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1. 

2. 

3. 

The gari processing plant which has been built for UNIDO is based 

on upgraded and modified existing basic designs of those com-

ponent unit machines which are readily available and which 

were identified from a national survey of major gari produc-

ing areas. The gari-plant is made up of seven component 

machines that facilitate the operations of more than 10 dif-

ferent steps in gari processing from the cassava root. 

The most critica~ machines in the plant are 

i. the grater - used for particle size reduction from 

peeled cassava tub&r and dewatered (pressed) cassava 

cake; 

ii. screw press-for water removal from fermented cassava 

pulp; 

iii. garifier/dryer - this is a cylindrical cooker/dryer that 

first gelatinises (cookes) the pulp followed by water 

removal (drying), yielding ready - to-eat dry gari 

product; and 

iv. a sifter (shaker) for gari grading. 

The layout of the plant is arranged in such a way that there is 

only one prime mover - a 6-horse power diesel engine - which 

drives all the moveable machines (i.e the grater, the sifter 

and the garifier/dryer). Performance tests on the gari plant 

showed that it. is versatile in tJ'l:it it equally dries gari, 

cassava flour, lafun a11d starch, unlike other existing gari 

plants which produce only gari. The plant is therefore ex-

pected to be also suitable for use in various countr;es that 

have preference for cassava flour. 

·l 
.~· 

.-~ 
.J . ,. 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4. 

5. 

6. 

7. 

The design of the plant took into consideration the limitations 

of manufacuting facilities in many African states and avoided 

undue sophistication that might defeat the objective. that 

is. to produce a low technology, low cost gari processing 

plant. The drier can be fired with charcoal, coal, firewood, 

sawdust or gas. whichever is available, thus making tne plant 

suitable for rural areas. 

The present ou~put of gari is between 120-160kg in 8 hours, but 

this could be considerably increased by changing the present 

prototype fro..,, a batch to a continuous process. The plant 

was demonstrated in various international trade fairs, 

science exhibitions and rural areas all with favourable 

res~onses. It was also demonstrated for participants from 

Cameroon and Liberia. 

Techno-economic analysis of the gari plant showed that a total 

investment cost of $33,323 will be required. It will employ 

9 workers who wi 11 be expected to produce about 37 tons of 

gari per annum at a selling grice of $0.74/kg. This is about 

double the cost when processed by traditiomtl methods. If 

however. the annual gari output could increase by better 

management, under moderate semi-commercial scale of produc­

t io~. the unit productio~ cost should fall. 

It is recommended that at least one gari plant should be manufac-

tured for each of the African countries that consume gari, 

including Congo and Zaire where cassava flour is eaten. 
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[PHASE 1] 

BA~KGROUNQ INFQRMAJ.I_Q~_t\f"'_Q _§__lJRVl;Y_ QF ~MA!,.l,, 

SCAl,,.E GARI PROC~S~N-9 ~AC!:fHl_ES ~~_Q M~THODS 
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C~APJl;R 1 

1.0 BACKGRQUNP INFORMATION~ 

The United Nations Indust~ial Development Organisations 

(UNIOO) in August 1986 mandated the Federal Institute of !n­

dustrial Research Oshodi (FIIRO) to ~develop a smal 1-scale 

gari plant that is marketable, efficient, lcw cost and will 

improve the efficiency of gari production in rural areas". 

The implementation of the project was divided into six 

phases, the first of which was the survey of the local areas 

to study and evaluate equipment being used for village scale 

gari production. 

The national survey of major gar i producing areas 

covered Ogun, Oyo, Bende 1 and Imo States. These visits 

brought us in contact with both manufacturers of the village 

scale gari processing plants and the users of the equipment. 

It was concluded that the most appropriate plants are those 

manuf,.ctured by two different companies in Ibadan namely -

ELA Agricultural Machinery Manufacturing Company and Sahara 

Fngirieers Limited. Some units of this equipment were recom­

mended to be upgraded and standardized for greater produc-

tivity and easy reproducibility of spare parts and main-

tenance considering the low technology in these areas. ThP.se 

included the grater, the ::;ieve, the dryer and the introduc­

tion of a small milling machine to standardize the gari par-

ticle size. 
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1. 1 INTROOUCT~ON: 

Gari is a gritty gelatinized starch food processed from 

fermented cassava (Manihot esculenta, Crantz) and used as a 

staple in some countries of West Africa and Central Afr1ca. 

It is estimated (FAO 1979) that global p~oduction of cassava 

was about 117 million metric tonnes with Africa contributing 

about 45 million tonnes. Nigeria seems to be a major 

producer and coPsumer of gari as a staple in Africa; its gari 

output being roughly about 2 million tonnes ~n 1976 (Ngoddy 

and Kaplingsky 1976). 

Other· products of cassava processing are cassava f 1 our, 

starch, tapioca, "fufu- and "lafun-. Gari is however most 

preferred because of its ease of preparation and relative 

storability. Basically, gari processing involves the peeling 

of the cassava tubers, the grating of the peelert tubers, the 

fermentation and dewatering stages, and the frying and pack-

aging stages. 

TherR are three recognized levels of gari processing in 

the country - depending on the extent of mechanization in-

\/Olved. 

The first and the basic level is the traditional system 

where each unit operation is essentially manual, time consum­

ing and tedious. The frying is carried out in a semi­

spherical iron pot fired with wood. It is essentially a 

family system, with production capacity ranging from 20-50kg 

per day. 
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The second level is one in which SOP.le mechanisation or 

improvement have been introduced in some of the unit opera­

tions or/and proce~sing equipment with production capacit) 

ranging from 300 - 500kg per day. The mechanisation ~nd im-

pr·ovement an~ generally in the areas of --

1 ) ~rat l_r\g where a motorised grater is used to rep 1 ace 

the hand gr at inc;. The graters are of different 

capacities and efficiency. 

2) where e:ther a screw press or a 

hydrdulic jack is used to rep~ace the heavy stone in 

traditional process. 

3) Frier$ here the semi-spherical pot is replaced by a 

semi-cylindrical metal which can be manually or mechan\-

cally paddled. 

The third le~el is that using commercial plants with 

output of 3 to 10 tons a day. The unit operations are al­

most entirely mechanised. The FIIRO design which has been 

commercialized in over three African countries falls into 

this category. However the present assignment from UNIDO 

falls into the second category. 

The United Nations Industrial Development Organization 

(UNIDC) realizing the expertise of the Federal Institu~e of 

Industrial Research Oshodi (FIIRO) in this area has mandated 

fIIRO in this contract "to develop a small-scale gari pla~t 

that i!> marketable, efficient, low cost (that) wi 11 improve 

t.he effic:.ienc,y of gari production in rural areas". 
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I .2 WOR~ PL~N AND TIME SCHEDULING: 

The wor~ plan was divi~ed into six phases for a time 

scheduled of 18 months starting from December 1986 as shown 

in Annexes 1 and 2. The Phase 1 involved a national survey 

of major gari producing states and villages. 

1.3 013JECTIVES: 

The objectives of this survey were to -

(1) Visit selected intensive gari processing areas and 

rev1ew their processing methods; 

(2) Identify the equipment being used presently by the dif-

ferent communities. 

(3) Identify problems associated with each unit of the com-

panent gari equipment; and 

(4) Identify units that are considered suitable for 

modifications and improvements. 

1 • 4 THE SURVl;Y: 

The sur·1ey was carried out by a team consisting of a 

food technologist, an economist and a design engineer to 

Ogun, Oyo, Bendel and Imo States which were identified as 

states with intensive gari product.ion. In each state, visits 

were made to the Ministries of Agriculture, Agricultural 

Development Projects, Local Government Areas, towns and vil­

lages where gari is produced in substantial quantities. Lo­

cal people 1n all the different states were met and the 

machines being used llliere eva 1 uated and photographed. The 

places visitert in each state are shown in Table 1. 
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OYO STATE OGUN STATC: BENDEL STATE IMO STATE 

----------------------------------------------------------------------
Ibadan, Iyana Ifo, Ilaro, Benin, Sapele owerri, Orlu 

Off a, Iwo, Abeokuta, Warri, Abraka Umuahia, 

Awe, Oyo Ijebu Ode Auchi, Ibilo Umudike 

Ogbomosho, Ikire Ijebu Igbo Igarra, Abudu Oboro Etiti 

Odo Ot.a Shagamu, Mak•.Jn Ekpoma, Umunede Mgbiriehi 

Lan late Ogbere 

---------------------------------------------------------------------

The extent of mechanisation varies from place to place. 

