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INDRODUCTORY NOTE BY THE SECRETARIAT 

The terms of reference f'or this study were prepared by the ECA 

secretariat. For this purpose, the secretariat drew from the 

Report of the East Af'ric:an Industrial Coordination Mission 

(E/CN.14/247) and the experience gained from a similar study 

0ar r.i ed out 1 n the West Afrir,an subregion, f'or the West African 

Industrial Coordination Conference which was held in Bamako 

5-15 October 1964. 

Th,a study is con;cerned with the possibilities of' the establish

me,cit of' some l)hemica1 industries in East Africa, in the near 

future, particularly those associated with the production of' 

fertilizers, taking into account the market potential, raw 

materials, energy and infra-structure facilities. 

An attempt has been made to draw cost curves which reflect 

lo,al conditions f'or the manufacture of selected chemicals 

and thereby determine the best locations for their production. 

It is hoped that the cost curves will give some idea of' 

possible capacities other than those recommended in the study. 

Because of' the complexity of a study of this nature, in 

particular the WJde variety of items involved, it has been found 

di::f'icult to make, within the limited period of time at the 

disposal of the experts, precise proposals and recommendations. 

Thoref'ore, it is hoped that, if' agreement is reached during 

the Lusaka con:ference, :further more detailed feasibility studies 

wi:'.l be undertaken. 
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,!8cecutive Reading 

This investigation serves as a basis :for the decision on the 

e;;tab1ishment o:f chemical industries in East A:frica. 

It shows 

how many plants 

of what type 

- with which production process 

- at which capital investment 

- at which location 

- at what t.ime 

can be establ1shed in the most economical way. 

Mcreover, alternative calculations are submitted in a clear 

:form, showing the effects of' decisions not based on the 

criterion o:f most cost,.:favourable production. Thus the investi

gation becomes an instrument which makes possible direct 

decisions with regard to al1 thinkable po1itical and economic 

aims .. 

To create this broad decision basis, a11 the cost curves apply

ing to dif:ferent production processes at various capacities 

and various locations has to be combined in a system 

of interdependencies. This system makes it possib1e for 

instance, to see immediately at which quantity the manufacture 

of' a specific produot is secured, if the sa1es price of' the 

product in a country is known. Furthermore, it can be seen from 

the investigation whether the present market of the country 

can absorb such a quantity, or how many countries must be combin

ed in one market system to grant an economica1 production. 
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The following recommendations can be given with regard to 

the most cost-favourable or most economical production: 

1 Chlorine Industry 

In the chlorine industry the production of' caustic soda, 

polyvinyl chloride, dichlordiphenyltrichlorethane (DDT), 

and hexachlorcyclohexane are combined, Starting point of this 

industry is the production of' 21.000 tons of' caustic soda. 

This capacity ist determined by the demand f'or caustic soda 

in East Africa in 1970. 

Such a production is economical only if the chlorine obtained 

as a coupling product can be industrially used. As it is ex

tremely dif'f'icult to transport chlorine, it is advisable to 

affiliate the chlorine consuming plants to the caustic soda 

production, 

The comparative calculation carried out in section 8,2,1 

sho~a that the lowest total costs result if the demand 

of the whole subregion is covered f'rom one location only, 

Umtali/Rhodesia is the most favourable location (6,2J million 

U:3$/year) followed by Nairobi/Kenya ( 6, 63 US$/year) 

The plant produces the following quantities per year: 

21 ,ooo tons of' Na0H 

7,000 tons of PVC 

5,500 tons of DDT 

7,000 tons of BHC 

The capital investment is: 

11,8 million US$. 



- 9 -

Ir the capacity is distributed to two plants in the subregion, 

Nairobi/Kenya and Umtali/Rhodesia are the most cost-:favourable 

locations. In this case the annual capacities are as :follows: 

Nairobi Umtali 

N~cOH 1J,500 tons 7,500 

PVC 7,000 tons 

DDT J,200 tons 2,300 

BHC 7,000 

Tt.e capital investment is 

at Nairobi 

at Umtali 

8,9 million US$ 

5,8 million US$ 

tons 

tons 

tons 

Tt.e production of' both plants can be supplied to the consumers 

at a total cost o:f 6,82 million US$, 

Comparing these total costs with those o:f the individual 

plants at Umtali (6,23 million US$/year) and at Nairobi 

(6,6J million US$/year) we see that cost disadvantages must 

be accepted i:f it is desired to distribute the total production 

to two locations. 

2. Causticisation of' Soda 

The determination o:f the costs for the production of caustic 

soda by causticisation of soda has proved that the production 

cost for this alternative are substantially higher than for 

the production of caustic soda on the basis of the salt elec

trolysis. For this reason this production process is not 

recommendable. 
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J. High Pressure Polythylene 

The demand f'or high-pressure plythylene ascertained in this 

i:rrvestigat:ion does not yet justif'y the establishment of' a 

production plant, Theref'ore, the demand for 1980 was taken 

as a basis in the alternative calculation, According to the 

available market information the production of high-pressure 

polythylene in East Africa will be economical in 1973/74 at 

t::1e earliest. 

The comparative ca],culation in section 8,2,J shows that 

Umtali/Rhodesia is the most cost-favourable location, 

p:roduction and transport costs totalling 11,4 million US$. 

A,, the supply of' the high-pressure polythylene plant by the 

r•➔finery is not secured, due to the nitrogen plant envisaged 

:for Umtali, the second most f'avourable l.ocation Dar Es Salaam 

is proposed for the establishment o:f a plant producing high 

piressure polythylene. 

Dar Es Sal.aam can suppl.y the high-pressure polythylene at a 

total. cost of' 12,58 million US$ a year. The capacity required 

f'<>r the supply of' the whole East African market will be 

46,000 tons of' high-pressure polythylene per year by 1980, 

The project requires investments of' 24 mi11ion US$ 
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4. Nitrogen Industi:::y 

Umtali has proved to be the most cost-favourable location 

f'or a plant producing ammonia and ammonium sulphate, production 

and transport costs totalling 20,.5 million US$ per year at 

a capacity of' .574,000 tons of' ammonium sulphate a year. If' it 

i5 desired to establish two plants in the subregion, the 

locations Mombasa and Umtali are most f'avourable. Depending 

on the distribution of' the capacities, the total production 

and transport costs are 21,-- resp, 21,7 million US$, 

With regard to the demand structure (section 3,1,10 and 

8.2~) it is recommendable to produce 190,000 tons of' ammonium 

sulphate a year at Mombasa, and 190,000 tons of' ammonium 

sulphate pl\1.s 80,000 tons of' ammonium nitrate plus 14,000 tons 

of ammonia a year at Umtali, 

The project at Mombasa requires investments of' 8,8 million US$, 

the plant at Umtali 20,0 million US$. 
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5, 

It is not :re,Jommendable to produce sodium cyanide in the 

r·egion, sin.~e the production cost (see Figure 54) at the 

:,apaoity f'easible ,:see seGtion J, 1. 12) will be higher than 

the ,;if' prioe, 

I'wo plants for the prcdm;tion of' phosphatic fertilizers 

aTe a.l:<'eady -s>xi_sting in the subregion. If enlarged corres

pondingly, t.hey will be in a position to supply the East 

African market with single resp. triple saperphosphate also 

in the future., 

As Tanzania p:,ssesses crude phosphate, and in order to make 

possible a. ,~omparison, this study considers the establishment 

of' a plant for the production of· 160,000 tons of' sing.le 

s upex•phcspha.te ( 17 per· cen,:;). Dar Es Sa.la.am is envisaged as 

potential. lo,:;ati.c•n, The production costs and the ,;osts of 

~;::·a.nsport to the rr:ax·keting centers resu.lti.ng for this plant 

fare very f"avourab.le. On t,he basis of the statements made in 

,,er,tion 8, 2. 5, Dar Es Salaam can be recommended as location 

:for a plant supplying the local market and market zone C, 

The plant will be able to supply the markets envi.saged at a 

iota.I. ,)ost of' .~,;;8 million US$, The Gapi.tal investment required 

a.mounts to app,:•ox. 2 mil.1:l.,)n US$, in;·luding a plant f'or produc

ing sulphuric a,,id based on :,mpcrted sulphur. 

'l'he location a.t whi,,h viscose rayon oan be produced most 

cost••favoural:ly :i.s Livingstone/Vic:to:r.·ia Falls. Salisbury is 

the se,,ond mos,, :favoi,.rable looation, 
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If the total production is distributed to two locations in 

the subregion, the total production and transport 

both plants will be about 23 per cent higher than 

costs for 

for one 

plant, Therefore, it is recommended to produce 8,000 tons 

viscose rayon a year in one single plant at Livingstone 

single 

of' 

In the latter case the production and transport costs total 

13,1 million US$, For the establishment of' the rayon plant 

investments of' 52 million US$ are necessary, 

8, Sodium Xanthate 

It is recommended to produce 2,000 tons of sodium >anthate 

a year in the framework of the viscose rayon production in 

Livingstone. 

The capital investment required for the rayon plant will 

increase by 400,000 US$ in this case, 

9. Chrome Tanning Agents, Calcium Carbide and Aluminium Sulphate 

The manuf'acture of' these products in the subregion is not re

commended, since the markets are not large enough in view of 

the economical minimum capacities of the required plants. 

10. Sodium Silicate 

The production of sodium silicate is not recommended, since 

the demand in the subregion can be met by production capacities 

already existing, 

11, Glauber's Salt 

A separate production of Glauber's salt is not recommended, 

because it is obtained in suf'fiecient quantities in viscose 

rayon manufacture. 



1. Introduction 

In December, 1964, the "Bundesministerium fur wirtscha:f'tliehe 

Zusammenarbeit" represented by the "Deutsche Forderungs

gE,sellschaf't fiir Entwicklungslander ( GAWI) GmbH", Frankfurt 

(Main), charged Battelle-Insti tut e, V. , Frankfurt (Main), to 

cs,rry out an 

Investigation on Fertilizer and Chemical 

Industries in East Africa. 

T.h.e report on the investigation intends to provide a basis for 

the discussions of' the ECA conference on the harmonization of' 

industrial development programmes in East Africa to be held in 

Lusaka, Zambia, in September, 1965. 

Its aim is to help the participating countries to take a de

cision on 'Whether, where and to what an extent the establish

ment of' chemical. industry is possible in East Africa, 

The study has to determine the f'ollowing items f'or different 

chemical products: 

- whether East Africa has, or soon will have, a market 

,justifying the establishment of' at least one plant 

in the subregion; 

which locations are economically most suitable with 

regard to raw material resources, energy situation 

and main centres of' consumption, 

To collect the data necessary f'or the investigation, two staf'f'

members of' Battelle-Institut, one :industrial engineer and one 

chemical engineer, visited the countries: 



Ethiopia 

- French Somalia 

- Republic of Somalia 

Kenya 

- Uganda 

- Tanzania 

- Rwanda 

- Burundi 

- Madagascar 

- Mauritius 

- Malawi 

- Zambia, and 

- Rhodesia. 

In agreement with the ECA the term 'East African Subregion' 

i:a used for the above countries i.n this study, 

The results of the investigation work in East Africa and the 

investigations carried out subsequently in Battelle-Institut 

in Frankfurt are laid down in this report which is being sub

mJ.tted to the Economic Commission for Africa in Addis Ababa. 

Sj_nce a large range of' products and countries are considered 

in this study, the individual projects could not be treated as 

thoroughly as it would have been possible in a special project 

s1;udy. 

The results subm:i.tted in this report make possible pre-invest

mEint decisions :in the chemica1 industry. 

DE1tailed project studies should, however, be conducted before 

re,alizin.g any individual project, 
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2. Method and Scope 

The scope of' this study is determined by the countries and pro

ducts considered in accordance with the tasks set by the ECA. 

The countries covered by the study are mentioned in section 1, 

Introduction. 

The following products are considered: 

- fertilizers 

- insecticides 

- explosives 

- polyvinylchloride and polyethylene 

viscose rayon 

- caustic soda 

chlorine 

_, chrome tanning agents 

- calcium carbide 

- sodium xanthate 

sodium silicate 

- sodium cyanide 

- aluminium sulphate 

- sodium sulphate. 

The establishment of' integrated chemical industries was an 

io:.portant criterion in the selection of' these products. Such 

integrated industries are thinkable where distinct final pro

ducts are manufactured on the basis of the same starting pro

ducts or intermediates, interdependencies between the pro

duction processes thus being given. 

The investigation is based on the method described in the 

:following: 



The comprehensive data were obtained through 

- the evaluation of' secondary statistics of' the 

participating countries and international organi

zations, 

- primary investigations carried out by our experts in 

the countries of' the East African subregion, 

- the evaluation of' reports and other publications, 

contacts with leading manufacturers of' chemical 

plants, 

The most important sources f'or the secondary statistics oon

sj.dered in this report were: 

-
-

-

statistical authorities 

ministries 

ministries 

ministries 

ministries 

ministries 

ministries 

ministries 

chambers 

ECA 
FAO. 

of' 

f'or planning 

of' industry and trade 

of' agriculture 

of' financial af'f'airs 

of' labour 

of' transport 

of' energy and mining 

commerce 

In, the :framework of' the :investigations carried out by the 

Battelle experts directly, the following persons and insti

tutions were interviewed: 
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- consumers 

- importers 

- traders 

- producers 

- refinery companies 

- public development associations 

- banks 

- agricultural cooperatives 

- ministries 

- haulage companies 

- power companies 

- building contractors 

- mining companies 

- institutions for agricultural research 

- advisors of' the Federal Republic of' Germany 

- advisors of' the United Nations. 

The secondary statistics and the primary investigations by 

Battelle-Institut were supplemented and completed by the 

evaluation of' reports and publications of' a large range of' 

d:lverse institutions. 

AJ~ter finishing the investigation work in the East African 

subregion the newest level was determined :for all the data re

f.,rring to the production processes in question. This work was 

done in Germany in co-operation with producers of' chemical 

pJ_ants. 

The data collected on the basis of' secondary statistics, investi

gations of the Battelle experts themselves and evaluation of' 

rE•ports and publications subsequently were used :for the in

vustigation of' the 
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- sales market 

- raw material situation, and 

- other calculation bases. 

The individual questions investigated are: 

- present and future demand for all products 

and the cif prices 

- availability of raw material suitable £or the 

manufacture of the products to be investigated, 

with special regard to scope, reserves, location, 

transport connections, as well as possible 

prices and production cost of the raw materials 

- availability and prices of utilities, such as 

energy, water, fuels, etc, 

cost factors such as wages, salaries, construction 

costs, and transport costs, 

On the basis of the results obtained in the investigation of 

the sales market and raw material market a pre-sel.ection of 

the products and l.ocations is possible whose production costs 

wj.11 be calculated and compared in the following sections, 

A:f'ter determination and checking of all data depending on the 

production process, such as 

- costs of plants 

- requirements of space and buildings 

input quantities for raw materials, auxiliaries 
and utilities 

- personnel requirement, 
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t,he production costs per unit are cal.cul.a ted, 

'I'his cal.culation is done for al.1 l.ocations separatel.y with 

regard to the cost of raw material.a, auxil.iaries and util.ities 

a.scertained for these l.ocations and to the other calculation 

bases, The cal.culation is divided by production complexes and 

is done :for al.l final products as well. as for the intermediates 

used :for more than one final. product. 

The production costs are related to the capacity and repre

sented graphically for all. locations. 

These graphs make it possible to determine 

- what production costs accrue at a capacity 

selected at random 

- which locations are most :favourable economica11y 

with regard to the production costs, and 

which cost degression is achieved if capacity 

increases. 

In a :final. evaluation all. locations and alternatives in capa

city selection reasonable with regard to the market data are 

su.bjected to a comparative consideration. Here the costs :for 

t:J.e transport of the finished products to the consumption 

centres are considered in addition to the production costs. 

T,~ guarantee the utmost possible clearness, all investigations 

~re based on a subdivision of the Subregion East Africa into 

the :following four market zones: 



Market Zone A 

Market Zone B 

Market Zone C 

Market Zone D 
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Ethiopia, French Soma1ia, Soma1ia 

Kenya, Uganda, Tanzania, Rwanda, Burundi 

Madagascar, Mauritius 

Ma1awi, Zambia, Rhodesia. 
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J. Investigation of' the Sales Market 

This part of' the study investigates the present and future 

demand for the products which have been listed as subject of 

the investigation in section 2, Method and Scope. 

The individual products are treated consecutively in the 

investigation. 

Products, such as fertilizers, which are of special economic 

importance for the whole region investigated are studied in 

detail and for each country separately, 

Main stress in the determination of the future demand is put on 

the year 1970, since it can be expected that the investment de

cisions taken on the basis of this study will be realized by 

th,an. 

Th,a demand to be expected for this time will largely determine 

th,a starting capacities of the plan ts to be erected, 

Mo:~eover, figures on the demand up to 1980 will be ascertained 

fo;r products of particular importance in order to provide 

some clues for a future extension of capacity. 
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J.1. Fertilizers 

Sc,me countries of the subregion have already a high demand :for 

fE,rtilizers, in the other countries the rate of increase is 

considerable. 

Tl:.e production of fertilizers in the subregion is restricted 

tc, sodium phosphate in Kenya, single superphosphate in Uganda 

aIJ.d single and triple superphosphate in Rhodesia. 

In. Ethiopia a p1ant is under construction which will produce 

atout 600,000 to 900,000 tons o:f potash fertilizer, and 

which wi11 be able not onl.y to export large quantities to 

overseas countries but al.so to supply the East A:frican market 

w:i th potash :fertilizer, 

This is the reason why the investigation o:f the demand for 

manufactured :fertilizers does not cover the group of the pot

ash salts. For nitrogen and phosphatic :fertilizer the demand 

:for the years 1970 and 1980 will be determined. 

In order to give a cl.ear survey, the large number of nitrogen 

and phosphatic :fertilizers is reduced to the net content o:f 

Nor P2o
5

, and subsequently the :future demand is represented 

in these units. 

The potential demand for :fertilizers in the subregion is very 

high, Today only a small :fraction of this demand is consumed. 

And the consumption o:f the African :farmers represents only a 

tiny part o:f this :fraction, 

For the moment all countries are taking great efforts to 

intensify the utilization o:f :fertilizers among the African 

farmers who constitute by :far the largest group among the po

tential consumers. They try to win the :farmers by subsidies 

and information. The success o:f these measures wi.11 be de

cisive :for the growth o:f the demand :for :fertilizers in the 

future. 
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As this factor of' influence could not be quantified, it could 

nc,t be fully considered in the determination of the demand 

in the framework of this investigation. 

For this reason the determination of' the demand is based main

ly on: 

- the determination of the potential demand on 

the basis of' the cultivated areas and recommen

dati.ons on use o:f' :fertil.izers by the agricultural. 

research institutions 

- the consideration of' :factors reducing the demand 

- the expectations of the importers and estimates 

of' agricultural advisers, 

3, 1.1. Ethiopia 

Sc, f'ar no fertilizers have been produced in Ethiopia, It is, 

however, planned to use the rich resources of' potash salt near 

Dallol :for the production of' potash fertilizer, According to 

the plans, the plant w.1.11 start operation in 1967 and produce 

600,000 to 900,000 tons of' potash fertilizer a year. 

The largest part of the production is designated for export 

to the USA and the Far East. 

Moreover, the relatively low demand of' the East African Sub

region will be fully met by this plant, 

The prospective price fob Ras Andargue will presumably be 

U~ $ 26,5 per ton of' potash fertilizer. 
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As can be seen :from the :following import :figures, the con

stanption o:f :fertiJ.izers in Ethiopia continues to be very smal.J., 

Ni,trogenous 
F'ertilizer 

650 

Import o:f_Fertilizers into Ethiopia 1963 
(tons/year) 

Phosphatic Others Fertilizer 

640 750 

Total. 

2,040 

According to statements in the Statistical Abstract 1964 the 

total imports of fertilizers have been higher only in 1961, 

when 3,150 tons were imported, 

Nitrogenous fertilizers account :for the largest share of the 

consumption of :fertilizers in Ethiopia. It is to be supposed 

that even in the above list the fertilizers ranging under 

•others• are chifly nitrogenous fertilizers. 

Ethiopia covers a total. area of 120 million hectares. 

9 million hectares of this total area, i.e. 7,5 per cent, 

are cultivated. 

The consumption of pure nutrient in Ethiopia calculated on 

the basis of these figures is approx. 0,075 kilos/year per 

hectare of cultivated land. The consumption per capita and 

year is 0.03 kilos at a population of approx. 22 millions. 

The corresponding figures for Asia and Europe are 33.7 kilos 

per head and year (Europe) and 1,8 kilos per head and year 

(Asia). 
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According to unanimous statements by the agricultural experts 

in Ethiopia and the expectations of the importers of ferti

lizers, the consumption of fertilizers will increase to a 

total of about 10,000 tons/year up to 1970. 

It can be expected that the agricultural research institutions 

will have elaborated by that date recommendations on the use 

of fertilizers and that the Government will have succeeded in 

convincing the native farmers of the necessity to use manu

factured fertilizers. 

Even if reducing factors are considered, an annual per capita 

consumption of 0,8 kilos of pure nutrient can be expected for 

1980. 

At a total population of about 28 millions in 1980 this would 

mean 22,400 tons of pure nutrient, 

At a consumption ratio of 70 per cent N and 20 per cent P2o5 
the following demand of fertilizers can be estimated for 

1980: 

N 15,700 tons 

4,500 tons. 

The following Table 2 shows the present and future demand for 

fertilizers in Ethiopia. 



Tab1e 2 

Pure Nutrient 

N 

P205 

Tota1 
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Demand :for Ferti1izers in Ethio_pia 

( tpa) 

1963 1970 1980 

200 2,100 15,700 

180 600 4,.500 

380 2,700 20,200 

C============== : ========== : ==========::: ==:::==:::=====-~ 

3.1~. French Soma1ia 

French Soma1ia does not possess a :ferti1izer production o:f 

her own. 

The consumption o:f :ferti1izers is very 1ow, since a 1arge 

part o:f the population is concentrated in Djibouti and the 

remaining part 1ives in the sma11 hinter1and more or 1ess 

as nomads, Thus, the :fertilizer demand o:f French Soma1ia is 

unimportant with regard to the total demand o:f the subregion. 

For this reason it is not considered in this study, 

J. 1,3. .§.2ma1ia 

In Soma1ia no :fertil.izers are being produced. A11 manufactured 

:fertilizers have to be imported. 

Tabel 3 shows the :fertilizer imports to Soma1ia in the last 

years. 



Table J 

1957 19.58 

425 477 
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Fertilizer Imports into Somalia 

(tons/year) 

1959 1960 1961 1962 

777 1,615 1, 86.5 1 , .542 

l)value estimated by importers 

1963 1964 

J,668 6,0001> 

The o:f:ficial statistics o:f Somalia do not permit a classi:fica

tion o:f these total imports by the individual types o:f :fer

tilizers. However, it resulted :from all investigations that 

85 per cent of the fertilizers consumed was urea (46 per cent) 

and the remainder mixed :fertilizer. 

Ma.o.u:factured :fertilizers are used in Somalia almost exclusive

ly by banana and sugar cane cultivators. The extension o:f 

su,gar production to 35,000 tons in 1965 will cause an increase 

in the consumption o:f urea by approx. 1,500 tons. Also in the 

fi,ald of the mixed fertilizers a slight increase is expected. 

Th,a consumption to be expected in 1965 is, consequently, 

and 

total 

6,600 tom. o:f urea (46 %) 
1, J0.O 11-.ns of mixed :fertilizer 

7,900 tons of manu:faotured :fertilizer, 

Expressed in pure nutrient this means: J,J00 tons of' N. The 

P2o
5 

content of the mixed :fertilizers cannot be determined 

exactly, 
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Considering the continuous extension of banana cultivation 

and the fact that the loca1 farmers use increasingly manu

factured fertilizers, the annual increase during the next 

ten years can be expected to be approx. 8 per cent for urea 

and 10 per cent for the remaining fertilizers, 

In Somalia as elsewhere a considerable growth of consumption 

of at least 20 per cent a year is expected for all manufac

tured fertilizers after 1975. 

Summarizing all these considerations we come to the following 

picture of the future demand. 

Table 4 Demand for Manufactured Fertilizer Somalia 

(tons/year) 

Pure nutrient 1965 1970 1980 

N '.3, :.ioo 5,600 16,000 

P205 - 400 1,100 

Total '.3, JOO 6,000 17,100 

~ ================ =========== I:::: ::======== == I==== ======;:;;; 

J. lh, Kenya 

Except for sodium phosphate all manufactured fertilizers are 

imported to Kenya. Sodium phosphate (24 per cent P2o
5

) is 

manufactured at Turbo by the East African Fertilizer Co. Ltd. 



Already in 1962 the plant had a capacity of' 4,000 tons/year 

and it would be able to d,ouble this capacity without high 

additional. investments. 

Sodium phosphate is used mainly f',)r fertilizing wheat and 

maize., 

Table 5 shows the fertilizer imports into Kenya up to 1964. 

Table 5 

Year 

1952 

195'.3 
1954 
19.55 
1956 
1957 

. 19.58 
19.59 
1960 
1961 

1962 

1963 
1964 

I!!!E)orts of t['.ert.i.liz~l'.~-into Kenya, 

(lg.t/year) 

-- "'~---~.........,~~.__..,.,-'-' ........ ·--~~>kb·- ---~-,,.__,._ • .>< 

N-Fertilizer P 2o 
5

~ Ferti1:lzer Othe rs 

Ammonium Others Super 
Sulph. Ph,1sph. 

·-

,,JJ'! - 8, 80.5) 

2,365 1) -· 10,841 '1~i 

J,907 - 7,778{ , 
8,046 - 20,954) 
7,660 660 9,266 
7,431 1,692 12,375 
4,6.49 737 14, 152 
5,646 2 ,JJ2 10,406 

9,758 4,975 10,768 
7,746 7,914 ·11,,64 

6,814 10,317 ·10,:390 

4,652 12,917 12,079 
12,370 19,800 12,200 

Incl 
Others M:ixe 

Fert 
-------...,_ __ 

-
-
- 6 

- 4 
1, 0,56 1 

3,'.372 8 

64 J 9 

J,636 1, 7 
1,906 10,7 
1, J8J 6,8 

1,276 4,2 

1,893 6,o 

45 10,5 

• Total 
d 
• 
--+---
10 

1J 

21 
02 

57 
36 
OJ 
35 
J8 
16 

87 
94 
00 

12, 147 
·13,219 
12,306 
29,402 
18,642 

25,706 
21 ,084 

23,755 
J8, 145 
3.5,023 

JJ,084 
37,635 
54,912 

l)Contains, in addition to ammonium su1phate, super phos

phate and the other N-resp. P2o
5
-:fertilizers. 
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Te.b1e 5 shows that chieLly n:l. trrigtnous rertilizers are used in 

K€,nya, above all. ammonium su1phate. Al though the import sta

ti si:ics do not give in:formation on types and quantities of 

nj trogenous f"ertil.izers imported in addition to ammonium 

sulphate, interviews with -:;he importers and consumers proved 

that the three nitrogennus f'erti1izers most important in 

Kenya are 

ammonium sulphate (21 per cent N), 

ammonium su1pha·te rdtrate (26 per cent N), and 

calcium ammonium nitrate ( 20. 5 per cent N). 

The use of' ammonium sulphate nitrate to calcium ammonium ni

trate corresponds to a ratio of 1 : 1, However, the use of' 

caicium ammonium nitrate is evidently decreasing, 

Urea {46 per cent N) is but little used as fertilizer in Kenya, 

The transport costs per uni 1; of' nitrogen are lower than f'or 

other nitrogenous fertilizers. It has,however, proved that 

urea is not suitab1e for frequently humid soi1s where it is 

washed away be:for e converting int;o the nitrogen sui tab1e f'or 

the plants, and that it may even have detrimentous eff'ects on 

crops of' major importance such as co:ff'ee and pineapple. 

Phosphatio fertilizers are used in Kenya in the form of' super

phosphates, The phospha tic rert;ilizer most frequently used is 

single-superphosphate (21 % P 20
5

) of' Messrs. T.I.C.A.F, at 

Tororo, Uganda, 

In addition to phosphate :i.t has a considerable content of' 

sulphate which is particu:larJ.y su:l.table ror the soils or the 

country. Another reason f.'or the ,large consumption of phosphatic 
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fertilizers are subsidi.es by the Government o:f Kenya amounting 

to :37.5 Shillings per l.g,t. of' wal;er-solubl.e P2 o
5

• 

The consumption of mixed fertilizers has been clearly in•• 

creasing during the .last ye,ars. 

This is due to the :fact that modern soil analyses and test 

fertilizations make it possible to give exact recommendations 

on the use of fertilizers. Considering the di.:fferent types of 

fertilizers one gets the :following consumption of N and 

P2 o
5 

for 1964 i 

N 8,600 ·I;, 

6,000 t. 

The development o:f the imports durj.n.g the 1ast years does not 

pe:rmit conclusions on the :f'nture demand t'or the dj.:fferent 

fe:rtilizers, since their shares :fl.uotuate too strongly, Only 

in the case of the super-phosphates a certain stability of 

consumption can be noted, However, an increase in the consump

ti,)n of phosphate is to b1, expected, since the local :farmer will 

make increasing use of ferti:U.zers in the years to come, and 

particularly o:f the comparatively cheap superphosphate f'rom 

Uganda. 

Thn results o:f investigations on t.hf! present cultivation areas 

of the dit'ferent main cultures and the:!.r development up to 

19?0, and the recommendations on the use of phosphorus make it 

possible to determine the optimum requireme.nt in Kenya. 'f•he 

vaJ.ues £or this optimum requirements are subsequently reduced 

to a realistic level in consideration of the actual conditions, 
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TabJ.e 6 compiles all these data and calculates the demand 

for P2o
5 

in 1970" 

Table 6 P2Q
5
-Requirement Kenya 1970 

Culture Area1 ) p O - Potential Appli- P2 0~ 
1970 R~ct3mmen- P20~ cation2 ) Dem nd 
ha dation Dem d Factor 1970 

lb/ha t/year t/year 

Suga,r Cane 20,000 85 770 0.8 616 

Pyr.,thrum 48,000 45 980 o.6 588 

Mai~~e 1,000,000 85 39,000 0.025 975 
Wheat 225,000 90 9,200 0.5 4,600 

RicH 5,000 100 2JO 0.2 46 

Sisc,l 110,000 25 1 , 1 so 0.55 575 
PinE,apple 2,000 400 J60 o.6 216 

Tea J0,000 40 .550 o.6 JJO 

Tota,l 52,240 7,946 
= :==•======= -----------= .;======= ========== =-------- = ========= :;: 

1) 1'hese data correspond to the plannings of' the Government 

2) This factor considers the specific situation of' the 
:i.ndividual cultures with regard to a reduction in application, 
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Thus it is to be expected that about 

wil.l be used in Kenya in , 970, 

ThE,re wil.l be one ma:i.n de-1:;ermina,...,_ t f'or the :further increase in 

thE consumption of' phosphat:.i.c f'ert:l.lizer after 1970: the 

endeavours of' government institu,;ions will lead to an intensi

fication in the use of P2 0~-f'ertilizers · :for the normal food crops, 
_) 

particularly maize, Even on the basis of low estimates it can 

be expected that the P 20,;;••c,onsumption will thus increase to ., 
approx. 

19,000 t,i,r,s 

in 1980, 

Determining the future demand f'or nitrogenous fertilizers it is 

to be considered that ammon:tum su:l.phate w:il.1 continue to be the 

fertilizer with the greatest demand because of the sulphate re

quirement of the soii, 

Acc:,rding to estimates of agr:lcul.tural experts and importers of' 

fertilizers in Kenya the demand ~or this fertilizer will 

rise by about 15 per oen~ a year during the next years. In the 

subsequent decade an increase o:f 10 per cent is expected. 

This corresponds to the :fol.l.ewl.ng demand f':,r ammonium sulphate 

and thus :for pure nitrogen 

1970 

1980 

Ammonium Sulpha~e 

2J,OOO tons 

37,000 tons 

N 

4,800 tons 

7,800 tons. 
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The remaining nitrogenous ferti1izers such as ca1cium ammonium 

nitrate, ammonium su1phate nitrate and compound ferti1izers 

accounted for approx, 6,000 tons of pure nitrogen in 1964, 

This quantity is expected to rise by approx, 8 per cent a 

year up to 1980. 

The resu1ting demand for pure nitrogen is 

1970 

1980 

8,800 tons N, and 

19,000 tons N. 

The pure nitrogen content of ammonium su1phate and the other 

nitrogen and mixed ferti1izers thus amounts to 

1970 

1980 

13,600 tons N 

26,800 tons N. 

Swnmarizing, we get the fo11owing figures on the present and 

future demand for Kenya: 

'.D!!~l. e 7 

P11re Nutrient 

N 

P :i0 5 

Tota1 

Demand for Ferti1izers in Kenya 

(tons/year) 

1964 1970 

8,600 13,600 

6,000 8,000 

14,600 21,600 

= .c===========, t--::============= t: ==========;o;=== 

1980 

26,800 

19,000 

4,5,800 

i:::=========-= 
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In Uganda single superphosphate of a concentration of 21 per 

cent of water-soluble P2 o
5 

is produced, The remaining ferti

lizers are imported. 

The superphosphate factory is located at Tororo near phosphate 

de:posits. Sulphur needed for the manuf'acture of' sulphuric acid 

is imported. 

Th,a total plant has a capacity of 25,000 tons/year o:f singl.e 

su,,erphosphate. It is pl.anned to extend the produot:lon to 

10!),000 tons/year up to 1970, 

Su.=h a measure would enable Tor:>ro to supply the whol.e East 

A:f,~ican market with phosphatic :fertilizers also in the :fut,ure. 

It has not yet been decided whether the production is to be 

turned over to double superphosphate after expansion. 

It must, however, be assumed that at least part of the pro

duction o:f single superphosphate is continued wi. th a view to 

tho considerabl.e sulphur requirement o:f the East African soil. 

Tho foll.owing breakdown shows the imports o:f :fertilizers to 

Uganda during the l.ast years. 



Table 8 

-
Y,ear 

19.52 

1953 
1954 

1955 
1956 

1957 
1958 

1959 
1 !)60 

1961 
1 !l62 

1 5163 

1964 
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Imports of' Fertilizers into Uganda 

(lg.t./year) 

N-Fertilizer P2o5-Fertilizer Others 
Incl. 

