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CJiJ3SAVA PRODUCT SYSTEliS:

TECHNOLOGY AT\"D COSTS

JJ'JTRQDU CTIC- T

Cas s av a (},:anihot e s cu.Lent a Cre..ntz) is the pr-i.nc i.pa L source of

c ar-bohyd r-at e in human diet in many tropical countries( 8).

The crop is processed into dried products in a variety of \fays

in dif'f'e rerrt par-s s of the tropical world including Africa. Some cf

these dr ie d p r-oriuc t.s n re cassava chips, c ass ava flour, gari, starch

and. tapioca all of ·..:hich keep for months provided that they i-.:ce

sufficiently d ry end 1i{lll packaged (3) (10).

To ach i ovc effie ae rrt ope r-at i.on ar.d ensu re ro gu Ln r- supp Ly of

r av. material it is essential t ha t a cassava processing p.l.arrt is

locflt8rl v:ithin n cassava. producine:; a.rea.. This is necess,,",l.-.:rir: v aevr

portfltic!1. costs "IXe thus Llinirnised. Anotr£l r s:i.gnii'icant i'actor :i.",

the difficulty of storine ca s s av a for even P. fe days ·v: ithout

severe rotting. Ttis nukes it imperative for a processing plant

to be as cLos e P.S p os s Ll.Le to a te source of rPJ'i mqterir:.l. Ln this

regard, it is r'o oommende d t hc t a c as s ava p r'oce ssLng plut s houLd be

linked with existing farms or a plantation capable of supp Iy.i ng 5c(.

raw ffiFtterip..l requirement.

The incDrporation of cassava in bread as a partial: suus t Ltute

for ,:,:hcat flour is the most recent development in terms of food

use of this crop (8). The main objective of- these efforts is to

help developing ooun t r-i.es v.hd.c h Lnp or-t -:'hent for broadmadnc to

reduce wheat imports which cause a serious drain on scarce foreign

exchange.

In ttis section the t echnoLogy and costs cf the moet c or•xn cn

product sys t er.rs v.h i ch have the pct.e nt ia I for .indus t r-La'L de veLopmerrt

in .Africa ar e d i.s cusae d, These are sy et e.ns for tho pr-oduc t i cn of g2.ri,

cassava s t ar ch and composite flour bread with gari as a partial

substitute for ":heatflouro
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It muat be reraembe re d tha't ae.Lo c t i.on of any particQ..9.l'

prod uet system must take into account the ee al.Lt ie s of 10c:11

condi tions. On.Iy those sy fit ems that can be efficiently supported

by av ai.Lal.Le local resources such as capital, raYi mat e ra ul.e ,

labour, supply of energy and wat e r should be cons Ide r'ed ,

Figure I sh ov.s the various stages used in t he manuf'a ctu re of gari.

Tube I' Prep ?.ra ti on

Cas s cvr t.ubo r a ..:re hand-epe eLed by removing "che thin outer skin

and. the inner s ki n f' r ora thrj f'Le s ny ce nt r-a.I pith. 1.i8ch;o';1ised

Which i2 recomasnded f or this syst en,

Peeled tubers -:.r€ weighed arid conveyed to a v.n she r- Ln

vhi.ch they :-,re va shed ri th v at.e r to remove soil part i.cLe s and

other impurities.

The IDa. terial is then fed Lrrt o a hanrne r mill "There it is

milled into a mash.

E'e I:Jentation

The cash is llO;ft fer up to 5 dc:2/S to f'e nncn t , ' (;J.'f';2;,ic ac ids

p ro du ced cau oe the hydrolysis of' t.ox Lc cYall06enic t::1j'C03idtJ,5 to

the latter part of t h e fenlent'i.tion corrt r ibu'te to th::. chc:('<lcteristic

b.ste and aroma of gari (4)

De-.vatering

By me ans of a hyd r-au.l i c p re ss tl1e mo.Ls t ur e c c n to rrt 01' tl'':;

f e rmerrte d l!l~lSL is r'e duce d f r(;J~ ab out 7CJ}~to about 50;'.. ;. hrc.uae r

mill is used to break up the pressed cake bef ore it is .'3ifteJ·:

stringy fibl'OUS material a.s dl.:Jchargecl as a by-product to bg UMd £lor

animal feedstuff'.

