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FINDINGS

b.iring the mission, tuwo opportunity studies uere prepared by me,

1.€.:

+

" Opportunity Study for the Establishment of Caustic Soda\
Chlorine Plant in Shana" (Appendix 1)

uQOpportunity Study for the Manufacture of
Industrial & Pharmaceutical Cassava Starch™ (Appendix I1I)

.th projects appeared to be feasible for Ghana.

m

RECOMMENDAT IONS

As to the Caustic Scds‘\Chlorine Plant:

In my cpinicn, the most appropriate production programme of this
p:ant, will be the manufacturing of caustic soda along with
liquefied(chlorine and two other chlorine-derivatijves i.e.:
werdrochloric acid and sodium hypochlorite.

T..= recommended capacities are as follows:

13,000 tons caustic soda p.a., and processing of gaseous
cnlorine into the following products:

r.sdrochloric acid - 1,000 tons p.a., and

s~dium hypochleorite - £20 tons (as active Cla) p.a.

E:maining chlorine in quantity of 11,650 tons p.a., ought to be

1:quefied and mostly exported.

I a follow-up, the effort ought to be made to estimate

t.e international market potential for absorving the above
g:antity of liquid chlorine (especially in neighboured
chuntries), as well as possibility of Increasing its consump-
rion on the local wmarket.

1r, case, the export potential of chlorine would fall far short of

t-e above quantity, the manufacturing of other chlorine -

derivative products, ‘specified additionally in the study),




can = consider=d, subject to = market study. Then preparaticn
of the second, integral part of the pre-feasibility study on

manufz-ture of cther chlerine-derivative products would be necessary.

to
to

As to Cassava Starch Plant:

It ic recocommended to divide the project impleaentation intc

twe phases, 1i.e.

(&)
)
—

In the First Phase of the project implementation, only processing
cessava into starch ias the finzl product) will take place. The
starch ought to be produc=d from dried cassava chips, which
constitute ihe most appropriate raw material, with a long shelf
life, and theréby szcuring regular supply of cassava for starch

production.

[(S)
N
to

The S=cond Phase of the project implementation, {processing
starcr. inte glucose), cught to be considered later on, however
orovisions in the original plar.t layout for this production,

sught to be made at present.
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I

Opportunity Study

for

the Establishment of a Caustic Soda/Chlorine Plant

INTRODUCTION

The purpose of this study was twofold:

(a) prepare the zppropriate and up-dated opportunity
Study fcr the Establishment of Caustic Soda\Chlorine

Plant ir Ghana.

{b) propose possible metheds of utilization of the generated
chlorine (listing the mest appropriate chlorine-based

products and elaborating their technologies).
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THE PROJECT
SUMMARY

The proposed Caustic Scda Plant is cosmposed of Caustic Soda Unit
and Chlorine Processing Unit. Caustic soda production is based on
electrolytic, 1lon exchange membrane process.

Basic data on the proposed Caustic Soda Plant:

Producticn figures:
Caustic Soda (calculat=d as 100%) - 15,000 tons per snnum
Chlorine (gac) - 13,125 tons per annum

Chlorine gas will be processed in the following units:

Chlorine Liquefaction Plant

11,650 tons per annum

Hydrochloric Acid Plant - 1,000 tons (as 100% HCl)
per annue

Sodium Hypochlorite Plant - 500 tons active chlorine
per anaum

Production Period - 300 days & year

Operaticn Time 3 shifts of 8 hour each

Employment : 120 percons

Total Irvestment Cost : US$ 22,595,000
Project Construction Fsricd : 24 months
Financial Structure:

- Equity US$ 4,430,000

- Long Ters Loans US$ 18,165,000

UsSsg 22,595,000

Profitability:
- QRate of Return : 32%
- Fayback Period : 4.5 yzare (including 2 years

of construction)




RECOMMENDATIONS :

Market study on prospective users of chlorine derivative products

* cught t> be rrepered. Estimaticon of the demand for chlorine-

derivative products in Ghana and in other countries (particularly
in West aAfrica), would allow for preparation of the second,

integral part of this opportunity study.
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MARRET ANALYSIS

Main users cf caustic scda 1n Ghana are: detergent and soap
industry, pulp and paper industry, textile industry and man-made
fibre industry. Main users of chlorine and 1ts derivatives are:
decergent and textiles industries. At present, the country’s
requirzment for caustic soda, chlerine and its derivatives are
met entirely through the importation.

Accerding te NIB's "Market Study Report on Caustic Soda™ (March
1990G) (1), the caustic sod= ccrsumption and projections up to 1992

in Ghana are as fol .ows:

Industry I 1327 | 1oee | 1989 | 1900| 1901[ 1992
Detergent & soap, 2,020 3,737 4,235 4,940] 5,520] 6,230
Textile, tiy sos | 775 | 937] 1,400] 1,600] 1,720
Total: (t\v) s.516 | 4,512 | 5.172] 6,300] 7.120] 8,010

(caustic soda calculated as 100% NaOH)

Previcus study (3) revealz=d, that apart from the above two
industries, there are & host of other industries (like: paper,
plastics, petroleum refining etc.), where the alkaline properties
of caustic sode are explcitsd to the extent of about 204 of the
total demand. <Correction of the above figures, and assumption

of the same increising trend in demand in coming years, givee the

following projection of caustic soda consumption’

Quantity tons per annus
Industey v .
1939 1991i 1992 1963 1954 | 1995
Detergent & co0a%|a,940 5,820 6,260 | 7,065! 7,948 8,942
Textjlez 11,400 1,600 1,730 ] 1,943} 2,189 2,453
Othz. s 1,585 1 1,780 2,002 | 2,252} 2,533 2,650
Total 7,925 | 6,909 10,012 {11,260f 12,670} 14,250

(cavetic scda calculated as 100% NaOH)
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As to chlorine derivatives, the Daewoo's Feasibiiity

Study (2) prepared in 1935, estimated the potential annual demand
in Ghana for hydrochloric acid at 460 tons (33% sclution HCl).
The NIB's Market Study Report (1) presents the following figures
concerning consumpticn and projections of hydrochloric acid in

two basic consuming industries in Ghana:

Industry 1987| 1988 1989 | 1999 1991 1992

Deterzent & scap, t\y =1} 103 324 411 531 596

Textiie, t\y ol 31 25 30 35 42

Total: t\y &4 134 349 441 567 638

-—

The zbove t=:tudies clearly show that if the caustic soda project
would be realized, the tulk of the productioun ¢f hydrochloric

acid should be either processed intc other chemicals and\or

exported to neighbouring African countries who rely on the impor-

tation.

Data on the consumption of chlorine in Ghana are not readily
availasble, however, some ides on its demand can be drawn from
the consumption rigures of some users of bleaching agents
{bleaching powd:zr, bleazhirg liquor and calcium hypochlorite)
and clrlorine.

Consumption of bleaching agents in textile industry, and water
& sewerage treatment was ectimated (1) for the second half of
80's on 82Z t\y.

Consumption of chlorine gas in sewenage & water treatment was

estimated (1) for the second half of 80's on approx. 300 t\y.
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Data c¢n the consumption analcr projections of other chlurine -
derivatives like: aluminium chleride, calcium chloride, ammcnium
chloride, =zinc chleria=, chiorinated paraffin wax, and chloroacetic

acid were not avaiiable.

As ths result cof market analysis, capacity of the plant at 15,000

t\y caustic soda {calcualat=d as 100%)} can be proposed. This

o

produstion capacity can satisfy requirements of the local industry
for caustic soda, at pr=sent and in the nearest future. The above
plant capacity require houever the establishment of a variety

cf accompanying units, able tc process appcroximately 13,000 t\y

of chiorine ints chiorine-derivative saleable products. The local
demarn® for chlerins and its Jderivatives stands at present at approx.

700 t\y {caliculated as 100% Clz}.

