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Therefore, transportation needs to be transformed into nonmotorized one. In addition, the topography is difficult to
construct new roads and the city doesn’t have sufficient land
bank to widen the existing roads easily. Therefore, the air
transport can be one of alternate transport in Kigali [1].

Abstract
Kigali, the capital city of Rwanda is a highly sloped region
and the construction of roads to reach all remote areas within
the city is economically and socially unfeasible. While the
population in this city was increasing on daily basis, the
problem with people mobility from remote areas has become a
burden to the government. As the construction of new roads
all around, especially in areas with that hilly topography is
realistically quite expensive, both traffic congestion and long
queues of people waiting buses remain daily challenges.

Another problem in Kigali City is the Air pollutions. The
change to motorized vehicles in Kigali City has increased
green-house-gas-emissions, the major sources of air pollution
being transport sector [2]. The city needs to be less reliant on
motorized transport by having corridors for pedestrians and
cyclists [1].

This study on aerial cable car as alternative transport mode
consisted in identification of areas with more mobility
problems, analysis of respective topography and proposal of
adequate lines. The review of available literature, sites
exploration and interview with local people were performed.
As results, five metro-cable lines were proposed and
respective coordinates (elevation, location, USR, NISR) were
collected using GPS.

Therefore, this study about proposal of aerial cable car as an
alternative means of public transport in Kigali City should be
the starting point for consideration of alternative transport
means in the city.

Objective and scope of the study

Research established that the system would be cost effective
and technically feasible, as the more loaded Line C would cost
14,503,242,000 Rwf (around 14.2M Euro). Also, this
transport mode was found to be sustainable as the construction
cost of the line C would be covered just after 10 months of its
operation.

The Objective of the study was to analyze the challenges with
transportation in Kigali City and assess the adequacy of the
introduction of the aerial cable car transport mode in the City
as alternative.

Keywords: Alternative public transport, cable lines, gondolas,
informal settlements, Kigali City, metro-cable, Remote areas.

 Line A: this line starts from Kimisagara mountain
and continues to Maison des jeunes Kimisagara,
then to G.S Cyahafi and finally to Gakinjiro.
 Line B: This line starts from Kacyiru Car Park to
Gacuriro Apartments
 Line C : links two car parks, starting from
Downtown to Nyabugogo Car park
 Line D: starts from Remera Amahoro stadium
through Remera Car park to EARR Church
 Line E: is the smallest one, it starts from Makuza
House through Kigali city Market to Downtown
car park.

The study targeted five areas and the following respective
lines were identified:

INTRODUCTION
Background
Rwanda has made a tremendous effort in organizing the
transportation in the country, including the main City of
Kigali. However, the daily increase of people mobility
between and in the cities still requires more strategies in this
area in order to make the country and especially the main city
very clean and organized.

During this study, Design calculations of the system were not
performed as this was out of scope. However, a related and
available literature should help in getting idea of how the
design is done.

Currently in Kigali City, there is a problem of congestion at
the existing bus terminals. If the vehicular growth is not well
managed, by 2025 and 2040 the congestion in Kigali will not
only occur but also will be difficult and expensive to rectify.
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Figure 1: Cable car line passing parallel with road transport in one of Medellin’s city parts [16]

northern sector of the city. The system is popular among the
residents, as it carries more than 10,000 passengers per day. In
fact, the success of the first aerial rope transport line in
Constantine seems to have encouraged the local authorities to
repeat the experience by offering the government to create no
fewer than four new lines to relieve transportation problems in
Constantine, which is known for its particularly rugged
topography [15].

Historical System evolution and description
Generally, cable cars are mainly used in regions of high
altitude for tourism, and for public transportation in some
cities located in mountains, with Medellin in Columbia,
Caracas in Venezuela, and Algeria in the world considered as
some examples [3] [4]. This alternative means of transport has
shown a remarkable change in the people’s daily life. It
improved accessibility and mobility for residents, particularly
for citizens living in areas where the topography limits other
forms of transport [5] [6]. Some of the major advantages of
cable car technology are ability to climb gradients with slopes
as high as 100 percent or greater [7], minimum direct impact
to the environment due to the use of electricity instead of fuel
and reduced noise pollution [8] [4] [6] [3] lower cost of
implementation and operation than other transportation
systems [8] [4] [5] [9] [10] [11] , and accident rate of
approximately 0% [5] [7] [12].

