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Introduction and Summary

Khartoumis the political and commercial centreiidan with a rapidly growing urban
population. The city has a population7fo89million and iexpected to reach5 million by
2030.

Public and nomotorised transport (primarily walkingje the most widely used modes of
transport inKhartoum with a share 025% and 8% respectively. Publi@ansport is
predominantly providetdy a large number of smalirivately owned buses. These services
are overcrowdedpperated in congested mixed traffic, and make use ofunictliable and
inefficient vehicles. Many people walk doea lack of service availability, or an inability to
afford alternative means of commuting.

Expanding the transit system is essential to connect people to schools, jobs and their
communities. With this growth, transit and road traffic congestion levels are expected to
worsen and commute times to become longer, which will lead to negative impacts to

Y K I NI étidevisuality of lifeand environment.

This problem is underpinned by three critical issues that impact travellers and impede

regional growth:

1 Issue X Crowding and capacitythe existing transportation network will not be able to
provide reliable, fast, arfdequent mobility that meets future population growth.

1 Issue Z; Coverage and network resiliengéhe existing transportationetwork is based
on aging infrastructure, old and inefficient vehicles and limited enforcement and
management capacityany minor disruption can measignificant delays througho#RT

1 Issue 3 Community growth anttansport scarcity, the existing transportation network
does not provide transtonnections to much of downtowhartoum In many regions
finding public transport is a rarity and becorsearcemwith unplanned expansion
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Image 1- Drone Footage showing queues at Petrol Station amid fuel shortaifbartoum, Sdan



1.0 KhartoumBackground

Khartoum is the Capital of Sudan, situated atctbrevergeof two of the world most longest
andstrongest riversthe White Nile flowing from Lake Victoria in Uganda and the Blue Nile
originating from Lake Tanakithiopia The convergence of the rivers at Khartoum creates a
low lying fertile, flat landsurrounced by the meandering riveragricultureand abundance of
fresh water.

Khartoum hasirbanisedover thecourse of thdast centuryandconsiderablenvestmenthas
been made into the d@t hdrastructureneeds tomeet the needs of the growing population.

Y K I NJi 2opaMatidd growdh can be attributed to movements and migration from rural to
urbanised regiog) with Khartoum becoming the favourite destination for new residents,
business and asylufrom all over the East Horn of Africa

Khartoum

White Nile

Blue Nile

Figure 1- Location of the Blue and White Niles meeting



1.1 Y K| NJi Pamyafich Surge

{dzZRI yQa G20 f L2 LXuzarioimhe Gapitalgurrentpopilationfiigus
7,687,547and has been increasing arousith annuallyvhich isreflected in the number of
schools, hospitals, mulitorey residential buildings and increased number of «gaeds and
vehicle ownership.

Population per
sq. kilometer =
00-02
02-08
L 08-15
L 15-25
: R840 18 States
$0=10 1 Khartoum
B 70-200 2 North Kordofan
B 700-334 3 Northern
I Dzta not avaitable 4 Kassala
5 Blue Nile
6 North Darfur
7 South Darfur
8 South Kordofan
9 Al Jazirah
10 White Nile
11 River Nile
12 RedSea
13 Al Qadarif
14 Sennar
15 West Darfur
16 EastDarfur
17 Central Darfur

18 West Kordofan

Figure2 ¢ Population per krhper state

65 + years

55 - 64 years

4.24%

25 - 54 years

15 - 24 years

0 - 14 years

14,447,165

7,856,885 12,237,827 1,584,591 1,229,467

Figure 3¢ Age range to population percentages




Over thepast 75 year&hartoumhas developed into onef the densist citiesn the world in
whichthe central business district regions around tieer bank havencreased in size and
initiate migration and bridges through the city perimeter. This can be seen in dark red

regionsin Figure 4and Figure 5

Khartoum Land use 1!

&y

Squatter settlements Il
Urban entity [l

2000

Population Density
(Person / km? )

Above 20,000
10,001 - 20,000
5001 - 10,000
1001 - 5000
501 - 1000
201-500

0-200

Figureb5 ¢ Kharbum Population Densit022



1.2 Khartoum Mobility Data
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1.3 Khartoum Mobility Data

There are approximately 4 million passenger trips per day, of which 2,865,080 trips are
required to be covered by public vehicles.

According to studies carried out in 2015, the percentage of passengers using public
transport compared to private transport was 70%.