Market analysis performed by the Daewoo Corp. (2) confirmed

that the proposed plant capacity of 5,500 t\y of caustic soda
(calcalated as 100% NaOH) will fall far short of the local
industry requirements (page 22), however, the whole

etudy was bz=sed on the plant -apacity equal to 4,950 t\y

of caustic soda (calculated as 1007 NaOH) (page 17).

In fa.t, the above capacity will be toc small to satisfy

local demand for caustic soda, and simultaneously too large in
comparison with the local demand for chlorine and its derivatives.

It m=ans, that after establishment of a such plant, necessity of

further importation of caustic soda and exportation cf excese chlorine

and its derivatives will remain.
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For the purpose of this study, plant capacity at 15,000 t\y

of caustic soda (calculated as 100% NaOH) has only been taken into

consideration.




-lo_

4. PRODUCTION PROGRAMME

2.1 The production programme proposed in this study is as follows:
(all products are calzulated as 100%)
Caustic Soda 15,000 tons p.a.
Chlorine (liquid} 11,650 tons p.a.

Hydrochloric Acid - 1,000 tons p.a.
Sodium Hypo:hlerite - 500 tons of active Clz p.a.

The atove producticn programme seems the most appropriate for the
lecal conditions.

4.2 It is worth to say, that the production programme for caustic sodal
chlecrine plant, proposed in 1984 for Bangladesh by Intercontinental

Project Developers, USA (6) was as follous:

Caustic Soda (as 100%) 9,000 tons p.a.

Chlorine (liquid) (as 100%)

6,900 tons p.a.

Hydrochloric Acid (as 100%)

600 tons p.a.

Sodium Hypochlorite - 300 tons of active Clz p.a.
The production programme of caustic soda\chlorine plant being
implemented in 1990 in Brazil by OXY, USA (S) is reported to be
as follows:

Caustic Soda

112,000 tons p.

o o

Chlorine - 100,000 tons p.
Hydrochloric Acid - 27,600 tons p.a.
Sodium Hypochlorite - 7,200 tons p.a.

4.3 Daewco Corporation in its Feasibility Study (2) suggested
importation of calcium hydroxide for bleaching powder and lime
bleacrn production. The value of the required amount of imported

calcium hydroxide constituted about 80% of the total cost of raw
materials.

4.4 Through the structure of the production programme proposed in

this study, the cost of raw materials will be considerably reduced,
in comparison to that suggested by Daewoo (2).
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5.  MATERIALS

S.1 RAW MATERIALS INPUT
. 5.1.1 Salt
Common salt (sodium chlorine) is the basic raw material
for caustic soda-chlorine production by the electrolytic process.
Tne consumption of the raw materials depends on the common salt
quality. The raw material for salt production in Ghana is sea-
water, from which the salt is produced by solar evaporation method.

The approximate average composition of seawater arcund Accra is

(3):

Water 95.85%
Sodium Chloride 2.29%
Potassium Chloride 0.08%
Magnesium Chloride 0.37%
Magnesium Sulphate 0.227
Calcium Sulphate 0.10%
Calcium Carbonate 0.017%

There are local firms producing crude salt, which as a table salt
is sold locally and partly exported to other African countries.
According to the analysis results of salt by Astek Laboratory,

percentage composition of salt on wet basis is as follows (2):

Moisture 7.7%
Water Soluble Matters 0.09%
Tatal Chlorides (NaCl) 94.9%
Calcium (as Ca SOa) 0.18%
Magnesium (as Mg) 0.347
Magnesiur (as Mg Cla) 1.13%
. Scluble Sulphate 6.59%

Alkalinity (as Ca COs) 0.02%
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Sait is produced ir abuncance in the costal areas of Ghana
throughout the year, except 4 months in the rainy season. The
total gnnual salt production of Ghana was estimated at 130,000 to
150,000 tons in 1976, and reached level of about 360,000 tons in
1979 (3). The above facts show that besides domestic consuaption,
a large quantity of common salt is available for industrial users
in Ghana. The quantity of available commor salt ic auch above the

requirement of the proposed caustic soda plant.

Rau Materials Requiresent.
Annual consumption of major raw materials for the manufacturing

of 15,00¢ tons of caustic soda p.a., is estimatec as followus:

Cczmon Salt (as 100% NaCl.) - 25,500 tons
Na= CO> - 165 tons
Na3H - 3 tons
NaUH - 450 tons
HC! - 37S tons
H=2504 - 300 tons

Common salt produced in Ghana is of rather poor quality and
therefor=, if the crude szlt is to be used, the consumption
figures of raw materials will be higher than that mentioned above.
The following raw materials will be supplied locally:

- Commorn salt,

- NaOH, )
) from the proposed plant
- HCl )

The following raw materials will be imported:
- Naz Coa,
- NaSH

- HaSO0as
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€.1.2 The current prices of raw materials required for caustic

- soda manufacturing are as follous:

International
. Local Price Price (4)
i US$ per ton in US$ per ten
- Ccamon Sait 48
- Na=CO> (Soda Ash) 150
- NaSH €76
- NaOH (as 100%) S60
- HCl1 (as 100%) 300
- H=504 (as 100%) 75
5.2 UTILITIES

The Caustic Soda Plant annual requirements for major

utility supplies are as follows:

(uantity Price
- Electric Power 40,500,000 kiWh US$ 0.0155 per kWh
- Fuel 0ijl 1,640 tons US$ 356 per ton
- Processing & 285,000 o US$ 0.38 per »®

Cooling Water

Al}l utilities are locallv available.
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LOCATION

The proposed Caustic Soda Plant is to de located in Tema,
clese *o salt suppiy, good traffic netwerk and harbour
facilitiec. Other factors ate. approximity to utility
sources like water and electric powzr, as well as availability
of skilled ard semi-skilled workers, as Tema is one of the
bigges~ industrial areas in Ghana. The site has remarkeble
marketing advantage i.e. there are many demand sources such

as soap production plants, textile mills, petroleum refirery,
pulp and paper mills and other users of caustic soda and

chlorine products located as well in Tema, as in nearby Accra.
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PROCESS DESCRIFTION

Manufacturing of causti: soda, chlorine and some chlorine

e e e e e ———————

derivativ=s (according t¢ the proposed production Programee) .

Brine Treatment Systea.

Salt is added tc the dissolvers by elevator e.g. twice a day

during 2-3 hours. From the dissolvers the saturated brine outflous
to a combined precipitation and sedimentation tank. Here the
precipitation cnemicals (Naz COs + NaOk) are added. When using ion
exchange for brine purification, a small amount of sodium bisulphide
(NaSH) is also added, that eliminates efficiently all residual
traces of active chlorine in the brine.

In the lower part of the cylinder the turbulence in the Lrine is
efficiently stopped and sedimentation and agglomeration begin. The
agglomeration is completed after approx. 10 hours. The sludge from
the bottcm of the sedimentation tank is r=moved regularly to 2
sludge tank. The brine is then filtered in a filter. to ge' &
entirely pure solution. The purified brine is then stored in a
stcrage tank, before sending it to the electrolyzers.

Membrane Cell Products Treatment (Electrolysis).

Chiorine and hydrogen are released from the cells at a pressure
slightly abcse atmospheric one. In order to ensure that the
chlorine gas pressure it always mairtained between certain limits,
the chlorine main header is connected to a water seal pot. Approx.
half the amount of chlorides in brine feed to cells, are converted
to chlorine. As there is a considerable water transport through the
menbranes from anolyte to catholyte side, the resulting
concentraticn of spent brine uill.be about 200 g NaCl\l. Spent brine

is dechlorinated with air in a stripping tower. From here the brine
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recirculates to one of the dissolvers and the chloiine containing
air is transferred to the hypochlorite tower.

Caustic sada produced directly in membrane cell electrolyzers

is of about 30% NaOH concentration.

