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PART 1 - GENERAL DESCRIPTION
1. Summary
Distributed solar irrigation technology is, from our view, the one that can
transform agriculture for the best. With this technique we can introduce
modern crops in places where until now was unthinkable and that means
increasing the capacity to produce food. Together with my team of
engineers, I've been researching solutions for distributed energy for rural
development since 2.003, and we have made significant progress. In
southwestern Spain we have successfully implemented hundreds of
distributed generation projects without subsidies, many of them unique, and
with a high degree of innovation. The results have been far beyond of what
we could think in terms of reliability and cost, and now they compete
directly with conventional "dirty" technologies in commercial high
production agriculture.
The impact of this technology in Spain is still important, but it can be much
more in a continent like Africa. In this paper we summarize the results of our
research for the application of this technology in Africa, where our goal is to
establish partnerships to transfer know-how needed to implement this
technology for rural development. On this continent solar radiation is very
high, whilst agriculture is very sensitive to seasonal water stress. Both
factors make solar irrigation distributed the most competitive technology to
significantly increase the productivity of African agriculture. We propose the
implementation of pilot demonstration projects that serve to introduce
distributed solar irrigation in different regions of the continent

2. Introduction and Objectives
In Extremadura we have a great experience with photovoltaics, as the
percentage of coverage of electricity demand is 23%, and that does not
happen anywhere else in the world. Photovoltaics has been integrated into
the region in large-scale production, and rural, commercial and residential
applications. That is why it has a large technical capacity to deal with all
types of applications requiring the use of solar energy.
In this paper we describe the profile of the solar irrigation project that we
offer for collaboration between our company, TECNOCE, S.L., distributors of
our products, and customers. We are focusing the description in the
operation of our equipment in countries with tropical climates or desert. The
content of the document will help you to understand in detail how the offgrid system that we offer and the solar irrigation technology works, and also
the way that is more appropriate to commercialize it from our point of view.
It is a technological proposal where we offer our experience in solar
irrigation to implement this technology in countries were solar energy is
abundant. Solar irrigation is a technology that has been developed
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especially in Europe, and is still little present in other continents (beyond the
solar pumping).
Our research carried out in West Africa between 2014 and 2016, studying
agriculture, makes us believe that our solar irrigation technology can be
very interesting to increase agricultural productivity, and to improve the
living conditions of farmers. Commissioning new land solar irrigation
(between 1 and 20 hectares), as we work in Extremadura, can be very
beneficial in many tropical countries where areas appropriate for agriculture
could be used almost anywhere.
Of special interest to our company is implementing projects that can
promote and dignify the farmers’ lifes. Our successful experience with
photovoltaics, working on the reconstruction of Haiti and West Africa,
showed us that after proper training, these advanced technologies can
benefit any community.
Solar irrigation allows to greatly increase agricultural productivity in places
where until now there has never been irrigation and, in my opinion, be a real
revolution for many southern countries. Countries that had no opportunity to
build large infrastructures in irrigation such as the West can now implement
solar irrigation projects simply, quickly and efficiently. Creation schemes
require building irrigation dams, canals, power grids, distribution networks,
etc. It takes years to implement and food demand cannot wait. However,
solar irrigation, no matter how remote the place, can always be built in less
than a month. This creates exceptional conditions for the application of this
technology in many parts of Africa, Latin America and Asia.
The purpose of this document is to explain our solar irrigation project
focusing on countries with tropical and desert climate. The description is
particularly made for the African continent, but is extensible to other regions
of the world with tropical and arid climates.
The know-how accumulated by our company in the last thirty years can be
transmited for the implementation of any solar irrigation project. Moreover,
in the global project of internationalization of Extremadura Avante in the
markets of Asia, Africa and America, we collaborate with different regional
institutions and companies involved in agricultural development. Many
stakeholders in solar irrigation have expressed their need to acquire more
extensive knowledge of farming techniques because farmers who demand
solar irrigation in southern countries have additional needs: farming
techniques, seeds, fertilizers, plants, fighting pests, post-harvest
treatments, etc. Extremadura is one of the European regions with increased
agricultural production and a large food industry, so that knowledge is
available in hundreds of existing companies in the region.
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Ilustración 1. Instalaciones de riego solar en Extremadura

3. Justification
3.1.

The history of our solar irrigation project

In 2003 I had to travel 180 km to water my trees in Valencia de Alcantara
(Cáceres), so one day I asked myself if there would be a way of doing it by
using solar energy. In Extremadura (region of southwestern Spain) any
summer day falls on the earth an immeasurable amount of energy from the
sun which is almost entirely wasted.
First by myself, later with my team of engineers, I investigated and
researched how to achieve and develop a simple solution that would allow
implementing irrigation anywhere without energy, and in a competitive
manner. The idea was to find especially simple and reliable solution, but at
the beginning I did not think we could achieve large production capacity as
we do today. The high temperatures in summer in Extremadura did not easy.
In those years the only experience in the solar irrigation field were about
solar pumps that did not allow any control over the pressures. Solar
irrigation need pumping capacity in order to adapt to the hydraulic system,
pumps need to be manage precisely and also meet the requirements of
plants. Also, if we want to create large solar irrigation networks we need to
be able to control the pressure and flow. The technology had advanced
much, actually, ways of doing it had been available for years, all you had to
do was to relate technology with what is needed in the field to irrigate. What
I wanted to do was to design a system as simple as possible where a single
pump could manage a network of modern drip irrigation using only solar
energy. Pumping installation with tanks are expensive and do not provide
SANTOS LOZANO PALOMEQUE
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the pressure required for drip irrigation. The irrigation network should work
with pressures precisely so that we could also distribute water in different
areas throughout the day. That is, we needed to dose water, and thus we
could produce many plants using fewer water. The system would also serve
to provide fertilizer through the water, and to facilitate the fight against
pests. In Africa and in all tropical countries it is usually watered by flood and
that requires a very large amount of water.
When we started to plan commercial solar irrigation projects, everybody
said that it was impossible, that a cropper could not relay his future to an
irregular power source like the Sun. Nor were conceived systems able to
irrigate hundreds of thousands of plants using exclusively the solar energy.
The opposition to the solar technology was strong, many people were saying
that it could not work, that the system would not have enough strength, that
it would be very expensive, and that would break down very quickly. But
although it took years of development, it worked, the solar irrigation had all
the necessary strength, was cheaper than conventional systems, their
reliability was much greater than the diesel systems, and maintenance was
also much more simple and economical. Repairs of a diesel engine requires
specialized technical staff, while an error in solar Irrigation systems
facilitates all the operating parameters of the pumping, which makes it very
simple to repair. Failures can even be diagnosed from distance. The system
is easier than the diesel engine systems, it does not need fuel and that
makes it more efficient. It is true that it is difficult to design but, once the
kits were developed, this technology deployment is simple.
Almost nobody dared to give steps, it was risky to entrust the way of life to
the sun, but once we put into operation the first pilot experiences, we were
little by little convincing more and more farmers to implement the first
automated solar irrigation systems.
Currently we have installed plenty of facilities for farmers in Extremadura,
and we have reached such a capacity that in a same location two facilities
which together will produce 1.1 million kg of grapes per harvest can be
visited. If we do not build larger facilities is because the pumps drew so
much water than the one available from the wells. Our solar irrigation
systems have been spreading from 2.012 throughout the southwest of the
Iberian Peninsula. The facilities have multiplied in the villages and we have
acquired the necessary expertise to address more types of crops each time.
Now our own customers are the ones who demonstrate the great
effectiveness of the system.
The best cure against the scepticism that still exists toward the solar
irrigation is visiting us in the torrid summer in Extremadura, and view in the
same place 100,000 grapes that each receives exactly 4 litres of water per
day. I think that without subsidiary depots and booster (a much more
expensive technology) this that does not currently exist in any place of the
world. Still less will find so many facilities as in Extremadura that are
financed by the farmers themselves.
SANTOS LOZANO PALOMEQUE
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And for those who still believe that the solar energy is an expensive
technology, in the same visit they can talk with the farmers that, without
any subsidy, have already dropped the diesel generators for being an
expensive, unreliable and obsolete technology. They ended with carrying
fuel, now the irrigation works in the distant mountains, and this can be done
fully automatically. The sun is able to take irrigation where, until now, it was
completely impossible.
The competitiveness that we have achieved is very high, to the point that
the farmers in Extremadura are deploying the technology of solar irrigation
without public aid. This proves that in the tropics, where having energy
tends to be more difficult, the solar irrigation technology will be much more
competitive. In many places in Africa and America, solar energy is much
more abundant tan in Extremadura, and because of that we can extend the
irrigation seasons and work with even greater effectiveness.
The distributed solar irrigation system, which is already fully operational in
Extremadura, can be extremely beneficial to put in irrigation lands in river
basins in Africa, South America and Asia. Water resources are very abundant
in large river basins, such as the Amazon, or the Niger river, where water is
accessible and technology and know-how is necessary to provide modern
irrigation systems to the more remote regions.

3.2.

The need to improve agriculture production in Africa

The African countries are among those with the greatest growth of the
world, with a 5,5 % in 2015 supported by private investment, especially in
the use of natural resources. But these activities, like extractive industries,
spur growth but have little impact on employment and revenue. In addition,
the extractive industries are highly sensitive to fluctuations in prices.
However, agriculture is the main creator of jobs. Africa has enormous
agricultural potential, not only to feed itself and eliminate famine and food
insecurity, but also to be a major player in global food markets. After
recognizing this opportunity, the African Union chose 13 years ago to make
SANTOS LOZANO PALOMEQUE
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agriculture one of the pillars of the New Partnership for African
Development. The growth of the agriculture sector is between two and four
times more effective than the other sectors to increase the incomes of the
poorest. This is something important for 78 % of the poor living in rural
areas in the world and which are primarily dependent on agricultural
production for their livelihoods (The World Bank 2015).
In fact, agricultural production grows strong in Africa (has almost tripled
over the past 30 years), but this has been achieved by increasing the
cultivated land, not by increasing the agricultural productivity (NEPAD
2013). Africa remains a net importer of food, although it has 60% of the
world's arable land uncultivated. It is therefore important to make progress
in technologies that help to achieve the increasing of the agricultural
productivity in Africa, and one of the most important is the use of irrigation
systems. Given that irrigated crop yields are double or more of comparable
rainfed yields on the continent, irrigation development is considered by
many as an important cornerstone for agricultural development in Africa.
Irrigation does not currently play a significant role in African agriculture.
Despite highly variable and—in many cases—insufficient rainfall and a high
incidence of droughts, food production in Africa is almost entirely rainfed.
Irrigated area as a share of total cultivated area is estimated at only 6
percent for Africa (most of which is in five countries: South Africa, Egypt,
Madagascar, Morocco and Sudan), compared with 37 percent for Asia and
14 percent for Latin America (FAOSTAT, 2009).
If the African economy grows at a dizzying pace, the demand for agricultural
products is very high, and since agriculture has so little implementation of
irrigation, it seems quite clear that we have a strong imbalance, and is a
very large potential demand for the construction of irrigation systems in
Africa. In numbers we can indicate that south of the Sahara a 70 % of the
population, 600 million people, do not have access to electricity. And when
the electricity is not available, it is also tricky to achieve liquid fuels, a costly
alternative but viable.
On the other hand, in Africa agriculture is the largest way of live for the
majority of the countries, and it also represents one of the main income
thanks to the export. But the greater part of the territory of the continent
remains uncultivated, and in many places it maintains an ancestral
agriculture technique: slash-and-burn, which is damaging to the
environment and very little productive. Among the causes that prevent the
agricultural development I would like to mention that the absence of
electrical energy in enormous territories completely prevents the
development of a modern agriculture that allow the increase of agricultural
production in the continent.
Apart from the Nile, Niger and Southern Africa basins, only a small amount
of water is used for agriculture. In addition to this, there is considerable
surface irrigation potential at the local level.
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The search for solutions to this problem is pressing to population growth,
since Africans should increase by more than 50 % their agricultural
production in order to be able to continue to feed the population in the
2,050. On the brighter sight, Africa has been experiencing unprecedented
economic growth in recent years. Agriculture plays a vital role in African
economic growth and social improvement. It has the highest percentage of
the working population (about 65%). It contributes about 30 per cent of the
GDP in most countries. It is critical to economic growth, generating incomes,
and creating jobs.
3.2.1. Food prices
It is also important to assess how food prices are influencing in African
agriculture. As we see in the graph below, the food price index does not
cease to grow. This is a major risk for the countries that do not have the
capacity to increase the capacity of food, but they are also an opportunity
for farmers and for the implementation of new agricultural projects.