Previous studies related to cable cars
Main studies have been conducted by different authors and
respective results are already published. Below is presented an
overview on some of them.
In the study of Sergej et al. on increasing the capacity of cable
cars for use in public transport [3] , two types of the use of
cable cars discussed deeply. One is based on a single platform
(the existing system) and the other one is based on two
platforms (the proposed system). The theoretical capacity of
the existing system is established at 4114 persons per hour,
while the one for Gondolas was estimated at 8228 persons/hr.

Medellin is the second largest city in Columbia with a
population of approximately 3.5 million. Mobility of people,
especially ones located in informal settlements, was limited
due to high steep sloppy mountains. It was in 2004 that the
government together with private sectors took initiative of
constructing the first cable lines above the city as a means of
public transport [5] [10] [11] [13] [14].

The capacity found using this system is comparable to the
capacities of other high-performance systems designed to
carry persons in public passenger transport. Top speeds in
relation to regulations would be 6 m/s for mono-cables and 7
m/s for bi-cable systems [3] [10].

Like Medellin, in Caracas, the aerial ropeway systems were
planned as feeders to the existing rail based high capacity
public transport line connecting hillside neighborhoods to the
remaining urban areas. The first metro-cable line in Caracas
was planned to connect the community of San Agustin to
central park station, where it is linked to the subway system
[6].

Regarding the cost estimation, the study conducted by
Clement et al. presents the investment cost for mono-cable
gondolas in mountain areas [17].
Sergej et al. also mentioned that the price of gondolas with
two platforms in stations would be slightly lower than for two
parallel conventional gondolas. In general, the basic data for
implementation of cable car transport are highlighted in the
tables 1and 2 referring to the already completed projects such
as Medellin:

The Cable of Constantine was opened in 2008 to connect the
east and west sides of the city of Constantine, Algeria. The
system has three stations, including two terminals and one
intermediate station. The first section of the line is 425 m long
and the second section is 1,091 m long, resulting in a total line
length of 1,516 m. The system serves 100,000 residents of the
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Table 1. Basic data for 3 lines constructed in Medellin (source [18])

Table 2.: Basic data for prices of required materials in cable
car systems (source [19])

regularly come to the Maison Des Jeunes Kimisagara for
different activities were also given questionnaires. Finally, 5
chosen technical experts in road design and constructions
were interviewed face to face. The results from this interview
are discussed in detail in section 4.
Asked how they can feel if cable car present/is brought: many
people replied that it could be a better way of public transport
(no queues, no congestion and quick) but strange to some by
showing fear of flying/using aerial paths. In addition, they
also showed difficulties in that they can pay more than the
usual buses and taxi-motos. Results are discussed deeply in
section 4.
iii.

Geographic coordinates (elevation, location and USR) by use
of Global Positioning System (GPS) were collected in the
selected five sites of Kigali city. These sites were selected
based on topography and feasibility of the use of cable cars,
according to studies of different researchers. Their status with
regards to the city demography was also considered. These
above presented five lines were digitized and displayed using
a CAD for accuracy.

[Note: M€ : Stands for Millions Euro]

The experience with implementation of the system in the
cities of Medellin, Caracas and Constantine may be taken as
examples for showcasing a potential successful
implementation of the same transport system in similar cities
such as Kigali city, with consideration of local conditions.

iv.

Literature review

The review of literature helped to identify the existing
standards, regulations and policy about the use of metrocables; understand the public transportation in Rwanda and in
the world. Public transport with cable cars was focused on
particularly. Various studies regarding cable cars have been
revised and consulted in order to know the advantages and
disadvantages of using cable cars.
ii.