Caustic Soda Evaporation Systes.

This evapcration system ccnsists of a single stage rising film
evaporator unit. Feed liquor enters the heat exchanger, using

hot condensate followed by steam. The liquor is then heated in

the steaa chest of the rising film evaporator before passing to the
vapour bocy, where the concentrated liquer is separated from the
vapour. The concentrated S50% NaOH product is pumped to the product
cocler, where it is cocoied by cooling water to the required outlet
temperature.

Hydrochloric Acid Production.

Combustion of hydrogen and chlorine to produce hydrogen chloride
gas takes place in the burner section of the synthesis unit. The
gas is then contacted with absorption water to produce hydrochloric
acid, as 3 33% HCl sclution. A packed tail gas scrubber is mounted
above the absorber. Absorption water is used to eliminate any
traces of gaseous hydrogen chloride, before venting to the
atmosphere. Hydrochloric acid received fros the absorber is fed by
gravity tc the collection tank and then pumped to the storage tank.
Compression, Drying and Liquefaction of Chlorine.

Cooled chiorine gas is compressed to about 3 bar in the liquid

ring compressor. The gaseous chlorine is dried in a sulphuric acid
tower. Dry gaseous chlorine is thgn liquefied in the condenser, ard
flows by gravity down to one of the storage tanks. Refrigeration
system with freon compresscors cools the chlorine condenser. The

residual gas that remains from the condensation, contains some
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chlorine. That residual gas can be further used for sodiuas
. hypochlerite or hydrochlcric acid production.

7.1.6 Sodium Hypochlorite Production.
Sodium hypochlorite is obtained by the reaction of gaseous
chlorine with 20% solution of caustic soda at a temperature of 30°C.
The product contains 1502 Cla per liter of solution. Stabilization
of sodium hypochlc::%e solution so received, can be maintained for &
iong time, throug: addition of a little amount of caustic soda to
the product. On the other side, small amount of contaminations
like iron and it salts csn decompose sodium hypochlorite. Therefore
glass containers or rubber-lined tankers must be used for the trans-
portation of sodium hypochlorite solution.

7.2 Manufacturing of other slternative chlorine derivatives
not_included in the proposed productjon programme

7.2.1  Aluminium Chloride (alCla).
It is prepared from technical grade aluminius or a good
quality aluminium scrap.
Major applications of aluminium chloride are:
- petroleum refining,
- butyl - rubber,
- detergent alkylate,
- pharmaceuticals,
- dyestuff intermediate.
One of the two processes commercially used for AlCls production
is the process dased on reaction between aluminius scrap and
chlorine. Aluminium scrap is selt’'in a refractory furnace at a

temperature of 660°C and dry chlorine gas is passed through it.
Alusinium chloride is formed, which next vapourizes and leaves
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the furna-e. These vapours are passed through air-cooled
condensers. where aluminium chloride sublimes at 175-178"C.
Flue gases ar= scrubbed with water to dissolve traces of aluminium
chloride. The finished product is finally packed in polyethylene
bags or matal druas.
Equipment required: - refractory furnace,
- condenser,
- scrubber,.
- ayxiliary equipsent.
Calcium Cnloride (CaCla;.
Major applications of calciue chloride are:
- refrigeration,
- concrete conditioning,
- some soaps and pigments.
One of the two processes cf its manufacture is synthetic
process. The process concists the following steps:
- reaction of calcium carbonate (limestone) with hydrochlcric acid,
- neutralizing and filtering,
- evaporation and crystallization,
- centrifuging and drying,
- packing.
Equipment required:
- reactor (rubber lined.,
- neutralizer,
- filter press,
- open pan evaporator,
- tray dryer,
- boiler,
- crystallizer,
- centrifuge,

- auxiliary equipsent.
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7.2.3 linc Chloride (Z.Clz).
- Major applications of zinc chloride are:
- as a flux (with ammcnium chloride) for soldering
etching metals, galvanizing,
- as a coaponent of disinfecting fluids and deodorants,
- as a mordant in printing and dyeing textiles,
- in the marcerizing cotton, vulcanizing rubber, and in
chemical synthesis as a dehydrating agent.
One of the several methods of Z.Clz production is that
zinc dross is treated directly with hydrochloric acid with an
insufficient amount to dissolve all the metal, and clear liquor
is filtered off. The oxide dross-residue nearly dry is then
heated with chlorine. The czinc chloride formed is leached with
water and added to the first filtrate. The clear liquor is
evaporated to a concentrated soluticn of zinc chloride.
Zinc chloride can also be prepared by treating zinc setal with
hydrochloric acid and concentrating the zinc chloride soclutinn by
evaporation.
Equipment required:
- mixing and storage tanks,
- heat exchangers,
- filter presses,
- €&vaporator,
- crystaliizer,

- auxiliary equipment.
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Ammoniux Chloride {NHLCl}.

Major applications of ammonius chlovride are:

- as a fiux‘in the soldering and tinning cperations,

- in the manufacture of dry cells,

- in phareaceutical yreparations.

ammoniug chloride can be manufactured, among others, by the direct
neutraiization of hydrochleric acic with ammenia.

Equipment required:

- reactor,

- vacuus filter,

- crystallizer,

- dryer,

- &uxiliary equipsment.

Chlorinated Paraffin Wax.

Chlorinated paraffin wax of the range 40-45% chlorine

content have its most impcrtant application as a plasticizer,
because of its compatibiiity with a large variety of resins

and plastics.

Chlorinated paraffin wax has a large applications in industries
like paper, tannery, plastics. printing, electrical and textile
industries.

I1ts major applications are:

- as plasticizer (in vinyl polymers and other plastics),

- as additive in industrial gear oil,

- in corrossiou - resistant and fire-proof paints,

- in electrical insulating materials.
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The manufacturing process consists of the fcllowing steps:

melting of wax,

- chlorination of wax (by chlorine gas),
- ©Bcrubbing of hydrochleric acid,

- hneutralization,

- filtration,

- stabilization,

- packing.

Equipment required:

relter,

- reaction vessel,

- drier,

- compressor,

- HCl absorption tower,

- filter press,

- tanks.

Monochlorc-Acetic Acid (CH2Cl1COOH).

Major applications of monochloro-acetic acid are:

- in herbicides,

- dyes,

- pharmaceuticals,

- thiocyrnate insecticides.

Monochlorc-acetic acid is manufactured by passing chlorine into
acetic acid in the preserice of sulphur or red phosphorus as a
catalyst. During the chlorination, hvdrogen chloride is evolved
and directed to & scrubber for aciqg recovery. The chlorination step
may be carried out continuously in a series of ztirred reactors.

In any case all equipments must be acid resistant.
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Equipment required:

reactor,

- HCl abscrption tower,

distillation columns,

pixing and storage tanks,

auxiliary equipment.

Eleaching Powder {Ca{0Cl)=.CaClz.Ca(OH)=2.2H20]

Major applications of bleaching powder are:

- in paper industry as a bleaching agent,

- in textile industry,

- in water treatment as a dicinfectant.

To produce bleaching powder, lime slurry is to be

chlorinated under pressure at a temperature 30-40°C.

During the chlorination, calcium hypochlorite dihydrate

is precipitated from the sclution. The precipitate is

filtered off and dried up to contain about 2% water. Then

an equivalent amount of lime and caustic soda are added. At

the temperature below 16°C, the stable solid phase forms,

known as triple salt. The solution is then crystallized by
cooling to 10°C. These solid crystals are then reacted with
chlorinated lime slurry. The lime slurry contains just
sufficient calcium chloride to react with the sodium hypochlorite
available in triple salt. This siurry is filtered and then spray

dried to form powder.
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MANPOMER
The manpower requirements for the proposed Caustic Soda Plant are

estimated as follows:

Average cost

Number  (US$) p.a.

