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DESCRIPTION OF WATERMAX 110
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] SOLAR PUMPS PRESENTATION

As consequence of the fall of the price of photovoltaic modules - the technology behind solar
pumps - they have become very interesting in the field of water pumping systems in off-grid
situation.

Historically, diesel generators were the only system that can be used to address the problem of
power supply pumping stations in off-grid areas. However, the operation of internal combustion
engines requires many hours of maintenance (filling fuel, filter replacement, oil changes, etc..).

Unfortunately the presence at the scene of specialized personnel is often difficult to find in remote
areas . In addition, a continuous need of fuel is required, hard to find in these regions and
expensive to buy.

Instead, solar pumps require only a minimum of attention and does not consume fuel, so there is
no problem of supply and fuel cost, since the sunshine is plentiful and free. Their daily functioning
is automatic and unattended. This type of solution is ideally suited for applications ranging far from
the grid and in environments where maintenance and monitoring solutions with generators is
difficult.

Financially if the initial investment is compared to a solar pumping station equipped with a diesel
generator and if we consider - in addition to the purchase cost - the cost of management and the
maintenance costs associated with two solutions - over a period of a few years - we find that the
solar solution is the most profitable in the case of systems of small and medium power.

| USE OF SOLAR PUMPS

Solar pumps can be used to extract water from wells, boreholes, tanks, rivers, lakes, ponds, etc..
either to supply drinking water to villages, or for agricultural irrigation and livestock watering. In the
case of drinking water and livestock watering an elevated tank is necessary to feed the fountains
even in case of lack of sun (night and cloudy days). For irrigation, the use of the drop-by-drop
system is imperative to limit the need for water; pumping can be direct, without tank. The great
advantage of solar pumps is that they can be used anywhere, as they need only the sun, that
shines everywhere.

ARCHITECTURE OF A SOLAR PUMPING STATION

WATERMAX solar pumps are based on the energy produced by photovoltaic modules installed
near the water source.

Solar modules produce electricity as direct conversion of the solar radiation in DC current; an
electronic converter change the DC current in AC one, suitable to supply standard electro pumps.
One electro pump unit is composed of a three-phase AC motor coupled to a centrifugal pump,
chosen according to the desired flow rate and head. The photovoltaic modules are mounted on a
support structure tilted almost to the latitude of the site and orientated towards the equator, to
optimize the energy harvest. The energy produced by the modules is adapted to coupled to the
pump by a converter-controller mounted on the surface, near or beneath the same modules.

Each pumping system comes complete, unassembled, with installation instructions.
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THE SOLAR PUMPS RANGE

The range of solar pumps WAREMAX includes many sizes of centrifugal pumps. The size of the
pump is chosen according to the total head and the desired pumping flow. The specifications and
performance of different solar pumps - relating to an average daily radiation of 6 kWh/m2 - are

summarized in the following table.

Maximum daily flow (Q)

Total dynamic head (THD)

Pump power (P2)

Solar field Power (P):

Number of solar panels

Motor type

Pump type

Installation Type

Converter-controller type

Voltage needed for 0.75 a 1,5 kW pumps
Voltage needed for 7,5 a 18,5 kW pumps

:1...240 m%d

:20 m...600 m

:0,37...18,5 kW (0,5....25 HP)

: 800 Wp....27.000 Wp

:4...135, 200 Wp each

: standard alternating current (AC)

: centrifugal, multi-stage

: submerged, surface or floating

: external

: 125..400 V DC or 230 V AC single-phase
: 250..800 V DC or 400 V AC three-phase

APPLICATION EXEMPLES
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WATER NEEDS

Determining the water needs for the consumption of a given population depends mainly on the
lifestyle of it.

Water requirements that are reasonably necessary for the rural areas of least developed countries
are of the order of 20 liters and 30 liters per person pro capita.

Water requirements for irrigation depends on the type of culture, weather factors such as
temperature, humidity, wind speed, evapotranspiration of soil, season of the year and the irrigation
method used. However, it is important to rely on practice and local experience.

