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SUMMARY

The Trans Africa Pipeline (TAP) project involves constructing an 8800km (5500
miles) water pipeline traversing 12 countries in the Sahel region of Africa to provide
water for over 28 million people. This report presents an overview of the status of
our engineering studies to support the case for a viable long-term solution for
providing clean potable water in the Sahel region of Africa. The estimated cost of
the TAP project is $20.1 Billion USD.

Desalination plants, one on each coast, can provide a sustainable source of
sufficient water to be delivered to populations across the Sahel region via a water
pipeline running east and west from both coasts. Estimates of plant size, pumping
capacity and pipeline flow rates are presented with route maps based on
topography and local population requirements. In addition, analyses of crop water
requirements suitable for each region are given. Solar energy is proposed to provide
renewable and sustainable power to drive the desalination plants, pumping
stations and irrigation systems. About half of the available water from the
desalination plants will be used to create local farming oases along the route.
Economic, political, social, environmental and health challenges are also
addressed. This overview contains contents taken from the report “Trans-African
Water Pipeline”, by Dr. M. Templeton, a member of the TAP consortium, and his
research team at Imperial College London. Reference to Appendices in this
summary relate to this extensive engineering report, which is not included in this
report.

INTRODUCTION

Water is the single most important factor that will ensure the survival of millions of
Africans scattered across the many countries adjacent to the encroaching
desertification of Africa. A high-profile report by Conway, (2009) on the long term
effects of climate change in Africa has stated that over the next 100 years, the drier
subtropical regions of Africa will likely become warmer and drier. The continent is
already warming faster than the global average and that people living there can
expect more intense droughts, floods and storm surges. There will be less drinking
water, and diseases such as malaria will spread. The poorest will be hit the hardest
as farmland is rendered infertile in the coming century.

Recent United Nations’ studies also state that over 2 billion people will suffer
severe water shortages by 2050. In the next 10 years, all of the countries predicted
to be “water scarce” are in Africa in the sub-Sahara region known as the Sahel. The
expected doubling of this area’s population in the next 40 years will exacerbate this
problem. Regional conflicts over water supplies are also predicted to increase in
this time frame, particularly in those countries that have access to rivers flowing
across their borders. However, the Sahel region of Africa has no access to
sustainable water supplies. It is well documented that this is the driest region in
Africa, frequently suffering severe drought conditions year after year.

The purpose of this report is to present the case for the technical feasibility of
building a water pipeline across the Sahel region of Africa to begin to alleviate
human dehydration, reduce diseases caused by infected water and poor sanitation,
eliminate agricultural drought, and begin the transformation of this region back to
a self-sustaining existence. A sustainable supply of fresh water is argued to be a
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fundamental building block for these countries since it would alleviate annual
drought, reduce death tolls and provide for the creation of local farm oases. As the
population-wide health improves, and the number of farm oases increases, export
of food products could reduce poverty. It is recognized, however, that financial and
macro economic feasibility studies are also required to ascertain the costs and
benefits involved and the political realities that must be confronted when dealing
with so many countries. It is intended that this report will help define the
possibilities and technical, socio-economic issues that need to be addressed.

1 HUMAN WATER REQUIREMENTS

The basic human survival requirement for drinking water in a hot climate is about
3 to 5 liters/day. Taking into account additional human needs for sanitation,
bathing and cooking, this figure grows to about 30 to 50 liters/person/day (l/p/d).
(Gleick,1996). Applying this criterion for a population of 20M people yields a
minimum required production capacity of 600 million liters/day (600,000 m3 per
day), which is equivalent to about 160 million US gallons/day (1m3 = 260 US gal).
(See Appendix 1, Section 1 for more details on the selection of countries and the
water requirements.)

2 CREATING FARMING OASES BY IRRIGATION

Although there are irrigated regions in many of the sub-Sahara countries, they are
insufficient to counter the massive droughts that plague most of these regions and
devastate their populations. Modern drip irrigation technology can be employed to
ensure efficient use of water. Turning desert areas into arable land is now common.
Irrigated agriculture is usually sustained by tapping into underground reservoirs
and rivers, which is not feasible in these areas. Because of the costs involved, the
use of water from desalination plants must be carefully monitored if this system is
to be viable economically. (See Appendix 2 for details on the different crop water
requirements and the fertilizers needed to convert the desert sand to arable soil.)
Based on the data in Appendix 2, the following chart of water requirements for
different crops and the land needed to grow them is shown below in Fig.1

A plot of the water requirements as a function of the number of hectares that
can be irrigated for different crops is given in Fig.1. This information can then be
employed to determine the total irrigated areas and crop harvests that can be
realized as a function of available water from the desalination plants.

