Rusayfah B  TDG 316.99 

 
7 Taneem A  MDG 124.83 
8 Taneem A TDG 277.24 

 
9 Taneem B MDG 136.95 

10 Taneem B TDG 313.78 
 

11 Taneem C MDG 175.36 
12 Taneem C  TDG 415.10 
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8.3 Operation and Maintenance Costs 

 
The previous section outlines the capital costs estimates for each of the preferred ART 
alternatives using information gathered from ART vendors and experts. The objective of 
this section, on the other hand, is to present the annual Operation and Maintenance (O&M) 
costs for these alternatives. Specifically, this section provides a summary of the costs related 
to the operation and maintenance of an ART system such as: energy consumption, 
operators, maintenance, insurance and Capital Reserve Fund. The O&M costs reported in 
this section will be used in the Benefit Cost Analysis discussed in the next chapter. 
 
It is important to note that the reported cost estimates do not incorporate costs associated 
with the Kingdom’s fiscal policy (i.e. corporate taxation); these issues are out of the scope of 
the economic analysis of this study. 
 
The following is a discussion of some of the parameters related to this part of the analysis. 
 

8.3.1 Operation and Maintenance Cost categories  
 

For any specific ART line, the operation and maintenance costs can be categorized as 
follows:  

 Energy consumption costs 
 Human resources costs  
 Maintenance costs  
 Insurance costs 
 Capital Reserve Fund costs 

 
Since ART service is a relatively new and emerging transit service, the available operating 
and maintenance cost information about this technology is very limited and varies between 
implemented systems depending on the local conditions of each country where ART 
systems are installed. However, after consultation with one of the major ART vendors 
around the world (the Doppelmayr/Garaventa Group), and based on experience with 
exiting ART systems, it was concluded that the operating and maintenance costs can be 
approximated to be about 10% of the capital costs of each ART system. This would be the 
cost were the ART vendor (i.e. the Doppelmayr/Garaventa Group) to operate and maintain 
the system. Depending on who builds the system and how decisions are made, this may not 
be Makkah's preferred option, since the owner of the system might prefer to staff and 
operate the system themselves, which could result in significant variation in the operating 
and maintenance costs.  
 
Each of these cost categories is discussed next. 
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8.3.1.1 Energy Consumption Costs 

 
Energy Consumption costs includes those associated with energy and water consumption of 
any specific ART line. The energy (i.e. electricity) required to operate an ART system refers 
to the energy consumed by the terminals and stations motors to operate of the ART line. In 
practical terms, it includes propulsion power as well as other power-consuming elements 
such as lights, ventilation, air conditioning, passenger announcing and information systems.  
 
The propulsion energy cost is usually calculated on the basis of operation of the line (i.e. 
day, week and year) and according to the current electricity tariffs in Makkah. Once the 
design of any specific ART line is finalized, the Energy Consumption costs can be calculated 
using the local electricity tariffs. 
 

8.3.1.2 Station Attendants / Operators  
 
One of the advantages of ART systems is their low operating costs compared to 
conventional transit modes as a result of its automated operations, as illustrated by the 
number of staff (human resources cost) needed to operate an ART system. For ART system, 
there is usually a need for only two station attendants/operators per station at all times. 
Those operators do not need to be especially skilled but should be able to manage the 
operation of the service at the terminal or station. Over the course of an 18 hour service 
day, it is reasonable to assume that there will be two shifts of 9 hours with two attendants 
per shift. Moreover, some efficiency can be found by ensuring that one of the 
operators/attendants is at all times a mechanic/engineer. This is considered fairly standard 
practice for ART systems, and would allow preventative maintenance to be done 
throughout the course of the day. 
 
In peak seasons, the number of people using the system will be much higher than the 
number of people using it during the off-peak season. Therefore, it is expected that more 
staff will be needed at stations to manage the system in order to keep the system running 
smoothly. The extra cost associated with hiring more staff during the peak seasons can be 
analyzed at a future stage of the project, when more information about the number of extra 
staff, type of work and pay rates can be obtained. Nevertheless, it is expected that this extra 
cost will not have a significant impact on the overall operating costs. 
 

8.3.1.3 Maintenance  
 
For ART installations around the world, maintenance costs in the range of $110-$200 per 
hour of operation are reported (including the hourly pay of the engineer/mechanic as 
discussed earlier). However, more accurate cost estimates would be available once more 
information is available about the standard hourly range for a mechanic/engineer in 
Makkah. 
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8.3.1.4 Insurance  

 
At this stage of the project, there is no information available on what insurance costs for 
such a system in Makkah would be. It would be best to contact people in Abha and Taif, 
where there are two operating systems run by the Doppelmayr/Garaventa Group. 
 

8.3.1.5 Capital Reserve Fund  
 
Over a 30 year lifespan of an ART line, it is safe to assume that two major overhauls of the 
system are required. These are generally in the range of $3-5 million per overhaul. What 
tends to happen in most ART systems is that the annual operating and maintenance costs 
usually include a capital reserve fund to pay for these overhauls. In other words, the annual 
operating costs calculated (based on the assumption that O&M costs are 10% of the capital 
costs) include a portion that goes to the Capital Reserve Fund needed to overhaul the 
system during the project life span. Consistent with industry practice, the overhaul of any 
ART system should take place at the 13 year mark and the 27 year mark of the project 
lifespan. 
 
 

8.3.2 Operation and Maintenance Costs for All Alternatives 
 

Based the information provided in the previous few sections, Table 8-8 provides a 
summary of the annual operating and maintenance cost of each ART alternative. Again, 
these cost estimates are based on the assumption that the annual operating costs would be 
10% of the capital costs of each system, which is a realistic and reasonable assumption 
based on the information gathered from ART vendors and experience worldwide. However, 
once any specific ART alternative is approved for further investigation, and the needed local 
information related to these costs are collected, a more accurate operating and maintenance 
cost estimates can be developed. Nevertheless, at this stage of the project, these cost 
estimates are on the high side and can be safely adopted as the high end of the annual 
operating and maintenance costs. 
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Table  8-9:  Base Year Annual O&M Cost Estimates for all ART Alternatives 

Alternative # Corridor Technology 
Annual O&M Costs 

(Million SAR) 
1 Kudai MDG 6.93 
2 Kudai TDG 16.66 

 
3 Rusayfah-A MDG 8.67 
4 Rusayfah-A TDG 20.14 

 
5 Rusayfah-B MDG 12.61 
6 Rusayfah-B TDG 31.70 

 
7 Taneem-A MDG 12.48 
8 Taneem-A TDG 27.72 

 
9 Taneem-B MDG 13.70 

10 Taneem-B TDG 31.38 
 

11 Taneem-C MDG 17.54 
12 Taneem-C TDG 41.51 
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9.0 Economic Feasibility Study of the Preferred Concept  
 
9.1 Introduction  

 
This chapter presents the results of the economic feasibility study of the preferred ART 
concept. Our proposed methodology consists of two parts: a major evaluation 
component concerned with the direct benefits (i.e. revenues) and costs (i.e. capital and 
operating costs) of all the ART alternatives (i.e. Benefit Cost Analysis –BCA), and a 
secondary evaluation component concerned with the indirect benefits (such as impact 
on traffic conditions, vehicle operating cost savings, etc.) resulting from the 
implementation of any of the ART alternatives. Accordingly, following this section, 
Section 9.2 presents the analysis of the direct benefits and costs including the evaluation 
framework and evaluation criteria used in the BCA analysis. Finally, Section 9.3 presents 
the analysis of the indirect benefits of each alternative.  