The tank capacity is determined by the daily water needs and autonomy required by the system.

In conclusion are the users themselves who must determine its water needs.
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PUMPING OVER THE SUN

For the supply of drinking water or for irrigating crops in areas where the electricity grid is
absent, solar pumps are the most obvious solution. For two decades, the progressive evolution of
materials and the range of performances allows today to consider solar pumps as a mature
technology.

The solar pump works "over the sun", that is to say that one or more solar photovoltaic
modules are connected in series and / or parallel in order to create a "photovoltaic field", also
called "solar generator". This photovoltaic field generates a current and a direct voltage (DC) from
the rays of the sun. Depending on the pump model used, this DC voltage is then adapted to the
needs of the electric motor which drives the pump by means of a converter-controller. This device
makes it possible to adapt the flow of the pump to the continuously variable power coming from the
photovoltaic modules, depending on the solar radiation at the time. The adaptation is obtained by
varying the speed of the pump, managed by the device.

This type of system, over the sun, is perfectly suited for applications located far from the
power grid and in environments in which the maintenance and monitoring of

Solutions with motor pumps or electric pumps powered by generators are difficult and fuel is
expensive and difficult to find.

Pumping over the sun is characterized by a variable flow rate throughout the day. At dawn,
the photovoltaic field begins to produce electricity and a low flow is produced by the pump. During
the day, the solar radiation on the solar panels becoming more important, the flow of the pump
increases. The maximum output of the pump is generally at noon, with 30% of the daily total being
recorded in the central two hours of the day.

At sunset, the array of solar panels stops producing electricity and the pump is
automatically stopped until the next automatic restart the following morning.

The pumping system can only operate at night if additional sources (batteries or generator) are
used.

WATERMAX SOLAR PUMPS DESCRIPTION

WATERMAX Solar pumps use the conversion of solar radiation into electricity (photovoltaic effect)
to feed a centrifugal pump submersed in a borehole or well.

The performances of solar pumps depend on solar energy received at the place of installation;
normally - installing solar pumps in Africa - it links performance to 6 kWh/m? radiation on the tilted
surface of photovoltaic modules; to identify the actual performance in relation to the installation
site, it must be the ratio between solar radiation and the expected location (using the map provided
below). It must also consider the fact that solar radiation map was constructed from statistics of
previous years and is therefore subject to variations from one year to another.

Since the energy available is limited and varies the sun shining, the pump operates at variable
speed, so with variable flow. The size of the pump is chosen for optimal conditions and it is
adapted to the energy available by the converter-controller, an electronic device for driving the
pump at variable speed changing the frequency, provided with many other functions.

A solar pump is composed of three base elements, namely:

Photovoltaic modules which convert sun radiation directly into DC electricity. The modules -
monocrystalline cells type - are mounted on metal support structure securely anchored to the
ground or mounted on roofs. The power of the photovoltaic field ranges from 800 to 27,000 Wp.
The photovoltaic modules provided are used in millions of units and have fully proved their
reliability. Their estimated useful life is 25 years. The modules are mounted on a support structure
made with galvanized steel pipes and galvanized iron clamps.
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The converter-controller converts the variable frequency current from AC panels to make the
pumping function. This transformation takes place in an excellent yield greater than 95%. The
frequency of the output current (and therefore pump speed) is variable so as to adjust the power
input to that provided by the panels. In addition, a microprocessor-controlled device allows
continuous use panels at their maximum power available in every moment (MPPT device).

The converter has a series of protections (against overheating, over-current, decrease in level of
water in the drilling ...) and a system shutdown when the reservoir is full. Its rugged and waterproof
construction and choice of quality components give it a very high reliability in the toughest
conditions.

It has an LCD display and LED’s indicating whether the pump is properly working, the power
consumption and if the maximum level in the tank is reached. It cuts the power to the pump in case
of dry running or full tank.