Table1l¢ KS ydzYoSNJ 2F RIFAf&@ LI aaSyasSNBRQ GNRLA Ay GKS RSaa

Passenger Trips in a Day using pL

Passenger Trips in a Dgy

Transport
2010 3,087,524 2,161,267
2015 4,092,297 2,865,080
2025 5,425,840 3,798,088
2035 9,562,137 6,693,496

Table 2:Public vehicles and numbers of passengers in Khartoum state/day in 2005

passengers/trip

Civil 69 8 50 27 600
buses
Tourist | gq 8 50 35,600
buses
Mini- 7705 8 25 1,541,000
buses
Taxi 96 8 7 5376
Medium 2203 7 7 107,947
Total 171,523




Table 3:Number of passengers Travelling per Day in 2015 to Khartoum, Khartoum Bahri and Omdurman

Centres.

Bus (25

Number of tripg Total Numbe| Number of Passenger

%a:z(f/re]?:;) per Bus per D Travelling per day
Khartoum 3,337 409 38,382 959,550
Bahri 392 67 3,398 84,950
Omdurman 759 92 6,006 201,750
Total 1,246,250

Table 3shows the estimated number of vehicle trips heading towards the main centres of
Khartoum, Khartoum Bahri and Omdurman and the number of passengelisgnibwing an
average day in 2015. It indicates that one and a quarter million (1,246,250) passengers per
day move towards the main urban centers and this number re@nés more than 43% of

the total number of passengers travelling using public vehicles.

10



1.4 Vehicle Data in Khartoum

Passenger numbers set to increase 32%
32% per year 6.69 m passengers
Reaching 6.69 million by 2035 by 2035

Passenger Increase
#i 1
Vehicle Increase
(V4

446,237
cars Iil @ g

I
I
I

2019 2020 2021 2022
511,753 cars 604,825 cars 750,096 cars | 957,059 cars

Jackson Bus Station—Soug Arabi

Figure 7¢ Vehicle projected increase

From the latest Khartoum Transport and Mobility Studys gstimated Khartoum traffic
needin2015k & Y2 NB GKIy n YAffA2y LI aaSyaSNBQ NAX
required to be covered by public veles as provided in Table 1. The percentage of

passengers using public transport compared to private transport was 70%.

In comparison, the number of passengers using public transport and travelling throughout
Greater Khartoum in 2005 was far less than the 2015 figure (42%) as exhibiiailéen3

This is of course obvious because of the rapid population growth.

11



2.0 Transportation Policies building on data

Transport policymaking for thi€hartoumcity region is led by th#inistry of Infrastructure
and Transport, The Ministry of Transport and the Roads and Drakaerity working

across Khartoum, Omdurman and Babhri.

Evolving transport policies need to be fully aligned with the existing and emerging spatial
development strategies. These strategies will guide the implementation of ruged
regeneration projects on inner city brownfield sites and substantial housing and
employment developments in suburban and peripheral locations, both within and outside

the city boundaries.

TheKhartoumcity region will experience substantial growth during the nextl50years

driven by its dynamic economy and central government pressure to meet housing delivery
targets. Thus, urban regeneration and expansion will have a major impact on future
patterns of passenger demand and without an effective rapid transit system it will not be
possible to manage this growth, in a way which will significantly reduce current levels of

congestion and pollution.

12



2.1 Road Side Surveyata

In 2014, a survey was carried out al@®jlocations on the roadside and carried out15»
interviews in six intervals of one hour each and for each running direction. The following

information have been collected:

1 vehicle type and number of passengers for each vehicle, and

1 origin and destination of the journey, purpose and duration

O: outer surveys
@: Inner survey

@: Khartoum centre survey

Figure8 ¢ Survey locations

13




2.2

B Car
B Taxi/amjad
O aitro

5
"
84

Figure9 ¢ Composition of Traffic

038184204

849
2741
58,85

Figure10¢ Journey Purpose (%)

B work

W other

O social

M school

M shopping

O recreational

H Shopping, 1005, B Social, 1119, — ® Other,133,
2% 3% 0%
6,

W Work, 1245
28%
u Schoo,7414‘ ‘
| |

B Home, 22131,
50%

17%

Recreational, 207
0%

Road Side Survey DaMaps

The 84 percentage of the vehicles is represented
by private car. On average, the number of people
recorded per vehicle is:

L]

2,87 people/car

2,52 people/taxi_amjad

Almost 60 percentage of
interviewees declared that the
purpose of their journey is related
to work reasons.