3.2.2. Climate change
“Climate-smart agriculture,” which aims to enhance productivity, resilience,
and reduce GHG emissions has gained more recognition at the UN Climate
Change Conferences in Cancun 2010, in Durban 2011, and at Rio in 2012. In
addition, recent agricultural reforms, particularly in OECD countries, are
shifting slowly toward “greener” agricultural support, with more positive
environmental externalities and reduced emissions (World Bank Group 20132015).
The importance that currently has the fight against climate change is also
an opportunity for African countries, since there are mechanisms to finance
the improvement of agricultural productivity with sustainable technologies
as the solar irrigation.

3.3.

What is off-grid solar energy?

For several years the photovoltaic technology being developed around the
world is fundamentally connected to power grids. But there is also an offSANTOS LOZANO PALOMEQUE
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grid market that is formed by every installation that is not connected to
networks.
Initially, the off-grid systems were thought for places where there were no
electricity grids, but gradually have achieved practical solutions that will
take a significant portion of all photovoltaic installations.
Since photovoltaic technology developed in the most advanced countries, it
is not surprising that it has been in those countries where off-grid
applications are also more implanted. The ability to generate electricity for
personal use has become an attractive idea that increasingly has more
followers.
In developing countries, and the most extensive, off-grid photovoltaic may
end up being a fabulous business. One of the regions with the greatest
potential for this technology are South Asia and Central Asia. In countries
like Australia or Turkey, off-grid photovoltaic exceeds the grid-tied PV. In
addition to China, other countries with great potential for off-grid
photovoltaics are India, Indonesia and Malaysia.

3.4.

What does distributed solar irrigation means?

The distributed energy is that which is produced in the place of consumption
by the user himself. It is the most effective way of obtaining energy, since it
eliminates the losses associated with the transformation, transmission and
distribution of conventional electrical energy. The benefits are not paid to
distributors, and in almost nowhere in the world there is a tax on this type of
energy. The current technology allows to get energy distributed with high
yields and their competitiveness does not cease to improve compared to
conventional energies.
In solar irrigation we apply the same concept, we create irrigation networks
and incorporate water from different points to the same irrigation network.
SANTOS LOZANO PALOMEQUE
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To do this we use different water collection points where you place
photovoltaic pumping systems which inject the water in the same circuit
working in parallel. As the sun put all the pumps to work at the same time,
the system is perfectly pressurized and can irrigate vast tracts of land. This
way can it is possible to apply the solar irrigation to quite important corps
surfaces.

3.5.

Which irrigation technique do we recommend?

Solar irrigation can be used with any irrigation technique, but the most
effective one is the drip irrigation. The modern technique of solar drip
irrigation developed in Israel in 1959 and from then on became the great
agricultural revolution for arid zones. Its implementation in Africa on a
massive scale could multiply the food production. But for its deployment in
the continent something important was missing: The creation of the
irrigation infrastructures, and that it is difficult to do so in a few years and
requires huge investments. With our solar drip irrigation technology for the
very first time we have a formula which allows to introduce the technology
of drip irrigation in any point of Africa with investments that are much
smaller.
The union of the technique of drip irrigation with the solar irrigation gets
something that is very important for Africa, and is to have the most efficient
irrigation technology that exists today and use it anywhere in the continent.
Thanks to the sun we can achieve this in any point of the continent in a
highly competitive way.

Fig 2. Solar irrigation facilities in Extremadura
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3.6.

Which are the advantages of our technology?

In the drip irrigation the pressure is controlled very well while working with
solar energy, and that is the key to this project. With this technology is very
easy to get to work automatically with the energy of the sun. In this way the
litres that each plant will receive can be dosed very well and we can greatly
increase the number of plants and productivity. Our projects in Extremadura
are progressively complex and ambitious, and with pumps working in
parallel we are creating networks of irrigation. The advantages of using solar
drip irrigation are the following:
1. Increase in the number of plants: With drip irrigation we can
distribute the water very accurately and that means that we will
increase significantly the number of plants to water. The experiences
that we have in Extremadura with solar drip irrigation are very
positive in increasing the number of plants that we can irrigate, since
the available water is distributed steadily along the irrigation network.
2. Possibility of fertilize through the water: Another key benefit
that this system has is that it allows in an easy way to provide the
nutrients that plants need. This significantly increase the production.
3. Weeds control: we also emphasize that the solar drip irrigation
allows controlling weeds, because the water is distributed only to the
plant that we want to irrigate. The rest of the surface remains dry and
therefore the weeds are easier to eradicate.
4. Accurate water dosing: After you install the solar drip irrigation
network, the water that is provided to each soil can be measured
exactly. This allows you to distribute water much better and therefore
increase the size of the farms.
5. Pests prevention: is a much more effective system to prevent pests
since we can combat them through irrigation.
6. Allows agriculture to deploy anywhere in the world: The full
development of our solar irrigation kits in Extremadura has shown
that we can implement commercial productive farms for agriculture
anywhere in the world. No matter the lacks of infrastructure, power
lines or if territories are unstable, or if powers is insufficient. Our solar
irrigation kits can grow 8,000 trees or 40,000 plants with a single
installation. We can also increase production with liquid fertilizer and
pest control through water. We have validated the technology in
Extremadura, the region of Spain with higher temperatures. Here we
have shown that this technology can even be used in greenhouses,
where the temperature is 10 ° C higher than outside.
7. Detailed standardization: After several years of work we have
managed to completely standardize the system of solar irrigation kits,
so that the different power, pressures and flow rates are calculated
and sized, together with every element of the kit. This allows us to
supply all the components necessary to implement a farm irrigation
without worrying about its operability.
8. Installation growth guaranteed: The growth of drip irrigation
facilities is not as simple as putting parallel pumps to work. Our knowSANTOS LOZANO PALOMEQUE
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how allows us to measure installations with pumps in parallel creating
complex circuits if there is enough water availability.
9. Large savings in reforested woodland: reforested woodland in
warm climates suffer substantial losses as a result of the irregular
rainfall. The repopulation, especially in mountainous terrain, is a very
expensive activity and on each floor there is necessary to invest
substantial amounts of money. Until now there has not been an
irrigation system that provide support to the reforested woodland.
10.Fewer parts and cost savings: Traditional techniques of solar
energy for irrigation use a submerged pump, a horizontal pump to
increase the pressure and a tank. So the system can be balanced. But
it is a much more expensive system because we double the pumping
station, and in addition to that you have to build expensive tanks. Our
solar irrigation system is sufficiently managed to work with direct
irrigation, in fact, all our facilities operate perfectly. The savings are
achieved by eliminating storage tanks, which costs can be even
higher that the pumping ones.
11.
Pressure control in the drips: When distributing water to
drip from deposits there are usually problems due to insufficient
pressure. Our system allows to regulate the pressure and therefore
provide the necessary pressure to the droppers.
12.
Reliability: This is a mature technology that has proved to be
highly reliable in Europe. This allows implementation anywhere.
13.Easy installation and maintenance: The mounting system is
simple; no special skills are needed for installation.
14.
Reduced operational costs. Solar irrigation technology is
also characterized by having a low maintenance costs and operation;
and a long operational life.
15.Creation of productive infrastructure for remote regions: the
creation of productive infrastructure is extremely difficult in remote
regions, and this prevents the development of the most remote
villages. In many places the electricity networks are insufficient, and
maintenance of diesel generators penalizes farmers. Solar irrigation
technology is one of the few in the world that allows to operate a
commercial production in any remote location such as mountains or
desert regions.
16.Support irrigation for drought periods: But the drip irrigation
also has very interesting advantages in tropical regions. In most of
the countries of the tropics the crops are rainfeds, they depend on the
seasonal rains. But there are always seasons in which the rains are
scarce, and the productivity of the crops drops dramatically. This we
have analysed it for example in South America, West Africa and
China. The contribution of water in these periods is key to increasing
productivity and prevent crop losses. Many crops in tropical areas can
receive the contribution of water required by drip irrigation solar, for
example, cocoa and coffee. In the driest months, cocoa just need a
quantity of water of 100-120 mm per month. These amounts can be
achieved very easily with our solar drip irrigation systems, even for
plantations of considerable size, since each plant only requires to be
SANTOS LOZANO PALOMEQUE
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irrigated every one or two weeks. In Honduras, for example, they are
already getting productions of 7,700 kg of coffee per hectare using
drip irrigation techniques, which multiplied by 3 the income of
producers (USAID 2013).

3.7.

The importance of water saving

If the distribution of water is done manually, a lot of water will be wasted.
The people in charge of the valves changing valves do not do it accurately
and a lot of water end up being lost. That is why our solar irrigation design
incorporates manifold and solenoid valves that allow you to easily automate
the irrigation. The surface of the land that can be watered with the same
amount of water significantly increases.

3.8.

How do we understand solar irrigation?

By solar irrigation we understand the use of photovoltaic panels to provide
energy directly to centrifugal pumps. The water is distributed to the plants
using an irrigation network that can work by dripping or spraying.
We use variable-frequency drives as the technology capable of transforming
the electrical energy of the photovoltaic panels in the three phase electrical
energy that it is required for the pump, also allowing multiple control
options. The drives are systems that are commonly used in the industry for
the control of engine movement, by varying the frequency of the network
and allow countless possibilities, especially if we integrate PLC functions.
But the drives are complex systems, and in solar irrigation are further
complicated because of the necessity of having to work with a fluctuating
energy as it is the one from the sun.
Centrifugal pumps work in solar irrigation by regulating its operation
depending on the available solar energy, i.e. its speed will be increased
when the sun is shining and decrease when it is cover by clouds. This can be
achieved through a PID (Integral Proportional control derivative) inverter,
depending on an analogue signal that can be the voltage of the panels or
the reading of a solar radiation probe.
According to our experience, what is most interesting is the direct irrigation,
because we achieve a greater pressure and we avoid the construction cost
of elevated tanks.
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3.9.

Characteristics of our technology

Fig 3. Solar irrigation system components

The main characteristics that define our solar irrigation projects are the
following:








Irrigation without auxiliary tank: The main feature of our solar
irrigation technology is working with a single pump without an
auxiliary tank. Most solar irrigation facilities in the world use
aspiration pump, horizontal pump and tank. Our technology achieves
very significant cost savings in larger installations, since the tank
usually takes 50% of the budget of the entire system.
Multiple pumping: We are specialized in systems with several
parallel pumps working simultaneously. This application captures
water from several points at once and is able to increase the flow of
irrigation available.
Modular kits: Our technology is developed in a modular kits shape,
that is, all components are supplied and the system grows evenly
according to the power demand of each place. Thus they suit any
need for irrigation easily. We always work with standard components,
which facilitates spare parts available in any country and also the
work of after-sales support.
Internationalization: Our solar irrigation systems can be deployed
in a commercial drip irrigation installation anywhere in the world
without the need of experience in irrigation systems. The grower
should worry about the plants, and modular kits guarantee a perfect
autonomous operation anywhere. The modular design also facilitates
the internationalization of our product, allowing kits to adapt to new
markets and standardize the whole process of design, assembly,
installation and after sales. We have experience in conducting
SANTOS LOZANO PALOMEQUE
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international photovoltaic systems, both in Latin America and West
Africa.
Reliability: Another essential features of this technology is its high
reliability. Our experience so far is that despite working in extreme
environmental conditions the risk of damage is minimal.
Maintenance costs: We also note that this technology has almost
no maintenance and operational costs and, in case of failure, the
spare parts are not expensive.
Complete autonomy: The kits include all the necessary elements to
implement modern agriculture projects anywhere in the world without
worrying about anything else. That is, we do not need to create other
ancillary infrastructure, which increase the overall project.
Easy installation: The system is so easy to install that can be
deployed anywhere in the world with the help of local technicians. We
just need the assembly drawings, and support for commissioning.
Comparison with conventional technologies: Our solar irrigation
projects is a technology that works with centrifugal pumps, similar to
any other irrigation pump, and does so by eliminating conventional
energy sources. That is, the system is quite similar to conventional
pumping technologies.
Automatic operation: The solar irrigation is also fully automatic so
only with solar energy crops can be implemented without human
intervention. Some of our customers live far away from crops. You can
also control the operation of the irrigation system through internet
and mobile phone. Once the implementation is done the system
automatically starts pumping every morning, and the time or
watering days to distribute to each sector can be programmed.
The capacity of solar irrigation systems: We can work with flow
rates and high pressures, but our experience tells us that to manage
common crops is convenient to initially plan projects that manage up
about 200,000 litres / day per pump. We will typically have limitations
on the amount of water available. With this type of project, we can
irrigate about 8,000 trees that require little water (olives, almonds,
etc.), or up to 40,000 vines. With these flow rates or lower it is well
managed throughout the solar irrigation system.
Pressure control: One of the distinctive elements of our solar
irrigation projects is that we can vary the pressure and flow of the
system, which is necessary to balance a drip irrigation system.
Conventional solar pumps do not allow to regulate flow and pressure.
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3.10.