The converter-controller is contained in a waterproof electrical cabinet, made of stainless steel,
installed outside the well, away from direct sunlight. It receives cables from photovoltaic modules,
pump and the tank float switch. It contains - in addition to the converter-controller - the fuse-
disconnectors for the photovoltaic strings, the surge suppressor and commutator for the connection
on a possible diesel generator in case of lack of sun for several days.

The submerged pump which has a variable diameter from 4 "to 10" - depending on the power -
has the reliability of an industrial range has proven itself in terms of the most difficult operation,
particularly through the use of stainless materials. Hydraulic itself is of the centrifugal type, several
wheels in series, from very specific criteria to offer a perfect adaptation to the characteristics of the
site as well as the required flow rates.

The pump is submersible and completely
submerged in water; the hydraulic part and the
motor are assembled in one unit. The diameter of
the bore should be of 6 "to 12", depending on the
pump used. In the case of installation in tanks,
ponds, rivers, tanks, ponds, lakes, etc.. the same
type of pump can be used, because it works
correctly in vertical or horizontal position (as
shown in the sketch at right). In such a case, a
metal jacket provides the necessary speed for
water cooling the motor. In the case of rivers, a
floating installation can be arranged.

Allowed

WATERMAX SOLAR PUMPS PERFORMANCES

The performances of solar pumps are summarized in the following table.

This table shows the limits of flow and total dynamic head (TDH); all the intermediate operating
conditions are possible. Refer to the curves of the pumps.

The table is based on solar radiation received each year - in terms of photovoltaic panels - 2,190
kWh/m2, a daily average of 6 kWh/m2.

For sites with different solar radiation, must be adjusted proportionately given using the map below,
which shows the solar radiation available for each location.
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The performances of solar pumps reported in the table are considered indicative.

For each pump - after receiving the data of the resort, the requested rate and the height at which
pump water, an accurate calculation will be done to choose the most suitable pump, power

photovoltaic field and benefits.

Wp: Peak watt - TDH: Total dynamic head - d: Day - m : meter - m®: cubic meter (1'000 liters) - h: hour

Pump type Pn Pn PV Power Wp High flow High TDH
WATERMAX kW Hp Flow / TDH Flow / TDH
37 0.37 0.5 800 14 m’ja20m 1m’ja80m
75 0.75 1.0 1600 29m’/ja27 m 1m’ja160 m
110 1.1 1.5 2000 30m’ja30m 1m’ja226m
150 1.5 2.0 2500 62m’ja26m 1m’j4305m
220 2.2 3.0 3600 86 m’ja20m 2m’ja241m
300 3.0 4.0 4800 158 m°/ja 19 m 2m°ja390 m
400 4.0 5.5 6400 182m°/ja25m 2m’/ja540 m
550 5.5 7.5 8400 260 m°ja23m 3m’/ja368m
750 7.5 10 12000 394 m’ja23m 3m’ja520 m
1100 11.0 15.0 17000 576 m’ja22m 7m’ja410m
1500 15.0 20.0 22500 672 m’ja20m 7 m°/j 34560 m
1850 18.5 25.0 27000 840 m’ja25m 7m’/ja620 m

The amount of water pumped is given as an annual average, but - in reality - it varies depending on
the season. The change is visible in the following table. It is therefore necessary to size the solar
pump for water needs

The table is based on solar radiation received each year - in terms of photovoltaic panels -
of 2,200 kWh / m2, or a daily average of 6 kWh / m2.
For sites with different solar radiation, the data must be proportionally readjusted using the
following map, which indicates the solar radiation available for each location..

The performances of the solar pumps reported in the table are to be considered indicative and
relative to an average solar radiation for the year of 6 kWh / day.

For each pump - after receiving the data of the locality, the requested flow rate and the height at
which to pump the water, a precise calculation will take place, to choose the most suitable pump,
the power of the photovoltaic field and the services.

Depending on the conditions of the well, you can choose a pump with small HMT and large flow, or
high flow and small HMT (HMT = total head = lifting height + losses).