The 27 percentage of the people
declared “other” purposes for their
journey.

More than the 8% of interviewees
declared to move for social

reasons.
Only the 2% of the people stated a
journey purpose related with

education (school).
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Figure 1 ¢ Population Mobility indicators in Khartoum State. Source: MEFIT 2015

Within the context of the Roadside survelgtacollectedin the Mobility Studyalsoshows

information about origin and destination of the trips.

ORIGIN: People distribution by quarters DESTINATION: People distribution by quarters
(focus on quarters recording the maximum (focus on quarters recording the maximum
number olf,preoprle) number of people)

EggEEReiE =y / . ’ = = =AY L

Trips by car

ORIGIN: People distribution by quarters DESTINATION: People distribution by quarters
(focus on quarters recording the maximum (focus on quarters recording the maximum

number of people) number of people)

5 1 == A7/

Trips by taxi - amjad

Figurel2- Origin/Destination distributions

The total number of surveyed trips (Figur®), with private car, outside the origin quarter, is
15,974. The maximum number of trips betwetlie origin and a destination monitored

during the survey is 29D% of the total, corresponding to about 3,500 trips / day).

15
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The following figures show the sum of-board passengers observed on all the transport
public services, which operate on each link. £arle coloured with different colours and

thickness, as shown in the legend, in basis of different number of detectdubard

passengers.

Figurel7 ¢ Sum onboard passengers per link (09:00:00 a.m)
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é 300 @ Shopping
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Figure 1% Purpose of Trip

Walk

Cycle

Bus

Train

Other

Passenger car/van
Driver car/van

00920000

Figure 2( Initial Mode of Transport (%)
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2.3 Household survey overview

The Khartoum State includes seVenalities with an estimated population ofriillion
people. The majority of the population is concentrated in the Capital, Greater Khartoum
with apopulation of 5.8 million of people. Furthermore, Grealkdrartoum includes three
towns, Khartoum city, Omdurman and Bahri. The following figure shioevseven Localities

composing Khartoum State.

Karari

Ombadda

Omdurman »

Figure 21¢ Regionsof Khartoum State

The household survegarried out inall the sevenegionsprovided the following resultsThe
following figure shows the number of interviews carried out in eaa§ion In Figure22, the

percentage of surveyed householders in argionrelative to allRegionss highlighted in

red.

2500

1.36 %

2000

.24%
- — 1.34

1339
0.67% ==
1058

1.03%
-

0.82%
1000 e 0.59 %

705
) l I
0

Bahry Jabel Aw lia Karary Khartoum Ombadda Omdurman Sharg Bnile

No of inteniews

Locality
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Figure 22 The percentage of surveyed householders

Furthermore, Khartoum includes 1.345 quarters, with an average population of around
3.800 people per quarter and an average density of about 83 people per hectare.

The following figure shows the density per quarters.

-

Legend:

Nile

"] Administrative Unit Borders

Quarters classified for population density:
0

1-50

[ 50- 100
101-500
501-1000

I 1000 - 1500

Figure 23 Khartoum population density per square quarters

The priority to invest more in infrastructure comes at a time when many African

governments are highly indebted and face competing calls on their scarce resources.
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Karari ;
7151 % Bahri

0
b Shareg Alnil

76.13 %

Figure 24 Lack of car ownership by Locality

Figure 5 - O/D couples with highest trips number
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2.5% (2.3%) 0.3%
(2.5 )1119 1005 133 (0.3%)

B Home

B Recreational
O school

B work

W other

O shopping

B social

(28%)
12456
(49.8%

22131

7414
207 (16.7%)

(0.5%)
Figure26-W2 dzNJy S& Q& LJdzN1J2 a S
On average a journey requir83 minuteswith significant differences according to the hour
time. As shown in Figui28, longer trips are recorded in early morning (4®00) and at
night (20:00 23:00)

0,12_1,54158 55
285!

