



Technical Characterization of a Pilot Cassava Processing Unit in Ouagadougou for Energy Efficient Mechanization



.     
.
              . 
                     
	.
..


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


ABSTRACT 

	Processing operations for tubers such as cassava are traditionally carried out using knives, machetes, mortars and other tools. Mechanized processing units are sometimes used, but they are energy-intensive. Thus, it is necessary to propose processing units that are optimal in energy and meet the needs of users. The technical characterization of the equipment of the pilot mechanized cassava processing unit installed at the Institute of Research in Applied Sciences and Technologies (IRSAT) meets this objective. It was carried out on a washer, a peeler, a grater and a spin dryer. The results showed the spin dryer to be more energy-intensive with a nominal consumption of 7.5 kW. All equipment is equipped with low-voltage three-phase electric motors. The productivities of the equipment are between 100 and 2500 kg/h.
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1. INTRODUCTION
Cassava is recognized as one of the main sources of energy in the diet of tropical regions. Africa is at the top of world production with more than 154 million tons [1, 2]. Cassava processing is an alternative and a means to obtain long-life products, thus reducing post-harvest losses [3]. Processing involves many difficulties in terms of labour intensity and the absence of optimized and standardized equipment [4]. The processing diagram includes several operations (washing, peeling, grating, spinning, etc.) implemented using equipment. Mechanized processing units are sometimes used, but they are energy-intensive. Bottlenecks exist in the processing chain. They are characterized by the absence of modern equipment, laborious operations, high production costs, and poor hygiene in processing areas [ 5-9]. Added to this are the energy difficulties of Burkina Faso, even though it has enormous solar energy potential, and the high costs of conventional energy [10]. The choice of an appropriate industrial machine is crucial for the competitiveness and efficiency of the company. It must take into account certain factors such as the needs of users, the capacity of the machine, its energy efficiency, its reliability, its impact on the environment and the safety of operators.
Thus, it is necessary to propose a mechanism to make the transformation units energy efficient and meet the needs of users. It is with this in mind that the mechanized pilot transformation unit of the Institute for Research in Applied Sciences and Technologies (IRSAT) was installed as part of a FONRID project in 2021. This project aims to improve the profitability of attiéké production by integrating efficient equipment using solar energy. The objective of this work is to present the technical characteristics of the IRSAT mechanized pilot cassava processing unit.

2. material and methods
[bookmark: _Toc173504099]2.1. Composition of the cassava processing chain
One of IRSAT's cassava-to-attiéké processing units (or production units) is being developed as part of a project entitled "Establishment of a complete mechanized attiéké platform with integrated renewable energy." The objective is to contribute to improving the profitability of attiéké production by integrating high-performance equipment using solar energy.
Table 1 shows all the equipment in the processing line.

[bookmark: _Toc173322981]Table 1. Composition of the attiéké production chain (IRSAT, Ouagadougou)
	[bookmark: _Toc173504100]Equipment
	Engine reference
	Nominal power (kW)
	Yield

	Washer (Figure 2)
	Y2-112 M-2
	4
	0.82

	Peeler (Figure 3)
	LS 100 L
	3
	0.81

	Grater or grinder (Figure 4)
	LS 112 / 4
	4
	0.82

	Wringer (Figure 5)
	Y2 - 132 M - 4
	7.5
	0.887



Table 1 shows that the nominal power of the wringer motor is the highest. It represents the power that can drive the wringer. Efficiency is the ratio between the nominal power and the electrical power absorbed from the electrical network. The efficiencies were noted on the nameplates of the motors of each equipment. Figure 1 shows the values of nominal power and efficiency on the nameplate for the wringer.
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	a) Engine overview
	b) Engine efficiency and rated power


Fig. 1. Description of the spin dryer motor

Each of these four devices has a low voltage (LV) three-phase asynchronous electric motor. This type of motor is called an induction motor and has two essential parts (stator and rotor). The stator has three coils that create three magnetic fields. These three fields together create a rotating field that drives the rotor in rotation by creating an electromagnetic force. The rotor can be in two different configurations, namely short-circuited or wound [11] [12].
2.2. Description of equipment
[bookmark: _Toc175748757]The washer:
The washer is shown in Figure 2.
[image: ]
[bookmark: _Toc175748969]Fig. 2. Washer

The tubers are loaded into the mesh cylinder according to the desired quantity, then water (measured volume) is added to the water tank until the tubers are completely submerged. The engine is started. By operation based on the principles of integration of mixing, friction, lifting and impact, all impurities such as silt and sand are forcefully removed without any breakage of the raw material. The washed tubers are collected through the tuber outlet channel using a container and the washing water is discharged through the water outlet channel.

