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ABSTRACT

Ropeways are potential means of transport that are adaptable to the existing terrain, and
an alternative transport solution for difficult topographical landscapes, manmade
obstacles, for instance Rivers, lagoons and estuaries. Ropeway decrease environmental
impact caused by road construction and energy efficient than most transport systems and
can be used in urban transport system to overcome the city traffic by installing intermediate

towers.

Before 19" centuries, in Ethiopia, China, Japan, Brazil, Newzland and India used
traditional cable car transport. Now a days, modern cable care were emerging specially in
Latin America, people were using cable car to connect unsuitable terrain type with human
or man-made berries and provide new perspective for viewing scenery as recreational
activities. The maximum capacity of the existing cable cars is 4000 person per hr with
maximum speed of 43.2km and the basic component of the Arial cable car is cabin, a

driver, returned terminal, towers and ropes.

The objective of this research is to explore an alternative means of transportation mode for
the road segments from Koladit junction to Gishen Mariam church. This section of the
road is found in a very difficult terrain with combination of steep gradient and winding
sharp curves to tackle escarpments and mountainous terrain. The problem of transportation
will not be solved only by constructing road up to the church from Koladit junction, but
also by introduction of other means of transportation that is suitable for its terrain type.

After collecting primary and secondary data from site during field visit, qualitative and
quantities, methods adopted to analysis the data. The site visit were made on one of the
peak season from between March 17, 2021 up to March 21, 2021 while the Meskel
celebration was on March 19. Generally, 55.49% and 64.67% of the pilgrims and peoples
living around the route have an interest to use cable car respectively. This helps to estimate
the number of people that will use the cable car after implementations and intern the
number of users is used for fix the average fair price. The estimated traffic used for
economic evaluation of both cable car and roadway are stated in the table below.

Table 0-1:- Estimated traffic for cable car

Descriptions L/Rover | S/Bus L/Bus Total




Total AADT @2021 estimated by Beza
Consulting 164 3 5 172
Percentage composition 95% 2% 3% il
Total estimated traffic by local
administration 20,000 19,070 349 58l 20,000
Total Estimated traffic 61,023 3,349 16,278 80,651
Source:- Estimations
Table 0-2:- Estimated traffic for road user
Descriptions |Car [L/Rover|S/Bus|L/BusiS/TruckM/TruckH/Truck| Truck &Total
Total AADTO 164 B 5 68 17 8 1 156
@2021
Percentage 0 64.06 [1.17 [1.95 [26.5 2.73 3.125 0.39 100
composition

Source:- Estimations and adopted from the BCE data base

Economic analysis has carried out using HDM-4 model (version 1.1). The model, which

based on life cycle costing, used for assessing the costs and benefits of implementation

technologies. Within this framework, two mutually exclusive project alternatives i.e. i)

Construction of able car and ii) construction of road, have been considered for assessing

the economic viability against the do nothing scenarios. Based on the traffic and

engineering assessment, a comparison made between the construction of cable car and

implementation of upgrading the existing road to asphalt Concrete road.

Summary results of the economic analysis presented in Table 0-3 below.

Table 0-3: Economic Analysis: Summary Results (Do-minimum versus With the Project

Alternatives)

Scenarios Construction of cable car Construction of road way
Base Case
IRR @ 10.23% 33.1% 26.8
NPV (In Million Birr) 18,851 220
Benefit Cost Ratio(B/C) 4.412 4.294
Cost Increased by 20 %
IRR @ 10.23% 31.7 24.4
NPV (In Million Birr) 18,625 207
Benefit Cost Ratio(B/C) 4.367 3.599
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Scenarios Construction of cable car Construction of road way
Benefits decreased by 20%
IRR @ 10.23% 26.7% 23.5
NPV (In Million Birr) 13,716 163
Benefit Cost Ratio(B/C) 3.165 3.435
Cost Increased by 20% & Benefits decreased by 20%
IRR @ 10.23% 26.0% 21.1
NPV (In Million Birr) 13500 150
Benefit Cost Ratio(B/C) 3.13 2.879

Source:- Out put from HDM4

The economic analysis, as well as overall engineering and traffic assessment show that
both proposed technologies are economically worthwhile based on direct traffic benefits.
However, the economic parameters of cable car is higher than the construction of road. In
addition, users benefit for cable car: user cost savings including travel time is more viable
than for the implementation of road. The EIRR of the project investment for cable car is
33.1%, which is higher than the EIRR of road construction. Even under the most
pessimistic scenario of 20% increase capital cost and 20% decrease in project benefits, it
yields an EIRR of 26.0% still higher value from the road construction (i.e., considering the
cut-off rate applicable in Ethiopia is 10.23%). In addition, the fair price for transportation
of cable car was estimated at an averagely price of 46.25birr per trip. For fair price analysis

yearly pilgrim’s growth rate and inflation rate was used.

This assessment revels that the installation of cable car on rugged terrain with man mad
and natural barriers, with seasonal traffic, with limited right-of-way and with beautiful
landscape areas, is more viable than construction of roadways. Hence, this research
presents the cost benefit analysis between cable car and road way construction in the case
of Koladit Junction to Gishen Mariam Church which is located in northern part of Ethiopia
around 482 km from Addis Ababa.
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

CHAPTER 1 INTRODUCTION

1.1 Background

Ministry of transport of Ethiopia prepared a Ten-year Development Plan (2013-2022), to ensure and
modernizing logistics transformation by significantly improving modem transportation modes, traffic
safety and management. In this plan, the government have included the introduction of a new
technology, cable car, in Ethiopia. A Cable car is an eco-friendly type of transportation mode used for
mass transit where rail cars (Cabins) are dragged by a continuously moving cable running at a constant
speed. Individual cars stop and start by releasing and gripping this cable as required. Cable cars are
different from funiculars, where the cars permanently attached to the cable and cable railways, which
are similar to funiculars, but where the rail vehicles are attached and detached manually.

Ropeways are extremely adaptable to difficult terrain and represent an optimal transport solution for
challenging topographical landscapes such as hilly terrains.[47] However, even on flat land, ropeways
have the capacity to overcome many other types of natural and manmade obstacles, for instance
rivers, lagoons and estuaries, harp ours, railways and motorways. In some areas, the cable car
systems have emerged as an optimal way to connect informal settlements that were established over
the past decades along steep slopes and hilly terrains and public transport supply is largely
underdeveloped. The major potential of aerial ropeway systems is seen in the significant increase
in accessibility between these settlements and other locations within the urban fabric, supporting

social inclusion and access to work and education opportunities.[48]

The cable car is becoming more popular transport system struggle to keep up with booming
construction and growing populations in the developing world. In Latin America, Cable cars are
particularly common, where almost every city has expressed an interest in a cable car network. In
2004, Medellin introduced its cable car network to serve underprivileged hilltop neighborhoods, giving

each line a letter and color — deliberately echoing the city’s existing metro system.[49]

The reason that have really taken off in Latin America is the ease of construction over steep terrain. In
many mountainous cities, where informal developments tend to be built on hilltops, bus-based public
transit is often unreliable or unavailable to people living in those difficult terrain. In contrast, cable

cars can slide effortlessly over these areas.

The construction of a cable car in Lagos, Nigeria, is nearly complete and the World Banks has approved

a $175 million financing loan to construct one in Kampala, Uganda. [49]

Prepared By: - Hanna Dejene 1|Page



Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

Even though Ethiopia has multi-lateral problem regarding traffic jam and cost overrun on construction

technologies, still introducing cable care technologies are under feasibility study.

One of the studies, which are taken currently by US based company name Doppelmayr to build a 5 to
7km length cable car on the outskirts of Addis Ababa. The solar powered cars can accommodate up to
35 people. They can perform the work of 200 buses in one hour. The company proposes building the

car from Jemmo- Vatican, Klinto — Hayat, Legeatfao- Hayat and Bole Bulbula to Bole.

The study has demonstrated that roads construction produces significant adverse effects on
environment and human health due to the discharge in atmosphere of pollutants released during the
execution of the various construction processes (earthmovings, trucks transit on unpaved roads,
crushing, and material production) and the operation of diesel-powered equipment. In additions, road
construction at rugged terrain with dead end locations, will be very expensive than other means of
transportation.

Installation of cable cars in Ethiopia, especially in places like Gishen Mariam Church can boost tourism
which is located around mountainous terrain and with a beautiful land scape instead of constructing

roads and disturb the landscape.

The road segment from Koladit junction up to Gishen Mariam church road has an existing road with
14km gravel with very difficult terrain. The start of segment 482km far from Addis Ababa and the
elevation difference between the start of the road segments and the end of the road is around 1009
above mean sea level. Hence, geometrically departures will be introduced that will be very sensitive
for safety and dangerous for environmental condition of the area. hence, this thesis mainly focuses on
finding an alternative mode of transport along the section were manmade or nature barriers exist in
general and compare cable care with that of roadway along Koladit junction up to Gishen Mariam in
particular. Therefore, significance of this research is providing an alternative mode of transport for the
segments that have difficult terrain other than upgrading the existing road to pavement standard. This
will help policy makers and transport planes to consider cable car as an alternative transportation
mechanism for the segments that have difficult terrain, dead end places, and isolated settlement and so

on.

1.2 Problem Statements

Gishen Mariam church is one of the old traditional churches that have high seasonal tourise traffic.

The pilgrimage is made four times a year resulting high human traffic congestion along difficult terrain
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

. The church is found one of the highest mountains in Ethiopia call Amba Geshen Mountain. The
church is accessed with 14km gravel road that has combination of steep gradient and sharp curves in
escapement terrain that is diverted from Dessi Kutaber asphalt road. The profile shows that the
elevation difference between the start of the road upto the end of the road is around 1009m above mean
sea level and existing road has a width if 7 meter and most of the travelers were coming for religious

celebration.

Currently, because of high traffic and unsafe condition of the 14km road, the government of Ethiopia
has a plan to construct the road to asphalt standard with an investment cost of Birr 94 million per
kilometer which amounts to about Birr 1.3 billion. Hence, based on some country’s experience around
the world with similar terrain and tourist attraction, an alternative mode of transport with less land
acquisition and less travel time. In addition, landscape should be protected and not sacrificed in favor
of increasing access. Instead, there should be a way of preserving the landscape as well as create access

to historical and religious places.

Four times in a year, the area will experience a tremendous traffic for religious celebration. According
to the woreda administration, because of difficult terrain with narrow width, traffic accidents were
occurred on every celebrations, hence in order to overcome accidents, only changing the existing road
from unsealed pavement type with paved standard but either widening the road with or find another

mechanism to overcome the difficult terrain.

As shown in the figure 1.1 and 1.2, the existing road width 7m and at some place it will narrow to 5m
and pass only one bus at a time and widening the road to standard is almost impossible at those
locations. The figure illustrates the transversal direction of the landscape makes the construction work

very difficult and makes the construction work expensive.
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

Figure 1-1 location of existing road

Figure 1-2 location of existing road

Hence, with the problem of environments and safety by construction of asphalt road will not ensure
mobility of the peoples and pilgrims. Hence, an alternative mode of transport shall be assessed for the

road segments from Koladit junction to Gishen Mariam church.

The significance of this research is instead of upgrading the existing road that have terrain constraints

with seasonal traffic, other means of transport shall be considered.

1.3 Objective of the study

1.3.1 General Objective

The main objective of this study is to explore an alternative means of transportation mode other than
construction of a road on difficult terrain or along barriers (man kind or natural). The existing road to
Gishen Mariam Church, from Koladit to Gishen Mariam section, has taken as a case study to find
/explore an alternative means of transportation mechanism and to draw a conclusion for better means

of transportation on unsuitable terrain.

1.3.2 Specific Objectives
Specifically, the research tries to address the following objectives:
i.  To assess the traffic demand along the project road from Koladit Junction to Gishen Mariam

and its potential source of traffic;
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To assess the advantages and disadvantages of the construction of both the cable car and the
road way;

To conduct comparative Cost and benefit analysis between cable car and roadway
Recommend the most viable mode for consideration by pertinent policy makers.

1.4 Research question

This proposal tries to address the following research questions:

What types of transportation modes are currently common in the project area?

What are the challenges of transport problems around this tourist attraction area?

What kind of alternative shall we consider to alleviate transportation problems in Ethiopia?
What are the problems that faced during upgrade of the existing roads specially mountains and
escarpment section?

Is cableway transport mode is feasible than roadway transport mode for this specific route

from Koladit to Gishen Mariam?

1.5 Significance of Research

The results of the study will be of great benefit to the following:

>

>

>

>

Can provide additional transport dimensions within the country and complementary solution
that could help many isolated hillside residents access jobs and opportunities in the country.
The result of the study will help the decision makers to have possible number of options on
transportation system for comprehensive alternative planning process.

Helps to provide information regarding cable car current practice in the world as well as in
Ethiopia.

In addition, tourism industries will have an alternative means of transportation for connecting

tourism attraction areas.

1.6 Application and Limitation of the Study

The result of this study can be applied a cable way transportation mode to replace or to consider as an

alternative with that of roadway transportation system around tourist attraction places, religious areas

and places with difficult terrain type to construct roads.
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The research will mainly focus on feasibility study to compare cableway with that of roadway
construction on Koladit Junction to Gishen Mariam Church route which is located in northern part of
Ethiopia around 482 km from Addis Ababa.

The cableway transportation mode is new to Ethiopian transportation mode. Hence, construction cost
will be estimated in per Km adapting from some other countries that has already designed cableway
transportation system and has similar characteristics with our location. In additions, feasibility
study/cost benefit analysis made by HDM-4 however, software is manly designed for road
constructions. Hence, for the study purposes it has been adjusted all inputs to suite for cable car

construction.
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CHAPTER 2 LITERATURE REVIEW

2.1 History of cable car in the world

Before19™ centuries, traditional means of transport which is ropeway were used like wood or woven
from animal skin or plant fibers to pass rivers and gorges as show in the figure below.[17] Such early
ropeways have been found in Ethiopia, China, Japan, Brazil, New Zealand, and Indian. In mid-19th,
ropeway appeared as a modern transport mechanism and starts differentiated between passenger and
cargo transportation. The first urban cableway was built in Lyon, France in 1862, where the three-car

trains carried up to 324 people.[42]

From 1907, the experience acquired with the intensive use of similar systems for goods began to be
applied to the construction of modern aerial cableways for passengers. In 1908, the first ropeway for

passenger transportation in Central Europe, “Kohlernbahn” was built in Bozen, Italy, by Leinter. [42]

Since 2004 Colombian Medellin, “Metro cable” car was opened for traffic and then urban cable cars
have grown in popularity around the world. Recent cable car projects mainly considered to serving
those poor hillside neighborhoods, many of which were poorly connected to the rest of the city and
underserved by conventional transport services. Connecting hilly areas to urban centers by aerial cable
cars can bring considerable travel timesaving and other socio-economic benefits due to direct linkages
and the absence of constraints from road traffic. This can be seen from recent projects in Medellin, Rio
de Janeiro, Caracas, Guayaquil, Santo Domingo, La Paz, Yeosu, South Korea, Taiwan, Hong Kong,
Cape Town and London. Sometimes especially places that have geographical barriers such as hills

and rivers, Cable cars make other modes infeasible. [19]
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Figure 2-1 Traditional means of roadway in ancient times
Some of the world country’s experience that has used an alternative means of transportation modes
that could overcame difficult terrain type with high seasonal traffic are illustrated in the following sub

section.

2.1.1 Venezuela’s Mérida Cable Car

Venezuela’s Mérida Cable Car is one of the second longer cable car with 12.5km long and was
constructed before 40years and closed in 2008. After modernizing and fixing mechanical installation,
a recent model of cable car was launched in October 2016 again. This cable car connects the city of
Merida and the Espejo peak and create access along the rugged terrain. [43]

This cable car gives access to the most beautiful Venezuelan mountain, unique landscape in the world,

and facilitate the movement of tourists.