 
9.2 Direct Benefit-Cost Analysis (BCA)  
 
9.2.1 Evaluation Framework 
 

The evaluation framework employed in this study relies on using a comprehensive cost-
benefit analysis framework that translates state-of-the-art theoretical and empirical 
knowledge into model components, while also applying evaluation metrics that provide 
the decision maker with a summary of the overall value of the investment. In this 
context, the evaluation framework considers the following benefits and costs: 

 
 Direct Benefits - in terms of the fare revenues collected from customers using 

the ART service; and 
 Costs - including capital (construction) costs as well as the incremental 

operating and maintenance costs (O&M costs). 
 

Subsequently, the direct benefits and costs are evaluated using project evaluation 
metrics that are derived from the values of costs and benefits. In the economic analysis 
of any investment, especially transportation investments, several economic evaluation 
criteria, called the Primary Evaluation Criteria, are usually used. Primary Evaluation 
Criteria usually includes the key economic metrics that can be used to assess the 
economic feasibility of the investment. For the sake of this project, the Primary 
Evaluation Criteria used in the BCA of each ART line include: 

 
1. Net Present Value –NPV (in Million SAR), which is the principal criterion used to 

evaluate an investment proposal and alternatives 
2. Benefit-To-Cost Ratio (B/C Ratio);  
3. Internal Rate of Return (%); and  
4. Payback Period (Years). 

 
Moreover, in order to develop the annual revenue stream, as well as the annual O&M 
costs for the life cycle of each ART alternative, several ridership and economic 
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assumptions were made first; these include (some of these assumptions were explained 
in Chapter 7):  

 
 An annual ridership growth of 2% between the years 2014 to 2044 is assumed 

for all alternative lines, which is a very modest assumption for any public transit 
system; 

 Construction time for each ART alternative is 1 year; 
 Fares paid by customers have to be annually adjusted for inflation to account for 

the degradation of the value of money with time. Accordingly, an inflation rate of 
5%60 is assumed for the life cycle of the project; and 

 An annual real discount rate of 5%61 is assumed for the life cycle of the project. 
This rate is used to discount future revenues and O&M costs to the present year. 

 
Based on the above discussion, the following is a presentation of the BCA analysis and 
results for each ART alternative of the preferred concept. 

 
9.2.2 Net Present Value, NPV ($M)  

 
NPV is the present-day value (in millions of SAR in this case) of the life-cycle stream of 
project net benefits (i.e. benefits minus costs). The present-day value calculation 
involves discounting the stream of costs (capital and operating costs) and benefits 
(revenues in this case) with an annual real discount rate. An NPV value larger than zero 
indicates that the project is worthwhile generating benefits in excess of total costs. In 
general, large-scale projects tend to have a larger NPV than small-scale projects. 
Typically, large-scale projects affect a larger number of people and generate benefits of a 
larger magnitude. However, smaller projects may offer a better economic return in 
terms of the amount of benefits for each dollar invested.  

 
In order to compute the NPV of any ART alternative, we first need to determine the life-
cycle stream of the alternative’s costs and benefits. The life-cycle stream of costs include 
the capital costs that are incurred in year 0, as well as the annual operating and 
maintenance costs incurred during the 30-year life-cycle of the project.  The PV of the 
capital cost for each alternative is the same value of the capital cost given in year 0 
(reported in Chapter 8). The annual O&M costs, on the other hand, are inflated between 
year 1 and year 30 to reflect the declining value of money (as explained earlier), and 
then are discounted to the present to compute the PV of this cost. 

 
With regard to the benefits during the life-cycle of the project, these only include the 
fare revenues collected from passengers using the service. As discussed in Chapter 7, the 
annual revenues are based on the estimated annual ridership, and similar to the annual 
O&M costs, are inflated to account for the declining value of money, and then discounted 
to report them in present-day numbers.  
 
Based on this discussion, the NPV of the alternatives of each ART Corridor are presented 
next. 

                                                             
60 http://www.tradingeconomics.com/saudi-arabia/inflation-cpi 
61 http://www.tradingeconomics.com/saudi-arabia/inflation-cpi 
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9.2.2.1 Kudai Corridor Alternatives 

 
Based on the previous discussion, Figure 9.1 below shows the inflated (real) annual 
operating costs (not discounted) of the two Kudai alternatives (it should be noted that 
these cost figures are extracted from the base-year annual O&M costs provided in 
Chapter 8), while Figure 9.2 shows the inflated (real) annual revenues (not discounted) 
of the two Kudai alternatives. 
 
The annual O&M costs as well as the annual revenues are then discounted to the present 
day using the assumed discount rate (5%) in order to compute the NPV of each 
alternative. As shown in Table 9-1, the Present Value (hereafter PV) of revenues for 
alternatives 1 and 2 are 1,097.5 and 1,258.9 Million SAR respectively. The higher PV of 
revenues of alternative 2 reflects the higher ridership projected for this alternative due 
to the higher performance of TDG alternatives as discussed in Chapter 7. In terms of 
costs, the PV of the capital cost for each alternative is the base-year capital cost value 
reported in Chapter 8 (given the fact that capital costs are incurred during year 0, so 
there is no need to discount these values). The O&M cost on the other hand are 
discounted to provide the PV of these costs, similar to discounting revenues. As shown 
in Table 9-1, the PV of the O&M cost for alternatives 1 and 2 are 188.5 and 453.5 Million 
SAR respectively. The higher PV of the O&M cost of alternative 2 reflects the higher costs 
needed to operate and maintain the much advanced TDG technology (refer to Chapter 8 
for a discussion on the O&M costs of MDG and TDG systems). 

 
Using the PV of revenues, capital and O&M costs, we can now compute the NPV of the 
investment, which was found to be +839.7 and +638.8 Million SAR for alternatives 1 and 
2 respectively. These numbers illustrate that both alternatives are excellent investments 
with good return on the project, with an average net profit of 28 and 21.3 Million SAR 
per year over the life-cycle of the project. These high NPV numbers also illustrate the 
ability of the investments to absorb any fluctuations in demand (especially during the 
first few years of operation until demand ramps up) without affecting the overall 
profitability of the investment in the long run. Also, if the estimated passenger demand 
is lower than what is computed in Chapter 7 (although the demand calculation 
procedure was rather conservative), and if also the capital and O&M costs were 
marginally higher than what is reported here and in Chapter 8, both alternatives have a 
very high NPV value that minor or moderate differences in the revenues or costs will not 
impact the overall economic feasibility and profitability of the project. 
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Figure  9-1: Annual O&M Costs of the Kudai Alternatives (Inflated; Not Discounted) 
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Figure  9-2: Annual Revenues of the Kudai Alternatives (Inflated; Not Discounted) 
 

Table  9-1:  NPV of Kudai Corridor Alternatives 

Alternative 
# 

Corridor Technology 
PV of 

Revenues 
(million SAR) 

PV of Capital 
Cost (million 

SAR) 

PV of O&M 
Cost (million 

SAR) 

NPV 
(million 

SAR) 

Average 
Annual Profit 
(million SAR) 

1 Kudai MDG 1,097.5 69.3 188.5 839.7 28.0 
2 Kudai TDG 1,258.9 166.6 453.5 638.8 21.3 
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9.2.2.2 Rusayfah Corridor Alternatives 
 
The same procedure used to determine the NPV of the Kudai corridor alternatives is also 
used for the Rusayfah corridor alternatives. Figure 9.3 shows the inflated (real) annual 
operating costs (not discounted) of the four Rusayfah alternatives (for both alignments 
A and B), while Figure 9.4 shows the inflated (real) annual revenues (not discounted) of 
the same alternatives. The annual O&M costs as well as the annual revenues presented 
in these figures are then discounted to the present day using the assumed discount rate 
(5%) in order to compute the NPV of each alternative.  
 
