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ABSTRACT

In 2018, the women cooperative in Basnéré benefited from a diesel run multifunctional
platform. This project was financed by the African Development Bank (AfDB). After years
of usage, the diesel engine stopped working and had completely broken down. The

women faced a lot of issues and spent a lot of money on reparations and fuel costs.

They received a subsidy from the Austrian cooperation to hybridize the system with solar

panels.

A completed study by FRES Yeelen Ba has estimated the whole investment of the project
at €12,461.84. The Austrian cooperation has invested 69% of the whole budget, the women
6% and FRES Yeelen Ba was willing to subsidize the remaining 25% of the project. FRES
Yeelen Ba also signed a maintenance contract with the women against a monthly fee of
€91.60. Maintenance will be done every quarter and include the replacement of equipment

like batteries, inverter, fuses, circuit breakers etc.

The system installed by FRES Yeelen Ba is composed of a 9.1 kWp capacity, 4 batteries of
12V 200Ah each, a 10kW hybrid inverter, a speed variator, two three-phase engines for
the machines, 8 lampposts, DC and AC protection, etc. The system is replicable and can

be upgraded.

The system is designed to run one machine at the time. The woman can work with the
machines from 9am to 4pm. In this case, the system can harvest the maximum energy
from the sun and charge the battery. Both the lighting and freezer are available 24/7. The
freezer is not allowed to run at the same time as the engine. Besides the mentioned
appliances, the women now have access to sufficient energy, that can be used for other

business opportunities which require electricity.
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CONTEXT

The SCOOP Pengwende of Basnéré is a women's cooperative whose objective is the
processing of agricultural products. The cooperative, which brings together 78 women,
was officially recognized on January 23, 2020. The organization was created in 2016 in the
form of a women's village group with the aim of improving the living conditions of

women in the village of Basnéré.

The SCOOP has benefited from a new configuration of their multifunctional platform

since 2018 which runs on diesel.
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INTRODUCTION

While processing maize, sorghum and peanut butter with a diesel run multifunctional
platform, the women's cooperative of Basnéré have encountered many difficulties. As a
result, due to the breakdown of their diesel engine, the cooperative had been forced to
shut down their activities at the beginning of July 2022. Thanks to funding made available
by the Austrian Cooperation, the women regained hope and saw an opportunity to
resume their economic activities. Using the funds to transform their agro-processing
platform to solar would enable the cooperative to remove the many expenses incurred

due to the diesel run platform.

This document presents in the first part, an inventory of the multifunctional platform after
a first visit on the site. Based on the identified difficulties, FRES Yeelen Ba designed and
proposed a solar multifunctional platform. The second part of the document shows, the
design phase followed by the installation phase, realized by FRES Yeelen Ba for the

hybridization of the multifunctional platform with a solar photovoltaic system.
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1 INVENTORY

1.1 Observations
The platform is composed of a 22 HP diesel engine initially sized to power two machines

at a time through transmission shafts (Figure 1).

Alternator + Diesel Engine Drive shaft

Figure 1 : Alternator + Diesel Engine + Drive Shaft

The group of women have 4 types of machines :
e A grinder (mill with 300 mm stone wheels for oilseeds - shea and peanuts);
e A hammer crusher for shea;

e An “Engelber” type huller to remove corn bran and;

e A mill to produce corn flour.
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Concasseur a Karité

Figure 2 : A Crusher (mill with 300 mm stone wheels for oilseeds — shea and peanut) and a hammer
crusher for shea.

I‘ -~

Figure 3 : An“Engelber” type huller to remove corn bran and a mill to produce corn flour.
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The platform has additional elements such as shea butter kneading machine and a freezer

(Figure 4 et Figure 5).

N

Figure 5 : A freezer
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Figure 6 : A shea roaster (run with wood)

A manual pump available on their site provides water for their activities.

Figure 7 : Manual village pump
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1.2 Difficulties

e The diesel engine is not capable of running two machines at the same time. It is
undersized. Because of this, the women can only work with one machine at a time.

e At the same time, the numerous breakdowns of the diesel engine were increasing.
The last operation of the platform has been evaluated at the beginning of July 2022,
after which the platform has been completely shut down.

e During the period of operation of the platform, the lighting was not working, and
the women were forced to use torches during night work on the platform.

e The freezer has never been used since it was supplied because of the lack of energy.

e The group encountered difficulties when using the manual pump. The villagers
would come to take water from this pump for their domestic work. Due to it being
the only pump in the village, too many people were making use of this, which
unabled the women cooperative to properly make use of the pump. The
cooperative had to use the water from this pump to irrigate their crops, which were
5 m away. This has made carrying the buckets of water to irrigate their crops very
heavy and painful.