The components of the solar irrigation project:

The elements that have a solar irrigation project are:

1. Solar Pumping.




Photovoltaic panels.
Control panel.
Centrifugal pump.

2. Collector.





Filtration.
Fertirrigación. Inputs of nutrients and protection against
pests.
Water distribution by sector.
Automatic control and programming.

3. Irrigation network, consisting of pipes and drippers.

3.11.

How to start a project

To size a kit all we need is that the customer or local partner indicate us the
variables of his project. These variables are:
1. Water depth in comparation to the crop.
2. Elevation of the farm from the water intake point to the highest
point.
3. Type of crop.
4. Extension of the cultivable land.
5. Planting mark (space between plants) or densities.
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Fig 4. Solar irrigation facility for fodder plants

PART 2 – SOLAR IRRIGATION, A REVOLUTIONARY
TECHNOLOGY FOR AFRICA
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1. Introduction and objectives
Millions of Africans suffer severe food insecurity, and this is due to the fact
that their crops have a high dependence on the seasonal rains. Global food
security threatened by climate change is one of the most important
challenges in the 21st century, achieving to supply sufficient food for the
increasing population while sustaining the already stressed environment.
Climate change has already caused significant impacts on water resources,
food security, hydropower and human health, especially for African
countries.
The Africa’s climate is unstable and the drought episodes reduce harvests.
Many places such as the countries of the Horn of Africa or the Lake Chad in
central Africa are suffering severe drought. On the other hand,
desertification is also a threat to many regions, especially from the mouth of
the River Senegal to Somalia, and to the strip that covers from Mozambique
to the coastal area of South Africa.
Water availability is the most critical factor for sustaining crop productivity
in rainfed agriculture. Even if a drought-tolerant trait is introduced, water
isn't available to crops when there is no water in the soil. Rainfall variability
from season to season greatly affects soil water availability to crops, and
thus pose crop production at risk (HarvestChoice, 2010).
But the difficulties to produce food in Africa can worsen in the upcoming
years. As we can see in the following figure (The World Resources Institute
Aqueduct Water Risk Atlas) in the next years a great part of the world is
going to be exposed to risks added by the shortage of water. According to
these forecasts Africa experienced strong tensions.
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In this chapter we analyse in detail the potential of our Solar Irrigation
Project in the African continent. Because of the characteristics of the region,
we believe that in Africa the solar irrigation can be a revolutionary
technology that could change the way agriculture is seen in the continent.
This study refers to irrigation as the process by which water is diverted from
a river or pumped from a well and used for the purpose of agricultural
production. Areas under irrigation thus include areas equipped for full and
partial irrigation control, spate irrigation areas, equipped wetland and inland
valley bottoms, irrespective of their size or management type. It does not
consider techniques related to on-farm water conservation like water
harvesting (FAO 1997).

2. Justification
2.1.

The importance of solar irrigation in Africa’s agriculture

Agriculture is essential for sub-Saharan Africa’s. Agriculture employs 65
percent of Africa’s labor force and accounts for 32 percent of gross domestic
product.
In order to be able to feed Africa’s population in 2050 agricultural production
must be increased in the continent in a 50 %. The solution to achieve this
challenge passes through the transformation of rainfed crops on irrigated
land, since it would more than double production. But a lack of irrigation
network that extends across the entire continent, which should also be
supplied by an electric power that is difficult to carry out in every places. In
our view, the new solar irrigation technology could solve this problem and
contribute decisively to the development of Africa.
The solar irrigation can be a revolutionary technology that can lead
productive agriculture to the most isolated places. An investigation carried
out in the University of Stanford points in this direction, since it was found
that Sun-powered pumps installed in remote villages in Benin provide a costeffective way of delivering irrigation water, particularly during the long dry
season.
Solar-powered drip irrigation systems break seasonal rainfall dependence,
which typically limits farmers to a three- to six-month growing season, and
support the production of diversified, high-value crops in rural Africa
(Standford Report 2010).
The solar technology can lead productive agriculture to places unthinkable
today and we also have the additional benefit of high solar radiation existing
in almost the entire continent.

2.2.

Electric energy costs in Africa

In Africa many people live without a direct connection to the electrical
network, and this leads to a dramatic rise in any productive activity that we
want to develop. Africans are therefore in a position of inferiority to compete
with equivalents producers in the more developed countries.
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Kerosene is the fuel of choice for families living off-grid in sub-Saharan Africa
- however it inflicts a heavy toll on people's health and costs up to $8 per
kilowatt-hour (kWh). Compared to the 10 to 15 cents per kWh paid by
residents in the US and UK, it costs 400 times more to charge a mobile
phone in rural Kenya (Brooks R.)
This difference in cost creates the need to promote new solutions to improve
the competitive capacity of African producers.

2.3.

The situation of irrigation in Africa

African countries are some of the least irrigated in the world. Less than 4
percent of the area under agricultural cultivation is irrigated. This is despite
an estimated 39 million hectares being suitable and current groundwater
use accounting for less than 20 percent of the available supply (Bird 2016).
The expansion of irrigated areas has been slow. Over the last 40 years, only
4 million hectares of new irrigated areas have been developed, far and away
the smallest expansion of any region. Over the same period, China added 25
million hectares; India, 32 million (African Development Bank Group).
Interventions aimed at making water more accessible for sustainable
intensification of agriculture already exist, and they could be put into use
immediately. But in order to achieve that, the availability of irrigation
infrastructures, energy and technical training is necessary.
Because of the characteristics of the African continent, having irrigation
infrastructure and energy is difficult in the vast expanses of the territory,
and until now the only existing solution were the diesel generators. This
equipment makes more expensive to obtain water and are exposed to costly
maintenance and are environmentally harmful.
Typically, the diesel generators are used between powers ranging from 15 to
100 kw and get to irrigate ground surfaces ranging from a few to one
hundred or more hectares.
Until now there was no irrigation solution that compete directly with the
diesel generators in their niche of action and therefore to find an effective
alternative is critical to provide irrigation infrastructure to large areas that
have no alternative to the diesel generators.
Despite that irrigation in Africa is still rare, there is an enormous potential
for agricultural development in the continent. The main areas of irrigation is
estimated that can be developed are the following (FAO 1997):





8 major river basins, draining to the sea: Senegal River, Niger River,
Nile, Shebelli-Juba, Congo/Zaire River, Zambezi, Limpopo and Orange;
9 coastal regions grouping several small rivers, draining to the sea:
Mediterranean, North-West, West, West Central, South-West, South
Atlantic, Indian Ocean, East Central and North-East;
5 regions grouping several endorheic drainage basins: Lake Chad, Rift
Valley, Okavango, South Interior and North Interior;
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2 units grouping the islands: one unit is Madagascar and the other
unit groups the islands of Cape Verde, Comoros, Mauritius, Sã0o Tome
and Principe and Seychelles.

In the following figure we can see the main regions of Africa with potential
for irrigation.

It seems clearly foreseeable that since Africa needs to develop irrigation
systems, its implementation shall be carried out in the upcoming years. It is
a matter of survival given the importance that for the entire continent is the
production of food.
Energy is a vital driving force for development. Access to energy can
alleviate poverty, improve living conditions and propel economic
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development. However, taking the fossil fuel route straight towards climate
change will have disastrous effects, especially for developing countries.

2.4.

The potential of solar energy in Africa

Solar photovoltaic (PV) technology is the fastest-growing energy source for
renewable generation, at an annual average rate of 6.8%. However, as we
can see in the following figure, this development has taken place in Europe,
Asia and North America mostly.

However, it is not in precisely those places where until now photovoltaic
energy has been developed the places where their potential is greater. As
we can see in the following figure the regions of the world where until now
has been implanted the photovoltaic energy are precisely the areas where
there is less availability of solar energy. The continent where most sunlight
exists throughout the year and therefore where profitability is greater is the
African continent.
The following figure, published by the Florida Solar Energy Center, shows
the world solar radiation as an annual average, in watts per square meter.
As we can easily perceive, the solar radiation available in Africa is the most
important among all the continents.
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In Africa we have high energy costs, low coverage of electricity networks
and at the same time we have the greatest potential in the world to
monetize the photovoltaic solar energy. It is therefore necessary to unlock
this situation, and when this occurs, without doubt the photovoltaic solar
energy will have a very significant impact on the growth of the African
continent.
It is easy to deduce that, if in Extremadura the solar irrigation is running
without any subsidy, and in Africa energy costs are higher and the
availability of solar energy much greater than in Extremadura, the
introduction of this technology in the continent will have a revolutionary
effect on agricultural development. These are at least the results of our
research and comparisons of the use of photovoltaic technology in different
continents.
In fact, international agencies provide for a significant increase in the use of
photovoltaic energy in Africa in the coming years. Up from just 5% in 2013,
the International Renewable Energy Agency (IRENA) says renewable
energies could meet 22% of Africa’s energy needs by 2030. With favorable
irradiation across the continent, cumulative solar PV capacity has the
potential to reach 55 GW (PV magazine 2015).
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2.5.