Ammonium Others Super Others Mixed 
Sulphate Phosph. Fert, 

.58J - 22 - -
724 - 25 - 1 2 

760 - 10 - 56 
2,246 - 447 - 975 
3,292 640 642 5 738 

1,703 552 76 610 1,302 

2,703 102 1,693 17 1,225 
2,481 1, J68 1,440 26 J,901 

J,447 1,623 1, OJJ 1, J4 5 2, 111 

3,880 2,940 1, 188 1 1,620 

1,579 2,050 1,402 J10 792 
2,905 51 4 647 2 8JJ 

5,050 1,200 1,400 - 3,100 

Total 

605 

761 
826 

3,668 

5, J 17 
4,24J 

5,740 
9,216 

9,559 
9,629 
6, 1 JJ 
4,901 

10,7?0 

In Uganda as elsewhere ammonium sulphate is the nitrogenous 

fertilizer most widely used, 

The low import figures for superphosphate are due to the fact 

thc,t Uganda produces single superphosphate herself', 

It may be assumed that the 1,400 tons contained in the import. 
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statistics for ·1964 cover mmnly double superphusphate. 

J.n Uganda a continuous increase in the consumpt:icn ::,:f: cempound 

:fer,,;:U.izers can be traced. It is tc1 be expected tha"': the con., 

sumption of these fertilizers rises :further, since t,Xperie:o.ce 

in the application of' fertilizers w.ill increase. 

'.['he eval.uation .o:f the :fertilizer imports and the home con

sumption o:f single superphosphate in 1964 shows for Uganda the 

folli;wing consumption of pure nutrient ( 1964) 

N 2,200 tons 

1,200 tons. 

,rust as :in the case of Kenya we shall start :from the planned 

cu:L tivation areas f'or the most important cultures to be f'er

ti:l.ized and :from the recommended application o:f f'ertilize:i:<5 in 

order to calculate the future (,970) P2o
5

-demand. 

cu:. tures 

T;,l:acco 

Su€:= Cane 

Groundnuts 

----. .. -•~ 

Area 
19701 ) 

ha ___ .,,__ 

I ·1 ,000 

19,000 

248,000 

P 2o.,Re-
com!llend. 