Figure 2-2:-Venezuela’s Mérida Cable Car

2.1.2 South Africa’s, Table mountain Arial cable way

The Table Mountain Aerial Cableway is a cable car transportation system offering visitors a five-
minute ride to the top of Table Mountain in Cape Town, South Africa. It is one of Cape Town's most
popular tourist attractions with approximately one million people a year using the Cableway.[15]

At the top of Table mountain with an elevation of 1,067meters offers over view of Cape Town, Table

Bay and Robben island north, and the Atlantic seaboard to the west and south
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Figure 2-3 Cape Town, South Africa Cable Car

2.1.3 Switzerland, Stanserhorn Cable Car
The Stanserhorn is a mountain in Switzerland, located in the canton of Nidwalden near to the border
with Obwalden, with the peak at 1,898 meters above sea level. It is a popular tourist destination, which

can be reached from the adjacent town of Stans by a cable car, or via walking routes from Stans.

Figure 2-4 Stanserhorn, Switzerland

As shown in the above sub sections, Venezuela, south Africa and Switzerland installed cable car to
connect isolated place and as the same time they have used the cable car as means of tourist

attraction.

2.2 History of cable car in Ethiopia

It is difficult to get literatures regarding the history of cable car/rope way transportation system in
relation to its past application in Ethiopia. In limited literatures, states that for centuries,
pilgrims/tourist used leather rope to climb 15m cliff to reach to Debredamo monastery. Debre Damo
monastery is situated on an isolated mountain in northern part of Tigray and only accessed by leather

rope. Debre Damo was built, in the sixteenth century AD, with curved wood panels, painted ceilings
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and walls dedicated to the legend of Saint (Abune) Aregawi.[21]. Hence, Ethiopian has a traditional

cable car experience for centuries.

As shown in the figure below, this is the oldest cable way/ropeway transportation system used since
16th century and still peoples are using it to get to the monastery.

Figure 2-5 History of Rope way transportation system

Source: focusedcollection.com

Figure 2-6 Debre - damo monastery church

Source: africanarguments.org and focusedcollection.com

According to Solomon Yimer stated on eitho news, SWIG Railway Company presented the idea of
building a commercial cableway to the Ethiopian Minister of Transport two years ago. According to
the company, cable car construction has competitive advantages over railway and road construction
method. Indeed, it significantly reduces the land use for roads and infrastructure and helps to access
communities which are found on difficult terrain type. The company intends to finance the

development of its project through public-private partnerships in which the public can invest. [22]

Currently, because of the expansion of cities, increasing in number of population, establishment of
recreational areas on mountainous section, complication in ROW issues in towns might need cable car
in the future.
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2.3 Cable car purpose and use

Cable car transport is carried out using aerial cable cars, surface lifts, and funiculars (Doppelmayr
1997). With ski lifts and funiculars (or funicular railways), passengers are carried above ground level,

with aerial cable cars, passengers are carried in the air.
Furthermore, cable way can provide the following services.

I Transportation alternatives and traffic jam alleviation. Cable way systems can overcome
landscape barriers and directly connect tourist attractions and major transportation hubs.
They can also be used to create new transportation routes, effectively replacing and sharing
the burden of existing roads, while expanding the capacity of transportation services.

ii. Connection services between recreational hotspots. Cable cars can systematically connect
hotspots and recreational resources, thus saving time and travel costs between hotspots,
increasing journey flexibility, and diversifying recreational activities.

iii. Outdoor scenery and recreation. Introducing cable cars can provide a completely new
perspective for viewing scenery and enjoying recreational activities, enabling tourists to
appreciate unique natural views and scenery from the air.

iv. Environmentally-acceptable electric drive and the possibility of transporting passengers
above the ground, which can provide additional transport dimensions within urban centers.

V. No exhaust emissions

Vi, Cable car speed limited to 12 m/s or 43,2 km/h with max capacity of 4000 person/h

vii.  The problem of right of way will decrease drastically since the cable car will be above the
ground
viii.  Cable car systems can be applied to transportation of goods in addition to passengers.

2.4 Capacity of cable car

According to operating principles, aerial cable cars are divided into aerial tramways and gondolas.
Aerial tramways (jig-back ropeways, reversible aerial ropeways) transport passengers using one or two
cabins that move back and forth on cables. Their maximum speed is 12 m/s or 43.2 km/h.[44] With
only two cabins, they can overcome greater inclines than gondolas, the span between the towers can
be extraordinarily long (more than 1 km) so they can overcome major gaps and heights, and they are
suitable for distances up to 3 km. The cabins stop completely at stations, so passengers have enough

time to enter or exit. As only two cabins are available, they have small capacities (200 persons per
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cabin, max. 2,000 persons/h), and the average waiting time of passengers at the station is longer; the
times of entry and exit (stay times) also are longer than gondolas. Gondolas are uni-directional aerial
cable cars with circulating vehicles (cabins). They consist of several cabins that can carry up to 30
persons each and have greater capacities than aerial cars, up to 4,000 persons/h. The speed is slower
than aerial cars, with a maximum of 7 m/s for bi-cable gondolas and a maximum of 6 m/s for
monocable gondolas.[44] Dwell times are shorter than aerial cars, as the cabins are smaller. Passengers
do not need to wait for the vehicles at the station, as the vehicles constantly come and go. The spans
between the towers are smaller than aerial tramways because there is more than one vehicle on the
rope at a time and the lengths of gaps and precipices over which cabins can travel are smaller than for
the aerial tramways. When at a station, cabins do not stand still but move slowly through the station,
which can make it difficult for persons with disabilities and older adults to enter. Time of entry into
the cabin is limited depending on the speed and length of the platform. Gondolas are the more suitable
for public passenger transport, which requires maximum capacity. Aerial tramways are faster; the
speed of a gondola—21-25 km/h—is less than the average speeds of buses in urban centers. The
speeds of cable cars are low but, in the case of gondolas, the vehicles come constantly into stations
and passengers do not need to wait.

2.5 Technology, Characteristics and Implementation

ART is a relatively new transit mode that is yet to be fully understood and documented in the research
and professional communities. Therefore, it is important first to understand the characteristics and
features of this technology, in order to later define its role and possible application areas. The main
manufacturer of urban ART systems Doppelmayr/Garaventa Group, Leitner Technologies, and Poma
Group. The basic components of any ART system include carriers (cabins), a drive and a return
terminal, towers (to support ropes between terminals and stations), and ropes (which may be haulage

or track ropes).

At the present time, ART technologies that have been used as mass transit modes in urban areas include

five technologies:

. Aerial Tramways,

. Dual-Haul Aerial Tramways

. Monocable Detachable Gondolas (MDG),
. Bicable Detachable Gondolas (BDG) and

. Tricable Detachable Gondolas (TDG).

Prepared By: - Hanna Dejene 12|Page



Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

An aerial tramway consists of two passenger cabins that are suspended on a track rope and pulled by
a haulage rope. These cabins typically, but not necessarily, reciprocate between terminals and pass
each other midway on the cable span. In detachable gondola systems (i.e. MDG, BDG and TDG), the
stations include an area where each gondola is detached from the ropeway; decelerated to a speed slow
enough for boarding and disembarking; and then accelerated, allowing for the reattachment of the
gondola’s grip to the haulage rope. Safety systems include electronic monitors and mechanisms that
automatically bring a gondola to a halt if the detachment or attachment of grips fails. The three types
of detachable gondolas operate similarly; however, the BDG and TDG systems have one and two track

ropes, respectively, and have improved stability and higher maximum speeds.

2.6 Mode of Transport Selection Criteria

Different transportation mode are exists around the world, and road transport has dominant position.
Some of the criteria are used to select the mode of transport during pre-feasibility stage. Transport
planners shall consider the following criteria’s to select the suitable mode of transport for specific

location. Some of the criteria’s are stated below.

. Social

. economic activities of the area

. Cost (construction cost and running cost)

. Time (construction time and traveling time)
. Flexibility

. Environment: Terrain type

. Safety

. The number of traffic (passenger and goods)
. Other

2.6.1 Social (Demography, school and health center)
Number of People in transport project areas with their age limits must be considered to select the type

of transportation mode, including the number of schools and health center must be identified.

2.6.2 Economy
Economic benefit to the area must be clearly identified to or selected the mode of transport. GDP
contribution components like the amount of agriculture, industries like manufacturing and construction

and service like tourist attraction place must be considered to select the type of mode of transport.
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2.6.3 Environment

Ecosystems (forestry coverage, types of plant species, carbon emission, soil erosion, etc.) have to be
identified to select mode of transport. Including the type of terrain along the project corridor must be
identified before constructing the transportation mode or infrastructure.

2.7 Mode of Transport

Transportation or Transport is the movement of people, goods and animals from one location (origin)
to another location (destination); could be horizontal, vertical or both. Transpiration must be safe,

convenient comfortable convenient, cost effective and sustainability.

Hence, in order to create access and mobility, transportation modes are used all over the world. Some
of the common transportation modes are road, railway, water, cable, and space. Transport modes are
designed to carry either passengers or freight, but most modes can carry a combination of both.
Different modes have varying processes and information requirements. This partly branches from
different infrastructures, different capabilities for handling larger or smaller amounts of cargo, but also

from different international, national and even local regimes for a specific mode.

2.8 Method to Select Mode of Transport

Cost benefit or Feasibility study will be taken to select the transportation mode using different models

based on the type of traffic exited in the area. The following subsection illustrate the models

2.8.1 Traditional Method
Data are collected from Pertinent government offices at different levels, nationally and regionally;

Farmers in project areas; and Development and research offices, nationally and regionally.

2.8.2 Red Model
RED Model is developed to improve the decision-making process for the development and

maintenance of low-volume rural roads.

2.8.3 HDM-4 Vehicle Operating Costs Module
The approach in conducting economic feasibility studies of existing roads and the sources of benefits
are generally, Vehicle operating cost savings, Time savings, Congestion costs savings, Accident costs

savings, Environmental benefits, Social (health, education, etc) Savings Etc.
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2.9 Method for Determining sample size
There are several approaches to determine the sample size such as

Census for small population:- this method use the entire population as sample and helps to eliminate
sampling error. This method is expensive and provide data on all the individuals but and makes it
impossible to use for larger population. This method would be very effective when the number of

population is small less than 200.

Using a sample size of a similar study:- this method recommends to use same sample size as those of
studies similar to the one we planned. This method has risk of repeating the errors that were made in

determine the sample size for another study.

Using Published Tables:- this method relay on published tables which provide the sample size for the
given set of criteria. These sample sizes reflect the number of obtained responses, and not necessarily
the number of surveys mailed or interviews planned (this number is often increased to compensate for

nonresponse).

. Using formulas to calculate a sample size:- different kinds formulas were applied to determine
the sample size.

NO = (Z2DQ)]@2) .. (1)

. Simplified formula for proportion:- Yamane provides a simplified formula to calculate sample
sizes with the following formula. The formula stated in equation 2 below is Slovin’s formula were

n=size of the sample, N=Number of populations and e=error tolerance level

O O S ) ) P PR (2)

2.10 Impact of road construction on the environment

2.10.1 Effects on wildlife

2.10.1.1 Distraction of habitat
Roads can act as barriers or filters to animal movement and lead to habitat fragmentation. Many species
will not cross the open space created by a road due to the threat of predation and roads also cause

increased animal mortality from traffic. This barrier effect can prevent species from migrating and
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recolonizing areas where the species has gone locally extinct as well as restricting access to seasonally

available or widely scattered resources. [29]

The presence of roads also decreases the amount of habitat accessible to species. This is to say that it
decreases the amount of usable habitat available to organisms without crossing a road. That being said,
whether a habitat on the other side of the road becomes inaccessible to an organism or not varies

between species. Roads are a permeable barrier to some organisms and impermeable to others. [32]

2.10.1.2 Effect on Birds

The traffic load near large cities may show dramatic cyclical changes induced by weekend tourism,
and this could induce cyclical changes in the activity patterns of birds. Road implantation may also
lead birds to avoid certain sites, as they are seen as being less habitable (because of increases in noise
and chemical pollution). Certain bird populations may then become confined into smaller habitable
sites, leading to an increase in possibility of extinction caused by illness or habitat perturbation. [30]

2.10.1.3 Facilitation of poaching of flora and fauna

Roads that run through forests that house edible animals may encourage or facilitate poaching.
Especially in poor areas, the construction of roads has promoted not only poaching for personal
consumption but also for sale (for consumption or as a pet) to third parties. Similarly, the construction
of roads in forested areas has also promoted illegal logging as it becomes easier for illegal loggers to

transport the wood.[31]

2.10.1.4 Roads as Barriers

Roads can impede animal movements by direct mortality or avoidance behavior. The barrier effect
varies between species, road types, and adjacent habitat quality; however, traffic volume and speed
strongly influence the effect. Some authors have suggested that divided highways with 90 m of cleared
areas, as barriers are as effective as bodies of water twice as wide in obstructing dispersal of small
forest mammals.[50]

The barrier effect for some species is less related to traffic than to habitat changes (road-forest edges
and gap creation caused by roads). Small road clearances (less than 5 m) can impede movement of
certain small mammals. Barriers to the movement of wildlife can lead to fragmentation of populations.
Isolation caused by physical barriers to movement, such as roads, may reduce gene flow, thus causing

genetic effects that in the extreme could result in local extirpation.
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2.10.2 Effect on the quality of air

The air quality will be affected since the beginning of the road constructions by dust, noise and
emission of gases from heavy equipment. Perhaps, Nitrogen Oxides (NOx), fine Particulate Matter
(PM2.5), Volatile Organic Compounds (VOCs), Carbon Monoxide (CO), and Sulphur Dioxide (SO2)
are the most common air pollutants emitted by vehicles. Then after the road complete and open to
traffic, emissions include particulate emissions from diesel engines, NOX, volatile organic compounds,
carbon monoxide and various other hazardous air pollutants including benzene. [33] Carbon dioxide
IS non-toxic to humans but is a major greenhouse gas and motor vehicle emissions are an important
contributor to the growth of CO2 concentrations in the atmosphere and therefore to global warming.
[35]

Noise pollution is a factor of environmental degradation that is often overlooked and typically seen as
not having a significant effect, though traffic noise can contribute to numerous disturbances for
wildlife. An increasing number of studies have been done on the effects of noise on wildlife. Both the
sounds made by motors and the wind over moving vehicle structures, and the ultrasonic vibrations
transmitted through the air and ground from vehicle passage can overlap with the frequency ranges
and amplitudes used by animals for communication.[27]

2.10.3 Impact on water bodies

The surface water runoff and the groundwater close to a construction site become polluted with various
materials used in the construction work. As described for air pollution above, the following
construction contaminants can pollute the water: VOCs, paints, glues, diesel, oils, other toxic
chemicals, and cement. The immediate effect is creating turbidity in the runoff water and affected
surface and groundwater (since some of the runoff water may infiltrate in the subsurface reaching the

groundwater.

De-icing chemicals and sand can run off into roadsides, contaminate groundwater and pollute surface
waters. Road salts (primarily chlorides of sodium, calcium or magnesium) can be toxic to sensitive
plants and animals. Sand can alter stream bed environments, causing stress for the plants and animals
that live there. Several studies have found a definite difference in physical properties of waters between
catchments or hydric systems immediately adjacent to roads compared with those in environments
further away from the studied roads. De-icing chemicals, salt, chlorides and the nutrients brought by
particulate pollution such as nitrogen (N) and phosphorus (P) can trigger trophic cascades in adjacent

waterways.[36]
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In fact, both ground waters below your home and surface runoff close to your home may constitute a
source of pollution emanating from the construction sites. Domestic animals and pets may drink
contaminated water and soil may become contaminated too. Additionally, once the groundwater below
your home becomes contaminated, it may affect you in the following ways: through direct
consumption if you use water from a property well, and indirectly by affecting the quality of your
indoor air (vapor intrusion of the volatile contaminants from water). Overall, water pollution from

construction sites is underestimated and has potential to generate severe environmental problems.