1.3 Results after analysis

After visiting and analyzing system in Basnéré, we noticed an advanced deterioration of
the diesel engine. The repair of this engine would cost more than €763.36. However, it
would also require constant monitoring by a technician in order to ensure its good
functioning. This solution will be very expensive for the group because it includes the
costs of the technician's travel which is at least once a week. The cost of motor oil, fuel and
accessories would have eventually exhausted their fund received from the Austrian

Embassy within a year.

The alternative solution, which would be solarizing their system is of significant

importance as it allows them to reduce expenses but increase their income.

Knowing that the machines are working properly, we decided to replace only the energy
production system with solar photovoltaics. We added one electric motor in each of the
two rooms. The system will also power the freezer, interior and exterior lights, and a set

of sockets for charging phones.
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2 SIZING AND PROPOSAL
2.1 Sizing

The system size is based on the following assumptions:

* One motor out of two operates for 5 hours;

* Internal lamps are needed for 4 hours (2 hours at night);
* External lamps are needed for all night;

* The freezer is needed for 11 hours (during the day).
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The evaluation of the energy requirements is summarized in the table below.

Table 1 : Assessment of energy needs

Hours 51617(8] 9 [10] 11 12 | 13 14 | 15 | 16| 17 | 18 | 19 |20(21|22|23|24| 1 (2|3
1 engine of
5500w 5500 [ 5500|5500 | 5500 | 5500
2 Lamps inside 3636|3636
2 lamps outside [36(36 36 | 36 [36]36/36|36|36|36(36(36|36
1 Freezer 215|215( 215 | 215 | 215 | 215 | 215 [215]215|215|215
Phone charging 1411414 [ 14 [ 14 | 14 | 14 | 14| 14
Energy Consumed |36 |36|0(0|229|229(5729 (5729|5729 (5729|5729 |265|265(287(287|36(36(36|36|36|36|36(36(36

With these energy requirements, the capacity of the system is estimated to be 9.75kWp.

The energy production throughout the day is greater than the energy consumed.

Table 2 : Energy distribution

Hours 5 6 7 8 9 10 11 12 13 14 15 16 17 18119 (20|21 2223124 1 2 3 4
Egﬁ;%{ne 41 36|36 0 | 0 | 229|229 5729|5729 5729 |5729| 5729 | 265 | 265 |287|287| 36 | 36 36 | 36 | 36 | 36 | 36 | 36 | 36
Energy

produced | 0 |975[1462|1950]|3413|5363|6338|6825|7312,5|6825|6337,5|5363| 2925|975

Batteries [800| 0 | 0 | 0o | o ] o | o] o | o | o] o | o] o |soo|soo0|soo|soo|soo|soo|soo|soo|s0o]soo|so0

The diagram below shows an energy production

energy demand.
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Figure 8 : Energy distribution.
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2.2 Proposal
We offer an autonomous system with a hybrid inverter and a 48V battery bank. The

illustration of the system is shown in the diagram below.
Ix14x325 1149325

Onduteur hybrid 11VA

Coffret AC

Coffret OC
Batteries

' Téképhone
en charge

Variateur
ae wiesse

2 2

5.5kW S5.5KW

4x12v 200An

Figure 9 : Schematic of the system
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The diagram below shows the integration of the electric motors in the two rooms to

operate the different machines (corn flour, bran remover, shea grinder and shea crusher).

. .E}

.[:)

Figure 10 : Integration of electric motor into the existing platform

Advantages of the system:

* The inverter has a solar network or generator input allowing the system to be
hybridized.

* The system produces enough energy during the day to carry out other income-
generating activities. These are small consumables such as a fan or others.
However, the excess energy is not enough to run another electric motor.

* Thanks to the telephone charging bank, women can earn income by charging the
villagers for telephone charging. Any other chargeable devices like radios or
torches are income opportunities for them.

* The freezer will be able to operate for a minimum of 11 hours or even up to 24
hours with the surplus energy in the batteries. They can sell cold water or ice at
any time of the day. Which is another additional income stream.

* Maintenance costs are reduced.