1b/ha 

1,900 

90 

110 ·-·-----------~-
278,000 

~~~,..------~ 
Potential. 
P

2
o

5
Demand 

t/year 

---·---~ .... 
9,500 

780 

12,400 

22,680 

App1i
cation 
Fact-0r 

2) 

1 • 0 

0.02 

·==:::::::::.======= ==;::::=-=:::;::== ========= ============ ======= 

P20.,De
man.G 
;970 
t/year 

9,.500 

550 
250 

10,300 

1) These data correspond to the plannings of' the Gover:r..ment 

2) This factor considers the specif'ic situation of' the :!.n .. 
divi.dual cultures with regard to a reduced appl.icatio:n, 
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Thus, in 1970 about 

10,000 tons of P20~ 
~ 

wj_ll be consumed in Uganda. 

Even if the fertili,dng ,:,f tobacco should not full.y reach 

the extent established by factor 1, the total quantity will 

nc,t decrease substantia.lly, s:Lnce aJ.so in other sectors a 

rise in f'ert:ilizer co:i:csu,irption can be expected. For t;he 

pe,riod after 1970 no essent:i.a1 increase can be expected in 

the P2 o
5

-requireme:nts :l.n Uganda. 

It is realistic to assume 1:hat the consump·!;ion of P 2o5 will. 

increase by .5 % per year in the period after 1970. This as sump~ 

tion corresponds also to the statements of the agricuJ.tural ex., 

perts acting in 'the cc·,a:try, 

In 1980 presumably 16,~00 tnns c,f P 2o
5 

will be consumed, 

The development in the n:U:r,;>gen market is determined chief'ly 

by the high share o:r am.'11,0lnium sulphate and the increasing use 

of mixed fertilizer, 

So f'ar Uganda is subsidizing neither phosphatic nnr nitrogenous 

:fertilizer, For th:i.a reason the oonsumptio:r.. ,:,f ni trcgen will 

not rise substant:l.ally f',;:,r the moment, 

It appears realistic to assume an increase of ·1 0 % for the 

consumption of pure nitr,ogen up ·i;o 1970, T·he demand resulting 

for 1970 is 3,900 tons <>f N, 

On the assumption that n:itr•ogemous fertilizer will be subsi

dized :Ln the near .future ~ tendencies in Uganda make such a 

development seem pnssible .. even a growth o.f 20 per cent can 

be expected in the six years to come, 
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This would mean that 

6,500 tons o:f N 

cc,uld be marketed in 1970. 

Although the subsidies will be abolished a:fter the products 

h~.ve gained a market, the number of' :farmers using nitrogen 

:fE,rtilizer will in.crease :further, sH:> that an increase o:f 1.5 per 

ce,nt a year can be expected up ·too 1980. 

The computed demand f'or 1980 thus is approx. 

27,000 tons of' N. 

The results are summarized in the :following Table 10, 

Table 10 

Pure Nutrient 
,._. 

N 

P205 

Total 

Demand f'or Fertilizers in Uganda 

(tons/year) 

1964 1970 

2,200 6,5001 ) 

1 ,200 10,000 

3,400 16,500 

1980 

27,000 

16,400 

43,400 

;;·;;;=====:::::== ==-===;:;;;==· . =========~============. ========='" : 

1 ) On the assumption that ni1;rogenous :fertilizers will 

be subsidized by 1970, 
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3. ·.t, I.!,nzania 

Tanzania does not produce ferti1izers. So far the demand has 

be"n met by imports. 

Imports of Ferti1izepinto Tanzania 

(1g,t,/year) 

N-Fertilizers P
2
o

5 
Fertilizers Others 

YeE.r Ammonium Others Super Others Incl. 
Mixed Sulphate Phosphate Fert. 

--- -1952 4,829 - 6631 - 431 

1953 39 . 1 - 269 1) - 261 
~ '. "7J 1954 1,421J - - 316 

1955 2,228 - 547 - 573 

19.56 2,473 92 1, J87 46 1,029 

19.57 3,876 67 2, 125 120 80 

19.58 2,132 233 699 42 1 I 28_'.} 

19.59 2,010 346 830 - 1,800 

1960 2,82.5 .500 1,337 67 1 , 4 ,54 

1961 J,180 6'.)4 1,210 39 1,610 

1962 J,JOO 1,961 .580 JJ 2,062 

1963 J, 46.5 3, 179 630 1 .5 1,493 

1964 8,100 5, 100 850 1J 3,700 
--~---- ... _, .. 

1 ) 
·Ccntains in additon to ammonium sulphate and super-

phosphate a1so the other N-resp. P2o
5
-fertilizer$, 

Total 

5,923 

.569 

2,8,54 

J,J48 

.5,027 

6,268 

4,389 

4,986 

6,183 

6,673 

7,936 

8,782 

17,763 
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'I'h e :import f'igures prove that ammonium sulphate is the f'er

ti 1izer with the highest demand also in Tanzania. Contrary 

to the situation in Kenya and Uganda phosphate fertilizers 

are as yet little used. 

The trend to NPK compound fertilizer is evident just as in 

Kenya and Uganda, 

The pure content of' N and P 2 o
5 

determined on the bas:is of' the 

imported fertilizers is, for 1964, 

N 4,000 tons 

600 tons, 

In the foll.owing Table 12 the potential demand for 1970 shall 

be calculated starting from the plannings on the extension 

oi' the cultivation areas aTld the recommendations on appli

ca!sion of fertilizers by the Ministry of' Agriculture, 

A factor appraising the realistic si tuat:ion w:il.l help to com

pute subsequently the demand f'or N and P 2 o5 expected f'or 1970, 



Table 12 Demand :for N and P20~ in Tanzania 1970 

- - - -------
Culture Area N-Application l'2o

5
-Appl. Potential Potential Application Demanc Demand 

1970 Recommend. Demand for Demand for Factor 1) :for N :for 
(ha) (lb/ha) Recommend. N P205 N P2 o

5 
1970 P205 (lb/ha) (t/year) (t/vear) (t/y) (t/y} 

~otton 1,200,000 70 120 J8,000 65,000 0.05 0.08 1,900 5,200 

~o:f:fee 200,000 146 --- 6,600 --- --- 0.7 4,600 ---
fobacco 1 14,000 50 4JO J20 2,200 o.8 0.8 2.56 1,760 

robacco 2 .5,000 10 78 20 180 0.8 0.8 16 144 

robacco J 600 15 100 4 27 o.8 0.8 J 22 

rea 11 , 000 160 170 800 850 0 . .5 o • .5 400 425 

!laize 200,000 59 2.50 5,450 2.5,600 0.01 0.01 .55 256 

Wheat 110,000 50 190 J,000 9,500 O,J 0.3 900 2,850 

. 

rotal 1,740,600 .54, 194 103,357 8,130 10,657 
========- -::-:-~====== == ===== ==-== ====-= == ===--===~ ==========:-=-==========-=====-======-======= =======a= 

1) This factor considers the specific situation of the individual cultures wi.th regard to 
a reduced application. 

.... 
w 
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Thus the demand expected f'or 1970 covers 

8,100 tons of N, and 

10,600 tons of' P 2o
5

• 

It, appears realistic to assume an annual increase of' about 

10 per cent f'or nitrogenous fertilizer in the decade f'rom 

1970 to 1980, 

The growth rate of phosphatic f'ertilizers, which are the f'a

vc,urite f'ertilizers of' the native f'armers, is expected to be 

9 per cent a year. 

It is taken into consideration that the extension of' the cul

tivated areas planned f'or 1970 will not be concluded bef'ore 

the years after 1970. Thus major expansions exceeding the 

taxgets of' the plannings for 1970 cannot be expected up to 1980, 

The presumable consumption f'or 1980 is, consequently, 

21,000 tons of' N, and 

Table 1J contains the resuJ.ts for the years 1964, 1970, and 

1980. 

Table 13 

Pure Nutrient 

N 

P205 

Total 

Demand for Fertilizers in Tanzania 

(tons/year) 

1964 1970 1980 

4,000 8,100 21 ,ooo 

600 10,600 25,000 

4,600 18,700 46,ooo 
:::= ==:::: === == == :::=:- e"¼=== ='!!!:;= =:::::; ==:;::-; ====== ====== =========== 



The consumption of' f'erti1izers in Tanzania is concentrated 

mainl.y on three regions: 

- Mwanza 

- Arusha 

- K.il.ombero~ 

About 70 per cent of' al.1 P 2o
5
-f'erti1.izers is used in the 

Mwanza region, about 4 per cent in the Arusha region, and the 

remainder is distributed to the other regions of' the country. 

A larger dispersion of' the consumption can be noticed in the 

case of' the nitrogenous :fertil.izers. They are distributed to 

the three regions as :follows: 

Mwa.nza 

Arusha 

3.5 per cent 

25 pe1· cent 

Ki1ombero 20 per cent 

If' this distribution is related to the demand ascertained :for 

1970, the fol.lowing pj.cture results: 

Region N p 0 
( tpa) (tp~) 

Mwanza 2,800 7,400 

Arusha 2,000 400 

Kilombero 600 -
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J. 1;7 Rwanda 

All :fertilizers consumed in Rwanda have to be imported, The 

country does not possess a fertilizer production of her own. 

At present the consumption of' fertilizers is very low. It 

amounts to about l 00 tons a year and covers mainly the 

N-P-K-Mg compound fertilizer 1J-6-7-J used f'or cof'f'e growing. 

800,000 hectares, that is J8 per cent of' the total area of' 

tl:.e country, are cultivated, The principal plants cultivated 

are cof'f'ee, tea, bananas, maize, manioc, and beans. 

It is expected that fertilizers will continue to be used 

ma.inly f'or cof'f'ee al so in the f'u ture. 

29 million cof'f'ee trees exist in Rwanda; it is planned to in

Cl'.'ease this number to 44 million up to 1970. If' the cul ti va~ 

tion of' cof'f'ee is further extended, about 80 million cof'f'ee 

trees can be expected by 1980, 

An application of' 

52 gms N, and 

24 gms P2o
5 

p,,r tree and year has proved most economical, 

'.the potential demand resulting for 1970 is 

2,JOO tons of' N, and 

1,000 tons of' P205 

and for 1980 

4,200 tons of' N, and 

1,900 tons of' P205' 

I1'. all conditions unfavourable to an application are con-

sj.dered with an appl.ication factor of' 0,6 f'or 1970 and 0,8 
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f'or 1980, the demand to be expected 

f'or t 970 covers 1,400 tons of' N 

600 tons of' P20.5 

and f'or 1980 J,400 tons of' N 

1 , .500 tons of' P205• 

The areas under tea cover 2,JOO hectares. It is intended to 

extend them to 6,000 hectares up to 1970. 

The use of' 6.5 kilos of' N and 22 kilos of' P2o
5 

per year and hec

ta~e are recommended as economical optimum. At an average 

application factor of' o.6, the following consumption results 

f'or the fertilizing of' tea in 1970: 

390 tons of' N, and 

1J2 tons of' P2o
5

• 

A rise of' this consumption by 12 per cent a year up to 1980 

cen be expected in view of' the conditions given in Rwanda. 

The consumption of' tea thus can be calculated to cover 

1,200 tons of' N, and 

in 1980. 

If' the demand in the remaining sectors of' agriculture is esti

m~,ted to be about JOO tons N and 180 tons P 2o
5 

f'or 1970, 

1,000 tons N and 600 tons P2o
5 

:f'or 1980, the :f'ollowing demand 

situation results f'or these years: 
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According to information given by the Organization for 

Cof'fee Cul ti va tion in Burundi, it is not intended to 

extend the cultivation of coffee substantially after 1970, 

The expansion rate then is expected to be 5 per cent a year. 

This would mean that 115 million coffee trees would be 

cultivated in 1980. 

According to statements of the competent quarters the 

application factor for 1980 will be somewhat higher than 

in the time before 1980, it will be 0,8, The consumption to 

be expected for 1980 is 

- 5,200 tons of N, and 

- 2,200 tons of P2 o
5

• 

In addition to the cultivation of coffee, tea growing (800 

hectares at present) is planned to be extended to J,000 

hectares until 1970. By 1975 as much as 5,000 hectares shall 

be under tea, The agricultural experiment stations estimate 

the requirement of :fertilizers for tea at about 0.5 tons 

of N-P-K compound :fertilizer 10-7-17 per hectare and year, 

The additional demand thus created amounts to 

1970 1 .50 tons of N, and 

100 tons of P205 

197.5 .500 tons of N, and 

J.50 tons of P205, 

I:f ·~his development is continued until 1980, there results a 

demand for tea for this year of 

- 700 tons of N, and 

•· _500 tons of P2 o
5

• 
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So far the food crops have not been treated with manufactured 

fer,ilizers. It must be supposed that rising incomes of the 

na 1:ive cultivators will lead to an increased use of manufact,ur

ed fertilizers also in this sector. 

Considering the areas for the cultivation of 

120,000 hectares maize, 

-· 200,000 hectares beans, 

- 280,000 hectares manioc, 

thE• demand created by this sector in 1980 is calculated at 

- 800 tons of N, and 

- 600 tons of P2 o
5

• 

Th€ total demand in Burundi for 1970 and 1980 is laid down 

in Table 15, 

Jat,le 15 

Pure 

N 

P205 

Total 
'="-= 

Demand for Fertilizers in Burundi 
(tons/year} 

' i Nutrient ! 1970 1980 I I 
' . 

2,450 : 6,700 I 

1 , 1 00 l J,JOO 
I 

3,550 ! 10,000 j 
========-✓-=========== 
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J,1,9 Madagascar 

No artificial :fertilizers are being produced in Madagascar, 

Tho import :figures :for the last years show that :fertilize:rs 

arc, still little used in Madagascar. 

Tal>l.e 16 

f Manu:factured 
, Fertiliz:ers 

Imports of' Fertilizers into Madagascar 
(tons/year) 

1961 1 ) 1962 1 ) 
Pure 
N~.:t:rien t 
1965 

7 
i 
' i 
i ,-----·----------1-----1------1----4--------+-----i------•----1 

' I Ammoniuxn 
i SulphatE 
' 

1,000 2,000 1,693 350 N 
' 

l: .. _-:~:-:-
1

-----+-----+-----.....J1-----+--2_,_0_0_0_1-J-, o_o_o_ . .,...._1_,_s_?_?_--1-__ s_s_o_N ~ 

,, N, Fertil 1 zers = =~,i,~l~=" ,,~,i,l~~== =l,i,Jg~== =J,i,~g2= _,2.,_QQQ_ -=J.1.22Q __ ~11.~QQ _:t;:! __ ~ 
. ! 

I Triple 
Superphosphate _ 2,s10 1,100 I 

I 
===22~= ==~"'~l~== .1 .. 1QQ_!:225! 

Compound j 
Fertilizers , I and Others 526 657 599 800 1,000 950 - ! 

I Total 3,795 J,190 2,404 4,200 6,700 7,0304 ) -=1 
l 9,500 

t:"Z ':'."""::::::::;,:~~~======= ======·~ ======·= ======-= ====== t:;;:;:;:::;;;::;::;;:;:;..., ::.=-=----- 1:-- -------

1) Source, The o:f:ficial import statistics 

2) 

J) 

Estimated data :from a study on fertilizers by the UN 

Consumption by the sugar :factories of' Madagascar 
(about 75 per cent o:f the :fertilizer consumption in Madagascar) 

4) Estimated consumption o:f :fertilizers in Madagascar 1965 



The potential demand for N- and P2 o
5
-fertilizers exceeds by 

far the present consumption. 

The corresponding increase in consumption will be reached 

within 20 years at the earliest and it will distribute almost 

exclusively to local farmers with small or medium-sized farms, 

Though the Government of Madagascar does its utmost to induce 

the local farmers to use fertilizers, only a demand of about 

15 per cent of the calculated requirements can be expected 

for 1970, 

It can, however, be expected that there will be a comparatively 

rapid increase in the consumption in the following ten years 

so that 70 per cent of the potential demand will be reached by 

1980. The consumption figures calculated on this basis are 

as follows: 

Demand for Fertilizers in Madagascar (tons/year) 

Pure Nutrient 1965 1970 1980 

N 1,600 3,700 11 , 500 

P2 o., 1,400 5,200 19,000 

Total 3,000 8,900 30,500 
==:=============== ~· =========:~======== ,. ======•= 

With the relatively high requirement of P2 o
5

, however, it must 

be c•:msidered that after some time of intensive fertilizing with 

P2 o5 , especially for rice, the soil will reach a certain saturat

ion a.nd thus will need less phosphorus, 
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:3, L 10 Mauritius 

As compared with the other countries of the subregion 

Mauritius is already consuming considerable quantities of 

:~ertilizer. The consumption is covered exclusively by imports. 

There are, however, plans for the establishment of a plant for 

i;he production of compound fertilizers in the country, It is 

,_ntended to start with the construction in 1965. 

The factory envisaged will consist of' a plant with a capacity 

of' 90 tons/day of nitric acid and a plant f'or the production 

of 200 tons/day of compound fertilizer. 

1'he production is based on imported raw materials that will 

c.mount to 

14,000 tons of anhydrous ammonia 

- 22,000 tons of' muriate of potash, and 

- 14,000 tons of' ammonium phosphate 

,:,er year. 

The capacity of the plant is laid out for the production of 

- 12,000 tons of N, 

7,000 tons of P205' and 

- 12,000 tons of K20 

per year. 



According to statements of' the f'uture producers these 

quantities correspond largely to the demand to be expected 

in Mauritius. It is planned to compensate possible sales 

dif'i'.icul ties in the starting phase by exports to neighbouring 

coux,tries such as Reunion, Madagas~ar and the East Af'rican 

countries, 

The decision to produce compound fertilizer was taken, because 

the consumption of' this f'ertilizer in Mauritius has risen by 

JOO per cent since 1963. 

Tab1.e 19 shows the imports of' f'ertilizers during the last years: 



Table 19 

--n•-, 

S FER IIlIZEftS NITROGENOUS 

Al■oniu• Su 

Auoniu, M 

Sodiu. Nitr 

Urea 

Oth~r ~HM 
ftrtiliZ_!!:5 

Tobl N•Fer 

PffOSPffATIC 

AHon!u1 Pn 

Suporphosph 

Guano Phosp 

Other Phosp 
Fertil!!!r_s 

Total P
2
o
5 

lphate 

trate 

ate 

g~nous 

tiliZli'S 

fEftHLHERS 

••ohate 

at. 

hate 

h~te 

F•rtilizer$ 

IJIPO~ MIXEg ANP C 
FERillilER [ 

. 

--

1951t 1955 

20,857 27,J,1 
. . 
. . 
. . 

. . 
20,857 27,3~1 

. . 
262 169 

6,477 5,171 

. --
6,139 5,340 

21 1,5:12 

Fertilizer !■ports into Mauritius 
(tons/year) 

1956 1957 1958 

30,526 26,888 22,053 

379 s2, 1,3'5 

5,058 . . 
1,919 2,837 3,139 

- . 513 

37,882 J0,548 27,060 

- . 202 

761 2,005 629 

9,231 10,924 13,203 

. . . -· 
9,992 12,929 14,0)~ 

947 788 432 

1959 1960 

)4,9)0 )6,812 

425 35 
,60 809 

2,599 100 

272 118 

38,686 '7,934 

602 1,236 

975 1,522 

11,650 12,380 

50 147 

13,277 15,285 

929 998 

The i1ported fertilizers were used far sugar cane cultivation as well as for tea, tobacco, vegetables and other cultures. 

1961 1962 

35.142 .0,1,73 

60 1,766 
22) 29~ 

. . 

. . 
)5p42J 42,533 

1,690 1,024 

2,'l?O 2,762 

13,174 9,910 

1 726 3.31i3 

18,760 11,0)9 

695 1,808 

1963 

35,387 

1,565 
327 

5 

49 .. -
37,),3 

744 

3,718 

10,130 

).574 

18,166 

7,808 
---

'-" 
--:i 



Th,~ nitrogen :fertilizer ammon:l.um sulphate accounts :for the 

largest share of' the demand, Its share has, however, slightly 

decreased in the last two years whereas that of' the nitrogenous 

compound :fertilizers has increased, It may be expected that this 

tr!!nd continues in the years to come, 

The imports of' f'ertilizers in 1963 cover a pure nutrient 

content of' 

9,800 tons of' N 

5,000 tons of' P205. 

In 1964 it rose to 

10,000 tons of' N 

5,500 tons of' P 2°5' 

In Mauritius fertilizers are used mainly :for sugar cane. The 

demand :for other cultures, such as tea and co:ff'ee, is much lower, 

This becomes clearly visible if' we consider that of' the culti

vated area o:f Mauritius totalling 2JO,OOO acres, 214,000 acres 

are, under sugar cane, 

The requirement of' f'ertilizers :for tobacco cultivation 

(900 acres) is expected to be 

10 tons of' N, and 

50 tons of' P 2 o
5 

in 1965; the requirement :for tea (6,JOO acres) at 

180 tons of' N, and 

1JO tons of' P
2

o
5

, 
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Comparing these values with the total consumption 1964 of' 

10,000 tons of' N and 5,500 tons of' P
2

o
5 

we see that the :future 

demand will depend chiefly on the increase in sugar cane 

cuJ.tivation, 

According to statements by sugar experts, a high increase in 

the consumption o:f :fertilizers cannot be expected, since all 

cul.tivators o:f sugar cane with the exception of' the very small 

farmers do already :fertilize optimally. For this reason it 

appears realistic to take the development of' the last two 

years as a basis :for the calculation of' the future demand. 

Hence results a demand of' 

1 1 , '.300 tons of' N, and 

7,900 tons of' P205 

:for 1970,and 

1 '.3, 600 tons of' N, and 

12,000 tons of' P205 
f'or 1980. 

Silltlmarizing, we get the :following picture of' the :future demand 

for :fertilizers in Mauritius: 

Table 20 Demand :for Fertilizers in Mauritius 
(tons/year) 

Pure Nutrient 196 1964 1 0 

N 9,800 10,000 11 , '.3 00 
p 0 5 000 5 500 00 

Total 14 800 ==15L500==-=12L20Q== ================ ===L===== 

1 80 

13,600 

12 000 

f ==== 
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As the neighbouring island of Reunion also needs considerable 

quantities of manut'actured fertilizer for sugar cane 

cultivation, it will be shortly considered. 

In the last 3 years the following quantities of fertilizers 

were imported to Reunion: 

Table 21 

Type 

Imports of Fertilizers into Reunion 

(tons/year) 

1962 196) 1964 

N-Fertilizer 7,921 10,127 10,860 

P2o
5

-

Fertilizer 803 887 896 

Compound 
Fertilizer 9,567 17,147 18,7J2 

_Total=====18L291==-=28L161~ -~~OL488= 

Expressing the imports :ln 196J and 196/i in pure content of N 

and P2 o
5 

we obtain the follow:lng approximate figures: 

1963 5,600 tons of N, and 

2,100 tons of P2 o
5 

6,000 tons of' N, and 

2,500 tons of P2 o
5

• 

The statements on the :futu:re development of consumption :ln 

Mauritius apply also to Reunion. On the assumption of a linear 

development of the data ascertained above, there results a 

demand of" 

f"or 1975, and 

f"or 1980. 

7,700 tons of N, and 

4,600 tons of" P2 o
5 

10,700 tons of N, and 

8,200 tons of P
2
o

5 
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J. L 11 Malawi 

Like Mauritius, Malawi has to import the fertilizers she 

requlres, since the country does not possess a fertilizer 

production o:f her own. 

As Malawi ceased to be a member of the former Central 

African Federation only recently,import figures o:f fertili

zers for the country herself are available only for 1964: 

ammonium sulphate 

ammonium nitrate 

urea 

nitrogen fertilizers 

mixed or compound fertilizer 

single superphosphate 

double and triple 
superphosphate 

phosphatic fertilizer 

6.200 tons 

41 tons 

10 tons 

6.251 tons 

5.600 tons 

76 tons 

29 tons 

105 tons 
:;=:;===== 

Thes~ import figures show clearly that ammonium sulphate 

is t~e most important straight fertilizer also in Malawi. 

According to information by agricultural institutions 

this phenomenon will not change in the near future, although 

comp,,und resp. mixed :fertilizers are gaining importance. 

Calculating the pure content of N resp. P
2

o
5 

of the ferti

lize.~s imported in 1964, we obtain the :following :figures: 

- 2,000 tons of N, and 

500 tons of P2 o
5

. 
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At present by far the largest part of them fertilizers is 
consumed by the tea and tobacco plantations. The African 

farmers are consuming scarcely 20 per cent of the total 

fertilizers. 

The Governement of Malawi grants subsidies of 50 per cent 

of the fertilizer costs in order to achieve a more inten

sive development of this sector of agriculture which is 

important for the nourishment of the country. 

Already in 1965 the consumption of the African farmers will 

amount to about 8,000 sh.t, (1964 2,200 sh.t.) consisting 

exclusively of ammonium sulphate so that the total con

sumption in Malawi can be calculated to be about 17,000 tons 

of fertilizers in this year. 

This corresponds to st content of N resp. P 2o
5 

of 

- J.600 

600 

tons of N, and 

The areas under the most important cultures and the 

reco:nmenda tions of the agricultural ins ti tut ions for 1970 

will be taken as a basis for the calculation of the future 

dema:~d in 1 970. 
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Table 22 - Potential Demand for Fertilizers 
in Malawi 

Recommandations Demand 
Culture Area 

(ha) 
(lb/ha) (sh.t./year) 

N P205 N P205 

Maize 880,000 105 112 46.000 49.000 

Tobacco 49.000 155 45 3,800 930 

Tea 13.000 175 -- 1 • 140 ---
Total 50,940 49.930 

========== '•"-======== ===;====== -------=~ ======:::;:= ========== 

The potential demand for 1970 by these most important cultures 

alone will thus be 

- 51,000 tons of N, and 

- 50,000 tons of P 2 o
5

, 

Upon realistic appraisal of the developement in Malawi, 

in accordance with the statements by official agricultural 

institutions, an actual consumption of about 

J.800 tons of N, arrd 

2.500 tons of P 2o
5 

can be expected for 1970. 
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For the period after 1970 an annual increase of' 10 per cent 

is expected, This means that the consumption in 1980 is 

calculated to be 

- 9,800 tons of' N, and 

- 6,500 tons of' P2o
5

, 

Table 23 summarizes the development of' the demand for 

f',,rtilizers in Malawi, 

Table 23 

;lo 1. 12 

Pure 

Demand for Fertilizers in Malawi 
(tons/year) 

Nutrient 1964 19 70 

800 

500 

" 

N 2,000 3, 

P205 500 2' 

1980 

9,800 

6,500 

Total 2,500 6, 300 16,300 
,============== ----------- ===== 

Zambia 

As yet Zambia does not possess a fert.ilizer production of' 

her own, All manufactured fertilizers consumed in the country 

are imported. No figures about fertilizer imports to Zambia 

are available f'or the years before 1964, because all imports 

were listed in the statistics together with those of' Rhodesia 

and Malawi, 
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In ·, 964 Zambia imported the following types and quantities 

of r.1anufac tured fertilizers: 

-· ammonium sulphate 2. 150 tons 

.. ammonium sulpha1;e nitrate 1 ton 

.. urea J,400 tons 

- ammonium nitrate 480 tons 

- other N-fertilizers 2,JOO tons 

- single superphosphate 200 tons 

- double and triple 
superphosphate 730 tons 

.. mixed and compound 
fertilizers 21,000 tons 

- other fertilizers 1,000 tons 

·rhe pure nutrient content of these :lmports is approx, 

- 6,500 tons of N, and 

- J,000 tons cf P2 o
5

, 

However, these two values are not quite exact, since it was 

not possible to analyse the group of the mixed and compound 

fertilizers exactly. 

The agricultural institutions in Zambia have tried repeatedly 

to caluclate the future development of the requirement of 

nitrogen for fertilizers. On the basis of the cultivation 

plans for 1974 and upon consideration of the recommendations 

for nitrogen application a potential demand of about 14,000 tons 

of N is obtained (see Table 24). 



--
Culture 

Sug:ar 

Majze 

Cotton 

Totacco 

Burley 
Tobacco 

Turkish 
Tobacco 

Wheat 

Total 

Potential Demand for Nitrogen Fertilizers 
in Zambia 1964 

I Planned Quantity Area N-Applicat-

! ion 
(acres) (lb/acre) 

7.5 ,000 sht 19,000 100 

5,000,000 bage 250,000 80 

25,000,000 lbs 25,000 40 

60,000,000 lbs 50,000 20 

10,000,000 lbs 10,000 40 

2,000,000 lbs 2,500 10 

1 , 000, 000 bage 100,000 60 
--· 

Demand :for N 

(tons/year) 

860 

9,100 

450 

450 

180 

10 

2,700 

13,7.50 
"'===,,====== ====="'======-==== ===-=cc=====-=~========== ===========· 

On the same basis as described above other of:ficial institu

tions estimated the demand for 1962 at about 16,500 tons a 

quantity whi-ch appears too high in view o.f' the conditions 

in the country, 

Calculated on the basis of the cultivation areas planned 

for 1974 and the recommendations on the input of phosphatic 

fertilizers by the agricultural experiment stations, the 

potential requirement for 1974 1s about 

Agricultural experts in Zambia hold the opinion that the 

consumption of N- resp, P2 o
5
-fertilizers in 1974 will not yet 

correspond :fully to the potential demand determined above. 
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In the last years the total consumption of' fertilizers in 

Zamb1.a rose by somewhat more than 10 per cent a year. 

Competent quarters expect the increase in the :future to 

amo,mt by as much as 15 to 20 per cent as far as the 

African farmers are concerned, 

On the assumption that this prognosis is right, the total 

increase in demand wi.11 average about 15 per cent a year 

in the years to come. 

In this connection the high rate of increase of the con

sumi=tion of the African farmers plays an important part 

since their potential demand i.s more than twice that of' 

the European farmers, 

Basing on the pure content of N resp. P
2

o
5 

of: the imports 

in 1964, a demand of' 

- 26,000 tons of N, and 

- 12,000 tons of P
2

o
5

• 

results for 1974. 

This demand is much higher than the computed potential 

demand, because the minimum demand calulated on the basis 

of the areas planned covers scarcely more than the ferti

lizing of the cash crops, 

The demand for 1970 is calculated to be 

17,700 tons of N, and 

8,100 tons of p
2
o

5 
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ior 1980 the following demand can be expected in Zambia, 

- 46,ooo tons of N, and 

- 21,000 tons of P 2 o
5

• 

Ct was considered in this connection that the annual in

,:rease after 1974 cannot be calculated to be higher than 

lO per cent. 

Summarizing, we get the following picture of the develop

ment 01· J:'ertilizer requirements in Zambia. 

'table 2,2 

I Pure 
' 

N 

P205 

Demand for Fertilizers in Zambia 
(tons/year} 

Nutrient I 1964 1970 

6,500 17,700 

J,000 8, 100 

1980 

46,000 

21,000 

67,000 Total L 9,500 25,800 
=================-============~====== ==--=-=== 

Rhodesia 

J:;h,C)desia manufactures 55,000 tons of single superphosphate 

and 55,000 tons of triple superphosphate a year. The other 

fertilizers are imported. The phosphatic fertilizers are 

tsed directly or processed into mixed fertilizers with a 

:r: art of the imported fertilizers. Proce ssirg is done in three 

:r:lants. 20,000 tons of phosphoric acid (100 per cent) and 

72,000 tons o:f sulphuric acid (100 per cent) a year are 



manufactured at present in the phosphate plant on the basis 

of' Rhodesian pyrite and rock phosphate, At the time we carried 

out our investigations, a further H2so4 -,plant with a capacity 

of' 50,000 tons/year was being fin,tshecL 

Part of' the sulphuric acid (90 per cent concentration) is 

sold at 9 to 10 £ per ton, It is planned to extend the phos

phate plant to a capacity o:f about 44,000 tons o:f P2 o
5 

within the next :five years. 

As to the C'Onsumption of' fertilizers Rhodesia ranges in the 

:first place among the countries in question. In the f'o.llowing 

Table 26 the imports of fertilizers to Rhodesia in the last 

years are laid down, 

Table 26 Imports o:f Fertilizers into Rhodesia 
________ f~t_o_ns/yc::e:.ca::.r:..;..) ______ _ 

Fertilizers ;961 1 ,l 1 962 1 J 1963 1 J 19642 ) 

Ammonium Sulphates 34,000 36,400 32,500 57,000 

Amrr,onium Sulphate Nitrate 6,000 8,000 12,500 13,800 

Urea 17,500 14,400 12,400 24,400 

Ammonium Nitrate - 5,000 2,400 700 

Other N-Fertilizers 36,700 35,600 3,5, 700 51,000 
" 

Total N-Fertilizers 94,200 99,400 95,500 146,900 _, 
Single Superphosphate 8,500 7,800 2,400 -
Triple Superphosphate 13,000 12,700 14,600 5,800 

Other P2 o
5
-Fertilizers 200 1,400 1,200 5,200 

- -
Total P

2
o
2
~Fertilizers 21,700 2l , 900 18,200 11 , 000 

-· --
Mixed and Compound Fertilizers 1 ,000 700 3,300 800 

==== =- ::::;::.:::::;;===·-==·-~·-==========:::- ===:::.::;;;.::::::-·:::: - - - --
1) fhe values o,f' these years cover the imports of' the :former 

2 ederation of Rhodesia and Nyassaland; for Southern Rhodesia 
alone a share of' 85 per cent of' these imports can be assumed, 

2) The values f'or 1964 cover the :imports of Rhodesia without 
Malawi and Zambia, 
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1) The values of these years cover the :imports of' the 

former Federat:ion of' Rhodesia and Nyassaland; :f'or Southern 

Rhodesia alone a share of' 85 per cent of' these imports can 

be assumed, 

21 The values for 1964 cover the imports of Rhodesia without 

Malawi and Zambia, 

The nitrogen fertilizers imported in 1964 have a pure nutrient 

content of' about 36,000 tons o:f N, The P2 o
5
-content o:f the 

phosphatic f'ertilizers manufactured in Rhodesia or imported 

wa.s about 34,ooo tons, 

About 5,000 tons of' N and 4,500 tons of' P2 o
5 

were exported 

tc Zambia and Malawi directly of as mixed fertilizers, 

Consequently, the consumption of' Rhodesia in 1964 was 

- 31,000 tons of' N, and 

30,000 tons of' P2 o
5

, 

The development of N-consumption for fertilizers has been 

the subject o:f detailed investigations by various ministries 

with regard to the establishment of a plant for the production 

of nitrogen fertilizers in Rhodesia, 

The calculations were based on the cultivated areas and an 

average fertilization as well as on the trend the present 

consumption shows, On this basis and in consideration of 

a possible price reduction for fertilizers there resulted a 

co:nsumption of about 

- 43,000 tons of N for 1970, and 

- 55,000 tons o:f N for 1975, 
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!.f' an annual inc.rease in demand by 4 per cent is assumed 

for the following five years, a nitrogen demand for fertili

zation purposes of 

·· 66,000 tons 

results for 1980, 

1'he manufacturers of phosphatic fertilizers in Rhodesia 

••xpect a 15 per cent 

1or 1965. 

increase 

The increase in the subsequent years is supposed to be in 

average 7 per cent/year, 

Starting from these values the demand for 1970 can be 

oaJculated to be 

·rhis assumption, however, appears too optimistic in view 

,,f the situation in Rhodesia. It is, therefore, more 

.·0alistic in the calculation of the future demand for phos

phatic :fertilizer to consi.der the trend resul t.ing from 

~~e sales of the three manufacturers of fertilizers in the 

.. ~st years. 

Tue consumption attained on this basis is about: 

- 1970, J9,000 tons of P 2o
5 

1980: 60,000 tons of P 2 o5 . 
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Thus the following picture of the development of the N

resp P2 o
5
-requirement in Rhodesia results: 

'Iable 27 

j Pure Nutrient 

N 

F205 
-

Demand for Fertilizers in Rhodesia 
(tons/year) 

1964 1970 1980 

J 1 , 000 43,000 66,000 

J0,000 39,000 60,000 

Tota 61 000 82 000 126 000 
==~== =========-=====i=====~~==~==== ~=====L========= ~ 

Table 28 gives a survey of the present and future require

mant of N resp, P2o
5 

in the individual countries of the 

E,~ st African Subregion, 
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]'able 28 Present and Future Demand for N resp, P
2

o
5 

in the Subregion East Africa 

(tons/year) 

' 
Country N 

1964 1 )! 1970 
I 

1980 I 1 964 1 J 1 970 
l 

Eth.iop1a ! 200 l 2,100 15,700 

French Somal 1,.:2) 
180 600 

Jltpublic of 
Somalia 

:Kenya 

,Uganda 

;Tanzania 
i 

!Rwanda 

'Burundi 
' :Madagascar 

:Mauritius 

1Malawi 

izambia 

3,800 

8,600 

2,200 

4,000 

2) 

2) 

1,500 

:10 ,ooo 

2,000 

6,500 

5,600 

13,600 

6,500 

8, 100 
I 

2,100; 
I 

2,400' 

3,700 

!2,000 

J,800 

17,700 

16,000 

12,800 

27,000 I 

21 , 000 

5,600 

6,700 

11,500 

14,000 

9,800 

46,000 

2) 

6,000 

1,200 

600 

400' 

6,000 

10,000 

10,600 

2) 900 

' .• ~; I ; : ;:: I 
5 , 500 i 1 0 , 000 I 

500 I 2 , 500 
1 

3,000 i 8, 1 00 

1 
I 

1980 ! 

4,500 

---i 
I 

i 
1 , 100: 

! 
19,0001 

' 16,4001 
' 

25,0001 

2,5001 
J,JOO, 

19,oool 

14,oooi 
' 

6,500! 

21,000[ 

Jmrndesia ;21,000 1 43,ooof 66,000 J0,000 \ 39,000 60,000 
,--
; ! : : ; I 

1s,1bregion I I I I I 
IBast_Africa_=J69i80oj120L6ool2~2,1oo=l48iJ80=L24i4oo_192L300 1 

1) Some of the values have been taken from 1963 

2) Demand negligible, 
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Table 29 sho, s 

market zones. 

the demand for N resp, P2o
5 

in the individual 

Ta.ble 29 

r 
,Market Zone 

A 

B 

C 

D 

Total 
Subregion 

Present 

1964 

4,000 

14,800 

11 , 500 

39,500 

and Future Demand for N and P 2o
5 

in East Africa (tons/year) 

N P205 

1970 1980 1964 1970 

7,700 3 1 , 700 , 180 1 , 000 ' 
I 

32,700 73, 100 ! 7,800 29,000: 

15,700 i 25,500 6,900 15,200 j 
' 64,500 j 121,800 JJ,500 49,600 i 

I 

I 

1980 

5,600 

66,200 

JJ,000 

87,500 

69,800 120,600 
i 
: 252,100 i48,J80 91+, 800 , 192, JOO 

=:=================~====================== =~=====~~======== 

In !,'igures 1 and 2 the development of the demand for ferti

li oers in the East African subregion is shown in pure content 

of N and P2o
5

• 
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Cons:lderung the demand :for .fert:i.l.:i.zers in the Subreginn 

East Af•rica as it is represented :i.n Table 29, we see th"- t 

in terms or pure nutrient the demand :for N exc0eds the demand 

:for P"O" at present as well as in the :future. 
L J 

Within the group of the nitrogenous .fertilizers ammonium sulphate 

:is the fertilizer most f';:;,equently used. Of' th,;, ni tr,:,genous 

:fertilizers consumed in the region in 1964, about 50 per cent 

were ammonium sulphate, 9 per cent urea, 6 per cent ammoniuw. 