In some places only the grating is mechanised, in others two 

or more unit operations have been mechanised. In all cases 

the peeling of the tubers is still manual. In all places 

where mechanisation has been introduced, the equipment for 

each unit operation are similar and convnntional, as dis-

cussed below: 

c;>r:_ati_ng: The grater consists of an inverted perforated light 

gauge sheet wrapped round a wooden roller. This 

roller is connected to a motor which may be petrol; 

diesel-or electrically-operated. The machine is 

a 1 so being used as cassava cake gr a nu 1 a tor. 

(Figure 1). 

Oe~<;iter i ng ~ro~~s-~: The equipment used for this process con-

sists of either a screw press or a hydraulic jack. The 

mash, packed in synthetic sacks, is stacked in layers 

and dewatered through the operation of the screw press 

or jack. (Figure 2) 

.. 1 

I 
~· 

,. 

1;: 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1.5 

•. ·' 

Sifting: This is the removal of fibres from the granulated 

gari mash. This is generally done manually but some 

processors have mechanised this operation. The sigve is 

however made from vegetable fibres instead of having a 

metal mesh (Figure 3). 

Fry_lng_Iray;.;: These consist of either rectangular or semi-

cylindrical metal sheets fired either with wood, diesel 

or gas. The number of frying trays varies from place to 

place - depending on desired capacity. In all cases the 

gari is manually paddled or turned round with woo~en 

spatulas - usually two people standing by a tray of 

about 1x2.5m and 1ocm deep (Figure 4 and 5). 

O_i~£_ M_i_U_: Only one of Lhe places visited has a disc mill 

which is needed to mill the coarse gari particles to 

even sizes. 

~ifJ&rl~rader; The grader is a manual sifter or a mechanised 

one (Figure 6 and 7). 

GON_C!,~S_IO~: 

The tour reveale~ that ~ilent revolution has been going 

on at the grass root~ level to mechanise gari production to 

the extent. th~y can afford - assisted by local engineering 

companies. The ELA and Sahara type gari mach;neries seem to 

account for about 75~ of the equipment used in gari produc-

tion at the rural level - though standardization seems to be 

lacking. 

It was concluded that though the equipment produced by 

both FLA and SAHARA are widely in use at the rural level, 

these equipment have to be upgraded and standardized for 

1 3 
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greater productivity and easy reproducibility for spare parts 

a~d maintenance. It wa~ realized that a completely new and 

sophisticated design wi 11 not n1ake any impact in these areas 

btcause of the complexity involved. 

1 .6 REC~ENOATIONS: 

(a) Gr~ter: That the typical drum type be selected because 

of the advantage that it can be used as a granulator. 

Its parts should be standardized and galvanized sheets 

should replace the old tins used. An alternative could 

be the adoption of the FIIRO type grater which has a 

higher and more efficient production rate. However this 

was found to be more expensive. 

( b) Oe~(!ter_in_g_.;. That tt'le c.;crew press type with fl ywhee 1 

be adopted since the maintenance problem involved is 

very small. This was considered more suitable over the 

system using the hydraulic jack, because of sealing 

problem and spillage of hydraulic oil into the mash. 

(c) ~rC!_nuJat9r__;_ It was also rez.lized that the grater was 

used for this purpose. Therefore the design of the 

grater should take this into consideration. 

(d) ~i-~ye: A simple mechanical type with metal mesh be 

de~igned. 

( e) Gar ili i_n.A;. That the open tray non-continuous dryer 

system should be re-designed such that the toxic fumes 

from, the gari are channeled away from the operators 

while the energy efficiency be improved upon in the 

design. A maximum output of 500kg of gari per 8 hour 

working day was recommended. 

14 
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(f) 

(g) 

M_j_lJ iru1: It was recommended that a simple mi 11 ing unit 

be bought for integration into the plant. This was to 

standardize particle size of the gari. 

eack_ruting_& Weighing: A simple system of packaging 

the gari in 2kg sealed polythen~ bags simiiar to that 

being used in FIIRO be used if necessary or required. 

It was however ,·eal ized that this might not go well with 

the habits of the rural population who are used to tast-

ing the gari before selecting their choice. This not-

withstanding, its introduction will improve its hygiene, 

appearance, packaging and acceptability. 
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2.0 SU'4MAf!Y: 

The gari machines most commonly employed by small 

scale-gari producers were earlier identified through a survey 

as a mechanical grater, a manual screw press, a 

garifier/dryer, a sieve (shaker), using a non-continuous sys-

t.em. This report presents the designs of the various 

machines, suitably modified and upgraded for greater ef­

ficiency. The need to avoid undue sophistication and to 

reduce cost was paramount in the choice of design parameters. 

The grater is built of mild steel frame and perforated 

galvanized steel sheet grating surface. The screw press is 

made from mild steel sections and plates, and a central 

square threaded screw of 12nvn pitch. The garifier has three 

rotating ar·ms with split wcoden paddles and a vent system to 

safeguard operators from poisonous cyanide fumes whiles 

roasting cassava mash. The sieve is a mechanical shaker car­

rying a frame that can hold screens of various apertures. 

These units are coupled to a 6 h.p. diesel engine as the 

prime mover. The designed maximum capacity of the plant is 

500kg of gari in an 8 hour working day. 

2. 1 IN"(ROOV.CT{Ot-:' 

In the first interim report (chapter 1) it was recom-

mended that a mechanised, non-continuous system, having a 

maximum output of SOOkg of gari per 8 hour working day was 

desirable. Furthermore the machines to be adopted were to be 

those widely used at present but suitably upgraded and stan-

dardized for greater productivity, easy manufacture of spare 

1 7 

·I 
f ., 
) 
,. 
~ 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

•. 

parts and maintenance. While the garifier/dryer and the 

sieve (shaker} were built from a new design, the rest of the 

component machines, namely, the grater, screw press, disc 

mill and weigher were purchased locally and modified. 

Details of the individual machines and design specifications 

are given in this section. 

2. 2 Q_BJECTIVES: 

The objectives of the second phase of the UNIDO gari 

machine proje~t were to design, fabricate, improve upon and 

assemble the gari machines rec"!tllllended from a previous sur-

vey. 

The following gari machines are affected: 

The cassava grater, the screw press, the garifier/dryer, the 

sieve (shaker} and the simpl~ ill. 

2. 3 !Hf; MACJ::l_INE DESIGNS ANO SPECIFICATIONS 

2.3.1 C~E~av~ ~rater: Schematic Figure 8 

There are generally two types of graters used locally in 

Nigeria. These are the hammer type and the abrasive type. 

The former is used for large scale productions while the lat-

ter is for small scale operation. Because of its simplicity 

and cost-effectiveness, the abrasive type of grater was 

adopted for the project designs. 

The abrasive grater was bought from a local fabricator 

(Addis Engineering Limited, Isolo, Lagos) and was made up of 

a rotating disc of cast aluminum clad with finely perforated 

galvunized plate around its periphery to form an abrasive 

disc. This disc was assembled within a stationary enclosure 
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which has an abrasive, well perforated galvanized sheet close 

tc it at the feeding end. Thus the quality and efficiency of 

the machine depended on: 

i. the extent of abrasiveness of the disc and plate. 

11. the clearance between the disc and stationary wall. 

iii. the limiting speed of rotation of disc which was 

700-800 revolutions per minute. 

tiQQJ_FICATIONS: 

It was found that the quality of grating done by the 

machine was not standard when used as was purchased. Hence 

modifications were carried out on: 

i. the main drive-by fixing pulleys and belts to make 

the speed of the disc 72 revolutions per minutes 

(r.p.m). 

ii. the stationary plate-by creating an abrasive sur-

face on it through scattered drillings. 

Overall Dimension 714mm (L) x 618mm {B) x 56511111 (H) 

Designed capacity 300 to 350kg/hour 

Actual capacity 300kg/hour 

Power required 2h.p, if driven by electric motor 

Actual arrangement Belt and pulley drives coupled to a 

diesel engine drive 

Materials: 1. Main frame mild steel 

ii. Shaft - mild steel 

iii. Main rotors - cast aluminum 

iv. Abrasive covers - galvanized steel 

v. Pulleys grey cast iron 

vi. Belt size B 930 
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2.3.~ 

v 11 • Bearing 

103(} 

MP 25 basic bearing size 

SC~EW _epESS Schematic Fig. 9 

Bas i ca 11 y there are three types of cassava paste 

dewatering machines in practice, namely: 

i. Basket Centrifuge for large scale operation 

ii. Hydraulic press for medium scale operation 

iii. Screw press for small scale operation 

Because of simplicity of construction and low maintenance 

cost, the screw press was con:s i dered tor the project. This 

equipment initially purchased from the local market (Addis 

Engineering Limited, Isolo, Lagos) was made up of the 

following:-

a) Square threaded shaft fitted at the lower end on a 

ramming plate which col!ld be raised or lowered by 

using the operating rod inserted into a hole made 

at the lower part of the threaded shaft. 

b) A brass nut, square threaded, through which the 

screw shaft passed, which was fitted like a bush in 

a hole made at the centre of tti-:. upper horizontal 

frame. 

c) Main frame of U-channel and angle iron structural 

mild steel carrying at the bottom a stationary 

plate of cast aluminum which was round for drainage 

when cassava mash is packed on it for pressing. 