Managing Director 1 3,550
Divisional Managers 3 2,840
Supervisors 12 2,490
Operators 26 2,130
vther Skilled Workers 48 1,780
Accountants 4 1,600
Sales 5 1,600
Administration 8 1,600
Unskilled Workers 3 1,240

The manpower requirement will be met from the local sources.

Three persons in the managerial position (production and
maintenance) and five persons in the supervisor position - require
technical training abroad. Remaining supervisors and all operators

and skilled workers require on spot in-plant training.

The total cost of manpower stands at US$ 234,990 p.a.
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9. IMPLEMENTATION SCHEDULING
9.1 Impiementation of the plant, training and start up will
take 2« monthe (I years).

The project time schedule is as follows:

Itesxn Month
- Contract Signature 0
- Delivery of Preliminary Laycut 1
- Delivery of Process Flow Shest 2

- Delivery of Specifications of Utility Inputs 3

- Delivery of Connecticn Pcints for Sewers,

Pipe Bridges, Power Supply A
- Delivery of Flant Layout with Loads 3
- Dpelivery of Detailed Equipment Foundation

Drawings 8
- Deliivery of First Shipment of Machinery 12
- Completion of Shipment of Equipment 16

- Completion of Operating snd Haintenance

Manuals i7
- Completicn of Construction and Erection 22
- Completicn of Training 23
- Commissioning & Start-up 24
- Commercial Operation 25

9.2 The plant is expected to cperate at 80% capacity in the first
year, at 907% capacity in the s~cond year, and at 100% capacity

in the third year and thereafter.
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INVESTMENT COST

The t:tal irvestment cost 3f the Caustic Scda Plant is estimated

at USg 22,595,000.
- (US$ 1,000)

Local Foreign
Currency <Currency Total

Land 187 - 187
Buildings 1,874 - 1,874
Equipment & Machinery - 14,613 14,613
Erecticn Worlks 1,237 824 2,061

Pre-operational Expenses
(incl. training,

commissioning, start-up) 422 140 562
Contingencies - 937 937
Working Capital 710 - 710
Interest during Construction 1,651 - 1,651

TOTAL: 6,081 16,514 22,505

- - - = m -
===== =SE=S=S=== =S====

Fixed investment costs of four caustic soda\chlorine plants
were compared, namely:
{(a) the plant of capacity 4,950 t NaOK p.a., proposed for
Ghana by Daewoo Corp. Korea, in 1986 (2),
(b) the plant of capacity 9,000 t NaOH p.a., proposed for Bangladesh
by Intercontinental Project Developers, USA in 1984 (6),
{c) the plant o/ capacity 112,000 t NaOH p.a., being
implemented in Cartoclere Company, Brazil by OXY, USA, in 1990 (5).
(d) the plant of capacity 40,000 t NaOH p.a., being implemented in
Panamericana Company, Brazil in 1990 (5)
The comparison of the ratics of the caustic scda plant's

fixed investment cost per ton of the annual capacity for these

three plants, are as follows;
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Ghana |Bangladesh Brazil Brazij!
(plant (plant proposed (plant under {plant under
propesed '} by 1.P.D. (USA)| implementation |implementa-
by Daewco, (s) in Carboclore jtion in
Korea) Co. by OXY, USA)|Panamericana
(2) (5) Co. (%)
fixed invest-
ment cost
per ton of 3,191 s\t 1,404 3\t 1,570 $\¢ 1.362 $\t
annusl capacity

(all fixed investment costs were up-cZated to 1990 level'.
The relations betweer cutput and investment cosis of small electroelvsis

plants are as follows (3):

Output Investment costs per ton
in tons NaOH p.a. of plant capacity (in %)

2,000 100

4,000 a0

8,000 62

12,000 sA

15,000 56

Tor higher capacities, the relaticnship betueen fixed irvestment
cost and annual production capacity are described by the following
exponential equation (3):

0.77

(&)-(2)

- C; and Cz are fixed investment cost at two scales of annual

where:

output S, and Sz
- Exponent for caustic soda\chlcrine is 0.77 for the range of

outputs between 6,000 t\y and 35,000t\y.
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To calculate the fixed invsstment cost for the proposed plant

capacity of 15,000 t NaOH p.3. in Ghana, the atove relationships were

used. The calculations were tased then on fixed investment costs

proposed by Daewco (Z) and Intercontinental Project Developers (6).

The ratios of fixed investment cost per ton of annual capacity for the

same proposed plant are as follows:

the plant with capacity
15,000 t NaOH p.a.
based on Daewoc Study (2)

the plant with capacity
15,000 t NaOH p.a.
based on I.P.D.°

offer (6)
fixed investment
cost per ton
of annual 2,383 s\t 1,249 g\t
capacity

(both fixed investment costs up-dated to 1990 level).

Conclusion that can be drawn from the above comparisons is that

fixec investment cost assumed in Daewoo’'s Feasibility Study was about

2 times higher than the comparable costs of other international

partners, and therefcore can’t be taken into further consideration.

For purpose of this study, the available data on fixed investment cost

structure drawn from the I.P.D.' offer (6), were only used.

It nas been assumed, that the time of delivery and asseabling of

machinery and equipment will be 12 months, and the total construction

period will be 24 months.
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11. SOURCES OF FINANCE

The Caustic Soda Plant is expected to be financed as followus:

(US$ 1,000)
Local Foreign
currency Currency Total
Equity 4,430 - 4,430
Loan 1,651 16,514 18,165

TOTAL: 6,081 16,514 22,595
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1AL PROFITABILITY

The fcllowing commercial profitability estimates are made for
4th year of operaticn, assuming that the Caustic Soda Plant
will cperate at 100% capacity:

(USs$ 1,000)

Sales 12,800
Costs
Raw Materials 1,638
Utilities 1,320
Labour 198
Maintenance 73
Spare Parts 219
Factory Overhead 49
Saies Cost 384
Administrative Overhead 37
Depreciation 1,555

5,473
Profit before
Interest & Taxes 7,327
Interest 1,654
Profit before Taxes 5,673
Profit pbefore Taxes as 4 of Turnover 44%
Profit before Taxes as %4 of Investment 25%
Profit before Taxes as % of Equity 128%
Rate of Return 322

Payback period 4.5 years including 2 years
of construction

Breakeven point at 20% capacity.
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Annexure - 1
IMATED Fl
(US §)
Year of Operation
Itea
ist 2nd 3rd 4th
Interest on Long-Term
Loans /37 + 12/ 2,059,197] 1,974,986} 1,808,205 1,600,139
Interest on Commercial
Bank Borrowing {3) 47,783 50,918 S4,053 54,052
TOTAL - 2,106,980} 2,025,904 1,862,258 | 1,654,192
. Foreign Currency Long -
Tera Loan:
Principsl 16,514,000416,514,000{15,688,300 |14,036,900
Instalments - 825,700| 1,651,400 | 1,651,400
15,514,000|15,688,300}14,036,900 |12,385,500
Interest 10% p.a.
(on average balance) 1,651,400] 1,610,115) 1,486,260 1,321,120
2. Local Currency Long-Tera
Loan: Principal 1,651,000] 1,485,900 1,320,800 1,155,700
Iastalaents 165,100 165,100 165,100 165,100
1,485,900| 1,320,800| 1,155,700 990,600
Interest 26% p.a.
(on average balance) 407,797 364,671 321,945 279,019
3. Commercial Bank
Borrowing: 159,276 169,727 180,178 180,178
Interest 30% p.a. «7,763 50,918 54,053 56,053
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Annexure - 11
ANNUAL PRODUCTION COST ESTIMATION
(Us s)
Year of Operation
r 1st 2nd 3rd 4th
[
[ gox 902 1002 | 100%
1) Manufacturing Cost:
A) Paw Materials:
a) local 1.270,800]1,429,650}1,588,500{1,588,500
b) imported 39,422 44,350 49,278 49,278
B) Utilities 1.056,21611,188,243]1,320,270}1,320,270
C) Direct Labour 158,144 177,912} 197,680)] 197,680
D) Maintenance 14,613 43,839 73,065 73,065
E) Spare Parts 219,195} 219,19S5] 219,195] 219,195
F; Factor: Overhead 493,133 49,133 49,133 49,1523
Manufacturing Cost (I)
Sub-Total: 2,807,523|3,152,32213,497,1213,497 121
I1) Sales & Admin. Costs:
A) Admin. Overhead Cost 37,310 37,310 37,310 37,310
B) Sales Zost i 307,202f 345,603} 2384,003j 384,103
Operating Cost (I + II)
3ub-Total 3,152,035]3,535,235]3,915,434) 3,918,434
—+
I111) Depreciation 1,555,000}1,555,000)1,555,000]1,555,000
I1V) Financial Costs
(interests) 2,106,980|2,025,904)1,862,258|1,654,192
Production Cost )
(I « 11 + 111 + 1V) Total: 6,814,01517,116,13917,335,69217,127,626
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CALCULATION OF WORKING CAPITAL