sulphate n:ltrate and the remainder other nitrogen fertilizers. 

Th•? distribution of' the demand valid for the total region, how

ev,3r, does not always correspond to the demand structure of' the, 

indi vi.dual countri.es, Thus the share o:f ammonium su.lpha te :Ln the 

total demand :for nitrogenous fertilizers corresponds to about, 

- Somalia 0 per ce11t 

- Kenya 40 per cent 

- Uganda 80 per cent 

·- Tanzania 60 per cent 

- Rwanda and 
Burundi 0 per cent 

- Maurit:ius 9.5 per cent 

- Malawi 100 per cent 

- Zambia 20 per cent 

- Rhodes:la .39 per cent 

Th,,se figures do not reflect; the demand strt1cture of all 

countries exactly, since the ni.trogen content of the mix,d 

and compound ferti.lizers cannot be considered, The share o:f 

ammonium sulphate in the consumption o.t' Mauritius, i'or ine;tance, 

is so large only because about 8,000 tons of compound fertilizer 

ha,., not been considered. Notwithsi;anding, thesce values are 

suf'f'icient to show that ammonium suJphate is the nitrog"mous 

:fe:rtilizer most :frequently used i.n East Afr:icao 
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According to the op!.nio:n of' all fertilizer experts working in 

East Af'r:lca it can be expected that alllillonium. sulphate will 

continue to be the fertilizer with the biggest demand, although 

the mixed ar compound :fertilizers are increasingly required (as 

becomes clearly visible f'or instance in the case of Mauritius 

and Rhodesia). The predominant position of ammoni.um sulphate is 

mainly due to the fact th.at the soils :tn the East Af·r:ican. Sub

region with very few exceptions are poor in sulphur, This 

ph&nomenon is reflected also by the large consumption o:f single 

superphosphate. The demand for urea is comparatively high :Ln 

Somalia (85 per cent of the nitrogen fertilizers excl, mixed 

fe:rtilizers), Madagascar (5.5 pe::- cent}, Zambia (41 per cent), 

and Rhodesia (16 per cent), The large consumption of: urea is 

mainly due to the fact that the transport costs are relatively 

10,, with regard to the N-content. If cheap ammonium n::L trate of 

domestic production is o:f:fered, it C~"l be expected that part 

of the demand :for urea can be subst:;_tuted by ammonium nitrate, 

In the group of the phosphatia fertilizers single superphosphate 

is still o:f the greatest importance, It accounts f'or about 60 

per cent of' all phcsphatic :fertilizers, It is expected. that 

this percentage will but slightly decrease even if the demand 

:for phosphatic fertilizers rises, 

At present the following average prices cif' East African coast 

ar·c, valid for fertilizers 1 

US!llt 
- ammonium sulphate 50 to 58 
- ammonium nitrate .55 to 60 

- calcium ammonium nitrate 54 to .58 
- urea 105 to 115 
- ammonium sulphate nitrate 70 to 75 
- single superphosphate 35 to 75 
- double and triple 

superphosphate 80 to 90 
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GRAPHIQUE 1 
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FUTURE D&~AND OF NITROGENOUS FERTILIZER 
(IN TERMS OF N) IN THE SUBREGION EAST 
AFRICA 

DEMANDE FUTURE EN ENGRAIS NITROOENE 
(MESURE EN N) DANS LA SOUS-REGION DE 

L'AFRIQUE DE L'EST 
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GRAPHIQUE 2 
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FUTURE DEMAND OF PHOSPHATIC FERTILIZER 
( IN TERMS OF P2o

5
) IN THE SUBREGION EAST 

AFRICA 

DEMANDE FUTURE EN ENGRA.J:S PHOSPHATE 

(MESURE EN P2o
5

) DANS LA SOUS-REGJ:C.J DE 
L 1AFRIQUE DE L'EST 
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3,2 Insecticides 

In the Subreg:i.on of East Africa as in almost all other 

parts of the world a large range of different insecticides 

i:, of•:fered. 

Three main groups can be distinguished: 

a) chlorides of hydrocarbon 

b) phosphoric ester 

c) N-alkyl-carbamates. 

When pest control was started on a large scale, the first 

co,nprehensive successes were reached mainly with chl.orides 

01: hydrocarbon. As new products were developed, the applicat

ion of insecticides would be improved in the course o:f years, 

and it could be better adapted to the speci:fic requi:,:,ements. 

In the course of th:i.s development, which still is going on, 

the insecticides of: the second and third group gained 

increasing importance, 

But even today the f'irst group ranges in the :first pl.ace, 

especially in the developing countries. 

Within this group of the insecticides on the basis of 

chlorides of hydrocarbon DDT and BHC are most significant. 
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'.c"his is mainly due to the following properties and 

advantages: 

- DDT and BHC are cheaper than the insecticides of the 

second and third group 

- Contrary to the phosphoric esters DDT has a .low 

toxicity and can be applied without danger f'or people 

or animals 

- DDT and BHC have a very broad control spectrum 

- Additional application possibilities can b8 created, 

since DDT and BHC can be easlly mixed 

The application o:f' DDT and BHC does not require the 

comprehensive experience which is necessary, f'or instance, 

for the use of phosphoric ester 

- The production of: DDT and BHC is comparatively easy 

- Less security measures are necessary than in the 

production of' other insect:icides 

- Contrary to the production of phosphoric este:r, the 

starting materials :for the production of: BHC are lirr:ited 

and are, there:f'ore, more easily available, 

It is difficult to determine the actual consumption of: BHC 

and DDT in the individual countries, This :is mainly due to 

the f'ollowing reasons i 

- All insecticides and all other pesticides are classified 

together in groups :i_f' listed at all in the import 

statistics, 

An analysis of these classes with the aim to pick out 

only the insecticides failed, since in most cases even 

the customs authorities do not dlstinguish between 

insecticides and e.g. herbicides. 
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~ A general estimate of' the share of' the .insecticides in 

the total class, or of the share of the DDT and BHC 

products in the class of the insecticides, is not possible 

since this share varies strongly :from country to 

country according to the local conditions. 

·• Where it is p0ssible, in spite of these dLfficulties, 

to separate somehow the DDT and BHC products, it is 

difficult to determine the exact quantities because the 

dif'1'erent concentrates of these articles are not known. 

- Moreover, insec tic:Ldes are applied mainl.y in the scope 

of government progralllllles and are obtained as extra 

perf'ormances over the different aid programmes. Consequent

ly, they often do not appear in the .impcrt statistics. 

Th€ facts described above do not permit the application ot· one 

sir.gle method only for the determination of' the demand for 

insecticides. Therefore, the demand of' each country is determin

ed separately on the basis of the secondary statistics available 

and the results of the personal inquiries. The requirement and 

consumption of BHC and DDT is reduced to the form most usual 

in all countries, that is BHC (25 per cent) and DDT (75 per 

cent). In the :Lnvest:Lgation we speak only of BHC or DDT where 

these concentrations are concerned, 

The following Table JO shows the imports of inse,,ticides 

to the East Afr:Lcan subregion in the last years. 



- 82 -

Table ;}O Imports of Insecticides to the East African 
Subregion ( tons/year 

Cour1try Quantity 
1960 1961 1962 1963 1 964 

Ethiopia - - 260 440 -
Fre.:ich Somalia - - - - -
ReF>blic of' 
Soma Lia. - - - - -
Kenya 1,900 2,100 2,750 J,200 -
Uga:1da 470 500 840 790 -
Tan,ania 970 850 1,000 1,070 -
Rwanda - - - - -
Burundi - - - - 1,200 

Mad<>.gascar - 200 - - 750 
Mau:~itius - - - - -
Malawi 250 

Zambia - J,800 J,400 5,000 1,000 

Rhodesia 5,500 j 
•~ 

Total Subregion 7,4.50 8,250 10,500 8,700 
==-:=======;==== ::::::====:;::;: ===;:;:===== . ·======· =====:::::::==-= -===========:::: 

3. 2, 1 Ethiopia 

Accc•rding to information by the customs authorities the imports 

of' jnsecticides to Ethiopia amounted to 

·- 1962: 

- 1963: 

260 tons 

4J6 tons. 
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In 1956 the Ministry of Agriculture laid in stock 20 d;_:ff'e:rent 

inseotjcides which have not yet been :fully consumed. The share 

o:f DDT and BHC in this stock is ]_ow, Insecticides are used 

ma:lr1ly against .locusts, Here almost exclusively Bl-IC and Dieldrin 

ar,, applied, In its effects Dieldrin is similar to DDT, there

fore, it shall be replaced by DDT in the following considerat

ionsi, 

In Ethiopia about 

- 200 tons o:f BHC, and 

25 tons o:f Dieldrin 

a year are used for locust destruction, 

Abcut 

60 tons of Bl-IC, and 

20 tons of' DDT 

a year are applied for other purposes. 

The total consumption resulting for 196.5 is 

- 260 tons of BHC, and 

50 tons of DDT. 

Sin~e the quantity o:f insecticides needed for locust destruction 

does not remain the same for each year, and since it can be expect

ed that this plague will be more and more restrained in the course 

of' :rears, no major increase in consumi;tion can be reckoned upon 

:from this sector. 
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Th,, competent quarters in Ethiopia will promote the use of' 

:insecticides in agriculture to the utmost possible degree, 

As 90 per cent of' the 22 million Ethiopians are employed in 

ag:ciculture, a substantial increase in the consumption of 

in,;;cticides is expected. For BHC an increase of' almost 10 per 

cent is expected in the five yea.rs to come, a somewhat lower 

growth rate af'ter this period, 

Th" increased application of insecticides expected for cotton 

wL.1 cause a rise in the consumption of' DDT by at least 

200 tons/year up to 1970, From that date to 1980 an increase 

i:1. the requirement of' DDT by about 12 per cent is expected, 

Thi.3 means a requirement of' 

- 200 tons of' DDT, 

- 400 tons of' BHC 

:fOI 1 970, and 

- 650 tons of' DDT, 

- 900 tons of' BHC 

for 1980. 

French Somalia 

Fer lack of' time it was not possible at Djibouti to coll.ect data 

on the consumption of inseotic:i.des, According to estimates by 

competent quarters, however, the requirements are very small, This 

is :lue to the f'aot that the population o:f Somalia consists mainly 

of' ,irban population (Djibouti) on the one hand and nomads on the 

other. The agricultural activities o:f both groups are unimportant, 
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1n view of this situation the demand for insecticides in 

French Somalia cannot be expected to increase considerably 

jn the f'uture, Theref'ore, it will not be considered in the 

framework of' this study. 

Republic of' Somalia 

According to information by the importers, Somalia uses 

and imports mainly BHC (in various concentrations) and 

mal3.thion. 

D3.ta on import quantities could not even be obtained f'rom 

the customs authorities, 

S..mnnarizing the results of' the different statements, we may 

s·Jppose that in 1965 

about 50 tons of' BHC 

a::i:'e consumed,, 

A1: an annual increase of' 10 per cent up to 1970 and 15 per cent 

aJ'ter 1 970, a demand of' about 

- 100 tons of' BHC f'or 1970, and 

- J60 tons of' BHC for 1980 

i;::. expectedo 
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Kt7ny:B,, j,s one of the wc-1:r-Id 's la:r:-·gest produ,:19:t·a ,J,f' pyret.hrum 

fl cn,,.rers., A.bor,:t "l 2,000 tons/year were pT'OdtL:~e-d :!.:n the lag t 

y,ea.r's. The largest part of the flowers :~s extra,)::ed already 

Jn Ki:, .. nya,. and a-1:;n,i::.,st thE~ tot.al qua.nt-it·y ,c,f' t-he exLt'a,;;t- :is 

r1 .:-. pt"'r t ed., 

J; ?..ctd.i:j,.:•1 tc t.he pyrethr-am produ...,;tio.n a Esel·is::i: of' smal.l 

,~r,torprJ.;Ses exists in Kenya. wh1JJh blend various. 201_·,!.·s c,.f 

A :,:.:~·d:cng to stc,•:'csrics tbe t·oll.owing quant.ities cf in.~e·oti<ides, 

_f\.:;gi(Lldesi r:,tc. we-.~·e- :Lnp(:""'t2d t,,;.," KP;;_ya :!n the Jant years: 

]960: j ,900 tons 

19~1 • 2,100 t nn3 • 
1962: 2,750 t<;:n~ 

196J: J,21)0 tons., 

S ~ ::t t e111e.n ts 1.).f ::,mpo:t·-t.e1:·s :a.::-1d prod:.a:i:,,:) e:r2- :tndic.:1 t ~ t:ha t, the sha,1~-e 

o( :i._:..-1se1•t:ic.idt:3 ;i;i t,h_:":4 !_mp<:t::-,--t. q_-1,:;1:"~tlt.-Les ·.!.s 9.bcut 40 pe:"' v:.,r:;>,n,t., 

DDT and BHG (with a. rat.io c,f l 

600 tons of' BHG 9 ,::tnd 

~ JOO tons c>i" DDT 
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Frecisely in Kenya it can be noU.ced that the use of 

irsecticides is growi~g more rapidly than in other African 

countries. It is expected that the g;nowth rate for the 

next ! 5 years will average 15 •·per cent. 

Thus, the _·ollowi.nl" demand f'or the future results, 

Tc,_ble 31 

Ugan~ 

Demand f'or BHC and DDT in Kenya 
(tons/year) 

Year BHC DDT· =i 
1963 600 JOO 

1970 l ,500 750 
1980 5,500 2,800 

Ill Uganda insecticides are used mainly :for cotton and coffee. 

DDI' is used f'or cotton and malathion for coffee, DDT is 

subsidized by 50 per cent by the government, In 1964 

5~:, 500 gallons o:f 25 per cent DDT were imported, which 

co1·responds to a quantity of 80 tons o:f 75 per cent DDT, 

Fc,x· 1965 150,000 gallons of' 25 per cent DDT or 200 tons of' 

7:: per cent DDT have been ordered, 

If the whole area undeX' cotton is treated with 1.5 gallons per 

acre and year as recommended, a potential demand of' J million 

ga:C lons of DDT per year resuJ. ts for an area. o:f 2 mil lion acres, 

Tl::::.s co:rresponds to 15,000 tons of' DDT per year, 
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A,. ,ox<iing to the opinion held by agrl.;::ul tural i.nsti tut ion.a 

:! '!: Ug6tnda a ccnsumpti01t of" abc,it 800 ton~ ~f Dr1T/yf-a:r ,~an 

1:-,, flXpet::ted up r.o 1970. For 1980 i.t: :i.s expec::ted t.r1at the 

c, 0 •ns::mption will c-orrespond t.0 2.0 per cent. of !,hs p(•!.ent i.a.1 

df·mae1d, Th:l.s means that 3,000 tons oi' DDT will t,.;, ;; .. :,+.ua.lly 

0:. ~he assu..mption that. the •.~ul t.ivat:io:n o:f ,:,0t;t,cn is nc t 

t;;:.:~.t?:nd~d ...,ubstantia11y and that the govl:::':rnmer..t CDJlt:i.nt,1es .it:s 

eff'crt~ to !ntroduae inseotic~ded, thj_s exp~otat~0n appea~·s 

'.f'·(: ::1_ l::'..,B t:1.1~" 

J, ,3ddlt1.on to DDT malathion Ls used in small q::i;,nti.t:ies fct' 

·:::." ft BC: Q Nowhe:re in Uganda ind:i .:ia ti ons could be f'o•t ... r..d th:i, t 

BH•:; .is used to a major extent. for pest, destru,~tion. 

Tanzania. 

Th" ira:i:··ket f c:r: :Ln,iecti.c:ides in Tanzar.:.l.a :ts very di:f:feren tia ted. 

I,~ add.i tion to DDT and BHC a series of other p~·odn~ts is u.•Ad 

,f,~-r cot ton 1 co:f:fee and tobacco,. 

1 :>an be s<>en f'rom the import. ,-; ta ti sties that Tanzania imper! e•i 

nw f•,l.lowing quantities of i.nseotioides, :fu.ng.icld.es, e+,c. in 

tlJ,, last yea.rsi 

!q60: 970 tons 

1961i 850 ton.a 

19621 1 ,000 tons 

/Q('}: 1 ,070 tons .. 
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LDT ::en larger quantities is used only for coffee, cotton 

ao,.d tobacco, BHC mainly for cotton • 

. 41., present about 150 tons o:f DDT are used f'or cotton and 

about 60 tens o:f DDT .for co:f:fee and tobacco. 

A!',,~O:t'ding to statements by the Ministry Qf Ag:ricu.lture a 

total quantity of" JOO tons of' BHC was used in 1964. The 

p,,tential demand by the cotton sector is estimated at almost 

7,000 tons of' DDT by the Ministry. 

Starting :from the f"act that it is intended to triplicate 

the area u:nder cotton ::ip to 1 970, the potential demand alone 

fer cotton is 21,000 tons of' DDT per year. 

L;tely the use of gammexane (BHC) for pest destruction in the 

,~otton sector has begun to decrease continuously, Thus i.t ca."l 

be expected that DDT will be the most impo:ctant insecticide 

:f)r cotton in the :future, 

001 t.he assumption that by 1970 t.he use of DDT will correspond 

t,) about 5 per cent of the potential DDT demand :for cotton, 

ti18 consumption can be calculated to be approx. 

1,000 tons of' DDT. 

I·; can be expected that just as in other comparable countries, 

tlle consumption wil.l reach about 20 per cent of" the potential 

doroand by this sector by 1980, This means that the requirement 

!'or cotton alone will be 4,000 tons of" DDT, 
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: r:, t.he case of' coffee, tobacco and other cu.l tures products 

as Malathion, Aldrin, Dieldrin, etc, are :Lncreasingly :med, 

1'h<ere.fore, only a demand of: 

•· JOO tons of DDT f:or 1970, and 

- 900 tons of DDT for 1980 

i~ expected from this sector. 

N,: start:Lng points :for the ca.1,~ulation cf' the prr•.:,pACtive 

d"'l!and :fox· BHC could be £'011.ri.d. Statements of: nc.mpetent 

i.'.,stitutiuns in Tanzania indicates however~ th':tt'. n(; majo:r 

dEvelopment is expected on the BBC mark;st, 

T:ie fellowing tabl 0 summarizes the future DDT·-d,;;mand and 

t :ie BHC-demana. · 

DDT- and BHC~Demand in Tanzania 
__ ( tonsfy_ear) 

r;::~ : 1~ ~D~-BH~;. _____,7 
~➔ 2.\0 JOO 

1 970 I 1 , 000 I 
~ ! I;, o_o_o _ __. __ , _ ___J 

J,.:1.,,7 Rwanda 

I·:r-, Rwanda the app1i.ca tion of· :Ln"-.ect:icides is s t-i 11 oomp2t.,:a t:i.ve:

.1, low and l:'cmi.ted ma.inly to c0:ffee, 
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Fr:.,:: this purpose 600 tons of Cl m1xtu:?."e of' lO pe:r eent DDT 

ar.d 5 pe:r cent Malath.ion were impo:,;-·ted in 1965. This quant.l.ty 

,:;0rresponds to a pure content o:f 80 tons of DDT. 20 gms. c,f 

tt:,is mixture are app1.1ed per co.ffee tree and year. Startin.g 

:fr·,m the plans on coffee cultivation for 1970, a :'consump,:;ion 

of. ,i.pprox. !20 tons o:f DDT results for this year and sector, 

Experts in Rwanda oa]culat.e the a.dditional requirement of 

DDT for other ~ulrures at 100 tons in 1970, 

T!c" total. demand lhus resulting :for 1970 ls 220 tons of DDT. 

BH~ Ls p:rrt.1:-ti.:.)a.lly net used at all., 

F,_,,.,.ires which might be taken ae a basis f·or the ca.lcu1ation 

oJ' the futuxe app.lication of BHC are n.ot avai.lah1';. 

C!l:iticus estimates indicate an 8 per cent increase of' the 

DDT-consumption af'ter 1970, This woul.d mean a demand of' 

sn'1.r·cel.y 500 ton.s o:f DDT in 1980, 

'Tt P situation i.s similar to r,ha t in Rwanda, Inse,,ti.ciides si.re 

n~ed '1.lmost exclusivelv f'or co.f:fee, As in Rwanda the mixture 

of 10 per cent DDT and 5 per cent Malathio~1 is used, 

At<,ut Eoo tons of this i.nsecticide were imported :i.n 1965. Thi& 

co1responds to a consumption of about 80 tons of DDT. 

C:cHsider:l.ng the plans :for co:f.f'ee growing, a c,msumption of 

18(• tons o:f DDT can bs expected :t·or 1970, 
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If' an i.ncrease rate of· 8 per cent a year is assumed f'or the 

period after 1970, a demand of about 1100 tons of DDT in 

1930 results for the sector of coffee cultivation, 

In Burundi as in Rwanda no consumption of BHC could be noticed, 

Madagascar 

Tho necessity to apply insecticides exists for Madagascar 

to the same degree as :for all other tropical -countries, For 

locust destruction alone 100 to 200 tons a year are used, 

Imports o:f insecticides to Madagascar fluctuate considerably. 

Th:.s is mainly due to the :fact that there are years in which 

the government starts campaigns for pest destruction, whereas 

:in -:>ther years the use of .insecticides is left to the pri.vate 

initiative of' the consumers. 

r 

Imports o:f Insecticides to Madagascar 
(tons/year) 

i I ! ' I 1956 19.57 1958 
I 

1960 1 9.59 1961 1962 
--, 

I 

ntity 2,160 1,370 830 940 760 1,235 1,760 

In 1964 

- 400 tons 0£ BHC, and 

- 1 ,50 tons of· DDT 

were consumed in Madagascar, 
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I~ addition to BI~ and DDT, a series of ocher insecticides 

;i.10h as Endrin 1 ~falathion~ el~,. were used. 

i)fJ'icial quarters in J'Yfatdagascar snppose that the consu.,111ption 

,i BHC wi.l 1 have tripled and t:hat oe DDT qui.nt.upled hy 1970; 

. li is corresponds to the foll 01:v·,i:ng ½Uant:i_ ties; 

•· I , 200 tons of !3HC, and 

750 tons of DDT. 

l :ir l 980 a consumption oi' 

- 4,'}00 tons of BHC, and 

- 2,500 tons of DDT 

~dmmarizing, we obtain tho fol.lowing f•igures: 

1.,hl e 

y P.:::11" 

.._ 
1 96!, 

1970 

1 9'30 

D(Hna.nd Marlag·asca::r 
( toris/year) 

,, 
Quan,:t.:i. ty 

BHC DDT 

400 150 

2,500 7 c;o 

4,500 2,500 

7 
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J.2.10 Mauritius 

In 1964 almost 100 tons of insecticides were imported to 

Mauritius. About 20 per cent of these imports were covered 

by products containing DDT. The remaining 80 per cent 

distribute to current brands such as Rogor, Aldrin, Agrocide, 

Gamexane, and others, It can be assumed that the DDT products 

correspond to a quantity of 12 tons of 75 per cent DDT, The 

share of BHC in these imports is about 20 tons. 

The data available were not sufficient to determine the 

future demand for insecticides in Mauritius, It can be 

expected that there will be no large increase in the 

consumption of DDT and BHC in Mauritius, since a series of 

other products have already gained the largest part of the 

narket. 
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J , 2.11 Malawi 

DDT and Sevin are the main products used for pest destruction 

in the sector of' cotton, According to statistics 250 tons of 

insecticides were imported in 1964, 

DDT and sevin account each for 100 tons of this quantity 

W!!re consumed in 1964. 

Ir insecticides are applied according to the t•ecommendations, 

there will be a potential demand for about 800 tons of DDT 

ar,d about the same quantity of sevin. 

Upon realLst:lc appraisal of' the situation, a demand o.f about 

JCO tons of' DDT can be expected fo, 1970, 

The consumption o.f BHC in Malawi is so low that .lt can be 

neglected. No data were available on which to base calcula

tions of the demand and the demand structure of DDT- and 

BBC-insecticides in 1980. 

J.212 Zambia 

In 1964 Zambia imported 50,000 gallons of liquid insecti.cides 

and 850 tons of other pesticides. 

These were used mainly for cotton cultivation. This means that 

almost exclusively DDT and sevin are used. 

The share of DDT in the imports of 19611 amounts to approx. 

:)6) tons. 

In addition to DDT, BHC is used in sma1l quantities, The demand 

:for BHC in 1964 is estimated at JO tons. 
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The institutions responsib1e for pest destruction in Zambia 

expect an ann.ua1 increase of about 15 per cent :for al1 insecti•• 

cides. This means that about 

650 tons of DDT, and 

60 tons of BHC 

will be consumed in 1970, and about 

in 1980. 

3. 2,1 '.3 Rhodesia 

J,JOO tons of DDT, and 

JOO tons of BHC 

DDT, Aldrin, Ma.lathion, Rogor and Sevin are predominantly 

used in Rhodesia. 

I~ 1964 +,he country imported 5,500 tons of pesticides. 

A,~cording to statements by the largest importers this quanti

t·r contains about JOO tons of DDT. 

No substantial BHC imports could be registered by the invest:l.

gation; As the application o:f insecti.cides in Rhodesia is al

r,aady very speci:f'ic and d:if:ferentiated, experts expect that the 

growth rate :for DDT :in the :five years to come will not exceed 

7,.5 per cent/year. 

Tus, in 1970 the consumption in Rhodesia will not be higher 

than 500 tons of DDT. 
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On the assumption that the intensi:fied application o:f :i.nsecti~, 

c [des to be expected by the African farmers will lead to an 

increase in the DDT consumption of 10 per cent/year after 1970, 

there results a demand of 

1, JOO tons o.f DD'I' 

.for 1980. 

According to statements by the importers and consumers the 

BIIC consumption will not :l.ncrease substantially in the f'uture. 

For this reason it will not be considered in the scope o.f this 

s1Cudy. 

Tfabl.e J.5 summarizes the consumption and the development of the 

rflquirement of' the insecticides DDT and BHC in the East African 

subregion. 



Table J.5 

Country 

Present and Future Demand ror DDT and BHC in the East African Subregion 
(tons/year} 

DDT (75 per cent) 
1964/6.'5 I 1970 I 19so 

BHC (25 per cent) 
1964/63 i 19101 19so 

Market 
Zone 

DDT 
1970 

-

BHC ! 
1970 

1-----------1-----+----1-----+------+-----11----1-----+----+-----l 

Eth:!.opia 

French Somal:l.a 

Republic 0£ Somalia 

Kenya 

Uganda 

Tanzania 

Rwanda 

Burundi 

Madagascar 

Mauritius 

Malawi 

Zambia 

Rhodesia 

.'50 

JOO 

200 

210 

80 

80 

150 

50 

100 

J60 

JOO 

200 

750 

800 

1,000 

220 

180 

750 

JOO 

650 

.'500 

650 

2,800 

3,000 

4,ooo 
.'500 

400 

2,500 

2,JOO 

1, JOO 

260 

200 

600 

!JOO 

400 

JO 

400 

320 

1,500 

1,200 

60 

9~011 

s50JI 

.'5,.'500 

-
4, 5001 

I 
-J 

A 200 720 

B 2,9.'50 1 , 500 

C 750 1,200 

D 1,450 60 

r-:;;;:-;:-;::;::---t~:-+:-~~~~----,--!--=-LJ~O} 
b!:!!:=!:!::=======L!:~~~===l:;:~~=l!~;:!~,1!::!~===J==;::!~t:~~~~J~,.===;..L::!~;!~1=:::~,~=' 

\0 
00 



Figures J and 4 show the futux·e development of the rleHu,u~d 

for the products DDT and BHC for the indtvi.dua1 market zones 

of the region. 

DDT' (75 per cent) is :impor•tE>d at; a pri.u, of 600 to 625 HS $ 

per ton cif' East African coast, and BHC (25 per oent) a.t a 

price of' .'.380 to 420 US $ per ton, and BHC (·12 to 14 per cent) 

at 170 to 180 US $ per ton, 
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J.J Explosive?. 

Ir, the subreg:io:n of East Africa explosives are be:ing produu;d 

ot1.ly in Zambia which recently started the production of' tba 

so-,called ANBA .. sxplosive, a mixture,, of' ammonium nitrate and 

di es el or f'uel oil, The plant has a capac:i ty of' 1 , 000 ton,;/ 

mvnth, Two thirds of this capaicty are utilized, 

Ti1e producers of this ammon:i.um nitrate explosive expect that 

a~out 55 per cent of' the explosives used at present cau be 

s·,,bstltuted bv thef-,,, nroduct. 

IJt!Eor~s and Future Requirement of' lj,?<plos:ives, 

(tons/year) 

---~-=-•=~--· (, 

1970 1 )I 
,, __ ,,_,,,--1 

200 I 

, Hepublic 500 JOO i 
• ,,f Somalia I 
I 
I ::::::. 380 

,.. ,,.2,,l: -I ~~~ I, 

: Hwanda , 200 '.}00 

! Burundi II, 180 l :,o 2 ,:\0 I 
.

1

, l1<ldagascar 1.19 148 '30.5 I J19 190 400 1 
I Jfauritius - j ~· i I 

l!alawi2 ) l ' I I 'j" I 

i, Zc1mbiaJ) ~ .21,600 21,0001·21,000 !14,7~;; 1· 2.5,(,n,, ! 
I 4) , r 2. 800 . . . 

Ui;~::m~;~r~-=~-=-=~- -=- -- -P•'?],.:·"·:-:1 
':, Requirement estimated on th<i ba,;:l.s of ,'lta.t<>ment s by 

consumers and importers. 
~·;,3)4) Market Zone B 
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The imports of exploxives for the total subregion shown in 

Table J6 consist mainly of dynamite and gelignite, The table 

indicates that the consumption of explosives is concentrated 

chiefly on the market zone C (about 20,000 tons) and within 

this zone espec:ially on Zambia (14,700 tons), This is due to 

the demand of the ore mining sector, 

Tb.e :imports to the subregion have remained rather stable over 

ttie years, in some cases they eveh declined • .Interviews with 

inporters and consumers, however, 1.ed to ths result that 

nevertheless a sligth increase in demand can be expected up 

t,, 1970, 

Yet, the total demand in the East African subregion will not 

ba higher than 28,000 tons in 1970, 

If it is assumed that 55 per cent of this quantity will consist 

of ammonium nitrate explosives, the demand resulting f'or 1970 

i,s 15,000 tons of' ammonium nitrate explosives, 

About 11,000 tons of' th:is quantity wi,11 be consumed in Zambia. 

The :foll.owing prices ci:f East Af'rican coast are valid :for the 

most important expl.osives: 

dynamite 170 to 190 US$ per ton 

gelignite 220 to 250 US $ per ton 

ammonium nitrate explosives 140 to 150 US$ per ton, 
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J,4 Polyvinylchloride (PVC) and Poly~hylene 

Both plastics have a large range o:f applications and they are 

increasingly used :in the developing countries, 

So far none o:f the two pl.astics is produced as a raw material. 

in the East A:frican subregion. 

Si.nee both plastics are produced as raw materials which re~ 

q~ire processing, their consumption depends largely on the 

processing capacities existing in the country, 

The import statistics o:f the countries considered did not 

s:~ow which quantities of plastic raw mat!'rial.s were imported. 

F,'.)r this reason mai.n stress in the investigation was put on 

the determination of' the processing capacities .tor PVC and 

polythylene existing and the plans :for expans.ion or construe~ 

t:Lon o:f pl.ants. 

The results of the interviews with the consumers of plastic 

raw materials are laid down in Tab1e J7, On the basis o.t these 

r,~sul.ts the consumption to be expected :for 1970 and 1980 is 

d,~termined. 

The demand :for lov .... pressure polythy1ene is very 1ow as 

compared with the demand f'or high-pressure polythylene, 

Theref'ore, it has not been cons:idered in the scope o:f this 

:invest.igation, 

ALL values ascertaj_ned are based mainly upon the statements 

oJ' the manu:facturers processing p1astics. 



rable 37 Present and Future Demand :f'or. PCV and Pol.yethylene in the Subre~:!, . .Qp.-1£1;1.st Af'rica 

,·---·~· .. -· r PCV 
lU!?h Pressure Polvethvlene 

Country Production Capacity Expected Processing Production Capacity Expected Proeessin~ 
Capacity (tons/vea~' Capaeity(tons/vear 

tons/vear tonslvsar 1970 12,80 tons/vear tons/year 1970 1980 

Ethiopia JOO JOO 900 2,600 20 6.'.;i 1,200 10,000 

Frem::h Somali.a - - - 400 - - - 600 

Somal.ia - - 200 900 - - 400 1,200 

Kenya JOO - 550 2,100 800 - 2,000 5,000 

Uganda 100 150 200 1,400 50 150 400 J,000 

Tanzania 280 - 500 1,800 430 - 1,000 4,ooo 
Rwanda - - 50 600 - - 200 1,500 

Burundi 200 - 400 1,500 - - '.300 1,600 

Madagascar - - 250 1,500 - - 500 I J,200 I 
Mauritius - - 200 1,000 200 ' 500 - -
Malaw:i 100 - JOO ,800 - - 400 1,300 

Zamb:l.a 400 400 650 1,700 200 200 600 4,ooo 
Rhodesia 1,600 1,600 2,600 6,500 2,000 2,000 J,500 10,000 - -· ·-~--- ~-·~--- -
Total '.3,280 6,900 22,100 J,500 10,700 45,900 

r:::;:::.s~;:;;:::, ~;:y=:,:=: = ,~:::.. ~=:c;,::.:=:r:::~ ·= =======:::: =·= ===::::;:===== =-=--i::--=·---=-=-·"t--·---··-=-~+t ''"" - "·' = "' = = ~- ' ;== - s 

~ 

0 ,.,, 
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T,,t,le 37 shows that a1mos t the same quanti ti.es of' PVC and 

hlgh~pressure polythylene are processed at present, 

B:, :far the largest part o:f PVC is processed into sanda1s. 

H:lgh-pressure polythylene is processed mainly into packaging 

materials and, to a minor extent, into water pipes. 

Up to 1970 the production of sandals will continue to be 

d,ecisive :for the increase in PVC-consumption. In addit:l.on, 

however, the increasing consumpt1on of' household goods will 

in:fl.uence the gr<)wth rate t'or PVC. 

A:"ter 1970 the demand :for household goods and water pipes 

of PVC will strongly increase and thus cause an expansion 

of the processing eapac.ities. 

All demand t'igures listed in this report were cautiously 

c,1Jculated in considerat:lon o:f the opin.ions of' importers, pro•~ 

Ct~:ssers and consumers and thus range i..n the l.ower sphere of' 

the possible development. 

·r1t0 :future consump1;ion of high-pressure polythylene articles 

w:lll rise somewhat more than the consumption of' PVC, since 

l«rge consumers o:f polythylene products, such as f'erti1izer 

f'actor ies and exporters of agricultural products will stimulate 

the demand decisively in the near f'utu1•e. In addition, the 

t-.~ndency exists in the whole subregion to pack even common 

products, such as f'oodstuf':fs, etc, in polythylene. 

Summari.zing, we get the following picture o:f tl,e :future market 

:f•>r PVC and high-pressure ,polythylene in the region: 



Table ,;!I:< 

---
Market 
Zone 

A 

B 

C 
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Future Demand for PVC and High-Pressure 

Polythylene in the East African Subregi.on 

( t.p.a,) 

--.. ·-- r-- High-Pressure 
PVC Polyth ·lene ·-

1970 1980 ~970 1980 
--~ 

1,100 J,900 I ,600 11,800 

1,700 7,400 3,900 15,000 

450 2,500 700 J,700 

4r500 15,J00 

According to the table, about 

22,000 tons of PVC, and 

46,000 tons of' h1-gh-pressure polythyl.ene 

wilJ_ oe consumed in the whole region of' East Af'rica in 1980, 
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The average prices valid at present f'o:r.· PVC and high~-pressu:re 

polythylene are laid down in Table J9, 

r 

C:ii' Prices f'or~R!C and_,!lighrnPressure 

Polythy1ene in the Subregion (US i!>LTon.1, 

-----~-,_,..,...._,...,,,.~ ~-~"""'""-"------· 
Country PVC High-Pressure 

Po.lythylene 
-----~-·-- ~.,.,._, _______ 

Ethiopia 400 390 

Ji·rench Somalia 

Somalia 

Kenya 409 409 

Uganda ,5J1 500 

Tanzania ,504 475 

Rwanda 

Burundi 760 

Madagascar 

Mauritius 

Malawi 430 1) 

Zambia 560 

Rhodesia 4301 ) 411 

·--
1 ) , 

Pr,d,ce cif' Beira 
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Considering the price f'luctuations caused by costs of' trans

port within the country, as for instance in Uganda, we obtain 

1;Jte f'ollowing prices cif' East Af'rican coast: 

PVC 400 to 430 US$ per ton 

high-pressure polythylene J90 to 411 US$ per ton. 

f'igures 5 and 6 show the development of" the demand f'or PVC 

and polythylene in the subregion of' East Africa up to 1980. 
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3.5 Viscose RayoE: 

Investigations o:f the FA0 and the ECA proved that the total 

African textile market increased by more ,han 74 per cent 

from 2,500 million sq.yds, in 1948 to 4,J00 million sq,yds. 

in 1960. 

According to the share in the total consumption, the t·oJ.low

ing sequence results :for the different textiles: 

- cotton 

- rayon 

- wool, and 

- synthetic material. 

The share o:f rayon has grown larger :from year to year. 

In 1948 87 per cent of' all :finished products were o:f cotton 

and only 7 per cent o:f rayon. In 1960, however, the share o:f 

cotton fell to 7'.3 per cent, whereas the share of' rayon in

creased to 22 per cent. 

The main consuming centres ot' the subregion are 

- the :former Central African Federation, and 

- the :former British East Africa, 

Aeoording to estimates by the ECA, the East African subregion 

16 consuming at present about 

- 215 to 22_5 million sq.yds. o:f rayon material. 

T:t.e :following table shows the distribution of' this consumption 

tc the individual countries. 
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'I'abl.e 40 ~ayon Consumption in the East African Sub

.. r-=e_..g1"'·"'o""n~i"'n"'---'-1"-9..c.6,,..5 _ _,("'m""i"'l""l."'i=on. sq , yd s. ) 

Country Quantity 

Ethiopia 25 

Kenya, Uganda, Tanzania 85 

Rwanda and Burundi 5 

Zambia, Ma1awi, Rhodesia 90 

Madagascar 13 

Mauritius 1 

,-

Total about 219 

The share of' rayon consumption in the total. textil.e consump

tio.n varies from country to country. 

In Somal.ia, t·or instance, the share is practica1ly cero, and 

it rises to about 44 per cent :for the group of Rhodesia, 

Mal.awi and Zambia. 

According to information given by the ECA the total consump

tton of' rayon which amounts to about 219 million sq,yds. covers 

about 20 mil.lion sq.yds. o:f acetate in addition to viscose 

rayon which constitutes the main quantity, 

The total. rayon consumption in the region thus amount approx. 

24,ooo tons/year. 
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Staple :fibre accounts :for 1/J of this consumption and con

•anuous filament yarn :for 2/ J. 

The 16,000 tons 0£ continuous filament yarn are imported main

ly in the :form of' fabric and £in:ished products. 

·J'he distribution of the :lmports to the individual countries 

of the region is as fol.lows: 

'.fable 4, Rayon Filament ConsU!llption i,:'!._~ 

Subregion ( tons/yea:i::J. 

Countries Quantity 

·-
Ethiopia 2,460 

Kenya, Uganda, Tanzania 6,000 

Rwanda, Burundi JJO 

Zambia, Mal.awi, Thodesia 6,340 

Madagascar 870 

Total. 16,000 
-t:; ==== :::::===== ===== ===::::::; ::;;::;=====:=~::::::==:::::::== =-== :::.;: ==== === == 

Investigating the possib:!.lity o.f' a substitution of these im

ports by domestic production it must be considered that at 