Drip irrigation solution for Africa

In 2.004, I started to investigate the potential of solar irrigation in
commercial agriculture, and since then the progress has been very
important. In recent years, with increasingly larger projects, I have realized
of the great importance that in my opinion this technology will have in large
regions of the world that are in full agricultural expansion. The results show
that the solar irrigation is a mature technology, highly reliable, that can be
applied on a large scale. On the other hand, our projects also demonstrate
that it is a competitive technology without any subsidy, and of special
interest to the use of drip irrigation.
Solar-powered water technologies are increasingly in demand in developing
countries, as they can provide a cost-effective solution to increase
agricultural productivity. Therefore, renewable energy options, and in
particular solar power, seem a very promising solution for sustainable
agriculture in regions with high-solar-insulation, given its environmental
advantages, low maintenance and increasingly low investment costs (FAO
2015).
The prices of the renewable energies have fallen dramatically in recent
years and are now a viable option in many countries. This competitive
advantage is much higher in Africa, where energy is expensive and is
difficult to acquire in rural areas. But the solar irrigation technology in Africa
could have some repercussions that go beyond the improvement of
agricultural production or cost savings. Given the difficulties of using
irrigation technologies because of the remoteness of the territories in the
continent, the solar irrigation applied to large scale could have a positive
impact on the problem of migration and even beyond.
But the potential of photovoltaic energy in Africa can be even greater since
the African continent receives far more solar energy than any other region
of the world. When we have worked in Africa we were able to observe that,
even with clouds, the sun reaches the soil with rather more force than in
Europe. The photovoltaic panels produce more energy in Africa than in any
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other place. In the figure above we see the map of world solar radiation, the
reddish the colour, the higher the potential of the photovoltaics. Africa
needs the transfer of technology and know-how that will make it possible to
develop this extraordinary energy potential.
My visits to villages in West Africa in order to analyse the feasibility of
implementing solar irrigation solutions led me to acquire surprising
conclusions. In African communities there are difficulties to generate
productive activities, and the main problem comes from the lack of energy.
Some 60 million Africans could be forced to leave their homes within five
years as their land turns to desert, while two thirds of the continent’s arable
land could be lost by 2025 due to growing desertification, according to the
United Nations.
This could drive young people across Africa into joining militant groups, such
as Boko Haram, or attempting to cross the Mediterranean to seek work in
Europe, said Camila Nordheim-Larsen of the U.N. Convention to Combat
Desertification (UNCCD). In fact, the rise of terrorist group Boko Haram is
linked to the disappearing Lake Chad. Rising water demand from a growing
population, coupled with reduced rainfall, have shrunk it to a tenth of its size
in 50 years. In much of northern Nigeria, Muslim herders are in competition
with Christian farmers for dwindling water supplies.
Emman Shehu, Nigerian journalist and Bring Back Our Girls campaigner,
said: “Lake Chad has been an important means of survival for the people in
that region. “Over the years, for various reasons which we can generalize as
climate change, Lake Chad has shrunk considerably. There is no land to
farm, no fish for the fisherman, no grazing terrain for the herdsmen. Of
course, there is a multiplier effect. “That has created quite a massive pool of
unemployed people, especially the youth, and it has become very easy for
Boko Haram therefore to have a recruitment ground.”
In many rural areas, especially in developing and emerging countries, the
access to the electricity grid is not always guaranteed. In this case, farmers
cannot rely on the traditional irrigation system. Thus, using an independent
and alternative energy system can be a solution for the farmer to secure a
safe power source and for the public grid to avoid saturation.
Diesel pumps are slightly more efficient than AC powered pumps as they
allow greater flexibility. However, one of the main constraints is that this
system relies on the fuel availability, added to a greater impact on the
environment. Diesel-driven pumps are cheaper than solar-powered pumps
but the operating costs are quite high and depend heavily on the diesel
price. In solar-powered systems, it works the other way round, that is,
although this system is relatively expensive, the source of energy is free,
therefore, after the amortization period, there are no longer operating costs
(only the maintenance costs must be considered).
A case study in Zimbabwe demonstrates the transformational impact of
solar irrigation. Oxfam’s Ruti Dam Irrigation Scheme uses solar pumps to
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expand the coverage of the scheme from 40 hectares to 60 hectares. Twothirds of the Ruti scheme is based on gravity-fed irrigation, and additional
solar booster pumps have been deployed to pump water into a storage
reservoir. Nearly 270 smallholder farmers, who were previously growing little
more than subsistence crops of maize, can now feed themselves, earn an
income and also their neighbors can benefit. Farm yields have increased to
an average of 4-5 tons per hectare. Irrigation enables farmers to grow three
crops a year and increase diversity into the rotations to include cash crops,
such as potatoes and sugar beans (IRENA 2016).
Africa is a continent with high solar radiation and with large tracts of land
which remain uncultivated, in this scenario the solar drip irrigation is a high
efficiency system that will make possible to achieve significant increases in
the production of crops.

2.6.
Which places in Africa are auspicious for solar drip
irrigation?
The advantage of solar drip irrigation is that we can deploy crops in almost
any place where there is an appropriate ground. This allows us to work both
in traditional cultivation areas but also in marginal areas, and that allows for
the development of more isolated communities as the mountainous areas or
deserts.
Apart from the availability of arable areas, it is also important that there is
good solar radiation in order to reduce the system cost, and in that sense
we will find places with excellent solar radiation conditions in almost the
whole of Africa.
In the following figure we see a detailed map that outlines the solar
radiation received in the continent. As we see, only some regions of West
Africa (areas of rainforest, represented in green colour) are the ones in
which the potential is less. The only countries in which the solar radiation
should be analysed in detail are:
-

-

In Central Africa, the jungles of the Congo, covering mainly to Gabon
and the Congo; and also some regions of Equatorial Guinea;
Democratic Republic of the Congo; southeast of Cameroon and
southern part of the Central African Republic.
The jungles of southern Nigeria and west of Cameroon.
Guinean Jungle (Southeastern Eastern Ivory Coast and southwest of
Ghana).

In the rest of the continent the solar radiation is very abundant. Regarding
to the places chosen to implement these projects, the most important thing
is that the water wells are accessible, thus reducing the costs of the system
significantly.
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2.7.
Solar Irrigation foreseeable impact on the population of
Africa
Eighty percent of the farmland in sub-Saharan Africa and Asia is managed
by smallholders (working on up to 10 hectares). While 75 percent of the
world’s food is generated from only 12 plants and 5 animal species, making
the global food system highly vulnerable to shocks, biodiversity is key to
smallholder systems who keep many rustic and climate-resilient varieties
and breeds alive (FAO 2012).
This exploitation of the territory makes, according to our experience in
Extremadura, solar drip irrigation a high impact technology for the
agriculture development in high productivity among the small African
producers, and especially in the field of crops of around 20 has.
Solar drip irrigation is the ideal technology to promote productive activities
in communities that cultivate between ten and twenty hectares. This
strategy can have a big impact on the support of the traditional varieties
crops are threatened by the more productive modern commercial
agriculture. If the agricultural varieties of high quality crops find it hard to
compete with the mass-production that come mostly from developed
countries is precisely by the exposure to the drought, lack of irrigation,
fertilizer, and problems with the plagues. All these problems can be fight
with the direct solar irrigation technology that we develop in Extremadura.
That is to say, solar drip irrigation is the solution for traditional agriculture
that allows significant improvements to solve the problems that decrease
the productions or lost harvests.
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No data are available on plans for the deployment of solar irrigation for
Africa, but we anticipate that the impact will be very high as they introduce
policies to support this technology. In other developing countries there are
specific policies and the foreseeable scope is very large. Contributing to
several of the United Nations' Sustainable Development Goals, these
solutions are becoming increasingly widespread, as demonstrated by the
initiatives of a growing number of governments, development agencies and
the private sector. Bangladesh, for instance, have set a target to deploy
50000 solar pumps by 2025; India, 100000 by 2020; and Morocco, 100000
by 2022. The government of Rajasthan has a subsidy solar pumps scheme;
the forecasts were that in 2013-2014 were handed over 10,000 units 1.
A project evaluation by Oxfam shows that household incomes increased by
286% for the very poor, 173% for the poor and 47% for the middle income
groups. Furthermore, employment creation increased as farmers no longer
had to target large-scale farm employment in exchange for food, producing
food and new job opportunities on their own land instead.

2.8.
The solar irrigation as a contention plan for major
disasters
In 2.010 the Earth trembled in Haiti and caused one of the greatest natural
catastrophes that has suffered the humanity. 316000 died, 350000 people
were injured and more than 1.5 million lost their home. I had the opportunity
to work in the reconstruction by installing photovoltaic systems and I
noticed one thing, Haitians had also lost their ways of obtaining food. This
meant that purchase food in Haiti became something impossible for the
greater part of the population, so that there were imported products at
prohibitive prices. But my work in Haiti also taught me that the lack of
energy greatly hindered any activity they would like to perform, because the
use of generators, investors and large quantities of batteries were
necessary.
This type of disaster occurs in many countries, and millions of people who
suffer from armed conflicts are facing the same problem. The Solar Irrigation
is, in my opinion, one of the few ways that allows us to produce food on a
competitive commercial scale very quickly in these scenarios. In a few
weeks, horticultural farms may be installed with solar irrigation, always that
we have water accessible.

2.9.

Solar irrigation as a solution to drought

By 2025, up to 2.4 billion people worldwide will be living in areas subject to
periods of intense water scarcity. In follow-up to the High Level Meeting on
National (UNCCD 2014-2015).
Two-thirds of the African continent is either desert or drylands. This land is
vital for agriculture and food production, however nearly three-fourths of it
is estimated to be degraded to varying degrees. The region is affected by

1 http://www.e-rajasthan.com/rajasthan-government-subsidy-scheme-on-solarirrigation-pumping/
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frequent and severe droughts, which have been particularly severe in recent
years in the Horn of Africa and the Sahel.
According to the U.N. Office for the Coordination of Humanitarian Affairs,
nearly 32 million people across drought-hit southern Africa are food
insecure. Food insecurity and dependence on rain-fed water threatens the
ability for subsistence farming as well as commercial farming in the
marketplace. If an efficient irrigation system is available, these smallholder
farmers can substantially increase their yield and income and improve their
quality of life. Solar-powered irrigation could be a promising solution to this
challenge. These farmers can “increase their yield and income by 45
percent over rain-fed crops (Enson, C. 2016).
It is very important to understand how the drought really affects to plants in
Africa in order to assess the scope that solar drip irritation technology can
have in countries exposed to it. I am detailing what I have been able to
observe in several places in Africa and Central Asia on the traditional crops
that are subject to the effects of drought
In the drought-prone countries, plants resistant to the lack of water tend to
be cultivated, because they depend on the seasonal rains and the risk for
the farmer is large. The lack of water in many occasions tend to be punctual
but very harmful both to the productivity of the crops as to the very survival
of the plants. This means that small contributions of water can achieve
dramatic improvements in food production and to prevent the younger
plants to eventually dry up. That is to say, with moderate inputs of water we
can get some very good results in these crops.
A single solar irrigation installation can be used to protect against drought
many plants or trees if they are irrigated, for example, every fifteen days.
This strategy is very interesting especially in arid and desert regions.
Thanks to this technology we can establish plans of repopulation with trees
in arid zones, since the first five years the losses risk will be very high if
there is not a support to young plants. In addition, since the networks of
leakage can be moved, the system is recyclable, expanding the coverage
area when the trees grow enough to withstand drought. An installation of
solar irrigation can act simultaneously in about 8,000 trees, which can give
us an idea of the scope that may have for the repopulation.

2.10.

Solar irrigation against the migratory crisis in Africa

In the next ten years, fifty million people are estimated to beat risk of
displacement, if land continues to be degraded at current rates. Millions of
people in the south of the Mediterranean are being forced to emigrate to try
to escape from conflict and obtain food. Farmers who lose their crops or
livestock keepers are often left with no other option than to abandon their
fields and animals. Africa’s agriculture-based economy is at the mercy of a
changing climate. The Sahel region is drying out, uprooting livelihoods and
displacing peoples. Agriculture continues to be the backbone of livelihoods
for the majority of people in conflict and post-conflict situations.
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In this context, it is really important to work on providing relief to protect
agriculture-based livelihoods during the conflict while creating the
conditions for rehabilitation and long-term resilience of agriculture as a
crucial strategy for peacebuilding, poverty alleviation and overall
development in countries facing protracted crisis situation.
Regarding this, my experience in Haiti showed me that it was really difficult
to equip the people who are in these situations with infrastructure that
would allow them to develop activities for food production. The photographs
I am showing below I was able to take them in Haiti shortly after the
earthquake of 2010, when I was investigating how the peasant communities
from the inland sold their products. It was precisely doing these photos
when I realized the great importance that would provide renewable energies
systems capable of enhancing the production of food to the people who live
in conditions of extreme shortage.

Our project of distributed irrigation systems is completely autonomous and
it was inspired by visits to communities that remain with severe problems of
lack of energy. With the results that we subsequently obtained in
Extremadura to achieve solar irrigation systems fully autonomous and with
high productions, I realized that the implementation of this type of solutions
may be the key to the settlement of populations that are forced to
undertake risky migratory journeys.
SANTOS LOZANO PALOMEQUE

33 | 69

Rev. 2
2016-1208

People are forced to leave their villages because armed conflicts or
disasters, and this causes difficulties on the food production. I become friend
with many of the earthquake refugees, refugees who had been forced to
local travel, but that were already thinking about a long distance journey.
Some of them kept writing to me and they told me that they had achieved
they objective.
Haiti was one of the places where I tested my idea, to train local staff to
assemble and maintain photovoltaic systems. It was one of the most difficult
places in the world for testing these experiences, but we got it to work in
the refugee camps itself. That is why I believe this strategy may work
anywhere in the world.

Fig 5. The author teaching young Haitian on the field about photovoltaic techniques and
electricity

Fig 6. The author teaching Young men in Equatorial Guinea
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In the field of the migratory crisis, we are interested in testing the creation
of productive infrastructure of solar irrigation with business scope as a
strategy to produce food in places subject to migration crises.

2.11.