The number of hectares that can be irrigated for different crops and the
estimated harvest in each “crop year” will depend on the cropping patterns and
cropping intensities for the various oases. A field survey will indicate these
parameters. If only one particular crop can be cultivated, Table 1 shows the
number of hectares that could be planted, and the total estimated production for
each crop, assuming 400,000 m3 /day was available.
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Fig. 1 Water requirements as a function of number of irrigated hectares for
different crops

Table 1 Estimated numbers of irrigated hectares and total crop yields+

* CS = crop season ** cotton seed not included + from Simon et al (2010)
Note: 1 hectare = 2.47 acres

3 DESALINATION PROCESS OPTIONS

Desalination is the desired method of providing a continuous supply of sustainable
fresh water for the sub-Sahara countries due to the lack of natural water
resources. The International Desalination Association estimates that there are
approximately 100 countries employing desalination technology, with half of the
fresh water output located in the Middle East and North Africa. Desalination plants
are growing at a rapid pace to meet the demands for clean water throughout the
world, with an estimated 15,000 plants in operation (or under construction) at the
present time.

An excellent overview of the different desalination technologies and comparison
of several existing desalination plants is given in Appendix 1, Section 3, and Table
5. From this information, the largest desalination plant that produces over 800,000
m3 /day is located at Al-Jubail in Saudi Arabia. This plant cost about $3.4 B USD
(which includes supporting infrastructure and its power plant). The following
analysis is based on two desalination plants, one located in Mauritania and one in
Djibouti, each with a production capacity of 800,000 m3 /day (or 208 million US
gallons per day).

The power required for each plant can be calculated by;
P = 9100 Wh/m3

where P = power (watts), h = hour, and m = meter. For a desalination plant with a
production flow rate of 800,000 m3 /day, then each desalination plant requires
about 300 MW. However, it is possible to perform energy recovery techniques that
reduce this value to about 210 MW.

Crop Average Water
m3/day/ha

Number
hectares (103)

Total Yield
kg/CS* (106)

Maize 17 for 5 months 23 98
Cotton 60 for 6 months 6.6 11.9**

Tomatoes 25 for 6 months 15.7 471
Gum Arabic 11 for 12 months 36.5 0.72 ~ 3.65

Sorghum 45 for 4 months 8.7 22
Dates 23 for 12 months 17.5 18 ~ 88
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4 THE PIPELINE

Based on topography analysis and population distributions, various pipeline
networks were developed in Appendix 1. Using this information, a single pipeline
was constructed across the Sahel region that can provide water for over 28 million
people in 12 countries. A schematic of this pipeline is shown in Fig. 2

Fig.2 Schematic of water pipeline across the Sahel region of Africa
(pipeline length is ~8800 km; desalination plants reservoirs)

Using the notation in Appendix 1 (Section H), the above pipeline was divided into
sections which were analysed in terms of terrain requirements for pumping
stations. The pipe sections shown in Figs 3 and 4 define the above pipeline
configuration. Table 2 lists the length of each pipe section, which adds up to a total
pipeline length of 8782 km. Analysis in Appendix 1 concludes that the pipe should
be made of pre-stressed concrete.

The installed cost of a pipeline as detailed in Appendix 1 can be estimated from
the formula,

Cost = L(6000D – 3000)/7.5 + 173L(D+3)2/7.5

where D = pipe diameter in meters and L = pipe length in meters. Thus for
D = 1.4m, the cost estimate for the installed pipeline is ~ $10.24 Billion USD.

Included in Appendix 1 are terrain profiles for the A, B and G sections of the
pipeline. This information was used in Appendix 1 to compile a set of tables
(Section H) listing the number of pumps required to push the water through each
section. Using this data as a reference, similar calculations were made for these
same sections for a 1.4 meter pipe diameter (4.6 ft diameter) with the results
shown in Table 2. The pumps needed at each station are a function of the pipe
diameter squared.