20 
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The 1 oad i ng capac i ty of the press when tested as purchased 

was a maximum of 80kg, which was considered too small. 

Modification was therefore made by providing structural steel 

covers at the sides so that it was able to accommodate 

material of about 240kg. 

SPE~IflCATIONS: 

Overall dimensions (L) 980111111 x (B) 700mm x (H) 1690111111 

Designed capacity 80kg per batch 

Capacity after modification 240kg per batch 

Maximum compres$ive load 3 tonnes 

Materials: i. Frame - Mild st~el sections and plates 

ii. Screw shaft - Mild steel rod. 

iii. Nut Brass 

iv. Rams (top and b~ttom) - cast iron or cast 

a 1 um in i um or seasoned wood, depending on 

a-.,ailebility. 

Thread type Square with pitch 12111111 

2.3.3 

Installation Bolt down on concrete ba&e with drainage 

facility. 

The design and fabrication of the dryer unit was carried 

out completely from scratch at the Institute. It is made up 

of a mechanised but simple ventilated system, in whicn the 

poisonous cyanide fume is conveyed away from the operator, 

unlike the traditional open tray system, presently used in 

the villages. 
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The cooking drum is a cylinder made up of half lower 

base of mild steel and half upper base of aluminium plate 

cover which has windows that could be opened and closed at 

intervals as necessary. The cooking is done by a moveable 

charcoal fire tray ignited in an insulated chamber at the 

bottom part of the cylinder. Material mixing is carried out 

during cooking and drying stages by rotating wooden paddles 

scattered on the main shaft at three intervals and orienta­

tion of 120 degrees to one another. Each paddle is spring -

loaded to maintain constant contact with the lower portion of 

the drum and rake up material from the drum and thus avoid 

burning of materials being p~ocessed. 

The main drive is through chain and sprocket wheel 

coupled to a reduction gear box driven through belts and pul-

leys by a diesel engine. 

J~PORT~~I_FEAJURES~ 

From experiments it was found that cont1nuous long 

paddles spanning the ends of the three &rms of the central 

shaft produced messy cake instead of cooked separate granule 

gari. Further experiment was th~refore performed by breaking 

the padd 1 es into seven pieces on each shaft. It was dis-

covered that the stirring of product became more turbulent 

wit"l the result that cass..-va flour (i.e ungelatinised 

product) not gari was produced. 

The third experiment was also performed with the number 

of broken paddles reduced to five pieces, and this gave 

desired result for gari. It was concluded that: 

a) the uni~ could be used with five paddles to produce 

gar i. 

~-.• 
:j 
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b) it could be used with seven paud 1 es to produce 

other cassava products (cassava flour, fufu or 

starch). 

Overall dimension 1420mm (L) x 1100111111 (8) x 1660111111 (H) 

Charge capacity designed - 150kg/batch 

Operating capacity 50kg of fiber free, fermented granu-

lated cassava cake per hour. 

Power requirement 1.5 h.p 

Material: i. Cooking drum mild steel 

ii. Orum cover aluminium 

i i i . Support frame mild steel 

iv. Fire place brick or mud (to be built in 

situ around frame or fiber 

insulating jacket of mild 

steel plate. 

v. Paddles - seasoned wood on stainless 

steel pipe arm. 

vi. Main shaft mild steel rod bushed by stain-

less steel pipe. 

Firing Wood, material waste, cooking 

gas, fuel oil, charcoal, mineral coal, 

palm kernel shell. When the fue 1 is 

other than cooking gas and fuel oil 

firing tray of mild steel trolley can be 

used. 



I 

I 
2.3.4 Schematic Fig. 11 

I This is a machine that can be used to sieve both the wet 

mash and dried gari-granules. It is. made up of a simple 

I vibrating system which uses an eccentric ~am mounted on the 

I 
main deriving shaft. The cam pushes an oscillating tray 

which holds a detachable screen under which is a discharge 

I hood of aluminium or galvanized sheet. The screen is made in 

different sizes to be used as the case may be for fiber 

I removal or gari sifting (3mm aperture) and 1mm for fufu, 

I 
starch and cassava flour. The oscillating tray holding the 

screen is damped by means of two coiled springs at one end of 

I the tray. 

SPE;C{FICA_TIQNS ~ 

I Overall dimension 1160mm ( L) x 500rnm (B) x 1025mm (H) 

I 
70kg per batch 

i. 700kg per hour for granulated cake 

Designed capacity 

O~erating capacity 

I ii. 500kg per hour for crude gari 

iii. 650kg per hour for mil led gari. 

I Power requirement 1.5 h.p 

I 
Main frame mild steel Materials i. 

mild steel and wood ii. Tray 
J 

I 
wood and metal welded mesh or iii. Screen .. 

i 
drilled mild steel plate. ,. 

I iv. Bearing - Bearing - pillow blook NP.30 

v. Shaft mild steel EN8A 

I vi. Cam · mild steel ENS (case hardened). 

I 
I 
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2.3.5 

This is a dial type having a maximum capacity of 200kg 

weight. It is hung on a structural steel frame of 1-beam 

during ~Pighing. 

2. 3. 6 ~JLJ.l_NG M~C_tlINf_: 

This is a disc attrition mill with grey cast iron disc, 

cast aluminium housing and structural steel stand. The drive • ) 
capacity is 1.5 h.p and the drive system is belt and pulley 

arrangement. 

A structural steel stand was built for erecting the 

;nill. Also the belt and pulley system was re-designed and 

arranged to connect the shaker pulley in series with the 

grater and diesel engine drive. 

SPfCI_FlQAilONS ;_ 

Operating capacity 45kg of coarse gari particles per 

hour (dry milling) 

Overall dimension 500mm (L) x 500m (B) x 1300mm (H) 

Power required 1.5 h.p. 

Materials i. Grinding disc - grey cast iron 

ii. Grinding housing - grey cast iron or cast 

aluminium. 

ii 1. Grinder base - grey cast iron or cast ,. 

aluminium. 

iv. Grinder stand - structural mild steel angle 

iron. 

Maxi m•Jm speed 725 r.p.m. 

Oise arrangement One rotating, the other stationary. 

Installation Bolting down on concrete basa. 
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2.3.7 

The layout of the plant (Figure 12) was arranged in such 

a way that there is only one prime mover - a 6 horse-power 

diesel engine. 

A structural steel base was constructed upon which the 

units were installed to facilitate transportation and re-

installation at demonstration sites, although t.he erection 

could be carried out as well on concrete foundations. The 

following are details of the drive system:-

i. §Pl:CIFI~~-TION_§_ f:QR_THE GRATER: 

Drive ratio 

Belt size 

1.67:1 (1500:900 r.p.m.) 

B 930 

ii. 

i i i . 

iv. 

Pulley on grater 

Pu1ley on prime mover 

Power required 

Speed reduction ratio 60 

280mm .fl' 

170mm Jf 

2 h.p. 

1 (725 r.p.m 

Belt (gear box to engine) - A 930 

Pulley 315 p.c.d. 

S~EG_JF_lCAUQ~S_ fOfL THE Qf!.Y-ER: 

Chain drive {dryer/gear box) - pitch 3/4" 

Driver sprocket - 23 teeth on 

Driver sprocket - 57 teeth on 

Type of sprocket/chain - Double link. 

Power required - 1.5 h.p 

Speed reduction ratio - 2: 1 ( 12 r.p.m 6 

§_p~_c lf l C,_A T IP~S £OB TH~ __ $I~.YI;: 

Power required - 1.5 h.p 

Drive ratio - 2: 1 (725 r.p.m 

12 r.p.m.) 

150111111 p.c.d. 

300mm p.c.d. 

r.p.m.) 

363 r.p.m) 

·I 
~-

·~ 
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I , 

2.4 

2.5 

Belt size B 930 

Pulley on sieve 280nm ~ 

v. S~ECIFICATIONS FOR THE MILL: 

Power required - 1.5 h.p 

Speed reduction - 1:2 (363 r.p.m 725 r.p.m.) 

Belt size - A 85 

Pulley size on mill - 200nm g 

DETAILED DRAWINGS OF GARI PLANT: 

Detailed drawings of the grate~. sieving machine, screw 

press and garifier/dryer are available as shown in the annex. 

The garifier has as much as 20 component drawings as shown 

below 

I_TE~L~Q_. 