Cost estimation

Determining the investment costs for cable car transport is
complex due to too little data available on this system to be
able to calculate the average of investments costs accurately.
However, a few of studies including [7] [20] [21] are referred
to in order to estimate capital costs that might be required to
implement and operate cable cars lines in Kigali city. The
systems proposed are of mono and bi-cable gondolas and
estimates are all referred to examples shown in the above
studies. The cost estimates relate to the building of a cable car
line with all its requirements: design, machinery at the engine
stations at the bottom of the route, recirculation and tension
systems in the station at the top of the route, electric and
hydraulic drivers, cables, line pylons, roller conveyors,
vehicles, emergency devices, structures in the stations,
metallic carpentry for supporting and moving the vehicles to
the storehouses. The cost should consider also civil
engineering works, which include line pylons, foundations

METHODOLOGY
i.

Geographic localization of the proposed lines

Interview with local population including authorities

A total number of 180 people were interviewed in this
research. 150 commuters using car parks daily were given
questionnaires in 3 different car parks (Nyabugogo,
Downtown and Remera). Furthermore, 25 youths who
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and anchorage blocks for the stations, storehouses where the
cabins are stored, supply of the command cabins and the
access steps, structural parts of stations plus the storehouses
and electric plants wirings.




RESULTS AND DISCUSSION
Results
i.
Literature review
The review of available literature established numerous
similarities among Medellin, Caracas and Constantine cities
with Kigali city:
 All these cities are mountainous, with steeply and
dangerously up the mountain side, making transport by
vehicle difficult and often impossible.



All have some areas of informal settlements and other
with well-designed infrastructures
The manner those informal settlements are arranged
regarding the location of city center is quite similar,
They also have traffic congestion and it is difficult to
build new roads in some areas due to steep slopes and
informal settlements already available.
A big number of people in the informal settlements.

ii.

Results from interview and/or feedback from
questionnaire
Views of respondents from different city zones about existing
problems (long queues and traffic congestion) and on the new
transport system are given in the table 3 bellow.

Table 3: Participants feedback about existing problems and new transport system
Total number of interviewers
Downtown commuters
Nyabugogo Car park Commuters
Youth at Maison des Jeunes
Remera car park commuters
Local Technical experts

50
50
25
50
5

Problems of long queues,congestion
people accepting gondola
People denying gondola
agreeing refusing with no reply Accept completely Accept with fear
34
10
6
20
25
5
45
3
2
21
20
9
NA
40
7
3
48
2
0
21
28
1
4
1
0
5
0
0

Respective charts are presented in the below.

Figure 2: Charts presenting views of respondents with regards to transport problems (left), and new transport system(Right) in
Kigali City

Figure 3: Chart presenting the overall view of respondents regarding the tranport problems
and new transport system in different zones of Kigali City
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pylons are also showed. Those lines are presented in the
figures 4 to 7 show the drawn lines.

From the chart on figure 2, it is clear that around 84% of
respondents confirm the availability of transport problems,
while nearly 48% would agree with the new transport system.

Lines A and B seem to have sagging curves (with high slopes)
where the lowest point is located nearly in the middle of
pathway as shown in figure 4 and 5. Also, due to some
topographic limitations, line D and E seem to bend instead of
being straight with lower slopes compared to previous lines
(see figure 6 and 7 below). All investigated lines are on
sloppy terrains with high altitudes.

From the chart on figure 3, it is clear that the majority of
respondents agree on the existing problems and new
alternative transport system with nearly 73% and 91%
respectively.
iii.

Geographic localization of the proposed lines with use
of Global Positioning System (GPS)

Data collected from the 5 mentioned lines sites were used by
CAD to draw the respective lines and their exact stations and

Figure 4: Line A : Cable Car line From Kimisagara Nursery School to Gakinjiro

Figure 5: Line B: Cable Car line From Kacyiru Car Park to Gacuriro Appartments
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Figure 6: Line C: Cable Car line From Downtown to Nyabugogo Car Park

Figure 7: Line D: Remera povice station EARR, Line E: Makuza to Nyarugenge Car Park
iv.

Bi/Mo, and (CEVRE) stand for Drive Station, Return Station,
Pylon, and (carrying hauling rope, electric and hydraulic
drivers, vehicles, roller conveyors& electric plants)
respectively. Bi and Mo stand for Bi-cable and Mono-cable
types respectively. Nu, NA, PU, and TP stand for Number,
Not Applicable, Price per Unit, and Total Price respectively.
L, MPH, CC, ACC are Length, Maximum power height,
Capital cost and average capital cost respectively.