(US §)
Year of Operatior
Minimus
Iten days of 1st 2nd 3rd et
COVerage
602 902 1002 100%
1) Zurrent Assets:
A} Accounts Rereivable 20 171,767 | 193,238 (214,709 | 214,709
8 Inventcry:
a) Raw Materiais ac 107,690 121,151 134,612 134,612
b} Spare Partg 180 108,096 108,096 {108,096 108,096
¢) Finished °Products 1s 116,201 130,726 ]145,251 145,251
C) Cash in Hand i 19 49,987 56,236 | 52,484 62,484
TOTAL (1): : 553,741 | 5G9.447 |665,152 | 665,152
Fi. Current Liabili-
ties:
A) Accour:ts Payable 10 35,897 40,384 | 44,871 44,871
IIT. Working Capitai 589,638 649,831 {710,023 710,023
(I) » (I1) TOTAL:
1
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SALES ESTIMATE
(Us s)
Year of Operation
Itea ist 2nd 3rd 4th
80% 90% 1002 100%
Caustic Soda (solid) ©,720,000] 7,560,000] 8,400,000} 8,400,000
Chlorine (liquid) 1.770,800| 1,992,150 2,213,500{ 2,213,500
Hydrochloric Acid 168,000 189,000 210,000 210,000
Sodium Hypochlorite 1,581,280} 1,778,940] 1,976,600 1,976,600
Sales Total: 10,240,080|11,520,090/12,800,100{12,800,100

Remarks:

Selling Prices (4):
Caustic Soda (solid)
Chlorine (liquid)
Hydrochloric Acid
Sodium Hypochlorite
Assusptions:
Production Period

Operation Time

Prices and sales

of all products calculated as 100%.

US$ 560 per ton

US$ 160 per ton

US$ 210 per ton

USs$ 1,870 per ton

300 days a year

3 shifts of 8 hours each

(Caustic Soda Plant).




FOR THE CAUSTIC SODA PROJECT

CASH-FLOW STATEMENT

Annexure - V

(Us §)

Year of Operation

Itenm 1st 2nd 3rd 4th
80% 90% 1002 100%
A) CASH INFLOW: 10,240,080 |11,520,090| 12,800,100 |12,800,100
1) Sales Revenue 10,240,980 }11,520,090] 12,800,100 |12,800,100
E) CASH OUTFLOW: 5,930,073 6,556,727 7,598,844 7,335,073
1) Current Assets £S3,741 55,706 55,708 -
Increase
2) Operating Cost %,152,035 ; 3,535,235| 3,918,434 | 3,918,434
3) Debt Service:
a) Repayment
of Leng-Ternm 165,100 990,800 1,816,500 1,816,500
Loans
b} Payment of
interest on
Long-Term Loans| 2,059,197 |1,974,986 1,808,205 | 1,600,13¢%
C) CASH SURPLUS\
DEFICIT <,2:0,007 14,963,363 5,201,256 | 5,465,027
(A) - (B}
D) CUMULATIVE CASH 4,210,007 19,272,370 14,474,626 |19,939,653

BALANCE




(

- 36 - Annexure - VI

FORMULAS USED FOR CALCULATIONS IN THIS STUDY

PVUN R LA Uut A e e ————————————

Accounts Receivable = Annual Operating Cost X 20 D
365 D
Cash-in-Hand = (Arnual Operzting Cost - Annual Direct Cost) x 10 D

36S D

Accounts Payable = Annual Direct Material Cost x 10 D
365 D

Finished Products = (Manufacturing Cost + Admin. Cost) x 15 D
365 D

Cost of Maintenance & Spare Parts = 2% of Cost of Equipment & Machinery
Cost of Factory Overhead = 3% of Cost cf Materials
Sales Cost = 3% of Sales

commercial Bank Borrowing - 70% of imported raw materials,
spare parts and finished products.

net profit + interest X 100% (7)

Rate of Return total investment outlay

total investnent outlay (7)
net profit + interest + depreciation

Payback Period

fixed production costs x 100%
sales revenue - variable production costs

Breakeven Point

"

Fixed Production Costs: spare parts, factory overhead, administrative
overhead, depreciation;

variable Production Costs: raw materials, utilities, labour,
maintenance, sales costs).
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LIST OF INTERNATIONAL SELLING PRICES OF
CHLORINE DERIVATIVES IN JULY 1990 (4)

- Aluminium Chloride - US$ 1,600 per ton
- Calcium Chleoride - US$ 165 per ton
- Zinc Chloride - US$ 589 per ton
- Ammonium Chloride - USs$ 400 per ton
- Chlorinated Paraffin Wax - US$ 1,000 per ton

(40% chlorine)

- Monochloro - Acetic Acid - US$ 1,133 per ton
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Appendix I1

Opportunity Study

for

the Manufacture of Industrial & Pharmaceutical Cassava Starch

1. INTRODUCTION
1.1 Nsge of Sponsors & Promoters of the Project:
Roulénd'ﬁ. Noamesi
Ay=rh E. Maoncar
Eriz Qtubuak
Victar €. Larti

1.6, Cont] Adj=i

M3ain sponscr and promcter of the projecst is GLUCOSET (GHANA) LID.,

Dveon House, KFwame Mlrumal Avenue, F.2. Box 056, Accra.

* Rcwland F. Noamesi, the Principsl Sponsar\Promoter.
An Industrialist Enzinesr involwved csxtensively in the manufacture

of druzs and farzinz or a commercial scale in Ghana.

* Mr. Aysrh E. Moncar, the Praduction Pharmacist.
Prezently, hs is the Production Manager\Consultant Pharmacist
in charge of PHARMADEX (GHANA) LTD., a Prarmaceutical Factory

in Ghana.

' Mr. Eric Otubuah, the Sisre Parts Manager in MacDornnell

Douglas sircraft Corp., (Southern Calif-ornia Facility), USA

* Mr. Vietsr €. Larbi, an Irs2stmenc Consultant, of CIREX (GHANA) LTD.

onti Adiej, the Phzrmacist, p.esently in private

1™

()

¢ Mr. I.a.

bucsiness in Gkana.