Each pump selected required 5MW of power. The total power for each pumping
station was then calculated based on the number of pumps for each location
shown.

The cost was calculated for each pump station based on assuming $8 million
USD per pump (Appendix 1).

Fig. 3 Pipe sections used to calculate number of pump stations and power
requirements

Fig.4 Pipe section
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5 SOLAR POWER FARMS

Since the Sahel region of Africa lies in a high solar radiation environment, it is
reasonable to believe that sufficient electrical energy may be available using solar
energy. Based on solar map data, we can assume about 2500 - 3000 hours of sun
per year. Appendix 1 addresses the solar power option in great detail and it has
been selected as the best source of sustainable power to run the desalination
plants and the pump stations. Saudi Arabia has recognized the benefits of using
solar energy to power their desalination plants and has begun a major installation
program to replace the existing oil and gas power plants.

Knowing the total power requirements at each pump station, one can calculate
the solar farm size to meet these needs, These values are listed beside each pipe
section in Table 2. The assumed cost of solar power is ~ $5 / W. From Table 2., the
total power required for all of the pump stations is 345 MW, thus yielding a cost of
about $1.73 Billion USD.

Fig.5 Solar power farm

The required land area to house each of the solar farms is also listed in Table 2. Because
most of the pump stations are in remote desert areas, there should be no major issue
with their construction. For the two desalination plants, one can select either wind mill
farms located along the ocean coast, or solar farms if the land and infrastructure is
available.

Fig.6 Al-Jubail
(Saudi Arabia)
desalination
plant concept
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TABLE 2 Summary of the solar power requirements and costs to run the
TAP water pump stations

Pipeline
Sector*

Section
Length

(km)

No. Pump
Units**

Reservoir
Volume
(106 m3)

Pump station
power++
needed
(MW)

Solar Power
Farm

Cost***
(Millions USD)

Solar
Farm
Size+

(acres)
G11 323 1 ----- 5 25 35

G12 727 5 40.2 25 125 175

G13 565 3 11.3 15 75 105

G14 600 3 36.3 15 75 105

G15 600 3 36.0 15 75 105

G16 600 2 35.7 10 50 70

A15 737 3 8.9 15 75 105

A14 600 4 ------ 20 100 140

A13 516 8 6.0 40 200 280

A12 1802 6 ------ 30 150 210

A11 311 8 40.6 40 200 280

B12+A21 957 11 6.1 55 325 385

B11+B31 130 4 ------ 20 100 140

B32 314 8 18.9 40 200 280

TOTAL 8782
km

69 345 MW $1.73 billion
USD

* see maps in Appendix 1, Section 5 ** each unit is 5MW * ** assuming a cost of
$5/W + based on an average of 7 acres per MW ++ solar power farms are proposed
Note: each pump costs ~$8 million USD; thus the total cost for 76 pumps = $608 million
USD

6 WATER STORAGE AND DISTRIBUTION

Based on each desalination plant producing about 800,000 m3 / day, or 208 million US
gallons per day, then making an arbitrary allocation of about one half of the water
for the population to live on and the other half for agriculture to provide food and
employment for the affected people, the following water distributions are proposed
as shown in Table 3. Assuming that 30 liters/day per person are required as an
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acceptable living standard, one can estimate the total population that will be
served by TAP in each country.

TABLE 3 Daily water supply to each country
and the population served

* based on 30 liters of water per person per day

The numbers shown above allocate about 848,000 m3 / day for 28 million people
distributed over 12 countries in the Sahel region.

Large ground- based artificial reservoirs have been designed (Appendix 1, Section 4) to
provide nominally 30 days supply of clean water when the desalination plants are down,
or problems occur along the pipeline route if pumping stations are inoperable for a period
of time. The 10 reservoirs vary in size from 6 to 40 million cubic meters (1.5 to 10.4 billion
US gallons) as shown in Table 2. Their approximate locations along the TAP route are
shown in Fig 2.