Costs estimates for selected cable lines in Kigali

Cost estimates for each of proposed lines, are presented in
tables 4(a), 4(b), 5(a), 5(b) 6(a) and 6(b). The overall cost
estimate for all five selected lines in Kigali is given in Table
6(b).
Notations in these tables:
IS-Bi and IS-Mo stand for intermediate station for Bi-cable
and mono-cable type respectively. DS- Bi/Mo, RS- Bi/Mo, P-
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Table 4(a): Cost Estimates for Line A.

No
1
2
3
4
5

Material
IS-Bi
DS- Bi
RS- Bi
P- Bi
CEVRE

Table 6(a): Cost estimates for Line E

No
1
2
3
4
5

Unit Quantity PU (M€) TP (M€)
Nu
4
2
8
1
3.5
3.5
Nu
Nu
1
2
2
Nu
5
0.35
1.75
NA
NA
NA
0.8
Total
16.05

Material
IS-Bi
DS- Bi
RS- Bi
P- Bi
CEVRE

Lines
Line A
Line B
Line C
Line D
Line E
TC(M€)

Unit Quantity PU (M€) TP (M€)
Nu
3
2
6
1
3.5
3.5
Nu
Nu
1
2
2
Nu
4
0.35
1.4
NA
NA
NA
0.8
Total
13.5

Material
IS-Bi
DS- Bi
RS- Bi
P- Bi
CEVRE

Unit Quantity PU (M€) TP (M€)
Nu
3
2
6
1
3.5
3.5
Nu
Nu
1
2
2
Nu
6
0.35
2.1
NA
NA
NA
0.6
Total
14.2

Material
IS-Mo
DS- Mo
RS- Mo
P- Mo
CEVRE

4
2.5
2.3
1.5
1.1

MPH(m) CC(M€) ACC(Per Km)
75
16.05
4.0
75
13.5
5.4
65
14.2
6.2
60
6.8
4.5
75
5.3
4.8
55.85

The cost estimation has been done based on the study
conducted by Clement et al. [3] (Cfr section 1.6).The most
loaded line C would cost around 14.2M€ or 16.9M USD (by
today exchange rate, it is around 14,503,242,000 Rwf).

v.

Table 5(b): Cost Estimates for Line D.

No
1
2
3
4
5

L (Km)

[In tables 4 - 6, all costs are in Euro and M€ Stands for Millions
Euro]

Table 5(a): Cost Estimates for Line C.

No
1
2
3
4
5

Unit Quantity PU (M€) TP (M€)
Nu
2
1.2
2.4
1
2.5
2.5
Nu
Nu
1
1
1
Nu
2
0.1
0.2
NA
NA
NA
0.4
Total
5.3

Table 6(b): Total capital costs for all lines.

Table 4(b): Cost Estimates for Line B.

No
1
2
3
4
5

Material
IS-Mo
DS- Mo
RS- Mo
P- Mo
CEVRE

Unit Quantity PU (M€) TP (M€)
Nu
2
1.2
2.4
1
2.5
2.5
Nu
Nu
1
1
1
Nu
5
0.1
0.5
NA
NA
NA
0.4
Total
6.8

Estimation of passengers annual fares revenue for
project sustainability

Details about fares estimation made on the line the most
loaded are given in the table 7, presented below.

Table 7: Estimated annual fares revenue from passengers
Number of People/Time
Per hour
Per day
Per month
Number of People(single platform)
4000
64000
1920000
Number of People(two platform)
8000
128000
3840000
Total cost for single platform (Euro)
1320
21120
633600
Total cost for two platform(Euro)
2640
42240
1267200

The above amount would be used for periodic maintenance
and for operational expenditures.

Per year
23040000
46080000
7603200
15206400

proposal and belief in successful accomplishment in Kigali
City with the above discussed similarities.
As advantages of cable cars, this type of transport has shown a
great save in economy and is found to be environment
friendly system, and due to its aesthetical aspect, it would
contribute to the transformation of Kigali into one of the best
African cities. The low capacity for passengers’ transportation
with the initial maximum capacity being only 4000 persons

DISCUSSION OF RESULTS
i. System overview
The successful realization and implementation of projects in
Medellin, Caracas and Constantine, served as the basis for the
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per hour was identified as the most disadvantage of this
transport mode. However a strategy for increasing the above
number up to 8000 persons is already in place [3].