Solar irrigation against climate change

Climate change is probably the greater dimension problem that mankind
has faced, and Africa is a continent where its effects will be devastating.
Africa’s agriculture-based economy is at the mercy of a changing climate.
The Sahel region is drying out, uprooting livelihoods and displacing peoples.
Realmente resulta paradójico que sea precisamente África el continente que
más va a sufrir el cambio climático. Pese que la contribución de los africanos
al cambio climático han sido casi nula, será la población de África la que en
mayor magnitud va a sufrir los efectos que el cambio climático está
produciendo.
The economic impacts of climate change will be most keenly felt by
Bangladesh (1st and most at risk), Guinea-Bissau (2nd), Sierra Leone (3rd),
Haiti (4th), South Sudan (5th), Nigeria (6th), DR Congo (7th), Cambodia
(8th), Philippines (9th) and Ethiopia (10th).
En el siguiente mapa mostramos el Maplecroft´s Climate Change
vulnerability 2014, that has been developed to identify climate-related risks
to populations, business and governments. Como podemos ver en el mapa
los efectos del cambio climático van a ser especialmente severos en África
subsahariana, y también en el sur de Asia.

,
Ilustración 7. Maplecroft´s Climate Change vulnerability 2014

Otro example of the importance that supposes to act against climate
change in Africa we show the following map. It represents how the potential
in cereal production is changing in Africa because of the effects of climate
change. As we can see, in a large part of the African continent it can result
in a decreases of up to 50 % in the potential for cereal cultivation. This trend
would be catastrophic in all countries next to the Sahara Desert.
West Africa sees greatest increase in risk

The regions facing the most increased levels of risk are West Africa and the
Sahel. Maplecroft’s Exposure Index incorporates recently released UN IPCC
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climate projections for the period up to 2040, and identifies regions that are
projected to undergo a significant shift in key climate parameters in that
timeframe. Over this period a projected warming of 2 0C will combine with
substantial changes in rainfall and humidity, which will have a significant
impact on communities and businesses located in West Africa and the Sahel.
The economic impacts of climate change will be most keenly felt by
Bangladesh (1st and most at risk), Guinea-Bissau (2nd), Sierra Leone (3rd),
Haiti (4th), South Sudan (5th), Nigeria (6th), DR Congo (7th), Cambodia
(8th), Philippines (9th) and Ethiopia (10th), which make up the 10 most at
risk countries out of the 193 rated by the CCVI. However, other important
growth markets at risk include: India (20th), Pakistan (24th) and Viet Nam
(26th) in the ‘extreme risk’ category, in addition to Indonesia (38th),
Thailand (45th), Kenya (56th) and, most significantly, China (61st), all
classified at ‘high risk.’
En la siguiente tabla vemos el valor del índice de los diez países más
vulnerables de la tierra.

Ilustración 8. Valor del índice en los diez países más vulnerables de la tierra
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Muchos países africanos están expuestos a serios trastornos en su
economía. The most affected countries would be Morocco, Algeria, Libya,
Egypt, Senegal, Mali, Angola, Namibia, South Africa, Mozambique,
Madagascar and Somalia, because they will lose the greater part of its
agricultural potential.

Fig 9. Map prepared for the UN Environment Programme (UNEP) publication The
Environmental Food Crisis - the environment's role in averting future food crises, published in
2009.

These estimates may be fulfilled or not, but induce to raise with urgency
solutions to the effects of climate change in the most affected African
countries.
Humanity produces CO2 and trees neutralize it, so that if we can manage to
produce trees at low cost it will be a major ally in the struggle of climate
change. But in addition, the CO2 balance and costs in the production of
trees are both important at the time to decide which is the most effective
strategy to achieve a balance of neutralization of CO2 that actually
contribute to the fight against climate change. The reforestation directed to
fight against the climate change is being carried out in marginal locations
such as mountainous regions or degraded in arid zones, and in them the
cultivation of trees is complicated by the exposure to the drought.
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Many reforestation projects can be costly or even be a failure by the losses
of plants in times of drought. The species that are normally used in
reforestation tend to be resistant to drought, but only from the age of five
after the plantation. That is why we proposed to analyse the possibilities of
solar drip irrigation to reforest competitively in mountain areas or in desert
regions of Africa.
The University of Seville a few years ago conducted a research aiming to
find out the exact amount of carbon dioxide that each tree absorbs.
According to the investigation directed by Manuel Enrique Figueroa,
professor of Ecology at the University of Seville, between the trees analysed
the carrasco pine could absorb 48.870 kg of CO2 per year. According to the
study, it is estimated that a square kilometre of forest generates thousand
tons of oxygen to the year, that one wooded urban hectare produces the
daily oxygen that six people consume, or that a tree of about 20 years
absorbs annually the CO2 emitted by a vehicle that runs from
10,000 to 20,000 kilometres.
The potential of our solar irrigation project as a strategy to fight against the
climate change has a field of action well defined, the reforestation in semidesert areas.
Our solar drip irrigation project allows you to provide the minimum amount
of water that it is require by the trees to prevent drying out during the
period of drought. In addition, the contribution of water will accelerate
growth.
It is important to indicate that, since the contribution of water is done
following a timetable (for example, every fifteen days), a small installation is
able to save many trees. For example, if the water is accessible, an
installation of solar irrigation of 2 CV can irrigate in a day about 1,000 trees.
This assumes that this installation can serve to provide irrigation of support
to some 15,000 trees.
2.11.1. Crops transfer against climate change
Climate change is causing major disruptions across the Earth surface so that
it will be necessary to develop new alternatives that give us above all,
flexibility. In the future it will be necessary to quickly adapt the crops to the
new climate scenarios. To this end a technology like solar irrigation, that
allows you to cultivate in any site with water quickly, can be the key.
Let us mention, for example, the project CUP (Coffee Under Pressure), which
has analysed in depth how climate change will affect the tropics crops as
the coffee. According to the results, the coffee is subjected to a serious
problem because the change in weather patterns, with rains untimely, is
causing pests and large crop losses.
We want to stress between the findings of this study that the areas suitable
for the cultivation of coffee would migrate upwards in the altitudinal
gradient. However, moving to higher areas gives rise to more problems by
lack of land, and greater dependence on the weather. In mountain regions
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the drip irrigation as support is a technology that could be of great
importance to increase the production of coffee.

PART 3 – SOLAR DRIP IRRIGATION AS AN
ECONOMICAL ACTIVITY WITH THE POTENTIAL TO
IMPROVE THE BIODIVERSITY OF THE TROPICAL
FOREST
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1. Introduction
Distributed generation from renewable sources has grown dramatically over
the last decade, but their implementation has taken place so far in
temperate latitudes (reference). In regions close to the equator, where a
priori their potential is greater, the implementation of these technologies is
still very low. The experience in the tropics from several decades ago is to
use photovoltaic energy for basic allocations of electricity in residential,
teaching or health use on a small scale. These applications are running
where there is no conventional electricity or the existing electric power is
unstable. According to our experience, in many regions there are problems
of power quality (especially low voltages) and this has led to the use of
renewable energies to protect sensitive equipment (for example, laboratory
equipment).
On the other hand, existing studies on the use of photovoltaic energy for
productive activities by the local population in the tropics are still very
scarce. In development cooperation projects this system have been used,
but until now it has not been explored which can be the role of the
distributed photovoltaic energy in populations that live dispersed. There are
also no studies on the relationships between the conservation of biodiversity
in sensitive areas and the use of photovoltaic energy. We know that the
distributed power generation using renewable sources has importance
under a global approach in the reduction of greenhouse gases; but until now
there has not been an analysis of the impact that may have the use of this
type of energy for the direct promotion of the ecosystems biodiversity, and
in particular of the humid forest.
To conduct investigations that may contribute to improve the biodiversity of
the tropical forests are of great importance on a planetary scale. The reason
is that, despite the fact that these forests only occupy a 7 - 10 % of the
territories which emerged from the planet, are the really responsible for
mitigating the global effects of climate change. Yet little is known about how
biodiversity helps mitigate climate change, or whether it is possible to use
this biodiversity sustainably to meet human demand. The European Union
(EU)-funded project ROBIN is working to answer these questions.
Since 2.008, I study photovoltaics applications in the tropics. In the course
of these jobs I have made several field visits to countries with humid forests.
In these visits I have always executed detailed research on the economic
conditions of the rural population, on the way they use the energy and on
how to take advantage or locally produce products that are their way of life.
Since the end of the last decade I have also had the opportunity to analyse
the use of the diesel generators in the tropics in places with problems of
energy availability (Dominican Republic, Equatorial Guinea, Haiti, Bolivia and
Peru). The generators are the only way of obtaining electrical energy and
the increase in the price of energy has had an impact, forcing to even close
productive business (surveys in Dom. 2008).
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Until now no papers have been published that examine how can be
conditional the daily activity patterns of the inhabitants of the tropical
rainforests can be conditional as a result of the energy problems. Nor on
how they can have an impact on the patterns of activity, on changes in the
use of the territory and the conservation of the biodiversity of these
ecosystems. In my field work I have found isolated but relevant data that
could indicate that the increase in the cost of energy generated change
profoundly the way of life of many populations. Yet little is known of this
phenomenon which could affect millions of people worldwide.
In Western countries, most of the people know little about sub-Saharan
Africa. In addition, the few sources of information that we have come from
outside Africa. That is why the information concerning the ways of life of
Africans is very important, taking data directly on the ground. Sub-Saharan
Africa has, on the one hand, an idyllic vision displayed by the cinema, and
another vision also skewed that originates in the information relating to the
major disasters that have suffered in the continent. Wars, major epidemics,
the phenomena of migration and terrorism. Little is spoken of sub-Saharan
Africa in the West if it is not to show bad news.
Africa is much more. My experience in the continent has shown me culture
and unparalleling diversity. Only in linguistic diversity, more than ten
thousand languages coexist in Africa. It is a huge continent, with thirty
million square kilometres, sixty times the surface area of Spain, with
hundreds of different ethnic groups. Really, there is very little factual
information on economic activity in the rural areas of sub-Saharan Africa.
To try to get more information about possible relationships between
distributed generation and biodiversity, in February 2015 I conducted a
systematic sampling in a rain forest of Equatorial Guinea on the different
productive activities conducted by the local population and their use of
energy. After analysing the results, conclusions that may be relevant to
relate the sustainable distributed generation with the conservation of
biodiversity were obtained. These results and their findings are presented in
this work.

2. Methodology
Between 2008 and 2015 seven explorations, technical assistance, design or
installation of distributed generation systems in tropical countries were
made: Dominican Republic (2), Haiti (1), Bolivia (2), Peru (1) and Equatorial
Guinea (1). In all of these, data were collected on the use of distributed
generation systems, especially photovoltaic, in local productive activities.
Two previous investigations carried out in Venezuela (1) and Argentina (1)
on the same ecosystems allowed us to obtain information on the humid
forests and ways of use of territory by its inhabitants. The study area on
which the investigation was carried out general have been the humid forests
of the neo-tropical region and West Africa in the countries shown.
The sampling activities and uses in West Africa was carried out in the
surroundings of the city of Añisok (1º28'60''N and 11º6'0''E) and along the
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route between Bata (1º51'50 N and 9º 45'56 E) and Añisok. In that area are
three of the main biological reserves of Equatorial Guinea: The National Park
of Monte Alen, The Natural Reserve of Monte Temelón and the Natural
Monument of Stone Bere. Equatorial Guinea is one of the countries with the
highest biodiversity in the world, because of their tropical forests, dormant
volcanoes and species that live in them.
The work method was to ask local inhabitants, representatives of public or
private organizations, companies and organizations of native communities
of the Fang ethnic group who work in the area on:
a)
b)
c)
d)

Its methods of use of the territory.
The energy problems existing in the area.
the possible needs of distributed energy.
The type of territory exploitation they perform.

It is important to indicate that in our study we focused on the use of the
territory by the rural society of sub-Saharan Africa, not addressing other
environmental problems arising from the large-scale exploitation of natural
resources of the rainforest by large international companies. The
construction of large infrastructures, the production of palm oil or rubber, as
well as large-scale exploitation of the forest are activities obviously shocking
but this analysis is focused on how to develop productive activities in rural
areas in sub-Saharan Africa.