ThE: gRrif'io~ uri Lt converts the sif'ted cake into fn.ri by part ial

gelatinisaticn of the starch coniont.,: .,). .
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FIG. I INDUSTRIAL j-iANUFACTU:qE OF GARI
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Dryitl§

The par t i.aj Iy gelatinisc.). eranules are dri(·d. tc n. moi st urc

content cf 8-1 Cf~in the Q rier , ) 0

Duri ng dry l ng the remaining cyanide compounds <ire dr iv en off.

~,:illing and ~:;aclm[ins

;,ft€r the dried sari has cooled to ambi.en't ter:lpe:.:'ature,

in jute s ac l;o or polytho!1e b3.t;s.

Tho sj";;tCJil of' f,nri pro Iuc t r on .".S de s c r-Lbc-I h ci-e is L. :,;;-::1.on

in Assill Pcsu , Gl-'.?J1a, and on .inro rmr.t i.cn and quot at i cns p rcvi.de d by

equipment nanuf ac tu re r s (11) 0

It is as sunie d that

t.l:e pl.an t ope r c,tes 24hr-s/da.Y fer 250 di-.ys Lr, b. :/80.::'.

is bo r-r-o,ed f r-cm a bank,

Raw Ir.aterinJ. r-e qui re ue rrt is 2240kg/h.c. Cut.pu t of ~il~'i .i s 4J7Ukelhr.

Fore ign exchange r'at.e is based. on ¢2.75 = l'JS$1.00 as it ':(,,::;off'ici[,lly

in 1932 in Ghana.

'I'ab.l.c 1a: Tob,l Fixed Capitnl Costs of a Gari F?ctory

us,t
purchased equipment 392,500

services

45,760
14,+,710
332~4.20

)1,4-)0

2~730

ecuipment transporting

install~tion co~ts

2 truels (5 ten :':.011)

1 and (-~ 2.C rs )

L .l" . I 7"~ 2LU c. .L:l~ \" o zm /

127 J 6150

Iot"
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Table 1b I'lanui'Rctul"1n", Costs of Gari

(i) Dirsct p rcduc t i cn costs :

re:.'iwateriill (134-4-ot Cassava)

p2.clGlging r.Flterial (5280C Dc..C::S)

d ire ct lab cur (Table 2)

u t iLi tLe s

diesel cil (753690 litre c) 512509

Hater (4125000 Li t re s ) 1320

l;l8.inte nance

b '~d' ( r).-/·~)'LU.l. lne Cc

equipment (5;'~O
trucks (1.5~~~)

6685

45770
4715

(ii) Dil'8ct manufacturing costs:

Lnd.i re ct Lab our (Table 2)

f;.~ctOl'J overheads (2'4; labour costs)

( ... 'I
lllJ Indirect rus.nufac t ur-Lng costs:

do p z-e C:L'1.t:Lon

building (4t~)
e qu Lpme rrt (107~)
tru cks (25%)

13370
91539

7858

:l.."l.terest on bor-r-ocod capital

(14~~ of $3071749)
Tot fll manuf acturing cos t of

2640000kg gari

kianuf ac tu r-ing cost of 1 kilo gari

Table 2: I',:anpO':ierJ Requirement and Costs

u.sj
9 J 3'11,200

479,950
853,888

513,829

57,170

10)2,192

191,216

'11 z , 767

12,552,257

rates are bb.3eci. on ave r age - .n[~d Y.'f1t)0S :"11 Foro ign
eXCh.:1.Hc;e rate of' ,t2. 75 Us,5 1.00 w au U:;0d. to CCllVU~·t Gh,.n:.:.:l.·..L Cc :lit: tic Us,ll ••

(i) Ind.irect Labour No. l'ot~;l••nnual, C05t
ur:;p

Factory Ii!2.l1c~;;:E!r 1 8730
!l.sst. 'Factor,): J.ianagsr b;);)O

Chief Clerk 1 2620
Lab cl!ai:ory .'"ss istant 1 2910

Gle rks!Me s 56 nt'"C r~ ) )211"0
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- PUY'ch::.sinCOfficer

- Dri\'er

- .I-.st: ::.;:::tant

- Sec:.lrity Personnel

- MainteWl.l1ce Supervis or

" Skilled

" Unskilled

1

2

2

3

3

3

~~dQGo;~f 0.:' aO,C~M ::)0 curri ty 1 Frince 13",nefi ts
etc.