—
N

.2 Propcesed Foreign Pzrensr for the Priject,
TEZH-VANCE, Enginzering and Conztru:tion Carp.,

4 ¢ Soi 5 Sukhumvit Read, Bangkob 10110, Thailand.




z. THE PROJECT
K SUMMARY :
3.1.1 The propesed Industrial & Pharmaceutical Cassava Starch Plant

cught to be implement=d ir tw: phases. The First Phase
will ~omprise producticn of starch {industrial and pharmaceuticai
srades} from czesava chips. The Szcond Phase will comprise

processing of part of the above starch intc glucose. Only First

2.1.2 PBasic garta on the propesed Cassiava Starch Plant (1st Phase) are

Product: Starch - 18,900 tons p.a.,
Produstion Pericd - 300 days a year
Zperatiorn Time: - 2 shifts of § hour each
Enplavment - 42 persons
Totazl Investment ot - USt 4,295,000
Projest Congtruction Pericd: - 18 monthe
Rate <f Return: - 16Z%
Pavybazy Pericd: - 2.1 veers (including 1.% yéars of
construction)
.z RECOMMENDATIONS

2.2.1 The establishment ¢f "Company Cassava Ferms” as it is proposed
bty the Promoters (1) i€ not reccmmended. The reasons are as
follows (2):
ia) It takes about € years to turn a crude land into fafm

sble t< previde the adequats yizld of czssava
) As vield of fresh cascava roots is about 2¢ tons\ha, the
required lzra for the farrms would te 2,880 ha i.e. more

than 1,090 to 2,006 ha as assumed by the Promoters.
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leszring =¥ lznd stsnde :v pressnt at minimes 250,000 ¢tha,
tast of fertilizers 22,09 ¢\h3, cost of herbicides

18,000 ¢\La. Thess thres costs cnly give together minimum
éss;ooo ¢ hx 1.2. 1,050 t\ha in comparison to 108 $\La assumed
bv the Promoters in 19828, Cost of establishment of the furms
Would be 10 times higher than that foreseen by the Promoters.

td" Trnere js alre:dy the potertial te double the present producticn

1§ casssv

]
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the =2viering farms in Ghana uvp to 7 millicn tans

in 3 medium-term, sezuring the industrial nseds for

o
e

vea

rrodecing starch from cassava.

dried zasszvz chips cught to ke used as raw material fer the plant.

an secure regular supplying

n
n
o
-
£4
w
(2]
-
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Dus to ite starability, <3

the plant with ster-h raw material.

The dstailed marier study 2on present and future demand of the local
ueere for inducrtrisl & pharma.=u%icel starch has to be made, before

iny 2ecision on the project impizmentation will be undertaken.

n

imiizr studr -~ught to be mads: on utilization of by-produc.s as an

animsl feed.

The anzlysis of starch produced on technology & equipment offered
by TECH-VANCE cught t- be mede. The quality ought to be compared
then with the rejuirements of local users both in indostry and in

ceutizzlz. The gquz’ ity cught to be guaranteed by the Supplier.

pharm

The glant would rot pe built up, until the system of buying of

caessve: chipe was well estatlished.

The potantial &quipment suppliers ought to be provided with a
gemrple emount of the joczl czsszva chips to check it against the

izo 4 zyvipment offered by them, as well
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2.2.7 Prite »f starzh in Shana, as provided by the Promoter, requires

re--ornfirmation as it sesms to2 high

.3 [ats #n tax on grefit weres not readily svailsble, and tay is to be

taken into considerstion whern further profitability analvsis will be

made.
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MARKET ANALYSIS

Industrial starch in Ghana sr= used mainly in (1):

tapioca & other food preparaticons, bakery & confectionery
industries, t=rtiles industry, laundary soap manufacturing, dry
c21]1 katteries manufa-turing, =ni in chemicals preparation.
Pharmaceutical starch in Ghana are used mainly in (1):

varicus pharmacevticzl preparations, arnd ir incense mosquitc coil

manufacturing.

Pr=sently, in Ghana. indestrial or phermaceutical starch used by

any branch of industry is being imported.

Attempts to use lozally made cassava starch has not been successful

tecause of the low grade of starch.

According to the Proacters (1), usage of starch in the country in

1358 was about &_000 tons to 10,000 tons, and in 1995 can reach

o

level <f abcut 16,000 tons to 12,000 tons. This is the estimation
enly, and the detailcd market study is recommended before any

decision on implamentation of this project will be undertaken.

For purpcse of this study, the plant capacity at 18,000 t\y of
starch has been taken into consideration. With this capacity,

the produced starch will be entirely absorted by the local users.




PRODUCTION PROGRAMME

It is proposed te inplement ths project into tHC phases .
Bradu-tizn programme for the First Phsse:
Starch - 12,000 tens f.a.
Productian prograame for the Secoend Phase:
Glucoce - S .000 tens f.5.
The above producticn programms will be the most appropriate for the
lczal conditions.
This study is only concerned with the First Phase. As soon as starch
production is wel: established, the implementation of the

Serond Fnase can be considered.

The ebove producticn ought to De tased on processing of dry

cassava chips. 3% the mosw appropriats. storable raw material.

The preauction progrzmme i import sybstitution oriented.
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MATERIAL LINPUTS

o

.1 RAW MATERIAL

on

1.1 The fundamental tond processing concept, that quality of projuct
ic directiy related tc the gquality -f rew material, is especially
trus ~f cassava proc=ssing. The factory which relies on the supply
of dried chips as its res msterial will therefore te most concernzd
that its suppiy is <f the highest giality possible. The availability
and quality ¢f rsu aaterials for cassava starch is a key issue.
The foctory's main <ritsria for buving chips will be that they
are:
- thercughly dry,
- free froz for=ign astters (sand, dirt, insects),
- - free ‘rom mould or bacterial detzrioration,
- whivz in coleur,
- derived from plants of the right maturity.
It ic woerth te say, that the deterioration of cassava chios will not

takz place if tae mcisture content is beiow 12% i.e. below

the level to suppert the micro-organisss. Therefore the size of the
-Lip is important to ensurs therough drying, (the smaller the
better). The recommended size of the chip is usually S mm wide

by $0-80 nm long.

€.1.2 Cassavs is the most important <rop in Ghana with the current
production of 2.5 million tons and with potential to double
the present produntion to 7 millicrn tons over the medium term (4).
Aa;er&}ng to re-=nt infurmations received from the Ministry of

Agrizulturs, there is sven som= overproduction of cassava in

some regicne <f the country, and 2 factory processing =xcess cf

casceva is verv desireabls scolutiorn able to absorb this excess
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¢f thes crop. It 2an be £aid, that the quantity of available
~38sava, is much zbove the raquirement of the proposed starch plant

for this raw materiai.

A typical analvsis of the constituents of fresh cassava root
is as follows (2).
28% starch ard other carbtohydrates
2% celluloss
% protein
€% others
r.S% water
190
The vield of starch frem fresh rocts is only 1\3 of that
from dried chips, and it can be the basis for the price that
should be offersd farmers for cassava chips. They incur at
ieast as mu:h c2st in producing rosts as in soaking, peeling
and Jdrving them in%- chips. and a price tased on starch yield
would b= 5 dicsincertive to s=11 fresh ronts.
Therefore assum;tion_uas rade that th2 price of cassava chéps

will b= 2 times highzr than that of fresh cassava roots.

Prices of fresh cacsava roots recorded in different districts

of Ghana on 20 October 1990, were as follows (S):

(Uss\ton)
He Suryani Kumasi Techiman Accra Tema
117 €S l 109 89 273 341

For purpose of this study, the price »f fresh cassava roots from
H» District (as suggested by the Promoters), were only taken into

cznzideration. (Hohwe, the proposed location of the plant is in Ho
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Fsw M3t=rials kequirsasnt:

t: ke imporrei.
. €ecure regular supg!
f=21 ble

ities

w

4 aznths produstlin - Ik

facilities will aisc =1

harv=sting peri>d 1.,

zeezrz thipe fir the menufacturing

Tietrizt) were

=crimated es at 24,000 tons.

zesumed ir this

2.2 kg per ton of cassava chips

v =f raw patsrial. additional storage

jow to buy

re zassava chips required for at least

These storsgs

caccava chips in the after

wh=n prices are lowest, and ensure

crabtility of raw material cost in pericde when the prices zare

The Cassava Starzh Plant
supplizs are as foliowe:

- Electric Pouszr

- Fuel 0il

anrnual requirzment for major utility

Quantity
4,422,000 kUL

90,000 liters

All urilities arz laocally availatle (5.