M private car

B minibus
st [J amjad ‘
' B small_truck L private car
M raksha B minibus
[0 motorcycle i a""J*’TId "
10,86 B taxi small_trucl
[ large_truck
M large_bus
[ bicycle
22 68 67,48
In terms of number of vehicles (%) In terms of number of passengers (%)

Figure27 - Modal split in traffic counts (%)
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Purpose ‘Home’ Purpose ‘School’ Purpose ‘Work’

% Bus
W car
“ mini bus
& Motor/Bicycle
“ other
“ Raksha
“ School Bus
© Taxi
Truck

* walking

Figure28 - Modal split for trip purpose (%)

As for the number of trips, there is a peak in the morning at 7:00. In the afternoon, there is a

peak equally distributed during 16:€(7:00.

s000 Concentrated morning-peak

- /

More distributed noon-peak

MNo_of_commutes

Figure29 ¢ Number of Trips
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2.5 Destination of population movements

The studies have shown that the primary function of the public transport service lines provide
transport links between homes and the workplace while the other connect the institutions of

learning.
From the questionnaire who were asked about thesstinations:
w 50% said going home,
w 28% were going to work and
w 16.7% were school students heading for schools and universities.

Other trips are for social gathieigs, shopping and recreation.

2.6 Traffic Analysis Zones (TRZ

Traffic Analysis Zones represent homogeneous area and have been defined by the aggregation of
households and buildings.
The basic elements aggregated are the 1.345 quarters of the State of Khartoum, which have been
grouped in 338 TAZ taking into account the following two criteria:
1 the quarters out of the city of Khartoum have been aggregated in huge zones, depending on
the approaches to the city;

9 the inner quarters have been aggregated on the basis of population in smaller zones.

Administrative units

Nile

Figure 3Qg Traffic Analysis Zones TAZ
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2.7 Road network

The first road network included in the model was a 2014 network, consistent with the

household surveys, roadside surveys and special surveys carried out in summer 2014.

CLASSIFICATION
= Majorroads

Secondary roads
——  Localroads

Figure31- Road network 2014 functional classification

At the beginning of January 2011 Halfaya Bridge was opened: this link was not included in
the first road network so it was built another network with this bridge.
Both networks have been classified in 3 functional classes:

1. Major roads 2. Secondary roads 3. Local roads

74 I

L_ NUMBER OF LANES
\‘ P~ —— 1lane

\,ﬁ 1 2lanes

___—| — 3lanes

L 4lanes M
A = T E

Figure 32 Road network010¢ number of lanes 26




There are 1723 km of paved roads and 170 km of unpaved roads.

2.8 Main Routes across City

| T~/ AN

A— N Raitway
Road network
Administrative Units

B TAZ l

B Nile

Vehicles flow:
0-100
100 - 200
200 - 500

. 500 - 1000

NRairway
Minibus network
Administrative Units
- Tz

I Nile

Passenger flow:
1-200

s 200 - 500
. 500 - 1000
. 1000 - 2000
I > 2000
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Figure34 - Minibus network: assignment of morning peak howl® public matrix
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Figure35- Land Use in Each Zone

The expression of utility functiowifor each alternative (destationi) is:

WX 0Ql OFYMESYAE IO MG NNDE | #PQ & Qa Q

RoadusageSeeFigure36 Road networkassignment of morning peak hour private mairix

saturation

From the public assignmenuring the morning peak hour is possible to notice four main
routes approaching to the city, from norest, west, southwest and soutkeast. These are
preferential directions to get to the central part of the city, Omdurman and North

Khartoum.
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2.9 Road Usage

Figure36 - Road network: assignment of morning peak hour private matsaturation

Figure J - Main directions for public transport in the morning peak hour (in termsak per hour)
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3.0 Why Light Raibnd Trams for Khartoum

Largescale switch from car journeys to relieve congestiombuses or trams or both?

The need to drastically reduce the number car journeysdace congestion and along

popular routes and destinations as can be seen from FigurEhi8will add significantly to

the longer standing argument that reducing car journeys is the only realistic way to reduce
traffic congestion, which worsens fuel consumption, increases air pollution, and has serious

negative economic and social impacts.

The interlocking environmental, economic, and social consequences of car dependent

movement in the Khartoum city region are increasingly unsustainable: high levels of fossil

fuel consumption and toxic air pollution, congested roads and long journey times with their
YyS3AFLGAGS AYLI Ola 2y GKS OAGeQa SO2y2yvyeéesx dzy S|

opportunities and low levels of active travel.

This legacy of 20th century daased city development can only be dealt with by making car

travel the least attractive option rather than the first choice for most urban journeys.