3. Results
3.1.

Economical activities of the rural sub-Saharan society

Equatorial Guinea is a rich country in wildlife resources. The forest occupies
an extension of 15.982,4 Km², i.e. 58.2 per cent of its total surface area, and
is one of its principal riches. The forestry sector is one of the most important
of the national economy. This importance is due to the fact that two thirds of
the population live in close dependence on the exploitation and utilization of
wildlife resources (FAO 2011).
The rural society of sub-Saharan Africa has as the family basis, which covers
all the descendants of an ancestor. The family can be very large and
become a clan. The alliance of various clans forms a tribe.
This same pattern can be observed in the interior regions of Equatorial
Guinea that I have visited. The village can be formed by one or several
families. The distribution of the houses in the villages is not responding to
any established pattern, but it varies according to the geographical and
climatic circumstances of the environment. In Equatorial Guinea villages are
normally seated next to the rivers.
The population that inhabits the rainforests of Equatorial Guinea belongs to
the Fang ethnicity, one of the most characteristic of the Bantu people
groups that inhabit the region. The typical settlements in the rainforest are
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small groupings of dwellings scattered, the so-called villages. This type of
settlement is characteristic of all the rainforest in West Africa, and similar to
that existing in other rainforests of the planet. The use of the territory which
these populations make and their needs of energy have a great importance
for the conservation of biodiversity in the regions with the greatest natural
wealth of the planet.
The ancestral way of life of these populations has always been the forest,
and currently continues to be. In the rainforest there are no other economic
alternatives, so any negative impact on the biodiversity of forests will be
unavoidable unless the villagers have access to technologies that allow
them to modify their ways of life today.
The first remarkable fact is that these populations lack, apart from
exceptions, public networks of electrical supply, since it is not possible to
create a distribution network in a population so dispersed. This problem,
which could be solved with systems of distributed power generation from
renewable sources, conditions completely the way as local populations get
their daily sustenance.
The main traditional economic activities carried out by the inhabitants of the
towns of the rainforest are the ones shown in the following figure. These
activities also classify in sustainable and non-sustainable. The nonsustainable are those that affect the future of the rainforest and are
therefore detrimental to the conservation of biodiversity.

The most interesting finding in this study is that it could be a direct
relationship between the conservation of the biodiversity of the
rain forests and the availability or not of energy by its traditional
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settlers in order to carry out productive economic activities. We are
referring exclusively to the impact on the biodiversity of these forests of the
people that inhabit them, and we have not assessed elements of relevant
degradation, as are those relating to the utilization of the resources of the
forest on a large scale by logging companies or mining
As we can see in the previous figure, unsustainable activities do not require
a significant energy availability, but that can be done anywhere. However,
the traditional sustainable activities do require energy, and this restriction
affects their development by forcing the forest inhabitants to carry out
activities that are not sustainable.
This could indicate that providing energy to the inhabitants of the rainforest
for the development of productive activities would diminish its impact on the
forest. In the following sections we analyze each one of these activities and
their possible diversity impact.

3.2.

Unsustainable land use

The result obtained when prospecting the economic activities that serve to
sustain the Fang population that dwells in the interior of Equatorial Guinea
jungles is that the unsustainable use of forest occurs in activities that do not
require energy. Very early, men and women were encroaching on the forest
for the daily sustenance and make it on foot, or in small boats. The
inhabitants of the villages require very little or no economic resource to
exploit the forest of unsustainable way, and really do so because they have
no other form of livelihood.
The three main activities that take place in the forest of unsustainable way
are:




slash-and-burn agriculture.
Wood extraction.
bush meat.

SANTOS LOZANO PALOMEQUE

44 | 69

Rev. 2
2016-1208

We analyze the impact of each of them on the basis of the absence of
energy in the places where it is carried out.

Fig 10. Traditional settlement in the Equatorial Guinea rainforest

3.2.1. Slash-and-burn agriculture
Slash-and-burn agriculture, or fire–fallow cultivation, is a farming method
that involves the cutting and burning of plants in a forest or woodland to
create a field called a swidden. (Preparing fields by deforestation is called
assarting.) In subsistence agriculture, slash-and-burn typically uses little
technology. It is often applied in shifting cultivation agriculture (such as in
the Amazon rainforest) and in transhumance livestock herding. Slash-andburn is used by 200–500 million people worldwide (Wikipedia).
The resulting layer of ash provides the newly-cleared land with a nutrientrich layer to help fertilize crops. However, under this method, land is only
fertile for a couple of years before the nutrients are used up. Farmers must
abandon the land, now degraded, and move to a new plot.
Slash-and-burn agriculture has been practiced for centuries in a sustainable
way, because the impacts were minimal, but things changed in recent
decades. The systematic fall in food prices and the increase in the prices of
machinery and agricultural inputs controlled by the North put the rainforest
inhabitants in a limit situation (World Rainforest Movement 2004). In the
southern countries the productivity is very low and to cover their needs it
was necessary to expand the agricultural frontier, with these changes of
tendency things varied and slash-and-burn agriculture became a harmful
activity.
This type of agriculture has very low production costs and requires no
agrochemicals; in the area prospected key crops were banana, yucca,
pineapple, peanut, papaya, sugar cane and other. These crops provide the
population with the main livelihood of the daily diet.
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Forest burning at sunset, a dayly activity in the rainforest

Slash-and-burn agriculture is an activity that is carried out in all villages,
during our work in Equatorial Guinea we could see as sunset the forest
burns everywhere near inhabited areas. Previously, the area intended to be
sowed has been clear with machete, and then it is left to dry for a few days.
Finally, the area is set on fire.
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Papaya, peanut, sugar cane and pineapple are some typical slash-andburn crops

There are many problems that result from this method of growing crops,
including deforestation, a direct consequence of cutting down forests for
crop land; loss of habitat and species; an increase in air pollution and the
release of carbon into the atmosphere—which contributes to global climate
change; and an increase in accidental fires. Slash and burn agriculture also
results in significant soil erosion and accompanying landslides, water
contamination, and/or dust clouds, as without trees and vegetation and their
root systems, soil washes away during heavy rains and blows away during
droughts (Ecologic development Fund 2016).
The Fang are entered in the forest to work their small cultivation areas; it is
an environmental harmful activity, a resources waste that also has an
impact on climate change. As we are seeing, this is another traditional
activity that can be carried out on anywhere. It is conducive to places like
the villages Fang, where there is no power available to develop other
productive activities.
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Guinean farmer collects cassava, the fourth more frequent cultivation in
developing countries.

Manual process for preparing the cassava in the villages

3.2.2. Uncontrolled wood logging
Deforestation is the permanent destruction of forests and woodlands. While
the phenomenon is not new, the current scale and pace of destruction is
alarming. Tropical forests are disappearing at a rate of about 13 million
hectares per year (approximately the size of Greece). This magnitude of
destruction has an impact not only at a local level, but also globally. Tropical
forests are home to much of the planet's biodiversity, hosting about half of
all known species.
In this chapter we talk about wood extraction by the inhabitants of the
forests in Africa. This is only a part of the problem, since deforestation by
logging companies is also very common. However, in this project we are
only dealing with the activities carried out by the inhabitants themselves in
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the forest with the aim of proposing productive alternatives to their ways of
live.
Illegal loggers can be working for or selling to local businesses or
international companies, or can be poor, local labourers looking for an extra
income or wood to burn for fuel—or they can be both. Illegal logging also
takes a toll on the local economy. Illegally harvested wood at market is often
“cheaper” for buyers and thus makes it harder for sustainably harvested
wood to sell at a reasonable price. As one example, studies have shown that
up to 85 percent of all hardwood logging in Honduras was done illegally. This
can create a vicious harm cycle, where more and more wood is taken from
the forest, and the price creates little incentive for purchasers to reduce
their reliance on it (EcoLogic Development Fund 2016).
Illegal wood extraction in Africa is a major problem, since the wood can be
removed without any control, damaging the rainforests. Illegal logging
destroys the same forests that nearly 80 percent of the world’s known
terrestrial plant and animal species rely on to survive. And the same forests
that absorb carbon, one of the best ways to address global climate change.
In economic terms illegal logging results in lost revenues and other foregone
benefits. In environmental terms illegal logging is associated with
deforestation, climate change and a loss of biodiversity. In social terms
illegal logging can be linked to conflicts over land and resources, the
disempowerment of local and indigenous communities, corruption and
armed conflicts.
There are several African Governments that are trying to tackle this
business, that escapes the controlled commercial activities. But it is very
difficult to confront the uncontrolled logging by residents that live scattered
in the jungle, who gradually cut down the more valuable trees. That harmful
activity can only be combated by providing alternative ways of live to the
people. The deforestation of rain forests is an ancestral activity that is done
with relative ease, because you only need the chainsaw as a tool. Even the
preparation of the panels is processed with a chainsaw which, as is evident
is a great waste of wood.
This is an activity that is also easy to carried out in the absence of
conventional energy, so that the uncontrolled logging is, in the absence of
other alternatives, an extended activity. In fact, pressure for obtaining a few
species of selective wood for commercial value causes an enormous impact
on the jungle.
Western countries, and in particular the European Union, are committed to
combating illegal logging of primary forests and for that new control policies
are being implemented in addition to collaboration with producer countries.
In particular, we mention the VPA.
A Voluntary Partnership Agreement (VPA) is a legally binding trade
agreement between the European Union and a timber-producing country
outside the EU. The purpose of a VPA is to ensure that timber and timber
SANTOS LOZANO PALOMEQUE

49 | 69

Rev. 2
2016-1208

products exported to the EU come from legal sources. The agreements also
help timber-exporting countries stop illegal logging by improving regulation
and governance of the forest sector. En el siguiente mapa se muestran los
países que actualmente cooperan con la Unión Europea en los acuerdos
VPA.

According to our experience in the tropics, the traditional horticulture is a
good alternative for people who do illegal logging, so that the demonstration
projects in this discipline can be interesting. We have analysed ways of life
and in the tropical forest the water is very accessible, but pump it and
provide fertilizers to the cultivated plants is necessary.
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Wood extraction

3.2.3. Bushmeat
Almost always we speak about the illegal trafficking of species as one of the
main problems for the massive loss of species, but is due to the fact that
many animals are detected in the more advanced countries. But if we are
immersed in the jungle we will realize that the problem is more in the source
that in the own traffic.
In the most remote places of the jungle many people penetrate into the
forest to review their ties and remove monkeys, snakes, turtles or pangolins.
The consumption of bushmeat is a terrible problem that is emptying the
rainforests in the entire world.
In the tropical rainforest, a main economic activity is the jungle hunting,
which affects many animals. The exploitation of jungle meat is a global
problem that affects all wild species, including the most threatened, and
reaching out to elephants, gorillas, chimpanzees and other primates.
Although the loss of habitat is cited as the main threat to wild species, the
commercial hunting of wild animal meat is considered as the most
immediate threat to the future of the wild species from Africa and the rest of
the jungle areas in the world (see www.bushmeat.org). The bush meat is
removed using especially cable traps that inundate the forest. In a study
carried out in Equatorial Guinea (Fa, J.A. & Garcia Yuste, J.E. 2001) about the
impact of this type of hunting is found in West Africa densities ranging from
4.2 to 56 traps per km2. In the same study were recorded 3,053 animals
among which are hunted 43 species of mammals, 8 birds, 6 reptiles and a
snail.
The non-selective hunting method makes that millions of leghold traps
exposed to death many species of tropical forests: we can mention the
African python (Python sebae), the viper of Gabon (Bitis gabonica), the
crested chameleon (Chamaleo cristatus), varano of the Nile (Varanus
niloticus), the otter (Lutra maculicolis spotted hair), the leopard (Panthera
pardus), the genet tigrina (Geneta tigrina/servalina) and many more.
In the eyes of foreigners may seem shocking that so many Africans are fed
bush meat, which in addition to the implications for biodiversity has no type
of sanitary control; but what is certain is that the inhabitants of the
rainforest have few ways of generating productive activities beyond the
ones we are discussing here.
But in addition to the biodiversity impact that this type of not selective
hunting has, the health component is also very important because these
animals are diseases transmitters. The best known example is that there
seems to be a relationship between the consumption of bush meat and
outbreaks of Ebola. In 1994, approximately 30 % of the chimpanzees of the
Tai National Park in Ivory Coast were killed by an epidemic of Ebola. This was
the first documented case of Ebola virus in a population (Le Guenno et al.
1995).
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The impact of the consumption of jungle meat was considered as the
greatest threat unique to the wildlife in Africa, by the quantities that are
shuffled. The problem also exists in Asia and Latin America
The non-selective hunting of bush meat is one of the main activities that
take place in the villages scattered through the rainforest. To tackle it very
little equipment is required and a total absence of energy, so it would be
interesting to explore alternative ways of productive activities on the basis
of renewable distributed energy that could mitigate the impact of this
harmful activity. We find in this problem that the lack of energy in the
populations that live dispersed in the rainforest leads to activities that are
having a great impact at the global level.