The peeler:
The peeler is shown in Figure 3.
[image: ]
[bookmark: _Toc175748970]Fig. 3. Peeler

Before loading the hopper (peeling plywood), the equipment is started. The rotational movement of the motor shaft is transmitted to the drum via a series of toothed chain-pinions. The drum therefore performs a continuous rotational movement around the fixed axis. By friction between the metal brushes and the cassava roots, the cassava peel is gradually removed according to the direction of the drive wheel which guides the load and the peeling is carried out. A quantity of water depending on the load is used to clean the peeling brushes. The peelings fall gradually through the gaps between the brush mounts. After a certain time depending on the quantity loaded in the hopper, the level of peeling of all the roots is checked. If the peeling rate is suitable, then the peeled cassava roots are recovered through the product outlet channel.

The grater:	
The grater is shown in Figure 4.
[image: ]
[bookmark: _Toc175748971]Fig. 4. Grater
[bookmark: _Toc175748760]The grater, made of stainless steel, meets food and hygiene standards and is powered by an electric motor. It is mainly composed of a frame in a mechanically welded structure, a feed hopper, a grating chamber containing a grating drum, a channel for recovering the finished product. The transmission is provided by a belt pulley which ensures the rotation of the grating drum in the grating chamber.

The wringer:
The wringer is shown in Figure 5.
[image: ]
[bookmark: _Toc175748973]Fig. 5. Wringer
The spin dryer is used to remove water from cassava dough after grating. This is the centrifugation principle. Before this operation, the cassava dough is wrapped in a white cloth or mosquito net that complies with food hygiene. After loading the dough into the hopper containing a filter screen, the motor is started. The rotational movement of the spinning drum is ensured using a belt transmission. This process allows the water to be recovered using a container placed at the outlet channel.
[bookmark: _Hlk205826136]2.3. Measuring tools used
[bookmark: _Hlk205826115]The measurement of the different parameters required the use of several measuring tools:
[bookmark: _Hlk205825783]- The working speed was measured using a tachometer. This method is performed without contact using a laser beam. Reflective adhesive tape is stuck on the machine, then the laser beam is directed towards this tape when the machine is in motion. The tachometer detects the reflections of the beam. Knowing that each reflection corresponds to a complete revolution of the machine, the tachometer calculates its working speed. It is expressed in rpm.
[bookmark: _Hlk205824916]- The productivity of the machine is obtained by measuring the time taken to produce a given quantity of material. The quantity produced is then divided by the time taken and the result corresponds to the productivity of the machine. It is expressed in kg/h.
- The capacity of the loading cylinder was measured using an industrial scale.
- The footprint, the height of the product outlet channel and the height of the water outlet channel were measured using a measuring tape.
- The power absorbed by the machine on the electrical network was calculated from the following equation.
        				(1)
Pn is the nominal operating power, i.e. the power that can drive the machine and r is the efficiency. Pn and r are given on the machine nameplate.

[bookmark: _GoBack]3. results AND DISCUSSION
[bookmark: _Toc173504136]3.1. Technical characteristics of the unit's equipment
The technical characterization of the equipment took place from November 2 to 3, 2023. Some characteristics were obtained through measurements carried out on each piece of equipment. Other characteristics come from the equipment's nameplate and technical instructions.

The washer: 
Figure 6 shows the washing operation.
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	a) Loading (cassava and water) of the washer
	b) Cassava after washing


[bookmark: _Toc176351139][bookmark: _Hlk175741997]Fig. 6. Cassava washing operation

[bookmark: _Hlk170314402]The technical characteristics of the washer are presented in Table 2.

[bookmark: _Toc175748889]Table 2. Technical characteristics of the washer
	Settings
	Specifications

	Energy source
	Electric

	Power consumption (kW)
	4.878

	Working speed (rpm)
	15

	Dimensions (L x W x H) (mm3)
	1300 x 1500 x 1700

	Loading cylinder capacity (m3)
	0.48

	Water tray materials
	Stainless steel

	Chassis materials
	Ordinary steel

	Productivity (kg/h)
	400

	Height of product outlet channel from ground (cm)
	62

	Height of the water outlet channel from the ground (cm)
	22



The washing machine is powered by an electric power source with an absorbed power of 4.878 kW. The working speed of the washing machine is 15 rpm. The washing machine has a width of 1300 mm, a length of 1500 mm and a height of 1700 mm. The capacity of the loading cylinder is 0.48 m3. The materials used for the manufacture of the water tank are stainless steel to avoid product contamination and the frames are ordinary steel. The productivity of our equipment is 400 kg / h. The product outlet height from the ground is 60 cm this height guarantees a healthy product at the outlet and the height of the water outlet channel from the ground is 22 cm. The working speed of the washer is relatively low due to the large capacity of the hopper which is 0.48 m3. This speed can be adjusted by increasing or decreasing the quantity of product according to the user's needs.