As shown in Table 9-2, the PV of revenues for Alignment B alternatives (i.e. alternatives 
5 and 6) are higher than those of Alignment A alternatives (i.e. alternatives 3 and 4), 
which can be easily explained by the fact that the estimated ridership on Alignment B 
alternatives is higher than the estimated ridership on Alignment A because of the 
presence of intermediate stations (as explained in Chapter 7). In terms of costs, and as 
explained earlier, the PV of the capital cost for each alternative is the same value 
reported in Chapter 8. However, the O&M costs are discounted to provide the PV of 
these costs. As shown in Table 9-2, the PV of the O&M cost for the Alignment B 
alternatives are higher than their Alignment A counterparts due to the extra cost 
associated with building three additional intermediate stations in the Alignment B 
alternatives.  

 
Using the PV of revenues, capital and O&M costs, we can now compute the NPV of the 
Rusayfah Corridor alternatives, which was found to be 774.7, 509.0, 1035.5 and 356.4 
Million SAR for alternatives 3 to 6 respectively. These numbers mean that all 
alternatives are excellent investments with good return on the project, with an average 
net profit of 25.8, 17, 34.5 and 11.9 Million SAR per year (for alternatives 3 to 6 
respectively) over the life-cycle of the project . Overall, alternative 5 (Rusayfah B- MDG) 
provides the best return on the investment in terms of NPV, followed by 3 (Rusayfah A- 
MDG) which seems to suggest that MDG systems are safer investments (economically) 
mainly because of their low capital and O&M costs compared to TDG systems. In other 
words, MDG alternatives have more room to absorb any unexpected performance of the 
system (in terms of costs and revenues) without affecting the overall profitability of the 
investment compared to TDG systems, which do not have the same leverage given their 
high capital and operating costs. This pattern was also apparent in the analysis of the 
Kudai alternatives where the MDG alternative (alternative 1) has much higher NPV 
value than its TDG counterpart.  
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Figure  9-3: Annual O&M Costs of the Rusayfah Alternatives (Inflated; Not Discounted) 
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Figure  9-4: Annual Revenues of the Rusayfah Alternatives (Inflated; Not Discounted) 
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Table  9-2:  NPV of Rusayfah Corridor Alternatives 
 

Alternative 
# 

Corridor Technology 

PV of 
Revenues 
(million 

SAR) 

PV of 
Capital 

Cost 
(million 

SAR) 

PV of O&M 
Cost 

(million 
SAR) 

NPV 
(million 

SAR) 

Average 
Annual 
Profit 

(million 
SAR) 

3 Rusayfah-A MDG 1,097.5 86.7 236.0 774.7 25.8 
4 Rusayfah-A TDG 1,258.9 201.4 548.0 509.5 17.0 

 
5 Rusayfah-B MDG 1,504.7 126.1 343.1 1,035.5 34.5 
6 Rusayfah-B TDG 1,535.9 317.0 862.6 356.4 11.9 
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9.2.2.3 Taneem Corridor Alternatives 
 
The same procedure used to determine the NPV of the Kudai and Rusayfah alternatives 
is also used for the Taneem corridor alternatives; Figure 9.5 shows the inflated (real) 
annual operating costs (not discounted) of the three Taneem alternatives (for 
alignments A, B and C), while Figure 9.6 shows the inflated (real) annual revenues (not 
discounted) of the same alternatives. The annual O&M costs as well as the annual 
revenues are then discounted to the present day using the assumed discount rate (5%) 
in order to compute the NPV of each alternative.  
 
As shown in Table 9-3, the PV of revenues for Taneem alternatives with TDG systems 
(i.e. alternatives 8, 10 and 12) are, as expected, higher than their MDG counterparts (i.e. 
alternatives 7, 9 and 11 respectively) because of the higher estimated ridership on TDG 
systems. However, this is offset by the large value of the capital as well as annual O&M 
costs of TDG systems, which greatly affect the profitability of these alternatives. In fact, 
using the PV of revenues, capital and O&M costs reported in Figures 9-5 and 9-6,  Table 
9-3 shows that the NPV of alternatives with MDG systems (i.e. alternatives 7, 9 and 11) 
is much higher than any of the alternatives with TDG systems (i.e. alternatives 8, 10 and 
12). As explained earlier, these results illustrate that although TDG systems might create 
significantly higher revenues due to the higher capacity as well as the better speed, this 
is offset by the expensive capital and O&M costs of these systems, which significantly 
impact the profitability of the TDG alternatives. The advantage of MDG systems on the 
other hand is their relatively low capital and operating costs, which improves the 
profitability of alternatives with MDG technology. 
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Figure  9-5: Annual O&M Costs of the Taneem Alternatives (Inflated; Not Discounted) 
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Figure  9-6: Annual Revenues of the Taneem Alternatives (Inflated; Not Discounted) 
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Table  9-3:  NPV of Taneem Corridor Alternatives 
 

Alternative 
# 

Corridor Technology 

PV of 
Revenues 
(million 

SAR) 

PV of 
Capital 

Cost 
(million 

SAR) 

PV of O&M 
Cost 

(million 
SAR) 

NPV 
(million 

SAR) 

Average 
Annual 
Profit 

(million 
SAR) 

7 Taneem-A MDG 1,097.5 124.8 339.7 633.0 21.1 
8 Taneem-A TDG 1,258.9 277.2 754.4 227.2 7.6 

 
9 Taneem-B MDG 1,284.5 137.0 372.7 774.9 25.8 

10 Taneem-B TDG 1,432.3 313.8 853.8 264.7 8.8 
 

11 Taneem-C MDG 1,502.5 175.4 477.2 847.0 28.3 
12 Taneem-C TDG 1,605.8 415.1 1,129.4 61.3 2.0 
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9.2.2.4 Summary of NPV for All ART Alternatives 

 
Table 9-4 presents a summary of the NPV analysis of all ART alternatives. The table 
shows that the NPV range from 61.3 million SAR for alternative #12 (Taneem-C TDG) to 
1035.5 million SAR for alternative # 5 (Rusayfah-B-MDG), which is followed by 
alternative # 11 (Taneem-C-MDG) with an NPV of 850.0 million SAR and then 
alternative # 1 (Kudai-MDG) with an NPV of 839.7 million SAR. Even though the 
Taneem-C-TDG alternative has the highest present value of revenues, it has the lowest 
net present value because it also has the highest present value of capital and O&M costs. 
On the other hand, the Kudai-MDG alternative has the lowest present value of revenues, 
but has the third highest net present value. It is important to note that these results do 
not necessarily mean that alternatives 5 and 11 are the best alternatives in terms of 
revenues, mainly because each of these alternatives has three intermediate stations in 
their design that significantly impact their revenues, and in turn raise their NPV. 
Therefore, the risk associated with the estimated revenues of these alternatives 
(whether it is positive or negative risk) is much higher than alternatives with only two 
stations (terminals), i.e. Kudai, Rusayfah-A and Taneem A. 
 