Fig. 7 Reservoir design
(Appendix 1)

COUNTRY
DAILY WATER

SUPPLY

m3 / day x 103

POPULATION
SERVED *

(millions)

Mauritania 12 0.4

Senegal 2 0.07

Mali 60 2

Burkina Faso 60 2

Niger 90 3

Nigeria 240 8

Chad 70 2.3

Sudan 130 4.3

Eritrea 12 0.4

Djibouti 2 .07

Ethiopia 70 2.3

Somalia 100 3.3

TOTAL 12 848 x 103 28.14



9

To minimize evaporation and possible contamination of the reservoirs, floating covers
were designed (Appendix 1, Section 4.4) similar to those employed in other locations
(Appendix 1).

7 DESALINATION EFFFLUENT AND SALT PRODUCTION

The concentrated discharge from a desalination plant has historically been
considered the major environmental concern. A desalination plant essentially
separates saline water into two streams: one with a low concentration of dissolved
salts (the fresh water stream) and the other containing the remaining dissolved
salts (the concentrate or brine stream). The issues of sustainable disposal and
potential reuse of the brine effluent need to be addressed to mitigate the impact on
the marine environment. If the brine is recycled into the local water, it then
becomes hyper saline, with heavy salt layers forming near the bottom. They then
mix with the currents, increasing the salinity, which could well affect the fish life
and local fishing industry.

One option is to transport the brine from desalination plants to salt ponds. In
general, the seawater used in the desalination process contains about 3.5% (by
weight) of dissolved minerals, with sodium chloride (NaCl) constituting about 86%
of that amount, or about 3.0% of seawater. As fresh water is extracted from the
seawater, the salt concentration in the effluent is greatly increased, making it
heavier than the original seawater by about 2%.

The sub-Sahara region of Africa is an ideal location for the mass production of
salt from solar energy, combined with the low rainfall, which would enhance the
salt production process by reducing evaporation times. As the brine evaporates due
to sun and wind actions, this increases the concentration of salt. Commercial salt
plants generally extract about 2% of the weight of the effluent brine. Salt crystals
begin to form when the brine concentration reaches about 26% sodium chloride.
Layers of salt then develop at the floor of the pond (about 10~25 cm thick), which
can be harvested by commercial equipment designed for this purpose. Typical
modern salt plants produce salt that is about 99.7% NaCl. The commercial
applications for salt have been estimated to number about 14,000, with solar
generated salt usually commanding a higher price because of the superior quality
of the crystals (www.saltinstitute.org).

Each desalination plant described in this report is designed to produce 800,000
m3/d (208 Mgal/day) of fresh water. For example, assuming an efficiency of 38%,
the amount of seawater processed each day would be about 547 Mgal/day,
resulting in 339 Mgal/day of brine. Over the course of a year, the brine totals
about 124 Bgal (or about 533 million tons, assuming 1 gal salt water weighs about
8.55lbs, with brine about 2% heavier). Assuming a salt extraction rate at 2%, then
one obtains over the course of a year about 10.7 million tons of salt for each
desalination plant. With two plants operating at maximum capacity, this yields
about 21.4 million tons of salt per year. In addition to mitigating the environmental
problems associated with brine, there is in fact a real financial return on the sale of
salt. It is also possible to extract other minerals from the brine, particularly lithium
which is in great demand on the world market. Currently, salt sells for about
$118/ton. Thus the potential income from the salt ponds would be $2.53 billion
USD per year. These funds can offset the annual O&M costs of the desalination
plants, and thus reduce the operating fees charged to the participating countries.
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8 SOCIAL, POLITICAL AND ENVIRONMENTAL ISSUES

Appendix 3 contains much discussion on this range of issues and further repeat
discussion is not needed in this section.

9 COST OF TAP

The estimated cost to construct TAP is summarized in Table 4. Operating and
maintenance costs have not been included, but that data has been analysed in the
original Imperial College Report (2011).

TABLE 4 Estimated total cost of TAP

ITEM DESCRIPTION
COST

Billions USD

Desalination Plants
One on each coast
Pumping capacity
800,000 m3 / day

$4.96

Pipeline
8782 km

1.4 m diameter
trenching & installation included

$10.24

Pumping Stations
69 pumps total

Each 5 MW capacity
Cost = $8 million USD each

$ 0.55

Reservoirs
10 reservoirs with floating covers

See Table 2 for details $0.43

Solar Power Farms
Desalination plants (2)

@ 220 MW each

Pump stations (14)
See Table 2 for details
Estimated cost at $5/W

$2.20

$1.73

TOTAL TAP COST: $ 20.11 billion USD
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