Price
US$ 0.0155 per FkbBh
USs 0.25 per liter

Uss 0.33 per p?
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LOCATION
The proposed "Industrial znd Pharmaceutical Cassava Starch Plant”
will be set up at & selected site at kohoe, as suggested by the

Fromoters (1). 1Tne f:rms located in the Ho District will be the

y

Bain cuprliers of raw meterizis i.e. cassava rcots/chips. There is
siectricity and aster supply at Hohoe. The area has reasonabiy good
road conrfeections that will be of advantage duering the implementation

and ¢p=ration of the CTassava Starch Piant.

Lard for the plant is owned by the Promsters. No provision is uade
for housing of the steff and workers in Hohoe, as they will be drawun

from locsl rescurcecs.

The altgynative iccaticn of the piant in S:ayani District ought to be
alee anaiysed, before final decicsion on the location will be under-
taken. The reason of such suggestion is that prices of cassava

rocts ir Sunvani are the louwest in Ghanz, and stand at about 503

of that in Ho and 20% »f that in Accra.
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7.3

B

PROCESS DESCRIPTION

Baw Materials Supply .

There are tuwo sources of the raw material i.e. fresh cassava roots

and cassava chips. The process of manufacturing starch from cassava

(]

is adjusted altzrnatively to the form of cz:ssava raw material.

Manufacturing of Starch Slurry:

Y

Froem Cassava Foaesh Poots (Alternative i}

The extraztion of s=arch froa freesh roots 18 done on standard

equipment designad for the extracticn of sterch from potatoes.

ct

The process relles on the use of centrifugal force to separate
the starch granules from a wat=sr suspension. Process Flow Diagram
for Processing of Fresh Cassava Roots into Starch Slurry, is shouwn

in Annexure - 1.

Fror Cissava Chips ‘Alternative 7}

At this stage of manufacturing, the slurry from the cassava chips

is the same as that for frash cicsavs roots. Process Flow biagran

for Procassing «f Cazsava Chips into Starch Slurry, is shown in

Anneyure - 2.

Starct Extraction from the Slurry

This stage of manufasturing process is the same for starch slurry

ootzined in one of the tuo above methods.

inhe g1arch produced at this stage is of 12% moisture content and is .
stabie. and can be stored for considerable perind. in this state

it may be bagged or rept in bulk for sale and‘\or for further

procezsing. Process Flow Diagram for Processing St.rch Siurry int.

Starc... iIs shown in Annexure - 2.




7.4 Glucuse from Starci,

The conversion of starch to glucose is a standard process used

allréver the worid.  Tnils is done by the action of acids, or

. 2NIym=S Oor a combination f the two. The most widely used glucose
(kncwn as confecticners glucose) has & moisture content of 16 - 20%.
Glus:ce 100% pur=s is known chzaically as dextrose, and the

Frodoection of 32xtrose (s mors 2latorate and costly than that of

v

€. Process Flow Diagram for Processing Starch into Glucose

gluze

is shown in Annexyurs - 4.

7.5 Dextrin from Starch

Dextrin is the term used for the products obtained by treating
starch in & number ¢f ways. They ray be prepared by a wet or dry
pri-ess either by acid or enzymes or under carefully controlled
hezting conditicons. Standard equipment is available for dextrin

msnufacture.  one of the methad is shoun in Process Flow Diagram

for Processing Starch into Deytrin (Annexurs - 5).

7.6 Efflu=nt Dispcsal

Considerable quantities of water are used in the process.

Wher= possible this is reczirculated and reused by starch plant.

The final waste water will contain suspended solids of soil,

sand and carbolydrates, plus other organic matters from the process.
The resultant waste will need some form of pretreatment before it is

discharged intc local rivers. Alternatively discharging the waste

into a pit\lagoen can be considered.




%.  MANPOHWER .
3.1 Thes a=npower requirsmsnte for the preposed Cassava Starch Plant

are ectimzted as follows: .

Average cost
Number Us§) p.a.

Managing Directer 1 3,550

Supervisors 2 2,490

Opsrators 21 2,130

Other Skilled Workers € 1,780

Unskilled Workers © 1,240

ACCountants z 1,600

Admiristration A 1,600
9.2 The manpowsr requiremsnt will be met frem the local resources.

(X
Ay

.2 Ip-plaznt triining will te provided by the consultant suggested by

ny

TECH-VANTE (1).

o
~

The totzl cost of manpower stands at US§31,690 p.a.




- 51--

9. IMPLEMENTATION SCHEDULING

9.1 Implementation of the= plant, training and start-up will take

18 m2nthe (1.5 y=ar)

Item Month

- Cortract Signature 0
- Delivery of Preliminary Layout 1
- Delivery of Specificatians of Utility Inputs 2
- Delivery of Connection Points for Sewers, Pipe

g7’ lges, Power Supply 2
- Delivery of Plant Laycut with Loads 2
- Delivery of D=tailed Equipment Foundation Drawings 6
- Delivery of First Zhipment c¢f Machkinery 11
~ Cempletion of Shipment >f Equipment 13
- Completicn of Construction and Erection Works 17
- Cempmissioning & Start-up 18-
- Commercial Opesration 19

9.2 The plant is exype:ted to operate at 807% capacity in the

first vear, at 90% in the se:ond year, and at 100% capacity

in the third year and thereafter.




10.

INVESTMENT COST

The total investmert cost of “Cassava Starch Plant” i<
ectimated at USY 4,796,000,

(Usg 1,000)

Locsa Foreign

Currency Curroncy Total
Land ¢S acrec) 20 - 20
Buildings (*) 310 - 210
Equipment & Machinery (**) - 1,431 1,431
Erecticn Works 172 114 286
Pre-operational Expenses 32 79 111
(incl. training, ccmmissioning,
start-up)
Contingencies - 81 81
Working Capital 1,288 - 1,886
Interest during Construction 171 - 171

2,591 1,705 4,2%

»f Quantitiss of March 1989 by

(*) Based on up-datzd Bill
pssociates, Consultant Quantity Surveyors,

Roateng, Krampa &
Accra.

(**) Including additional U3$ 100,000 for storage facilities
able to store cascava chips reguired for minimum 4 months
rraductison.  Eguipment & Machinery cost based on the
Eroforms Inveice of 1922 provided by TECH-VANCE (Thailand),
and up-dated to 1990 level.




ii. SQOURCES OF FINANCE
Tlez Tasgavs Starch Plant is expected to be financed as follows:
* - (US$ 1,000)
Local Foreign
Currensy Currency Total
Equity (%) 2,173 242 2,420
Lean 171 1,70¢& 1,876
2,346 1,947 4,296

(*} TETH-VANCE offered te acquire about 107 equity shares in
the project (7).




boo
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COMMERCIAL PROFITABILITY

The fzllowirg commercial! prefitability estimates are made for

ith vwsar of operaticn, assuming that the Cassava Starch Flant

will operats at 100% capacity:

Paw Materials

Utiiities

Labkour

Mzintensnce

Spar< Parts

Factory Overhead

Sales Cost
samipistrative Qverhead
Degrreziaticn

Profit before Interset & Taxes
Interest

Profit vefors Taxes

Profit befors Taxes as % of Turnover
Profit befors Tazzs as % of Investment
Profit before Tarxes as % of Equity
Ratz of Return

Payback Pericd

ity.