All intermediate combinations are possible.

Let’'s make an exemple

Where appropriate, a pump with a flow rate of 2.5 m3 / h was required at a height of 50 m depth of
the well + 20 m height of the reservoir on the field level.

By adding 4 m of pressure drop in the riser line, the total HMT is 74 m C.E.

The suitable pump in this case is a submersible pump with a diameter of 4 " and a power of 1.1 kW
(1.5 HP), having a flow rate of 2.5 m3 / h at the HMT of 74 m WC This pump is called
WARTERMAX 110.

The power for this pump is direct current (DC) supplied by 10 photovoltaic panels of 200 Wp each,
for a total of 2,000 Wp.

The quantity of water pumped each day - at the average conditions explained above - is estimated
at 12.5 m3 / day. This pumped water quantity is given as the annual average of a typical site giving
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an average annual radiation of 6 kWh / day. In reality, the specific site gives an average annual
radiation of 5 kWh / day and this varies according to the seasons.

The variation can be seen in the following table. It is therefore necessary to size the solar pump for
the water needs in the least favorable period (June).

Month Daily global radiation kWh/nt on % of average
the PV panel surface radiation
January 6,9 115
February 6,7 112
March 6,4 107
April 59 99
May 5,8 96
June 5,1 86
July 4.9 82
| August 5,0 83
September 5,5 92
October 6,3 104
November 6,5 108
December 7,0 116
Year 6,0
PUMPED WATER TANK \

In view of the fact that the sun has predictable energy over a large period - but perhaps not
sufficient in certain times when water is needed, due to clouds, fog, dust-laden air, and at night -
storing energy or water is essential. The water storage allows the pump to operate at the maximum
possible capacity, in order to overcome the periods of lack of sun.

Indeed, water storage is less costly and more efficient than energy storage in batteries, so
the solar pump works "on the wire".

In the case of drip irrigation only, the reservoir can be removed, being able to give water as
soon as it is pumped.

The storage of the pumped water takes place in twin raised tanks, placed on a support
structure or placed on an elevated point from the ground. The height of the tank must be sufficient
to give the necessary pressure to supply standpipes or to reach homes.

Three twin tanks of 5 m®> must be made, so as to have water for a day of lack of sun for
knots, rain, etc. Another possibility is to have only a tank of 5 m®, but with a generator. which will
only work in case of lack of sun.

We can use roto formed polyethylene tanks, each with a capacity of 5 m°.

The dimensions of each are: Length 2.20 m, width 1.73 m, height 1.92 m. You have to calculate the
weight of the tanks full of water, which is 5,300 kg each.
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MAP OF SOLAR RADIATION IN AFRICA

The following map represents the total solar radiation received on a surface inclined at 15 ° to the
horizontal and oriented towards the equator. This map is obtained by using either the data received
by terrestrial weather stations, or the data measured by the satellites, with a resolution of 2x2 km.

The map shows that in West-Central Africa (Congo) the solar radiation received during a year
varies between 1,900 and 2,100 kWh / m2, i.e. a daily average of 5.21 to 5.75 kWh / m2 . The

general average is 5.5 kWh / m2 per day.
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SELECTION OF COMPONENTS

The photovoltaic panels offered are of the crystalline type, with a very high efficiency and
manufactured in millions of parts, in accordance with the most stringent European standards. The
photovoltaic panels are reinforced by a sturdy anodized aluminum frame, resistant to all types of
climate. The photovoltaic panels have a guarantee between 12/25 years the power will be> 90/80%
of the original. They are connected to each other and to the electrical box by means of a type of
electric cable specially designed for installations exposed to the sun.

The fixed support structure of the photovoltaic panels is made of galvanized steel pipes and ductile
iron joint, giving it high strength, making it able to withstand stronger winds. It is designed to be
mounted on low walls built on the ground. By having an inclination on the horizontal (tilt angle)
changeable from 15 ° to 30 ° it can receive the maximum solar radiation under specific conditions
and seasons.