Tot,·~ indi!Yct labour cos to

(i i) DirE. c t Lab cur-

Fr-o-Iuc ti en Supe rv i s o r

Llach.i.ne Operators

Peelin[, Operatives

Add Go;~ for Social Security,

Fringe 5encfits etc.

Tot~l dir2ct lRDour co~ts

'I'otr L 1 ';!)o•.lr cos ts

3
36

135

=

3270
6110
h·370

4580
376J
9160
6550

38322

102192

11350
1o~S!60

412370

320208

853888
956020
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LIST CF SL'PPLIEJ1S lU~D k ..:JiUF ;"CTtr'_E:;~S

CF PC\.CCZSSTI'TG- E:;U~P:.'ENT FG:t G:.P"I (9)

1 0 CO!:lple te PI'l..'1t

J.g:t'ic:..Jlturd Engineers Ltd.
Ein€ ::'.oad '..e s t Lndus t.r-i al. Area
Po C. Box 3707

r.Za'1uil::~: D t. ~:J"l~~:::"e a
r~U(,. Ju~:s Jor&.fn.cacic
29-90 - 3::tla 91
:<,.0 Paulo, Br<1..zil.

~;e,"ell Dunf ord Engine€' ri:lg Ltd.,
No,··ell Dunf ord House
Po r-tnu outh Eo,::1.
Gurbiton
SUl"l"'eJ", KTu 5:;;F
Ur~itc:. ~··in:-:uc-lli.

Il.i.v obn Ell
F(,,~tt us 40
':1640 .: V8eb.d(':.lil

T!lC •• ethe rLands ,. I
I

Pr ojo cts DeveLopmcrrt In sti tu te
(pr.CD:,)
IJc::.tici'~ll ~Qc.nce & Techno.Logy Deve.l opment ..~~3nCJ
3 Li.de pende nce Lay cu t
P. C. BOA 609
~nugu
Ii::;"E;'; ri.:~.

2. Grater

Rcb t Friess Kg
Landrnachinen :B'arbr:i.k
;.:Gls:nshe .m Krs .
Le C' .ibe::E:, 1;r. ~tut tt;f.rt,
Fader,,2., !'_epuuJ.ic cr G'erffiLl.LlY.

Si.l!lCr'. Darron Ltd
Bri.stc...l Road
Gloucc .:;ter
~ngl['.lla. ..scot !.:cc . 'or:':!'""

" S. GGrtett & ~on
Pe.:r}~ 3trt:t;t " ol'l-;:~
"elliL[;ton, Slll'opshire
EnElcIlu.o

1-0'r
2cotl,e..nd.
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PP.CCE28 DE8 C;:i.IPTIU; CF C).C8;;.VA
ST:i.nCE ;,~JIl:'}'.~_C'l.'U\E

thin ou t c C:' s ki r. 0:;' t ubo i:s

Lcs t oi' t;~t tl;ic~'~ Lune r sk.i.u v.hi ch c orrt ru.ns [jC!,;O 2J..Gl,1t ct' s"::·'T'ch

Disinte?r1tion

i£{t r~',ction

f<:1rtlJiucr <-:c is do, ate red , dr i oc ,::••J. sold as fodder.

i'urifi eel t ion

s and :-:nd otnr r d.i rt par-t LcLe s , 'I'l.e J~ateri.iL then rH,3~C~ tl::::'ou(h

ar-e rem ov ed from puz'e st .rrc h ,

stnI'ch dc' .C.tE;rin[ [lIltl urying

Befcre the s tarch is dr i.od it :LS do'..l'.te,re a. -:it): a v nc uum i'ilter

starch is sifted. ~nd ~2.C-ad in jut o ['l<":5.