Moreover, the results suggest that TDG alternatives are riskier investments than MDG 
alternatives due to their higher capital and operating costs; the least costly TDG 
alternative (166.6 million SAR capital and 453.5 million SAR O&M) is only slightly 
cheaper than the most costly MDG alternative (175.4 million SAR and 477.2 million 
SAR). This makes it more likely for these alternatives to be dropped out from 
consideration for implementation at this stage, especially given that ART technology will 
be introduced for the first time in Makkah, so it would be better to start with an 
investment with low capital and operating costs in order to test the market first. This 
will be further discussed in Chapter 11 when the team make recommendations on the 
overall ranking of each alternative (based on the BCA analysis performed in this chapter 
as well as the technical feasibility of each alternative as discussed in Chapter 6) and how 
the implementation can be performed in a way to minimize the risk associated with 
building an ART line in Makkah. 
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Table  9-4:  NPV of All ART Alternatives 

Alternative # Corridor Technology 
PV of 

Revenues 
(million SAR) 

PV of Capital 
Cost (million 

SAR) 

PV of O&M 
Cost (million 

SAR) 

NPV 
(million 

SAR) 
1 Kudai MDG 1,097.5 69.3 188.5 839.7 
2 Kudai TDG 1,258.9 166.6 453.5 638.8 

 
3 Rusayfah-A MDG 1,097.5 86.7 236.0 774.7 
4 Rusayfah-A TDG 1,258.9 201.4 548.0 509.5 

 
5 Rusayfah-B MDG 1,504.7 126.1 343.1 1,035.5 
6 Rusayfah-B TDG 1,535.9 317.0 862.6 356.4 

 
7 Taneem-A MDG 1,097.5 124.8 339.7 633.0 
8 Taneem-A TDG 1,258.9 277.2 754.4 227.2 

 
9 Taneem-B MDG 1,284.5 137.0 372.7 774.9 

10 Taneem-B TDG 1,432.3 313.8 853.8 264.7 
 

11 Taneem-C MDG 1,502.5 175.4 477.2 847.0 
12 Taneem-C TDG 1,605.8 415.1 1,129.4 61.3 
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9.2.3 Benefit-Cost Ratio, B/C 

 
The Benefit-to-Cost Ratio (or B/C Ratio) is the present-day value of the total benefits 
divided by the present-day value of the total cost. This metric summarizes in relative 
terms the magnitude of the costs and benefits arising from an investment. Therefore, 
this metric may be helpful to put the expected project benefits in perspective (i.e. 
whether the project generates more “value of money” in terms of generating more 
benefits for the investment costs).  

 
Table 9-5 shows a summary of the B/C Ratio for all ART alternatives. As shown in the 
table, alternative # 1 (Kudai-MDG) has the highest B/C Ratio (4.26) followed by 
alternative # 3 (Rusayfah -A-MDG) with a B/C ratio of (3.40), and then by alternative # 5 
(Rusayfah -B -MDG) with a B/C ratio of (3.21).  Moreover, the table shows that the top 
six alternatives in terms of B/C ratio are all alternatives that use the MDG technology, 
while the lowest six alternatives all use the TDG technology. This illustrates the fact that 
MDG investments generate more value for the invested money rather than TDG 
investments because of the high capital and operating costs associated with TDG 
alternatives. This also means that the risk/uncertainty associated with building an MDG 
system is lower than that of a TDG system, which means that even if the project did not 
meet expectations in terms of ridership/revenues, the project would have enough room 
to absorb any setbacks given the high B/C ratios and low investment costs of the MDG 
alternatives. 
 
The results also show that for the same corridor, alternatives with additional 
intermediate stations have lower B/C ratios than their counterparts with no 
intermediate stations. For example, the Rusayfah-B-MDG alternative (i.e. alternative #5), 
which has 3 intermediate stations, has a B/C Ratio of 3.21, which is lower than the B/C 
Ratio of the Rusayfah-A-MDG (i.e. alternative #3), which amounts to 3.40. These results 
show that the extra costs associated with building extra stations will not produce the 
same “value for the money” as the original investment if the system was to be built with 
only two terminals. 
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Table  9-5:  B/C Ratio of All ART Alternatives 

Alternative 
# Corridor Technology 

Present 
Value of 

Revenues 
(million SAR) 

Present 
Value of 

Costs 
(million SAR) 

 
Benefit/Cost 

Ratio 
(B/C Ratio) 

1 Kudai MDG 1,097.5 257.8 4.26 
2 Kudai TDG 1,258.9 620.1 2.03 

 
3 Rusayfah-A MDG 1,097.5 322.7 3.4 
4 Rusayfah-A TDG 1,258.9 794.4 1.68 

 
5 Rusayfah-B MDG 1,504.7 469.2 3.21 
6 Rusayfah-B TDG 1,535.9 1,179.5 1.30 

 
7 Taneem-A MDG 1,097.5 464.5 2.36 
8 Taneem-A TDG 1,258.9 1,031.6 1.22 

 
9 Taneem-B MDG 1,284.5 509.6 2.52 

10 Taneem-B TDG 1,432.3 1,167.6 1.23 
 

11 Taneem-C MDG 1,502.5 652.5 2.30 
12 Taneem-C TDG 1,605.8 1,544.5 1.04 
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9.2.4 Payback Period 

 
Payback Period is the number of years necessary for the project to break even on the 
basis of accumulated benefits. In other words, it is the number of years by which the 
project’s accumulated annual revenues will have covered all the total capital and 
operating costs up to that year, and after which the project will start to accumulate net 
profits. 

 
Figure 9-7 shows the Payback Period for all ART alternatives. As shown in the table, the 
Payback Period for the alternatives ranges between 3 and 20 years with alternative # 1 
(Kudai-MDG) having the lowest Payback Period (3 years) followed by alternative # 3 
(Rusayfah -A -MDG) and alternative # 5 (Rusayfah -B-MDG) with a Payback Period of 4 
years. Taneem-A and Taneem-B have the same Payback Periods of 6 and 16 years for 
MDG and TDG, respectively, both exceeded by Taneem-C. Most of the TDG alternatives 
have a very high Payback Period of more than 10 years, which could make the 
investment less attractive for potential investors who may want to see fast return on 
their investment. However, it should be mentioned that this could be offset by having 
higher than expected ridership/revenue numbers if a TDG line was highly successful.  
 

 
 

 
 

Figure  9-7: Payback Period for All ART Alternatives 
 
 

9.2.5 Internal Rate of Return, IRR (%) 
 
IRR is the discount (interest) rate at which the project’s NPV is equal to zero. Calculation 
of IRR involves finding a discount rate at which the discounted sum of project lifecycle 
net benefits would equal zero. A high IRR indicates that the proposed investment is a 
good opportunity in economic terms. Investors and policy makers can then decide 
whether the return is sufficient. 
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Table 9-6 shows a summary of the IRR for all ART alternatives. As shown in the table, 
alternative # 3 (Rusayfah -A-MDG) has the highest IRR (51%) followed by alternative # 
5 (Rusayfah -B -MDG) with an IRR of 49.0%, and then followed by alternative # 9 
(Taneem -B -MDG) with an IRR of 42.0%. The same pattern observed in the analysis of 
the B/C Ratio is also apparent here:  the top 6 alternatives in terms of IRR are all 
alternatives that use the MDG technology, while the lowest 6 alternatives all use the TDG 
technology. This again illustrates the fact that MDG investments generate more value for 
the invested money rather than TDG investments as a result of the high capital and 
operating costs associated with TDG alternatives. However, the ranking of the top 6 
alternatives in terms of IRR is different from that of the B/C Ratio, which in the overall 
scheme of things is not very critical as the decision on which alternative has the highest 
potential for implementation will depend on several economic measures as well as 
technical issues as will be discussed in Chapter 11. 
 
 
 
 

Table  9-6:  IRR of All ART Alternatives 

Alternative # Corridor Technology IRR (%) 

1 Kudai MDG 40.7 
2 Kudai TDG 36.9 
3 Rusayfah-A MDG 51.0 
4 Rusayfah-A TDG 33.3 
5 Rusayfah-B MDG 49.0 
6 Rusayfah-B TDG 29.3 
7 Taneem-A MDG 40.4 
8 Taneem-A TDG 28.5 
9 Taneem-B MDG 42.0 

10 Taneem-B TDG 28.5 
11 Taneem-C MDG 39.8 
12 Taneem-C TDG 26.5 
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9.3 Indirect Benefits Analysis 
 
One of the economic evaluation metrics of transportation investments that is rarely used 
in many countries around the world is the evaluation of the Indirect Benefits associated 
with any proposed transportation investments, as investors are usually interested in the 
revenues (i.e. direct benefits) as well as the total costs of the proposed investment as 
discussed in the previous section. However, public authorities should also be interested 
in the Indirect Benefits (or costs) that any transportation investment might have on the 
transportation system. Accordingly, in this section we try to shed some light on these 
benefits in the context of Makkah, by providing the results of the evaluation of some 
Indirect Benefits associated with providing ART service in Makkah. 
 