* Follow-up after installation by FRES Yeelen Ba to ensure the proper functioning of
the installation and to intervene in time in the event of a problem.
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3 QUOTE

The quote of the system is as follows:

Unit Total price
Items Unit | Qty
price
Mono 325Wp panels u 28 77000 2156000
MPP Solar 10kVA 3ph hybrid inverter u 1 2200000 2200000
12V 200Ah battery u 4 175000 700000
Panel support + civil engineering ens 28 20000 560000
Battery holder ens 1 50000 50000
5.5kW asynchronous motor u 2 140000 280000
Three-phase variable speed drive 11kW 400V
u 1 500000 500000

50Hz IP 20
Panel connection box with fuse and lightning

ens 1 50000 50000
arrester
Battery connection box with fuse ens 1 50000 50000
Three-phase AC box at the output of the

ens 1 100000 100000
inverter with 4P circuit breaker
Panel cables - connection box

ens 1 120000 120000
80m of 2x6mm?
Battery-battery connection box cables

ens 1 80000 80000
2x35mm? (10m red and 10m black)
AC cables 4x25mm? inverter output to

ens 20 9500 190000
connection box 25m
2x2.5mm? AC cables from freezer + telephone

ens 10 1000 10000
socket 10m
AC cables 2x1.5 lighting outlet 45m ens 45 700 31500
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Unit| Total price
Items Unit|Qty
price (FCFA)
Circuit breaker, Switch with three outputs: Off On 1
ens (1 100000 100000
and On 2 (1 0 2) other accessories
Grounding system, Yellow green cables, copper
&y 5 PP ens | 1 125000 125000
cable 25mm?, earth well and coal and cow dung
Trunking, clips, screws, spikes ens| 1 60000 60000
Labor (installation + training) ens| 1 | 800000 600000
Total 8162500

Arrested this quote for the sum of : eight million one hundred sixty-two thousand five

hundred (8,162,500) CFA Francs.

8,162,500 FCFA=12,461.84 Euros
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4 25% CO-FINANCING BY FRES YEELEN BA

The total budget estimated by FRES Yeelen Ba to solarize the multifunctional platform of
SCOOP Pengwendé of Basnéré is estimated at 12,461.84 Euros.

The Austrian cooperation is subsidizing 69% of this budget and the women cooperative

is giving 6%, FRES Yeelen Ba is willing to subsidize the remaining 25%.

FRES Yeelen BA,
2,062,500.00 CFA, 25%

Women investment,

500,000.00 CFA, 6%
Autrichian investment,

5,600,000.00 CFA, 69%

Figure 11: Investment breakdown

The subsidy from FRES Yeelen Ba will allow to buy the remaining equipment consisting

of:

* Four 12V 200Ah batteries;

* Panel supports + civil engineering;

* The battery holders;

* Two 5.5kW asynchronous motors;

* A three-phase 11kW 400V 50Hz IP 20 variable speed drive.

5 MAINTENANCE CONTRACT

To make sure the solar system will be working for more than 20 years, FRES Yeelen Ba
proposed a maintenance contract to the women cooperative. This enables the women to
avoid a repetition of the previous situation, where they were confronted with a diesel

engine that was breaking down and where no maintenance was offered by the supplier.
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This service offered by FRES Yeelen Ba is charged to the women against a monthly fee of

€91.60.
Maintenance, as previously indicated, will consist of:

* Battery charge control;

* Inverter operation check;

* (leaning and dusting of inverter fans;

* C(leaning of panels;

* Verification of the presence of shade on the panels;

* Control of the quantities of energy produced;

* Verification of the operation of the lighting;

* Control of the operation of the electric motors, the freezer and the load bank of the
laptops;

* Checking the continuity of the wiring;

* Test of level of understanding of the mode of operation by women.

Maintenance also includes carrying out minor repairs and/or replacements, namely:

* Replacement of lamps in the event of breakdowns;

* Repair of the inverter or variable speed drive in the event of breakdowns;

* Change of fuses or circuit breaker in case of non-operation;

* The batteries are replaced by other batteries from FRES Yeelen Ba in the event of a
major loss of capacity in compliance with the operating periods.

In the final contract proposed and signed by both parties on the 21t of September 2022,

FRES Yeelen Ba is committed to:

* Carry out preventive and curative maintenance every three months;
* Intervene on the solar system in the event of a breakdown before the quarterly
changeover;
* Replace all the solar equipment in case of failure. This includes:
o the batteries every 5 years;
o theinverter every 8 years;
o and others solar equipment.

For more details on the contract, please read Appendix 6.
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6 PLANNING OF ACTIVITIES

The planning of the different activities is presented in the table below.