2.10.4 Impact on soil

Soil at and around a construction site may become contaminated due to air transport followed by
deposition of construction contaminants (listed at air pollution) as well as water runoff of construction
contaminants (as listed for water pollution). Soil may constitute a sink for pollutants and some of those
may accumulate in soil and persist over longer periods of time (e.g., PAHS).

Landslides, Physical disturbance can disrupt ecological systems, and roads promote such disturbances.
For example, roads in mountainous areas can create landslides due to unstable soil and steep slopes.
Paved road surfaces can increase water discharge rates in watersheds, thus increasing the potential for
landslides and flash floods in streams and rivers.

2.10.5 Local Climate Effects
Roads interact with climate at a wide range of scales. At local scales, highly developed areas (urban
centers) have been shown to experience an increase in temperature in a process called the urban-heat-

island effect. Urban heating can also result in increased rainfall. [22]

Roads change the albedo (fraction of light reflected by a surface) and other surface characteristics, but

other structures, such as buildings, parking lots, and sidewalks, also contribute to heat-island effects.

Local climate might also be affected simply by the presence of roads and associated development. The
loss of pervious surfaces and vegetation and their replacement with impervious surfaces that hold heat
and do not respire result in localized temperature increases. Temperature increases can result in

increased volatilization of organic contaminants from vehicular emissions.[38]
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CHAPTER 3 RESEARCH METHODOLOGY

3.1 Introduction

This research on cost benefit analysis between cable car and roadway is the aim to identify alternative
means of transport mechanism for transportation corridors that have natural or man-made barriers in
general and from Koladit junction up to Gishen Mariam Church in particular. Quantitative and
qualitative methodologies has been utilized in researches in order to get a quantitative understanding
of the interest of the people to use cable car or not and to identify the personal feelings and experience
of respondents in the research process. This will enable the researcher to grasp perceived changes from
the participants own view. The study will also employ quantities research methods for analysis of the

road cost and benefits and number of road users based on secondary sources.

This chapter discusses the methodology used in order to achieve the objectives of the study and deals
with the clear-over view about the study area, method of data collections and how the data was selected
and organized. It also contains detailed discussion on assumptions made that helps to draw a

conclusion.

3.2 Description of the study area

Finding alternative means of transportation was done on the road segments from Koladit junction to
Gishen Mariam church that have very difficult gravel road with a combination of steep gradient and
winding geometrical characteristics. The start of the project road is 482km away from Addis Ababa
along Dessi kutaber asphalt road and then continue up to Gishen Mariam Church with 14km long.
Gishen Mariam church located at easting of 539211.3503 and northing of 1273299.3829. The project
road has a seasonal traffic and peoples are used 4 wheel drive and public transport. However, the
dominant means of transport are non-motorized means of transport. The location of the existing road

and the proposed alternative route for cable car construction are shown in the figure 3.1 below.
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Figure 3-1:- The existing road and proposed route for cable car.

The proposed route for cable car, to overcome the difficult geometric characteristics, will be 6.52km
of total length starting from Koladit to Gishen Mariam church in a different route from the existing

road alignment.

As shown in the plan profile in Appendix 5, the Gishen Mariam church located 2,840m above mean
sea level and the elevation difference from the start of the project road, which is Koladit junction up
to Gishen Mariam church, is 1009m. In additions, the terrain classification shows dominantly

mountainous and escarpment section.

3.2.1 Travel Time/Journey Time
During the site visit, journey time recorded along the existing road from Koladit Junction to Gishen

Mariam Church and the recorded data are found in the table 3-1 below.

Table 3-1:- Journey time Recorded

Timing Segment Distance, Km Average Journey Time, | Average Speed, Kph
min

Koladit  Junction-Gishen | 14km 42 20

Mariam Church

Sourece:- Findings from site

As the table 3-1 above shows, the average speed along the project road is only 20km per hour and

journey time is 0.7 hours. Traffic condition of the area
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The project road is intended to connect one of the oldest church in Orthodox religion and the terrain
type is very difficult. Hence, because of the difficulty of the terrain, the dominant mode of transport is
4WD and public transports as shown in the figure below. In additions, most of the peoples were using
non-motorized mode of transport since public transport will be available during celebration days,

which means four times a year.

Gishne Mariam Church

Figure 3 2 :- Traffic composition of the area. Research Method

3.2.2 Geographic localization of the proposed route

Global Positioning System (GPS) were used to localization of the proposed line (from Gishen junction
to Gishen) other than the existing gravel road. This route was selected based on topography of the
area, the terrain classification of the road location and the characteristics of the traffic along the route.
The proposed route starts at the junction name Koladit junction with the coordinate of X=536543.831
,Y=1267590.407 and ends at the get of Gishen Mariam Church with the coordinate of X=539211.350
, Y=1273299.382 .
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Figure 3-1:-Location of the area

3.3 Data source

The study involves both primary and secondary sources of data. The primary data was collected using
qualitative approach with selecting random peoples and pilgrims for filling questioner. Four hundred
twenty nine questioner were collected both from peoples living around the road corridors and from
pilgrims. The major points of stated in the questioner is age, proximity, trip expectations, means of
transport use to came to Gishen Mariam and their interest to use cable car after implementation. In
addition, personal observation was also used as a source of primary data collection. This technique is
believed to enable to collect more qualitative data as it helps to grasp information that cannot be
obtained through interviews. Events observed include nature of road users, the area of parking lots, the

location of market place and entrance of the church.

Collection of secondary data is another major source for the study. It involves books, research journals
and articles, internet sources, different reports including different road project reports, woreda

administration minutes of meetings, policies and manuals were gathered, reviewed and analyzed.

3.3.1 Data collection instruments

3.3.1.1 Questioner
In order to explore, experiences, interest and opinions of pilgrims as well as people living around the

project road for using cable car or not is used by questioners. Out of the 427 individuals interviewed,
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214 were pilgrims and 213 were peoples living around the area. This tool is used because it permits

the researcher to explore the full facts and realities from those who have personally experienced it.

3.3.1.2 Key Informant on questioner

Questioners prepared and distributed randomly at four locations by four students recruited by the
researchers during the site visit. On the questioners like age, education background, type of means of
transportation used and their willingness to use cable car or not is included. As much as possible, the
recruiters tries to distribute the questioners to represent all age group and picked from different mode

of transport users. A structured questioner attached in Appendix 4.

3.3.1.3 Researcher’s Observation

Field visit was made from March 17, 2021 up to March 21, 2021 to collect data, questioners and to
appreciate the existing road condition as well as to identify the route for cable car installation. The
traffic count was made on one of the peak season of the area among four peak seasons in a year. The
field visit were planned considering “Meskel” celebration held on March 19 every year at Gishen
Mariam church and peoples gathered to celebrate from all part of Ethiopia. A considerable amount of
peoples were come for celebration, but according to the peoples living around, “Meskel” celebration
was the only celebration that have minimum amount of people involved for celebration among four

major celebrations.
During the field investigation, the following works were undertaken:-

e The existing roads were tracked
e Alternative routes were selected
e Questioners were distributed and collected,
e Interviews were taken,
e Meeting was held with local administrative and
e Traffic counts were taken
The field visits were done on one of the peak period among the four celebrations and the following

points were observed:-

» The condition of the existing road is a very difficult and deteriorated road around 14km length
with 7.0m width. Most of the road section passes through mountainous and escarpment.

» The landscape of the area were disturbed because of the road construction.
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Most of the peoples were came for religious purpose, hence there is no normal traffic, the
existing traffic were seasonal traffic and the road is dead end.

The project road has a difficult of parking area around the church. In addition, to expand the
parking area it is very difficult because the project road has found at the ridge top.

Shortage on public transportation was observed,

According to the people living around Gishen Church, for October 1 celebration, getting out
from church will take around one full day. As shown in the figure 3.5 and 3.6 the gates of the
church from parking area is so narrow only one people can pass at a time.

The existing road is under construction with total construction of 1,317,000,000 birr

Based on the information from woreda peoples, the number pilgrims were decreased when

compared to last year Meskel celebration. It might be due to COVID 19 and political situation

of the area.
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Figure 3-2 :- The condtion of the existing road

Figure 3-3:- the escarpment section of the road
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Figure 3-5:- the entrance of Gishen Mariam

3.3.2 Method of Data Analysis

The qualitative information collected through questioners to assess the social aspects were categorized,
checked and verified to identify regularities and patterns of different issues and problems. The interest
of the people /pilgrims were fixed and make other questions as variables so that to identify the
expectation of the respondent. Quantitative data obtained through different record and documents
organized using appropriate format. Using qualitive and quantive data, economic evaluation is
analyzed using conventional method. The study findings were presented in the form of narration, cases
and tables. Pictures and maps are also provided to supplement the outcome of the study.

3.3.2.1 Determination of sample size

Among different method of determining sample size, Yamane formula/equation were selected to
determine the sample size of the populations. Since our population is finite and sample size can be
estimated using simplified equation illustrated on equation number 3. This formula used to calculate

the sample sizes with 95% confidence level and with .5 precision.
N=N/(LHNE? )i (3)
n= sample size, N= Population size and e= level of Precision.

n=20000/ (1+20000(0.05)?

For our research purpose, based on the woreda people administration, number of pilgrims for Meskel
celebration is around 20,000 pilgrims. Hence, the sample size for questioner would be estimated 392

based on Yamane formula.

3.3.2.2 Questioners

Questioners were designed to determine the interest of the community including pilgrims coming for
religious celebration regarding the use of cable car to avoid the difficulty of the road from Gishen
junction to Gishen Mariam. The data used in the study is obtained from the replies given by the people
living around the road and people coming for Meskel celebration on March 19. Hence, simplified
formulas called Yemane’s equation applied to estimate the total number of people interviewed from

both the nearby area and people coming for religious celebration.
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A total number of 427 people were interviewed for research that is more than estimated by Yemane’s
formula in section 3.4 and we have interviewed commuters and peoples living around the project road
respectively during celebration with four encoders. Once the data was compiled in a excel file, it could
be analyzed using ranking method. This sample size is considered sufficient to perform a ranking
method. To ensure the validity and reliability of this research, only complete data on the variables

necessary for this study will be used for the sample.

The results from this interview are discussed in detail in chapter 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 (safe, no
congestion and quick) but some of the people says they fear of flying/using aerial paths and some
people were prefer to use difficult road for getting more blessing. In addition, some people may fear

that it might be more expensive than usual buses and taxis.

3.3.2.3 Variables

For the specifics of this case, the response variable is the willingness of the people coming to Gishen
Mariam for religious purpose as well as people living around the area to use a cable car, a score of the
community would use it and the score of the community would not use it. In our survey, respondents
living around the project road and pilgrims coming from different location were asked around 11 and
14 questions respectively. Among the questions, interest of the peoples to use a cable car, age,

educations, occupation and proximity are involved.

Hence, the interest of the people to use a cable car would be linked with different variables like with
age, education occupation, mode of transport, proximity, frequency road condition and trip
expectation and so on and give different score to anticipate the social risk of the proposed alternative

or means of transport.

The score or rank were given based on the importance of the factors or influential component to choose
cable are or not. For example, age is one of the main factor that will influence the choose of
transportation mode. Hence, the score shall be larger or according to my classification, it is very high
influential. In addition, mode of transport, proximity and road condition also considered as very high
influential factors. The following table shows the weightage given for each variables with its
influential factors but the results will be discussed in the next chapter.

Table 3-2:-Influential factors for variables.

Influential factors
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Description Moderate Low Very Low
Rank/score 5 4 3 2 1

Table 3-3:-Score for all variables.

Number | Variables

Score based on influential factors

|

2 Religion 2
3 Education 2
4 Occupation 2
© R

7 Purpose 3
8 Frequency 3
©  |RoslGondition T

10 Trip Expectation 2
11 Interested in Coming Back | 4

Each categories have its own subcategories and stated in the table below.

Table 3-4:- Sub categories for each variables

Number Category ‘ SEare/ieIght ‘ Sub categories Score
0-18 1
19-30 2
31-42

1 Age
Orthodox 2
Muslim 2

2 Religion 2
Catholic 2
Protestant 2
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other 2
Iliteracy 2
Up to first grade(0-8) 2
3 Education 2
Up to second grade(9-12) 2
Diploma and above 2
Employee 2
Merchant 2
4 Occupation 2
house wife 2
other 2
5 o
|
R W LI
celebration for religious 3
tourism 3
7 Purpose 3
family visit 3
other 3
first time 3
8 Frequency 3 second time 3
third time and above 3
1
2
3
¢ Road Condition
car accident and problems
10 Trip Expectation tiredness
nothing
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4 returning back

11 Interested In Coming Back _
not returning back 3

3.4 Design principles of both Cable car and Roadway

3.4.1 Introduction

The project road is located in the Northern part of the country, and lies in Amhara Regional State of
the Federal Democratic Republic of Ethiopia, particularly in South Wello Administrative Zone, and is
entirely located in Ambassel Wereda, The project road starts at around 60km from Desse town on
Desse-Kutaber-Wegel Tena road. The road passes through small villages and one Kebele. The total
project length is estimated to be around 14km, plus 1.8km spur road and a total of 1.56 access roads
to parking areas. In addition, the project includes four parking lots, which are going to part of the
overall project. The proposed road construction is shown in the figure below with its design type
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Figure 3-6:- Existing Road way
The total length of the proposed route for cable car is 6km as shown in the figure 3-7 below together

with the existing road construction.
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Figure 3-7:- Existing Road way

3.4.2 Proposed design

3.4.2.1 Road construction

According to the traffic study done by Beza consulting engineer’s plc, DC 5 design standard was

proposed for the road from Koladit junction to Gishen Mariam church. Hence, in the table 3-5

parameters estimated for DC 5 based on 2013 ERA Geometric design manual.

Table 3-5:- Parameters on design

No. | Description Limiting values for design

1 Design Class DC5

2 Design Vehicle DV 4

3 Road Functional Classification Link

4 Present Road Condition 5m wide gravel road from Gishen Mariam
Junction(Koladit) to Gishen Mariam Mountain
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5 Type of Surfacing AC for Carriageway and DBST for Shoulder
6 Proposed Carriageway width/cross fall | 3.5m/2.5%

7 Shoulder surfacing/width/cross fall DBST/1.5-0.5/4%

8 Proposed length 14km

3.4.2.2 Aerial cable car

Proposed Aerial cable road construction to connect two points from Koladit junctions to Gishen
Mariam church is stated in the table 3-6 below.

Table 3-6:- Parameters on design

No | System Characteristics Dual Haul Aerial Tramway

1 Aerial Cable car Dual Haul Aerial Tramway

2 Cable Configuration
pulled by another cable

Cabins are suspended from two fixed cables and are

3 Maximum Number of Passenger cabins | 2 cabins

4 Maximum Number of station Can have multiple stations

5 Maximum Distance between Towers less than 1000m

6 Cabin capacity High capacity(more than 100Pass/cabin)
7 Maximum Transport capacity 2800 Pass/hr.

8 Speed Up to 29km/hr.

3.4.3 Estimated Cost
Both construction and maintenance costs are estimated for both cable car and roadway

implementations. The method used to estimate the costs are illustrated in the following sections.