For the evaluation of Indirect Benefits, the proposed methodology involves using state-
of-the-art software, called TransDecTM, to examine the indirect benefits associated with 
the investment, which is a typical procedure in most western countries. TransDecTM is a 
decision-support software developed by Canada’s Ministry of Transport in order to 
facilitate urban transportation decision-making. The software is used by transportation 
planners engaged in multi-year strategic planning and budgeting for transit and highway 
investments. It allows decision makers to perform a comprehensive assessment of the 
costs and benefits of new transportation investment alternatives. 

 
TransDec uses a comprehensive cost-benefit framework that quantifies indirect benefits 
over the entire project life cycle, and estimates and assigns monetary values to a wide 
range of benefits; these benefits include: 
 

 Travel time savings;  
 Vehicle operating cost savings;  
 Greenhouse Gases emission savings (CO2); and 
 Criteria Air Contaminants (CAC), including the following emissions: 

o Nitrogen Oxides (NOx) 
o Volatile Organic Compounds (VOCs) 
o Sulphur Oxides (SOx) 
o Particulate Matter of 10 microns or less (PM10 and PM2.5) 
o Carbon Monoxide (CO) 

 
The input data used to estimate the above Indirect Benefits for all ART alternatives 
include: 

 
 Ridership data for each alternative (computed in Chapter 7); 
 Travel Time data for each alternative (computed in Chapter 6); 
 Vehicle operating cost assumptions (default average international values adopted 

in TransDec were used due to the unavailability of local data) ; and 
 Greenhouse Gases and Criteria Air Contaminants costs (average international 

values from several sources were used); 
 
It is important to mention that the analysis in this section is meant to show the 
evaluation measures that can be used in the Indirect Benefits analysis of any ART 
investment (in addition to the BCA analysis discussed in Section 9.4) and how to 
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evaluate them. The analysis is NOT meant to focus on the actual output numbers 
produced by TransDec as some of the assumptions adopted in the evaluation process 
(such as vehicle operating costs and GHG and CAC emissions) use average international 
figures. These figures are meant to show the positive impact of the investment in 
reducing traffic congestion, reducing vehicle operating costs for customers who switch 
to using ART instead of cars, and reducing GHG and CAC emissions as a result of 
removing thousands of cars annually from the streets of Makkah, and are NOT meant to 
provide exact estimates of the money-value of the Indirect Benefits. 
 
Therefore, the money-value figures of the results of the analysis presented in this 
section should be analyzed with care since they depend on assumptions regarding the 
money-value of some benefits that vary widely between different sources. In this 
context, two evaluation criteria are used for evaluating the Indirect Benefits associated 
with all ART alternatives; these include: 
 

 The Annual Indirect Benefits (during the first year of operation); and 
 The Present Value of Indirect Benefits. 

 
Sections 9.4.2 and 9.4.3 discuss the evaluation criteria used in the evaluation process as 
well as the results of the analysis using TransDec.  

 
9.3.1 Annual Indirect Benefits  

 
Annual Indirect Net Benefits are estimated as the total indirect benefits in the first year 
of operations. Table 9-7 provides a summary of the evaluation criteria used for this part 
of the analysis, while Table 9-8 provides a summary of the Indirect Benefits results for 
each ART alternative. As shown in Table 9-8, the total Indirect Benefits of TDG systems 
are positively related to the increase in ART ridership, as more riders on the ART system 
means less cars on the roads and therefore greater Indirect Benefits. This means that 
TDG alternatives, which usually have higher ridership than their MDG counterparts, are 
expected to have more positive impacts in terms of the Indirect Benefits associated with 
the investment. Nevertheless, all ART alternatives have positive impacts on the 
transportation system as shown in Table 9-8.  
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Table  9-7:  Annual Net Benefits Evaluation Criteria 

Evaluation 
Criterion 

Unit of 
Measure. Description 

Avg. Daily 
Reduction in VKT 

Thousands 

Reduction in the volume of daily traffic as expressed by VKT 
volume. This is only reported for the first year of operation to 
show the average reduction in daily traffic as a result of the 
project (people switching from cars to ART) 

Avg. Travel Time 
Saving Per Trip 

Minute Reduction in the average travel time per trip.  

Travel Time 
Savings 

Million 
SAR 

Dollar value of reduction in total travel time (for users of the 
ART service).  

Vehicle Operating 
Cost Savings 

Million 
SAR 

Reduction in the cost of fuel, oil/tires, and operation and 
maintenance costs attributable to the proposed project. 
Average international figures are used to estimate this 
measure (for the purpose of showing the positive impacts of 
ART on reducing costs for customers) 

CAC Emission 
Cost Savings 

Million 
SAR 

Dollar value of reduced CAC emissions attributable to the 
proposed project 

GHG Emission 
Cost Savings 

Million 
SAR 

Dollar value of reduced GHG emissions attributable to the 
proposed project 

Total Travel Cost 
Savings 

Million 
SAR 

Sum of Travel Time savings, Vehicle Operating Cost Savings, 
Environmental Cost Savings, and Accident Cost Savings. 
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Table  9-8:  Annual Indirect Benefits for All ART Alternatives 

Alternative 
# 

Corridor Technology 

Avg. Daily 
Reduction 

in VKT 
(thousand) 

Avg. 
Travel 
Time 

Saving 
per Trip 
(minute) 

Travel 
Time 

Savings 
(million 

SAR) 

Vehicle 
Operating 

Cost 
Savings 
(million 

SAR) 

CAC 
Emission 

Cost 
Savings 
(million 

SAR) 

GHG 
Emission 

Cost 
Savings 
(million 

SAR) 

Total 
Travel 

Cost 
Savings 
(million 

SAR) 
1 Kudai MDG 8.354 0.044 0.228 1.236 0.150 1.372 2.985 
2 Kudai TDG 9.568 0.049 0.253 1.425 0.172 1.572 3.421 

       
3 Rusayfah-A MDG 11.550 0.061 0.315 1.709 0.207 1.896 4.127 
4 Rusayfah-A TDG 13.246 0.068 0.350 1.972 0.238 2.176 4.736 

       
5 Rusayfah-B MDG 16.417 0.081 0.414 2.465 0.297 2.699 5.875 
6 Rusayfah-B TDG 18.359 0.088 0.449 2.772 0.334 3.020 6.575 

       
7 Taneem-A MDG 18.580 0.073 0.542 2.713 0.329 3.044 6.629 
8 Taneem-A TDG 21.312 0.082 0.608 3.126 0.379 3.496 7.608 

       
9 Taneem-B MDG 21.708 0.083 0.617 3.186 0.386 3.561 7.750 

10 Taneem-B TDG 23.213 0.089 0.738 3.457 0.426 3.897 8.104 
       

11 Taneem-C MDG 28.843 0.107 0.795 4.259 0.516 4.735 10.305 
12 Taneem-C TDG 32.567 0.118 0.873 4.835 0.585 5.349 11.641 
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9.3.2 Present Value of Indirect Benefits  
 

These include present-day value of all Indirect Benefits over the entire project life cycle. 
This evaluation set includes most of the variables as the Annual Benefits but calculated 
as the sum of benefits over the entire project life and expressed in present day values 
(discounted with the annual real discount rate). Table 9-9 provides a summary of the 
evaluation criteria used for this part of the analysis, while Table 9-10 provides a 
summary of the Indirect Benefits results for each ART alternative. Similar to the Annual 
Indirect Benefits, Table 9-10 shows that the PV of the Indirect Benefits of ART 
alternatives are positively related to the increase in ART ridership, as more riders on the 
ART system means less cars on the roads and therefore greater Indirect Benefits. This 
also means that TDG alternatives, which usually have higher ridership than their MDG 
counterparts, are expected to have more positive impacts in terms of the Indirect 
Benefits associated with the investment. However, these benefits still cannot offset the 
large capital and O&M costs of these TDG alternatives. 
 