S.ulphur di OlI:ide

To avoid nri o r-ob LaL corrtru.i.i nnt.ion cf the r;:atcrial, su Lphu r d Lcx Ldo

washed cut in pure wate r du r-i.ng the f'u:dfication 's t age ,
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COST l:J-JALYSIS OF CASS.W';' STA.llCH PRODUC'.:'ION

The follclVling cost br-eakdorn is based on pro vi.ous studies

(5)(7)(8) and information obtained frem traditional processors and

equipment manuf'cc tu rs rs ,

It is ass umed that; .

equipment is pu rch ae ed duty free arid trn.nsported tc si to;

the plant operates 24-hrs/day for 250 days in n. year;

9Oj~ total capital (including 2 months v.orki.ng cap.i.t al.) is

bor-roved from a bank.

The starch factory has the capacity to process 2 tonnes cassava

pe r hour 'wd an output of 400kg cll!y s t arch per hcu r-, J.verat,c

rates in Ghana in 1982 are used as basis for cost e st uaate s ,

Official :f' oreign exchange rate of /-2.75 = US,z1.00 as it '.as in

1982 YI as used.

Table 3a: Total Fixed Capital Costs of a Starch' Factory

Purchased equipment

us,d
539,,220

64-,700
211,,460

- Equipment transporting Costs

Lnn t a.Ll at.Lori costs

- Services 455,380

21,430

5,460

549,820

184.750

2,,032,220

1 Truck (7 ton)

Land (1 acre)

2Building (1260m )

Contingency (10'/v of fixed cost)
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Table 3B Manufacturing Costs of Cassava Starch

uS,S

(i) Direct Production Costs:

- r[J.VImaterials

,. ~assava tubers (12000t) 8760000

23230 8783230Sulphur (13.2t)

- packaging material (48000 sacks) 4-36320

- direcK labour (Table 4) 64944

- utilities

electricity (718390Nfh) 138192

-r,-ater (96000000 lUres) )074-0

diesel oil-d~ing &
vehicle (204292 litres) 139000

- Maintenance
building (2%)

r e quipmen t (5~s)

10996

63538

truck (15%) 3220 77754

(ii) Direct manufacturing costs:

- indirect labour (Table 4) 124064.

-,fflctory overheads (2<:% labour cost) Y1802

(iii) Indi rect manuf'aotu r-Lng costs:

- depreciation

buildings (4~~)

equipment (10%)

truck (25%)

21993

127076

5360 154-4-29
to

- intere st on b or-r-owed
capital (14/~ of ,83305061) 4-62709

Total manufacturing oozrt of 2400000kg starch 1C44-9184

Manufacturing cost of 1 kilo sta.rch = 14.35
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Table 4 : MC'.npol",'erRequirements and Costs of il. Sb.rch Plant

Labour requirements are based on 250 d.?ys/annul!l operat.i on,

Average salaries and wages in Ghana during 1982 are usod as bas i.s

for Labcu r costs. Foreign exchange rate of !-2.75 to US,i1.00 is

used tv convert Ghanaian cedis to US~ as in 1982e

(i) Indirect labour Ho. A.nnual Costs

- Fact cry l',:a.nat;er

Assistant 1fJanager (Te chnician)

Clerk

1

1

2

us,g
8730

6550

3500

- Lab cro.t ory .Assistant 2910

_ Purchasi.tl.[; O:f:fi cer 3270

Maintenance, kie cham.c a L 3

3

9160

II E1ectrical

Lorry Drive r

Driver's Assistant

- Foreman

Security PerS~1nel

- Unskilled labour

1

1

3

3050

2190

113lrO

3

6

11-580

·131 CO

, 77540

46524.Add 601~ for Social Security, fringe benefits etc.

Total indire ct lab our 124064

(ii) Direct Labour

Supervis or 3 11350

Operatives 6 18330

Unskilled labour 5 10910

40590

Add 607S for Social 8ecud ty and Frine;e benefits etc. 24354-

Total direct labour f49U.

Totp~ lab our cas ts 169008
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Foroula

Int;rcdien ts Pa:!.'ts (Based on;'6 total Flo\21' ~eig11t)

85
Gari 15

Salt
Activated dried yeast
MarE;i'..rine

0.2

1 .0

',ater Variable

Dl'eadmf.ki:lg proces!:'

30 ra.i nut.e s , J>lJ. the ingredients ~,re thcrOu2-llly Di}:(;Q '';"'3. lcneade d

The dough is left t c f'e rtaerrt for about one 1-:("'1'<It :r.'OCJ;

temperature (25-27°C). Dough pieces are then dev o.lopod t~r

shee t i ng 2.n<.1folding about 10 times in the Tolle::::' 3h!·x,tiD~ uachi.ne s

;Pter re s t i.ng th9 dOLlE!:. fa!' ;!l:out 20 nri nu te s , it is s c a.Led

to t hc do ai rc d v.e i.ght wh i ch is in turn cut into sElc.ller pieces rr i t h

the hand operated dcugh divide rs The dough piece~ are

the Illuulding macl.Lne or al"e mou'l.dc d by hri r.d c.:.nd thOll pc.:~~Gd.