3.4.3.1 Estimation of construction cost of roadway

As stated in the table 3-5 above Link road with DC 5 design standard proposed to construct for project
road. The cost estimates include earthwork and structural works. Civil work of the infrastructure,
installation of cables for the car to hang and loading unloading stations. Hence, the bill of quantities
for construction or installation of cable car attached in Appendix 3. Design of the roads were done by
Beza consulting Engineers plc three years back and the researcher revised the design as well as total
cost by the current market price and found 1,316,700,136.62 birr. Detail cost breakdown is attached
in the Appendix 2.
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3.4.3.2 Estimation of construction of Ariel cable car
As stated in the table 3-5 above dual aerial cable car proposed to construct for project road. Since it is
a new technology for our country, the estimation of construction cost is a bit complex. However, a

number of assumption made and illustrated as follows:-

e The design and Construction of intermediate supports and loading and unloading sections
considered as piers. Hence, the researcher assumed two station, at the start and end of the route
for loading and unloading station and six intermediate supports based on the actual site and
the specification of Ariel cable car.

e The implementation of cables for holding the cabins adopted from the cost used to compare

cable car with that of skyway construction from Ministry of transport.
Detail cost estimations for cable car attached in Appendix 2 with this report.

3.4.3.3 Estimation of maintenance and operating cost for roadway
Maintenance cost used for the economic evaluations of the expenditure is adopted the current road

maintenance cost used by on force/ERA.

3.4.3.4 Estimation of maintenance cost for cable car

The maintenance and operating cost calculated as follows for the implementations of cable car for 20
years. We have adapted the average maintenance and operating cost from four countries by
extrapolating the maintenance cost estimated using the number of cabin designed for route from the
case study done by World Bank, urban transport specialist in 2020. [52]

The procedures are

e Prepare/select four countries from the case studies and that have similar GDP with our country.

e Convert the price of the maintenance and operating cost(USD) in a year to per km

e The price of maintenance per km is in USD than changed with the rate of 45 on date august
22,2021

e Then extrapolate maintenance and operating cost per km for Ethiopia using number of cable

car cabins.

The following figure shows that the maintenance of cable car in Colombia, Brazil, Equator, Bolivia

and extrapolate for our case.
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Figure 3-8:- Maintenance cost estimated
Table 3-7:- Maintenance and operating cost for four countries
Main
tance
cost
(Milli | Main
on tance
Mainta | USD) | cost
nce Per (Milli
Trave Len | cost Km on
Capacity I Capacity gth | (Millio | in Birr)
Open for No of | (passeng | Speed | Time | (passenger/ho | (k | n every | Per
Traffic cars | er/unit) | (m/s) | (min) | ur/direction) m) | USD) |year | Km
Colo
mbia,
Mani
zales
aerial
cable
car
Colo 2.5
mbia | 2009 87 10 5 4.75 | 8500 8 0.235 |0.091 | 4.01
Brazi 0.7
[ 2011 152 | 10 5 17 2800 21 |0.275 |0.381 | 16.78
Equa
dor 2020 154 | 10 5 20 40000 41 |2 0.487 | 21.46
Boliv 30. | 1.9571
ia 2014 1400 | 10 5 12.37 | 29000 5 42857 | 0.064 | 2.82

Source:- urban transport specialist in 2020
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Based on the above figure 3.8 and table 3.6 the maintenance and operating cost extracted for our cable

car implementation and cost benefit analysis, the final output illustrated in the table 3.7 below.

Table 3-8:- Estimated Maintenance and operating cost for cable car

to Gishen Mariam Church.

Description Total Maintenance and | Maintenance and operating cost
operating cost per km
Cable car from Koladit junction | 617,285.93 92,132.23

Source:- Researcher Implementations.

3.4.3.5 Estimation of Tariff for Cable Car
Calculation of fair for the transportation of cable car shown in these subsections.

The procedures are

. Calculate total constriction cost and distribute for 20years.

. Estimate total maintenance cost for every year considering the overall inflation rate.

As per statistics agency forecast, the inflation rate from 2022-2026 will be 8.04.[52]

. Sum up the capital cost and maintenance cost for each year

. Calculate the total number of traveler every year considering the growth rate of

2.6%. Growth rate estimated adopted from statistic agency.

. Then to get the fair price that can cover the expense, divide the summation of capital

cost and maintenance cost by the number of Travers.

The following table will illustrate the procedure described above.

Table 3-9:- estimation of fair for the transposition of cable car

Total cost
Discounted (Maintenance Number of | Fair  price
Year Capital Cost Maintenance cost | and Capital Cost) | traveler estimated
1.00 15564697.50 617285.93 16181983.43 288600.00 56.07
2.00 15564697.50 669137.95 16233835.45 296103.60 54.82
3.00 15564697.50 725345.54 16290043.04 303802.29 53.62
4.00 15564697.50 786274.56 16350972.06 311701.15 52.46
5.00 15564697.50 852321.62 16417019.12 319805.38 51.33
6.00 15564697.50 923916.64 16488614.14 328120.32 50.25
7.00 15564697.50 1001525.64 16566223.14 336651.45 49.21
8.00 15564697.50 1085653.79 16650351.29 345404.39 48.21
9.00 15564697.50 1176848.71 16741546.21 354384.90 47.24
10.00 15564697.50 1275704.00 16840401.50 363598.91 46.32
11.00 15564697.50 1382863.14 16947560.64 373052.48 45.43
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Total cost
Discounted (Maintenance Number of | Fair  price
Year Capital Cost Maintenance cost | and Capital Cost) | traveler estimated
12.00 15564697.50 1499023.64 17063721.14 382751.85 44,58
13.00 15564697.50 1624941.63 17189639.13 392703.40 43.77
14.00 15564697.50 1761436.73 17326134.23 402913.68 43.00
15.00 15564697.50 1909397.41 1747409491 413389.44 42.27
16.00 15564697.50 2069786.79 17634484.29 424137.56 41.58
17.00 15564697.50 2243648.88 17808346.38 435165.14 40.92
18.00 15564697.50 2432115.39 17996812.89 446479.44 40.31
19.00 15564697.50 2636413.08 18201110.58 458087.90 39.73
20.00 15564697.50 2857871.78 18422569.28 469998.19 39.20
Average fair price adopted= 46.52

Source:- Researcher Implementations.
3.4.4 Estimation of Traffic Demand

3.4.4.1 Traffic for cable car

During the meeting with local peoples and the minutes of meeting signed by local administration and
Beza Consulting Engineers Plc, a huge amount of seasonal traffic were encountered 4 times in a year
and above 20,000 vehicles were recorded each day. The minuets of meeting with local peoples were
attaché with this report in APPENDIX 01. Almost all peoples were coming for religious celebration
since; Gishen Mariam is one of the oldest church in Orthodox thewahedo. In addition, the orthodox
believes that going to Gishen Mariam considered as going to holy city of Cristian, which is Jerusalem
and they thinks that Jesus cross were kept here. Moreover, the name of the Gishen Mariam church also

called Dagme Eyerusalem in Amharic words, which means another Jerusalem in Ethiopia.
The procedure used for estimating traffic for Cable car is as follows

e Consider the traffic estimated by Beza Consulting engineer’s plc to use it as reference for
estimating percentage composition of each vehicles.

e Take in to consideration of percentage composition only for utility and public transportations.

e Multiply each vehicle composition by the total number of traffic estimated by the woreda
administration.

e Then determine the number of peoples coming for celebration by the multiplying the loading
capacity of each vehicles categories.
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Table 3-10:- AADT for Gishen Mariam
Descriptions L/Rover S/Bus L/Bus Total
Total AADT @2021 estimated by Beza
Consulting 164 3 5 172
Percentage composition 95% 2% 3% 1
'2I'8tg(l)oestimated traffic by local administration 19,070 349 581 20,000
Total People traveled 76,279 4,186 20,349 100,814
55% of the total Pilgrims 41,954 2,302 11,192 55,448
25% of Pilgrims as shifted traffic 19,070 1,047 5,087 25,204
Total Estimated traffic 61,023 3,349 16,278 80,651

Source:- from Beza Consulting engineers PLC and Researcher estimation

For the research purpose, a number of assumptions were taken to model the financial statues of the

alternative transportation mechanism.

Pilgrims start coming to Gishen Mariam Church for religious celebration 4 days before the
actual celebration day.

Cable car technology were new to the country and their might be a huge amount of modal shift
will be experienced after installation. Hence, 25% of uninterested pilgrims will divert from
roadway to cableway construction after the cable car was installed.

The percent of estimated pilgrims that are interested to use the cable car were adapted or
estimated from questioner.

Total estimated traffic were adopted from the meeting held by Beza consulting Engineers plc
with local administrative on 2018.

The rise and fall geometric design parameters that will be used in the HDM-4 are estimated the
rise and fall of the cables that the cables is travelling

The electric power will be used from Gishen substation, since 33kv lines exists

Construction cost was adapted from Medellin cable car and modified to suit for our country
and total cost of construction of cable car is estimated 65million per KM. This is a rough
estimation and the cost of construction will be dependent on the condition terrain, climate
conditions availability of spaces, structure engineering networks communication and so on.

The detail estimated Bill of quantities are attached in Appendix 2.
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CHAPTER 4 RESULTS AND DISSCUSSION

4.1 Social Assessment

The descriptive statistic of the response variables shown in the following figures. The questioners
were distributed among the people living around the area as well as pilgrims, it is important to evaluate
if the type of affiliation is a significant variables to predict the probability of the willingness to take a
possible aerial tramway. The questioner have 14 questions for pilgrims and 11 questions for the people
living around the area. The questions tries to identify the age, religion occupation mode of transport
used, proximity, purpose of travel, trip expectation and the interest to the people coming back and so
on. Hence, the analysis was done by fixing the interest of using cable car with that of all variables like
interest of the people-using cable car and with age, interest of using cable care with religion, the
condition of the road and so on. The analysis for incorporating the willingness to take a possible

cableway transportation mode will be illustrated in the following subsection.

4.1.1 Age related to interest of the people using cable car

Age group of respondents ranged from age of 18 up to 75 and we have categorized in two 5 sections.
The searcher thinks that age is the main factor to choose the mode of transport hence; it has a score of
5 (very high).

As shown in the figure 4.1 among the pilgrims, 19-30 age groups are welling to use the cable care with
total percentage of 31.6% and 13.21% were uninterested. Then age group of 31-42 were 10.38% is
willing to use and 26.89% were not willing to use. In addition, in the figure 4.2 shows among the local
peoples, age group, 31-42 and 19-30 age groups are welling to use the cable car with total percentage
of 19.53% but 31-42 age groups, 10.7% were uninterested and with age group 19-30, 9.30% were

uninterested. Then age group of 43-62, 7.44% is willing to use and 5.58% were not willing to use.

As the number shows 19-30 age group is more interested to use cable car, this is because this age group

is very close to technologies and they are more willing to try new technologies than other age groups.
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Figure 4-1 the interest of the pilgrims using cable car or not
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Figure 4-2 the interest of the local people using cable care or not
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Figure 4-3 Total Percentage for using cable car or not.

As shown in the figure 4.3, all age groups were merged together and among the pilgrims, 52.83%
were interested and 47.17% were not interested. Among the local people, 63.26 were interested and
36.74% were uninterested to use the cable car. This shows that if the cable are constructed and
installed for the route from Koladit junction to Gishen Mariam Church as an alternative means of

transportations modes in addition to the existing road.

4.1.2 Religion related to interest of the people using cable car

Religion is not a main factor for choosing cable car for traveling difficult terrain. Where the person is
Orthodox or Muslim or other religion it does not affect the preference of choosing the cable car or not
but it will help to understand the background of the road users. However, the religion variables used

to identify the pilgrim’s religion that was travel to Gishen Mariam Church and has the low score.
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Figure 4-4 the interest of the travels with respects to their religion

As shown in the figure 4.4, majority of the pilgrim’s religions were orthodox with the total travelers
52.83% were interested and 43.87% were not interested to use cable car.

Looking in to the collected questioner and filed observations, the researcher tires to explore the
religious background of the people living around the route. Hence, among the interviewer, almost
96.7% were orthodox and 2.4% were Muslims. From the travelers, almost all Muslims were came

for family visiting and most of the orthodox were came of Meskel celebrations.
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Figure 4-5 the interest of the local people with respects to their religion
As shown in the figure 4.5, among the local peoples, 56.54 orthodoxies were willing to use the cable
car and 31.31% were not interested. Then Muslims local peoples with 4.2% and 2.8% were willing

to use and were not willing to use the cable car respectively.

PILGRIMS INTERST WITH RESPECTS TO LOCAL PEOPLES INTERST WITH RESPECTS
RELIGION TO RELIGON

HIntersted Hunintersted

H Intersted H unintersted

Figure 4-6 Total Percentage for using cable car or not with respects to religions.
Generally, 56.13% of pilgrims were willing to use the cable car and at the Contraries 43.87% were
not willing to use the cable car. Among the local peoples, 64.95% were interested and 35.05% were

not interested to use cable car.

4.1.3 Education Level related to interest of the people using cable car
Education level is not a main factor for choosing cable car to travel difficult terrain but it will provide
the background of the travelers and also the people living around the route. As the result, Education

level has low score.
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Figure 4-7 the interest of the travels with respects to their education status

As shown in the figure 4.7, Among the pilgrims that are interested to use cable car was with higher
percentage with 25.47% of the pilgrims have Diploma and above, then 16.98%, which is interested
to use, are high school students. The people with diploma and above education background has

more interested to use a cable car since they are mainly near to technologies.
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Figure 4-8 the interest of the local people with respects to their education status
As shown in the figure 4.8, among the local peoples that are interested to use a cable car is

elementary students with 22.33%. Then secondly, high school students with 20.93% were

interested.

PILGRIMS INTERST WITH RESPECTS LOCAL PEOPLES INTERST WITH
TO EDUCATION RESPECTS TO EDUCATION
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Figure 4-9 Total Percentage for using cable car or not with respects to their education status
As shown in the figure 4.9, generally, 52.83% pilgrims were interested and 47.17% were not

interested to use cable car. In addition, among the local peoples, 65.12% were interested and 34.88%

were not interested.

4.1.4 Occupation related to interest of the people using cable car
Occupation is not a main factor for choosing cable car to travel difficult terrain. Hence, we just used

to identify the pilgrim’s occupation that traveled to Gishen Maraim Church. As the result, occupation

got the low score.
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Figure 4-10 the interest of the travels with respects to their occupation status

In the figure 4.10, among the pilgrims, most of the travels that are willing to use cable car were

others but the second abundant occupation were house wife.

INTERSTED LOCAL PEOPLE WITH UNINTERSTED LOCAL PEOPLE WITH
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Figure 4-11 the interest of the local people with respects to their occupation status

Among the local peoples that are interested to use cable care were merchants with 22.33% and next
house wife with 20.93%. as shown from the figure, local merchants were taking their items to the
market every market day, the movement of peoples would have been better if they cable care were
install.

PILGRIMS INTERST WITH RESPECTS TO LOCAL PEOPLES INTERST WITH
OCCUPATION RESPECTS TO OCCUPATION
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Figure 4-12 Total Percentage for using cable car or not with respects to their occupation status.
As shown in the figure 4.9, among the pilgrim’s with their occupation, 52.83% were interested and
47.17% were not interested. Moreover, for local peoples 65.12% were interested and 34.88% were

not interested.

4.1.5 Mode of transport related to interest of the people using cable car

The existing transportation mode is a main factor that will affect for choosing cable car to travel
difficult terrain. These variables can be considered, as modal shift analysis and it will help to estimate
the number of people that will shift to cable car transportation mode. Hence, mode of transport verse
the interest of the pilgrims as well as local peoples interested of using cable car has a high influential

factor with 5 score.