»
f 4
. '.I"‘( ' .
L5

/

1tram = 3buses = 177 cars

Figure 3 - Trams use road space more efficiently than buses or cars
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3.1 The rapid transit challenge

The creation of an integrated public transport system is an unavoidable necessity if people
are to be persuaded to leave their cars for most trips. The experience of other cities provides
evidence that a successful public transport network must be framed around a rapid (mass)

transit system which:

w can move large numbers of people on journeys within the city and the wider city region;
w can run separately to other traffic;
w could include several different modes of transpdram, train, and bus; and

w could run both overground and underground.

The key strategic transport policy issue facing Khartoum is the choice of the mix of public
transport modes which will most effectively deal with the following range of contemporary

urban issues.

In global health terms it is now widely understood that an effective response to the climate
emergency requires the elimination of the fossil fuel consumption of the internal combustion
engines used in cars, buses and other vehicles, which threatens the planet by generating tail

pipe carbon dioxide (CO2) emissions.

IV Best case scenario, EU electric cars emit 80% less CO2
than diesel and 81% than petrol

300
) Gasoline
: . ) Diesel

g

g

Life cycle emissions in gCO_/km

Electric

Driving in Sweden (fuel/electricity production and use)
. Car production in the EU
B sattery production in Sweden 32



3.2 Destination and Frequency of Population
Movements

It is estimated Khartoum traffic needin2046&4 Y2 NX GKFyYy n YAt fAz2y LI
day, of which 2,865,080 trips are required to be covered by public vehicles as provided in
Table 1The percentage of passengers using public transport compared to private transport
was 70%.

In comparison, the number of passengers using public transport and travelling throughout
Greater Khartoum in 2005 was far less than the 2015 figure (42%) as exhibited in Table 2.
This is of course obvious because of the rapid population growth.

Table 3hows the estimated number of vehicle trips heading towards the main centres of
Khartoum, Khartoum Bahri and Omdurman and the number of passengers moving during an
average day in 2015. It indicates that one and a quarter million (1,246,250) passengers per
day move towards the main urban centers and this number represents more than 43% of the

total number of passengers travelling using public vehicles.

It is estimated that there ar,306721LJ- a A SYI3SNE LISNJ Rl & Y2@Ay3 G2
capitalin 2022.

3.3 Why Tram Rapid Transit
In social terms there are issues:

w The need for lower income groups, an ageing population, people with disabilities, and
people with babies and young children to have equal access to safe, reliable, and
affordable travel which provides better connectivity to jobs, schools, health and

education facilities and to opportunities for leisure and recreation;

WeKS AYLRNIIFIYOS 2F StAYAYIFIGAY3I WINI @St LR OSH
disproportionate amount of their limited income on congested, long journeys from the

south of the city to poorly paid jobs north of the river.
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Figure 3 - Reduction in traffic accidentsehicle falls into trench

In public health terms there are three key issues:

1. Toxic pollution from tailpipe emissianslOx, CO, PM10 and unburnt fuel;

2. The not yet widely understood, but increasingly urgent, need to reduce damage to public
health by reducing both the toxic air pollution caused by-Eximust Emissions (NEE) from
rubber tyre dust and the volume of mieptastics released from tyre abrasion which enters

surface water and contributes to marine plastic pollution; and

3. The increasingly understood need to improve levels of active tnagéding, cycling, and
scootering.

4. Steel Tram Lines will relieve some of the burdens of the frequently used roads which often
deteriorate from wear and tear including the continuous exposure to ovet W€a€Cand

direct sunlight. The results of the deterioration become worst during rainy period when the

road surface and under course become weared.
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In economic terms there are two key issues:

1. Congestionwhich worsens air pollution, results in unproductive time and exacerbates the
inherent economic inefficiency of only one person per car, compared with some 70
passengers per bus and 2800 in a tram; and

2. Urban investment incentivesovided by the permanence of tram lines and associated
political commitment, which supports regeneration at appropriate locations along their
length within the city, and enables largeale city extensions which are not-car
dependent.

‘ : : g > v
S T s AR5 = -

Figure4l - Tram Line in Addis Ababa, Ethopisupporting economic activity along route

This section now argues that the development of 21st century public transport system,
structured around a tramled rapid transit system, integrated with local rail services and
orbital bus services supported by feeder bus routes, will deliver the most effective response

G2 GKS GNIyaLR2NI OKIffSy3dSa LI2ASR o0& YKINIG2d
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3.4 Tailpipe emissions and climate change

In 2019 an Air Quality Expert Group (AQEG) report to DEFRA-exhamist emissions
radically updated scientific understanding of the toxic NEE air pollution generated by road
transport, and its contribution to ambient particulate matter in the air associated with
human ilthealth and premature mortality.