 
 

Table  9-9:  Present Value of Benefits Evaluation Criteria  
Evaluation 
Criterion 

Unit of 
Measurement 

Description 

Travel Time Savings PV $M Present-day dollar value of reduction in total travel 
time (for all users) 

Vehicle Operating 
Cost Savings 

PV $M 
Present-day dollar value of reduction in the cost of 
fuel, oil/tires, and operation and maintenance costs 
attributable to the proposed project 

CAC Emission Cost 
Savings PV $M 

Present-day dollar value of reduced CAC emissions 
attributable to the proposed project 

GHG Emission Cost 
Savings 

PV $M 
Present-day dollar value of reduced GHG emissions 
attributable to the proposed project 

Total Indirect 
Benefits 

PV $M 
Present-day dollar value of the sum of Travel Time 
savings, Vehicle Operating Cost Savings, 
Environmental Cost Savings, and Accident Cost Savings 
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Table  9-10:  Present Value of Indirect Benefits for All ART Alternatives  

Alternative 
# 

Corridor Technology 

Travel 
Time 

Savings 
(million 

SAR) 

Vehicle 
Operating Cost 

Savings 
(million SAR) 

CAC 
Emission 

Cost Savings 
(million 

SAR) 

GHG 
Emission 

Cost 
Savings 
(million 

SAR) 

Total 
Project 
Benefits 
(million 

SAR) 

1 Kudai MDG 24.117 9.638 1.563 4.058 39.376 
2 Kudai TDG 28.028 11.101 1.801 4.572 45.502 

     
3 Rusayfah-A MDG 33.344 13.326 2.161 5.611 54.441 
4 Rusayfah-A TDG 38.807 15.368 2.494 6.329 62.998 

     
5 Rusayfah-B MDG 49.121 19.199 3.119 7.687 79.125 
6 Rusayfah-B TDG 55.845 21.624 3.514 8.455 89.438 

     
7 Taneem-A MDG 51.970 21.201 3.431 9.379 85.982 
8 Taneem-A TDG 60.251 24.402 3.953 10.600 99.206 

     
9 Taneem-B MDG 61.465 24.868 4.029 10.777 101.138 

10 Taneem-B TDG 61.465 24.868 4.029 10.777 101.138 
     

11 Taneem-C MDG 82.855 33.216 5.384 14.088 135.543 
12 Taneem-C TDG 94.743 37.685 6.112 15.683 154.224 
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9.4 Summary of Results 
 

The economic feasibility study conducted in this chapter revealed that MDG alternatives had 
the highest net present values and that MDG investments generate more value for the 
invested money rather than TDG investments because of the high capital and operating 
costs associated with TDG alternatives. The results also showed that for the same corridor, 
alternatives with additional intermediate stations have lower B/C ratios than their 
counterparts with no intermediate stations. The lowest Payback Periods were found to be 
higher for the MDG alternatives. However, the TDG alternatives’ very high Payback Periods 
could be offset by higher than expected ridership/revenue numbers if the service was 
successful. MDG alternatives also had the highest Internal Rate of Return, with a high IRR 
representing a good opportunity in economic terms. 
 
Moreover, although he indirect benefits associated with investments in ART systems in the 
context of Makkah were preliminarily in order to demonstrate the importance of 
considering these benefits, the results show that TDG alternatives will have better impact in 
terms of indirect benefits such as reducing congestion, improving travel times and reducing 
GHG and CAC emission.  
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10.0 Delivery and Financing Options       
 
10.1 Introduction 

 
This chapter briefly presents the possible project delivery and finance options that are 
available for this kind of system, including conventional public sector delivery and public 
private partnership (P3) delivery options.   
 

10.2 Project Delivery Options 
 
The two general approaches to project delivery are the conventional public sector delivery 
and the public private partnership (P3).  In the former approach, the public sector assumes 
most project risks, while likely minimizing the net cost of the project.  The latter approach 
involves the assignment of project risks (including cost overruns, availability of facilities for 
revenue, and sufficiency of ridership) to the private sector (concessionaires or contractors).  
It should be noted that such an approach requires several considerations for successful 
implementation, including the acceptability of the proposed P3 contract to bidders, the 
appropriateness of the level of risk transferred to the private sector, the legal framework for 
P3 in Saudi Arabia, and the political support for P3.  A P3 approach could entail assigning 
responsibilities for construction and operations phases to separate entities (e.g. through a 
design-build-finance and operations and maintenance contracts) or combining both phases 
into one agreement (e.g. design-build-operate-maintain). The options for conventional 
public sector delivery and P3 are briefly discussed in the following section. 
 

10.2.1 Conventional Public Sector Delivery 
 

With conventional public sector delivery, the public sponsor would not transfer any revenue 
risk to the private sector and would be responsible for the finance and the entire 
construction and operations phases of the project.  The sponsor covers the cost of right-of-
way acquisition and provides annual subsidies to cover shortfalls in fare revenues. 
 

10.2.2 Design-Build-Operate-Maintain-Finance 
 
This is a P3 approach under which a single entity (concessionaire) would be the exclusive 
provider of design, construction, finance, operation and maintenance services.  The sponsor 
covers the cost of right-of-way acquisition; in addition, the sponsor transfers, shares, or 
retains revenue risk to the private sector as follows: 

 
 Fully transferred revenue risk:  The concessionaire covers shortfalls in fare 

revenues, and the public sponsor provides a small subsidy during construction.  The 
target investor return would be 12%; 
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 Shared revenue risk:  The concessionaire receives a return on its investment when 
fare revenues are greater than direct expenses, and the public sponsor provides 
small subsidy during construction and a minimum guarantee subsidy to cover 
revenue shortfalls.  The target investor return would be 10%; and 

 Retained revenue risk:  The sponsor provides an annual availability payment and, if 
necessary, supplemental revenue to cover fare revenues shortfalls.  The target 
investor return would be 8%. 
 

10.2.3 Dual Contract Concession 
 

In dual contract concession, one concessionaire is responsible for financing, designing, 
constructing and maintaining the systems and infrastructure, and a second concessionaire is 
responsible for operating and maintaining the vehicles.  Note that a separate concession can 
be awarded for the construction phase of each line.  As described above, revenue risk can be 
retained or transferred, in this case, to the operations concession. 
 

10.2.4 Multiple Contract Concession 
 
The sponsor retains revenue risk as described above and awards the following concessions: 
design, build, finance, and maintain systems and infrastructure; acquire and maintain 
vehicles; and operate systems. 

 
10.3 Project Finance Options 

 
There are two main finance options where the concessionaire places an equity stake based 
on the amount of revenue risk transferred and the return on investment.  The equity stake is 
20% when all revenue risk is transferred to the concessionaire (with 12% return on 
investment), 15% when revenue risk is shared (with 10% return on investment), and 10% 
when revenue risk is retained by the sponsor (with 8% return on investment).  The 
remaining portion of financing is achieved through a lease, either a bank lease (6.6% lease 
rate) or a government subsidized lease (4.6% lease rate).  Conventional project delivery 
would exclude equity financing and would have slightly lower lease rates than those applied 
to the concessionaire. 
 