INTERSTED PLIGRIMS WITH RESPECTS TO UNINTERSTED PILGRIMS WITH
MODE OF TRANSPORT RESPECTS TO MODE OF TRANSPORT
M Private Car HEPublic Transport i Foot H Private Car M Public Transport i Foot
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Figure 4-13 the interest of the travels with respects to their Mode of transport status

As shown in the figure 4.13 above, among the pilgrims that are interested to use cable car, 35.51%
were used public transport and then 15.42% were came to Gishen Mariam with their foot. Among
the pilgrims that are not willing to use cable car were 30.84% used public transport and 6.54%

were used by foot.
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Figure 4-14 the interest of the local people with respects to their Mode of transport status
As shown in the figure 4.14 above, most of the local people that are interested to use cable car

were came to Gishen Mariam with foot with 35.35% then 26.05% were came by public transport.

PILGRIMS INTERST WITH RESPECTS TO LOCAL PEOPLES INTERST WITH
MODE OF TRANSPORT RESPECTS TO MODE OF
TRANSPORT
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Figure 4-15 Total Percentage for using cable car or not with respects to their Mode of transport status
Generally, 56.54% of pilgrims were interested and 65.12% local peoples were interested.

Moreover, 43.46% of pilgrims and 34.88% of local peoples were not interested to use cable car.

4.1.6 Purpose for travel with respect to the interest of the people using cable car
Purpose of travel has a moderate factor for choosing cable car for traveling difficult terrain. Hence,

purpose for travel has given moderate score.
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Figure 4-16 the interest of the travels with respects to their travel Purpose

As shown in the figure 4.16 most of the pilgrims that are interested to use cable car were came to
Gishen Mariam for religious celebration with 51.04% and uninterested people that were came for

religious celebration accounts 35.05%.

PILGRIMS INTERST WITH RESPECTS TO
TRAVEL PURPOSE
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Figure 4-17 Total Percentage for using cable car or not with respects to their Mode of transport status

As shown in the figure 4.17, interested travelers were accounts 57.01% and uninterested pilgrims were

accounts 42.99%.

4.1.7 Frequency for travel with respect to the interest of the people using cable car

Frequency has a main factor for choosing cable car for traveling difficult terrain. Hence, Frequency

of traveling has given moderate score.
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Figure 4-18 the interest of the travels with respects to their Mode of transport status
As shown in the figure 4.18, pilgrims that are interested to use cable car to travel to Gishen Mariam,

were the one that are came with the second times with 26.17% and uninterested pilgrims came for the

second times accounts 20.09%.

INTERSTED LOCAL PEOPLE WITH UNINTERSTED LOCAL PEOPLE
RESPECTS TO FREQUANCY WITH RESPECTS TO FREQUANCY
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Figure 4-19 the interest of the local people with respects to their Mode of transport status

As shown in the figure 4.19, interested local people were the one that are travel to show for the second

times with 33.18% and uninterested local peoples were accounts 13.55%.

PILGRIMS INTERST WITH RESPECTS TO LOCAL PEOPLES INTERST WITH
FREQUANCY RESPECTS TO FREQUANCY
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Figure 4-20 Total Percentage for using cable car or not with respects to their Mode of transport status
Generally, as shown in the figure 4.20, pilgrims and local peoples were accounts 56.54% and 64.95%

respectively.

4.1.8 Proximity or origin and destination (OD) analysis
OD survey were taken in order to determine the trip pattern and characteristics along the proposed

road. The proximity affects the preference of choosing the cable car or not. Hence, proximity has

given high score.

Pilgrims
origin
Weldya Wechale |Delanta |Dessi | Debre Sina |Debrebrehan |Diredawa |linca |Gerager |Gonder GojamlTotaI

Destination

Harer |Hawassa [Hayke|Lalibela | Mersa | Mekelle (Raya (Bure |Bahirdar |Addis Ababa (Adama |Kutaber |combolcha

(Gishen
Mariam 3 4 5 i 1

Figure 4-21:- Origin Destination analysis

As shown in the figure 4.21, above most of the Pilgrims around 27%were came from Dessi which is
25km away from Gishen Mariam Church, then 21% were came from Addis Ababa which is 500km

away from Gishen Mariam.

4.1.9 Trip Expectation
Since the road is very difficult and found on harsh terrain type, some people experience accidents,

braking of cars, Tiredness and so on. However, on the contrary peoples were enjoying the trip, hence

the analysis of trip expectations are stated below with table.
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Table 4-1:- Trip expectations for Pilgrims

Trip Expectation for Pilgrims

Number | Descriptions Number of Peoples Encountered Percentage
1 Difficulty Road 33 15.40%
2 Car Accident 18 8.40%
3 Difficulty Road plus rain 1 0.50%
4 Vehicle Broke Down 27 12.60%
5 vehicle strap 1 0.50%
6 Hunger 4 1.90%
7 Blessing 4 1.90%
8 walking by foot 28 13.10%
9 tiredness 62 29.00%
10 No Response 36 16.80%
Total= 214

As shown in the table 4.1 most of the pilgrims were experiencing tiredness during traveling to Gishen
Mariam church with an account of 29.0%. Then secondly, 15.4% were sensing that the road is very
difficult and has a winding of curves. Among the pilgrims, 1.9% were feeling blessed with traveling
with this difficult types of roads, even they were saying that they will not use cable car since they have

a mindset that traveling along the difficult terrain will bring blessings.

Table 4-2:- trip experience for the people living around the area

Trip Expectation for Local Peoples

Number | Descriptions Number of People Encountered Percentage
1 Car Accident 8 3.69%

2 Broke done of Vehicles 5 2.30%

3 Vehicle strapping 2 0.92%

4 Hunger 8 3.69%

5 Waling by foot 13 5.99%

6 Difficulty of the road 14 6.45%

7 Tiredness 129 59.45%

8 Sickness 1 0.46%
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Trip Expectation for Local Peoples
Number | Descriptions Number of People Encountered Percentage
9 Shortage transport 14 6.45%
10 Attacked by sneak 1 0.46%
11 No response 22 10.14%
Total= 217

4.1.10 Results of interview/Questioner
As per sub section from 4.1.1 up to 4.1.9 shows that the interest of the pilgrims as well as the local

people’s interest using the cable car or not after the cable car were introduced. Hence, the total

estimation when we combined all variables and illustrated in the table 4-3 below.

Table 4-3:- trip experience for the people living around the area

N % of Interested | % of uninterested | % of interested | % of uninterested

0. | Category Pilgrims Pilgrims Local People Local People

1 | Age 52.83% 47.17% 63.26% 36.74%

2 | Religion 56.13% 43.87% 64.95% 35.05%

3 | Education 56.54% 43.46% 65.12% 34.88%

4 | Occupation | 52.83% 47.17% 64.62% 35.38%
Mode of

° Transport 56.54% 43.46% 65.12% 34.88%

6 | Purpose 57.01% 42.99%

7 | Frequency | 56.54% 43.46% 64.95% 35.05%

Average 55.49% 44.51% 64.67% 35.33%

Therefore, pilgrims with age group of 19-30 of an orthodox Christian that have diploma and above

education background, public transport users and came for religious celebrations from Desse and Addis

Ababa were interested to use cable car with 55.49% and 64.67% of the local peoples willing to use

cable car. This shows that the majority of the pilgrims and local peoples will use the cable car instead

of using public transport.
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4.2 ECONOMIC EVALUATION

4.2.1 Demand Analysis

Based on the estimation above on table 3.9, 100,000 pilgrims and above were traveled every
celebration to Gishen Mariam church for religious celebration from all over Ethiopia. Hence, based on
the social assessments, 55.5% were interested to travel with cable car. Hence, among the total pilgrims,
around 40,840 pilgrims were willing to travel to Gishen Mariam church by cable car from Gishen
Junction to Gishen Mariam Church. In addition, after the cableway constructed and open for users,
some of the people expected to shift to cable car in addition to the 55.5% is diverted traffic. The

researcher estimated 25% of the pilgrims as a diverted traffic from modal shift.

Table 4-4. Estimation of number of peoples coming for celebration

Descriptions L/Rover S/Bus L/Bus Total
Total AADT @_2021 estimated by Beza 164 3 5 179
Consulting Engineers Plc

Percentage c_omp03|t_|on/est|mated by 95% 204 30 1
Beza Consulting Engineers Plc

Total estimated traffic by local

administration 20,000 19,070 349 281 cBI0
Total People traveled 76,279 4,186 20,349 100,814
Total interested People to use cable car 41,954 2,302 11,192 55,448
Sifted traffic(25% of total traffic) 19,070 1,047 5,087 25,204
Total Estimated Traffic 61,023 3,349 16,278 80,651

Source:- Researcher estimation

4.3 Economic Analysis

The Economic Evaluation results of the project established based on comparisons between costs and
benefits has been done for both cable car and road way constructions. The economic study of the
proposed mode of transport has investigated depending on the specific nature of the implementation

strategy type.

The required input data and information for each alternative technology such as cable car and roadway

collected through field visits and desk studies are attached with this document in Appendex 6.
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The analysis done by considering each alternative or technologies with against do nothing. The major
considerations in the measurement of costs and benefits for the economic appraisal of this project are:
the travelling that incurs costs to road users such as the time spent travelling; costs arising from direct

costs of fuel, maintenance and depreciation for technologies.

The result of the economic analysis expressed by the following standard measures to evaluate the

economic viability of the proposed technologies such as-

-Net Present Value (NPV) — the sum of the discounted stream of project costs and benefits during the

project lifetime. The project is acceptable as long as NPV>0.

-Economic Internal Rate of Return (EIRR) - represents the discount rate at which the NPV of the

project would be equal to zero. IRR above the cut-off point are economically viable.
- Benefit Cost Ratio

Currently, we use the minimum requirement of a project to be economically feasible is to have a
positive NPV and an EIRR greater than the discount rate, 10.23%.

4.3.1 Economic Parameters

The financial investment and maintenance costs of the technologies estimated based on the current
unit costs which are estimated for combination of different works. For the purpose of economic
analysis, a conversion factor of 0.87 is used in the model to convert financial costs into Economic
costs.[45] The conversion factor used is based on the Manual of National Economic Parameters and
Conversion Factors for Ethiopia, which was prepared and issued by the Ministry of Finance.

In addition, the economical justified level of investment in road improvement is dependent on the
discount rate to be applied in the economic analysis. This rate equals the opportunity cost of capital
for the project. The appropriate discount rate is measured by the marginal rate of return on public
sector investments. A discount rate of 10.23% is applied in the economic analysis of the project road.

4.3.2 Cost Benefit Analysis for Cable Car

The Cost- Benefit analysis of the cable car measures the capital cost in monetary terms on the one
hand, and the benefits that accrue in the form of travel time and the vehicle operating cost savings on
the other.
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The major considerations in the measurement of costs and benefits for the economic appraisal of this
cable car project are the travelling that incurs costs to cable car users such as the time spent travelling;
costs arising from direct costs of electricity, maintenance and depreciation. The direct benefits were
derived from the fare revenue projections based on estimated demand for the ART service, and the
cost included capital(construction) cost as well as an annual ridership growth rate of 2%, construction
time one year for MDG system and two year for TDG system [51]. The construction cost includes the
civil work of the terminals and the piers that will hang the cables. The annual inflation and real discount
rates of 10.23%. [45]. The primary evaluation criteria were the net present value, Benefit Cost Ration

(B/C) and internal rate of return.

The analytical tool used in the evaluation of this project is the HDM model, which is very
comprehensive and needs a wide range of inputs. The data input requirement of the model is discussed
here in relation to the project study. The analysis is based on specific data requirements of the dynamic
model that incorporate a series of mathematical sub models simulating the effects of different physical
characteristics and conditions of the existing road, on the operating speeds of different types of vehicles

and the resultant fuel and lubricant consumption, maintenance requirements, etc.

Table 4-5. The characteristic of Arial Cable car

No | System Characteristics Dual Haul Aerial Tramway
. Cable Configuration Cabins are suspended from two fixed cables
and are pulled by another cable
2 Maximum Number of Passenger cabins 2 cabins
3 Maximum Number of station Can have multiple stations
4 Maximum Distance between Towers less than 1000m
5 Cabin capacity High capacity(more than 100Pass/cabin)
6 Maximum Transport capacity 2800 Pass/hr
7 Speed Up to 29km/hr
8 Estimated Passengers total amount Above 20,000 Pilgrims
9 The Total Length of the proposed route 6.7km
10 Time it take to travel from Gishen Junction to 124137931
Gishen Mariam (min)
11 | Total Trips within 1hr 5
12 | Total Passengers with one Cabin within 1hr 483
13 | Total Passengers with one Cabin within one day | 5800
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Source:-Estimation

4.3.2.1 Cable car Route
As shown in the figure 4-22 below, the route of the cable car is illustrated. The route is shorter than
the existing road almost by half but the start and the end of the projects are similar.

Figure 4-22:- the location of proposed route for cable car

i
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from Dessi . «

4.3.2.2 Improvement strategies

4.3.2.2.1 Construction cost

Providing cable car have been considered for the route from Koladit Junction upto Gishen Mariam
Junction as a means of public transport and comparing against the base case, do minimum alternative.
The proposed alternative of the project consider constructing cable car in a different route from the
existing gravel road. Capital cost of the project estimated based on the assumption illustrated on
chapter 3 above. Hence, the capital cost for constructing cable car illustrated below on table 4.5. The
BOQ is attached in Appendix 2.

Table 4-6 : Total Financial and Economic Costs of the Project (In Million ETB)

Option Assumed Total Cost |Financial Cost Per Km [Economic Costs Per Km
Cable car construction ©435,811,530.99 74,803,471.74 65,046,497.16

Source: - Estimation
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Since, cable car was not implanted yet in our country, for our research, purpose we have adapted the
construction cost done for skyway construction to be implemented from Ayat to Tulu Dimtu road

Corridors.

4.3.2.2.2 Maintenance cost
On section 3.4.3.4, developed maintenance cost taking in to consideration of maintenance work form

different countries and illustrated in the table 4-6 below.

Table 4-7:- Maintenance Cost Estimated

Option Financial Cost Per Km [Economic Costs Per
Cable car Maintenance cost (92,132.23 76,469.75

Source: - Estimation

4.3.2.3 Results
Based on the demand analysis and all assumptions made for the input in HDM 4, construction of cable
car instead of roads is more viable and has more advantages regarding economic evaluation as shown

in table 4-6 below.

Table 4-8: Results of economic analysis

Description EIRR % | NPV in | BC
Million ETB

Gishen Junction — Gishen Mariam 33.1 18851 4412

Sensitivity Test

Cost Increase by 20% 31.7 18625 4.367

Benefit Decrease by 20% 26.7 13716 3.165

Cost Increase by 20% and Benefit Decrease by | 26.0 13500 3.13

20%

4.3.3 Economic Evaluation for Road Construction

Upgrading the road from Koladit Junction up to Gishen Mariam Junction to AC (Asphalt Concrete)
improvement alternatives have been considered and comparing against the base case, do minimum
alternative. The proposed improvements of the project consider upgrading of the existing poor gravel
road to paved standard, Asphalt Concrete (AC). Capital cost of the project is estimated for the two
construction options and the estimated per km project costs are presented below and BOQ attached in
Appendix 2.
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Table 4-9 : Total Financial and Economic Costs of the Project (In Million ETB)

Option Total Financial Cost Per KmEconomic Costs Per Km

Asphalt Road 1,316,700,000 108,157,500.00 94,050,000

Source: - From BCE Data Base
4.3.3.1 Road Maintenance Standard and Strategies

Maintenance costs comprise routine and periodic maintenance components. The routine maintenance
cost to be incurred every year involves day-to-day repairs for maintenance of road, structures etc.
Periodic maintenance is aimed at pavement resurfacing/renewal for improving riding quality and

condition of pavement and its interval depends on the maintenance strategy that we are assuming.

The maintenance strategies and standards used in the economic evaluation will depend on the existing
road condition and current maintenance practices. The following maintenance strategies are used or

assumed in the economic analysis.
1 Do minimum

The ‘do minimum’ maintenance strategy reflects the current minimum maintenance standard, which

is used to keep the road at acceptable level of serviceability.