2 

3 

4 

DETAILED DRAWINGS OF THE GARI PLANT 

DESCRIPTION 

Cassava grater 

Sieving machine 

Screw press 

Garifier/dryer 

QUANTITY 

7 

9 

7 

20 

The design has been carried out taking into cons i de ra-

ti on the I imitations of manufacturing facilities in our 

African States as well as the availability of materials. In 

most cases, mild steel was used unless where the strength is 

affected and also where the food quality may be adversely af-

fected. The design also took into consideration the objec­

tive cf the project to have a mechanised low cost Gari Plant 

which could be used in rural areas. Therefore any sophis­

tication that might defeat ~his objective was avoided. 
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CHAPTER 3 

(PHASE 3) 

PERFORMANCE TESTS Q~_ THE PLANT WITHIN_ THE l_NSliT_lJT~ 
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3.0 

3. 1 

S_ U M M ~ ij '(; 

The seven component machines of the gari processing 

plant were test run separately and collectively to determine 

performance and to make improvements where necessary. The 

grater and garifier/dryer were found to be the critical com­

ponents judging from the target of gari output of 200-500kg 

per day. The weight of wet cassava mash which the 

grater/granulator could handle after appropriate modification 

was approximately 1500kg in 8 hour working day, while that of 

the screw press was 240kg/batch within an hour processing 

period. These results were found to be satisfactory. The 

garifier's output was about 120kg of finished gari per day, 

or about 12kg of gari in a 30 minute frying time using batch 

mE!thods. Higher outputs are des i rab 1 e and poss i b 1 e provided 

a continuous plant is built. That should eliminate much han-

dling and intermittent stoppages to load and clean up as was 

discovered in the present prototype plant, but it will no 

longer fall into a low-cost category. 

THE .l_1~~!HNE_P~F_FORMA~C::g__ T_~ST RESULTS;_ 

The spring balance was used to weigh tubers before and 

after pee 1 i ng. It was found out that it could handle con-

veniently 50kg of roots within 5 minutes, although it had a 

maximum capacity load of 200kg. Since the gari plant was 

designed for a maximum capacity of 2 tons of roots in 8 

hours, (assuming a yield of 1/2 ton of gari from 2 tons of 

unpeeled tubers), the weigher was considered suitable to 

handle the job. 

2 ') 
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The grater as it wa~ purchased could grate about 675kg 

of peeled cassava in 1 hour or 5.4 ton in 8 hour continuous 

operation but the mash was discovered to contain pellets of 

ungrated portions which constituted about 30S of the mash. 

However after it was modified as indicated in section 2.3.1 

the capacity was reduced to 90kg/hour or 1520kg in 8 hour 

day. This was considered satisfactory judging from the ex­

pected weight of 1500kg of peeled roots, assuming a peeling 

less of 25-35S from a ton of unpeeled cassava. 

The screw press was manually operated. Initial tests 

showed that it could dewater a maximum load of 80kg of grated 

roots to about SOS water content in 48 hours. This loa<! was 

deemed too small, but after providing a structural steel 

housing (covers) so that the packed bags of mash could be 

contained within the housing and a guttar round the edge, 

terminating in a hole at the bottom to drain the liquor away, 

a satisfactory capacity of 240kg of mash per batch per hour 

of loading, was achieved. Ac tua 11 y, the screw press was 

loaded fully at the end of the grating process and screwed 

reasonably down to avoid bursting the cloth bags. The mash 

was then allowed to drain gradually and to ferment in situ 

for 48 hours. The final water content was brought to about 

50S (by weight) by further screwing down of the upper arm by 

means of the manual lever. Because the grated mash could not 

all be contained in the scr~~ press, the excess mash was 

stored in aluminium vats, covered with lids to prevent dia­

colouration of the top layer and allowed to ferment for 4 

days. 
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Development of the sour flavour has been discovered to 

be fastest and optimum at 48 hours if the mash is gradually 

pressed and continuously draining as in the village method 

but it takes much longer (about 4 days) for the sour flavour 

to develop fully when the pulp is stay~ng in vats without 

liquor draining away (Onyekwere et al, 1989). The fermented 

mash stored in the metal vats was dewatered in batches. The 

efficiency of the screw press is reportedly improved by the 

u5e of an ARCEDEM type which has a lever at the top and bot-

tom of the central screw rod, rather than at the bottom only. 

The dewatered cassava came out as cake which was then 

granulated (distintegrated} in the grater, thus using the 

latter for a dual purpose of grating and granulating. The 

capacity of the granulator was about 1440kg in 7 hours and 

was considered satisfactory. 

The granulated mash was next sifted through the 3mm mesh 

wire sifter to remove fibre and was then hand loaded in 25kg 

amounts through the dryer vents into the charcoal heated 

dryer. (The vents at the upper portion of the garifier 

served a dual purpose as feeding chute for the dryer as well 

as a safety measure for the evacuation of toxic fumes from 

the roasting cassava mash). The vents were immediately 

closed and heating was continued to cook (gelatinise) the 

pulp for 15 minutes during which the maximum registered tem­

perature indicated by the thermometer was 58°C. The vents 

were then opened to release steam (and toxic cyanide fumes) 

and for drying to commence. The two stages of gelatinisation 

and drying were completed in 30 minutes yielding about 12kg 

gar i. Excessive condensation within the system caused 

31 

·I 
f .• 
;j 
l ,. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

sticky, messy cake to form along the central rotating axle 

and sides and upper lid of the garifier drum. Although suf-

ficient steam was needed to cook the pulp when processing for 

gari, it was not so for other products, thus the vents were 

never closed at all for fufu, starch and cassava flour. Ad-

ditionally, from experiments it was found that one continuous 

long wooden paddle spanning each of the three arms of the 

main rotating central shaft supposed t:> keep the pulp 

agitated r·roduced unacceptable gelatinised cake instead of 

cookeil :;eparated granule gad. Further experiment was per­

formed by breaking the paddles into seven or five pieces 

along the shaft, as discussed in section 2.3.3. It was 

therefore concluded that { i) the dryer unit should be used 

with five separate paddles on each arm of the main shaft to 

produce gar· i and {ii) seven paddle pieces to process other 

products (i.e cassava flour, fufu and starch). 

It was also observed that with prolonged running of the 

garificr/dryer the upper parts that did not receive much 

direct heating grew rusty and brownish cake accumulated which 

fel 1 bad; anc1 contaminated the rest of the product. It is 

1 i ke 1 y that. a narrower dryer drum or stain 1 ess stee 1 drum 

will eliminate this problem but the use of mild steel drum in 

the first instance was to reduce cost. 

The roa~ted gari was allowed to cool overnight, milled 

in the (1 i sc mi 11 and graded by sifting through the 3mm screen 

of tt.e shaker/sieve and packaged in two kilogram polythene 

bags. The moisture content of the gari was approximately 

9.3~ while the r,yanide content was 0.027kg cyanide per 

kilogr.im of gari. Both results were within acceptable 
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3.2 

limits. From experience gari having such low moisture con­

tent could retain its freshness for u~ to 9 months to 1 year 

if packaged )n waterproof bags. 

The dryer seemed to be the most important and critical 

single equipment. It was stated that a maximum charge of 

25kg of sifted mash yielded about 12kg of gari within 30 

minutes operating time. Allowing 1 hour for cleaning and 

lunch break. the maximum number of charges in an 8 hour 

period would be 14 and would yield 168kg of gari. In our ex­

perimental tests, because of intermittent stoppages of the 

lister engine to discharge and reload the garifier (including 

recharging the coal fire), the maximum number of charges was 

9 and yielded 120kg of finished (sifted) gari while consuming 

100kg of charcoal. This ouput could be markedly increased by 

changing the garifier into a ~ontinucus system which will not 

need to stop the dryer intermittently to load and discharge. 

However, the overall cost of the plant will not fall within 

the village scale level. 

All the gari machines were carefully evaluated in the 

Institute and it was discovered that the garifier/dryer was 

the single most critical component, followed by the grater. 

The garifier was found to be versatile in that it equally 

dr i ed gar i , fufu. cassava f 1 our and starch un 1 i ke other gar i 

processing plants which dry gari only. There was economical 

use of energy because a single diesel engine drove all the 

moveable component units, namely the grater, dryer, sifter 

and disc mi 11. However, the gari f ier • s output of less than 

200kg in 8 hour working period could be considered too small 
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if up to 2 tons of cassava were available for processing. On 

the other hand, experience shows that village scale gari 

producers hardly have more than one ton of cassava per day. 