10.4 Concluding Remarks 
 
As shown in Chapter 9, all alternatives of the preferred concept (and by extension probably 
most of the alternatives of the other concepts that were not analyzed in the economic 
feasibility study) have very good return on the investment and have a very good potential of 
being profitable projects. Given these results, there is great potential for the delivery of ART 
in Makkah through P3 arrangements particularly the alternatives that interact with hotels 
and urban developments in the central area. Therefore, a thorough and dedicated effort is 
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required in the next stage of the project to analyze and select the preferred delivery and 
financing option for any ART project in Makkah. 
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11.0 Summary and Recommendations       
 
11.1 Report Summary 
 

The planning and management of transportation in Makkah is faced with several challenges, 
including the impediment of movements by large-scale developments in the Makkah Central 
Area, the lack of a strategic master plan, the increased visitor accommodation outside the 
central area, the complex ownership issues in the central area, and the lack of integration 
and synergy among transportation solutions. Not only that, but there are other unique 
challenges that impact the transportation system in Makkah; they include:  

 
 the harsh mountainous terrain of Makkah (resulting in difficulty for conventional 

transit modes);  
 the Zamzam Aquifer (constraining the alignment of underground heavy rail lines);  
 high density land use and limited space for additional road and surface transit 

infrastructure;  
 the insufficient capacity at a desirable level of service of even future underground 

metro lines and supplementary BRT lines;  
 the likely delay of the proposed massive transport infrastructure with the 

construction of the Haram expansion and surrounding developments; and 
 

Therefore, it is apparent that these challenges can only be addressed by building a multi-
modal transport system that includes conventional technologies such as heavy/light rail and 
buses, in addition to innovative and modern transportation technologies (such as ART) to 
help solve some of Makkah’s unique transportation problems. 
 
Aerial Ropeway Transit (ART), a promising technology solution to some of the modern-day 
transportation problems, could be an important component of the overall multi-modal 
transportation system of Makkah. Therefore, the objective of this report is to explore the 
potential and feasibility of introducing ART inside the City of Makkah by analyzing different 
alternative ART concepts in Makkah.  

 
The study team developed, screened and evaluated a number of alternate Aerial Ropeway 
Transit (ART) technologies and routings through a methodology that was based on standard 
public transit planning. The team’s research began with comprehensive consultations with 
ART vendors; ART and public transit experts; and local stakeholders who attended a 
workshop in Makkah in December 2010.  In addition, the team surveyed the existing 
literature and gathered information regarding ART implementations and best practices.  
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Given the scope and timeline of the study, it was decided that only the role of ART in 
Makkah should be a limited one focusing on single ART lines and using existing ART 
technologies. Accordingly, the proposed concepts for the role of ART service in Makkah 
cater to geographically challenged locations within Makkah; pairs of locations impeded by 
mountainous barriers; P&R facilities and passenger drop-off locations; P&R facilities and 
buildings/hotels in the central area; mountainous religious attractions; and proposed Mina 
Hillside Housing. The initial screening and evaluation process revealed that the third 
concept, service between P&R locations and the central area, has the highest positive 
potential, and as such it was investigated further in the economic feasibility study. Three 
corridors connecting three of the busiest P&R facilities with their corresponding passenger 
drop-off areas around the Haram were considered in the feasibility study; they include the 
Kudai, Rusayfah, and Taneem corridors.   
 
In designing the ART lines of the preferred concept, several local and technological 
limitations were taken into consideration. In total, six alignments were developed for the 
three corridors: one alignment for the Kudai corridor, two alignments for the Rusayfah 
corridor (A and B), and three alignments for the Taneem corridor (A, B and C) as shown in 
Figures 11-1 to 11-6. Since both MDG and TDG technologies were considered for each ART 
alternative, a total of 12 alternatives were evaluated for all the corridors combined (2 
alternatives for Kudai; 4 alternatives for Rusayfah; and 6 alternatives for Taneem). 
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Figure  11-1: Kudai Corridor Alignment 

 
 

 
Figure  11-2: Rusayfah Corridor - Alignment A 
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Figure  11-3: Rusayfah Corridor - Alignment B 

 
 
 
 

 
Figure  11-4: Taneem Corridor - Alignment A 
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Figure  11-5: Taneem Corridor - Alignment B 

 

 
Figure  11-6: Taneem Corridor - Alignment C  
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In order to deliver a comprehensive economic evaluation for each of the proposed ART lines 
of the preferred concept (with their different alternative alignments), and assess their 
economic feasibility, it was essential to develop a model to evaluate the annual revenue 
stream for the life cycle of each line. Several challenges prevented the development of a 
conventional demand forecasting model. Nevertheless, a realistic and reasonable demand 
forecasting method was developed to estimate the ridership on each ART alternative. The 
demand estimation methodology involved developing estimates for a Base Case Scenario for 
the base (opening) year and using these estimates to build ridership estimates for the 
remaining cases. Table 11-1 summarizes the ridership estimates for the preferred concept 
alternatives. 

 
 
 
 

Table  11-1:  Total Annual Boardings for All Preferred ART Alternatives of the Preferred 
Concept 

Alternative 
# 

Line Type 
Annual 

Boardings 

1 Kudai  MDG 9,941,760 
2 Kudai  TDG 11,403,784 

 
3 Rusayfah A  MDG 9,941,760 
4 Rusayfah A TDG 11,403,784 

 
5 Rusayfah B  MDG 13,631,195 
6 Rusayfah B  TDG 13,913,780 

 
7 Taneem A  MDG 9,941,760 
8 Taneem A TDG 11,403,784 

 
9 Taneem B MDG 11,636,290 

10 Taneem B TDG 12,974,535 
 

11 Taneem C MDG 13,610,650 
12 Taneem C  TDG 14,546,617 
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In terms of revenue stream analysis, the average revenue per one-way trip was assumed to 
be SAR 3 in the base year, and the annual revenue of each ART alternative in the base year 
was calculated.  Several assumptions were made to develop an annual revenue stream for 
the life cycle of each ART alternative.  

 
The total capital, operation and maintenance costs for each of the preferred ART 
alternatives were based on consultations with vendors and experts. The land acquisition 
costs were not included in the estimates for a number of reasons, including the scope of this 
project, the location of stations not being finalized, and the potential use of existing rights-
of-way. Table 11.2 below summarizes the capital costs of the preferred concept 
alternatives, while Table 11.3 summarizes the O&M costs for these alternatives. 
 

 
 
 

Table  11-2:  Capital Costs Summary of Preferred Concept Alternatives 

Alternative 
# 

Corridor Type 
Total Capital 

Costs  
(Million SAR) 

1 Kudai  MDG 69.28 
2 Kudai  TDG 166.65 

 
3 Rusayfah A  MDG 86.73 
4 Rusayfah A TDG 201.39 

 
5 Rusayfah B  MDG 126.10 
6 Rusayfah B  TDG 316.99 

 
7 Taneem A  MDG 124.83 
8 Taneem A TDG 277.24 

 
9 Taneem B MDG 136.95 

10 Taneem B TDG 313.78 
 

11 Taneem C MDG 175.36 
12 Taneem C  TDG 415.10 
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Table  11-3:  Base Year Annual O&M Cost Estimates for Preferred Concept Alternatives 

Alternative # Corridor Technology 
Annual O&M Costs 

(Million SAR) 
1 Kudai MDG 6.93 
2 Kudai TDG 16.66 

 
3 Rusayfah-A MDG 8.67 
4 Rusayfah-A TDG 20.14 

 
5 Rusayfah-B MDG 12.61 
6 Rusayfah-B TDG 31.70 

 
7 Taneem-A MDG 12.48 
8 Taneem-A TDG 27.72 

 
9 Taneem-B MDG 13.70 

10 Taneem-B TDG 31.38 
 

11 Taneem-C MDG 17.54 
12 Taneem-C TDG 41.51 

 
 
The final component of this study involved conducting an economic feasibility study of the 
preferred ART concept. It consists of two parts: a major evaluation component concerned 
with the direct benefits and costs of all the ART alternatives (i.e. benefit cost analysis – BCA) 
and a secondary evaluation component concerned with the indirect benefits resulting from 
the implementation of any of the ART alternatives. The primary evaluation criteria were the 
Net Present Value-NPV (of the life-cycle stream of project net benefits), Benefit Cost Ratio 
(B/C Ratio), Internal Rate of Return (IRR), and Payback Period. 
 