Existing Gravel Road
(1 Routine Maintenance every year;
1 Grading, Scheduled every 180 days;
(1 “With Project’ Case
The ‘with project’” maintenance strategy is adopted following the implementation of the
upgrading of the project road. The applicable maintenance strategy of the ‘with project’ case that are
applicable for both upgrading options (Asphalt Concrete and Double surface Treatment) option are

presented below.
AC Option

1 Routine Maintenance every year;
1 Crack Sealing, Responsive when Wide Structural Cracking >10%;

1 Pothole patching, Responsive when Pothole >10 no./km; and
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1 Overlay, Responsive when Roughness >5.0 IRI

Unit cost of road maintenance operations is presented in the following table.

Table 4-10: Estimate of Maintenance Operation Unit Cost, Financial

Work Item Unit Unit Cost, Birr
Routine Maintenance Km 20,000
Gravel
Re-Gravelling VE 204
Spot-Gravelling M3 60
Grading Km 7100
Paved
Overlay M? 75
Resealing M? 68
Patching M? 78
Crack Sealing M? 73

Source: - ERA and different Feasibility Study Reports.

4.3.3.2 Works schedule

The following work schedule is considered in the analysis:

Table 4-11 : Project Implementation Schedule

Activity Period

Completion of Concept Design and tender process. | End of 2021

Construction (1 years starting Beginning of 2022) | 2022

Completion of the construction End of 2022
Open for traffic Beginning of 2023
Design Period (20 years) 2023-2042

The construction works duration is considered one years and the road will be opened to traffic
starting year 2022.

4.3.3.3 Input to HDM-4 Models

The economic analysis of the project has been undertaken using the Highway Development and
Management Model (HDM-4) Version 1.1.The inputs to the model have been derived from field
investigations and available secondary data collected from different organizations and ERA. The
following are the basic inputs data used for the HDM-4 Model.
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4.3.3.4 Traffic Data

The traffic volume and its composition in terms of AADT by vehicle type and annual traffic growth
rates are key inputs for economic analysis. The derivation of the base year AADT and traffic growth
rates have been discussed earlier in Traffic Survey and Analysis section. Eight vehicle Categories,
pedestrians and Pack animals were considered for this study. The following table shows the AADT
and traffic growth rate used in the HDM-4 Model.

Table 4-12: Base Year (2021) AADT, 2021

Descriptions |Car |L/Rover |S/Bus |L/Bus [S/Truck [M/Truck [H/Truck | Truck &[Total
Trailer

Total AADT0 164 3 5 68 7 38 1 256
@2021

Percentage 0 64.06 1.17 (195 265 2.73 3.125 0.39 100
composition

Source:- BCE’s Estimations
Table 4-13: Traffic Growth Rates (%PA)

Period Cars |4WD |S/Bus | L/Bus |S/Truck/ | M/Truck |L/Truck | T/T
2021 - 2029 9.9 9.9 10.5 10.5 10.6 10.6 10.6 10.6
2030 - 2040 8.6 8.6 9.2 9.2 9.8 9.8 9.8 9.8

Source:- BCE’s Estimations

4.3.3.5 Vehicle Fleet and Operating Costs
The vehicle fleet data provide the characteristics of the vehicles, which include vehicle type, number
of axels, passenger car space equivalent factor, and average annual utilization in km, the economic

cost of the vehicle, trip characteristics, value of time for passengers and the cargo.

The major inputs required for HDM-4 to estimate the VOC are the prices of vehicles, fuel (petrol and
diesel), lubricants, tires, repairs and maintenance, the proportion of depreciation related to vehicle use
and other vehicle fleet characteristics. Accordingly, the main data for the VOC model used for the
analysis are the prices of vehicles, tire costs, prices of fuel and lubricants, maintenance, labor and crew

costs and vehicle utilization.

For this study, cost and price data have been collected from a variety of sources including consultant’s

current investigation and previous studies, using the conversion factors for the economic cost of
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vehicles, Tire, fuel, lubricants, maintenance and crew costs are calculated. The speed of the vehicles
on the existing road project is measured during the condition survey. Based on this the average running

speed over the whole route is estimated and inserted into the model.

The types of fuel used by the vehicles are petrol and diesel. The fuel prices vary from place to place
in Ethiopia as determined by the Ethiopian Petroleum Enterprise. For the purpose of this study, the

average fuel price has been considered.

As HDM4 model require vehicle fleet characteristics comprising physical characteristics, utilization
and unit costs; therefore, the following table presented this information taken from recent road project

studies.

Table 4-14 vehicle fleet characteristics for road construction.

Vehicle Car L/Rover S/Bus L/Bus S/Truck M/Truck | H/Truck | T/Truck
Type

Passenger | 4 4 20 45 2 2 2 2
Utilization

Annual 20000 | 40000 50000 | 60000 |50000 |60000 |65000 | 65000
Run (km)

Annual 600 900 1800 2000 1600 1800 2100 2100
Hours

Average 10 12 15 15 12 15 20 20
Service

Life

Unit Costs (Economic)

New 2,000,0 |4,200,00 | 2,074,0 | 2,650,0 |2,350,0 |3,900,0 |4,800,0 |5,180,0
Vehicle 00 0 00 00 00 00 00 00
Price (Birr)

Tyre Price | 2,458 7,925 10,750 | 14,517 | 8,560 14,517 | 14,517 | 14,517
(Birr)
Fuel (per | 20.04 17.70 17.70 17.70 17.70 17.70 17.70 17.70
liter)
Lubricant | 76 76 76 76 76 76 76 76
oil (per
liter)

Crew 37.93 47.73 46.59 45.45 37.78 39.77 48.30 48.30
Wages
(Birr/hr.)
Annual 18000 50000 60000 | 80000 30000 30000 50000 60000
Overhead
(Birr)
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Vehicle
Type

Car

L/Rover S/Bus

L/Bus

S/Truck M/Truck

H/Truck | T/Truck

Maintenan | 67.71
ce
Labor(ET

B/hr.)

67.71 74.54

74.54

67.71 81.38

84.64 81.38

Annual 10.23
Interest

Rate (%)

10.23 10.23

10.23

10.23 10.23

10.23 10.23

Passenger | 2.06
Working
time(per

hour)

2.06 1.47

1.47

2.26 2.26

2.26 2.26

Passenger | 0.72
Non-
working
time (per

hour)

0.72 0.52

0.52

0.79 0.79

0.79 0.79

Cargo
Costs (per
hour)

0.13 0.3

0.36 0.77

Source: Different Recent Feasibility Study Reports, ERA

4.3.3.6  Summary of Results

Based on the results of the economic evaluation, investment in the proposed upgrading of the road to
asphalt is found to be economically viable using NPV Method. It is also analyzed under sensitivity
analysis and the proposed road is still viable if both costs increase by 20% and benefits, decrease by
20% combined which is the worst case. The results of the economic analysis of the road project with

the different standards presented below in Table 4-12.

Table 4-15: Results of Sensitivity Analysis

IRR @ 10.23% NPV (In Million Benefit Cost
ScenariosDiscount Rate (%0) Birr) Ratio(B/C)

Base Case

AC 26.8% 220 4.294

Cost Increased by 20 %

AC 24.1% 2078.82 3.599
Benefits decreased by 20%

AC 23.5% 1632.23 3.435

Cost Increased by 20% & Benefits decreased by 20%
AC 21.1% 1502.932 2.879
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The results of the sensitivity analysis indicate that the project is economically viable even if both cost

increases by 20% and benefits decrease by 20% taken together.

4.3.3.7 Summary of Results

As shown in the section, 4-14 the analysis were done for both cable car and roadway construction

against do nothing with HDM-4 and the following tables show the results.

Table 4-16: Results of Economic Analysis

Scenarios Construction of cable car Construction of road way
Base Case
IRR @ 10.23% 33.1% 26.8
NPV (In Million Birr) 18,851 220
Benefit Cost Ratio(B/C) 4.412 4.294
Cost Increased by 20 %
IRR @ 10.23% 31.7 24.4
NPV (In Million Birr) 18,625 207
Benefit Cost Ratio(B/C) 4.367 3.599
Benefits decreased by 20%
IRR @ 10.23% 26.7% 23.5
NPV (In Million Birr) 13,716 163
Benefit Cost Ratio(B/C) 3.165 3.435
Cost Increased by 20% & Benefits decreased by 20%
IRR @ 10.23% 26.0% 21.1
NPV (In Million Birr) 13500 150
Benefit Cost Ratio(B/C) 3.13 2.879

The results of the sensitivity analysis indicate that the project is economically viable even if both cost
increases by 20% and benefits decrease by 20% taken together. Hence, based on the results the cable

car installation is more feasibility than construction of roads.

4.4 Right of way problems

One of the analysis for comparing the cost benefit analysis of the cable car against road way is by
estimating the right of way limits. In the table, 4-16 show the area required to implement each

theologies.
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Table 4-17: Occupational Area

No Descriptions Total Occupational area | Score
M2

1 Cable Car 33,500.00 | 1st

2 Road Way 700,000.00 | 2nd

Source:- Estimation

As shown in the table above construction of cable car as an advantage of consuming very less land

acquisitions than road construction.

4.5 Travel Time/Journey Time

As shown in the table below the comparison between cable car and road way travel time from Koladit
junction to Gishen Mariam Church.

Table 4-18:- Comparison of travel time between Cable car and roadway

Timing Segment Distance, Km Ayerage_ ALY | SO Spase)
Time, min Kph

Koladit Junction — Gishen

Mariam Church Road | 14km 42min 20

Construction

Koladit Junction - Gishen

Mariam Church cable car 6.7km 13min 29

Source:- Estimation

The existing gravel road is clearly uneconomic with respects to travel time. The construction or
implementation of cable car will decrease the travel time of 25min. This means that the existing road

costs an average car user over ¥ hours in journey time.
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CHAPTER 5 CONCLUSIONS

Assessment was made on the cost benefit analysis to compare a cable car against the road way on
Koladit Junction to Gishen Mariam Church in North Central Ethiopia. There is an existing road at the
moment but it will create a negative impact on the environment around mountainous and tourist
attraction areas if it is upgraded to Asphalt Road. Based on the economic evaluations of the cable car,
it has an ideal solution for dead-end and tourist attraction areas making access to the people living in
isolated location with rivers and difficult terrains. The ultimate goal of investment on road
infrastructure is reducing poverty in the project area and the country by promoting economic growth
through direct benefit to road users; through easing access to market centers for food, education, health
services and other services, promoting trading, and productivity of produce and reducing transport
costs. However, these benefits will be exaggerated when the project road is located at the suitable
terrain type connecting different towns and villages. If the location of the project is isolated and dead-
end, with seasonal traffic and difficult terrain mountainous, road construction will have negative

impact on investment as well adverse impact on environments due to vehicle emissions.

The study has shown that roads construction produces significant adverse effects on environment and
human health due to carbon emissions and pollutants released during the execution of the various
construction processes (earthmovings, trucks transit on unpaved roads, crushing, and material
production) and the operation of diesel-powered equipment and more of vehicle emissions during the
life of the road project. Among the pollutants, the concentration of particular matter (PM) is an

increasing concern for the negative effects on human health of workers, inhabitants and environment.

A questionnaire was developed and 429 number of pilgrims and local people were interviewed and the
responses were analyzed. The analysis was made in respect of age, location of the area, religion,
frequency of trips to Gishen MariamChurch as variables and making interest to use cable car fixed.
Hence, 65% of the people are willing to use a cable car and the rest 35% were not willing to use
because they believe walking to church along difficult terrains is a blessing; some of them responded
that cable car would be expensive and so on. Hence, additional 25% was added and 75% of the people
were assumed to use cable car after installations. The study findings showed that cable car has an
economic advantage over roadway construction by conducting cost-benefit analysis using the HDM-
4 Software for the selected route. The analysis was done road way construction compared against do
nothing and cable car construction against do nothing, and the results show that both projects are

feasible but cable car has more economic benefits than road way.
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The construction or installation of cable cars has the following advantage when compared with the

construction of road for the route from Koladit junction to Gishen Mariam Chruch.

e Cheaper than construction of roads on hill mountainous, section.

e Decrease Travel Time

e Has less or zero emission during its implantation stage

e Consumes less right of way

e Increase the number of tourists

e Itisalso helped the transport planner to get an alternative means of transport for the place that

have manmade and natural barriers in additions

Moreover, based on the economic activates of our country and the experience of other countries like
Brazil, Ecuador, Bolivia and Colombia, the researcher developed an average fair price to be paid by
the cable car users. The income will incorporated in yearly maintenance activities. The fair price is
developed by considering the inflation of our countries as well and the growth on populations for the
life of the cable car.

Finally, the overall observation of the area and economic analysis of the cable car implies, despite the
luck of experience and literatures, cable car provision will improve access to mobility and physical
access to remote and isolated area with dead-end and seasonal traffic, with difficult terrain like Gishen
Mariam. The project under study implies that the importance of installing cable car on the area that is

difficult to access with roads but the place is a tourist attraction area with seasonal traffic is high.
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CHAPTER 6 RECOMMENDATION

Even though the cable car is an ideal solution for tourism as well as for tackling the existing

geographical barriers, recommendations has done to avoid risk of using cable car.

>

As the Ropeway Towers, which shall be made up of steel, are to be erected over the ground,
the base of the towers shall be of some danger to the Wild Life. Thus they should be
closed with a mesh wire enclosure which shall be approximately 6 feet (2 m) high.
This would prevent any animals from straying into these steel girder bases of the towers.

The main stations of the Ropeway housing the pulleys with moving parts should be secured
for bird hits by enclosing them with bird meshes.

Further research needs on accident rates and safety of the cable car.

Further reaserch shall be conducted for modal shifting models.

Ethiopia is a country with valleys and rugged areas so the installation of cable car wherever
absolutely needed is very advisable.