first only part of' the imports can be substituted, The textil.e 

processing industry bas:lng on the rayon production will not 

be able £or the moment to manuf·acture the large variety 

of the qualities, col.ours and designs shown by the imported 

goods. 



Thus a demand f'or imported goods will exist al.so in the 

near :future. 

Qn the assumption that the situation in the subregion is 

similar to that o:f other devel.oping countries, it is to be 
' 

expected that import pref'erences will cover approx 60 per 

cent of all rayon materials and products also in the near 

future, 

It is estimated that the rayon requirement in the region 

wilJ. have increased to .36, 000 tons/year by 197 5. 
24,000 tons of' th:ls demand is covered by continuous :fil.ament 

yarns. 

;f' linear growth is assumed, a demand of J0,000 tons o:f vis

cose material. ( :filament yarn covering 20,000 tons) can be 

expected :for 1970. 

Summarizing, we obtain the following picture: 

Table 42 Demand f"or Rayon in the SubregioIJ, 

( t ,_g_. a. ) 

- -----
Year Total Rayon Material Thereof 

1965 24,000 16,000 

1970 30,000 20 ,ooo 
1975 J6,ooo 24,000 

Filament 

On the assumption that only 40 per cent of' all fabrics of 

rayon .filament yarn so far imported can be produced and pro

cessed in East Af'rica :i.tsel:f, the demand for f'ilament yarn 

will be 
1970 

1975 

8,000 tons 

9,600 tons, 
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3.6 Caustic 5oaa 

Caustic soda is ui;ed as a basic chemical in major quantities 

by various chemical industries. So far no plants for the pro

duction of caustic soda are existing in the subregion of East 

Africa. 

At present large quantities of caustic soda are used only by 

the textil.e and soap industry in East Af.rica, 

A substantial increase in the demand for caustic soda can be 

expected by the expansion of soap production and the envisaged 

establ.ishment o:f plants :for the production of pul.p and viscose 

rayon. 

ln addition there is the increase resulting :from the establish

ment of refineries and :further textile :factories. 

The :following table shows the caist.soda imports of the last 

years for the individual coufftr.1ei, UL ~,1e East A:frican sub

region as far as corresponding figures could be obtained. 



[ C(,~nt:y 

Ethiopia 

French Somalia 

Somalia 
,__ __ 

Kenya 

Uganda 

Tan.zania 

R,.anda 
I Burundi 

Madagascar 

Mauritius 

~---~ 
Malawi 

Zambia 

Rhodesia 
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Imports ot Caust,Soda to the East African 

Subregion (tons/year) 

1960 1961 1962 1963 1964 

-· 
586 JJ6 - 430 ~ 

- - - - -
~ - - - -

1 , 8.50 2,500 2,080 J,000 -
2,260 2,700 1,470 2,980 -
1,060 1,100 1,040 1,000 ., 

462 281 286 -

412 31.5 217 22J ·-
~· - - - -

220 

J, .5.50 J,460 J,000 2.50 

:3,.500 

Market 
Zone 

A 

B 

C 

D 

Table 4:3 makes clear that the consumption of NaOH, for instance 

:i.n the region B, is al.ready considerable with about 7,000 tons 

in 1963, The same applies to the region D with the exception of 

Tanzania, Rwanda and Burundi, 

The varying development of the imports in the .;,.,,Hvidual coun

tries and the import fluctuations within the countries do not 

permit statements on the .future development of the demand for 
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caustic soda. 

Therefore, the development of demand to be expected from the 

sc,ap i.ndustry and the planned industries requ:iring caust:ic 

soda will be :investigated for a realistic appraisal of the 

:future requirement •. 

T£Lble 44 shows the average soap consumption per head of the 

pc,pul.ation for various East African countries in 1964. 

Rhodesia has the highest per capita oonsumpti.on. It can be 

as,sumed that the present ra'te of consumption in Rhodesia will 

bf, reached by the other countries wi t,hin about .5 to 10 years 

(cepending on the level of economic development). 

Th, demand calculated on the basis of· this assumption is shown 

in the table. 

1.1· it is assumed, :furthermore, that about 80 per cent o:f the 

d,mand for soap will be produced in the countries themselves 

by that date and that approx. 1/10 ton oi causL soda is needed 

for one ton of soap the demand for caustic soda by this sector 

can be calculated, 



Table 44 De■and for Caustic Soda for Soap Production in 1970 

Soap Censuoption 1964 in Oe1and for Soap 1970 Population 1970 Total Oe■and Oe■and for Caustic Soda 

Country lbs, oer Caoita and Year for Soap 1970 for Soap Production 1970 
laundry Toilet 
Soap Soap 

Total lbs. per Capita and Year (■illi•nl ( fons/y .. r) (tons/year) 

Ethiepia 0.6 O.OJ 0,63 ).5 2J.J 37,000 3,000 

French Se■alia - - - • - • -
Republic of So1alia • - . 3.5 2.2 J,500 JOO 

Kenya 10.1 

Uganda 2.8 0.28 J,08 5.5 8,4 73,600 6,000 

Tanzania 11,0 

Rwanda - - • 4.5 3.8 7,800 600 \0 

Burundi . • - - • - • 

Nadagascar 2.6 0.4 3.0 5,0 6.8 15,ltOO · 1,200 

Mauritius - • • . 0.9 2,100 200 

Malawi 2,0 0.14 2. 14 5.0 4.5 10,200 900 

Za■bia 2,5 o. 17 2.67 5.5 4.2 10,500 900 

Rhedesia 5.0 0.5 5.5 7.0 5.1 16,aoo•) 1,400 

Total 80. 3 14,500 

·····-·····---······ .........•. ••••••••• •••••••• ·············--·-········· •••.....•...•...•..•. •.......••••••....... ····-····-·················· 
•) In th• case of fthodesia it is expected that already by 1970 90 per cent of all soaps will be produced in the country herself. 
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TJ,us, for ! 970 a demand of 

14,500 tons of caustic soda 

f,Jr soap production results for the subregion. 

The countries of French Somalia and Burundi lanking in the 

calculation are considered with 1, ,500 tons of canst.soda a year, 

TJ1e demand by the soap production o:f the whole region thus 

wil.l amount to 

16,000 tons of NaOH 

in 1970. 

A substantial increase in the consumption can be expected :from 

the demand of the pulp mills planned in the subregion. 

The following East A.frican countries plan the construction of 

major pulp m:ills1 

- Ethiopia 

- Kenya 

- Tanzania 

- Madagascar 

•· Malawi 

- Rhodesia, and 

- Zambia. 

T<>.ble 45 shows the respect:ive country, the location of' the plant, 

the construction period envisaged and the type of pul.p to be 

produced as well as the annual capacity, 

CWEt, soda is required for the production of bleached chemical 

pulp. About 40 kilos of NaOH are needed for the production of" 



)le 45 Plans and Possibilities f'or Pulp Mills in East Africa 

,untry 

thiopia 

adagascar 

enya 

hodesia 

anzania 

alawi 

ambia 

enya
anzania 

Site 

Wonji 

- *) 

Broderick Falls 

Mufindi area 

inear Nkata Bay 

Copper Belt area 

Along the coast 

Period Type of' Pulp 
for 

Realiza-
tion 

1965-68 

1965-68 

1965-70 

Mechanical (local)+ 
chemical (imported) 

Unbleached 
(coniferous) 
sulphate 

exact planning data not 

af'ter 
1975 

after 
1975 

around 
1975 

around 
1980 

Possibly unbleached 
sulphate 

Bleached sulphate 

Possibly mechanical 
and semi-chemical 

Possibly sulphate 

) Location not yet determined. 

Capac.tty 
t/y 

S,000-7,000 First stage: paper mill 
to be based on imported 
pulp. 

yet 

15,000 Second stage: paper mill 
to be integrated with 
pulp mill (based on 
bagasse) to produce part 
of' the 15,000 tons. 

5,000 Contract signed. 

100,000 under negotiation. 

available 

130,000 

100,000 

100,000 

Large 

Feasibility study 
undertaken. 

Comprehensive feasibility 
study to be carried out. 

Capacity to satisfy part 
of' the expected 45,000 
tons domestic demand in 
1975-Government contem
plating feasibility study. 

Kenya and Tanzania jointly 
with FAO to carry out 
feasibility study - pulp 
and kraft oaoer for exoort, 
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1 t•)n of' pulp. 

Tab.le 45 shows that under this aspect no pulp mill using caustic 

soda will exist in East Africa up to 1970, Af'ter 1975 

100,000 tons of bleached pulp per year shall be produced 

(Malawi). This corresponds to a demand of' 4,000 tons of' ~austic 

soda a year, 

On the assumption that Kenya and Tanzania will also produce 

abo.1t 50,000 tons of bleached pulp each in 1980, the demand 

in this sector can be calculated to be about 

2,000 tons of soda lye 

a year. 

The refineries planned or al.ready operating wil.l. be large consumers 

of :austic soda in the future. For the moment onl.y one re-

finery i~ operating in Kenya. 

In the yeas·s to come refineries will start production in 

- Ethiopia 

- Tanzania 

- Madagascar, and 

- Rhodesia, 

The average quantity processed by the refineries will be 

600,000 tons of crude oil a year. 

In view of' this capacity an annual demand for caustic soda of' 

800 tons can be expected. This would mean an increase of' the 

demand in the region by 4,000 tons of' NaOH per year. Distri

buted to the market zones: 
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A 800 tons 

B 1,600 tons 

C 800 tons 

D 800 tons. 

In 1970 a total demand o:f about 

20,000 tons 

o.f soda lye can be expected :for the East Af'rican subregion, 

This demand distributes to the market zones as :follows: 

Market Zone A 4,900 tons 

Market Zone B 8,900 tons 

Market Zone C 2,200 tons 

Market Zone D 4,000 tons. 

Al:ter 1970 the pulp factory will be the largest consumer with 

about 6,000 tons of NaOH a year. 

A1; present caustic soda is supplied at a price of 

72 to 80 US$ per ton 

CJ.f East African coast. 

FJ.gure 7 shows the development of the demand for caustic soda 

in East Africa up to 19 70. 
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J,7 Chlorine 

The present demand :for chlorine in the subregion of East Africa 

i;, so small that it can be neglected. 

A larger demand :for chlorine will be created only af'ter the 

e,, tabli shment of the industries for the production of PVC and 

insecticides investigated in this study. 

Mc,reover, the pul.p mills planned in the region w,.11 consume 

cvnsiderable quantities of chlorine. 

At. a production of 150,000 tons a year of' bleached pulp in 

M,d.awi and Tanzania-Kenya a:fter 1975, approx. 

11,000 tons of chlorine 

w:ill be consumed in this sector. 
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J. 8 Tanning Agents 

I.n. a recent investigation the ECA found out that the 1eather 

requirement in the East Af'rican Subregion is determined by 

the production of' about 20 million pairs o:f shoes a year and, 

m·n•eover, the processing of 5,000 tons of· light leather, 

An average quantity o:f about JOO gms. of' upper leather is pro

c•;ssed per pair of shoes. That means 6,000 tons of' upper 

l•aather f'or 20 million pairs of' shoes. 

On an average J60 to 400 kilos of' chrome tanning salt wi.th a 

m,?.an o.xide content of 25 to 26 per cent are required per ton 

oJ leather f'or a normal tanning of upper leather. 

The tanning o:f light leather requires per ton an average quan

t:,ty of' JOO ki1os of' chrome tanning salt of the same qua1ity. 

H.ance results a joint demand of' 

.l.i,6Q9 ton~ of' chrome tanning sa1t per year 

:for the tanning o:f 6,000 tons of' upper leather and 5,000 tons 

oj' light leather. 

Chrome tanning agents are imported at a price o:f 

260 to 280 US$ per ton 

CJ.t' East Af'rican coast. 
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j. 9 Cald.um Carbide 

The consumption of calcium carbide is comparatively low in 

the region, The total demand is met by imports. 

:r able 46 

Country 

Ethiopia 

Imports of Calcium Carbide East Africa 

(tons/year) 

1960 1961 1962 

- - -

1963 

180 

French Somalia - ' - - -

i 
I_ 

Republic o.f 

Kenya 

Uganda 

Tanzan.ia 

Rwanda 

Burundi 

Madagascar 

Mauritius 

Malawi 

Zambia 

RI1odesia 

- . -

Somalia -
230 

1:30 

110 

-
-

290 

-

- - -
380 390 260 

100 120 90 

120 140 120 

- - -

- - -
'.330 420 420 

- - -

1 , 150 1, JOO 1, 100 

---· 

~scan be seen from Table 46, the consumption of calcium car

~ide has remained rather stable in the last years, 
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:rn ga5t Africa calcium carbide is used ma.inly :for the produc

tion oi: acetylene and for welding. Since electrification 

and with it electrical welding is gaini.ng i.ncreasing impor~ 

tance, no essential increase i.n the demand for calcium carbide 

can be expected from th.is sector. 

Therefore, a demand oJ' no more than 

J, 500 tons 

is calculated :for 1970. About 1,500 tons of thi.s quantity will 

b·a consumed by the :former Federation or Rhodesia and Nyassaland. 

C3lcium carbide is imported at a price of 

100 to 120 US$ per ton 

c:_f' East African coast. 

Sodium xanthate is used as an auxiliary material in the flota

ti.on of non-ferrous metal ores, 

Within the subregion onl.y Zambia needs the material in larger 

q1-.anti ties. 

I:t. the follwoing import figures for 1961, 62 and 63 which 

cover the three countries Malawi, Zambia and Rhodesia, the 

share o:f the Rhodesian sodium xanthate consumption ranges al.~ 

ways below 10 per cent. 

The import figures :for 1964 are listed :for Zambia and Rhodesia 

separatel.y, In that year Zambia imported almost 2,000 tons of' 

sodium xanthate. 
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.Sod:ium Xanthate Imports 

Malawi, Zambia and Rhodesia (tons/yearl 

~~--
.ountry 

Ialawi 

a.mbia ? 

R hodesia 

--· 

I 
I 1961 
: 
I 

I 
i 
; 
' 2,500 
I 
' I 

l 
1964 7 1962 1963 ! 

I 
i 

1,890 
I 2,!JO 1,940 

110 

It must be expected that also in the :future no major increase 

in demand will be achieved. 

Sodium xanthate is imported at a price of' 

J.50 to J65 US$ per ton 

cif East African coast. 

Sooium silicate is used in many sectors, among others in the 

marruf'acture o:f detergents, of' textiles and paper, in textile 

pr()duction as impregnating agent, in paper manufacture as glue. 

Out o:f the countries of' the subregion Kenya, Tanzania, and 

Rh~desia are known to produce sodium silicate. The quantities 

ma·1.u:fac tured exceed the domestic demand so that a substantial 

part is exported. It is difTicult to determine the consumption 
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in the countries of the subregion, since separate lists on the 

imports of' sodium silicate exist only for the former British 

East A:frica, 

""""'··-· -

Imports of Sodium Silicate into Kenya~ 

Uganda, Tanzania (tons/year} 

- -
Country 1960 

I 
1961 1962 1963 

Kenya J40 115 108 114 

1Jganda 92 1.53 152 183 

1'anzania 194 1.J9 127 188 

!.----· 

The import :figures .for Kenya, Uganda and Tanzani.a do not re

f'J.ect the actual. demand :for sodium silicate, since these 

cc,untries produce sodium silicate themselves. 

Tt.e glass factories operating in the region, which are able 

t(, produce sodium silicate in a simple procedure, will be in 

a position to meet the East African requirements also in the 

:future. 

Shoul.d the demand rise rapidly, for instance by paper factories, 

ii should be possibl.e at any time to adjust the sodium sili-

ca.t e production o:f the region to the new demand. 

Tb e import price for sodium s.i.Ll.cate is 

60 to 65 US$ per ton 

cif East African coast. 
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l, ,2 §2._dium Cyanide 

3odium cyanide is needed :for the production of' gold. 

'rhe consumption amounts to 0, 2 to O. 5 kilos of' NaCN of' a low 

,,ercentage per ton o:f gold ore. The total demand in the regi.on 

.,.nvestigated is met by imports. 

,,odium cyanide is required only by Rhodesia, Zambia, and 

Ethiopia, Ethiopl.a consurning only very small quant::l.t:ies, 

':'he import values of Rhodesia and Zambia are definitely de-

Rhodesia and Zambia Ethiopia 

1961 1,500 tons 

1962 1,390 tons 9 tons 

1963 1,000 tons 2 tons 

,964 590 tons ( ther eo:f 
Rhodesia 560 tons) 

A•Jcording to the statements by competent ins ti tut.ions in 

Rhodesia the consumption o.f cyanide is not likely to rise 

cons:iderably in the future. 

'l'h" price cl±' East African coast amounts to 

250 to 260 US$ per ton, 
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J. 1 J Aluminium_Sulphate 

ln the region al.umin:ium sulphate is used mainly for the puri

:f:icoation or water" Moreover, :it is needed for paper glueing 

and varnish production. 

So :far Rhodesia bas been the only country of' the subreg.ion 

producing aluminium sulphate, The superphosphate plant exist

ing .in Rhodesia manufactures 4,800 tons of' aluminium sulphate 

a year, Its capacity ls 7,000 tons a year. 

Just as i.n the case o:f several other chemical products i·t was 

nC't poss:i.ble with aluminium sulphate to find exact :figures j_n 

the import statistics o:f the subregion. In almost all cases 

al.1mtnium sulpl1ate was listed in one group with other chemicals. 

The aluminium su1phate demand of the former Central African 

Federation can already be met by the production in Rhodesia. 

Th•~ref'ore, only the remaining countries of the region must 

be considered. On the basis of' experience gained in other 

simi.lar devel.oping ,,ountries :it can be assumed that about 

3 k:llos ot: aluwin:tum sulphate per head of' the urban popu1ation 

ar, used f'or water purification. 

This is an average value, the consumption may differ :from 

country to country according to the quality o:f the water re

sources~ 

On the assumption t.11.at about J per cent of the total population 

of '::he regi.on live in towns with an urban water supply (more 

than. 10,000 inhabitants) and that: the total population o:f 

th:.s area will. be 70 million people in 1970, an urgan popula.

ti"n o:f 2.·1 m:illio:n people results. 
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This means a demand of about 

6,300 tons of aluminium sulphate a year 

for water purification. 

The import price for aluminium sulphate cif East African 

,~oast is 

60 to 70 US$ per ton, 
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Raw Materials I Aux:i.liapies and Uti.lities 

'l'hts section covers only raw materials which may be needed 

f'0.t· one of the chemical productions to be investigated in 

thj s study, 

A :iivi sion 1:ry countries has been chosen :for this section :Ln 

or::.er to obtain an exact survey of· the raw material resources 

ot· ••ach country of the .East Af"r:lcan Subregion, 

- Lo,~a tion 

0
• Res e:r.ves 

- Qua .li ty, and 

~ Prices or costs of' extraction 

of' the raw mate:r1a1 deposits are examined, 

I:f :i.ndi.vidual cowi.tri.es prove u.nable to supply the :ra.w materials 

ne,~ded :for the envisaged productions the import prices for 

t.h,;se products are ascertained, 

As .:ar as auxil:iaries and uti.lities are concerned, availability, 

pr:.ces and qualities are determined, 

A r1ean load fact:o:r· usual in chemical industry was assumed i.11 

t:h,.- de terndna ti.on o;f the pri.c es f'or e1.ec tric energy, 
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4.1 Ethiopia 

Silicates 

Silicates in the f'orm of' iron-magnesium-silicon dioxide 

of a purity of' approx, 70 per cent are obtained as by-products 

ir. gold mining near Tschakiso (Sidamo), The place is located 

about 500 km south of' Addis Ababa and can be reached over a 

good all-weather road of' 435 km length and a branch road of' 

25 km length. In 1964 200,000 tons of' this quartz sand were 

won, 10,000 tons of' this quantity being used in the produotior. 

of ceram:i.cs. It is supposed that there are l.arge resel.'ves, 

The sales price would be 

o.4 to o.8 US$ per ton 

f'or large quantities. 

Li:nes tone 

Limestone is won mainly in the following 4 limestone quarries, 

lo,~ated at 

Distance :from Addis Ababa 

- Mugher 65 km 

- Dire Dawa lioo km 

- Malhaca 150 km 

- Massawa 900 km 

Tho total quantity m:i.ned in the 4 quarries averages 

95,000 tons/year, The li.:nestone obtained is used exclusively 

f'or cement production. 
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Coal 

Brown coal - lignite deposits with reserves o:f about 

10 million tons are located near Nejo and Didessa, The 

deposits have not yet been exp.loi ted nor a.re there any 

concrete plans :for their exploitation, 

~::!!E!:1:'E 
Several deposits are located in the region arouna Dallol 

a.nd Dauphane, Their exploitation has been stoppE>d, since 

the costs incurred are so high that the sulphur obtained 

·,;ould be at least as expensive as imported sulpnur. The 

import price :for sulphur cif' Assa.b is 

27 US$ per ton. 

Salt 

The salt works near 

- Dallol 

- Dallac 

- Assab 

- Massawa 

~.re the main producers o:f sodium chloride (NaCl), In the past 

years the production averaged 200,000 tons/year, 70 per cent 

being exported, Reserves are considerable and an expansion o:f 

the existing production capacity is possible, 

Jn the surroundings o:f the Koka Dam the salt can be supplied 

at a price o:f 

20 US$ per ton 

for industrial utilization, 
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Potash Sal.ts 

Large potash salt dept1si ts cl.re t·om1.d in the region eJ' 

Dallol. An American firm exploits the depo:sits :'1.nd :!.nt.<ends 

to begin with the productJ.on o:f potash .fflrtiliz,,~·,, in l 967. 

The oomposi ticn r,f'. the potash salt as raw setl.t iE< a& f0Jlows: 

- sylvite 42 pei:· cent 

anhydrous gypsum 10 to 1 .5 per cent 

carnallite 2 to 4 per Cflnt:0s 

It is planned to shi.p the f'inished prod• .. 10 t t;,:, tt-w HSA a.nd 1.he 

»ar East via the newly emerging port of' Ras A.ndargue, 'fhe 

envisaged scope o:f production will range hetweE-n f.00,000 and 

11)0, 000 t;ons/yea:i.'. According to the cal cu.la tic•ns cf' the 

American :firm the :fertiliz:tng salt can be :-uppl1.ted at a price 

:f,)b Ras Andargue of 

26.5 US$ per ton. 

The compa::able price on the world mai·ket :l.s 

Ji US$ per ton. 

Benzene 

}:t is not known whether the re:finery at Assab can supply 

ben!.2!Bne in the near f'uture-~ Benzene impo::t"ts would bP pz'!snible 

at a price of 

130 l'S$ per ton 

c:ii' Assab. 
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Ethyl A.1 r:ohol ~~_,-• --=-=- -· 
It, is takE!n fot· granted that ethy.l ?...l ohol is aval l'l.hle 

at a price of 

A ret 

:::(1 is \.'ilildex· ci::rnstru1,t:lcnJ ,"'lt A __ sti:ab., Jt_ L~ t.:; ~t.:;1:"~ p:i'i~ .. 1,-,.~·c:.::"~t 

::r:~- the end of: !96€o Th0 :frdlr·wir.:g p:r:c-in<:t:tnn pr.:ig·r::-,:~,;;.~t: ~5 

E n v~. ,::u.xtre d s 

ref•i:n.ery gas 15,000 tiOtt,f; 

- LPG 5,000 '!,{;!1 . .S 

premium 
gaso]ine .;o 1J'H)0 tons 

ncrrn>1: .. -.. 
g a.s 01 ir,, e ,000 t,O:tl :3 

~· ke:t:c Bene 183,000 t(·,.n.s 

die,sel oil ·ti_? s 000 to-r;.s 

asphalt 36,000 tonn/J 

',,ith rega:t'd tc, the lon1l nond.it:ions the fol 1.ow.ing p.ri<:es 

-•re to be expa~ted1 

1:Lgh t virgin :naphtha 1 7 o 5 US$ pf"r --i: on 

= !',tel cdl i7o5 US$ p~!' ten 

refinery gas 0.29 US$ per 1,oon k0al. 
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Electric_ Enei·gy 

A1:,out 22 diesel and hydro-electric power ste,tions with 

08,paoi tis>s o:f 100 to 4 50 kW are spr'3ad over the country, 

In add:Ltior, there are the hydro-electric power station at 

l:!2,hr-Dar~Tis-Ahbai with a capacity of 7,600 l<W and the diesel 

pc•wer station at Asi;ab with 2,000 kW, The source of energy 

wz,:;h the greatest economic importance is the power station 

n€ ar Koka on 'the AwaE>h Ri_ver, 80 km so•;1th ot' Addis Ababa, 

T~,, tu~bines insta.llsd in this power station have a capacity 

of 4J,OOO kW and can meet a demand of' 115 mil,lion kWh a ye,u·, 

T·,,, expansion c,:f the Koka Power Station by another 60,000 kW 

t, a total o:f 10:3,000 kW will soon be concluded, The Koka 

P)ater Station is connected with Addis Ababa, Diri Dawa and 

H.,rar by a lmig-distance J,ine. The following tari:f:fs are valid 

f•)!:" indus t:t"ial consumers: 

on the coast 

- i:n the interior 

- large induotrial consumers 
(salt electrolysis) near the 
Koka Power Station 
preellm.ably 

4, :· French Somalia 

US$/kWh 

0.03 

0.02 

0.014 

Ir. Fr;c;nch Somal:i.a only the port town o:f' Djibouti (transit 

tc Ethiopia) has economic importance, The population number 

j,E very smalJ_ compared with other countries, Part o:f it has 

s,;':t,led near Djibouti or in the town itself, however, nomads 

in the inte:t•io1:· account ±'or the largest part. 

FrHich Soma1ia possesses no raw ma::erial resources 1;0 be 

i'1v.;;stigate<l ln the scope o:f this study. 



The gypB·o.m d t.s near Berbera a.re the only raw ma.ter:i.al 

:r f:> i- ,:.11:t'·'z:es k.r1.r,wn :in S0:maJ ia. whose exp1.oi t.a.t:j_on :for ,:;)h.e:m:i.cal 

:L·ui''J.&Try might b,e advisahl.e11-

tions and boring fo;,:, 

rift r.~c t e,z.n-i h;;._.v..., ·been ca:t·:-:•j",ed out by t.he Ame:r'io-a,n oi.1 c:onrpa.ny 

t; _, lf'o ,:\.~; 0:!fJ'.:'!ding t~;,. in:f0,:-,ma tion 'by G"' .. LLf: nc: [H?,~;:t•r}-lell.trl has :been 

n,e dep1cs•ts ]r"'"t"'d nea.:x• Bel"bera (800 km f.rvm Mogadisc~i.-~) 

h:iv~ -~ high ps?."r!i?nta.,gB purity. I'he :r,"'esources are estimated 

a• )(, mL11:'.,,n f.{>ns. lt :'. .. "- pla:rni.ed t.o exploit t.be d+:pos:i.t., and 

'· e.xp,o.,t gyp«mm. An '3 "tern,j,cn of' t:he port nf Berber 3. is 

c~nsider•ed by the gove~T.ment, At present India imports 

'! ,. ?. m.i.l.1 i 1)n :;on v·,;,£1.r of' gJ"psu.m .f'or cement and :f'ertili2.;er 

p:c -:,duo t.icm. 

Th2 saJt, produ .. ct:ion cover&S about 4jOOO tcns/:y-earo Indu~tria.l 

u t:Ll:izat:ton of" t,his quant:l t;y cann.ot be considered~ sl.nce it 

.I , t eo smaJl a.nd since, an expansion of' the e.xis ting p.lant is 

E'.1 •-;<:1:tJ:~ic E:t:i.t?:t"gv 
•-,.-.~ •~•~,,a-J~~~c,=, -=-1' 

D· .. ~ seJ p.:,w~T1 s "I:-~ ti.ons .eu.pp.ly thP .lart?:·01"' towne with energy· .. 

3. !50 kW .,,,t'e 1.nsta.lJe,d :Ln th,;, power 8tatic,.n at Mogadiscic, and 

1 ,. iB planned i'.,, ins tea U an.other 1 , 000 kW in l 966, A total o:f 

t:c 20 t,Jwns ln Som.c;.U.a. are supp.U.ect wi.th electric energy, 
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Thr~ t·a.rLffs amount to 

- O, i ! J lJS$ per kWh :f'or households 

- 0,086 US$ per kWh :for large consumers. 

A.s no ;r,a:f.inery exists in the country, all petroleum products 

·, ,1st be impo:rted, 

Soda produotlon on Lake Magadi, 90 km southwest of Nairobi, 

,·hich has been operating already since 1924, is one oi' the 

r,,,5t important branches o:f' Kenya's industry. It belongs to 

the largest natural soda deposits in the world, The average 

i::roduotion of" the last, years was somewhat h:l.gher than 

J00,000 tons/year. 

fhe analysis o:f the Magadi sodas reads! 

~ s(;d:itun carbonate Na
2
co

3 97, .5 .5 per cent 

- sodiu.'!I bi.carbonate NaHCOJ 0,05 per cent 

- sodium chloride NaCl 0.50 per cent 

- sodiu__m sulphate Na2 so/+ 0 ,40 per cent 

- Sf:diUlll f"luoride NaF 1,28 per cent 

soluble si.1:1.ca te 0,03 pe:,c eent 

- ferric o;cide Fe2o
3 

O,OJ per cent; 

- unsoluble silicate 0 • .50 per C'3nt 

·- water H
2

o 0.10 per cenr, 

r,,r :!.n.dustr:ial utilization the soda or Lake Magadi :is 

"vai:lal;,1 e at. a price of' 

JO to J2 US$ psr ton, 
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Salt 

Salt in larger quantities is also won on Lake Magadi, The 

production of' the last years amounted to 20,000 tons/year. 

tlalt f'or a chlorine-alkali electrolysis is availal:le i.n suf'f'i

cient quantities, As we were informed, salt is marketed in 

Nairobi at a price of 

22 US$ per ton, 

L:tmestone 

Limestone is found in various deposits, the main extraction 

center being near Kabini Hill. In 1964 the production was about 

~00,000 tons which were chiefly used for cement production, 

1he prices f',o,r, Kabini Hill amount to 

- 3 US$ ,per ton f'or limestone 
-27 US$ 'per ton f'or quicklime. 

'.Ihe gypsum·resources in the northern province near Garissa 

(3'50 km northeast of' Nairobi) and Mal.indi (130 km north of' 

Mombasa) are used excl.usively f'or cement manufacture. The 

production is about 20,000 tons/year. The cost is extremely 

high because transport by road is necessary, 

Benzene 

It is not certain whether the refinery at Mombasa is in a po

sition to supply benzene, Therefore, :I. t is assumed that ben•• 

zene has to be imported at a price or 

130 US$ per ton 

ci:f Mombasa. 

!!! ! !! X: .! - ! :!: !': 2 !!:! 2 !: 
If alcohol cannot be supplied £rom the country's own production 

it must be imported at a price of' about 

150 US$ per ton 

elf' Mombasa, 



A,; no sulphur deposits are :fow1d in Kenya, sulphur has to 

bn imported. The pr:'..ce cif' Mo~basa i 

JO US$ per ton, 

E.• frctric Energy 

OnJ.y JO per cent o.r the total capacity are installed in 

hy,:1roe:lectr.io p0,rnr stations. The li'stat<li,.hmeni; 0£ a f'urther 

hydroelectric power station 011 ·:rana Riv,n' at Sever. Forks ii' 

pJanned by the governm<>nt. In the :first phase of· production 

4t MW shall be :i.ns talJ.ed; in the second production phase the 

capacity shall be ex tended to 2JO M\i. 

In -addition K<;nya i.mports e.lec tric energy f'rom Uganda and 

'T' . ' uar,zan1a., 

1950 

44.9 

Consumption of' Electric Energy in Kenya 
(in million kWh) 

1957 1958 

213,7 215,2 domestic 
production 

4:, 9 ~=~ g_9::: ~~~=~=.c291 :: _·~~~"'~~ :~::: ~~~•== ::::: == ::::E-7 
Up to now the tarif':fz, vari.t1:d fut.• customers in three licence 

ar.•~as, In the f·utu:r-e one tarif':f shall be va.lied f'or all areas. 

]'or industrial consumers with a consumption of' more than 

48,000 kWh/year th:is ta:rLf.f amounts to 

0. 02 US$ pe:r.' kWh, 
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:=;0nsum9rs wlth a high 1vad f'acto:r· (alkaline chlo1~id.e 

f- lectrol ysi.!5) wi.lJ rect:i_ vt> thB en~rgy at 

0,01 US$ ;:;er kWh, 

rtlis is possible because K,mya imports energy !'rem, Uganda 

at a price o:f 0nl.y 

0,0065 US$ per kWh, 

A re:finery with a crude o:l.1. capacity •)f' 1 mil:l.ion t,,ns/year 

. ., !H31.'a tes at MoMba9a, NCI de:fini te data could be obtained 

~bout the pi•oduoti::>n prc.,gramme. 

rne :main p:t"oducts a.re: 

- .light virgin naphtha 

heavy benz;ine 

ke:it"'OSti:t\e 

""~ dil;;lee,.1 oil 

- hea.vy ,):!cl, 

The r<e:t'inery gas is burnt of'f, The:1.'e are not yet any plans 

::'.e:.\r av indastriaJ. utilization of' th':l' gas. 

L'le prices :for large consumers can b8 calculated to be 

light v:t:,:-gin llaphtha 18 US$ pe,r ton 

f'uel oil 18 US$ pe:".' ton 

re:f:tnery ga" 0. J US$ per 1 , 000 kcal, 



4 • .5 Uganda 

Crude_Phosphates 

The raw material resources near Tororo are already being 

exploited and processed into single superphosphate 

(21,5 per cent of' P2 o
5
). The resources account :for 2.00 

million tons of' apatite containing 12 to 15 per cent of· 

P2 o
5

, On an average 7,500 tons/year of apatite are ooncentrat

e_d 1;0 40 per oent o:f P2 o
5 

and processed into 25,000 tons/year 

of single superphosphate. 

It is planned to extend the capacity of' the plant to 

10J,000 tons/year of' single superphosphate, The sulphuric 

acid. needed :for the process is produced out of' imported sulphur 

in the plant itself', The capacity of' this plant covers 

10,000 tons/year of sulphurie acid. (98, 99 per cent), Sulphuric 

acid is used almost exclusively £'or phosphate production, 

To:coro is connected with K~pala and Nairobi by railway 

as well as by a good road, 

Limestone 

Tlucee large deposits are known: 

.. at Tororo (235 km rail distance f'rom Kampala) 

·· at Rima (16 km x•oad distance plus 335 km rail distance 
:from Kampala) 

- on Dura River (305 km rail distance f'rom Kampala), 

Th" resources at Tororo have not yet been exactly determined. 

ThH reserves at Rima are said to be 17 million tons and on 

Dm·a River 1 to 2 million tons, 



Quicklime in low quantities is produced at Hima and Tororo, 

It is used by the building industry and f'or copper pro

duction. 

The lime stone found at the different locations shows 

the following impurities: 

~ Tororo 1, 7 to '.3,8 per cent of' P205 
1 , 0 to 2,0 per cent of' Mg0 

..,. Hima 0,4 to O, 5 per cent of' P205 
2,0 to 10, o per cent of' Mg0 

1 , 0 per cent of' Fe
2
o

3 

~ Dura River 2 per cent of' P205 

3 per cent of' MgO 

O,:J per cent of' Si02 
0, 1 per' cent of' Fe

2
o

3
, 

Salt 

The salt depostis are concentrated on Lake Katwe, Due to 

che seasonal fluctuations of' the water level three dif'f'erent 

salt qualities are obtained. 

The salt deposists of' Lake Katwe are at 383 km distance from 

Kampala (48 km road and 335 km railway). In the past years 

about 10,000 tons/year of' salt was obtained, 

Information on the extension of' capacity was not available. 



Tba r .. serves amo,mt to 

- NaCl 6,50 ,ooo tons 

- Na2 so
4 

250,000 tons 

- Na2co
3 

320,000 tons 

- KCl 170,000 tons 

- KBr 10,000 tons. 

!:}' :: ! ! !: 
Pyrite deposits (as well as copper resources) are f'ou.nd 

near Kil&):mbe, They are not yet exploited, Since the pyrites 

have a high cobalt content, it is planned to construct a 

cobalt extraction. plant, Pyrite will be obtained in s'ui':ficient 

quantities, after starting o:f operation o:f the plant,' 

The price of' pyrite will presumably be 

7,5 US$ per ton 

Si:n.oe sulphur deposits do not exist, sulphur has to be imported 

at a price o:f 

48 US$ per ton 

ci:r Jinja, 

Be11zene 

No benz- producer is known in the country, Imported benzene 

wo•ild cost 

141,5 US$ per ton. 

oi,' Jinja. 
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I1; is assumed that ethyl alcohol can be imported at a 

pri.ce of 

150 US$ per ton 

or be produced at the same price in the country herself, 

Electr:ic_Energy 

1!,ble 50 Electric Energy Generated in Uganda 
(in million kWh) 

~ pe 1959 1960 1961 I 1962 1963 
! ' I Hy droelectric 

4.34. 7741 345,.570 396,166 4.52,.328 496,540 I po wer station 

In· ' 1 ! po 
esel 

o. 069 I wer station 0,.316 0,292 0,818 0,463 
' ·- -

To tal 345,886 396,458 4J4,800 4.53,146 497,003 
=~~=========~=====·-==== = ===-============- = ======== "'=========·· 

Th,, power station on the Owen Falls is by i'ar the most 

important source o:t" energy in Uganda, Its capacity o:f 

120,000 kW a year remained wichanged from 1958 to 196.5, For 

1966 an extension to 150,000 kW is planned, 

Thu :following projects are planned: 

1, Construction of a hydroelectric power station near Buagali 

(7 km from JinJa) with an installed capacity of' 180,000 kW, 

The estimated construction period is 5 years. 
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2. Construction of: a hydroelectric power station on the 

Murchison Falls with an installed capacity of' 180,000 

to 190,000 kW in the final state, The construction cost~ 

are lower than in the case of' project ·, • According 

to estimates they will amou..>1t to 11,2 million US$,The 

envisaged constructiGn period is J,5 years, 

Uzanda exports energy of' about 200 million kWh/year to Kenya 

a. t. a price of 

0.0065 US$ per kWh, 

J.11 Uganda electric power cannot yet be suppl:ted at this price, 

.!\.-:cording to statements by the competent au.thori ties, however, 

;i,; is envisaged to supply large consumers with an installed 

capacity of more than JO, 000 kl with energy at a price of· 

0,0057 US$ per kWh, 

R,,:finery _ P-0duc ts 

u,;anda does not possess a refinery so that all ref'inery products 

he.ve to be imported, The :following prices are supposed to be 

V6.lid for large consumers: 

light virgin naphtha 48 US$ per ton 

- fuel oi.l 40 {TS$ per ton, 
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4.6 Tanzania 

Crude_£hosphates 

Crude phosphate deposits of about 10 million tons are l.ooa ted 

1n the northern part of the country i.n the Min Jingu Hills 

and on Lake Manijara. The P
2

o
5 

content is 20 per cent, The 

deposits are at about 130 km distance :from the reloading 

station of Arusha • The production costs for a 31 per cent 

,y,ncentrate are estimated at 

12,6 US$ per ton, 

The deposits are not yet being exploited, However, plans for 

thei.r exploitation have been submitted to the government, 

Cc.al 

Geological investigations in the last years have shown that 

co3,l is :found in the western and southwestern part o:f the 

o::rnntry, The coal :fields o:f Ruhuhu and of Songwe Kiwira are 

m:ist i.mp,:,rtant, Both are at about 150 km distance from Lake 