Thus this prototype gari plant could be ideal. 
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CHAPTER 4 

{Phase 4} 

D~ON$J_RATIQN _QF T!:i_f_ _gARI__pLANT_IN TW_Q_t.'.'IGERIAN 

VILLAGES INC~UDJNG QTHER ~X~I~ITIONS 
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4.0 

4. 1 

S U M H A R Y: 

Having obtained the necessary operational data and 

modifications in the Institute the gari plant was subse­

quently taken for processing demonstrations to two gari 

producing villages in two states of the country (Ilaro in 

Ogun State and Ibilo in Bendel State). The choice of the two 

places was deliberate. While Ilaro people consume well-

fermented sour gari, Ibi l lo consumers prefer non-sour gar i 

with very short fermentation time. The demonstrations were 

successful judging from the feedback from the villagers. 

IH~ 0EMONSJ"8ATIONS: 

Concrete floors for mounting the equipment were prepared 

previously with permission of the local government 

authorities before a two man team left for I laro on 27 May 

1988, and later proceeded to Ibillo. The Chairmen of the Lo­

cal Government Councils in those places motivated the 

cooperative farmers to bring their already peeled cassava 

tubers for processing. They also invited other villagers and 

pressmen to witness these demonstrations which lasted for 17 

day5. The demonstration:; were deemed to have been successfu 1 

j;Jdging from the favourable comments from, the villager~ and 

5~~pleh of good gari that were brought back to the Institute. 

Several photographs were taken at the demonstrations and 

depicted the fol lowing activities:-

Figure 13 - Cassava peeling and (b) peeled cassava weigh-

r igure 14 -

Figure 15 

Cassava grating demonstrations. 

Bagging of grated cassava roots. 
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Figu'.'"e rn -

Figure 17 -

Figure 18 -

tigl•re 19 -

Figure 20 -

Oewatering/fermentation processes on the screw 

press. 

Weighing of granulated fermented cassava mash. 

Garification/Orying process: 

Firing of garifier with charcoal 

Dried gari collected from the dryer outlet 

spout being sampled by a spectator. 

Milling and sieving operations. 

A cross-section of the village people who 

watchedthe gari plant demonstrations at 

Ibi llo. 

The plant was also exhibited in the Lagos State Interna-

tional Trade Fair of 1988 and the Federal Ministry of Science 

and Technology, Lagos, exhibitions in 1988 and recently (16-

21 October 1989). 

Additionally, UNIOO sponsored the international exhibi-

tion of the gari plant in the 5th All Africa Trade Fair held 

in Kinshasa (16-31 July 1988). It was not then pC'ssible to 

hold processing demonstrations because only three out of the 

seven components of the plant were airfreighted due to exces-

sive air charges. Nevertheless, the few componments (grater, 

the central drive and dryer) exhibited aroused interest among 

local entrepreneurs who requested for further information on 

the equipment. A French/English interpreter who was engaged 

by UNIDO enhanced the success of the exhibition. 
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4.3 COUCLUSION: 

The small scale gari processing plant aroused interest 

and enquiries following processing demonstrations in Nigerian 

villages and exhibitions in Lagos and Kinshasa. It is hoped 

that similar interest will be shown in other cassava consum­

ing countries of Africa, particularly since the plant can 

virtually ~atisfy the preferences of a wide range of con-

sumers, be they gari, fufu, cassava flour or even small scale 

industrial cassava starch processors. 
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5.0 

5. 1 

~.2 

5.3 

S U M M A R Y;_ 

The proposal to locate the gari plant in two other 

countries in Africa, namely Cameroon and Sierra Leone, failed 

to materialise because of very high cost of air-freighting of 

the plant to these places, which was unacceptable to UNIDO. 

Thereafter, UNIDO arranged and brought participants from 

Cameroon and Liberia to observe the gari demonstrations in 

FIIRO as a cheaper alternative. A two week long demonstra-

tion exercise was further reinforced with lectures and excur-

~ions lo traditional gari processors, gari equipment manufac-

turers and research agronomists. 

fully carried out. 

l'HR.QP_ll~JION: 

The exercise was success-

The contract terms included the demonstrations of the 

plant in two other African countries. Cameroon and Sierra 

Leone were earlier earmarked but UNI DO had to cancel these 

demonstration because they were not. cost effective. UNIOO, 

on the alternative, decided to bring participants from both 

countries to Lagos to have the demonstration in FIIRO. 

Results of the demonstrations in FIIRO are now discussed. 

OBJ_(_<;ll_~~S; 

To demonstrate and test the gari plant before par-

ticipants from other countries and to collect their suggest-

ion for improvements. 

Tl:ff_J'l~A"'T T~$_l$/QJ;;.~_Q_N$TR~1.JO~_s _f.9R FQ~E,:lG_~ PAfl_TJGJ_e~~I_S; 

A two wee~ (24 July 4 August 1989) long demonstration 

of the gari plant was held in FIIRO for three participants 

coming from Cameroon and one from Liberia. (Those from 

I 
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5.4 

Sierra Leone failed to turn up). Several lectures were given 

to keep the participants busy during the period of cassava 

fermentation. Some of the lectures topics included: 

i. The design and fabrication aspects of the gari plant 

ii. Laboratory quality control of gari fermentation 

iii. Safety aspects in cassava processing and 

iv. Over-view of gar i fermentation research and commer­

.. i a 1 isation in FIIRO. 

The greater part of the time was devoted to practical 

s<-:ssions in gari and fufu processing and a two-day industrial 

visit to small scale gari producers in Ibadan, International 

Institute of Tropical Agricult~re (IITA) in Ibadan and Addis 

Engineering Limited, !solo, Lagos, which is a major yar1 

plant manufacturr;r. The expenses were borne by UNIOO. All 

the participants took active part in the practicals. 

Frow discussions with the participants, useful suggest­

ions were collected on what improvements they would want to 

see in the plant. 

~QNC1=1!~IO!-J; 

Judging from the feedback from the representatives from 

Cameroon and Liberia, the demonstrations were successful and 

they were particularly interested in what they saw in IITA, 

Ibadan and Addis Engineering Limited. The general areas of 

improvement aG collected from the various other exhibitions 

and demonstrations is in the discharge aspect of the 

garifier. At present a long wooden spatula is being used to 

scoop the finished gari out but some suggested a lilted drum 

or screw conveyl>r mean~ that Lould facilitate this discharge. 

·1 
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These modifications or improvements may appear in improved 

desiyns as envisaged in the continuous gari plant design now 

011 the drawing board. 
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CHAPTER 6 

TECHNO-ECONO~-l~ ANALYSIS OF THE 

GARI. PROC~~§ltiQ._Pj,.A~H 
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6.0 SUMMARY 

1. The gari processing plant has been fabricated and is 

available from FIIRO but detailed drawings are available 

to enable those wishing to build others to do so. 

2. The total investment cost is estimated at $33,323 which 

is expected to be financed from the bank and to be 

repaid back within 6 years. The loan includes a working 

capital of $1905 which is normally provided in the form 

of over-draft. 

3. The gari factory is expected to employ 9 workers and if 

they work for 300 days/year will produce 37 tons of 

gari, at the average rate of 120kg gari per day. Be­

cause this daily output is very small, the selling price 

of the gari will be nearly double that processed by 

traditional methods. If however, the designed capacity 

of 300-5001~9 of gari could be attained, unit price will 

fall. The profit and loss account is not included in 

th i s r·epor t. 

6. 1 GAPJ_f'_BQ_QUC_UON P~OCE~-~ 

The production process of cassava tubers into gari in­

volves so many operations. Altogether the different opera­

tions will span between five and six days. 

The operations are as follows:-

6. 1 • 1 $QRII_~_9_AN0._ WEIGHIN_G 

After harvesting the ca~sava tubers, 

should be separated from the bad tubers. 

the good tubers 

The good qua 1 i ty 

tubers will then be weighed on the scale to determine the 

quantity of cassava tubers that will be used. 
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6. 1. 2 

This process involves, first washing the good quality 

tubers. This is to remove the sand and other· impurities from 

the tubers; they will then be peeled. Because of the ir-

regular shape of the tubers, manual peeling is recommended, 

as it is more economical and less wasteful. 

For this plant, about two peelers can handle the peeling 

operations successfully. 

6.1.3 WASHING ANO GRATING_;_ 

The peel~d tuber should first be weigh~d again to deter-

mine the extent of loss as a result of the peeling operation. 

After weighing the tubers should be washed again before feed-

ing them into the grater. The grating operations will then 

redur.e the tubers into cassava mash. 

The grater designed for this plant can handle 300kg of 

cassava in one hour. After satisfying the needs of this 

p1ant, the grater can be used by other gari producers in the 

neighbourhood for a fee. fh is can generate some revenue 

which can be used for the upke~p of this plant. 

6. 1 . 4 E_e_~_MENT A TIQN _;_ 

The mash co 11 ected from the grater shou 1 d be put in 

sacks for fermentation. The sacks should be kept for between 

3 and 5 days depending on the desired acidity level one wants 

to achieve and the final taste of the end product required. 