Line B: Stations on this line are placed in areas
with dense population. This would provide easy
mobility for inhabitants in Gacuriro apartments
and in Rukundo Cell. It is expected that this line
would be more helpful to community living in
apartments for their various daily activities.
Most of pylons are placed in an attractive view
over the wetland so that anyone can enjoy flying
while having breathtaking views on attractive
architecture of the existing apartments and
wetland.



Line C: Mobility between Downtown and
Nyabugogo Car Parks is very high. Due to this
factor, line C is expected to have daily
continuous movement. In addition, inhabitants
in-between the two car parks would easily use
the provided three intermediate stations. This
line is expected to be the most loaded one for all
hours.
Line D: Most Inhabitants in Kabeza and
Remera are expected to use Line D for seasonal
mobility, especially for those travelling to/from
Amahoro stadium for various entertainments and
other related events, or those who simply would
like to enjoy having breathtaking views of the
city. This line is important because, as the city
grows fast, the probability of having higher
demands in those different events increases.
Intermediate stations are placed in front of car
park, Kabeza road and in the end points because
most of travelers would be moving nearby these
stations.

ii. Interview results
It was clear that the majority of respondents agree on the
existing problems and new alternative transport system with
nearly 73% and 91% respectively. However, a no negligeable
percentage of 43% are still dubtful for the new system with
also around 8% not supportive (figure 2).
The awareness campaign through workshops and seminars on
the aerial mode would be needed before any implementation.

iii. Project cost estimate and sustainability
It was established that the most loaded line C would cost
around 14.2M€ or 16.9M USD (around 14,503,242,000 Rwf).
Due to many road turns, as well as cut and fills required in
sloppy terrains, 1 km measured straightly (i.e. aerial 1km)
seems to be much shorter than a 1km road measured on
surface (terrain). Thus, the capital costs mentioned in tables 46 for 1km may be lower than the required capital cost for
implementation of roads in the same area, and it is
recommended that any implementation of the project be
preceded by a detailed analysis and design of respective metro
cable lines and systems for the five mentioned lines.



The logic should be that the annual transport fee covers all
periodic maintenance works. This fee has been estimated by
considering 16 hours of operation (from 6 am to 10 pm) with
an average number of 4000 persons per hour (for a single
platform system) or 8000 persons (for two platform systems).
For an individual fare of 300 Rwf (0.33 €), the annual revenue
would be 15.2 M€ (15,519,000,000 Rwf) if two platforms are
adopted. This means after 10 months of operation Line C
would recover its capital cost which is nearly 93 % of its
annual total revenue. However, if single platform is adopted,
annual income would fall to around 7.6 M€ which is nearly 56
% of capital cost, and therefore, the capital cost would be
recovered within two years approximately (see Table 6).



Regarding the cable systems, referring to the studies of Sergej
at al [3] and Knawa et al [21], it was recommended to use Bicable gondolas with two platforms in Line A, B and C
because of the presence of very high slopped terrains and high
probability of being in regular use. Mono-cable gondolas
with a single platform would be appropriate in Line D and E
as these lines do not have much high sloppy terrains and seem
to function as more seasonal and aesthetical than other
mentioned lines.

iv. Lines selection and proposed types of respective cable
car systems
The drawn cable lines show that elevation of the chosen areas
is too high and due to high slopes, construction of road
transport would cost too much more than using cable car
systems in such areas. Lines in figures 4 to 7 are described
below:


Line E: Line E is located in commercial areas,
commuters and visitors are expected to use it for
a quick reach of Downtown car park, Kigali City
Market, as well as for enjoying attractive
breathtaking views of other regions of Kigali
because of its highest elevation and other places
of interest present in the area.

Line A: Based on location of intermediate
stations; Line A is expected to serve people
living in informal settlements nearby the chosen
stations where other mobility means are almost
inexistent. In addition, travel cost/time of
community in these areas would reduce
remarkably. This line could be the most loaded
line only in peak hours.
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