It is evident that the MDG alternatives has the highest net present values and that MDG 
investments can generate more value for the invested money relative to TDG investments 
because of the high capital and operating costs associated with TDG alternatives. The results 
also showed that for the same corridor, alternatives with additional intermediate stations 
have lower B/C ratios than their counterparts with no intermediate stations. The lowest 
Payback Periods (i.e. the number of years necessary for the project to break even on the 
basis of accumulated benefits) are found to be higher for the MDG alternatives. However, 
the TDG alternatives’ relatively long Payback Periods could be offset by higher than 
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expected ridership/revenue numbers if the service was successful. MDG alternatives also 
have the highest Internal Rate of Return, with a high IRR representing a good opportunity in 
economic terms. 

 
Moreover, although the indirect benefits associated with investments in ART systems in the 
context of Makkah were preliminary in order to demonstrate the importance of considering 
these benefits, the results show that TDG alternatives are likely to better impact in terms of 
indirect benefits such as reducing congestion, improving travel times and reducing GHG and 
CAC emission.  

 
11.2 Observations and Recommendations  

 
The economic feasibility study of the preferred concept revealed that ART service can be a 
very sound and profitable transportation investment assuming that enough ridership is 
attracted to the new service. While some work needs to be done before a final 
recommendation for implementation of any specific ART line is provided, the results of the 
economic feasibility study revealed that MDG systems have the highest potential for 
implementation given their low capital and O&M costs as well as the low risk associated 
with these investments compared to TDG systems. The risk with TDG systems stems from 
their high capital and operating costs, which means that if the project does not attract 
sufficiently large ridership, the project might face some risk of not being able to cover its 
costs. Moreover, MDG systems have been implemented as a mass transit mode in several 
cities around the world, while TDG systems are just being introduced as a mass transit mode 
in the urban environment. Therefore it would be more prudent to start with a proven 
technology (i.e. MDG) than venturing into an advanced technology (i.e. TDG) that is yet to 
build a track record of successful implementations around the world (other than the TDG 
system in Koblenz, Germany). 
 
Hence, the main recommendation of this report is to install an MDG "pilot" line to test the 
Makkah market and customer perspective of ART, build momentum for ART services, 
collect ridership data and get precise capital and O&M cost numbers of the installed system. 
Since the results of the economic feasibility study revealed that all MDG alternatives seem to 
have a good return on the investment, any of these alternatives can be used as a pilot line. 
However, selecting one of the Taneem corridor alternatives seems to be the best option in 
this case based on the fact that there is a year-round daily travel demand between the 
Taneem Mosque and the Haram. Therefore, the potential for ridership on this corridor is 
much higher than any of the other corridors, especially given the lack of travel data on these 
corridors. Moreover, other than building a terminal (station) near the Taneem Mosque, the 
“pilot” line can also include building a station at Al-Shuhada P&R facility to serve people 
who use the parking facility during the peak seasons of Ramadan and Hajj. Furthermore, at 
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this stage, it would be prudent not to increase the amount of investment by adding 
intermediate stations (other than the one at Al-Shuhada). 
 
Based on the above discussion and justification, Alternative #9 (Taneem-B-MDG) is 
recommended for implementation as a pilot ART line in Makkah. Tables 11-4 and 11-5 
show the service and operational characteristics of the recommended alternative as well as 
the results of the ridership, cost and economic evaluation results. 

 
Table  11-4:  Recommended ART Alternative Characteristics 

Line Characteristics Measurement  
Unit Alternative #9 

Technology Type   MDG 
Line Length Km 5.1 
Number of Terminals   2 
Number of Intermediate Stations   1 
Cabin Capacity  Persons 15 
Service Headway  Seconds 15 
Line Maximum Capacity  PPDPH 3600 
Line Speed  Km/h 21.6 
Total Dwell Time  Seconds 244 
Total Intermediate Stations Dwell Time  Seconds 42 
One-Way Travel Time between Terminals Minutes 14.9 
Average Operating Speed between Terminals  Km/h 20.6 
Cycle Time  Minutes 33.9 
Number of Cabins in Service   136 
Cabin Spacing Meter 90 

 
 

Table  11-5:  Recommended ART Alternative Estimated Ridership, Cost and Economic 
Evaluation Results  

Analysis Component  Measurement  
Unit Alternative #9 

Estimated Base Year Annual Ridership Millions 11.64 
PV of Revenues  (Million SAR) 1,284.50 
Capital Cost  (Million SAR) 137 
PV of O&M Cost  (Million SAR) 372.7 
NPV  (Million SAR) 774.9 
Benefit Cost Ratio (B/C Ratio)  2.52 
Payback Period Years 6 
IRR  (%) 42 

 



279 
 

 
11.3 Next Steps 

 
As mentioned throughout the report, the objective of this research study is to explore the 
potential of ART as a mass transit mode in Makkah. The methodology relied on developing 
several ART concepts for the City of Makkah, and selecting a preferred concept using an 
initial evaluation process. Alternative lines were conceived for the preferred concept, and 
an economic feasibility of each line is then assessed using a BCA analysis. As mentioned in 
the previous section, it is recommended to introduce a pilot ART line, namely Alternative # 
9 along the Taneem corridor, before decisions on other corridors are made. However, the 
results produced in this report for all alternatives (including Alternative #9) are 
preliminary owing to the high level and strategic nature of this study and to some 
limitations encountered.  
 
Similar to conventional transport planning approaches, the next logical step towards 
implementing ART in Makkah is to conduct a detailed design of the recommended ART 
alternative and a thorough investigation of project financing study to detail the results of 
this study further and to address its limitations. 

 
With Regard to the detailed design of the recommended alternative, Chapter 6 discussed all 
aspects related to the preferred ART concept (including the recommended alternative) in 
terms of alignment, infrastructure, capacity and line specifications. More specifically, 
Section 6.3 discusses the alignment specifications of each ART alternative and the 
associated technological and local constraints that need to be respected in the alignment 
specification process. However, the proposed alignments were developed with little 
consideration to the local areas surrounding the alignments in terms of land availability for 
terminals, location of towers, etc. Furthermore, the development of the alignments was 
performed without consultation with ART vendors, who would have given an expert view of 
the proposed alignments and the restrictions and limitations that may impact the proposed 
alignments. Therefore, the alignments proposed in Chapter 6 (including the alignment of 
the recommended alternative) are only preliminary alignments that will need to be refined 
in the next stage of the project in order perform more accurate analysis (i.e. BCA) of the 
recommended ART alternative. 

 
Finally, is shown in Chapter 9 there is great potential for the delivery of ART in Makkah 
through P3 arrangements. Therefore, a thorough and dedicated effort is required in the next 
stage of the project to analyze and select the preferred delivery and financing option for the 
recommended ART alternative. 