6.1.5 p~~AT~RlNG~ 

After fermentation, the sacks containing the cassava 

mash should then be transferred to the dewatering machine 

whereh~ the liquour can be pressed out. 

, 
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The dewatering machine designed for this plar.t can press 

out water from about 240kg of cassava mash per batch of about 

2 hours. 

6. 1. 6 

This is the pn>eess wher·eby the cake obtained after­

pr es~ in~ out the water from the mash is further broken down 

~ ~' pcwdery form. The cassava grater has been designed to 

perform this function. 

The ~rater has a capacity for granulating t.44 tonnes of 

cassava c~ke in a day of 8 hours. 

6.1.7 §lfTIN_G: 

This is the process whereby the fibrous materials are 

removed from the granulated cake. The fibrous materials so 

far remov~d can be used to produce another food called 

"LAFUN" _ 

The sifting machine has been designed to handle up to 

t.5 tonnes of granulated cake in a day of 8 hours. 

6. 1 . 8 9AfU.fXlNG: 

This is the process whereby the sifted cake is fed into 

the fryer where the residual starch in the granules is first 

c,ooked and later dried to a moisture content of about 10%. 

The present fryer can only handle t20kg of gari in 8 

hours. 

6. t • 9 

Screening is the process whereby the coarse gar i is 

fir$l separated from the fine ones using the seiving machine. 

. -·•'.; 

·I 
~ ., 
;j 
j ,. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The coarse gari will then be milled into finer particle 

size product called gari flour. Gari flour when prepared has 

good texture like semolina. 

6.1.10 PACKAGING: 

This is the process whereby the end product - gari or 

gari flour is packed intc bags of different sizes and sealed 

up. The bags should be well labelled. 

Sealing can be done by using heat sealing machine or by 

applying red hot knives on polythene bags. 
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6.1.11 

The schematic diagram of lprocessing cassava 

is as shown below: 

~ROCESS FLOW CHART OF GARI PRODUCTION 

------------------------------------
SORTING AND WEIGHING or TUBERS 

- -- - - - - - - -------------

---- ---- ---------------
WASHING AND PEELING 

--------------------

GRATING 

FERMENTATION 
--- ----------- -

OEWATERIN3 
---------· ---------

-- --- ----------
GRANULATION 

~I FT ING 

GARI FYI NG 

. -- --- -------·---------
SIEVING AND MILLING 

- - . ·-- ---- - ------------

. - ·-- ·--· --- -------------
LABELLING AND PACKAGING 

. -- - -- ---------- -------------

int~ gari 
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6. 2 EC_ON~IC _ANA_~ys1s 

6.2.1 CAS$A~~ TUBERS 

The only raw material for gari production is the cassava 

tuber. The price of cassava varitas with different seasons. 

It is most expePsive in the dry season. 

r~achdd an all high price of $131.5/tonne. 

Last year cassava 

Our i ng the har-

vt~sting season it can be as low as $26/tonne. 

For our subsequent calculations we shall assume a price 

of $66.00 p~r tonne. This price includes transportation 

cost. 

6.2.?. MANPOWER REQUIREMENTS: 

To operate this plant, a total of about 9 workers will 

be required. About 2 peelers, preferably women will be 

needed to work on the factory floor to perform the different 

operations. A ser.urity man will be needed especially in the 

night. 

All these categories of workers must have First School 

Leaving Certificate except the Supervisor who will be the 

overall head. The Supervisor must have Ordinary National 

Diploma in rood Technology. 

6. 2. 3 Ql]_ffR _8_~Ql,JI~(;~-~-~T_S_;_ 

(a) Charcoal 

(ti) Water 

( c) O i ese 1 o i 1 

(d) Packaging 

bags (2kg) 

$5 or 100kg/day 

500 Litres/day 

$0.22 or 4 litres/day 

60 pieces/day 

$3.28 for 100 pieces 

(e) Cartons with labels - 6 cartons/dc'.Y 

-, 
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6.2.4 

For the oper·ation of this plant we wish to make the fol-

lowing assumptions. 

A Working Hours 

Ne of working hours/day 8 

No ("of working days/week 6 

No of working days/year 300 1 
B Quantity of Gari produced 

Gari produced/day 120kg 

/week 720kg 

/year 37 tonnes 

6.2.5 ~STH4ATED. PRE-PRODUCTION EXPENSES: 

(a) Feasibility Report $526.0 

(b) Labour Expenses 

i. Supervisor (2 months) $132 

ii. 2 Peelers ( 1 week) 13 

i i i . 5 Factory Hands (2 weeks)- 82 

iv. Security man (2 weeks)- 10 

(c} Stationery and Incidentals 40 

= $803.00 
·I TOTAL 

I' 

1. tlOTE: US dollar i~ equi~alent to N7.6 

r· 
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6. 3 THE TOTt._!. IN_VESTMENTSOST 

I The total investment cost is the sum of the fixed capi-

tal cost and the working capital cost. The breakdown is as 
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6. 3. 1 

follows: 

~_STIMATED _f_l)~~O_G~e.FAL REQU_IREMENTS 

(a) Land 
$658 

(b) Factory Building (shed with reinforced floor)- $6,579 

20,000 
(c) Machinery and Equipment 

(d) Installation Commissioning & Training 1,579 

(e) 2 water tanks (500 litres each) 
40 

(f) Furniture 
263 

(g) Pre-production Expenses 
803 

(h) Sub Total 
29,922 

(i) Contigencies (5S of h) 1'496 

------------
$31,418.00 

NOlj:: No vehicle is recommended. It assumed that the plant will 

(a) 

( b) 

be located close to the farm and gari buyers will be 

coming to make the purchases on the farm. 

Cas~;ava (2 weeks) $190 

Operating supplies & Utilities ( 1 month) 210 

i. Charcoal 100 

ii. Diesel oil ( 1 drum) 5 

iii. Packaging bags 66 

iv. Cartons 26 

v. Water 13 

r 1 
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(c) Manpower Cost ( 1 month) 329 

(d) Overheads ( 1 month) 419 

(e) Marketing costs ( 1 month) 22 

(f) Finished product stock ( 1 week) 434 

1814 
(g) Sub Total 

(h} Contigencies ( 5S of g) 91 

------------- ., 
$1,905.00 

-------------

TH~_JOJAL HIVE~TMENT COST 

Fixed capital 
$31,418 

Working capital 
1,905 

-------------

T 0 T A l ::: $33,323.00 

-------------

About $33,323.00 will be needed to operate this plant on 

a modest scale in the first year. If the production capacity 

is increased, the fixed capital cost will not increase. The 

little difference will be in the increase of the raw material 

cost and t.he cost of operating supplies and utilities. 

01Ji~R CO$T_ IT~Q4_$ 
,. 

6.4 ESTIMATED AN~l}AL RA.W..MATl;~IAb.~Q~T 

Raw material cost/year 

Cassava tubers 

144 tonnes/ye-ir 
$9,474.00 
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6.5 

ITEMS 

(a} Charcoal 

(b) Oiese 1 oi 1 

(c) Packaging 

(d) Cartoons 

(e) Water 

bags 

TOTAL = 

~()SU ANN_il_~ 

$1,500.00 

67.00 

592.00 

237.00 

197.00 

--------------
$2,593.00 

--------·-------

NOT~ Cooking gas can be used instead of charcoal if gas is 

cheaper. 

6.6 ~_STIMATEO ANNUAL EACJQRY __ ~NO AOf41NISTRATl'lLOVERH~__AP9 

ITE~MS 
ANNl.)A L _ _g()ST 

(a) Building, furniture, machinery 

and equipment etc. 
$1,342.00 

(Maintenance - 5% of cost) 

(b) Building, furniture, machinery $2,684.00 

and equipment etc. 

( 10% of cost for Insurance) ----------------

$40,262.00 

-- --- - - - -- --- ·-- -

I 
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6.9 

(a) 3uperv i sor $790.00 

(b) 5 ractory Hands 1. 974. 00 

(~) :' womtm peelers 632.00 

( d) Sec.:ur1tyman :'37.00 

$3,633.00 

PROPOSED FINANCE P!,_AN 

The total investment outlay of $33,323.00 is expected to 

be finanGed by the Co-o.:>erative Soch~ty. As at now an inter-

est nf .1tiout 11J~ is charged on loans in Nigeria, while Com-

mercia1 Banks charged between 27% and 30S. 

The pnl1.msed repayment schedule is as presented below. 