M1 law1., The distance .from the coast is about 800 krn, The 

t,tal coal reserves are estimated to be 400 million tons. 

s,, f'ar none of the coal fields has been exploited. 

The f·ol.lowing data on the composition of the coal o:f Ruhuhu 

Field are known to usi 

- humidity 1.5 to 3 per cent 

- carbon content 55 t.o 60 per cent 

- volatile elements 23 to 26 per cent 

~ ash content 14 to !8 per cent, 

The coal o:f Scngwe Kiwira. dj.:f'f'ers from the Ruhuhu coal only 

in its humidity. The cal.crif'io value is 7,000 kcal./kg, 
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Pyrite resources with a sulphur content of JO per cent are 

located near Geita in the Lake Victoria District (80 km from 

:-twwiza), The deposits are not yet exploited, The costs of 

extraction are calculated at 

20 US$ per ton, 

Hel.ated to 100 per cent sulphur this means a price of 

66 US$ per ton of' sulphur, 

S-'?tlt 

iictl t production in Tanzania averages 10,000 tons/year by 

<!Vaporation of' seawater plus 22,000 tons/year f'rom the 

Nyanza salt mine. A utilization o:f the salt :from tho Nyanza 

salt mine at the coast is not possible because the trar1sport 

ways are too long, The costs for the winning of' salt near 

Dar-Es-Salaam amount to 

20 US$ per ton, 

F,en,ene -------
A benzene production does not exist in Tanzania. 

Eenzene can be imported at a price of' 

130 US$ per ton 

cif' Dar-Es-Salaam. 
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Erhvl Alcohol ---·---- ... ----
It is assumed that ethyl alcohol can be imported at a price 

01' 

150 US$ per ton 

or that it may be p:t·oduced at thi.s price in the country 

herself·. 

S1.,J.phur deposits are not known, Sulphur can be imported at 

a price of' 

J1 US$ per ton 

cif' Dar-Es-Salaam, 

E.Lec tr:tc _.l!,'nergy 

·ri,e tot.9.l ;l.nstalled capacity amount;, to more than 60,000 kW, 

70 per cent being installed in hydroelectric power stations 

and JO per cent in diesel stations, In the last decade the 

consumption of' electric energy has reached six times its 

initial height, The hydroelectric power station on the Panjani 

R:.ver with an installed capacity o:f 38,500 kW is the most 

inportant source of ener-g·y. 

Further hydroeleotric power stations are planned by the 

government, The electric energy is supplied to industria.l 

consu.'1lers at a price of' 

0,018 US$ per kWh, 
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It is assumed that the energy can be supplied to industrial 

c,0?1sumers with high capacities ( alkaline chloride electrolysis) 

at a price of 

0.015 US$ per kWh, 

R,af'inery _ Products 

A =efinery is under construction in Dar-Es-Salaam. It is said 

t,, start production in 1966. Its capacity is 600,000 tons/year 

o·' crude oil. The production programme comprises the following 

products and quantities: 

- refinery gas 21,500 tons 

- LPG 7,JOO tons 

light virgin 
naphtha 1JJ,200 tons 

- kerosene 63,000 tons 

- heavy gasoil 26,000 tons 

- residue 211 , 000 tonso 

Large consumers must expect approximately the following 

prices: 

light virgin naphtha 18 US$ per ton 

- fuel oil 18 US$ per ton 

- refinery gas O.J US$ per 1,000 kcal. 



Rwa:c:da 

The only raw material to be considered in the scope of' 

•Jiis investi.gati:m is tht· natural gas of Lake Kivu, Lake Ki.vu 

is 1,,ca ted about 1 50 km west o:f' Kigali, 

Inve~tig~t.ions of' the 

shown tha,:; about 57 x 

UCB 

109 
~Union Chimiqc1e Belgique) have 

standard 

a,:·e physically dissolved in water, 

H,:° resp, o,lt12 st,rn3 of: CH4 /m3 of' 

cubic metres of' methane 

1,62 st,m3 of· gas/m3 of' 

n
2

o are dissolved in tJ-t<c 

gs.s-car=·ying water bed between 275 and 400 rn, depth, 

The gas in the gas-car::-ying bed has the following c0mposition: 

- carbon dioxide CO2 73.5 per cent 

.. methane CH14 24,9 per cent 

- water n 2 o 0,05 per cent 

- nitrogen N • 2 1 • 5.5 per cent 

- hydrn 5 ?n 
sul.phide H

2
S. traces 

Investigations :t.ave proved that the water of' Lake Kivu has 

a max, pH-value of' 9,J, which indicates a high content of' 

m:'.nP.ral salts, On the east side o:f' the lake, approx. 1 km south 

o:~ Kis~nje, an e:xpi0':;-::•i!ne:ntal station wi:::is natural gas :Crom the 

lake. Th~·ongh water wash:l.ng the con-content ot: the gas is reduc-
e. 

ed :from 73o5 to 25 per centt> 

A1'ter pre para ti.on the gas cons is ts of' 

- 7.5 per cent 

per cent 

CH 4 
CO

2 



~n•d J:uia a. ca.lo~i.:fic val ·ue 

A q ,mn ti ty of' about 7, 000 
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of approx, 4,000 

standard m3/d is 

'l 
kcal/st.m~. 

obtained at 

r:s·esent, The gas ie delivered exolusi vely to one brewery 

wht;re it .serves £or the generation of steaw..o 

2 t haB not been clar·if"i.ed .,.s ye:; whether a large-sea.le 

t.,,.Jh:n.ical extraction of' natural gas :from the lake is possible 

wi. thcut endangering the stability of the deposit. No la~•ge 

1-::dustrial pro_jects on the ba.sis of natural gas can be 

p1ar,:,ed he:fore this question has be,;n thoroughly examined, 

·1 '.: ,000 kW are instal.led in the two hydroelectr:l.c and diese t 

pcwer stations of the country, In addition Rwanda is supplied 

with en£rgy :from the pm,er station of Bu.kavu in the Cor.go. 

T:1e price c:f electric power is 

0,025 US$ per kWh. 

4,8 Bur-;mdi 

N•) raw 1r.a terial deposits are known in Burundi which might 

b,, o:f importance f'o:t• the chemical industry, 

Only near Bujumbura gravimetric measurements have been made 

a.ml ,rnismographio i,:,veB tiga tior.s a:re planned. 

E~_eci;i ... i.c Energv _o,~_,,.,,,,_~.,__,,.,. ___ g,, 

The largest part of' the electric energy consumed in Btu:undi 

1;; suppl.ied by the power station of' Bukavu in the Cong,:,, 

Tuo tu:iob::.nes each with a capacity of' 6,800 kW are installed 

i:, this powe::c station, the installatj_on of' a third one of 

ti-.,-. same capacity is envisaged :for the near f'utu.re, 
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~P the Buj-;L'n.bu2 .. a arGa 1 million kWh 0£' el.ect:ric e11_e:rgy 

pnr month a:t·e cons::uned<> It is ir.-itended to extend tJH;i capacity 

-:-1' ';he diesel pc,wer Bt;ation f'rom 3,000 kW to I, ,000 kW, 

~o.reovez' 1 the e,::i,tabliEhment of· a new diesel power statj.011 

rt is planned to construct a dam and a power station near 

_j-;Jj'U!n.burao Fo:r the :f':.trst developmeni; phase two t1.11•bines with 

.,-1 i:nsta11ed capaclty o±' tO,OOO kW a:r.e envisa.ged, In the 

~<::.con<l phase it :1-s :i.:ntanded to ~x tPnd this capacity to 

1 .:,o, ooo or ;.~oo, ooo kW« 

'Tt1e pri.ce :for indubtrial consumers is 

0,07.5 US$ per kWh 

:i\)r energy :from the diesel power s ta t:i.on, and 

0.022 US$ per kWh 

ft,r energy :Cro;n the hydroelectric power station of Eukavu. 

I': is pla:m.1.ed to increase the .latter price by 20 per cent. 

Madagasca:.' 

'Wi. th i:he exo€'-.pti.on 0£ chrome ores which ~.re ex.ported 1 as yet 

none of: the raw mate:-:ial :i.':'esources of· the country ~-s 

exp.l~)i ~ed c 

B,uudte 

Bctuxi te deposits o:f i million tons a:re located nea:t' Fort

D,uphin and Vang~'1idra.no. The depos:i.ts at Fort-Dauphin are 

<Y..r11.ed by private entrepreneurs whereas the deprJsits at 

Va:'.1ganidrano are state property, 



Bituru.e:n 

Pi i;umen ctepos:L ts wi. th e, reserve of about J, 000 million tons 

a:::-e f'<:iund near 

{ "' . ' - Bemola.nga ,:;;oo km ;from , ananar:. ve) 

""' Srunbania ( I 00 km f:r0m Tananarive) • 

:oal_and~L~g;i,.ite 

: '.'Jal depnsi ts o:f 60 mil.lio:e1 t,,ns (with a mean calorific 

, ,,,i,;,., o:f 6, _500 kca.1/kilo, a,-,_ 18 por cent '"-sh content at,,·i 

? j per cent vol a tile components) are ±'01.1-rctl near Sak.oa 

( 1 00 km f'rom Tul i,ar) • 

Lig:ni.te res"lrves o:f' 18 rcill:Lon toi:os {JO per cent asn content 

a:nd 3!5 per cent volati.le components) are located near Samban.ia. 

Chromite 

'."here exist two impoZ'tant deposits ot: chromi t,e 

i\J!,drL•~ena ( 4 50 k.l!l 1'ron: T,m1a tavs.) 

60 m:'.l.l:i.0J1 tons, cr2 o
3 

content 45 to 1;8 pez:- 01,nt, 

Ra ti f.J c:::,/F(: : 2 ,, 8 

Re➔;nomena { 4 0 km :from Tama ta.vo) 

2,5 million tons, Cr
2

o
3 

content 45 to 1;8 per cent. 

Ratic, Cr/F'e: 1 o.5 

1'hE:.::t'e is a, good road cn:u.1M:,c ti.o:n :f':t:•om Tama tave to Ranornena 11 

")0 ~000 tons,/year of' ch:.rcime i1'83 !'02:· export purposes are mined 

:ir, this dt-?posi t e 

1 ;',, 000 tons o:f ,;alt/yea:::· are won by aea water· evapor.a tion 

,;1 t Diego-Suarfiz o 



'-'.i,.'t 1 p}11.:1:' 
~~ ~ -·-"-""-

n~a to be iwported at a 

! !: ;:::~ Ct':;zr:t :t'Y .Ls :suppli6d with f?] &,:, -t:z~:tc e!H:irgy by :r--:-j_ v<:: h.vd:r.-·,: ...... 

~: lectric t--~r·.w.::r '.:~tat:.::.r_,ns w.:i.th :::t tr•te-~l :f;r:.,s talled capaci. ty r.f 

• ~- 9 000 kW r_.:_.1.d l>y b·?vt::>l:'::tl di'77.b9-1 _po-~~e.r ~:;ta.ti<'-~1..s .,,_~ith. a. ~:•)·t:a . .1 

inatalled oapac~ty uf 26,000 kW. 

h rei".i!:.~,rv with ft capacity or 5ooto0O tons/year n:r crudn 

t :· .. 1 :-,..s 1!.-ri<lB::t" C')11.~ t?:fiCtic-.:1 a.nd :is J_.::.k~.ly to start ope:t•a.tio:-I 

1:ight p~•oducts 100,000 tor1 .. ~/year 

gas o:l.1 

- diesel 0:i.l 

6,000 to:,:s/;n'ar 

:w ,(;00 

'.JO, 000 

J0,000 

t,~tns/y0a:t• 

-+:-o .... , q/•"e2r ., .r., " :, . ... 

t o:v.s /year. 



rr-" ref'ine:t··y ga.s 

.. ~ b:.xtane 
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·18,000 

7,400 tone/yea~· 

15.gt\t p:::'Oduc ts 24 :, , 000 

= die.sel o::Ll 

= bunke::t• <1,1:!,1. 

56,000 tons/y<>,>.r 

4:1, 000 

1 :!.ght vi~•g;l.n naphtha 1 9 US$ pe:,;, trn, 

- fu~l nil. 19 US$ pesr. i;on 

- ::."e.finery g&LE3 0 o) 1 5 TJS$ pe-1:~ 1 , 000 koal o 

:Ln t:he ;-;o~t:h o~f" the cou.:ntry f'O::'' th~ p2·•(id11ction o,f' hig:h

q11t:1l:tty J.:I.meo The production av8ragbs 10,000 tons/y<·~a.ro 

Th;;, 1.ime is used mai1,l.y in the sugar industry and for roa.i:i 

cons true tio:n(r Planfi envisage the ut:t1 i~a tio:::1. oi' 1ime .for cement 

p:r.:,ductiono A p:!"ice c:f 

25,5 US$ per ton 
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Salt 

sti;,dies are being cr,:nd·icted on a.r, extensicn of ca.pa.city c<nd 

the utilization o:f th,:; salt ±:o:-: th€> manuf·a.:;, ture nf soda, lyr• 

anc. chlnrine, 

The pri•oe o:f salt ra!'.ges between 

35 and 40 ~S$ per ton. 

For industrial utilization the price would have to be 

reduced to 

15 t0 20 US$ per ton, 

Phosphates 

Investigations have proved that considerable quantities of 

crude phosphates can be minod on the isles betwe,m Mau.1'.'itius 

and the Seychelles. In other studies the possibility to establish 

a superphosphate plant at Port Lo•.:lis has been examined, 

"!Plectric_Energz 

About 17,000 kW are installed in hydroelectric power station,; 

and 16,000 kW in a diesel powe:,:• station nea:t' St, Louis, 

Industrial consumers have to pay 

0,017 US$ per kWh 

of electric energy, 
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4. 11 Malawi 

In the Mlanje mountain :-:-ange Malaw:l. possesses bauxite deposits 

with reserves 0f· 60 million tons. 

The average analysis of' ·the hauxi"b9 reads: 

- free quartz 16.55 per cent 

dissolved quartz 1 • 1 8 per cent 

- aluminium oxide 
Al2 o

3 
42.65 per cent 

f'errio oxide 
Fe2 o

3 
13.99 per oent 

- titanium oxide 
Ti02 1 • per cent 

- miscellaneous 23.46 per cent. 

The deposits are not yet being exploited. The next railway 

junction (Luchenza) is located at ar,out 30 1an distance. 

Lu~henza is connected with Beir.a by a ~ailway line of' 500 km 

and with Blantpe-Li.mbe by- a line of: 200 km. 

Co3.l 

Coal reserves of: about 160 million tons with a high ash 

oo:ntent are :found in the northern and southern province. They 

are not yet exploited, 

Lic'.1'.estone 

Limestone deposits are looated at various places, the resources 

at Changalumi, 14 km west of: Zomba, being most important 

(1)0 million tons). 

Mo:~eover, large quantities of' high-.quality limestone are found 

ne,ir Chilwa Island, 32 km :from Zombe, 
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1'his limestone has the f'ollowing analysis: 

- calcium carbonate 

- magnesium carbonate 

- silicon dioxide 

- f'erric oxide and 
aluminium oxide 

93,03 per cent 

0,38 per cent 

3.13 per cent 

1,80 per cent, 

Malawi possesses several pyrite deposits. The most important 

ones are: 

- Malingundi Hill 26 km southwest of' Lilongwe 

- Nanzeka Hill 22 km north of' Dowa 

- Chisepo Hill 50 km northwest of' Lilongwe 

- Chirobwo Hill 50 km westnorthwest of' Lilongwe, 

'l'he mean sulphur content is 10 per cent, The deposits are 

r:.ot yet being exploited, 

Crude_Phosphates 

ln the north of' Mlanje (Tundulu Hill) phosphate deposits 

cf' the following kind are located: 

800,000 tons of' apatite of more than 20 per ce:,it P205 
1,000,000 tons of' apatite of' more than 10 per cep.t P205 

500,000 tons of' apa·~ite of more than 5 per cent P2 o
5 

'.r'he costs of' mining are estimated at 

2,8 US$ per ton, 



The costs :for road transport to the loadi'ng station of 

Lc1ohenza would amount to 

4.J US$ per ton. 

!!:lectric_Energz 

The supply with electric energy in Blantyre is secured by 

a diesel power stati.on of a capacity of' 8,000 kW. A hydro

electric power station with a capacity of 10,000 kW at 

Nkul.a on Shire River, 190 km south of' Chipoka, is under contruct-, 

ion and shall. start operation in 1966. For the second devel.op

m.ant phase an expansion to 20,000 kW is envisaged, and a :further 

expansion to 40,000 or ,50,000 kW is projected f'or the :future. 

The tari:f:fs :for el.ectrio current valid at present shall. be 

r,~duced by 10 per cent in the :fir·st phase and by another 

10 per cent in the second phase of' development. In the course 

0·
0 f'i ve years it is intended to reduce the pres ant tarif'f' by a 

; 

total o:f_ ,50 per cent, 

For the moment 

0.024 US$ per kWh 

are charged. 

4 .. 12 Zambia 

Coal. 

LELrge coal. deposits are f'owid in the Gwembe district in the 

southwest region, about 150 km south of' Lusaka, Investigations 

have shown that approx, 17 million tons of' ,::oal are deposited 

down to a depth of' JOO metres, 
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The aah content o:f the coal averagea 26 per cent, the 

calorific value 5,900 kcal/kg, The deposita are not yet 

b,3ing exploited, The region can be reached over a good road, 

L:Lmestone 

D•➔posi ts with limestone of the following composition are 

f•>und near Lusaka: 

- calcium carbonate 

magnesium carbonate 

insoluble components 

93 to 94 per cent 

J to 5 per cent 

0,5 per cent 

The reserves are eatimated at more than 21 million tons. 

~1:.1'=~ 
Deposits that can be reached over a good road are located 

on Kafue River. 

In mid-1965 extraction will be started, The scope of product-
' i<m will. be 8,000 to 15,000 tona/year, 75 per cent of' this 

quantity is designed for cement manuf'acture, It can be expect

ed that it will take 20 to 30 years before the reserves are 

e:J:haus ted. 

The following price is envisaged for gypsum free to consumer 

Lusakat 

- gypsum 75 per cent 22 US$ per ton 



Salt 

Salt deposits do not exist in the country, Imported salt 

c,,sts about 

35 US$ per ton, 

The country does not possess sulphur resources, The import 

price is calculated at 

44 US$ per ton, 

Bunzene 

It is assumed that benzene can be bought from Rhodesia 

at a price of 

80 US$ per ton, 

El:ectric _En~rgy 

On the basis of an agreement between the governments of 

Rhodesia and Zambia a large part of the electric energy 

is supplied through the Kariba System. A diesel power station 

of· 8,000 kW is operating at Livingstone. The establishment of a 

hydroelectric power station of 40,000 to 60,000 kW of installed 

capacity at Livingstone is planned, The hydroelectric power 

station at Broken Hill has at present a capacity of 30,000 kW. 

Electric energy can be supplied to large consumers at a 

pr·i ce of' 

O,OOJ US$ per kWh, 
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Zambia does not possess a refinery of' her own, There:t'ore, 

it shall be supplied with the required products by the 

r•~f'inery Umtal i. 

The f'ollowing prices are valid f'or large consumers: 

- light virgin naphtha 

- :ruel oil 

4 .13 Rhodesia 

Coal 

40 US$ per ton 

40 US$ per ton. 

Major coal deposits are :round in Rhodesia. There are 14 coal 

f'j.elds of which only the Wankie deposit is exploited. The 

reserves of' this deposit cover 1,16 • 109 tons of' good-quality 

coal and 6,53 • 108 tons of' coal of minor quality. The mean 

a:nalysis (air-dried) is i 

- humidity 1 • .5 per cent 

- ash content 11 • 0 per cent 

- volatile 
components 25.5 per oent 

- oarbon 62,0 per cent. 

The sulphur content :fluctuates between 1,6 and 2,4 per cent 

and the average calorific value is 7,400 kcal/kg, 



The elementary analysis (dry,free of ashes) runs: 

- C 87.08 per cent 

- h 4.87 per cent 

- n L90 per cent 

- s 2.50 per cent 

- 0 3.05 per cent. 

Coal production covers J to J,5 million tons, Coal for 

industrial utilization is sold by the company at a price of 

J US$ per ton 

free to loading station. 

Coke 

A large part of the Wankie coal is processed into coke so 

t:1at coke for industrial purposes is available in sufficient 

q1.1anti ties. The analysis of the coke is as follows: 

- carbon 84.o per cent 

- ash content 13.0 per cent 

- volatile 
components 20.0 per cent 

- sulphur 
content 1 'J per cent 

- phosphorus 
content 0,0J per cent 

According to information by the company it is possible to 

produce coke with an ash content below 13 per cent which is 

suitable for the manufacture of carbide, 
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The coking plants are in a position to supply 70,000 tons, 

in addition to the present production, at a price of' 

4,7 US$ per ton. 

The price :for coke f'rom the normal production is 

13,3 US$ per ton. 

Benzene 

The Rhodesian coking plants produce benzene. It is likely 

that this benzene can be supplied at 

80 US$ per ton 

:for industrial purposes. 

Crude_Phosphates 

Fr~m July 1965 the phosphate deposits located 200 km :from 

Salisbury will be exploited. The phosphates which have a 

P2 •)
5
-content o:f 7 per cent shall be concentrated to a 

P2 o
5
-content o:f 38 to 39 per cent. 

Th•~ scope o:f production envisaged is 30,000 to 33,000 tons/ 

year o:f P2 o
5

• In the course of' the next f'ive years it shal.l. be 

extended to 44,000 tons/year of' P
2

o 5• In view of the capacities 

me::1tioned it may be expected that the deposits will be suf':ficient 

:fo:r the next 20 years, 
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Up to now crude phosphates from Senegal were processed. These 

p::i.osphates were supplied at a price of 

20 to 23 US$ per ton 

cif Sali.sbury. 

The phosphates of Rhodesia will cost 

17,2 US$ per ton 

a,, Salisbury. 

Lj_mestone 

Several limestone deposits are known in Rhodesia, So :far 

none of' them has been closely investigated. The largest 

rHsources are f'ound near Queque, those of the highest quality 

nE>ar Wankie, The steelmills buy about 100,000 tons/year of 

quickli.me from Queque. The producti.on costs of limestone at 

Queque are 

2,45 to 3,95 US$ per ton. 

The hi.gh-quali.ty limestone at Wankie costs 

5,65 US$ per ton. 

The cost of quicklime at Queque is 

10 US$ per ton, 
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Large pyrite deposits with a sulphur content of approx. 

38 per cent are located at Mazol, 30 km north o:f Salisbury. 

The pyrites can be us&d in sulphur production. They cost 

6 US$ per ton 

at Salisbury. 

•:hromi te 

A belt of huge chrome ore deposits extends through Rhodesia 

in north-south direction. As :far as the resources are already 

')eing exploited the ore is mined and exported. 

lcthXl _ Alcohol 

:Ct is assumed that ethyl alcohol can be manufactured in the 

,~ou:ntry at a price of 

150 US$ per ton. 

Salt 

Salt deposits are not :found in the country. The import price 

c:i:f Umtali is 

31 US$ per ton. 

lt is supposed that salt :for industrial requirements can 

be supplied at 

20 to 27 US$ per ton. 
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Electric Energy ---------.-----
The main source o:f' energy in Rhodesia is the power station 

o:ri the Kariba dam. The :f'irst development phase with an 

installed capacity o:f' 705,000 kW is :f'ully operating. A capacity 

of :f'urther 900,000 kW shall be installed in the second phase. 

Three diesel power stations with a total capacity o:f' 

·400,000 kW are linked to the Kariba System. Through a 330 

kV-line the Kariba current is supplied to Salisbury and 

Bulawayo, 

The :f'ollowing tariff's are valid for industrial large consumers: 

- near Kariba 

- at Umtali 

R<lfinery_Products 

0.0045 US$ per kWh 

0,009 US$ per kWh. 

At Feruka near Umtali a refinery with a capacity o:f' 1 million 

te>ns/year of crude oil wi.11 start production in the course 

o1' 1965, 

The :f'ollowing production programme .is envisaged: 

.!.2§.i 121.Q. 

- re:f'inery gas 25,000 25,000 tons/year 

- LPG 1,230 3,160 tons/year 

light virgin 
naphtha 296,000 J94,ooo tons/year 

- medium heavy 
petrol 69,600 87,000 tons/year 

- gas oil 2JO,OOO 375,000 tons/year 

- diesel oil 10,000 14,JOO tons/year 

- bitumen 27,700 37,000 tons/year 

- solvents 2,650 J,900 tons/year 
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It is intended to export 28 per cent of the production 

to Zambia. 

T:ie fo11owing prices wi11 be va1id for 1arge consumers: 

1ight virgin naphtha 

- fue1 oi1 

- refinery gas 

19.5 US$ per ton 

19.5 US$ per ton 

0.325 US$ per 10
4 kca1. 
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!i. Other Ca:i.cul ation Bases 

5.1 Cost o:f Construction 

The construction costs o:f a one-storey industrial hall or 

,;tore hall 1) within the countries o:f the region are indicated 

J.n Table 51. 

'l'able 51 

Country 

Ethiopia 

Somalia 

Kenya 

ligand a 

Tanzan.ia 

Nadagascar 

Cost o:f Construction 

(us$/m2
) 

Construction Country 
Cost 

60 - 90 Burundi 

80 - 100 Rwanda 

4o - 60 Malawi 

40 - 60 Rhodesia 

4!) - 60 Zambia 

40 - 60 Mauritius 

Construction 
Cost 

60 - 70 
80 - 90 

,50 - 70 

4,5 - ,50 

4 .5 - ,50 

35 - 45 

Cost data on the construction o:f buildings :for chemical industry 

are not available in T.he subregion. According to our experience 

the costs of· such buildings are about 15 per cent higher than 

in Germany. This has been considered in the calculation in 

section 7. 

1 
)With concrete :foundation, steel roo:f truss, steel window 
~rames, incl. electric cable connections and sewage 
connections. 
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.5.2 Wages and Salaries 

According to the investigation results the following wages and 

salaries can be expected in the chemical industry of the 

subregion, 

A European experts (commercial and technical management) 

B Production engineers, foremen (part of them Europeans) 

C Book-keepers, clerks, shorthand typists 

D Skilled workers 

E Unskilled workers, 

Wages and Salaries (US$/month) 

Country A B C D E 

Ethiopia 600- 800 400-.500 150-200 45-90 15-25 

Somalia 700 250-JOO 160-220 J0-45 15-25 

Kenya 500-600 350-500 120-180 60-95 25-JO 

Uganda 500- 600 350-500 1J0-180 50-80 20-JO 

Tanzania 5.50- 700 350-500 140-190 60-100 20-JO 

Burundi 1000-1200 400 140-200 50-80 J0-35 

Madagascar 800-1200 400-500 1.50-250 40-50 20-25 

Malawi 500- 600 350-400 100-150 20 10 

Rhodesia 850-1000 400-500 150-250 250 J0-50 

Zambia 700- 900 400 lJ0-160 70 1 >-250 25-40 

Mauritius 700- 800 400-500 100-150 50-60 25-JO 

-· 
1 ) For Af'ricans 
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In the chemical industry the personnel expenses play a minor 

part with regard to the total production costs. 

Table 52 shows that there are certain differences in the per

sonnel expenses of the individual countries. The calculations 

have proved that these deviations are unimportant and can be 

neglected. Therefore, the calculations base on equal personnel 

expenses within the region, 

The following personnel expenses have served as a calculation 

basis: 

- European expert (commercial and technical management) 

800 US$/month 

Construction engineer, foreman (part of them Europeans) 

400 US$/month 

- Book-keeper, clerk, shorthand typist 

170 US$/month 

Skilled worker 

70 US$/month 

- Unskilled worker 

25 US$/month, 

If the social costs are added, the above costs increase by an 

av,3rage of 20 per cent. 
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Transport Costs 

i'he average transport costs laid down in Table 53 resulted 

f'rom the investigations. 



Table 53 Transport Costs for Solid and Liquid Bulk Articles on Rail 

Country Transport Cos~s in US $/tkm . I Transport Costs for ~pecific Route~ in US $/tkm 1 

Ethiopia 

Somalia 

Kenya 

Uganda 

Tanzania 

Rwanda 

Burundi 

Madagascar 

Malawi 

Rhodesia 

Zambia 

Mauritius 

Solid 
Bulk Art, 

0.02 

0,025*) 

0,12 *) 

0.015 

0,015 

0.015 

0.15 *) 
0,15 *) 
0,05 

0,02 

0,006 

0,006 

o.o~ 
*) Road transport 

Liquid 
Bulk Art,**) 

0,0'.l 

0,035*) 

0,05 *) 
0.024 

0,024 

0,024 

0,051*) 

0,051*) 

o. 10 

0.04 

0.02 

0,02 

0,04 *1 

Routes 

Assab-Koka 

Mombasa-Nairobi 

Lake Magadi-Nairobi 

Mombasa-Jinja 
Kasese-Jinja 

Daressalaam-Arusha 

Umtali-Livingstone 
(Viktoria Falls) 
Beira-Umtali 

Wankie-Livingstone 
(Viktoria Falls) 

Beira-Livingstone 
(Viktoria Falls) 

Solid Bulk 
Articles 

200*) 

7,5 

1 , 5 

19,0 
6.0 

6.o 

7.0 
1.5 

1.0 

9.0 

**)Cost for the transport of sulphuric acid is about 25 per cent higher 

L:l.quid Bulk 
Art:l.cles 

225*) 

12,0 

2.4 

30.0 
9,6 

9,6 

21.5 
5,0 

2,0 

26.5 

~ .._, .._, 



Table 54 

Industrial Final Produeb 
Co■plex (Incl. Byproduct,) 

Chlorine 
I 
I 

Induatry I PVC 

I 

-
DDT 

8NC 

-

2 causticiution 
of soda NaON 

3 polyethylene 

Co1bination of the Indi•idual Productions in Industrial Co■plexeo 

Starting and Nost l■portant lllf)ut 
Interaediate Process llat1rial1 and Quanti• factors Doteraining lost l■portant 

Produch ties per Ton of Final the Foraatien of location Factors 
resp. Inter■ediatt CoaplexH 

Producb . 

acetylene chlerino (0,58 t), CaO co■bination of all lite and cok • - fro■ car• (1,) t), coke (0,73 t) chlorine c011auur1 resourcea n11rb7, 
bide 4,680 kWh (chlorine cannot be 
lureha chlorine 0.61, 850 kWh, transported) 
proce11 light naphtha 0,9) t near refinery 

Carhide CaO 1 t, colce 0,65 t, 
J,400 kWh 

• ethyl alcohol 0.36 t, 
btniol 0.69 t, 
chlll'int 1, 71 t, 
N2S04 1.7 t, 570 kWh 

. chlorine 0, 15 t, 
btntol 0,l4 t, 370 
kWh, 4.10 kcal. 

Chlfrine alktliH salt 1.'15 t, 3,600 cheap el1ctric 
chllll'ide kVh (related to 1 ton energy, 11lt 
electro• of chllll'ino) depo1it1 
lyail 

- . linatOM 1,4 t, • nearby soda and 
soda 1,0 t lin daoosits 

• - light naphtha 4 t, • nearby refinery 
4,700 kWh 

---

Interd•p•ndenciss with 
Other Co1pluxes 

-- -
••lphuric acid {4/5) 

-
-

~ 

-.J 
'-0 
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,dustrid Final Products Starting and Pr"es• 
:o■plex (Incl. Bypreducts) lnt.r1ediate 

Preducts 

nitrogen a11tniu1 sulphate . . 
indu,try 

au&niu■ nitrate . . 
explosives • . 
stdio■ cyanide • hydro• 

cyanic 
acid ♦ 

NaOH 

. autnia synthesis 
on the 
bub ef 
cake 

. 111onia •tea• 
reforeing 

• auenia electro-
lysis of 
water 

. sulphuric 
acid 

!lost I■portant Input 
llaterials and Quanti• 
ties per Ten ef final 
resp, lnter1ediat• 

Products 

•-ia 0.26 t 
sulphuric acid 0,77 t 

auenia 0.45 t 

autniu■ nitrate 0.95 t 

•-nia 0,J9, CMa 0,51 t 
Na0H 0,82 t, H2S 

4 
0,022 t, 170 kWh 

coke 1,6 t, ceal 1,8 t, 
1,300 kWh 

light naphtha 1r 

refinery gu 0,8 t, 
800 i<Mh 

10,500 ,Vh 

sulphur 0,JJ or 
pyrite 0,8 t 

F1ctors Oeter•i•ing l!ost l■portant 
location Factors 

ct■binati•n ef the cheap c11l/ceke 
auenia censu1er, and electric 
(au,nia scarcely enorgy 
transportable) 

nearby refinery 

cheap electric 
energy 

l"terdependencios with 
Other C•il!ll•x•s 

caustic seda (1) 

I 

~ 

00 
0 
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6,1 Chlorine Industry 

The production of' caustic soda by electrolys:is o:f common salt 

is economical only if' the chlorine obtained as a by-product is 

utilized, too, As the transport o:f chlorine involves great 

d:lf'f'icul ties, the salt electrolysis plant and the chlorine 

p:~ocessing plants (production of' PVC, DDT and/or BHC) should 

f'•>rm one production complex whose individual units are located 

close together, 

While the market for NaOH will be more or less limited (dome

s,;ic consumption, neighbouring countries), the whole subregion 

can be assumed as market for the higher-quality chlorine products, 

Approx, 4,000 tons a year of' chlorine resp. 4,,500 tons a year 

o1'. NaOH can be considered the minimum capacity of' the electro

lysis plant. If· it is intended to use all the chlorine ob

tEdned, this requires either an annual production of' about 

6,600 tons of' PVC, or of' 5,JOO tons of' BHC, or of' 2,JOO tons 

o1' DDT, or a corresponding combination of' products. The mini

mum capacities to be considered are 6,000 tons/year f"or PVC, 

,5,000 tons/year f"or BHC or 2,000 tons/year for DDT. 

T:t.e market data for NaOH laid down in section J prove that 

the establishment of' an integrated chlorine industry may be 

C()•nsidered for each o:f the three market zones on the conti

ne·nt, however not for the island area, 

The market data f'or PVC and BHC, in turn, show that the 

establishment of' only one plant for each o:f the two products 

is required for the moment in the total subregion. In the 

sector of DDT production the establishment of two plants may 

be possible, 
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Cheap energy and availability of common salt are the most 

important location factors .for the electrolysis plant. For 

the processing into PVC, moreover, proximity to a refinery 

or .favourable conditions for carbide manufacture (lime re

sources, coke, cheap energy) are decisive, The availability 

of bE11zene and ehtyl alcohol are o.f importance .for the pro

cessing o.f chlorine into insecticides, In view o.f all these 

criteria, the .following locations are considered in the ana

lysis o.f the production costs (see section 7): 

- Koka 

- Jinja 

.. Nairobi 

- Dar Es Salaam 

- Umtali 

- Victoria Falls/Livingstone. 

The production of carbide is included in the calculation in 

the scope o.f PVC production at the location Victoria Falls/ 

Livingstone. This is done on the assumption that coke with 

an ash content o.f maximally 10 per cent (at present 13 per 

oent) will be available in the .future. 

6.2 Causticisation of Soda 

'.fowadays the production of NaOH according to the lime-soda 

process is generally considered as uneconomical. This process 

,,an compete with the electrolysis o:f common salt only if' 

,,heap soda and lime are available on the one hand, and if, 

,,n the other, the pro:fi tability of the electrol.ysis is not 

hampered by high costs o.f electricity and lacking application 

possibilities .for chl.orine. 
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Kenya with her soda deposits is the only country of the East 

A:frican region in which the causticisation of soda might be 

possible. For this reason the causticisation of soda at a lo

c.ation in Kenya is considered in this study so that a com

parison with the production of caustic soda by electrolysis 

is possible. 

6.3 Production of Polythylene 

The minimum capacity for the production of polythylene on the 

b~sis of light virgin naphtha is approx. 15,000 to 20,000 tons 

a year, The demand ascertained for the East African subregiofi 

ranges far below this limit for 1970, With regard to the 

high rate of increase, however, it can be expected that a 

plant of the minimum capacity mentioned will be fully employed 

by 1973/74, 
Therefore, the production of polythylene is considered in the 

cost analyses and the comparison of the locations. 

4 tons of light virgin naphtha are needed for the production 

of 1 ton of polythylene. About 3 tons of highly aromatic 

hydrocarbons are set free and can be used in the production 

of high-octane gasoline for car engines. For this reason the 

polythylene plant is to be interlinked with a refinery. All 

locations of existing or planned refineries are potential lo

cations for polythylene production, They are: 

- Assab 

- Mombasa 

- Dar Es Salaam 

Umtali 

- Tamatave. 
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6,9 Al.uminium Su1phat~ 

Aluminium su1phate is won by a reaction of a1umina or grinded 

ru;d roasted bauxite with su1phuric acid, 

Ill Sa1:i sbury a1uminium su1phate :is al.ready be:ing produced on 

the basis of imported alumina, 

This plant can cover the requi.remen1:s of' the southern market 

zone (D) w.l.thout fully ut:ili.zi.ng :its capacity. 

A production on the basis o:f East A:frican raw mater:ial.s would 

bn possible only in Malawi, wh:ich is the only country of' the sub

rogion possessing major bauxi1;e reserves (though they are not 

boing exploi.ted yet), 

However, a minimum capacity of 15,000 to 18,000 tons a year 

is necessary for the product:ion of alumin:Lum su1phate on the 

bfasis of' bauxite, and the demand il'J. the market zones A, B, 

ar.d C as determined for 1970 amounts to only 6, JOO tons a 

ye,ar. Moreover, bauxite mining only for processing into 

aluminium sulphate is not economical, 

For this reason it is not advisable t;o consider the produc1;ion 

of aluminium sulphates in Malawi before definite plans 

e:xist on bauxite mining for export- purposes or on the pro

duction of a:lumi.nium. 

Theref'ore, no detailed cost calcul.a·ti.o.n :for aluminium sul

phate manuf'acture is :included in this study. 
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7, Ca.:lcu1ation of the Production Cost 

7, 1 Method of Calculation and Representation 

In the follwoing section of this study the production cost 

ioi ascertained for all products and locations selected in 

s .. ction 6, and is subsequently related to the production capa

cj_ty, The section is subdivided by integrated industrial 

groups. The production cost is determined separately not only 

for all final products but also for all those intermediates 

that are used :for more than one :final product. 

&,ch cost calculation is preceded by a short description of 

the production process which is recommended for East African 

cc,ndi tions and taken as a basis of' the calculations. Subse

quently the capital investment required for this process is 

rE,lated to the capacity and represented graphically. 

The cost of plants and machinery, their transport to the lo

ca.tion, assembling, starting of' operation, and buildings is 

included in the capital investment. As the differences between 

the building costs are comparatively low, the capital invest

ment has not been differentiated by locations. 

The capital cost has been determined on the basis of the 

capital investment. It is also shown in a graph, Generally 

it contains ; 

10 per cent depreciation on machinery and plants 

5 per cent depreciation on buildings 

2 per cent maintenance cost 

5 per cent interest on the total capital invested, 
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Tl:.e same graph shows the cost of personnel whose cal.culation 

h~.s been based on the average wages and salaries of the 

dif'ferent groups of employed persons mentioned in sec ti on .5. 
Capital cost and personnel expenses together form the sum of 

the cost depending on capacity. 

For each production process the necessary input quantities 

of raw materials, auxiliaries and utilit,ies per ton of pro

duct are indicated and valued for each location at the prices 

listed in section 4 of this report {in consideration of the 

transport cost). These input costs at the individual locations 

are represented in a columnar graph. 

On the bas1s of the input cost at the different locations 

and the personnel and capital cost depending on the capacity, 

the total production costs per ton of product at the different 