The report points out that whilst legislation has been effective in driving down emissions of
particles from the exhaust of internal combustion engine vehicles, the NEE proportion of
road traffic emissions has increased.

¢tKS OAGeQa SYSNHAY3I GNXyaLR2NI LRftAOASE aKzdz
AUNBY3IGKSYAYy3a 2F OAGeEeQa FANJ ljdzrfAGe LIREAOASE
Automatic Number Plate Recognition (ANPR) systems.

Figure42 ¢ Elevated Tram track Addis Ababa, Ethopia
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35 Reduce congestion by building more roads?

An enduring counter argument which remains is that the way to deal with congestion is to

build more roads and improve existing roads to increase the capacity of the road network.

This despite the fact that for many years transport analysts have demonstrated that building

more roads increases the number of journeys which eventually leads back to congéstion
O2yaliNHzOGA2Y 2F 5dzolFAQad 2NBAGIE NRIFIR ySig2N]

Best practice in the UK and European countries points to a public transport systen
which combines radial tram routes through the city centre to provide cross city rout
(supported by feeder bus services) and upgraded BRT bus services on orbital rout

The need for such a transformative modal shift from car travel to public transport ir
order to substantially reduce congestion and pollution, points to a mass transit sys
which combines tramlines and local rail services.

Given the §15year timescale for constructing a tram network there is clearly a case for BRT

to be deployed as an interim measure. In this scenario the two BRT routes identified in the

City Centre Framework would be designated as Public Transport Pathways (PTP). They could
dzaS YSUNR o0dzaSa T2NJ 6KSANI RSaraday ftAFS yz2a (2
O2Yy@BSNIUSR G2 GNYY fAySao LG gAftt 0S AYLRZNIIY
these BRT routes, to assess the extent to which they have attracted passengers who have
switched from car use to buses

Figure43 ¢ Construction of rail track
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3.6 The costs and benefits of traried and busled
public transport

Operating costs

The cost of drivers dominates operating costs. One bus driver can serve up to 70 passengers
whereas one tram driver can serve 200 plus. This means substantially lower operating costs

per kilometre for trams compared with buses

Moreover, trams are more energfficient than busesa significant economic advantage.

Like modern battery driven electric buses, they use renewable energy rather than fossil fuels.
But all rail systems have the huge advantage of low energy use because of the very low
rolling resistance of steel wheel on steel rail. This inherent energy efficiency advantage is
enhanced by the fact that trams are the most easily electrifiable and efficient form of
transport, using one electrical conductor on the rail with a simple overhead wire to complete

the circuit, giving very high energy efficiency of around 90%.

A tram needs less power per kilometre than a bus, because it is lighter per axle and does not
carry its own energy supply. Even if the option eboard power is used, the energy

efficiency of low rolling resistance remains in play. This may well be important in heritage
building Conservation Areas where overhead wires may be considered unacceptably

intrusive.

Energy storage 22% ®= Cooling system

¢l [H2?
%Tﬂo Fuelcell

Allows for removal of
overhead power supply
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3.7 Capital costg vehicles and track

But the capital costs of tram infrastructure are clearly much higher than for buses. A tram

vehicle- depending on the choice of technologyosts about 8 times more than a bus.

However, modern highuality buses have an operational life ofIRyears on the front line
0STF2NB o0SAy3a WOFaolFrRSRQ (2 a4SO2yRIFNER dzaSaz a
O2yGNYadz GNIYa fl1ad 20SN) on @& Sifddxanpl§iFfi2 NE 0 S
Europe this process can extend the useful life of trams by a further 30 years (60 years in

total).

= s
Figure45 ¢ Low floor tram going through city
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3.8 Fixed tram infrastructure and urban investment

There is significant and increasing evidence that the costly substantial fixed infrastructure

brings important economic benefits which, to some extent, also offset the costs. This

permanence is important for land use planning and stimulating commercial property

investment along the route. Tram lines give both private and public sector investor

confidence by providing long term certainty of predictable high levels of connectivity. In
AKFNL) O2yGN) aAG> o0dza aSNIBBAOSa Oly 0SS 6AGKRNI ¢

also provides a very visible and positive iconic image for the future of the city.