The g~ace period of one year is assumed. Everything is also 

expected to be paid back by the end of the 6th year. 
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6.9.1 ESTIMATED ANNUAL DEPRECIATION AND AMORTISATION OVER 10 YEARS 

6.9.2 

IN EQUAL AMOUNT 

(a) Building. furniture, machinery & EQuipment 

( b) Land 

CONq,IJSION: 

$2,684.00 

66.00 

$2.750.00 

The present size of the fryer used for production can 

only produce about 120kg of gari in 8 hours. This has been 

calculated to be $0.74 per kilogramme. This is quite higher 

than th£ present selling price of the traditional gari which 

is about $0.26 to $0.39 per kilogr·amme depending on the loca-

ti on. 
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6.9.3 EST l_MAIED 8~NW8L_E.BQQUCI1Q~_~QSIS_~I.- ~Q~~I~~'L £>El 

-----~.,,..------··--·--------··-- ·---------- ----. --

r 

I 

~ 
( $ 00 ) 

1 2 3 ~ 
------- ----T-----:-------- -1--·-

Raw Ma tt~ri al s ------·-~---~~~--{--~~~~---4---~~~ --+--~~ 

L 
I I I 

Supplies & Uti l itif's -------- ---~~-+--2(~---~---_::_~-+--~ 
I I I 

Factory & Admin. Ove~~~~~~---l 34 __ ti ___ :~~---~----:~--+---:· 
I I 

:n I :u~ 1 1 i 1 ' 
------+------·t------f 

•> I 'J I •> I 
' 1 I '1 I '1 I ---·-----------i-------t-------t--

6 t Tot.al Opf~rating Co~------+--~95 -+_:~~---4---~~~--+ 21 

Y E A R 
-

1 

2 

3 

• Manpower Costs 

-~' 
__,,) 

.... 

4 

5 Marketing Cost 

I I I 

_:~~--~--~~~--~--- -~--J---
1 I I 

Financial Costs ~ 29 I :rn I 24 I 

Depree ia t ion and Amo~:~~~'~n__l_~-~.~~J=~~~~r~~2_~~t~ 
1 I I 

I ., 
' ""' .. 

.. 
,.... Jt1 

7 Contigencies [Si. of 6} 

8 

9 

.-.:~ I Total Produc:_:.~~-Cos~-----1--26_:~---+--~~=---~---~~-~---i--~ 
lljl Production Cost. I kg 0.71 

1

1 ll,72 I 0.71 ! o. 
I I --- ----------- ________ ..J. ________ _t _________ _J_ ___ _ 

~ 

NOTJ·;: 1 US do! Jar = H7 •' 

·---------- - ------------
. ..... .. ~· . ' 
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r ~te 1 . 

ONYEKW[Rr, 0.0; I.A AKINRELE; O.A KOLfOSO and G. HfYS ( 1989). 

I ndustr i :i l i s..it i 0n of Gari rermentat ion. In: Indus tr i a 1 i sa­

t. ion ,)f IrH1i~~nous F~rmented Foods (Ed. K H Steinkraus) Mar-

eel Oel-."-er, tnc. Nt}W Yor-k, publishers, 439 pages. 
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c. 

(\. 

E. 

Variou~ photograph~ (Z7 no~.) 

$\:hematic. drawings of FIIRO/UNIDO Gari Plant (Fi':)urcs 

( s- 12) 

Oet3iled drawings of the Gari Plant:-

1. Cassava grater 7 drawings 

i i . Sieving machine 9 

I 1 l • Screw press 7 

iv. Garifier/dryer 20 
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ti on of the:;l~ phases ts :r~ sb>wr. 1 :~ A1u1PX H. 

PHASE I: 2 months (December :9e6-february 1987). 

A survey of loc.a 1 nr e;~s t.o ~•tt:dy t.h<" -;]a: pr OCf'SS · 

ing equipment b~ir.9 usec and l.o ('\;.,iuat.•~ I.he 

REPORT:i~G TIME: 

MONEY RELEASC:: 

PHASE ~T. 

L L • 7 months (Ma:-c:-i - Octcber 1987) 

1 O'J\ed by the design 1. i•J, m;-;d i r i c:i t. 1 on '·r a•:ap L1 Li c,r; 

a:id fabrication of new ~roces:;~1:; on 1.i1e ti:t:-;is of 

existing models. 

REPOR7ING IIHE: i month (Gctobcr - November 19A?) 

t-!ONEY RELEASE: 
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PllASE V: 2 m0nths (March Muy t 9Atl) 

Loc.::.ting ~nd tt?~;t runr:in'J Lh<' 1•1.ir::. ;;; t.wo ot.twr· 

;- .• ..\SE \'I: 1 month (~ay - .!Wi•', t·H1fl) 

Preparc:ition and submis:;ion of fir;;il r<'p,nt., im:lud 

i ng techn.:l economic ;tn:-t 1 y~ i ~;. 

REPORTING T!:ME: 1 monl.h (.June July t'.ll\fl} 

NOTE: Thesa schedu 1 es cou 1 d not be s tr· i c t.1 y fol l o"1ec1 be 

cause of some changes from U:-.1 I DO due to f i n:.nc i al con· 

straints. 

.r-o:·-1· } -~ ,, '"' . 
t . . ~. - . 

... . . ,.) • - ·1· 
I . ., I ·I 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

; 

.• 
j 



..... ::: 
:ri 

,,... 

~1 < 0: ;.... I - ~ -c. ,... -

I 
• u 
l ;a.;~ 

I I 

=I 

c 
l 

• 7. 

I 
E-

0 - ;;_,1 

I - 0 
--... - E-
:JC c. 

;..i 

u 
er. 

I < ::: 
""' E-z ::: 
c < I u = u 

;..:.; 
::i;: 

I :"') -~ E- - z 
--... - ::i 
~ '"-:i 
x: ~1 --... > I ;.... z <C ·i 

< :;; ,} 

::: 
--... ,. 
<: 

I x < 

0 
Q 

=' I z c:: 

I =i <C 
xi ::::; 
._,I 
-1 
~i 

-I 
<:I i;... 

I 
- '"-:i 

I 
(.)co ,_. ~cc 

> > > ..... - ...... Cl ai 
,_, - .... -

I 
I 
I 
I 
I • I 

I 
I 
I 
I 
I 

. • I 

~ • I • ~. ' t· 
• I 



t --

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-· • • ·~· I \ ~ -- .. 
. ) 

. -
I • ~ ,.\, r 
,-

--;,------·-·---·-- -

C> 

' '4'._). 

/<> 
/" 

;/ 
, / 

•. ·' 

'•I-=-

.. , 

. ',, 8 
J:i.. \\ \""\ ~ .,._ '\) 

·, ·---\ ~----

\ 
\ 

\ 

\ 
\ 

I 

\ 
I 

\ ~-~--- ·· ... 

\ ..-----:---~:::: -
\ ------~~-,,.. ,,. -; c ·- ·- ---~ 

'. ~ . --: . - ... -
.,.I 'J 

---- --

---~-"'-~ ;;/ . <:--' ...---- ---- -.. ' < ~ i ,.._. .. ,_ . . · .• ' ' ' 

... · .. -. - ---------- ........,, . . . ·. ;;-, . ;.../ \ . ..- ' . . . / -__. \·_ ' ' . /,,.-._._/. . / •, I . '. // / :·' ./ 

,,. .... ,,, ____ ... · .. 
~- ... : 

,::_ -· r· _\,..;.-_ .' ~ 
/ " "· ' --~ . -

' / ''·,:· '».. ',. 
I - . .' ··., .. ·--

' --- --· 

.j . 

/
. 

} ,· 
:' 

' ...... •, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 



I-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

..._,. 
i • . - ·;: 
.. ·• ~· -

• 

• • 

R 

_,- t ., 
J 

~., 

. .') 
. ' 

,~ 

J' 

• -· 

•. _, - . --. 

r-- --- --- ·-

Ii -­
,--~ c,-; Ci---:i 0--· -4 lj 

..:-~ :--- _;~ 

~~ 
~!t 

I 

..: .. ~- ~ __ :~--- - -· 

. . ' 
• •• j 

i. ---

l ' _: :~.~~-~ ::: 

==------.,--~~11-------: 

I i l~=-.-~JI ~,==r=·======i·L _______ r 
1--_...l 

I c··-:r.; 
I ~-r. 

•I '' 'I •, 
II 

1
1 ;I I I :; p 

I
' -11 i; :: 

11 · 1 : 1 
I I I " 

' ' ! i: _.i~ 

I 111 .i~~;-
1 : I ! (:' ! 

I I j..-' I' 

\, I \,··; ,, I , -

I I j 

I I i ' 

I 
I 
I 
I 
I 
I 
I 
I 

,. 