The control box is the heart of the system, containing all our "know-how". Control logic has been
incorporated allowing a "normal" frequency converter to be coupled to a photovoltaic array and a
normal electric pump. Its monitoring of the maximum power point (MPPT) makes it possible to
extract the maximum yield from the photovoltaic panels and to transfer it to the pump, optimally
following the modification of solar radiation that occurs during the day.

In addition, the control box - without any modification - allows to be connected to a standard
generator that supplies the solar pump, in order to compensate for the lack of solar energy due to a
persistent lack of sunlight.

The converter used is produced in great mass by the Swiss firm ABB, one of major multinational of
the electrical sector, with subsidiaries or representatives in all the Country.

The converter is specially designed for centrifugal pumps.

The submersible pump is manufactured by Grundfos, a well-known Dutch company with a branch
or representative worldwide. The pump is made entirely of stainless steel. The pump complies with
the recent European EuP (Energy using Product) standard on the minimum efficiency of devices
(MEI), having a very high hydraulic efficiency.

In conclusion, either the material or the design is of the best quality, coming from our twenty years
of experience.

AFTER SALES SERVICE

If the solar pump is a community work, a management structure must be set up at the level of a
village or a municipality.

There are different types of management structures, well studied by organizations tasked with
providing drinking water to villages off the grid.

Whatever the management structure put in place, after-sales service must be considered a very
important task for the success of the project.

Our firm is ready to collaborate with a village water project management organization.

Our firm has already made after-sales service much easier, using standard equipment, which is
therefore available in all countries.

Our firm is available to train maintenance staff and manage a spare parts depot.

If the project management organization cannot set up a maintenance organization, our firm can
replace it with its local staff.
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CHECK LIST FOR SIZING SOLAR PUMPING SYSTEM

To be completed and returned to warex@warex.it, so that we can study the most suitable solar pump.

General information

Name of the
project:

Client:

Contact:

Adress:

E-mail:

Telephone:

Information about the site of the project

Location

Closest main town

Coordonates of the
site

Altitude: [m]

Seasons

Dry Weather during

..Rainy Weather during

Quantité de sable
dans I'eau [g/m?]

Water salinity [ppm]

Pumping needs

Utilisation of water

Domestic O / Irrigation O / Livestock watering O

Residents to be served with drinking water
[No.]

Flow: [m3h]

Total head (HMT)

Capacity of water tank (if available): [m?]

Pression at the outlet(if necessary): [bar]

Is a pump already installed in site?

YesO / NoO
(Please supply the technical brochure)

Length of pipe between well and reservoir
[m]

Local conditions

Surface available for a Solar plant: [m x m]

Is the land flat ?

Yes O / NoO
If no, please supply extra information

The type of land?

sandy O / rocky O / alluvium O / other O

Roof surface: [m x m]

Flat roof O / pitched roof O

Roof cover material

steel O / concrete O/ wood O / other O

Roof orientation

Roof pitch :

Please add photos, photos of the land or /
and the roof

Please add your roof plans

Is the land in a shaded area by external
elements?

Yes O/No O

Maximum wind speed to be considered [km
/ h]

How far is the nearest point of connection
to the electricity grid?

Is the site easily accessible?

Yes O/ No O If No, please give details
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Level switch

Distance between Solar plant and water well: Distance between well and tank 4
Distance centrale solaire/puits : Distance puits/réservoir:
- m . m
b >4

Hauteur du réservoir: Contréleur de la pompe

Water tank heigit

troller Diametre du puits:
Diameter of the water well

Centrale sofaireing
Solar plant

Hauteur du rembilai
(si présent):

Niveau du sol m

Soil level
. bankmnje present)
Cable solairg"
Niveau static de l'eau: m Cable de la pompe
Conduite de pompage Niveau dynamique de I'eau: m
Solar cable Static level of water Pump cable
¥ Profondeur d’exploitation de la pompe: m
Pumping line Pompe Dynamic water level

Pump Operating depth
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