3.3.

Sustainable land use

Under the western vision, may seem horrible that the inhabitants of the
places with the highest biodiversity in the planet contribute in a highly
significant way to the rapid deterioration of their ancestral territories, but if
we speak with them we will find the answer. These people do not
understand global conservation, or climate change. They just live there, and
if they hunt monkeys or burn the jungle is because they have no other way
to eat. There are no other alternative livelihoods that can absorb the
pressure of population on the areas of greatest biodiversity of the earth.
There is where I think that the main problem is, if the inhabitants of these
territories had other ways, they would not have to make unsustainable
activities, which by the way are much more difficult to carry out.

Fig 11. The demographic pressure affects the primary forest

SANTOS LOZANO PALOMEQUE

52 | 69

Rev. 2
2016-1208

Fig 12. Settles near to the primary forest in Equatorial Guinea. In the foreground, a bar
without electricity

In the Fang villages it would not make sense to burn the jungle, clean it and
then cultivate if more stable horticultural solutions were introduced next to
the villages.
But it is not possible to do so since, first, they have no way of paying the
land and water. We should also consider that, to a large extent, these
impacts are due to exogenous causes, since the population pressure on the
territory, deforestation, desertification, climate change and armed conflicts
are limiting the livelihoods of millions of people throughout the world.
The native communities that live scattered across thousands of villages in
Africa are normal people who try to prosper, but their options are very
meagre. In the villages there are all kinds of activities, including bars in
which there is no power or fresh drinks. According to our analysis, the main
constraint to the productive development of these communities could be the
difficulties to have a reliable source of electricity. Many productive initiatives
can be tried, but all collide with the same problem, the conventional
electricity is not available. These results led us to analyse in more detail
what are the sustainable productive activities that could be developed to a
certain scale and what are the difficulties for its implementation
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Fig 13. A modest bar without refrigerator in a Fang village in the middle of the rainforest

In the following sections we analyse several productive activities that take
place in rural areas of Africa and assessed the impact of the lack of power to
be able to carry them out. In all these activities we have investigated
solutions with renewable energies and there are competitive alternatives
that will be important for the revival of this type of business in the future.
We also describe some of the technologies for rural development with
renewable energies that we have developed in Extremadura and which are
complementary to the solar irrigation system.
3.3.1. Irrigated agriculture.
As we have explained in previews sections of this study, the African
agriculture is very vulnerable to the weather and this has an impact on the
crops productivity. Irrigation networks are very rare and because of the
absence of energy the support for irrigating crops is currently very difficult.
The management model of sustainable agriculture through renewable
energies that we have developed in Extremadura is applicable throughout
the African continent. In the light of our experiences there is the possibility
of creating the following irrigation infrastructure


Conventional horticulture. In the field of family or community
horticulture, solar drip irrigation is of special importance. With
relatively small systems we can start production initiatives in almost
anywhere in the continent. The use of marginal lands and the
production of food in remote locations can multiply using this
technology.



Commercial drip Irrigation: The kits for commercial agriculture
with which we work in Extremadura are designed for a 20 hectares’
average surfaces. That can be created from groundwater or surface
water.



Protection of threatened traditional crops: Many crops with
endemic plants are threatened by competition from large-scale
agriculture. The problem is the low profitability and that it typically
occurs in marginal locations away from the electricity networks.
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These crops are crucial to ensure global food security and at the same
time combating poverty and are being promoted through the
International Treaty on Plant Genetic Resources for Food and
Agriculture (ITPGRFA)


Agroforestry. Agroforestry is an agricultural technique that
combines trees with crops (or livestock) to create environmental,
economic, and social benefits.

3.3.2. Artisanal furniture manufacture.
The furniture craft manufacture and other decoration objects is a
sustainable activity with greater value added than the not sustainable that
we have described above. The main shortcomings of energy of the
handmade furniture is the difficulty to have small machines mechanization
of the wood: lathes, milling machines, etc.
3.3.3. Cattle raising.
The traditional livestock is another sustainable activity that is very limited in
the absence of energy. If there is no availability of energy there are
difficulties for pumping water, to produce fodder plants and for the obtaining
of processed products such as meat or cheese.
Another limitation is the difficulty of incorporating automatic feed systems
of animals, which allow you to increase enormously the density. On these
requirements we have developed in Extremadura, a technology that allows
you to feed automatically several hundred or a thousand animals.
3.3.4. Poultry farming.
Poultry is an important activity in Africa, but its implementation has
limitations in places with energy problems. The difficulties in these places
are:
• incubators are not available.
• There is no forced ventilation, which is fundamental in places with high
temperatures.
Both can be easily solved with photovoltaic energy systems, in particular the
ventilation due to the availability of high power and competitiveness solar
fans.
3.3.5. Aquaculture.
The interior basins in Africa extend over a 1.075.000 km2 surface. The most
important are those of the Lake Chad, Congo and the Nile, which are among
the most important in the world. Aquaculture in Africa is a common practice
with great opportunities for development. The lack of energy is a
prerequisite for the use of small dams along rivers because it is not possible
to pump water and increase the diseases because of the loss of quality of
the waters. Renewable energies can be used to meet the needs of water by
evaporation and to provide additional air to increase the densities.
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Fig 14. Prototypical solar irrigation facilities in Extremadura

PART 4 – COOPERATION TO OBTAINED FINANCING FOR
THE SUSTAINABLE RURAL DEVELOPMENT PROJECT
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1. Introduction
Our collaboration proposal for Governments, organizations and African
companies is based on transferring the know-how necessary to contribute to
the agricultural development of people. In addition, solar irrigation
technology is sustainable and contributes to the fight against climate
change, the biggest problem that faces humanity. The magnitude of this is
such that for the first time in history, in December 2015, nearly two hundred
nations of the world have reached a consensus against Global Climate
Change. Recently, both China and the United States have also acceded the
Agreement. All signatory countries should limit their emissions and the
developed countries should mobilize annually 100,000 million dollars to
mitigate climate change and to assist the adaptation of developing
countries. Because of the problems of climate change, the majority of the
international aid funds are being channelled through this track, so it is
important to master the mechanisms that allow the execution of projects
that enjoy external financing through international agencies. Africa has the
opportunity to receive a significant funding through the presentation of
projects that contribute to the reduction of CO2. Extremadura is an
agricultural region of Spain with great experience in the management of
European funds. Our region received between 2000 and 2013 the amount of
5,760 million euros (Ramajo et al. 2014). That is why the management
capacity of this type of funding is very relevant in Extremadura. It is also a
region eminently agricultural, with advanced technological capabilities that
we believe are important for the agricultural development of any region of
the world. That is why there is an important potential for organizing joint
projects between entities and companies and Africa. The preparation of dual
projects for the obtaining of European funds we believe is a viable
alternative and interesting.

2. Major multilateral funding channels for Africa
Our collaboration proposal includes assistance for the presentation of
projects for the organizations that fund projects for Africa. In this chapter we
expose some of the existing mechanisms on the basis of which it can arise
projects to multilateral agencies.






African Development Fund (AfDF). The ADF contributes to the
promotion of economic and social development in 40 least developed
African countries by providing concessional funding for projects and
programs, as well as technical assistance for studies and capacitybuilding activities.
African women´s Development Fund.
AWDF’s grantmaking
ensures resources reach the hundreds of African women’s
organisations that are working in diverse ways to improve the lives of
women and African society at large.
Climate Investment Funds (CIFs). These include four key
programs that help 72 developing countries pilot low-emissions and
climate resilient development. Clean Technology Fund (CTF), Forest
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Invest Program (FIP), Pilot Program Climate Resilience (PPCR) and
Scaling Up Renewable Energy Program (SREP).
EU-Africa Infrastructure Trust Fund. Created in 2007, the main
objective of the EU-Africa Infrastructure Trust Fund's (EU-AITF) is to
promote investment in infrastructure in Sub-Saharan Africa through
various forms of grants blended with long-term financing from
development finance institutions. In this way, the EU-AITF helps to
mobilize additional finance for projects in the energy, transport, water
and sanitation sectors, as well as ICT (information and communication
technology). Ultimately, such projects contribute to poverty reduction
and help foster sustainable economic growth.
Horizon 2020.
Horizon 2020 is the biggest EU Research and
Innovation programme ever with nearly €80 billion of funding
available over 7 years (2014 to 2020) – in addition to the private
investment that this money will attract. It promises more
breakthroughs, discoveries and world-firsts by taking great ideas from
the lab to the market.
Power Africa. Power Africa is a broad U.S. Government initiative to
drive growth by increasing access to reliable, affordable, and
sustainable power and helping to ensure responsible, transparent and
effective management of energy resources.
Renewable Energy Fund (GEEREF). GEEREF invests public and
private sector risk capital in specialist renewable energy and energy
efficiency private equity funds developing small and medium-sized
projects in emerging markets. GEEREF is structured as fund of funds
which means that only invest in private equity funds
United Nations Convention to Combat desertification.
Desertification in Africa has been a major concern of the European
Community since the great Sahel drought of the early 1970s. Indeed,
the Community became so concerned during the mid-1980s when a
series of extreme droughts resulted in serious crop failures and heavy
losses in livestock, that it launched, by Council Resolution of 17 April
1986, a special “Action Plan for the Protection of Natural Resources
and Combating Desertification in Africa.”
U.S. African Development Foundation (USADF): USADF awards
small grants (up to $250,000) for technical assistance and capacity
building to grassroots organizations, cooperatives and community
enterprises that strengthen local institutions and achieve lasting
impact. The grants help organizations create tangible benefits such as
increasing or sustaining the number of jobs in a community,
improving income levels, and addressing social development needs.
World Economic Forum: The World Economic Forum, committed to
improving the state of the world, is the International Organization for
Public-Private Cooperation. The Forum engages the foremost political,
business and other leaders of society to shape global, regional and
industry agendas. It was established in 1971 as a not-for-profit
foundation and is headquartered in Geneva, Switzerland. It is
independent, impartial and not tied to any special interests. The
Forum strives in all its efforts to demonstrate entrepreneurship in the
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global public interest while upholding the highest standards of
governance. Moral and intellectual integrity is at the heart of
everything it does.

3. Specific climate change founds
The magnitude of the climate change problem has made that many funds to
developing countries that have as a central axis the fight against climate
change are being created. The sustainable agriculture projects that we
propose are ideal for be presented to this type of projects. While continuing
to invest in domestic climate action, the EU is scaling up climate finance to
help the poorest and most vulnerable countries mitigate and adapt to
climate change. The EU and its Member States exceeded their commitment
to provide EUR 7.2 billion in 'fast-start' finance over 2010 -2012 for
immediate action on the ground in developing countries. Despite difficult
economic circumstances, they provided EUR 7.34 billion. Below we describe
some of the mechanisms that are available for funding adaptation to climate
change.