Table 3 : Planning of the activities

Week 1

Week 2

Commissioning

Solar panels/batteries/inverter

Cables/AC and DC box/ Panels
support

Speed variator/engines etc.

Installation phase

Site preparation and equipment
deployment

Civil works/installation of engines

Installation of solar panels installation

Inverter/batteries/ AC and DC boxes
etc.

Grounding, wiring

Test and training

Giving the installation to the women
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7 COMMISSIONING

The solar panels were purchased from Felicity Solar, a local provider of solar equipment

based in Ouagadougou, Burkina Faso.

Loading the vehicle (see image below).

Figure 12 : 28 Solar panels + 4 x 12 200Ah batteries + inverter
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Figure 13 : Solar panels structures + cables + accessories
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8 INSTALLATION PHASE

8.1 Installation of the photovoltaic solar field

The photovoltaic solar system is about 9.1kWp. This capacity can occupy a surface of
54.3 m? on the ground. The initial plan was to put the solar panels on the roof of the
building, but with spacing the surface of the roof turned out to be quite small. We have
considered a variety of configurations but in all cases the result was the same, the panels
could not fit on the roof. That is why we decided to switch to a ground structure system.
A ground structure is even better as it enables the women to easily clean the solar panels.
Another constraint was that the roof was not strong enough in certain areas, which may

cause more damage in the future. By using a ground structure this is also prevented.

The ground system structure is made of a heavy iron (IPN80) and square tube of 25 mm?.
The iron is cut, painted, soldered together and then fixed in the ground. Each structure is
done in a certain way so that the panels face the south with a tilt angle equal to 12°C

(Figure 14).

Figure 14 ; Solderiﬁg the solar panels structures,

Each crosspiece has a total length of about 5.3 m. They are soldered together (Figure 15)
to have a minimum length of 14 m which is the total length of panels put together in a

row. The crosspieces are also drilled to receive the screws and bolts for fixing the panels.
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The crosspieces are soldered on the base frame and the solar panels are put on top (Figure

16).

Figure 16 : Soldering the crosspieces

The solar panels are then connected into series. We have two rows of 14 panels in series.
This connection is possible thanks to MC4. The male MC4 (+) is connected to the female
MC4 (-) of the next solar panels. Connection is done at the back of the panels and the

cables are regrouped and attached with a Colson necklace.
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Connecting panels in series

Colson Necklace MC4 male and female

> 4
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8.2 Installation of the main part of the system

8.21 Inverter
The solar inverter is a 10kW hybrid system. This inverter takes DC energy from the solar

panels and converts into AC useful energy to power the different equipment.

"Model No. : MPI
i Nomny oparatog

rax PY 50
| [PVingutvots
WPUT [PV 21BEA

\ VPP votage

Nomnal outp.t curent

outpur {10778 oprrateg hequency|

EoNer ks 490 59 a3 5 5
SPeratieg votage 3P o-

N35e

The inverter receives as input solar panéls and AC grid entry input (see picture below).
As there is no grid in Basnéré there is no possibility for hybridization. In case the grid
comes to Basnéré, the system can be hybridized by simply connecting the AC Grid port
to the grid. We harvest AC energy at the output which passes through 6mm? cables and

32A circuit breakers to power the lighting in the building, the freezer and the engines.

Figure 17 : Bottom view of the inverter
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8.2.2 Batteries
A total of 4 batteries of 12 V 200Ah were installed. This is a 9.6 kWh battery bank with
4.8 kWh usable capacity. The battery bank is protected by a circuit breaker of 200Amps.

Figure 18 : Batteries + protection

8.2.3 Protections

The different AC powered equipments are protected with AC circuit breakers of 32A and
25A. Fuses are installed to protect the panels (DC circuit). Two DC power surge protectors

were installed to protect the system against lightning.

Figure 19 : System protection equipment
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8.3 Installation of the speed variator
The speed variator is an equipment installed to peak shave the engine demanded. It helps

start the engine at slow speed, thus small current, and protects the inverter.

This is a 11kW speed variator capable to power up to 11kW motor. The speed variator is

setup to a specific frequency, voltage, and rotation per minute for it to command the

different engines.

Figure 20 : Speed variator 11 kW 400V 50Hz IP 20

8.4 Installation of the engines

A total of two engines were installed to drive the different machines of the cooperative.