locations are calculated and 5 per cent of extra cost for 

contingencies is added. These total production costs are re

presented in a diagram which shows a cost curve for each lo

cation. If only one location for a product is considered, the 

cost of the raw material, auxiliaries and utilities and the 

total costs are combined in one graph. 

A peculiarity is to be considered in the investigation of' 

industrial complexes where on single starting or 1.ntermediate 

product is used for the manufacture of various final pro

ducts, If the production cost of ·the starting or intermediate 

product decreases with growing capac1.t,y, thi.s cost; advantage 

extends to aJ.l f1nal products. The extent of the cost de

gression is determined by the capacity of al.I. final production 

stages, If the production cosiB of final product are to be 

determined with regard to their dependence on the respective 



production capacity, the production capacities for the other 

products manufactured in the complex are to be taken into 

account. In this connection two dif'ferent ways are used in 

th" scope of' this study, 

In the case of the nitrogen industry two alternatives are 

caJ.culated in the determination of the production cost of 

am111onium nitrate and aJnmonium sulphate: the first alternative 

(marked with a D in the total cost graph) starts from the 

assumption that only ammonium nitrate or only ammonium sulphate 

is manufactured at a location, in other words, that there is 

only one f'inal production stage requiring ammonia. The second 

alternative (B) bases on the assumption that both products 

are manufactured at the same location and that the ammonia pro

duced is used for the two products in a ratio of 1 : 1, This 

means that a fixed relation between the capacities of both 

final production stages in assumed. In the case of the 

fertilizers this assumption is justifiable, 

For the investigation of the integrated chlorine industry 

such an assumption was not reasonable, since it cannot be 

expected that for instance the capacities of' the insecticide 

production are dependent on the PVC capacities. For this 

reason the cost of chlorine is not directly considered in 

the graph showing the production cost of' the final products 

(PVC, DDT, BHC). The costs of chlorine resulting for the 

combinations of final production capacities concerned are to 

be derived from the graph on the production cost of chlorine 

and are subsequently to be added to the production cost of 

the final product, In this way the production cost of BHC, 

DDT and PVC, for example, can be easily derived from the dia

grwns for any possible combination of capacities within the 
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oh.Lorine complex. All. representations of' costs in dependence 

on the installed capacity start from the assumption that the 

respective capacity is fully utilized. 

7. 2 Production Cost of the Intermediate and FinaJ. 
Products Investigated 

7. :~. 1 Chlorine Industry 

7 .;? • 1. 1 Production of Oaustic Soda and Chlorine by Alcaline 
Chloride Electrolysis 

At presentawst,soda and chlorine are won almost exclusively 

by alcaline chloride electrolysis, according to the following 

method: 

An almost saturated aJ.caline chloride solution is electro

lysed between graphite anodes and a mercury cathode, At the 

anodes chlorine is deposited and at the cathode alcaline ore 

wh:Lch forms aJ.caline amalgam in a reaction with mercury, 

If' water is added to the amalgam, alcali lye and hydrogen 

result in addition to mercury free of alcali which serves as 

new cathode, 

Th" :following plants are necessary for the execution of the 

process: 

salt solution plant 

- mercury cells 

caustic soda evaporator 

chlorine purification plant. 



Fi,gure 8 shows the capital investment, Figure 9 the personnel 

exJ>enses, the capital costs (depreciation, interes"j;, main

tenance), and the total costs depending on capacity which 

result from these items. 

Th,a :f'ollowing raw materials and utilities are required to 

pr,>duoe 1 ton of' chlorine 1 ) , 

- salt (100 per cent NaCl) 1.75 tons 

- electric energy J,600 kWh 

- :f'uel oil o. 17 tons 

- water 150 mJ 

Th,3 costs of' these re.w materials and utilities at the various 

lo<lations are shown in Table 55 and Figure 10. 

:£.!!!>le 55 Costs of' Raw Materials and Util.ities per 

Ton of Chlorine in US$ 

Umta1i Dar Es Nairobi Jinja Koka Victoria 
Salaam Falls/ 

Livingstone 

Salt 42.JO 35,00 J8,50 54,JO J.5,00 61,50 

ElE1ctrici ty 32.50 54.oo 36.00 20,.50 .50,00 10,80 

Fuel Oil. J,24 J,06 3.55 8 • 1.5 6,80 5,00 

Che,micals 4.oo 4,oo 4.oo 4.oo 4.oo 4,00 

Total 82,04 96.06 I 82,05 86.95 95,80 81,JO 

l)A quantity of' 1,12 t of' NaOH is obtained per ton of 
chlorine, 
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Fi~:ure 11 shows the total production cost of the alcaline 

chloride electrolysis at the different locations. Moreover, 

it points out the costs of chlorine resp. caustic soda product

ion, starting from the assumption that the costs are distribut

ed to chlorine and caustic soda in a ratio of 1 : 1, 
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7 .2. l.2 Calcium Carbide 

In the scope of this investigation the production of calcium 

carbide is considered among other things as a preliminary 

stage to PVC production. 

The final product calcium carbide contains all impurities 

of the starting products: phosphorus, arsenic, aluminium, 

ferric oxide and magnesium oxide, as well as quicklime 

residues, Phosphorus occurs as an inclusion in the limestone 

which is unsuited for carbide manufacture at a phosphorus 

content of more than 0,06 per cent, Too high a content of 

Al 2o
3 

and MgO leads to the formation of slag and hampers 

the separation of the carbide produced. 

It is for this reason that the coke used as reducing agent 

must not contain more than 8 to 10 per cent of ash, 

T,:ie manufacture of carbide requires much thermal energy and 

h.lgh temperatures which can be achieved by heating by an 

electric arc, or else by resistance heating in the molten 

material, The temperature of reaction must not be lower than 

2,000°c and not higher than 2,650°c. 

The following plants are necessary for the process. 



.,,2:02'.;. ', 

- lime preparation 

- ooke preparation 

- carbide kiln 

oarbid e preparation. 

Figure 12 shows the capital investment, Figure 13 the capital 

cost, the cost of personnel and the total cost depending on 

the capacity. 

The following input materials are required for the manufac

ture of 1 ton of cac2
1
): 

- quicklime 

- coke 

- electricity 

1 ton 

0,65 tons 

3,400 kWh, 

At the location Victoria Falls/Livingstone the following costs 

result for the raw materials required per ton of Cac2 r 

- quicklime 

- coke 

- electricity 

15,0 US$ 

9,4 US$ 

10,2 US$, 

I'hus the costs of the raw materials and utilities per ton 

of Cac2 amount to 

'.34,6 US$, 

.!i'igure 14 shows the total production cost for 1 ton of Cac2 
,;i.t this location. 

1 
) per ton o:f CaC 
as a by-producl 

0,J7 tons of carbon monoxide are obt4lned 
which can be used as heating gas. 
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7.2.1.J Polyvinyl Chloride 

PVC contains about 56.6 per cent of chlorine and is the cheapest 

thermoplastic synthetic material, Its so:ftening point is at 

ao 0 c, and it can be processed at 1JO to 150°c. As its chlorine 

con.tent is high, it is not easily in:flammable. PVC is absolute

ly resistant to concentrated sulphuric acid and hydrochloric 

acid, In the process o:f PVC production on the basis of calcium 

ca~bide considered here, acetylene is produced out of cal-

cium carbide, 

Ac,~tylene is to be produced in special apparatuses and with 

pa:rticular caution, since the heat o:f reaction is very high 

and acetylene is highly explosive. 

Th•~ monomer is produced by the reaction of acetylene and 
0 hydrochloric gas on coal at 200 C and in the presence of Hg-

sa:L t. 

As polymerization method either emulsion polymerization or 

sunpension polymerization is applied. It depends on the appli

ca1;ion of the PVC which process is selected. 

Thu following pl.ants are necessary for the process: 

- carbide production 

- acetyl.ene manufacture 

vinyl chloride production 

separation and purification o:f vinyl chloride 

- polymerization plant incl, cooling plant, 

dehydration, drying 

granulation, 



- 206 -

Fi1~ures 15 and 16 show the capital investment, the cost of' 

pe1csonnel., the cap:I. tal. cost ( depreciation, :interest, mainten

ance) and the t,)tal costs of' PVC production incl, manufacture 

of carb:l.de depending on the capacity that result f'rom these 

Tho foll.owing raw materials and utilities are required for 

th" production of 1 ton of PVC: 

- chl.orine 0,58 tons 1 ) 

- quicklime 1 ,JO tons 

- coke 0.73 tons 

- electricity 4680,- kWh 

- coal. o.42 tons 

- cooling water 129,- mJ 

- process water 1 .- mJ 

- air 71.- st.m3 

- nitrogen 25,- St,m3 

The costs of these raw materials at the location Victoria Falls/ 

Livingstone are sho'Wll in Table 56 and Figure 19, 

---·-------
1 > corresponds to o,61 t of HCl gas 
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Total 55.20 --.. -~-•,-_,_ ___ , _______ , ..... .., _______ __, 

l'igure 20 shows the total cost of' production at the 1ocation 

Victoria Falls/Livingstone (excl. the costs of' chlorine). 

The costs of' chlorine can be seen :trow F·igure 11. It must be 

considered that the product:i.on t)apaoi ty does not onl.y depend 

on the PVC production bui; also on the p:r•oduction of' DDT and 

HHC. 

'l'he total chlorine consumption can be cal.cu1ated as :fo11ows: 

r. 
vtota1 = 

The chl.orine costs are to be multiplied with the input quan

tity and then to be added to the value o:f Figure 20. 

'I'he meaning o:f Cl = production capacity f'or DDT 

c2 = production capacity for BHC 

c'.l - production capacity f'or PVC. 
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Polyvinyl Chloride on the .Basis of' Light Virgin Naphtha 

In the Kureha Process a gas mixture of' 50 to 53 per cent 

acetylene, carbon oxide, hydrogen and other hydrocarbons is 

produced by thermi.c era.eking of' the light virgin naphtha, The 

higher hydrocarbons are separated from the gas mixture and 

subsequently the gas is purified. The purified gas consisting 

only o:f acetylene and ethylene is reacted with chlorine and over 

a series o:f :further stages the monomer is obtained. Subsequent

ly the polymerization takes place. 

This process of'f'ers two advantages, no hydrochloric acid is 

0·3tained as by-,product and the heating gas necessary f'or the 

c:racking process is won as waste gas. 

The :following plants are necessary :for the process: 

- cracking plant 

- oxygen production 

gas compression and puri:ficat.ion 

- acetylene reaction plant 

- ethylene reaction plant 

- separation and purification o:f vinyl chloride 

- polymerization incl. cooling plant, dehydration 

and drying 

- granulation • 

.l<'igure 17 shows the investment capital, Figure 18 the personnel 

cost, the capi. tal cost ( depreciation, i.nterest, maintenance) 

and the total costs depending on the capacity which result 

:from these items, 



The following raw materials and utilities are required for 

the production of' 1 ton of' PVC: 

- light virgin naphtha 

- chlorine 

- electricity 

- fuel oil 

- cooling water 

- desalted water 

- oxygen 

0.93 t 

0.615 t 

850 kWh 

t
l) 

0.3 

500 m3 

17.3 m3 

630 St.m3 

The cost of' these raw materials and fuels at the various lo

cations is shown in Table 57 and Figure 19. 

Costs of' Raw Materials and Utilities per Table 57 
Ton of' PVC in US$ (Exel. the Costs of' Chlorine 

Viet. Dar Es 
Falls/ Umtali Salaam 
Living-
stone 

Light Virgin 
Naphtha 37.20 1 8.20 16.70 

Electricity 2.60 7.65 12,70 

FDel Oil 1 . 20 2 ) 5.85 5.40 

Chemicals 15.00 15.00 15,00 

Tc,tal 56.00 46,70 49.8 

2
1) corresponds to o.42 tons of' coal 

) cost o-r coal 

Nairobi Jinja Koka 

28,00 44,50 37,20 

8,50 4.85 12,00 

9.00 12.00 12,00 

15.00 15.00 15.00 

60.50 76.35 76.20 
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Figure 20 l) shows the total production cost at the individual 

locations (excl. the costs of chlorine). 

T::ie costs of chlorine can be seen from Figure 11. Here it is 

t,, be considered that the production capacity depends not 

o::ily on the PVC production but also on the production of DDT 

and BHC. 

The total chlorine consumption is calculated as follows: 

qtotal = 1 . 71 c, + 0,75 c2 + 0,6 c
3 

The meaning of' c1 = production capacity f'or DDT 

c2 = production capacity for BHC 

CJ = production capacity f'or PVC. 

The cost of chlorine is to be multiplied with the input quan

tj_ ty and then to be added to the value of Figure 20. 

1) Victoria Falls/Livingstone (a) refers to acetylene on 
the basis of carbide, (b) ref'ers to the Kureha Process. 
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7,2.1.4 BHC 

BHC is produced by a photoprocess of' a chlorine and benzene 

solution, This process furnishes various isomers whose 

active component is the gamma isomer with a concentration 

of 12 to 14 per cent. The gamma isomer can be brought to any 

concentration desired with the aid of alcohol, 

The following plants are required Cor the process: 

- benzol dehydration 

- chlorine absorption 

- photo chlorination 

- absorption of the HCl-gas, 

neutralization and dehydration 

- benzol separation and recovery. 

Figure 21 shows the capital investment, Figure 22 the cost 

of personnel, the capital cost (depreciation, interest, 

maintenance) and the total cost depending on the capacity which 

result t:'rom these items. 

Th,a following raw materials and utilities are required £or 

tha production of 1 ton of BHC: 

- benzene (pure) 0.34 tons 

- chlorine 0.75 tons 

- caustic soda 
(50 per cent) 0,02 tons 

- electricity 370 kWh 

- Cuel oil o.4 tons 

- cooling water 560 mJ. 



I 

The costs of the raw materials and utilities at the various 

loo.a tions are represented in Table 58 and Figure 23. 

Table 58 

Ben~~ene 

Costs of Raw Materials and Utilities per Ton 
~f BHC in US$ (Exel. the Costs of Chlorine) 

Viet. Umtali Dar-Es- Nairobi Jinja 
Falls/ Salaam 
Living-
stone 

26.20 26.20 42.00 48.00 54.30 I Electricity 1 • 1 0 3.34 5.55 3.70 2.10 
1 • 68 1 ) 7.80 7.20 12.00 16 .oo I Fue:. Oil 

tu.cals2 ) 4.00 4.oo 4.00 4.00 4.oo 

b Total 32.98 41.J4 58.75 67.70 76.40 
==-:::.====-== ~ =:======: -------=..:. ========= -------=• -------=: 

Fig1.Lre 24 shows the total production cost at the various 

loca. tions ( excl. the cost of chlorine). 

The cost of chlorine can be seen from Figure 11. Here it is 

Koka 

52.00 
5.20 

16.00 
4.00 

77.20 
--------: 

to be considered that the production capacity depends not only 

on the BHC production but also on the production of DDT and 

PVC. 

1) cost of coal 

2) caustic soda included 



T,1e total chlorine consumption is calculated as f'ollows: 

C = total 

The meaning o:f 

Cl =; production capacity f'or DDT 

c2 = production capacity :for BHC 

CJ = production capacity f'or PVC 

The chlorine cost is to be multiplied with the input quantity 

and then to be added to the value of' Figure 24, 
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7.2.1,5 DDT 

A1; first the starting products chloral and benzene chloride 

are produced. DDT is won by condensation of chJ.oral with 

2 mol benzene chloride in presence of sulphuric acid. 

The following pl.ants are required for the process: 

- chloral. production 

- production of benzene chloride 

- DDT production, 

Figure 25 shows the capital investment, Figure 26 the cost 

of' personnel, the ca.pi taJ. cost (depreciation, interest, 

maintenance) and the total costs depending on the capacity 

which result from these items, 

The following raw materials and utilities are needed for the 

production of 1 ton of DDT: 

- ethyl alcohol. 0.36 tons 

- benzene (pure) 0.69 tons 

- chlorine 1 . 71 tons 

- sulphuric acid 2.00 tons 

- caustic soda 
(50 per cent) 0.04 tons 

- electricity 570 kWh 

"' cooling water 1,180 m3 

0.93 tons o~ HCl gas (waste gas) and 1,93 tons of sulphuric 

ac:id are obtained as by-products per ton of DDT. 
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The cost of the raw materials and utilities at the individual 

locations is shown in Table 59 and Figure 27: 

Cost of Raw Materials and Utilities per Ton of DDT 
in US$ (Exel. Costs of Chlorine and Sulphuric Acid) 

Viet. Umtali Dar-Es- Nairobi Jinja 
Falls/ Salaam 

' 
Living-
stone ' 

Ethyl Alcohol 54.oo 54.00 54.oo 54.oo 54.oo 
Benzene 55,00 55.00 90.00 97.00 11 0, 00 
Electricity 1.72 5. 10 8.55 5.70 3.25 
Chemicals1 ) 4.00 4.00 4.00 4.00 4.oo 

Total 114.72 118,10 156.55 160.70 171.25 
1:::-============= ==------- ========== ========= ========= ========= 

Figure 28 shows the total production cost at the individual 

locations (excl. the cost of chlorine and sulphuric acid). 

The cost of chlorine can be seen from Figure 11. It is to be 

con,iiqered that the production capacity of chlorine depends 

not only on the DDT production but also on the production of 

BHC and PVC. 

1) caustic soda included 

Koka 

54.oo 
106.00 

8.00 
4.00 

172.00 
-------=.: 



- 223 -

The tota1 ch1orine consumption is ca1cu1ated as £o11ows1 

The meaning 0£ 

c1 = production capacity £or DDT 

c2 = production capacity £or BHC 

CJ = production capacity £or PVC. 

The cost 0£ su1phuric acid can be seen f'rom Figure 4J. 
The dependence on the production capacity is to be considered, 

s:i.nce su1phuric acid is used in many processes 0£ the 

chemica1 industry. 

The costs obtained £or oh1orine and su1phuric acid are to 

be, mu1 tip1ied with the input quantities and then to be 

added to the va1ue £rom Figure 28, 



' . 
m ll1on 
u:; s 

2,Q 

1, 5 

. ,u 

0,5 

180 

150 

1'40 

120 

BO 

60 

20 

~ --
~ 

/ 
,-

~ 

/ 
.,,,, 

I 
I 

' 
i 

I 
! 

I -
" 5 6 B ,v; 1u ip .. -

FIGURE 25 CAPITAL INVESTMENT REQUIRED FOR 
DDT-PRODUCTION DEPENDING ON THE 
CAPACITY 

GRAPHIQUE 25 CAPITAL D'INVESTISSEMENT NECESSAIRE 
A LA PRODUCTION DE DDT, CAPITAL 
DtPENDANT DE LA CAPACITE 

• 

\ 
\ 

"' 
"'-

" L 

FIGURE 26 

I 

\. 

" '-. 

"'~ ""'-, ......__ 

---- .__ 
to'.a 1 

capital 

.............. r---- i 

personnel 

" 
;uoo !pa -

.} 4 5 6 / 8 

COST OF PERSONNEL AND CAPITAL COST 
PER TON OF DDT DEPENDING ON THE 
C,\?\CITY 

GRAPHIQUE 26 FRAIS DE PERSONNEL ET FRAIS DE CAPITAL 



us t/t 
200 -------

160 L---------, •• ,-emr, chealcals / prodults chi•iques 
I((("( 1'j • 1 ec tri city / ~hctrici t~ 

ethyl alcoti9l/ 
alcool ~thylique 

120 -

BD I' l's 

benzene 

4D I V 

Victoria Falls !J.tali Oar Es Salaa■ Nairobi Jinja Koka 

FIGURE 27 

GRAPHIQUE 27 

COST OF RAW MATERIALS AND UTILITIES PER TON OF DD'!'. AT VARIOUS LOCATIONS 
(EXCLUDING COST OF CHLORINE AND SULPHURIC ACID) 

FRAIS J)E MATIERES PREMIERES, AGENTS MOTEURS ET AUXILIAIRES PAR TONNE 
DE DDT A DIFFERENTES LOCALITES (FRAIS DE CHLORE ET FRAIS D'ACIDE 
SULl"URIQUE EXCLUS) 



us $/ t 

380 

JSJ 

140 

120 

280 

260 

220 

1 z 3 5 6 ! 

Koka 
Ji nj a 

Dar Es Sa? aam 

:)mtali 
Victoria Falls 

FIGURE 28 COST OF DDT-PRODUCTION AT VAHIOUS 
LOCATIONS DEPENDING ON Tl!E C,\t'ACITY 
(EXCLUDING COST OF CHLORINE AND 
SULPHURIC ACID) 

GRAPHIQUE 28 FRAIS DE PRODUCTION DE DDT A DIFFERENTES 
LOCALITES, FRAIS DEPENDANT DE LA 
CAPACITE (FRAIS DE CHLORE ET FRAIS D• 
ACIDE SULFURIQUE EXCLUS) 



- 227 -

7.2.2 Production of' Caustic Soda by Causticization 

Caustic Soda can also be obtained by conversion of' soda and 

s.Lack lime, But this proce-ss has its limits in the low 

solubility of' slack lime in caustic soda (repression of' the 

dissociation), The causticizing soda is inferior to the 

electrolytic soda as regards the quality of' the product. 

The :following plants are necessary :for the process! 

- causticization plant 

- multi-stage vaporization plant f'or concentration 
to 50 per cent NaOH 

- smelter plant f'or concentration to max. 100 per cent 

NaOH. 

F:_gure 29 shows the capital investment, Figure JO the cost 

oJ~ personnel, the capital cost (depreciation, interest, 

maintenance) and the total production cost depending on 

capacity resulting :from these items. 

The :following raw materials and utilities are required :for 

the production of' 1 ton of' NaOH (100 per cent); 

- soda 1.4 tons 

- slack lime 
( 100 per cent) 0.8 tons 

- electricity 65.0 kWh 

- f'uel oil 0.15 tons 

- cooling water 
150,0 m3 .32 °c 

- process water 6.o m3 

- sulphur 0.002 tons 

- salpetre 0,001 tons. 
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The cost of' these raw materials and utilities at a location 

near Lake Magadi are laid down in Table 60, 

Table 60 Cost of Raw Materials and Utilities £or the 
froduction of 1 Ton of Caustic Soda in US$ 

Lake Magadi 

Soda 50.50 
Slack Lime 31.50 
Electric Energy 1, JO 
Fuel Oil 4.50 
Chemicals 1.00 

. 

Total 88.80 
======================= =================='·· 

F:i.gure J1 shows the total production cost at this location. 
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Ethylene from Light Virgin Naphtha, and 
Polymerization to Polythylene 

O,lef'ine is produced by cracking light hydrocarbons in a 

steam cracker according to the f'ollowing principle: 

The hydrocarbons 1 ) are heated to about 800°C in a pipe coil 

wider a pressure of' a f'ew atmospheres which serves only 

to overcome f'low resistances, In this process they are 

cracked and dehydrated. By addition of' steam the f'ormation 

oi~ coke is counteracted. Beside ethylene ( c2 H4) ethane ( C2 H6 ), 

propylene (c
3

H6), butadiene (c4H8 ), and highly aromatic 

bonzene are obtained in the cracking process. The highly 

aromatic benzene generally is returned to the ref'inery and 

processed into high-octane gasoline f'or car engines. 

The f'ollowing plants are necessary f'or the process: 

- vaporization plant 

- cracking plant 

- cooling plant 

- separating plant. 

The polymerization is realized as f'ollows: 

In several stages the purif'ied ethylene is compressed to 

1,500 to 2,000 atm. The polymerization takes place at 

te,mperature of' more than 200°c in presence of' low oxygen 

quantities which have a catalytic ef'f'ect. The viscous polymer 

is collected in the separator vessel, it is cooled, grained 

ar.,d transported to the mixing silos. 

1) Starting materials that can be used in the same process are: 
Ethane, propane, butane, LPG. 
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The :following parts belong to the polymerization plant: 

- compression plant 

- reaction plant 

- separating plant with closed gas circuit 

- granulation plant. 

F:cgure 32 shows the capital investment, Figure 33 the cost 

oi: personnel, the capital cost (depreciation, interest, 

maintenance) and the total production costs depending on the 

capacity which result f'rom these items. 

The :following raw materials and utilities are required for 

the production of 1 ton of' polythylene: 

- light virgin naphtha 4.o tons 

heating gas 9,25 • 106 kcal -
- electricity 4,700 kWh 

- cooling water 25°c 400 m3 

- cooling water 16°c 70 m3 

- boiler feed water 5 m3 

- caustic soda 0, 1 tons. 

Th.e cost of the raw materials and utilities at the individual 

locations are shown in Table 61 and Figure 34, 



- 233 -

Tabl•W Cost o:f Raw Materials, Auxiliaries and Fuels 
per Ton o:f Polythylene in US$ 

Input per Ton Assab Mombasa Dar Es fumtali 
o:f Salaam 

! Polythylene 

Light Virgin 
Napht:ha 4.o 70.00 72.00 72.00 76.00 

Elec1,rici ty 4,700 kWh 141.00 94.oo 85.00 56.00 

Chemicals and 
Catalysts 5.00 5.00 .5.00 5.00 

Value, o:f the 
Waste· Products 
C2H6, C3H6' 
C4Ha, 
Benzine i-10.00 -10 -_00 -· . -10,00 -10.00 . 
Total 206.00 161.00 152.00 127.00 

Tama-
tave 

78.00 

84.oo 

5.00 

~10.00 

157.00 
============-============ ==-==== ======= •====.,== I ===== , •===-

Heating gas is obtained in the cracking process and is not 

valued :for this reason. The caustic soda required is contained 

in the value o:f the chemicals. 

The ~aste products are valued at 10,00 US$ per ton o:f 

polythylene and are subtracted :from the raw material cost. 

Figure J5 shows the total production cost at the indi,idual 

locations. 
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7.2,4 Yitrogen Industry 

7. 2. 4.1 Ammonia. 

On the basis of' the raw material situation in the region 

considered in this study, the following procedures may 

be applied f'or the production of' synthetic gas f'or ammonia 

production: 

a) water-gas-process (based on coke) 

b) steam reforming process (based on natural gas or 
light virgin naphtha with ref'inery gas) 

c) pressure-electrolysis of' water 

P:rocedure a) may be applied in Zambia, Procedure b) is 

calculated for all ref'inery locations (Assab, Mombasa, Dar 

Es Salaam, Tamatave, Umtali), as well as f'or Jinja to make 

possible a comparison with procedure c), 

The f'ollowing plants are considered in the calculation of' 

the capital investment represented in Figure J6: 

Procedure a) production of' gas 

desulphuration 

CO-conversion 

CO2 -washing 

methanization 

compression plant 

ammonia synthesis 



Procedure b) 

Procedure c) 
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evaporator f'or process naphtha 

compression plant f'or process gas 

desulphuration 

ICI primary reformer 

secondary reformer 

conversion (2 stages) 

pctash washing 

methanization 

compression plant 

ammonia synthesis 

air splitting plant 

water distillation plant 

pressure electrolysis 

ammonia synthesis 

Figure 37 shows the cost of' personnel and the capital cost 

such as depreciation, interest and maintenance depending on 

the capacity. 

The input of' raw materials, auxiliaries and utilities per ton 

of' ammonia f'or the dif'f'erent processes is shown in the f'irst 

column of' each of' the following tables. The further columns 

point out the costs of' the input at the individual locations. 

The varying height of' the input costs at the dif'f'erent locations 

can be seen f'rom Figure J8. 

Table 62 Input Quantities per Ton of Ammonia and Respective 
Costs at Livingstone (Basis• Coke) 

Input per Input Cost per Ton 
Ton of' NHJ of' NH

3 
at Livingstone 

(US$) 

Cok:e 1 , 6 tons 23.00 

Coal 1 .. 8 tons 5.40 

Electricity 1, JOO kWh 11.00 

Chemicals and Catalyst, 2,00 
" 

Total 41 .40 
= ::::: ==========:======:-= ====:=== ..... ==== ======================= ' 
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Input Quantities per Ton of Ammonia andRespective 
Costs (Steam Reforming) at Various Locations 

:nput per Input C:ist per Ton of NH, in US$ 
ron of NHJ 

Assab Mombasa Jinja Dar Es Umtali 
Salaam 

0,8 t 14,00 14,40 J7,40 14,40 1 5, 60 

800 kWh 24,00 16,00 9,60 14,40 9,60 

Tama-
tave 

1 5, 20 

16,00 

"nd Catalysts 1, 50 1 , 50 1 , 50 1 , 50 1 , 50 1 , 50 

Total 
==,======= ' 

Tabel 64 

Eloctrici t; 

~homicals 

39,50 '.31 ,90 48,50 J0,30 26,70 32,70 
=============== ========~===== ., =====-======= ====== 

Input Quantities per Ton of Ammonia and Respective 
Costs at Various Locations (Electrolysis of Water) 

Input per Input Cost per Ton of NHJ in US$ 
ron of NH3 

Jinja Livingstone 

10,500 kW 59,80 (29,90) J 1 , 50 

and Catal.ysta 1, 00 ( 1 ,oo) 1, 00 
ete. 

ro,;al 60,80 (J0,90) 32,50 
~ ::.:::========-:-!::::========:-:: ~ ================ ,=-================= 

Figure 39 shows the total production costs depending on the 

capacity at the dif:ferent locations. The$6production costs 

contain the input cost depending on the location (see Fig. J8) 

thE, personnel and capital cost, as well as 5 per cent for 

contingencies. 
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7.2.4.2 Sulphuric Acid 

In addition to the production of nitrogenous :fertilizers, 

sulphuric acid serves :for the manufacture of phosphatic 

:fertilizers and viscose rayon. The :following locations thinkable 

:for the manufacture of these products are, therefore, con

sijered in the cost analyses: 

- Assab 

Mobasa 

- Dar Es Salaam 

- Tamatave 

- Addis Ababa/Koka 

- Nairobi 

- Salisbury 

- Jinja 

- Livingstone 

(raw material: 
imported sulphur) 

- Jinja 

Umtali 

Tororo 

(raw mate
rial: pyrite) 

- Salisbury 

For the production o:f sulphuric acid on the basis o:f pure 

su1phure or pyrite the contact process is proposed which 

is considered more economical and reliable than the older 

lead chamber process. 

Tht, following plants were considered in the calculation o:f 

the capital investment shown in :figure 40: 

- plants :for preparing/crushing pyrite 

- sulphur resp. pyrite bunker 

- dust removing plant/washing and drying towers 

waste heat sailer/heat exchanger 

contact plant 

- absorption plant. 
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F:'.gure 41 shows the production on costs depending on the 

capacity which are composed mainly of' personnel cost and 

capital cost such as depreciation, interest, maintenance etc. 

Tables 65 and 66 give the input quantities per ton of' 

sulphuric acid as well as the respective cost at the dif'f'e

r.,nt locations. Figure 42 illustrates the dif'f'erences 

in the cost of' raw materials, auxiliaries and utilities 

at the individual locations. Figure 4J shows the total 

production cost at the dif':t'erent locations depending on 

the capacitiy, adding costs or .5 per cent f'or contingen

cfes to the costs listed in Figures 41 and 42. 



Table 65 

-
Sulphur 

Electric 
Energy 

Total 
=========:.::: 

Input Quantities per Ton of H2so4 !nd,Res~e:t~ve Cost at Various Locations 
nd..:t..\.~ • ~u.t._pnur 

-
Input per Input Cost, oer Ton of' H SO,. in us$ 
Ton of H

2
so4 Assab Addis Jinja Nairobi Mom- Dar Es Salis- ·Tama- Living-

Ababa; basa Salaam bury tave stone 
Koka 

. , -
0,13 t 8,90 14,20 15,40 1J,20 9, 80 10,20 12,40 10,55 14,50 

JO kWh 1, 20 -,70 - , 36 -,60 -,66 - '54 -,36 -,54 -,26 
. -

10, 10 14,90 15,76 lJ,80 0,40 10,74 12,76 11, 09 14,75 
i:-..:::-----------== --==-=-=-==-== --=-i:..=: ---=--- :..=-----==------ :.=----- i:?C"---·=i:-==:=-n=-

Table 66 Input Quantities per Ton of H2so4 and Respective Cost at 
Various Locations (Bas1s: Pyrite) 

Input per Ton Inp~t Co~t per Ton of' H2so4 in US$ 
of H2so4 Jinja Tororo Umtali Salisbury 

Pyrite 0,75-1/-
(.,o,JJ ts) 5,60 6,40 7,25 4,50 

Electricity 110 kWh 1, J2 1, J2 1,32 1,J2 

Total 6,92 7,72 8,57 5,82 
~---=--=----=~-------==-==--=~------~=a-----=---=-==B=-=--------------

"' ,I:-

°' 
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7.:2.4.J Ammonium Sulphate 

.Ammonium sulphate is obtained by reaction of gaseous ammonia 

wi·~h sulphuric acid. The crystallized ammonium sulp~te is 
> . •• 

separated front ·the lye and subsequ&ntly dried and co.oled, 

Tho production plant for which the oapital invesct111ent is , 
shown in Figure 44 is composed of the fol.l.owing,parts: 

- ammonia evapor~tor 

- saturation pl.ant 

- crystal.lization plant 

- drying plant with kettle 

- cool.ing chamber. 

Fig·ure 45 shows the production cost >1epending on the 

capacity, consisting of personnel. cost . .and capital. cost such 

as depreciation, interest, and maintenance. 

The following input quantities are r~ulred per ton of 

ammonium sul.phate: 

- ammonia 

- sul.pJ:turic acid 
(98 per cent) 

- electricity 

- steam 

- packing 

0,26 tons 

0.77 tons 

JO kWh 

0,20 tons 

40 sacks 
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Table 67 shows the cost of raw materials, auxiliaries and 

utilities per ton of ammonium sulphate at the different 

locations. 

The cost data for ammonia and sulphuric acid are based on 

the cost curves in Figures 39 and 4J. 

The cost depending on the location {Table 67) and the 

personnel and capital cost depending on the capacity 

(Figure 45) including 5 per cent for contingencies are shown 

in Figures 46 and 47, 

Tne cost curves designated with A are valid in case the 

ammonium sulphate plant consumes the total production of the 

ammonia plant, The curves designated with Bare valid if 

t:~e ammonia production is distributed in equal parts to the 

ammonium sulphate production and to other products of nitrogen. 



Table 67 Cost of Raw l!aterials, Auxiliaries and Utilities per Ton of A11oniu1 Sulphate at Various locations fan US I) 

location CatH!ci!y ~f ~~e cu~t t,Jer Toil AS in us i 
(Basia) A11oniu1 Sul,hate Auonia S. lphuric Acid Eledricity Packing 

Plant in 1,000 A") s•) C") 0") F G (AC) 
Tons/Year 

Auab 40 ... 17.90 1J.JO . -(Ref.Gas and 80 17.90 15,80 12.10 . 0,90 4.- Jlt.90 
Naphtha/Sulohur) 160 15.80 14.70 10,50 . 32,80 

·-"'-·· 320 14. 70 . a. 10 . ~ 28,JO -· 
Jinja 40 . 20.20 1J. 70 12.50 
(Naohtha/Pyrite) 80 20.20 18.60 12.;o 10.90 O.J6 4.- 37.06 

160 18.60 17.30 10.90 8,50 3},86 
320 17.JO . a.~o . J0.16__ 

Jinja 20 . J1. 70 11 ..... 13. 70 . 
(Electrolysis 1/ 40 31. 70 29.80 13.70 12.50 49.57 
Pyri\e) 80 29,80 28. 10 12.50 10.90 0.17 4,- 46.47 

160 28.10 26,JO 10.90 8.50 43.17 
120 26.30 . 8,<;0 . 18,97 

Ji•J• 20 . 23.40 11 ••• 1:J,70 . 
(Electrolysis 2/ 40 23.40 21. 70 13.70 12.50 41.27 
Pyrite) 80 £1, 70 19.90 12.50 10,90 0.17 4.- 38.'7 

160 19.90 18.20 10,90 8,50 34,97 
120 18.20 - a.~o ·• 10,97 

Ne■basa 40 . 15.80 13.60 • . 
(Ref, Gas and 80 15,80 14,30 12.40 . 0,60 4,- 32.80 
Naphtha/Sulphur) 160 14.30 13,80 10.so . 29.70 

320 13.BO • 8,40 • 26,80 ' 

Dar Es Salaas 40 - 15.40 1).90 12. 70 • 
{Ref, Gas and 80 15.40 13.90 12.70 10,80 0.54 4.- 32.64 
Naphtha/Sulphur) 160 13.90 12,50 10,80 a. 10 29.24 

320 12.50 • 8.40 • 26."11 

Ultali .o 14.JO 16.20 13,90 • 
(Ref.Gas and 80 n,JO 13.•· 13.90 12.30 0,36 •·· 32.56 
Naphtha/Pyrite) 160 13.-- 11.40 12.30 9.•• 29.66 

320 11,40 • 9_ ... . 24,76 

T o t a l 
(AO) (BC) 

. )6.~0 . 32.80 

. 30. 10 . . -· 
38.26 

35,,6 35.%6 
.11.~6 '2.56 . . 
. 52.87 

48.)7 47.67 
44.87 li4.77 
40. 77 40.37 . . 
- 44.57 

40.07 39,57 
36.77 36.57 
'2,57 33,17 . . 
. 34.-. '1,30 
• 28.20 
• • 
. JJ.84 

30.74 31,14 
27.14 21,84 . • 

• 34.86 
30.96 31.26 
26.36 28,06 
. . 

{BU) 

. 

. . . 
37.06 
35.46 
30.16 . 
49.51 
lili.47 
l;J.17 
38,97 

• 

41.27 
38.'7 
34.97 
J0.87 . 
. . 
• . 

32.64 
29.24 
25.74 

• 

32.56 
29.66 
24. 76 . 

·-

N 
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Table 67 Cont. 

Location Capacity of the Cod =r Too AS in US I 

(Bash) 411oniu1 Sulphate Al1onh Sulphuric Acid Electricity 
Plant in 1,000 

Tons/Vear A01 B" l c•l guJ f 

livings tone 40 -- 29.80 11 ... {24.--
( Coke/Sulphuc) 80 28,80 26.-- 16.-- if sup9lied 0.26 

160 26,-- 23. 10 l/,,30 fro• Brok•• 
320 11, 10 . 12 ••• ..!il!L, 

. ·-
lhingstona 20 ... 2~.10 18.10 (24.--
{Electrolyah/ .o 2~.60 22.10 1;,. •• if SU?plie~ 

H2S04 80 22. ~o 20.50 16.-- fro■ Brnki~ 0,09 
160 20,50 18.90 n.JO Hill) 

.. __ ._)20 18.40 . 17..----
Taaatan 40 ... 16.- 14.20 -(Ref.Gas and 80 16,-- ·14.60 12.90 ••• 0,60 
Naphtha/Sdphur) 160 1~ •• o 13.JO 11,%0 ·-

)20 13,JO . 9.-- ·-. 

•) A a••onia production used by 100 per cent for AS production 

B a11onia production used by 50 per cent for AS production, re■aind&r for other products 

C sulphuric acid production used by 100 per cent for AS production 

Packing 

6 

4.-

ii+.--

4.-

Q sulphuric acid production used by 50 per cent for AS production, re1ainder for other products 

IAC) 

. 
~0.06 
"-56 
39,)6 

••• 
45. 19 
42,19 
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,~.2iJ 

-'3.50 
,0.60 
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T o t a 1 

(40) (BC) 

. ~·1. Oii 

. 46,26 

. 41.66 . . 

. 46.29 . 43,19 . 40,59 

. 37,29 . . 
- 3~.80 
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180) 

. 

. . . 

. . . . 

. 

. 

. . . 

-
N 
\J1 
w 



•ill ion 
us I 

3 

2 

us Sil 

1 

6 

s 

4 

3 

2 

40 

FIGURE 44 

lRAPHIQUE 44 

' . 

' 
I 

I 
' 

I 
40 

80 120 160 

CAPITAL DTVESTMENT REQUIRED FOR 
AMMONIUM SULPHATE PRODUCTION 
DEPENDING ON THE CAPACITY 

CAPITAL D'INVESTISSEMENT NECESSA:IRE 
A LA PRODUCTION DE SULFATE AMMONIAQUE, 