Figure 4 ¢ Example of track installation process
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Operational in Morroco
Compact Eamplel:
Citadis x02 tram8 x 100 passenger vehicles
2LISNF GSR o0& ghBautshemdisd

control

Manufacturer: Alstom
Based in California, operate internationally

Operational in Lusail

Compact exampl8:

Citadis X05 Vehicles
Low floor vehicles, 32 m length, 209 passengers

Manufacturer: Alstom
Based in France

Compact Eample 2:
Trampower City Class

Capacity : 200

Manufacturer: Trampower Ltd
Based in Liverpool, UK

=
Operational in Blackpool

Compact example 4:

Bombardier Flexity 23 x 100 passenger vehicle:
2LISNI 6SR 08 2YS WRNRO
semiautonomous control
Manufacturer:Bombardier Transportation

Based in Germany, operate internationally
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3.91 Easy installation of track without removal of

utilities
LR55 track installation sequence =
I Pre cast concrete beam | LRSS ‘ I Elastic bonding grout Trampoulzr
“Rail
B SWEPT PATH 3300mm i
2 DKE 2700 mm ="
- Ji Track gauge 1435mm S %

Wearing course

b 00 NN
<R L

-

“\

"rq vi\’s

b ."'-“‘\ @‘ L ¢ W

Figuré ¥ -[ wpp ||t1(-l*§EIH ks by Trampower Ltd

Wholesale road closure is not required and installation can be done outside peak hours.

The conventional wisdom of secegdneration tram technology is that the installation of

track requires the relocation of all utilities (gas and water mains etc.), typically adding at least
25% to the cost of the tramway. The contrast with third generation technology is illustrated
dzaAy3d [-Wwy@ WM OIS (SOKy2ft238d ¢KAa GSOKy2f238
road in which the track is being installed and does not require tlecagion of all utilities. It

can be installed at the rate of 100 m per week, without the need for complete closure of any

roads and by keeping traffic moving by temporary management measures (ke Fig.

above).

Moreover, autonomous guided trams may soon further drastically reduce operating costs.
Already the TiG/m tram is operating a computer linked system in Doha which enables 1 driver

to simultaneously operate three x 100 passenger trams.
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3.92 Providing socially inclusive and active travel

From the point of view of overall tram network design, it is important that the phased
development takes account of the need to serve lower income city neighbourhoods, as well

as enabling long distance commuters to switch from their cars to trams.

3.93 Tram networks serve a diversity of passenger
groups more flexibly than buses.

{AYAE NI &3 (K yAyUAAE FTOYKIENIZYF FK@ENY Sea 2y GKS
corridors should be considered in the calculation of passenger demand. At peak hours, the
priority for shortening commuter journey times will require the operation of limited stop

services. However, outside peak hours, stops could be more frequent.

Trams provide easier, level boarding access for people with disabilities or reduced mobility

and multiple spaces for shopping bags, push chairs, wheelchairs and walking aids. They also
provide spaces for cycles, albeit in limited numbers. For a diverse range of passengers, trams
provide a welcomed smoother ride. All these qualities combine to generate much higher

levels of passenger satisfaction than buses.

These factors are instrumental in persuading a range of both commuters and travellers using

their cars for dayo-day shorter trips to leave their cars at home for many of their journeys.
43



AL AL A
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railways and tramways with no toxic emissions. This issue is not dealt with in the BRT Plan.
3.H Light Rail Transit in SuBaharan Africa

There is a growing body of literature related to the contributions derived from and
the diverse effects of LRT projects in developing cities. Other studies have focused on the
societal and commercial consequences of urban rail and light rail transit (LRT) as their
main subjects of investigation. Even in the face of biting economic hardships, several
developing economies in S@aharan Africa and South Asia have joined the trend and are
earmarking railway infrastructure projects in their strategic development plans for the next
10 to 30 years . Railway infrastructure ventures are a paramount gesture and indicate
2yS 2F YIyQa 3AINBIrGSaid Ayy20FidA2ya G26F NRa (K

Goals.
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4.0 A phased programme of indicative tram routes

The Plan applies the principles of an integrated #iegnstrategy at route level to catalogue a
comprehensive schedule of some 20 potential rapid transit rostese of which have been
briefed in the previous Transportation and Mobility PTre list includes more than a dozen
proposed tram linesmost of themhave been stipulated from studying the spatial flow of
vehicles and trips discussed in the chapters abbve tram routes are connected to

suburban and densely populated urban linasludng some important Tram Train proposals.