In the picture below a 5.5 kW engine was installed to power the peanut butter machine at
the left side. This engine can reach 1440 rotation per minute (1440 rpm). With a voucher
the different shafts of the engine and the machine are connected. The manual inverter

works as a switch and can either power or stop the engine.
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Figure 21 : First engine at the right-side powering peanut butter machine

The picture below shows us two different machines and a 5.5 kW engine in the middle.
The machine at the right side is the maize de-husker. Its job is to remove corn bran. When
the bran has been removed, the maize is carried to the second machine at the right side so

that it can be grinded into powder. Yes, it is the milling machine.

This engine can also reach 1440 rotations per minute. It is also either powered or switched

of with the manual inverter.
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Figure 22 : The second engine in the middle powering either the dehusker of maize at its right or
the maize milling machine at its left

8.5 Grounding
A system of grounding was put into place to protect the whole installation. The grounding
protects the solar panels, the inverter, lighting, freezer, and other equipments from

lightning.

The grounding is done by digging a 2.5m depth hole with 1 meter as diameter. A ground
rod is inserted at the bottom of the hole and is connected to a copper wire which is
connected outside to the earthing bar. The hole is then filled with cow dung, sawdust,

charcoal, and sand.
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8.6 Lightings
A total of 8 LED lamps were installed, 3 outside and 5 inside.

Figure 24 : Lighting

8.7 Fence
The fence was installed to help protect the panels from kids and animals climbing on top
of it. It is about 48m in length and 1.5m in height. There is a door at the front which allows

the women to access the panels, when it is time to clean them.

Figure 25 : Fencing
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9 TESTING

Some tests were done to make sure that the installation works and if everything is safe.

Verifications State
First step, verify if there is no short-circuit in the cabling, from solar OK
panel cables to the output of the inverter.

Verify the energy production from the solar panels. OK
Verify if the batteries are charging OK
Verify if the lamps are working OK
Verify if the freezer is working OK
Verify if the different sockets are working OK
Verify if the speed variator is powered OK
Verify if the two engines are working OK
Verify the different peaks OK
Grind some maize, groundnuts and see if it is working OK

9.1 Lights are working

Figure 26 : Inside lighting
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9.2 Freezer is working

After plugging it into the socket, it starts working.

Figure 27 : Powering the freezer

9.3 Engines

We initially tested the peanut butter machines

Figure 28 : Engine running the peanut butter machines
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Figure 29 niroducing groundnut into the machine

Peanut butter with a big smile Milling maize
Figure 30 : Peanut butter and milling maize
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10 TRAINING

A special training was given to the women on how to start and stop the engines and

working periods of the equipment.
The working period of the different equipments are presented in the table below.

From 9am to 4pm, the women are allowed to work with the machines. This is 7 hours
available for the women to use it to grain their maize or groundnuts. At this period, we
have the maximum of sunlight. The system is designed to work in the daytime. Also, the
two engines are not allowed to work at the same time. Only one engine at the time. That
means that if they are de-husking or milling maize, they cannot make peanut butter and
vice versa, only one at the time. Also, the freezer is not allowed to work while the engines

are working. Lighting is available 24/7.

Table 4 : Working period of the different equipment

Hours 516(7(8(9(10[11]12 (1314|1516 |17 1819|2021 (22(23(24(1|2|3|4

Milling/dehusk
maize

Peanut butter

Freezer

Lighting

The pictures below show the women listening to the instructions in the training. All

questions were answered and detailed explanations were given.

Figure 31 : Some pzctures while giving tmmmg
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In the training, we also ask a local miller from another village to teach women on how to

use the machines.

In the pictures below, you can see the miller showing the women how grinding and

milling is done.

Grinding Milling
Figure 32 : Miller showing women how to easily grind peanut and mill corn
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CONCLUSION

Thanks to the Austrian cooperation and FRES Yeelen Ba, the project was made possible.
FRES Yeelen Ba installed a system that is replicable, that can be upgraded and which is

easy to maintain.

With this new solar multifunctional platform, women can grind peanuts, shea nuts,
condiment and mill some cereals. This without spending any dollars on fuel and repair
costs. From now on, they can focus on their core activities which are agro-processing and

producing soumbala, shea butter, juice, soap etc.
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Appendix 1 : All in one hybrid inverter 10 kW : datasheet

II|Page



TYPE: Y2:13254
POWER:7.5HP / 5.5 KW
SPEED; 144 RIMIN  *

| MAREIN gfﬂo%oomrm\
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Appendix 3 : Solar panels
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Appendix 4 : Family pictures
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Appendix 5 : Cables + lamps + accessories
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Appendix 6 : Maintenance contract
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