Breakeven point at 4% capa

(8]

(USs 1,000)

2.
1

ly
Sy

€
€

ar
ar

16,776

9,815
6,961
181

6,780

s, (including
s of construction)




(1;

(2;

(&)

(<)

7
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Annexure - 1

PROCESS FLOW DIAGRAM
FOR PROCESSING OF FRESH CASSAVA ROOTS ’
INTO STARCH SLURRY

FRESH CASSAVA
POOTS STORAGE

|

Y

UEIHING platferm Srale & Tared Buckets
|

WASHING kctary Tumbtle Washer
Y

STORAGE Jpen Zile
) 4

PEELING" Ev Hand
]
]
Y

WASHING | potarv Tumble Washer
‘ |
L |

CHOPPER Size Reduction Slicer
' ]

| oIsinTEsRATOR | rotsting Rase
!
| §
SLUPFY TANY
STOPAGE : Srainlees Stee]l Vat with Facility
[residence time for Dosing vith Sulphur
max. 12 hcurs) Pioxide (SOz)




ADNRSRUrE - 2

PROCESS FLOW DIAGRAM
FOR PROCESSINC OF CASSAVA CHIPS
. . INTO STARCH SLURRY

CASSAYVA CHIPS
ST2FRAGE Ver.zilzted Store

SCANING ! Moved kv Meshariczl Shovel
ARER te Floor with Central Guttering
|
]
!
| §
SGAFE.ING Soaking 8 hours
i ELEVATZE Buzi=t Tyze, (hand f=d by pushing
{ . :kipe into reception pit)

) 4

r
! RAZPING . Water Additicsn; Rotating Rasgs to
l — Pelsgszse Starch

Y

SLURFT TANE
STORAGE

Star:h Milk.

!
|

SOUPRPRU—
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PROCESS FLOW DIAGRAM
FOR_PROCESSING STARCH SLURRY
INTO_STARCH

SLURRY TaNFK
STQRESE

t

Y
R

i SCREEN =] SCPEEN 2

L L

! |
. Y Y
[ HCLDING TANE : FIBFE PRESS

-y

CENTRIFUGE Z
!
|
DEWATEPRING
VACUUM FILTER

:

DEYER

T
L
BAGGING

!
Y

. \]

b s e e

STAPRCH ESTORAGE
(for szle and\
or further
processing)




STARCH
STOPASGE
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PROCESS

FLOW DIAGRAM

FOR PROCESSING STARCH
INTO GLUCOSE

- ——

CONVEFTION
TUBE

L]
!
le

|
Y

EVAPORATI N

————— s ==

SLUCCSE |
STIRAGE '
1for cals. |

0N

wdrachlaric Azid

l}v\r-:_.'.'x

*

al
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PROCESS FLOW DIAGRAM
FOR PROCESSING STARCH
INTO DEXTRIN

STARCH
STCRASE

]
|
Y

REACTS |
(% nours) be———— Hydrochloric Acid
!

L |

DEYTEIN
TANK

i

SIFTEER

|

DEXTRIN
STPASE
“far sal—;-)‘

Annexurs - £




ESTIMATED FINANCIAL EIPENSES

Anneyure - &

(US $)
) Y2sr of Operation
irtec
ist 2nd 3rd sth
Interast on Long-Term
Laans <1/ « /2/ 212,737 204,020 186,795 165,299
Interest o«n Coppercizl
Bark Berrowing /3/ 14,204 14,853 15,502 15,502
STAL - 726,941 212,8821 202,297 180,801
1. For=ign Currency Long -
Tt:m.Lcan:
Principal :,705,00011,705,000]1,6192950] 1,449,250
Instalments - 85,250 170,500 170,500
lnterest'laz £.3.
ton average bolancs) 17¢G,500 loc 238 153,450 136,400
2. Local Currency
Long-Term Lcan:
Principal 171,000 152,900 136,800 119,700
Instsimerts 17,100 17,100 17,100 17,100
1€2,a00 136,200 119,700 102,600
Interzest 227 p.a. 42,227 37,791 332,345 28,895
{cn average talance;
51,672
15,502
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ennezure - 7

ANNUAL PRODUCTION COST ESTIMATION

(Us-s)

Year of Qperation

Iter ist 2nd 3rd 4th
&% 90% 100% 100%
1) Manufacturing Cost |
I
Ay Raw Materiale:
a3 leoczl 6,739, 200] 7,581,600] 8,424,000 |2,424,000
b) imported 24,710 27,739 30,888 30,888
i
B} Utilities boa10.011f 461,263 512,514 | 512,514
C) Direct Labour l 4% Ta0 g1,43% £7,150 57,150
D} Mazintenance Q.112 10,251 11,390 11,390
E) Spare Parts ‘ 42,930 42,930 42,930 42,930
F: Faztory Overhes A1,268 61,268 61,263 51,268
Manufz:tuting Cost (1)
Zub-ToHtal: 7,332,981 &§,22¢,546]1 9,140,140 19,140,140
11} Sales & Admin. Costs
£ £3pin. Dverhezd CJoet 12,150 12,150 12,150 13,180
B) Salzes Cost a7 R4 482,052 503,230 802,260
Operating Cost ! - 17V 1
Sub-Tetal 5’.7'4.-‘.725 8,702,648 9,656,570 |9,655,570
|
117y Deprzcicticon Co1Er and 382,800 158,600 158,600
V) Tinznoial Coste
tinterests) 2,941 214,382 202,297 189,801
Productiosn Cost
(I + 11 + II1 - 1Y) Torel: 8,124,200 9,030,130[10,017,467 [9,995,971
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CALCULATION OF WGRKING CAPITAL

Annexure - 8

(UsS §)
L ]
5 Y<ar of Operation
Minigem
Itee tdays of ist 2nd 3rd 4th
1 Cove-
f rags ENR 902 100% 1002
I} Current Assets:
A) Accounts Receiva- 20 424 588 476 ,85%7] 529,127] 529,127
kle
B)Y Inventory:
a) Psu Materials 20 ££5.,928 62%,430 694,922 694,822
b} Spare Parts 180 21,171 25,17 21,171 21,17
<) Firnished Pro- ;1S 201,895 329,029| 37¢,163] 376,163
dusre !
Y Cask in Hand 10 7h,921 29,952 32,923 32,923
1 !
TATAL (TV: f 01,220 877 '1_a92_439 1,654,206}t 655, 306
: 1
!1. Current Lizbiii- !
Ties:
A) Accounts Payable |7 10 185,212 2082,4771 231,641 231,641
I11.Wcrring Capital
(1) + (II) TOTAL: 1,515,886 {1,700,916(1,885,947|1,885,947
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SALES ESTIMATE

(US §)
Year of Operation
1st 2nd 3rd 4th
item '
04 G2% 100% 100%
Star:h 12,429,200 15,092 500! 16,776,000| 16,776,000

Price {import CIF Ghana) (6):

Dry Starch = US$§ 922 per tcn
Assumptions
Production Pericd - 200 days a year

Operaticn Time - 2 shifts of & hours =ach.
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CASH-FLOW STATEMENT
FOR_THE CASSAVA STARCH PLANT

Annexure - 10

(Us ¢)
Year of Operation
18t 2nd 3rd 4th
Iter
eer 907 100% 100%
A) CASH INFLOW: 13,420,200 115,098,400 }16,776,000 |16,776,000
1) Sales Revenue 12,420,800 15,098,400 }16,776,000 116,776,000
B) CASH GUTFLOMW: 9,309,13% 9,170,893 110,192,832 110,009,469
1)} Current Assets
Increase 1,330,573 161,866 161,867 -
2) Operating Cost 7,748,725 1 8,702,648 | 9,656,570 | 9,656,570
2) Debt Service:
a) Repayment of
Long-Term
Loans 17,100 102,350 187,600 -187,600
b) Payment cf
Interest on
Long-Ternm
Losns Z12,737° 204,029 186,795 165,299
C) CASH SURPLUS\
DEFICIT (A) - (B) 4,111,665 | 5,927,507 | 6,583,168 | 6,766,531
D) CIUMULATIVE CASH
BALANCE 4,111,665 110,029,172 (16,622,340 {23,388,871