Building Resilience and Adaptation to Climate Extremes and
Disasters: BRACED is helping people become more resilient to
climate extremes in South and Southeast Asia and in the African
Sahel and its neighboring countries. To improve the integration of
disaster risk reduction and climate adaptation methods into
development approaches, BRACED seeks to influence policies and
practices at the local, national and international level.
Clean Technology Fund (CTF). The $5.6 billion Clean Technology
Fund (CTF), is a funding window of the CIF. It is empowering
transformation in middle income and developing countries by
providing resources to scale up the demonstration, deployment, and
transfer of low carbon technologies with a significant potential for
long-term greenhouse gas emissions savings.
EcoLogic Development Fund:
EU’s Global Climate Change Alliance (GCCA) initiative provides
technical and financial support to developing countries to integrate
climate change into their development policies and budgets, and to
implement projects that address climate change on the ground. The
GCCA is also a platform for dialogue and exchange of experience.
Forest Investment Program (FIP). The Forest Investment Program,
a funding window of the CIF, provides indispensable direct
investments to benefit forests, development and the climate.
Global Environment Facility (GEF). GEF funds are available to
developing countries and countries with economies in transition to
meet the objectives of the international environmental conventions
and agreements. GEF support is provided to government agencies,
civil society organizations, private sector companies, research
institutions, among the broad diversity of potential partners, to
implement projects and programs in recipient countries.
Green Climate Fund. The Green Climate Fund (GCF) was adopted by
194 governments as a financial mechanism of the United Nations
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Framework Convention on Climate Change at the end of 2011. Its goal
is to limit or reduce greenhouse gas emissions in developing countries
and help adapt vulnerable societies to the already-felt impacts of
climate change.
International Climate Fund (ICF). The International Climate Fund
(ICF) was set up by the United Kingdom (UK) government to provide
GBP 3.87 billion (over USD 6 billion) between April 2011 and March
2016 to help developing countries tackle climate change and reduce
poverty. The ICF supports activities that reduce greenhouse gas
emissions by promoting growth and resilience through good
development. It also helps governments avoid long-term lock-in to
high carbon investments, as well as tackle deforestation. ICF is
managed by three UK government agencies: the Department of
Energy and Climate Change (DECC); the Department for International
Development (DFID); and the Department for Environment, Food and
Rural Affairs (Defra).
International Climate Initiative (ICI). Since 2008, the International
Climate Initiative (IKI) of the Federal Ministry for the Environment
(Germany), Nature Conservation, Building and Nuclear Safety (BMUB)
has been financing climate and biodiversity projects in developing
and newly industrialized countries, as well as countries in transition.
Nordic Climate Facility (NCF). The Nordic Climate Facility (NCF) is
financed by the Nordic Development Fund and administered by the
Nordic Environment Finance Corporation, with resources coming from
five Nordic countries: Denmark, Finland, Iceland, Norway and Sweden.
The NCF encourages the transfer of technology, know-how and
innovative ideas between Nordic countries and low-income countries
facing climate change in order to increase the latter's abilities to
mitigate and adapt to climate change and contribute to sustainable
development and poverty reduction.
Nordic Development Fund (NDF). The Nordic Development Fund
(NDF) is a joint development finance institution of five Nordic
countries – Denmark, Finland, Iceland, Norway and Sweden. The
NDF’s capital is provided by the development cooperation budgets of
Nordic countries. The Fund’s objective is to facilitate climate change
investments in low-income countries. It does this primarily through
co-financing grants, often in cooperation with bilateral and
multilateral development institutions, that serve to complement and
fill gaps in the areas of climate change and development.
Pilot Program for Climate Resilience (PPCR). The Pilot Program
for Climate Resilience (PPCR) is a targeted program of the Strategic
Climate Fund (SCF), which provides financing to pilot new
development approaches or to scale up activities aimed at addressing
specific climate change challenges. The SCF is part of the Climate
Investment Funds (CIF) established by the World Bank and other
regional development banks in July 2008. The PPCR aims to fund
national-level actions that enhance climate resilience and integrate
adaptation into core development planning. Building on National
Adaptation Programs of Action (NAPAs) and other existing efforts, the
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PPCR also offers additional funding to pilot innovative public and
private sector solutions to pressing climate-related risks.
Scaling Up Renewable Energy Program (SREP): The $780 million
Scaling Up Renewable Energy in Low Income Countries Program
(SREP), a funding window of the CIF, is empowering transformation in
developing countries by demonstrating the economic, social, and
environmental viability of renewable energy.
The Adaptation Fund (AF). The Adaptation Fund is a multilateral
fund under the United Nations Framework Convention on Climate
Change (UNFCCC) and its Kyoto Protocol. The fund was established in
2001 to finance concrete adaptation projects and programs and
became operational in 2009. The Adaptation Fund will finance
concrete adaptation projects and programs whose principal and
explicit aim is to adapt to impacts of climate change and increase
climate resilience. A concrete adaptation project/program is defined
as a set of activities aimed at addressing the adverse impacts of and
risks posed by climate change. The activities shall aim at producing
visible and tangible results on the ground by reducing vulnerability
and increasing the adaptive capacity of human and natural systems
to respond to the impacts of climate change, including climate
variability.
The multilateral climate funds (MCFs). The multilateral climate
funds (MCF) are one example of how climate finance is being
deployed to mobilize private investment. Many of these funds have
an explicit goal of engaging the private sector, in part by attracting
private finance to MCF investments.
The Global Climate Change Alliance (GCCA). The GCCA was
established by the European Union (EU) in 2007 to strengthen
dialogue and cooperation with developing countries, in particular
least developed countries (LDCs) and small island developing States
(SIDS). By fostering effective dialogue and cooperation on climate
change, the Alliance helps to ensure that poor developing countries
most vulnerable to climate change increase their capacities to adapt
to the effects of climate change, in support of the achievement of the
Millennium Development Goals (MDGs).
The Green Climate Fund (GCF). The Green Climate Fund (GCF)
was adopted as a financial mechanism of the UN Framework
Convention on Climate Change at the end of 2011. Given the urgency
and seriousness of climate change, the GCF seeks to make a
significant and ambitious contribution to combating climate change,
including attaining the mitigation and adaptation goals set by the
international community. It also seeks to promote a global paradigm
shift towards low-emission and climate-resilient development
pathways. Over time the GCF is expected to become the main
multilateral financing mechanism to support climate action in
developing countries.
The Least Developed Countries Fund (LDCF). The Global
Environment Facility (GEF) is a partnership for international
cooperation where 183 countries work together with international
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institutions, civil society organizations, and the private sector to
address global environmental issues. The Least Developed Countries
Fund (LDCF) is a multilateral fund under the United Nations
Framework Convention on Climate Change administered by the GEF.
The Fund was established in 2001 and became operational in 2002.
The LDCF is particularly focused on the needs of the 49 Least
Developed Country Parties (LDCs) who are especially vulnerable to
climate change. To do this, the Fund supports LDCs to prepare a
National Adaptation Programme of Action (NAPA) and to implement
the urgent and immediate climate change adaptation needs identified
within the NAPA.
The Special Climate Change Fund (SCCF). Like the Least
Developed Countries Fund, the Special Climate Change Fund (SCCF) is
a multilateral fund, under the United Nations Framework Convention
on Climate Change, also administered by the Global Environmental
Facility (GEF). The Fund was established in 2001 and became
operational in 2002. The SCCF funds activities that strengthen specific
sectors against climate change impacts. While adaptation is the
Fund’s top priority, the SCCF also focuses on technology transfer. The
SCCF supports activities which are country-driven, cost-effective, and
integrated into national sustainable development and poverty
reduction strategies. These activities also take into account National
Adaptation Programs of Actions (NAPAs).
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Ilustración 15. Riego solar de alta eficiencia en Extremadura

PART 5 – PROPOSAL FOR IMPLEMENTATION
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1. Proposal for implementation
In this chapter we expose some of the general criteria that we recommend
for the implementation of our solar irrigation project in Africa.

2. What type of partners are we looking for in Africa?
First of all, we can say that we are a technology-based company focused on
sustainable rural development and committed to countries that need to
obtain advanced know-how to enable them to accelerate their growth in the
agriculture and forestry sectors. In this line, the implementation of our solar
irrigation project in Africa seeks partnerships in any of the following groups:
1. Final customers: Farmers of medium or large size wishing to
introduce this technology in their farms. Our kits have the sufficient
development level as to be deployed easily anywhere.
2. Distributors: companies interested in the importation and marketing
of our kits directly in the world.
3. Public organism: African public administrations interested in
fostering in his country the solar irrigation technology. The strategies
that we recommend in this group are:
a. Implementation of functional projects of about 20 Has.
b. Promotion of the association between Spanish and African
companies to implement rural development projects.
c. Joint participation in the European Union and other
international agencies multilateral projects.

3. How to raise solar irrigation projects in Africa?
Regarding the stated in the above paragraphs, the massive deployment of
solar energy for irrigation in Africa is a demanded solution, but it is
important that the implementation of this technology will be deployed
effectively. There are many ways to do so and some are not appropriate and
can generate mistrust in a technology as new as this one.
According to our field studies in Africa, the implementation of more
interesting irrigation projects can be performed on rainfed products.
Following our experience in Spain, especially with vineyards and olive
groves, the contribution of water, and also liquid compost to traditional
crops of rainfed, achieved with very little effort exceptional increases in
productivity. The culture technique that should be used is the drip irrigation,
which optimizes the use of water using collectors and automating easily the
watering time. In a subsequent section we describe some of the typical
African crops that can be conducive to implement techniques of solar drip
irrigation.

4. Size of the facilities
The development of direct solar irrigation solutions in Spain has led us to
increasing size projects, installed without any public support and demanded
by the farmers themselves. While bigger facilities are being installed, they
are mostly surfaces ranging from 1 to 20 hectares. Currently, the limitation
is found in the flow provided by the wells, which is insufficient for what the
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farmers who implant solar irrigation. This also led to the development of the
solar irrigation with pumps working in parallel from different collection
points. The most common powers we use in centrifugal pumps range from 3
to 10 HP.

5. Which irrigation technique do we recommend?
To deploy the solar irrigation technology more easily we recommend to use
drip irrigation techniques. Drip irrigation is a method of irrigation that
enables optimal utilization of water and fertilizers. The water applied by this
irrigation method infiltrates toward the roots of plants irrigating directly the
area of influence of the roots through a system of pipes and senders
(eyedroppers), that increase production. This technique is the most
important innovation in agriculture since the invention of the sprinklers in
the 1930s.

6. Which crops can we boost in Africa with solar irrigation
technology?
Sena y Campos had conducted studies about the water requirements of the
cassava in Brazil, with an annual precipitation of 1,196 mm and an average
temperature of 24.4º C. submitted the crop to three different irrigation
frequencies: every 10, 14 and 18 days. And another one without irrigation. It
was noted as the maximum yield was obtained watering every 14 days,
followed by each 10 and finally every 18. The ones that were not watered
obtained only 20 per cent of production corresponding to the watered every
14 days. Despite being a rainfed, the yucca does not produce economically
in conditions of deficiency of humidity, although the plants grow and give
some production.
These experiences lead us to think that many of the traditional crops in
Africa that are well adapted to drought can achieve significant productivity
increases if water is applied in a moderate way using solar drip irrigation
technique. The technology of drip irrigation is still little used in the tropics so
that when we started our research there were not a lot of information. That
is why we are working to develop a list with the possibilities that the drip
irrigation has for the most common crops. In this section we shall describe
the current situation of this list.




Cotton: It is also an optimal crop for drip irrigation, technique with
which yields records were obtained. The irrigation needs are fairly
low: 20-40 m3/Ha.
Banana: The cultivation of banana is extremely sensitive to the
scarcity of water so that episodes of drought and the effects of
climate change can be very harmful. The solar drip irrigation is an
optimal solution to alleviate the effects of this problem in many
regions of the world. The total water requirement of banana plants is
about 900-1200AD mm for its entire life cycle and this can be met
both through natural precipitation (rainfall) as well as supplementary
irrigation. Moderate add-ins of water that are required for the
cultivation of banana in the most critical moments can be achieved
perfectly with the solar drip irrigation.
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Peanuts: The peanut crop productivity can be greatly improved by
using solar drip irrigation. Production in the poorest countries such as
Sudan is 0.67 ton/ha, while in China the productivity is 3.32 ton/ha.
The peanut greatly increases its production with about 3 litres of
water per plant and day, a very manageable number regarding solar
irrigation.
Cocoa.
Coffee.
Sugar cane: Drip irrigation in sugarcane is a relatively new
innovative technology that can conserve water, energy and increase
profits. Thus, drip irrigation may help solve three of the most
important problems of irrigated sugarcane - water scarcity, rising
pumping (energy) costs and depressed farm profits. There are a few
experiences in applying solar irrigation to sugar cane, for instance in
Guangxi province (China) and Maharashtra2 (India).
Horticulture: The solar drip irrigation is also the most suitable way
to increase productivity in horticulture. We can apply it to crops such
as onions, tomatoes, maize, papaya, sugar cane, onions, paprika,
cucumber, tomatoes, Chinese cabbage and okra. The use of drip
irrigation is already achieving excellent results in experiences carried
out in Africa, for example, in Burkina Faso
Palm oil: By applying drip irrigation, productions of 26 tons/ha has
been achieved in India.
Pinneapple
Cassava: it is only necessary to apply moderate amounts of water to
achieve significant increases in production.

2 http://indianexpress.com/article/cities/mumbai/devendra-fadnavis-prescribes-dripirrigation-for-sugarcane-solar-powered-pumps-2979739/
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Ilustración 16. Instalaciones de riego solar en Extremadura
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