Generally, cable cars are advantageous to climb steep hills at a fraction of the investment cost
of a new tunnel or bridge. Cable cars are also faster to implement than building new roads,

which calls decision-makers to consider since they demand results quickly.
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APPENDIX 03:-Output of HDM 4 Analysis for

Both Road way and Cable car implementations
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e Base case scenarios for cable car

H D M i 4 Economic Analysis Summary

Sty Name. Gishen Junction - Gishen Mariam Cable Car
RunDee 24-08-2021

DR ELOPMENT & MA

Alternative: with project vs Alternative: without project

T Savings in MT Savings in < Net Net
Increase in Road Agency Costs Savings in Travel NMT Travel _Reduction & Economic
X > in Accident ogenous Benefit
E % Time Costs & Operating c Benefits nefits
Capital Recurrent Special Costs osts (NPV)
Undscounted 802 [ o 1572752 aa7 o a 0.00 107.702.75)
courted 5525 [ ) 24372 4 o ) ) 18851

Economic Internal Rate of Return (EIRR) = 33.1% (No. of solutions = 1)

HDM-4 Version 1.1 Page 1 of 1

H D M _ 4 Benefit Cost Ratios
- Study Nasme: Gishen Junction - Gishen Mariam Cable Car
HIGHW AY DEVELOPMENT & MANAGEMENT
RunDae:  24-08-2021
Currency. Birr {millions)
Discou Rase 10.23%.
Alternative Increase i Decreasei Net Exogenou Net Preser NPV/Cos Internal Rat
A gency Cost User Cost Benefit Valw Ratic of Retun
(c (8 (E (NPV=B+ E-t (NPVIC (IRR
without project 2,000 0.000 0.000 0,000 0.0m 0.000
with project 5524678 24376.088 0.000 18,851.388 3412 31(1)
Figure in brackess is number of IRR soufions inrange -90 10 +900
HDM-4 Version 1.1 Page 1 of 1
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e Increase 20% cost for cable car

H D M i 4 Economic Analysis Summary
FIGHWAY DEVELOPMENT & MANAGEMENT Sty Name. Gishen Junction - Gishen Mariam Cable Car
Run D 24-08-2021
st shows ot econamic beneits using e ilowing
Project
Alternative: with project vs Alternative: without project
" Savings in MT Savings in B Net
Increase in Road Agency Costs Savings in ¥ Travel NMT Travel _Reduction = Net Economic
= < in Accident ogenous =
- 3 voC Time Costs & Operating Benefits Benefits
Capital Recurrent Special Costs Costs (NPV)
Uncizooursed a029 Q ) 115262.18 389 o o a0 107 436 62
Discouted 5532 ) [ 24,154 3 a ) 0 18625
Economic Internal Rate of Return (EIRR) = 31.7% (No. of solutions = 1)
HDM-4 Version 1.1 Page 1 of 1
H D M _ 4 Benefit Cost Ratios
- - — - Study Narme: Gishen Junction - Gishen Mariam Cable Car
HIGHW AY DEVELOPMENT & MANAGEMENT
Run Daser 24-08-2021
Currency. Birr {millions)
Discourt Rase: 10.23%.
Alternative Increase i Decreasei |  Net Exogenou Net Preser NPVICos |  Internal Ral
Agency Cost User Cost Benefit Valw Ratic of Retun
(c (B (E (NPV=B+ E-1 (NPVIC {IRR
0.000 0000 0.000 0.000 0.000 0.000
5,531.577 24,157.055 Q000 18625478 3387 37

Figure in brackets is number of IRR sdufions in range -90 10 +900

HDM-4 Version 1.1 Page 1 of 1

Prepared By: - Hanna Dejene 76|Page



Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

e Decrease 20% Benefit for cable car

H D M 8 4 Economic Analysis Summary
TRTWAY DIV ELOPMENT & AN AGESTENT Stxdy Name. Gishen Junction - Gishen Mariam Cable Car
RunDae. 24-08-2021
nic benefts using e idlowing:
= Mode: Andysis by Praject
Alternative: with project vs Alternative: without project
c Savings in MT Savings in 2 Net
Increase in Road Agency Costs o, el NMT Travel | Reduction s Economic
s . s in Accident Exogenous =
2 voC Time Costs & Operating Benefits Benefits
Capital Recurrent Special Costs Costs (NPV)
Undiscouied 9835 ) o 9412733 aza o ) 000 8450051
Discounted 6337 ) 0 200% 7 Q 0 ) 13716
Economic Internal Rate of Return (EIRR) = 26.7% (No. of solutions = 1)
HDM-4 Version 1.1 Page 1 of 1
H D M _ 4 Benefit Cost Ratios
- - Study Narne: Gishen Junction - Gishen Mariam Cable Car
HIGHW AY DEVELOPMENT & MANAGEMENT N
Run Daser 24-08-2021
Currency. Birr {millions}
Disoout Raser: 10.23%.
Alternative Increase i Decrease i Net Exogenou Net Presel NPV/Cos Internal Rat
Agency Cosi User Cost Benefit Valw Ratic of Retun
(c (B (E (NPV=B+ E-1 (NPVIC (IRR
withoul praject 0000 Q.000 000 0.000 0.000 0.000
with project 833%.772 20082752 0.000 13715981 2.165 287(1)
Figurein brackess is number of IRR sduSons in range 90 0 4900
HDM-4 Version 1.1 Page 1 of 1
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

e Increase cost and benefit by 20% for cable car

H D M £ 4 Economic Analysis Summary

Sty Name. Gishen Junction - Gishen Mariam Cable Car
RunDasie. 24-08-2021

HIGHWAY DBV ELOPMENT & MANAGEMENT

soort shows st economic beneits using e fdlawing

Ser (million
s 10

tode: Acdysis by Project

Alternative: with project vs Alternative: without project

" SavingsinMT |  Savingsin 2 Net Net
Increase in Road Agency Costs Savings in Ml Travel NMT Travel r?:de‘::‘::!:r: Exogenous Economic
s 3 voc Time Costs & Openating P Benefits Bendfits
Capital Recurrent Special Costs e (NPV)
Undiscourtied 9635 [} ] 9391148 703 a L] Q.00 84283.42]
Dizcouted 6384 ) 0 19,553 6 3 0 ) 135%)

Economic Internal Rate of Return (EIRR) = 26.0% (No. of solutions = 1)

HDM-4 Version 1.1 Page 1 of 1

H D M _ 4 Benefit Cost Ratios
- - - Study Name: Gishen Junction - Gishen Mariam Cable Car
HIGHWAY DEVELOPMENT & MANAGEMENT
Rurt Daser 24-08-2021
Currency Birr {millions)
Dizcout Rase: 10.23%.
Alternative Increase i Decreasei Net Exogenou Net Preser NPV/ICos Internal Ral
Agency Cosi User Cost Benefit Valw Ratic of Retun
c (B (E| (NPV=B+E-t (NPVIC (IRR
0,000 0,000 0.000 0.000 0.0m 0.000
6343670 19874083 0.000 13530413 2133 280(1)
Figure in brackess is number of IRR sciulions in range -90 0 4900
HDM-4 Version 1.1 Page 1 of 1

Prepared By: - Hanna Dejene 78|Page



Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

e Base case scenarios for Road way

H D M - 4 Economic Analysis Summary
e T Study Name: Gishen Junction - Gishen Mariam
Run Dst=: 24-06-2018
This report shows total economic benefit ing the following:
Cusrrency: Birr ()
Driscownt rate: 11
Anahysis Mode: Anahysis-by-Project
Alternative: with proiect vs Alternative: with cut proiect
. Sawvings in MT | Sawings in . Met Het
Increase in Road Agency Costs Savingsin Travel MMT Travel ||1Ril:;;::§::t Exng:nnus Economic
B R MT VOC Time Cosgs | & Operating Benafit Benefits
Capital Recurrent Special Cods Cods nefits PV}
Undiscounted 0.00 -41.73 0.00 -10.57 -0.01 L] 0.0 0.00 3. T
Discownted .00 -17.4T7 0.00 9.72 0.00 0.0 0.00 0.00 T.T4
Economic Internal Rate of Return (EIRR} = 29.2% (Mo. of solutions = 2)
HDM-4 Version 1.1 Page 1 of 1
H D M - 4 Benefit Cost Ratios
Study Mame:  Gishen Junction - Gishen Mariam
RSHWAY DEVELOFMENT & MANAGEMENT
Run Datzr  24-06-2018
Currency:  Birr (millionsk
Discount Rate:  10.23%.
Alternative Increase in Decrease in | Net Excgenous Met Present NPWICost Internal
Agency Cods User Cods Benefit: Value Ratio Rate
ey (-2 18| NPV=B+EC) T MRV Y of Return
with out project 0.000 0.000 0.000 0.000 0.000 0.000
with project 17470 S.728 0.000 7742 .43 25.2(2)

Figure in brackets is number of IRR zolutions in range -50 to +200

HOM-4 Version 1.1

Page 1 of 1
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

e Increase 20% cost for Road way

H D M - 4 Economic Analysis Summary

Study Mame: Gishen Junction - Gishen Mariam
Run Dats: 24-06-2018

IIGITWAY DEVEL OPAMENT & MAMAGEMENT

This report shows total economic benefits using the followi
Currency: Birr {millions).

Discount rat i
Anahysis Mode: Anahysis by Project

rich )

Alternative: with preiect ws Alternative: with cut project

. Savings in MT | Sawings in . Net Het
Increase in Road Agency Costs Savings in Travel NMT Travel ifi‘:;ﬁ::t Exogenous Economic
N . MT VOC Time Cods & Operating Benefits
Cost Benefits
Capital Recurrent Special i ods fretis
Unidiscountad 0.0 -35.12 0.00 -10.57 001 0.00 .00 0.00 25,16
Discounted 0.00 -15.64 .00 5.72 .00 0.00 .00 .00 E.81

Economic Internal Rate of Return (EIRR} = 24.8% (No. of solutions =2}

HDM-4 Version 1.1 Page 1 of 1

H D M _ 4 Benefit Cost Ratios

— - - Study Mame:  Gishen Junction - Gishen Mariam f
MEHWAY DEVELOTMENT & MANAGEMENT i
Run Date:  24-06-2018

Currency:  Birr {millions)

Discount Rate:  10.23%.

Alternative Increase in Decrease in | Net Excgenous Het Present NPWICost Internal i

Agency Cods Us=er Cods Benefits Value Ratio Rate

T gy B | NPV=B+E-C} THPWICT L of Return §

with out project 0.000 0.000 0.000 0.000 0.000 0.000
with project -15.538 -5.T28 0.000 5810 -0.374 248(2)

Figure in brackets is number of IRR solutions in range -20 to +300

HDM-4 Version 1.1 Page 1 of 1
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

e Decrease 20% Benefit for roadway

H D M - 4 Economic Analysis Summary
mEmaTITE T L oaET Study Name: Gishen Junction - Gishen Mariam
Run Dats: 24-06-2018
This report shows total economic benefits using the following:
Curmrency: Bi nz).
Discount rate: 10.23%.
Anshysis Mode: Anahysis-by-Project
Alternative: with project vs Alternative: with out project
R Savings in MT | Savingsin . Net Het
Increase in Road Agency Costs Savings in Travel NMT Travel ir:lid;:ﬁf:t Eng:nDus Economic
h _ MT VOC Time Cods | & Operating Benefit Benefits
Capital Recurrent Special Cods Cods nefits NPV}
0.0 -41.73 0.00 2 0.0 0.00 0.00 000 25.43|
Discounted 0.00 -17.47 0.00 0.01 0.00 0.00 0.00
Economic Internal Rate of Return (EIRR} = 23.0% (No. of solutions = 2)
HDM-4 Version 1.1 Page 1 of 1
H D M - 4 Benefit Cost Ratios
— —_ - —_ Study Mame:  Gishen Junction - Gishen Mariam
HMEHWAY DEVELOPMENT & MANAGEMENT
Run Datz:  24-08-2018
Currency:  Birr [millions}
Dizcount Rats:  40.23%.
Alternative Increase in Decrease in | Het Excgencus Net Present NPVICost Internal
Agency Cods User Cods Benefit= Value Ratio Rate
iy IB} NPW=B+E-C} T HPWIMT ¥ of Return
with out project 0.000 0.000 0.000 0.000 0.000
with project -17.470 19 £.273 2302

Figure in brackets is number of IRR solutions in range -30 to +300

HDM-4 Version 1.1

Page 1 of 1
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

e Increase cost and benefit by 20% for cable car

H D M - 4 Economic Analysis Summary

TET AT DEE o S i AEET Study Mame: Gishen Junction - Gishen Mariam
Run Date: 24-06-2018

This report shows totsl economic benefits wsing the following:
Currency: Birr {mi

Diiscount rate: 10,

Anstysis Mod

Alternative: with project vs Alternative: with out proiect

i i i i Het
Increase in Read Agency Costs . . Sawvings in MT | Sawings in Reduction Het .
Savings in Travel NUT Travel | <2000 ot | Exogenous | Eoonomic
R R MT VOC Time Cogs | & Operating Benefits
Cosg Benefits
Capital Recurrent Special Cods ods NPV}
Undiscounted .00 -41.72 0.00 -14.6T7 -0.01 0.00 0.00 0.00 27.05|
Discounted .00 -17.47 0.0 -12.05 -0.01 0.00 .00 .00 4.41
Economic Internal Rate of Return [EIRR} = 17.0% [No. of solutions = 2}
HDM-4 Version 1.1 Page 1 of 1

H D M - 4 Benefit Cost Ratios

— - - Study Name:  Gishen Junction - Gishen Mariam
HGHWAY DEVELOPMENT & MAMAGEMENT
Run Datz:  24-06-2018
Currency:  Birr [millions}
Diccount Rats: 10.23%.

Alternative Increase in Decrease in | Net Exogencus Net Present NPV Cost Internal
Agency Cods Us=er Cods Benefits Value Ratio Rate

ey [h:3] 1B | NPV=B+EC) THPVIC Y of Return

with out project 0.000 0.000 0.000 0.000 0.000 0.000
with project 17470 -13.058 0.000 4.412 0253 1703

Figure in brackets is number of IRR selutions in rangs -80 to +500

HDM-4 Version 1.1

Page 1 of 1

Prepared By: - Hanna Dejene 82|Page



Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)

APPENDIX 04
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to Gishen Mariam
Church)
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to
Gishen Mariam Church)

APPENDIX 01

Prepared by: Hanna Dejene 75
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Cost Benefit Analysis Of Cable Car Against Roadway (case study of Koladit Junction up to
Gishen Mariam Church)

APPENDIX 02

Prepared by: Hanna Dejene 75



Estimated Construction cost of Cable car

Estimated Amount
Pay Item Description Unit Rate
Y P Qty (ETB)
8100: FOUNDATION FOR STRUCTURES
81.01 |Additional foundation investigations
(a) Geok.echn‘ical {nvesﬁgaﬁon , Foundation PS 1.00 400,000.000 400,000.000
Investigation fixed cost
(b) !’ercenfoge allowed for overhead & profit on % 25.00% 100,000.000
item 81.01 (a)
81.02 |Excavation of material
(@) Excavation of soft material irrespective of m? 29920 133.97 40.084.72
depth
(b) Excavation of hard material irrespective of m3 149.60 326.70 48.875.06
depth range
81.05 |Backfill to excavations utilizing -
(a) materials from the excavation m3 89.76 170.242 15,280.92
(b) Imported material m? 327.713
(d) Rock Fill m> 400.081 -
(d) Mass concrete (C-15) with plurr'ls'of stone w3 19.50 3,284.382 64.045.46
(Cyclopean Concrete) for Retaining walls
8100 - Total 668,286.16
83.01 |Steel reinforcement for structure -
(b) High yield stress steel bars (Deformed
(Grade 420) ton 1.17| 78233.76863 91,363.46
¢) Sheating material m2 25 -
8300 - Total 91,363.46
84.01 [Cast in situ concrete for structures
Class 30/20 concrete in superstructure,
approach slab, abutment seats & back walls. 3
() Peir caps, including formwork and class F1 & F2 m 12541 6,179.278 774,955.614
finish
Cyclopean concrete (60% Grade 20/20
(c) concrete and 40% stone plums /rock) for m® 312.23 3,088.999 964,478.211
bridges
8400 - Total 1,739,433.82
total Cost for One Peir 2,499,083.44
Contigouncy (10%) 249,908.34
total Cost for One Peir 2,748,991.78
PIRE Number 10.00 | 2,748,991.785 27,489,917.85
Track components 7,879,960.00
Total Construction Cost 35,369,877.85
Contigouncy (10%) 14,147,951.14
Total Construction Cost 49,517,828.99

Total Construction Cost Per KM

7,390,720.74




Estimated Construction cost of Cable car

Estimated
Pay ltem Description Unit
8100: FOUNDATION FOR STRUCTURES
81.01 [Additional foundation investigations
(@) Geot?chn!cal I.nves'rlgq'rlon , Foundation PS 1.00
Investigation fixed cost
(b) Percentage allowed for overhead & profit on item % 25.00%
81.01 (a)
81.02 |Excavation of material
(a) Excavation of soft material irrespective of o3 29920
depth
(b) Excavation of hard material irrespective of m3 149.60
depth range
81.05 |Backfill to excavations utilizing
(a) materials from the excavation m> 89.76
(b) Imported material m’
(d) Rock Fill m>
Mass concrete (C-15) with plums of stone 3
() (Cyclopean Concrete) for Retaining walls m 1950
8100 - Total
83.01 |[Steel reinforcement for structure
(b) High yield stress steel bars (Deformed ton 117
(Grade 420)
¢) Sheating material m2
8300 - Total
84.01 |Cast in situ concrete for structures
Class 30/20 concrete in superstructure, approach
(a) slab, abutment seats & back walls. Peir caps, m> 125.41
including formwork and class F1 & F2 finish
© Cyclopean concrete (60% Grade 20/20 concrete 3 312.23
and 40% stone plums /rock) for bridges m ’
8400 - Total
total Cost for One Peir
Contigouncy (10%)
total Cost for One Peir
PIRE Number 10.00