Moreover, the emphasis on the crucial importance of selecting the first line that is relatively
straightforward to deliver, with the expectation that a successful first service will generate

strong support for network extensions.

4.1 Rail transport services

Existing rail network cannot be easily used to operate urban transport services, considering
that it is made by a single rail track with a high number of interferences with the road
network and in bad maintenance conditions. Any change to the current rail network in the
urban area may be expensive and would require a lot of time for planning and
implementation. Also other higtapacity rail systems, suchasletro, would require long

time and high cost to be implemented.

However, considering that there are corridors characterized by high level of demand (e.g.
between Omdurman and the City Centre), a high capacity and more reliable system like tram
(partly or totally separated by road traffic) could provide transport services able to reduce
congestion. Even if this transport mode is characterised by lower capacity in comparison with
other rail systems, it has lower construction and operating costs. Furthermore, this system

presents many advantages with respect to bus or-misj such as:

1 high travel speed, short and predictable travel times;
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1 punctuality and reliability;
1 higher safety;

1 Lower environmental impacts.

Thus, based on the above considerations, the more urgent and priority intervention appears
to be the construction of a tram system. In the short term, the construction of a small tram
network may be a realistic and achievable solution. However, this first system can be the
basis for a forthcoming rail bound public transport system. The small network can be
designed considering different hypotheses in terms of number of lines, length of lines, route

layout, number of stops/stations

Rail networks may represent an important resource for the urban transport. The current
operating conditions and extension (i.e. a single rail track along theqwotith axis) of the

rail network in Khartoum do not allow the use of this transport mode for providing urban rail
services in the short term. However, in the medium and long term, improvement of railway
appears strategic for the mobility of Khartoum, and the implementation of the following

actions will be pivotal to provide new rail services:

1 Renewal of the rail network, in order to provide public transport services characterised
by higher capacity and travel speed. The existing rail network will be particularly
important for providing long distance rail services from Khartoum to other Sudanese
cities and vice versa.

1 CGonstruction of new rail tracks on specific traffic corridors, such as a fast rail service
between the City centre and the new Airport of Khartoum (that will be placed about 50
kilometres in the south of Khartoum). This rail line shall have at least one intermediate

stop between the two origin/destination rail stations.
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Table 4¢ Short term- Medium term¢ Long term objectives of Tram / LRT System

Short term (less than 5 years)

Construction of a tram network
with 2 lines: B between
Omdurman and Khartoum
between Bahri and Khartoum

Coordinated bus / mini-bus
services in the exchanges nodes

Exchange nodes

* multimodal nodes in the
central area

* parking interchanges

Coordinated bus / mini-bus
services in the exchanges nodes

Develop a rail ticketing system

Ancillary infrastructures:
* traffic signal priority

* road safety barriers protecting

passengers

Construction of new rail tracks on
specific traffic corridors, such as a
fast rail service between the City
centre and the new Airport of
Khartoum

Exchange nodes

* interline nodes

* multimodal nodes in the
peripheral area

* with other transport nodes
(e.g. the new airport)

Coordinated bus / mini-bus
services in the exchanges nodes

Develop a multimodal ticketing
system

Ancillary infrastructures:
* pedestrian crossing
* level crossing

Medium term (from 5 to 15 years | Long term (from 15 to 25 years)

Converting rail infrastructure from

regional to urban

Exchange nodes (coherently with

the tram/urban rail network

development)

* interline nodes

* multimodal nodes in the
peripheral area

* with other transport nodes
(e.g. the new airport)

Coordinated bus / mini-bus
services in the exchanges nodes

Develop a Multi rail ticketing
system

Ancillary infrastructures
(coherently with the tram/urban
rail network development): B
pedestrian crossing & level
crossing

Figure48 - Better tramway alternative, compared with public transport assignment
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The shoriterm period the interventions to realize should be the construction of both

tramway lines: that one that runs between Omdurman and Khartoum airport (see red line),
passing into the center of Khartoum (crossing White Nile on Ingaz Bridge, without interfering
with the two bridges with highest value of traffic flow) and that one between Bahri and
Khartoum (see green line). This second line cut across the first line creating a point of

interchange for passengers originated from different locations.

4.2 Bridge expansion for Tram Sections
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Fgure 49 ¢ Major Road Network in Khartoum

Figure50 ¢ Khartoum Major road junctions
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