I 
I 
I 
I 

. . 



i '-' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1" ,. 
.' ) 

. ' 

. - -_ .· .- ... -
. . - • - :.J . ~ ~,,,, 

- •. l 10 

-- - --~--- -- - - -- ------- -----· 
... -:-.~ ,.,,..,..., --..___··-..:.: -- - - --· --

' 

I-- :..:e~~~: \\ //rm 
--\ "'~ ! ,- i: I I 1 ~i'· .... /,,. jjj_: ~ \ ,. '\ ·r ' r 

i_~\~~ __ _:::_~_ 1'--.~-- - \ ---
i 
I 
j 

~6SO ;-----; 
(~ ~ : I 

r------
;1•--t-n I : 

_____ _,.:__; ; '--L!j__ _______ t~J.:;:;.....=-~ :- ; 
,: I 
ii 1 •• - - - ·- -

,·• ·:·:-~ --'. . \... ...... -~ 

'"'-:.' 

...-.,:· -.. 
~ I .._ 
_.J: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 

l.l,.li ! 

! 
'.'~I ,I 

·-~' 

.-: 
I 

' I l 
'Ii 
·i. 

I 

i 
1---. --- -,----···. --·-----·---------- .. 

:: . 
:i ' :: 

I ,, 

i 
I. 

i: 
I 

!: 
1: 
I. 
I 
II 

I 
I 

' ii' 
:1 

' •' ,, 

\:!I ,, 
'• I. i 
11 \ 

'I I " '.:I 
·' r 

~ : 
I 

I' I :i I 
I 

:·I 
. I 

; I 

i 

! 

,. 



I 

I 
I 
I 
I 
I ' J 

I 
I 
I 
I 
I 
I 
I 
I 

I ., 

I 
I 
I 
I 
I 
.... 



~ 

I 
I 
I 
I 
I I 

J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

I 

II 

u 

II 
ll 
0 

I 

. 2 _.:7'.__ _ _;._~_~_ .. _-:_. -~ ·_·~ __ i_-_i _:-._111 
----------

I 
' i 
! 
I 

i 
I 
I 
' l 
i 
i 
i 

I 
i 
I 

i 
I 

I 
: 

i 

i 
I 

i 
I 
I 

r 
~-

..-----r. 
I; ': i. 
I' I I 
I I 

. '\ 1 I 
i I 

'I ! I 
' I! ! . 

'I I I 
I! 
i ! I. 

I 
! I 

I 
'! 

! ~ 

i. 
•I . ; 
; . 
I: 
I: 
• i 
; I 

. i 

! i 
. ! 
•I 

't 

! 
I 

I 
I 
i 
! 
t 

l 
I 

I 
i 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 

I .: 
! 

o: 
" " .. 

i I 
I; 

i i I 

! I i .. 
; : 

r=!; 
_____ l 

L 
' ... I 

•l 

11• 
I 

' ... j j ~ 

I '~=- -----

! 
; 

I 
I 
I 
I 
I 
I 
I 

·-

-----r-··- ·-·-··- - -··- ---· -~--·--;-, '. ·.·:.-: ~. ~ ;. : .. -,: . 
; :· '.' \ I t ~ ; 

..... 

~: .... ' 

- - i 

I' 

t. -·--

(:::: : ~ 5 

.. ~- -- . - . 

. .... ~ 

.!.:;;:-:=..:.=~·.=.;-· 

. ~ '...._.... . 
~ ~(:.~. :1----- ~I .. ·~---- ... 

'. ~ . 
·'' ! 

ti, -
;..~ 1-

~-.:-•:r~-

Z:· :1 
-:( 

- ' 
~ -, 

.J 

.. 
j 

,. 



I . . ) 
~r. --

1. 

! I 

! .... " 

... [ ·'· 

I, 

l -· " 

'• • ~ I ' f'" 

1.·.·.: 

I I;. .. "~ .'. : : - ~. 1:.;1; 

. ···-···-----------········-,-· 

HI Ult': 

~, 'J ,, 1·--

·'' ·.•. 

- - - - - -

... :' 1 ......... _~"';.. -·-· 

i 
' 

l.'. ...... 

i 

·1 
; · .. ~ ·. ·. ••; 

/ 

' .-· 

~To·•( 

1\
., 

;. :.~ 

/::~. -""' .. I • j' \, ._ 
i '. 
1 ..... 

~ .. ·.:~ r.~n : ..... 1 ~u. 

'• ~. ( 

- - -

/ 

-

r

-r- • ••-"111.•-.-.-.t'·•rra.-...-.-•·.'>lt" . ....-:._,,..,...~~..._~~._.....,......,..,~-,,. _,,.;.,,...,:aia-.-!"'--~. -

A:'RIC.~N l\HiiGt\,\I. CEtnR[ fOl~ [NG:\ r.:~;:: 

Of.SIGN /'.tm MA1'UFACTtF;SG . ( h :- C £ 0 f ~, · 

/ 1··- i::TTl·E~::·U··-~·"·~~·r-- ·-··.aw-~·--- ---·-.·-·. 
GN<I t1ANUb\C I URING pr_A~ff LAYOUT/ SCHEMATlC 

~-;,~-.~F'I~ ;~::,~,:--l'c~:.~~;-1- --~·-·;2 _________ -,~~-. -
r"'l''. f IG 
,\1'P'- ~ tJU~·~CER ~ 

J..l ~ i15 "+O .,-; :"!;: ........ ""'\..n _..... _.- .......... ·--·--·-· ... 

,/~i r I ·;;. I SrU T : • OF-
, .. ._. , .. ,._ .. - - -



I 

I 
I 
I 
I 
I 
~: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-1-

~NNEX _ _E-1 

~ARI GRATER (Detailed Drawing) 

TITU; 

Gari grater part 

Sub assemb 1 y · 

Land wheel 

Front plate 

Motor support bracket 

Part detai 1 

Bracket 

' . 
' 

DRAWING NO. 

30013204 

300130306 

300130114 

300130312 

300130401 

300130402 

3(10130403 

300130404 

300130300 

300130106 

300130301 

300130105 

300130308 

300130003 

300130109 

300130307 

300130107 

300130108 

300130203 

300130115 

~ 
I 

~ 

1 

J . 
'J 
,. 
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ANNEX E-2 

l l 
SIEVING MACliINE 

TIT_LE PR~WI!IG NQ, 

li Chute and frame 300110100 

Chute sub assembly 300110200 

I Structural arrangement 300140200 

I 
Sieve sub assembly 300110300 

Drive sub assembly 300110400 1 

I Frame sub-sub assembly 300110500 

Part detail 300110303 

I 300110111 

300110101 

m 300110110 

I ANNEX E-3 

., SCREW _EFE~-~ (detailed drawings) 

I TI!l,.E 
DRAWING NO. 

Part detail 300210110 

300210113 

300210115 

300210114 
-J 

300220112 . .. 
:i 

300210120 ,. 

I 300210104 

300210107 

I 300210108 

300210119 
~, 

300210103 

300210105 
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I 
300210101 

300210106 

I 300210111 

Sub assembly 
300130100 

I Hopper sub a5sembly 300130200 

I 
Sectional assembly 300210100 

Gated control sub assembly 300140500 
I ., J 

I Sliding gate sub assy 300140600 

Rod 
300140153 

I Gate plate 300140155 

Shaft 
300140117 

I Bottom casing 300140147 

j 
Bottom end cover 300140149 

I ANNEX E-4 

GARI-FRYER (DETAlLED) 

I TITLE 
DRAWING NO. 

General assembly 1896/89-2 

I Drive and driven sprocket detail 5-1896/89-2 

I 
Gari paddle and arm sub assembly 2-1896/89-2 

Drum support 300140143 
·J 

I Aluminium rust protector 300140121 . 
. , 

Feeder gate 300140144 
:i 
,. 

I Gate control disc 300140111 

Lifting handle 300140109 

:I Bolting log 300140105 

I 
Top half casing 300140129 

Paddle plate 300140138 

I 
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I 
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I Top drum re-inforcement 300140128 

Plate 300140134 

I 300140148 

300140130 

I 300140133 

I 
Paddle arrangement 300140300 

J ·: 
Gari fryer 300140100 

I Paddle arm 28-1896/89-2 

Housi11g support 3-1896/89-2 

I Housing side cover 18/C-1896/8~-2 

Housing sub assembly 1-1896-89-2 

I Shaft detail 2A-1896-89-3 

I 
Housing detail 1A-1896-89-3 

Charcoal trolley to fryer 4-1896-89-3 

I Back cover supports 3C-1896-89-3 

Supporting frame parts 3A-1896-89-3 

I Sides cover detai 1 3E-1896-89-3 

Front cover and development 38-1896-89-3 

I Cover detail E-1896-89-2 

I 
. 

DESCRIPTION DRAWING NO. 
J 

I FIIRO/UNIDO Gari fryer 300140100 
~· ., 
:i 
j 

Main Assembly 030013000 ,. 
~ 

I Main 300210000 

Main 300110000 

I 
I 
I 
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