Track components

Total Construction Cost

Contigouncy (10%)

Total Construction Cost




Total Construction Cost Per KM




Rate

Amount

(ETB)
400,000.000 400,000.000
100,000.000
133.97 40,084.72
326.70 48,875.06
170.242 15,280.92
327.713 -
400.081 -
3,284.382 64,045.46
668,286.16
78233.76863 91,363.46
25 -
91,363.46
6,179.278 774,955.614
3,088.999 964,478.211
1,739,433.82
2,499,083.44
249,908.34

2,748,991.78

2,748,991.785

27,489,917.85

7,879,960.00

35,369,877.85

14,147,951.14

49,517,828.99




7,390,720.74 |




Estimated Amount
Pay ltem Description Unit Rate
y P Qty (ETB)
8100: FOUNDATION FOR STRUCTURES
81.01 |Additional foundation investigations
(a) Geotechnical Investigation , Foundation Investigation fixed cost PS 1.00 400,000.000 400,000.000
(b) Percentage allowed for overhead & profit on item 81.01 (a) % 25.00% 100,000.000
81.02 |Excavation of material
(a) Excavation of soft material irrespective of depth m’ 299.20 133.97 40,084.72
(b) Excavation of hard material irrespective of depth range m3 149.60 326.70 48,875.06
81.05 |Backfill to excavations utilizing -
(a) materials from the excavation m? 89.76 170.242 15,280.92
(b) Imported material m? 327.713 -
(d) Rock Fill m? 400.081 -
() Mass cor:ncrete (C-15) with plums of stone (Cyclopean Concrete) ml 19.50 3,284.382 64.045.46
for Retaining walls
8100 - Total 668,286.16
83.01 |Steel reinforcement for structure -
(b) High yield stress steel bars (Deformed (Grade 420) ton 117 78233.76863 91,363.46
¢) Sheating material m2 25 -
8300 - Total 91,363.46
84.01 |Cast in situ concrete for structures
Class 30/20 concrete in superstructure, approach slab, abutment
(a) seats & back walls. Peir caps, including formwork and class F1 & m 125.41 6,179.278 774,955.614
F2 finish
0, 0,
© Cyclopean concrete (60/? Grade 20/20 concrete and 40% wl 312.23 3,088.999 964,478.211
stone plums /rock) for bridges
8400 - Total 1,739,433.82
total Cost for One Peir 2,499,083.44
Contigouncy (10%) 249,908.34
total Cost for One Peir 2,748,991.78
PIRE|  Number 6.00 2,748,991.785 16,493,950.71
Track components(Rolling stock) 6.7 44,000,000.00 294,800,000.00

Total Construction Cost

311,293,950.71

Contigouncy (10%)

124,517,580.28

Total Construction Cost

435,811,530.99

Total Construction Cost Per KM

65,046,497.16
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Economic Analysis Summary

Surely Hame

R Thaie

Gishen Junction - Gishen Mariam Cable Car

24-08-2021

This rexxrd =hows el economic beneiss vsing fa olowing

Currorcy: Brr | millhores

Do rasier 10%

Aray=es Bode: Analyss -y Propec

Alternative: with project ws Alternative: without project

: Savings in MT Savings in ; et
Increase in Road Agency Costs Savings in M1 Tl WMT Tmval B?:dc';ft:; E:nr::nms E{:Drl:rj.'!'li{:.
: voC Time Costs & Operating Benefits Bens=fits
Capital Recurrent Special Costs Costs [NPV)
Urclescourned 9535 a 191148 T3 a i ] B 293 42
Do G384 a 19065 8 d a 13,530

Economic Internal Rate of Return {EIRR} = 26.0% (No. of solutions = 1)

HDM-4 Version 1.1

Page 1 of 1




HDM-4

Economic Analysis Summary

Sty Mame

RunDain 24 0B-2021

Gishen Junction - Gishen Mariam Cable Car

Mty Mode Aratyses

by Progenct

Alternative: with project ws Alternative: without project

; Savings in MT Savings in . Nt Met
Increase in Road Agency Costs Savings in M T vel NIAT T ravel :f!.dui?r:t oo Economic
: VOC Time Costs & Operating Benefits Bensfits
Capital Recurrent Special Casts Costs [NPW)
Urich =zl 4 #I5 a [} 9412733 a4 i ik ] B4.500.51
Dimrriesd] B} a a 2005 T il a 13716

Economic Internal Rate of Return (EIRR} = 28.7% ([No. of salutions = 1)

HDM-4 Version 1.1

Page 1 of 1
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Economic Analysis Summary

Surely Hame

R Thaie

Gishen Junction - Gishen Mariam Cable Car

24-08-2021

Alternative: with project ws Alternative: without project

: Savings in MT Savings in ; et
Increase in Road Agency Costs Savings in M1 Tl WMT Tmval B?:dc';ft:; E:nr::nms E{:Drl:rj.'!'li{:.
: Voo Time Costs & Opemting Benefite Bensfits
Capital Recurrent Special Costi Costs [NPV)
Urclescourned q025 a 11586218 184 i} o 107438 83
Do 55712 a 24,154 3 d a 18525

Economic Internal Rate of Return {EIRR} = 31.7% (No. of solutions = 1)

HDM-4 Version 1.1

Page 1 of 1



HDM-4

Economic Analysis Summary

Sty Mame

Fum Draie

Gishen Junction - Gishen Mariam Cable Car
24-08-2021

Thi= repor? o irdl scoromic
Currency: Birr {rilbions

D rae: 1%

Mty Mode: Arafyses-by- Progect

b weming dhe falfownng:

Alternative: with project ws Alternative: without project

; Savings in MT Savings in . Nt Met
Increase in Road Agency Costs Savings in M T vel NIAT T ravel ::dui?r:t oo Economic
: VOC Time Costs & Operating Benefits Bensfits
Capital Recurrent Special Casts Costs [NPW)
Urnc=coorsiee] "9 a i na7aa 24y a kil W07 LTS
Dimrriesd] 5425 a a 24 372 £ il a 18,851

Economic Internal Rate of Return (EIRR} = 33.1% ([No. of salutions = 1)

HDM-4 Version 1.1

Page 1 of 1




Saurdy Nama Gishen Junction - Gishen Mariam Cable Car
Hin Dl 24-08-2021
C ¥ Birr fmillicns}

H D M -4 Benefit CostRatios

10.23%.
Alternative Increase i Decrease i Met Expgenou Net Prese NFViCos Internal Rial
A gency Cosi User Cost Benefit Valw Ratit of Retun
{c (B [E [NFY=B+ E- [ NPVIC [ IRR
without proyes L] 0800 G004 0501
wndh eyt Lilli i i 13830413 2131 291
Figure m Brackeis = rumber of IRR soiufions i range- 50 o +900

HDM-4 Version 1.1 Pape 1 of 1




Benefit Cost Ratios

Srely Hame

Gishen Junction - Gishen Mariam Cable Car

S2r] tem

i - FonDie.  24.08-2021
Curroncy Birr {millions}
Jrmoun R 10.23%.
Alternative Increase i Decrease i Met Expgenou Met Preseq NP¥ICos Internal Ral
A gency Cosi User Cost Bensfit Valw Ratiz of Retun
(c (B (E [NPV=B+ E-1 [ NPWIC [IRR
WAL propec 0000 00 ilada) Q000 Q000
w1 prcpect SEMEETE 24 TE0EE 18851358 J412 T
Figore: i brackoess i romber of TRR soiudions inrange: - 90 o -+900

HOM-4 Version 1.1

Papge 1 of 1
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B 4 Benefit Cost Ratios

Burly Name Gishen Junction - Gishen Mariam Cable Car
R Dhaiey 24-08-2021

DRNAS BV

Cerreriy Birr {millions}
Descoonard Pl 10.23%.
Alternative Increase i Decrease | Net Exogencu Met Prese NPVICos Internal Rail
Agency Cosi User Cost Benefit Valw Ratit of Retun
(B [E (NPY=B+ E-1 [ NPVIC [IRR
i rnd progect Liks 0.000 Q000 il i 4] Q000 000
widh projact 8.338772 052 752 008 13715841 2185 2T

Figere i bracioets i rernbey of AR soldors inr

HOM-4 Version 1.1

Papge 1 of 1



HID M -4 Benefit CostRatios

— = Surly Harme Gishen Junction - Gishen Mariam Cable Car
R Drarier 24-08-2021
CUTE ). Birr {millions}
Do ey 10.23%E.

Alternative Increase i Decrease Met Exogencu Net Prese NP¥iCos Internal Ral
A gency Cosi User Cost Benefit Valw Ratit of Retun
(C |8 [E [NP¥=B+ E-1 | NFWIC [IRR
Wi proyec] il i 4] (1003 0000 A000 000
il oot 85157 0.0 18,825 478 L¥ET AT
Figero i Eracionts s rormber of IRR sokdons i range -9040 + 900

HDM-4 Version 1.1 —




H D M - 4 Economic Analysis Summary

Study Mame: Gishen Junetion - Gishen Mariam
Fun Date: 24-06-2018

HIGHWAY DEVELOPMENT & MANAGEMENT

[11]
&

;

2

This report shows total economic bensfits using th
Currency: Birr {
Discount rate:

Anshyzsis Mode: Anahysis-by-Project

Alternative: with proiect vs Alternative: with out project

i i i i Het
Increase in Road Agency Costs ) ) Savings in MT | Savings in Reduction Net E .
Sawings in Trawel NMT Trawel in Accident Exogenous conomic
. \ T VIO Time Cods & Operating Benafits Benefits
Capital Recurrent Special Cos Cods NPV}
Unediscounted 0.00 -41.72 0.00 -14.87 0.0 0.00 0.00 0.00 27.05
Discounted 0.0 -17.47 0.00 -13.05 0.0 0.00 0.00 0.00 4.41
Economic Internal Rate of Return {(EIRR} = 17.0% ([No. of solutions = 2}
Page 1 of 1

HOM-4 Version 1.1




H D M - 4 Economic Analysis Summary

Study Mame: Gishen Junction - Gishen Mariam

Fun Datz: 24-06-2018

HIGHWAY DEVELOPMENT & MANAGEMENT

This report shows total economic benefits using the followin

i

Alternative: with project vs Alternative: with out project

- - - - et
Increase in Road Agency Costs Sawings in MT | Savings in Reduction Met )
Sawings in Trawel NNT Trawel in Accident Exogenous Economic
. . NT VOO Time Cods & Opermating Benefits
Capital Recurrent Special Cods Cods Benefits NPV}
0.1 -41.73 0.0 -12.30 -0.01 0.00 0. 06D 0. 06D 25.43
0.0 -17.47 0.0 -10.24 -0.0% 0. xD 000 0.0 6.52

Economic Internal Rate of Return (EIRR} = 23.0% ([Mo. of solutions = 2}

HOM-4 Version 1.1 Page 1 of 1




H D M - 4 Economic Analysis Summary

T LT TR et Study Mame: Gishen Junction - Gishen Mariam
Fun Date: 24-06-2018

This report shows total economic benefits using the Sollowing:

(=]

iscount rat

Anahysis Mode: Anshysis-by-Project

Alternative: with project vs Alternative: with out project

- - - - et
Increase in Road Agency Costs ) ) Savingsin MT | Savings in Reduction Net .
Sawings in Trawel HNNT Trawel in Accident Exogenous Economic
. . MT VOO Time Cods E Opermating Benefits
Capital Recurrent Special Cods Cods Benefits NPV
Unddiscoumnted 0.6 -35.13 0.0 -10.57 -0.01 0.0 0.0 0.0 2518
0.0 -15.54 0.0 872 0.0 0,00 0.0D 0.0 E.B1

Economic Internal Rate of Return {(EIRR} = 24.8% (Meo. of solutions = 2}

HDM-4 Version 1.1 Page 1 of 1




H D M - 4 Economic Analysis Summary

Study Mame: Gishen Junetion - Gishen Mariam
Fun Date: 24-06-2018

HIGHWAY DEVELOPMENT & MANAGEMENT

s report shows total economic benefits using the following:

Anshyziz Mode: Anshysis-by-Project

Alternative: with proiect vs Alternative: with out project

] i i i Net
Increase in Road Agency Costs ) ) Savingsin MT | Savings in Reduction Met .
Savings in Trawel MNT Trawel in Accident Exogenous Economic
. . NIT VOO Time Cods & Operating Benefits
Cod Benefits
Capital Recurrent Special Cods ods PV}
-41.73 0.0 -10.8T -0.0 0.00 00D 0.0 30.76
Discountad -17.4T7 272 0.0 0.0 0.0 T.74

Economic Internal Rate of Return (EIRR} = 29.2% ([No. of solutions = 2}

HDM-4 Version 1.1

Page 1 of 1



H D M - 4 Benefit Cost Ratios

— — - — Study Mame:  Gishen Junction - Gishen Mariam
HGHWAY DEVELOFMENT & MANAGEENT

Fun Date: 24-06-2018

Currency:  Birr (millions)
Dizcount Rate:  10.23%.

Alternative Increase in Decrease in | Net Exogenous Net Present NPWICost Internal
Agency Cogs U=er Cods Benefits Valua Ratio Rate

(e {B1} {HPV=B + E-C} I NPV L of Return

with out project 0.0 0000 0.0
with project -1T.470 -10.350 6.519 23.04(2)

Figure in brackets is number of IRR solutions in range -30 to +50

HDM-4 Version 1.1

Page 1 of 1




H I M - 4 Benefit Cost Ratios

——— - Study Mame:  Gishen Junction - Gishen Mariam
IDGHWAY DEVELOFMENT & MANAGEMENT
24-06-20138
Birr {millions}
10.23%.
Alternative Increase in Decrease in | Net Exogenous MNet Present NPAICost Internal
Agency Cods User Cods Benefits Value Ratic Rate
e [N=2] NPV =8B +E-C} NPT L of Return
with owut project 0,000 i o

WU )

with project

4,412 o.2Ea

Iy
\./'.l

HDM-4 Version 1.1

Page 1 of 1




H I M - 4 Benefit Cost Ratios

Study Mame:  Gishen Junction - Gishen Mariam
Run Date: 24-06-2018
Currencyr  Birr (millions)
Discount Rlate:  10.23%.

HOGHWAY DEVELOPMENT & MAMAGEMEMNT

Alternative Increase in Decrease in | Net Exogenous Net Present NPWICost Internal
Agency Cods User Cods Benefits Value Ratio Rate

[N {BE | [HNP¥=B+E-C} T MPWICT ¥ of Return

vith out project 0.00D 0.000 0.000
-15.538 0.000 0,374 24.8 (2}

Figure in brackets is number of IRR solutions in range -30 to +500

HDM-4 Version 1.1

Page 1 of 1




H D M - 4 Benefit Cost Ratios

Gishen Junction - Gishen Mariam

HGHWAY DEVELOPMENT & MANAGEMENT

24-06-2018
Birr {millions}
10.23%.

Alternative Increase in Decrease in | Net Exogenous Het Present NPV Cost Internal
Agency Cods U=er Cods Benefits Value Ratiz Rate

[ {HPV=B + E-C} T MPWHT Y of Return.

with out project 0.000 0,000 0.000
with project -17.470 -0.443 I

HDM-4 Version 1.1

Page 1 of 1
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