The peeler:
Figure 7 shows the peeling operation.

	[bookmark: _Hlk170314482][image: ]
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	a) Loading cassava for peeling
	b) Cassava after peeling


[bookmark: _Toc176351140]Fig.7. Cassava peeling operation

The technical characteristics of the peeler are presented in Table 3.

[bookmark: _Toc175748890]Table 3. Technical characteristics of the peeler
	Settings
	Specifications

	Energy source
	Electric

	Power consumption (kW)
	3.703

	Working speed (rpm)
	210

	Dimensions (L x W x H) (mm3)
	700 x 1600 x 1100

	Loading cylinder capacity (kg)
	-

	Plywood Materials
	Stainless steel

	Chassis materials
	Ordinary steel

	Productivity (kg/h)
	500

	Height of product outlet channel from ground (cm)
	60



[bookmark: _Hlk204810057]The peeler is powered by an electric power source with an absorbed power of 3.703 kW. The working speed of the peeler is 210 rpm. The peeler has a width of 700 mm, length of 1600 mm and height of 1100 mm. The materials used for the manufacture of the peeling tear are stainless steel to avoid product contamination and the frames are ordinary steel. The productivity of our equipment is 500 kg/h. The height of the product outlet from the ground is 60 cm this height guarantees a healthy product at the outlet.

The grater:
Figure 8 shows cassava tubers before and after grating.
	[bookmark: _Hlk202539182][image: ]
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	a) Cassava tuber before grating
	b) Cassava paste after grating


[bookmark: _Toc176351141]Figure 	8: Appearance of cassava before and after grating

The technical characteristics of the grater are presented in Table 4.

[bookmark: _Toc175748891]Table 4. Technical characteristics of the grinder or grater
	Settings
	Specifications

	Energy source
	Electric

	Power consumption (kW)
	4.878

	Working speed (rpm)
	1400

	Dimensions (L x W x H) (mm3)
	700 x 700 x 1200

	Hopper capacity (m3)
	0.05

	Hopper Materials
	Stainless steel

	Chassis materials
	Ordinary steel

	Productivity (kg/h)
	2500



[bookmark: _Hlk204810074]The grater is powered by an electric power source with an absorbed power of 4.878 kW. The working speed of the grater is 1400 rpm. The grater has a width of 700 mm, length of 700 mm and height of 1200 mm. The capacity of the loading hopper is 0.05 m3. The materials used for the manufacture of the hopper are stainless steel to avoid product contamination and the frames are ordinary steel. The productivity of our equipment is 2500 kg/h.

The wringer:
Figure 9 shows the cassava dough before and after spinning.

	[bookmark: _Hlk202539282][image: ]
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	a) Cassava paste in the wringer
	b) Cassava paste after spinning


Figure 	9: Cassava paste before and after spinning

The technical characteristics of the wringer are presented in Table 5.
[bookmark: _Toc175748893]Table 5. Technical characteristics of the wringer
	Settings
	Specifications

	Energy source
	Electric

	Power consumption (kW)
	8.455

	Working speed (rpm)
	1450

	Dimensions (L x W x H) (mm3)
	1000 x 1400 x 1200

	Capacity (m3)
	0.19

	Materials
	Stainless steel

	Chassis materials
	Ordinary steel

	Productivity (kg/h)
	100

	Height of the finished product outlet channel from the ground (cm)
	30.3



[bookmark: _Hlk204810091]The spin dryer is powered by an electric power source with an absorbed power of 8.455 kW. The working speed of the spin dryer is 1450 rpm. The wringer has a width of 1000 mm, length of 1400 mm and height of 1200 mm. The loading cylinder capacity is 0.19 m3. The materials used for the manufacture of the hopper and the filter screen are stainless steel to avoid product contamination and the frames are ordinary steel. The productivity of the equipment is 100 kg/h. Spinning is an operation that takes place by centrifugation [13]. The efficiency of this operation depends on the operating speed of the spin dryer. Authors in the literature have carried out spinning tests with rotation speeds of 1300-1900 rpm [14].

4. Conclusion
[bookmark: _Hlk202529919]In this work, we presented all the equipment of the mechanized pilot cassava processing unit and their technical characteristics. The results showed that the most powerful equipment is the spin dryer. All equipment has low-voltage three-phase electric motors. For their manufacture, the material used is stainless steel. The frames are made of ordinary steel. Productivity is between 100 and 2500 kg/h. This study is important for processors because the choice of equipment is made from technical characteristics. In short, the characterization of the machines is essential to ensure their optimal operation, efficiency, safety, and durability.
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