1"0011 te:nperature (25-270C) to expand in voLume before t.hey (.1'0

° .baked at 230 C for 30 ni.nu te s , The Laked loaves are t:~e[', cooled

and pac kaged in polythene bags.
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i,
I
" of the G-h',na ~·:e.tional Trading Corpo rat i on (G.::. T.C.), rl sL,te

oc.ne d crrte rp ra s e located in Acc rr., Cost cs t in £lte,3 C'.I'5 ad apt.cd

f r-cm :~ f'e as i Iu.Li t.y re pcr-t p re pa red in 1'J77::;,r.d rC-2.ppr8.iscd in

the bd:erJ opor-rte s 24 hrs/a.:J '['0:(' 250 d:'(,t2 i:l ': "':,....:') ,.4_
J t .•..•.. -.

ave rr.ge rates are used as Las i.s for cost e s t ina te s , Foreign

, 'ceals.

J

=1r

build.ing

1 ,11 )<1:lQ \2' ac re

contingency (1~6 of fixed costs)

Tctp~

us,J 234'9(00

42370
12750
16180

18'130
127270

2730
45578

pu rc has ed equipmellt

equipment ransportine costs

installation costs

Services

delivery truck

501358
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Table 5b 1~anufact(n"ing CO::Jtsof' Cassavajv;heat bread

(i) Ddre ct pr-odu ct Lon cosh

- Raw m,terials

vhe at flour (2142t)
gl.l.ri (32103t)

sugar (156.4t)
,::;cl t (21420gg)

ye ast (4284.kg)

raage.rine (214.20kg)

electricity
fuel

1799280
1096200

247272

19243

42336

82656
)206~57

900000
37984

3273
436)+

109CS 18546

- packaging material (3600000 pieces)
- direct labour ¢Table 6)

- utilities

water

- Ecintenance
bud Ld.i ng (0':)

equipment (5~S)
vehicle (15),~)

254-5

15380

2727 , 20653

(ii) Jirect mar.uf~cturing costs:

- indirect labour

- f'act or-; overheads (2~~ total Labour coat s )

66096

20816

( iii) Indirect ruanufacturing costs:

depre ciation

building (4;2:)
eq u.ipmon t( 1 Cf;;)

vehicle (25%)

5090

30760
4-54L,

40355
61370:interest on o orr c-eu cap:i.tal 1C%~ of }51710)

Tota.l manufacturing costs of' ,3600000 kg bread.

I,lrmuf'acturing cost of' 1 kilo bread :: ~ .24-
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T9.ble 6 1,lnnpov:erCosts of Cassava(1."lheat Bread Production

Llann.i.ng levels are based on 3 shif'ts of 8 hr a o ..,d/duy

for 250 d::>.ys/year. SrtlJ:.ries a nd \\':::'~'L'S arc b.ised 011 1901 r,:.to:; in

Ghp.nao Foreign exchange rate of' "2.75 to US,Z1.00 is usc d to

convert Ghnlai'an cedis.

Direct Labour !'To. Annual Salary 'I'c tal, Cost US$v

usi
lviaste r baker 1 364-0 364-c

As s i.s t arrt Baker 3 1770 3510

Bakary hand 3 1050 3150

Labourers 12 970 11640

TotA.l direct lab our cost s 23740

J.:_dd60/ f r i nge be rie f i t;s {l..tld. so ci.aL s e o uz-Lb y 14241~

Total direct labour costs 37984

. I

I 1ndi re ot Lab ou r:

I, Salesr

Salesman 1 1680 1680

Dri ve r/Salesman 1 14-50 1~.50

Accounts
Senior Accounts },~llllage r 1 3640 .i6LrO

Typist 1 12)0 1230

Clerk 2 14-50 2900

Cashier 1 1450 1450

Illesse l1ger 1 1050 1050
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Table 6 cont1d

Indire ct Labour

J..dministration

Pac t cry Manage r'

Secreb.ry

Clerk

DES '"e.tchman

Night ':,atchuGn

Security Officer

Driver

Technical

Mainte nance Supe r'vi s or

l.io chan i c

Electrician

Total Indirect Labcur Costs

Add 60;: frinte benefits

Tot 2l Indire ct lab our co st

Total Labour costs

£!'£o .Annual Sala:::'y
US$

1 5090
1 1680

1 14-50

1 1050

1080

2 10~0

1 14-50

1 1-180

2910

3

3

Total Cost
US$

5090
1680

1450

1050
1080

1~-50

1180

2910

4920

4-920

41)10

24786

104080
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LIST CF r~AI'ruFACTURERS& SUPPI·I3rrS CF B}.KZI':Y

Bakers Equipmerrt/'inkler,
210 Sylvan .sv enue ,
Englewcod Cli: ....f'.c;,
New Jersey 07632,
USA.
3.."{celsior Industrial Corporation
130 Bread ""ve. Eai rv i.ec.
Nev. Jersy 07022,
USJ.

"u • .I ••• ,

Indubtri03tras38 20,
Aurau ,
Sni t.z e r-Land ,

J
I

Dough mixers, ferl;,entLtion
cab.i no t s , dough mcul de r's ,
sho(.·ti It,: rcll..;, OVt--'l'.L:': 0

Doueh mixer

Dough mixer

G & R. Gilbert Ltd.,
Restmcre '.:ay,
Hackbridge r.od,
Hackbr i.dge , Surrcy,
England.

Dough mi xe r s ,
b ak.i.ng ovens

Lockwood i,;311U::"icturir1f- Co.,
3170 ',:a8S0r: ::>.o·'.d,
C~incim!l'.t i,
Chi 0 fi.5 208 ,
USA
Liet t.Le r I!:st!'U:.K·lt s .~.G.,
CH-3606 Greifel~s ce ,

'Zurich,
8\. i tL01~1Dj.d ,

Sc.::!les

--------_._----------+-------------,.,.,-------------
Nat i.on al. .>"::'l'..1f';:e:i..:r:i.ncCcnpany ,
Lincoln, Eebre.ak?,
US;'

"9ouSh n..iX81'.s, fC2";.Je;·,t:,".;iu: c[:'r,inets,
dOUGhmouLde rs, dough s heo t ir:g rolls.

Readhurst ~quipment Ltd.,
Han cve r- ~iOUS8,

Marine Court,
St. Le ona r-d.s-ce n=s e a
East SusseY.: m 38 OXP,
Eng Land ,

~ t/-;, '-1uocie e ~ 3.V8.li.. ::'.1" ...:.._l..
26 Eour2.'-les-Vi:.lE:Lce,

A ~

Dr omes, France.j

Dou[. mixe is , shee t ine' r cb.Ls,
douOi d ivi.de r-s , ,:lou,)'). I. cuJ..'iir.c
ma..chane I bG.l\:i.fl(; UV0!l.S.
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T. ~E:rri:"~1gton (~ :3O~1S I_ ti. ,
Sou t h 3eC'~ . 'Cl'~=S

:?_crlne:,T --c: .'l
?Ort!!lllOU~...•~.4

Engle.nci.
------------------_._- --_.

Thon:-.s Collil:s (~ Co. (B"istol)Ltd
Bris tel, =l:t~".n'i Dr.kine evens

---------------.----t----
10m Chand l ey Ltel. ,
Durelect Cvcn ."ork.~
":in:imill L,,118, Den ton,
E an che s te r lli3L~3PlJ
Ellg Lan d •

Ti'leedy of :u:::'illey Lt d, ,
Gu.llnO·., Lan0
BurnIe;:,- ,
Lf'_ c~:;jl:irG,
:Sng=.:-nd.

DoW): CiD:,,' r'.'::> Qou::,:h rlc.dd:i.ng
D~"..('!hir;,eso

,._._-_. --_.------_ ..--. -.-- ._---_..._---. _.,,---
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