CAPITAL DEPENDANT DE LA CAPACITE 

I 
I 
i 

~ I 

total 
' 

I 
, personnel 
capi!al 

-
80 0 1,0 150 

,,_,,,!J •i.;'-" 

FIGURE 4 5 COST OF YERSONNEL AND CAPITAL COST PER 
TON OF AMMONIUM SULPHATE DEPENDING ON 
THE CAPACITY 

GRAPHIQUE 45 FRAIS DE PFJlSONNEL ET FRAIS DE CAPITAL 
PAR TONNE DE SULFATE AMMON!.AQUE, FRAIS 
DEPENDANT DE LA CAPACITE 



us sr ! 

60 

I 

Jtnja ( eiectr ;) B Jinja (eledr. 1) B 

Oar Ls Salaam 

T-----1 Assab A 

Nombasa A 
Oar £s S,laa• A 

100 20D 300 400 1000 tpa 
FIGURE 46 COST OF AMMONIUM SULFATE PRODUCTION 

A'l' VARIOUS LOCATIONS DEPENDING ON TBE 
CAPACITY (NORTHERN PART OF SUBREGION) 

(jtRAPliIQUE 46 FRAIS DE PRODUCTION DE SULFATE D'AMMONIAQUE 
A DIFFERENTES LOCALITES (PARTIE NORD DE 
LA SOUS-REGION), FRAIS DEPENDANT DE LA 
CAPACITE 



us Sit 

60 

50 

40 

1~0 
FIGURE 47 

GRAPUIQUE 4 7 

;\ 

B Livingstone eleclr.) A 

I 

U;tall B 

200 300 400 pa 
COST OF AMMONIUM SULPHATE PRODUCTION AT 
VARIOUS LOCATIONS DEPENDING ON THE 
CAPACITY (SOUTHERN PART OF SUBREGION) 

FRAIS DE PRODUCTION DE SULFATE D'AMMONIAQUE 
A DIFFERENTES LOCALITES (PARTIE SUD DE LA 
sous.1.REGION)' FR-A.IS DEPENDANT DE LA CAPACITE 



- 257 -

Ammonium Nitrate 

Production of nitric acid by combustion of ammonia is a 

proaliminary stage to the production of ammonium nitrate. 

By reaction of more ammonia with niwi>-0 acid ammonium nitrate 

in dissolved form is obtained, The solution is concentrated 

with the aid of the heat of reaction, By prilling or crystallizat

ion finally salt in solid form is won, 

To protect them against water absorption, the crystals or 

pr:clls are subjected to a coating, 

Thn production plants whose capital investment is shown in 

Figure 48 consist of1 

- NH
3

-evaporation plant 

- nitric acid plant (air blower, NH
3

-combustion, catalysts, 
absorption plant) 

- dissolving and evaporating plant 

- prilling plant 

- coating plant. 

Figure 49 shows the production costs depending on the capacity, 

which result from personnel cost and capital cost (depreciation, 

interest, maintenance), 

The, following raw materials, auxiliaries and utilities are 

ne€,ded to produce 1 ton of ammonium nitrate 1 

- ammonia 

- electricity 

- chemicals and 
catalysts 

- packaging 

0,45 tons 

J60 kWh 

20 sacks {polythylene) 
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Ta.ble 68 shows the casts of' these input quantities at the 

intii vidual 1.oca tions. The cost data f'or. ammonia are based 

on the cost curves in Figure 39, 

Th,~ cost depending on the 1.ocation (Tabl.e 68) and the 

personnel and .capital cost depending on the capacity incl.uding 

.5 per cent f'or contingencies (Figure 49) have been combined 

in Figures 50 and 51. 

The cost curves A are valid in case the ammonium nitrate 

plant consumes the total production of' the ammonia plant. 

ThE, curves D are valid i:t' ,50 per cent o:t' the ammonia production 

is used by the ammonium nitrate production and 50 per cent by 

other 'products. 



Table '8 Cost of••• llateials. Aolxiliari•• aJld utilities ptr Ton of Alaoaiu• litrate for Various Loeatio1s (in US &l 

Cai,acity af the jaoaiu1 Cost in US l/Ton 
, 

Locatien -~·M•4· D\~-' ~- 1 NV\ 
. ____ ;:_ r, , l , t • si Cneaicals anci Pttiing (8a1b) "'''°•'-•I .i.•Hl .5.il ltUVV -·· t..1ec incup 

Tm/Year A B Catalvsh 

bub 20 . )1.51) 
(hf.Gas and hpbtia) 40 ,1.511 28.80 10.80 1 •• 4.-

'° 29.,0 27.?e 

Jbja 20 • 35,.51) 
(laplttha) 40 35,50 32.60 4.,2 1 •• 4.-

'° n.ro '1.,0 

Ji•i• 10 . 55.,0 
( Eloctrelysis 1) 20 55.,0 52.10 2.05 1.- 4.-

40 52.10 40.70 

'° 50.40 47.lO 

Jiaja 10 . 41. 10 
(Eloctrolysis 2) 211 41.10 311.- 1.02 1.- 4.-

40 38.- }S.10 

'° )li.20 "·'° 
IINiasa 20 . 27. 'Ill 
(1tt.&u ud ._tbal 40 27.70 25.20 7.?e 1 •• 4.-

611 26.,0 2).90 

Dr Es Silu• 20 - 27.-
(hf.in UII hpbtlla) 40 27.- 24.50 6,48 1.- 4.-

'° 25.68 ZJ.20 

.. ali 211 • 25.20 
(lef,fiu ud llaplnlta) 40 25.20 22.!IO 4.J2 1 •• 4.-

'° 2).111 21.60 

Ud191t.. 20 - ,, ... 
(Cll:a} 40 ,,.- 46.40 ,.o, 1.- 4.-

'° 48,611 42.70 

UYi11phN 10 - 41.80 
(Eltctr.lylis I 21) '1,BO )8.68 

40 38.68 "·- 1.111 1.- 4.-

'° '7,10 34.20 

1-ta.• 20 - 28.,0 
(Ref.&aa m laphtha) 40 28.,0 25.60 7,20 1 •• 

··-60 27.- 24_,o 

l o t a l 
A 

-
47.]0 
45.70 
. 

"-82 
43.02 

62.'5 
59,15 
57.45 

47.12 
44.02 
42.22 

39,90 
)8.50 

)8,48 
]7.08 

34.52 
JJ.12 

,1.07 
56.67 

47.81 
44.68 
4).18 

40.50 
l9.20 

8 

47.JO 
"·60 
4) ... 

"-82 
41.92 
40.62 

62.35 
59.15 
55.85 
54.25 
47.12 
44.02 
41.12 
)9.)2 

39.90 
)7.40 

"· 10 
J&.48 
J5.98 
34.68 

34,52 
)2.22 
,tl.92 

61.07 
54.47 
50.11 
47.88 
"·68 42.08 
40.28 

40.50 
)7.80 
111,50 

"' \JI 
\0 
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7.2.4.5 Ammonium Nitrate Explosives 

A.mmonium nitrate explosives ready for use are manufactured by 

mixing ammonium nitrate with small quantities of' wood dust or 

cork dust and fuel or diesel oil, The corresponding plants 

s,hould be located close to the ammonium nitrate production 

plants. They consist of 

- weighing devices 

- mixers 

- filling devices. 

The capital investment f'or a plant with a capacity o:f' 

J,000 tons a year (one-shift operation) amounts to approx. 

0.1 million US$, the personnel cost can be calculated at 

about 10.- US$ per ton of explosive. 

The following input quantities are required for 1 ton of 

explosive: 

- ammonium nitrate 0.95 tons 

- oil 0,04 tons 

- cork/wood dust 0.01 tons 

- packaging 80 plastic bags at 12.5 kilos each 
+ 20 wooden cases at 50 kilos each 

- electricity 40 kWh 

The cost of' the fertilizer is determined mainly by the cost 

of the ammonium nitrate depending on the location and on the 

capacity (see Figures 50 and 51). 



- 261 -

A realistic estimate of the total oost per ton of ammonium 

nitrate explosive is given with the £ollowing equation 

(valid £or a plant 0£ 3,000 tons/year): 

oost per ton of explosive in US$= oost per ton 0£ ammonium 
nitrate in US$+ 25 US$ 
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7.2.4.6 Sodium Cyanide 

Cyanide of high percentage can be won from pure hydrocyanic 

ac:id and pure caustic soda, The corresponding production plants 

should be combined with the ammonia plants. 

By conducting the hydrocyanic acid into caustic soda (JO to 

.35 per cent) under simultaneous cooling, a sodium cyanide 

solution of about 28 to JJ per cent is produced, Subsequently, 

the cyanide lye is evaporated. 

Tbe following plants are required for the process: 

- hydrocyanic acid plant 

- reaction plant 

- evaporation plant 

- briquetting plant. 

Figure 52 shows the capital investment, Figure 53 the cost of 

pe,r"sonnel, the capital cost (depreciation, interest, maintenance) 

and the total costs depending on the capacity which result 

from these items. 

The following raw materials and utilities are needed for the 

production of 1 ton of sodium cyanide: 

- caustic soda 0,82 tons 

- methane 0,81 tons 

- ammonia 0,39 tons 

- sulphuric acid 
(100 per cent) 0.02 tons 

- electricity 170 kWh 
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At the location Umtali the cost of' one ton of' sodium cyanide 

amount to 

- methane 1 ) 

- electricity 

- chemicals 

J2.- US$ 

1,5JUS$ 

2, - US$ 

J5,5J US$ 
========= 

Figure 54 indicates the total production cost at the location 

Umtali excl. the cost of' caustic soda and ammonia. 

The cost of' ammonia can be seen f'rom Figure 59, The cost 

of' ammonia depends strongly on the capacities of' the ammonium 

sulphate and ammonium nitrate plant, since the sodium 

cyanide plant is integrated in the nitrogen production, 

The total ammonia requirement is calculated as f'ollows: 

The meaning of' 

c, = production capacity f'or ammonium sulphate 

c2 = production capacity f'or ammonium nitrate 

CJ = production capacity f'or sodium cyanide. 

1) It is assumed that methane will be available at a price 
of' 40 US$ per ton within the ref'inery. 
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The cost of' caustic soda can be seen from Figure 11. 

The dependence on the production capacity is to be considered, 

since caustic soda is used in many processes in chemical 

industry, 

The cost obtained for ammonia and caustic soda is to be 

multiplied with the input.quantities and then to be added 

to the value of' Figure 54, 
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Phosphate Industry 

Single superphosphate is obtained by reaction of crude 

phosphate with sulphuric acid. Modern production plants 

are operated continuously and consist of 

- grinding plant for crude phosphate 

- acidulation 

- sacking plant. 

The capital investment depending on the capacity is 

represented in Figure 55, 

Figure 56 shows the cost of personnel and the capital cost, 

such as depreciation, interest and maintenance. The cost of 

a sulphuric acid plant are not considered in this connection. 

They are shown separately in Figures 40 and 41. 

The P2o5-content of the single superphosphate is determined 

mainly by the P2 o
5
-content of the crude phosphate. The 

requirement of sulphuric acid does also depend on the quality 

of the crude phosphate. 
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On the basis of the crude phosphate in Tanzania to be 

concentrated to 31 per cent of P2 o
5

, superphosphate with 

a. content of about 16 per cent P
2

o
5 

can be produced. In 

this case the input quantities are: 

- sulphuric acid 
(monohydrate) 0.4 tons 

- crude phosphate o.6 tons 

- electricity JO kWh 

- packaging 20 sacks 

Figure 57 shows the production cost depending on the 

capacity for the location Dar-Es-Salaam. The costs for 

sulphuric acid (see Figure 43) are valid on the assumption 

that sulphuric acid is used at Dar Es Salaam only f'or the .. 
production of superphosphate, If sulphuric acid for ammonium 

sulphate and rayon production is supplied by the same producer, 

the cost of sulphur is to be determined according to Figure 4J. 
In this case the respective sulphuric acid capacity is to be 

calculated according to the following formula: 

The meaning of' 

c1 = single euperphosphate capacity 

c2 = ammonium su1phate capacity 

c
3 

= rayon capacity 
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7.2.6 Viscose Rayon Industry 

The production of viscose rayon has been selected because 

it offers some advantages over the productton of copper and 

acetat~ silk: it requires simple wood pulp and chemicals 

that can be easily obtained. 

For viscose rayon production only alpha-cellulose (long-chain 

molecule) can be used, 

By a reaction with caus~ic soda the moist cellulose is convert

ed into alcaline cellulose which is then transformed into 

cellulose xanthogenate in carbon disulphide, The xanthogenate 

is dissolved in water and the solution is conducted through 

the spinning nozzle into the spinning bath, Here the xantho

genate linkage is destroyed and the cellulose is obtained in 

fine threads, 

Trre following plants are required for the process: 

- manufacturing plant for the production of the fibres 

- unravelling plant for pulp 

- plant for the production of the spinnable solution 

- spinning plant 

- plants for secondary treatment 

- energy and subsidiary plants 

- carbon disulphide plant incl, production plant for 
charcoal 

- alcaline chloride electrolysis plant 

- water-preparation and water softening plant 

- steam generation and foreign current supply 

- air-conditioning and cooling plants 
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Figure 58 shows the capital investment, Figure 59 the per

s<Jnnel cost and the capital cost, such as depreciation, 

interest, maintenance etc., for 

a) a viscose rayon production plant with alcaline chloride 

electrolysis (uniterrupted line), and 

b) a viscose rayon production plant with caustic soda 

supply from outside (interrupted line) 

T:t1e costs of the raw materials and utilities needed for 

t:~e production of viscose rayon (incl,alcaline chloride elec

t:rolysis) at various locations are represented in Table 70 

a,~d Figure 60, The f'ollwing quantities are required per ton 

o:f viscose rayon: 

- pulp (to be imported by 94 per cent) 1 ) 1 , 11 tons 

1 ,62 tons 

0,98 tons 

- salt (NaCl) 

- sulphur (99,9 per cent) 

- electricity 15,000 kWh 

~ fuel oil 4,40 tons 

- natural water (mechanically treated) 1 ,250 m3 

- thereof softened .500 m3 

- wood 1 , 1 tons 

- zinc sulphate (high purity) 0,07 tons 

- sodium sulphite 0,034 tons 

- avivage 0,025 tons 

as intermeiiates per ton of rayon there are needed 

- caustic soda (100 per cent) 

- carbon disulphide 

- sulphuric acid 

1 , 1 .5 tons 

0,375 tons 

1 ,50 tons 

1) A detaile~ investigation should make clear wheter the 
ol. - cellulose imported can be substituted in the future 
by African wood pulp, 



Table 70 

Pulp 1 ) 

Salt 

~ulphur 
le,: tri-

city 

Fuel Oil 

Coal 

iiood 

~nicals 

il 
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Cost of' the Raw Materials and Utilities f'or 
Viscose Rayon (US.$/t) 

In;:>Ut per Dar Es Salis- Jinja Nairobi Koka 
Ton- of' Rayon Salaam bury 

1 , 11 t 167,- 176,- 187,- 172,- 167 ,-
1 ,62 t 32,4 47,- 50,- 35,5 32,4 
0,98 t 30,3 36,6 47.- 39,- 42,-

15,000 kWh 225,- 67,5 85,- 1 50, - 210,-
4,4 t 79,- 100,- 176,- 140,- 176,-
5,9 t - - - - -
1 , 1 t 4,4 4,4 4,4 4,4 4,4 

25,- 25,- 25,- 25,- 25,-

563, 1 456,5 574,4 565,4 656,8 

--~---
Viet. 
Falls 
Living-
stone 

182,-

56,5 
43,-

45,-

--
17, 7 

4,4 
25,-

373,6 
'=== •======= ~============ =-======= t=======: ======= ::======= I::;.:::== ========· 

Figure 61 shows the total cost of: viscose rayon production 

including the alcaline chloride electrolysis at the individual 

locations. 

In the scope of' this study the production o:f viscose rayon 

at <aupply of' caustic soda f'rom outside was also investigated. 

Raw materials and utilities and their costs at the various 

locations are shown in Table 71. Figure 62 is representing 

the costs in a graphic, 

l) The costs f'or pulp are import prices 



~le 71 

Pulp1 ) 

Sulphure 

Elec:tri-
city 

Fuel Oil 

Coal 

Wood 

Chemicals -
Tote.I 
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Cost o:f the Raw Materials and Utilities 
ior Viscose Rayon {Supply o:f Caustic Soda 
:from Outside; Cost o:f Caustic Soda is not 
included) (us.$/t) 

Input per Dar Es Salis- Jinja Nairobi 
Ton o:f Rayon S~laam blµ'y ., 

1 , 1 1 t 167,- 176,- 187,- 172,-
0,98 t JO,J J6,6 47,- 39,-

10.800 kWh 162,- 48,5 62,- 108,-
4,4 t 79,- 100,- 176,- 140,-

5,9 t - - - -
1 , 1 t 4,4 4,4 4,4 4,4 

21 , - 21 , - 21 , - 21 ,-
' 46J,7 J86,5 497,4 484,4 

Koka Viet. 
Falls 
Living-
stone 

167,- 182,-
42,- 4J,-

152,- J2,5 
176,- -
- 1 7, 7 

4,4 4,4 

21 , - 21 , -

562,4 J00,6 
====:==== I============ I==== = ==:;--== = === ~1:::: ;===== ====== t::====== ::. 

Figt;Lre 6J shows the total cost at supply o:f caustic soda, 

:from outside. 

The cost o:f caustic soda can be seen from Figure 11. The 

dependence on 

since caustic 

the production 

soda is used 

capacity is to be considered, 

in many processes o:f chemical 

industry. The cost :for caustic soda is to be multiplied 

with the input quantity and then to be added to the value 

:from Figure 6J. 

l)The costs :for pulp are import prices 
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Selection of the Optimal Locations and Capacities 

Considering all Decisive Criteria 

8. 1 Method 

On the basis of the cost curves given in the previous section 

it is possible to determine the production costs of al.l products 

at all locations and for any capacity desired. 

In most cases the costs of the final products can be seen 

directly from the cost curves. In some cases the costs of the 

starting or intermediate materials laid down in other graphs 

are to be added to the sums seen from the curves. Basing on 

these data it is possible to dec:l.de definitely which location 

is most favourable with regard to the production cost. In 

addition, they show to what an extent the production costs de

pend on the capacity and thus on the size of the market. 

To come to an optimal decision on location and capacity, how

ever, it is necessary to consider also the costs of tra,nsport 

from the potential locations to the consumption centres. Loca

tion and capacity are most favourable where the sum of pro

duction cost and transport cost for the supply of the total sub

region is smallest. 

The transport costs are determined by the quantities to be 

trarrsported on the one hand and by the distl'tnces and tariffs 

on the other. The quantities considered in the scope of this 

stu,jy are based generally orl the demand by the four market 

zonas of the subregion ascertained for 1970. The market data 

for 1980 are taken as a basis only in the case of polythylene. 

The distances from the locations to the consumers are assumed 

for fictitious market centres within the individual market 
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zones, The location of the most important economic centres 

as well as a specific regional. distribution of goods within 

thu market zone was considered in the determination of these 

fictitious market centres. 

Table 72 shows the ascertained transport costs from al.l lo

cations considered to the four market zones. According to the 

fre,ight tariffs of the railway and shipping lines, the trans

port costs for fertilizers are approx. 50 per cent lower than 

for other chemical products. For rayon 60 per cent and for 

explosives 100 per cent have to be added to the transport costs 

determined for the other chemical products. 

A comparison of various alternatives is necessary for these-

lection of the location with to the production costs 

d spending on the capacity and the transport costs for final 

prc,ducts. Alternatives result above all from possibility to 

establish various numbers of plan ts of one production line in 

thu subregion. It is possible to supply the subregion with a 

product from one or two or even more locations. If the establish

ment of several plants at different locations is considered, 

the,re exist various alternatives of the allocation of the 

plEiJlts to the individual market zones. If it is envisaged, for 

instance, to establish plants in the market zones A and D, the 

capacity of these plants depends not only on the demand in 

the,se market zones but also on the distribution of the demand 

of market zone B and C to the two plants. The large number of 

thinkable alternatives is limited by the fact that the demand 

by the markets to be allocated to a location must not be 

smEcller than the minimum capacity of the respective plant. 

Fu:r-ther limitations for integrated industries result from 

theiir technological peculiarities. 

In consideration of these criteria the reasonable alternatives 

a.re, selected, They are treated in the following sections, 



Table 72 Costs of Transport from the Selected Locations to the Market Zones 
'in US$" 

Market Zone A Market Zone B Market Zone C Market Zone D 

Assab 

Koka 

Jinja 

Nairobi 

Mombasa 

Dar Es 
Salaam· 

Tamatave 

Umtali 

Salisbury 

Living~ 
stone 

a 

18.00 

2.00 

40 ,80 

J6.80 

32.60 

32.60 

J4.50 

J6.00 

J8,00 

43,50 

Column a, fertilizer 

b 

22.00 

4,00 

65.60 

59,60 

51, 20 

51. 20 

55.00 

58,00 

62.00 

73,00 

a 

19. 1 0 

J8,80 

6.00 

2.00 

4.20 

7.30 

1 7. 80 

19,JO 

21 , JO 

26.80 

b 

32.70 

59.60 

12.00 

4.oo 

8.40 

14.60 

Jl.60 

J4.6o 

38,60 

49.60 

a 

16.50 

36.50 

21.80 

17 ,80 

lJ.60 

1J.60 

4.oo 

1 5. 1 0 

1 7. 1 0 

2J.60 

Column b, Cac
2

, NaOH, insecticides, PVC and polyethylene 

b 

29.00 

55.00 

39.60 

31.60 

23.20 

2J.20 

7.00 

26.20 

J0.20 

41.20 

To the costs in column b 60 per cent are to be added for viscose rayon 
and 100 per cent for explosives, 

a 

20.00 

40.00 

25.30 

21.JO 

1 7. 1 0 

1 7. 1 0 

1 7. 1 0 

2.00 

2.00 

5.50 

b 

35.00 

62.00 

46.60 

J8.60 

J0.20 

J0.20 

J0.20 

4.oo 

6.00 

11 • 00 

"' 00 
\Jl 
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8.:! ,b.lternative Calculation and Recommendation 

Th,3 chlorine industry combines the production of' caustic soda 

with productions consuming chlorine, such as PVC, DDT, or BHC. 

Table 73 points out :f'i ve alternatives :f'or di:f':f'erent capacities 

and production programmes at the locations selected in 

section 6. 

In these alternatives the capacity of' the alcaline electrolysis 

corresponds approximately to the caustic soda demand by the 

market to be supplied, but also to the chlorine demand of' the 

chlorine processing plants basing on this industry. For this 

reason the number of' alternatives is small. 

Al1;ernative I envisages the establishment o:f a chlorine in

du1,try at only one location, This industry covers the demand 

of' all f'or market zones :for caustic soda, PVC, DDT and BHC, 

Al;;ernative II envisages the establishment of' a chlorine in

dustry in the northern part of the subregion (market zone A or 

B) and in market zone D. The in.dustry in the northern part is 

to supply PVC f'or the market zones A and B; the industry in 

market zone D is to cover the total demand f'or BHC, and the 

denand of' the southern market zones C and D f'or caustic soda 

and DDT. 

A11;ernatives III, IV and V envisage the establishment of' three 

chlorine industries in the three continental market zones which 

cover the demand of the di:f:fe:rent markets in the form described 

for alternative II, 
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In Tabl.es 74 to 78 the f'ive al.ternatives are anal.ysed. The 

l.e,gend of' the col.umns is given previousl.y. In the case of' al

te:rnati ve I ( Table 74), the comparison of' the f'igures l.is tad 

in column 16 makes possibl.e an immediate sel.ection of' the most 

cost-favourable location. 

In the case of' alternative II (Tab1e 75) the most f'avourable 

location in the northern and in the southern part of' the sub

re,gion is to be selected. Adding the cos ts at these two l.oca

ti,;ns we obtain the most cost-f'avourabl.e supp1y of' the total 

su·oregi on possibl.e £or this al. ternati ve. 

The same procedure is to be appl.ied in the case of' the a1terna

tives II, IV, and V which envisage the establ.ishment of' one 

chlorine industry in each of' the three continental market zones 

of' the subregion. 

The minimum costs f'or covering the total. demand are: 

Alternative Location Mi11ion US$/Year 

I Umtal.i 6.23 

II Nairobi 

Umtali 6.82 

III Koka 

Jinja 

Umtali 7.64 

IV Koka 

Nairobi 

Umtali 7.08 

V Koka 

Nairobi 

Umtal.i 6,90 
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Ii; is c1early visible that alternative I, that is the supply 

01' the total subregion f'rom one location, implies the lowest 

costs. Umtali (6.23 million US$/year) can of'f'er at more f'avour

able costs than Nairobi (6.63 million US$/year). 

IJ'. a certain dispersion of' new industries in the subregion is 

a,.med at, alternative II with production plants at Nairobi 

and Umtali seems justif'iable, 

According to section 3,2, 3,4 and 3.7 the prices cif' East 

AJ'rican coast amount to, 

- Na0H approx. 75.00 US$/t 

- PVC approx. 415.00 US$/t 

- DDT approx. 610.00 US$/t 

- BHC approx, 175.00 Us$/t, 

IJ~ it is assumed that these prices less 10 per cent can be 

obtained in the East Af'rican market zones also f'or domestic 

products, the proceeds resulting f'or the total production en

v:lsaged are 

7,99 million US$/year, 

In alternative II these proceeds are distributed to 

Nairobi 5,15 million US$/year 

and Umtali 2.84 million US$/year. 

As against these proceeds there are production and transport 

costs amounting to 6.23 million US$ per year f'or alternative I 
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ar.d to 6,82 mi.llion US$ f'or alternative II, Nairobi accounting 

f'c,r 4,06 million US$/year and Umtali f'or 2.76 million US$/year. 

Tt.,1s, there results the following annual prof'i t 1 

alternative I 

alternative II 

1,75 million US$ 

1,16 million US$, 

Relating these profits to the capital investment for alter

nacive I (11,80 million US$) and alternative II (4,7 million 

US$) ascerta:l.ned in Figures 8, 17, 21, and 25, and to a 

wo:r·king capital of' 2 million US$, and considering the interests 

(5 per cent) already included in the calculation there resul.ts 

a profitability of 

- 17,5 per oent for alternative I 

- 11,9 per cent for alternative II. 

The product:l.on of' .:,alcium carbide has been investigated in 

this study as a preliminary stage to PVC-production. Figure 20 

poi.nts out clearly that PVC-production on the basis of' carbide 

is not e~,onomical as compared with PVC-product.ion on the basis 

of' light virgin naphtha. No carbide production is, therefore, 

enYisaged for the PVC-•prodm:tion proposed in alternative I or 

II. 

The question whether an independent carbide production is 

possible f'or the East African market (for welding) can be 

determined on the basis of' the cost curves in Figure 14. The 

demand ascertained f'or 1970 of' maximally J,500 tons f'or the sub-
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re,gion and 1,500 tons for market zone D, which is the only 

zo,ne to be considered for a production, due to its raw 

m~,terial resources, is far below the usual. minimum capacity, 

As can be seen :from the cost structure o:f carbide production 

shown in Figure 14, it cannot be expected that a carbide 

p:r•oduotion will be economical in the near future, 



fable 73 

llarket Zo11e location Product 

1 2 3 

A Kna llaOH 
PVC 
DDT 
BHC --

B Jinja NaOH 
Nairobi PVC 
Dar Es Salu■ DDT 

BHC 

D U.tali "aOf 
Livingstone PVC 

DDT 
BHC 

Chlorine Industry 

Alternatives for Production Pro9ra11es and Narkots to be Supplied 

A l t e r n a t i • e s 

1 Plant in the Subregion 2 Plants in the Subregion 3 Plants in the Subregion 

I II III IV V 
4 ~ 6 7 8 

A+B+C+D A+ 8 A A A 
A+B+C+D A+B+C+D - A+ll+C+D -
A+B+C+D A+ B A+ 8 - -
A+B+C+D - - - A+ll+C+D 

A+B+C+D A + 8 8 • C B • C 8 • C 
A+8+C+D A+B+C+D A+B+C+Q - -
A+B+C+D A+ B . A+ll+C+D A+ll+C+D 
A+B+C+D . A+B+C+D - . 

A+B+C+D C • D D D D 
AtB+C+D . . . A+ilt!!:+D 
A+B+C+D C + D C + D . -
A+B+C+D A+B+C+D . A+lkC+D -

-

I\) 
\0 -
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L,agend of' Table 74 to Z8 

C,>lumn 1 to 3 

column 4 

column 5 

column 6 

column 7 

column 8 

cc,1umn 9 

Market zones, locations and products 

Demand by the individual ma:rket zones 

Demand by the markets to be supplied in 

the f'ramework of' the alternative considered 

Confrontation of the chlorine supply corres

ponding to the caustic soda demand and the 

ch1orine demand by the chlorine processing 

productions (PVC, DDT, BHC), 

Here it becomes visible to which extent 

the chlorine obtained in caustic soda produc

tion is consumed by, resp. suf'f'icient f'or, 

the other productions. 

Production costs per ton of the individual 

products at the capacities selected (taken 

from Figures 11,20,24,18). 

In the case of the products based on chlorine, 

the cost of chlorine is not contained in 

these production costs. 

Cost per ton of chlorine (taken from Figure 

11 w:i. th regard to the chlorine capacity). 

The chlorine capacity depends on the totaJ. 

chlorine demand (listed in column 6) by the 

chlorine processing plants envisaged for 

the location, 

chlorine costs per ton of' PVC, DDT and BHC. 

Considering the respective input quantities, 

they result from the costs registered in 

column 8. 
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column 10 Total production cost 

It is composed of the costs listed in column 

7 and 9. 

column 11 to 14 Total cost/year of the supplies in the indi

vidual market zones. 

column 15 

column 16 

In addition to the production cost these fi

gures contain the cost incurred for trans

porting the products into the zones. They 

were calculated by adding the transport cost 

indicated in Table 72 to the production cost 

listed in column 10, and by multiplying the 

sum obtained with the quantities required by 

the respective zone as listed in column 4, 

Total cost of supply of the individual pro

ducts from the different locations 

Summing up of the values of column 15 for 

the total production programme of a location. 
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~·~--·--·--- --.---
a .. ud in th• lltnllll of th• 

kit u,cation Product "•rket Zone Markets te bt 
Bl 1970 Supplied 

(tons/year) (tons/year) 
.. 

2 J 4 ~ 

Koka NaON 4,500 20,600 
PYC 1,100 6,800 
UOT 200 5,400 
BllC 1.440 6.960 

Jinja hOII 
PVC 
OUT 
BHC 

Nairebi NaOH 8,600 
PVC 1,700 
OOT 2,950 
BHC ),000 

Dar Es Sdaa1 Na0N 
PYC 
OOT 
8HC 

U.tdi Na0H 5,000 
PVC J,550 
llOT 1,450 
BNC 120 

lh!ngstone Na0H 
PVC 
OOT 
8l!C 

Chltrin• Industrv 
Co■parisen of Lecatio~, 

with a Yiew to Prodactioft and Transport Casts 
Alttrnative l 

1 lllt11rattd Industry in tile Su►r•qion 

Chlorine Sapply (+) Production Cut 
Chlorine U1111nd (·l 

{US 1/t l 

(tons/year) excl. Cost of Chlorine 
Cost of Chlorine per Ton of per Tin of 

Chlorine final Prodoct 

6 7 a 9 
+ 13,370 65,)0 • 
•· \,OBO 170 42.; 
• ,,010 264 73.50 12,:0 
• 5.1.220 118.'ill ~~.1 

60.80 . 
170 39.8 
262 68,50 117.0 
118 51.5 

. 60 . 
153 39.2 
252 '7.50 114.5 
109 50,8 

65.)0 • 
142 42.5 
2"7 73,50 126.0 
100 ~-.1 
59.10 . 

na 38.6 
207 66,50 114.0 
81,50 50.0 

58. TO . 
148 .... ~'5 
20) 66 11J,O 
7l 49.5 

. Total 

10 
65,30 

212,50 
'90 
17),60 
60.80 

209,80 
)79.00 
169.50 

60 
192.2 
'66.5 
159.8 

65.)0 
184.50 
)73 
155.1 
59.10 

176,6 
321 
1'1.50 

58. 70 
188.50 
316 
122.50 

-
Total Cost of the Supplies to tile lllrk1t Z•~•• 

Incl, Transpert Ctst 
1illion US 1/,,arl 

A 8 C g A+B+C+D 
lndi• T•t.1 
vidual Product 
Product. 

11 12 13 14 15 . 16 
0,312 1,075 0,)00 0,01 2,)1' 
0.238 0~62 llf120 0,980 1.800 
0,079 1;i.22 0;3,9 0,65, 2.~95 
0,255 0,700 0.51t8 C.028 1.;11 8.1,. 
0,570 0,625 0,251 0.537 1.983 
0,30) 0,)76 0.112 0,910 1,701 
0,109 1. 160 0.314 0,619, 2.202 
0.))9 0,542 0,502 0.026 · 1.414 7,300 

0,5'8 0,512 0,229 0."83 1. 762 
0.276 0,3:14 o. 100 0,820 1,530 
OJJJ5 11.090 0,298 0,588 . 2.1'.t!f ; 
0,315 ' U,489 00460 0,025 1.fa9 6.02 

0.525 0.685 0.222 0,477 .-t~ 
0,259 0,))9 0,09) 0,740 1,4)1 
0.085 1,140 0.298 0,585 2.1~ 
0,296 0.508 0,426 0,022 1.252 6. 700 
0,527 0,805 00213 0,)16 1,861 
0,258 0,)59 0,091 0.641 1.)49 
o.on 1,048 0.260 0.471 1,855 
0,27) 0.498 0.l'/8 0.016 1.165 6o230 

0,592 0,9)1 8,250 0.)49 2. 122 
0,287 0.405 0,10) o. 708 1.50) 
0,0'18 1.077 0.268 0.474 1.89'1 
0,282 0,516 0, 1Q2 0.016 1.206 1 6.128 

Tetal Cost of Production at "•st Cost-favourable Location U■tali 6,2)0 

l\l 
\0 
,I::-
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,rket location Product 
~one 

1 2 3 
A Kok a Ha0H 

PVC 
DD! 
8KC 

8 ,lfoj! NaON 
PVC 
DDI 
811C 

Nairobi NaOH 
PVC 
DDT 
BHC 

Oar Es Salaa■ Na0H 
P~C 
DIil 
llllC 

D U■tali NaOH 
PVC 
DDT 
llHC 

lhiogstone NaOM 
PVC 
llOT 
BHC 

, Oeaand by Zona C NaOM 
COllSidered •1th: PVC 

DDT 
BHC 

De.and in the Uound of th• 
llarket Zone Markets to be 

1970 Svppli•d 

(tons/year) (tons/year) 

4 ~ 
4,500 !3, 100 
1,100 6,800 

200 3,150 
1.440 . 

I 
I 
I 

8,600 
1,700 
2,950 
J,000 

i 
5,000 7,500 
J,550 . 
1,450 2,200 

120 6,960 
I 

I ~ ' 2,500 tens/year 
450 tons/year 
750 tons/year 

2,/iOO tons/year 

ChlorilMI Indu$try 
C011parison of location• 

with a View to Production and Transport Costs 
Alternative II 

? JntAnritt~ !~4~~tri!~ int~~ s~brtni,~ 

Chlorine SOl>ply (•) Production Cost 
Chlorine D1aand (.) 

(US lit) 

(tons/year) excl. Cost of Chlorine 
Cost of Chlorine per Ton of !per Ton of 

Chlorine !Final Product 

6 7 B 9 
• '11,600 70 . 
• 4,080 170 49.50 
• 5,JlfO JOO 82.50 1¾0 . . 

65.5 . 
170 ,6.50 
298 77,50 132 
• . 
64.8 • 

153 76.20 45,70 
287 130 . • 

70 . 
143 49,50 
282 82.50 1lt0 . • 

• 6,650 71.40 . . . . 
• 3,730 268 75 127.50 
• 5,220 87 56.20 

i 71.80 . 
. . 

262 74.60 126,80 
79 G~.oo 

Total Cost of the Supplies to the Market Zone$ 
Incl. Transport Cost 
l•illion US llvea•) 

Total A B C 0 A•B•C•U 
lndi• Total 
vidual Pro• 
Product. dudion 

10 11 12 1J 14 15 16 
70 ti./}'.; 1.105 . . 1.•JS 

219.so:o.?~7 0.474 o. 1 24 1.000 i ,84~ 
44Q i0,089 1.470 . . ~ .. ~,;:g . . . . . . •.842 
6'i.50 o.~90 0.666 . . 1.7~1, 

:'16.50 0.l10 0.388 o.11~ 0.9)4 'I. 7,7 
4)0 0,099 1.)05 . . I. I.OJ, 

• . . . . 0 I+. 407 

64.80 0.560 0.590 • - 1.150 
198. 70 0,284 o.w, 0.104 0.841 1.573 
417 0.095 1.240 . . 1.335 
• - . . . . 4.(,;a 

70 0.545 0,721 . . 1.272 
192.50 0.268 0,)52 0.097 o. 790 1.507 
422 0.095 1.290 . - 1.1115 
. . - • - ... ~ .... ~ 4. 101. 
71.40 . . 0.2~ 0,377 0.021 . . . . . . 

)95,50 . . O.J16 0.578 0.894 
14J.20 0.289 0.533 0.407 0.018 1.24? 2. 762 

71.80 . . 0.282 0.414 0.696 
. . . . . . 

388.80 . . 0.)15 0.578 0.893 
134.90 0,29( 0,554 0,422 0,018 1.29) 2.882 

!lost Cost-Favourable location Zone A+ B: Nairobi 
Zona 0: U.tali 

Total Production Cost at thtse locations: 6.62 

N 
'8 
Vl 



e 76 ci1lorine Indu~ lq 
Co1parisoo of locatioos 

with a View to Production and Transport Costs 
Alternative III 

3 Int•qrated Industries io ~i!!-~~pr•~ion 
- " ~ ___ , ____ ,._ .... __ _. 

•- ., __ ..._.__..,..~••-•---~--_.,- _ _,,.., • ., ,.⇒ ~ ,_ •-- .rL ~--- •-<"-· __ --~ 

Onand in fo, ~uand et tho C~lor!ne S•pply { +) 

ket location Product Market Zo~e Markets fo be 
1970 Supplied 

ne 
( for.s/year) (hns/iear) 

---1~---2 '1 ,---·--" a~ 
Kok1 NaOII 4,500 \,500 

P~t 1,100 • 

-::~-~ --1.,!~ --· 
,. 1;0 . - """''"''''"''''"'"''-""''-"'=~="' ~~ 

Jinja NaOH 
PVC 
DPT 
BMC 

Nafrobi N~OH 
PVC 
CDT 
BHC 

Oar E$ Sala•• NaOH 
PVC 
DOi 
BHC 

D U1tali NaOH 
PVC 
DOT 
BHC 

Livingstone NaOM 
PVC 
goJ 
BHC 

Pe1and by Zone C NaOH 
onsidered vith: PVC 

DDT 
BHC 

I t 
8,600 11,100 
1,700 6,800 
2,950 . 
J,000 6,960 

I I 
5,000 5,000 
3,550 • 
1,450 2,200 

120 . 

i i 
2,500 tons /year 

450 tons/year 
750 tons /year 

2,400 tons/year 

Chlorine Oeoand (-) 

itons/yoar) 

-
6 --.-~ --= --· " 

- 4,020 . 
• 5,350 . 

t 
• 9,920 
• ~,080 

• 
• 5,220 

i 
+ 4,460 

• 
• 3,740 . 

i 

Produdior. Cnst Tot.l Cns\ of ti!• :iuoplies to the N,rket Zone 

- excL 
Cosl of Chlorio• 

7 

' -89.3 . 
300.0 

• 
61.1 

170.0 . 
118.0 

66,4 
153.0 

-109,0 

71,5 
n;.o . 
100.0 

19.9 . 
268,0 

-
79.4 
-

262,0 

-

TraMpod Cost 
!UUL!.1 lailli • US :lvear ! 

-~.t£hlorino _ Total A 3 t 0 A+B•C+g 
per Ton of oor Ton of Iodi• 
Chlorine Final Product ¥idusl 

B 9 
• 
• 

9.;.,i 160,0 
• 
• 

44 .. 6 
11.1 . 

58,3 

-45,8 
76,2 . 

57, 1 

. 
~9-5 

82.5 . 
61.9 
-. 

95.6 162.5 
. 
--

94.2 160,0 . 

Pr~dod. 
w __ 1·: 12 u 1, 15 
89.) 9.•2 • . . n.~2 
• • • • . . 

~60.~ 0.:19 1.53 • . t,62 
• • • . - • - -".:""""-

67. 7 • G.69 o.n . U.% 
214.6 0,31 o •. 39 0 ,.., 

• I< 0.93 1.'15 
- . - - . -

176,3 0,35 0.56 i),56 0,0.J 1,50 

66,4 . 0.60 0,25 . 0,65 
198,8 0,29 o,;; 0 .. 10 0,84 1,59 
• - . . . • 

166. 1 0,JJ 0,51 0.4'1 o.oz 1.lJ 

11.5 . 0.7~ O.?J . 0,97 
192,5 0,27 0.35 0, 10 o.ao 1.52 . . . . • . 
161.9 0,)1 00,;1 0,ltl+ 0.02 1,30 
79.9 - . • o.i.2 0.42 
. - . . - . 

430,5 . . 0,Jlt o.63 0.97 . - . . - • 

79.4 • - - 0.lt5 0,45 . . . - - -
422.0 - - o.,5 o.,3 0.98 

• - • . . . 
Most Cost-favourable location Zone A: Koka 

Zooo 8: Nairobi 
Zone C: U.tali 

Total Production Cost at these locations: 

fold 
Pro-
du,:tion 
16 

... 2,0!, 

• ·)1 ,. ' 

3,11 

3.79 

1.39 

1,43 

7.64 

I\) 

ID 

°' 
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-~-.- .,,_ ~-----

Market Location 

Chl~riije Inou11tr1. 
Co1pariso« of lnr.•H••• 

wi\~ a View lo Productio• ~•~ Trans~~rt Costs 
- Alternative IY · -

3 lnt.9rated !Pduslrh; iu t~s Subrsgi4n 

- _, _,._~ -'-~---~~ ----- --~-- -- - .. 
&uad !fi lh• De1and of the Chlorl.11, S•pply (+) Prodadinn Cijst 

Prod•d 
11a,,~at !on• Mark,t. lo be Chlorine 119taad ( •) 

i910 

' ·····-~ 
Tobl Cost of th• S,ppli~• to th• l•rkat Ion,, 

Iotl. Vra,1ap~d CHt 

loM S,,,~1!•1d (US lltj aillI•n J; llrJa.· l - .,,.=-----., 

( tons/year i (to~s/yea,· l ! to••IY••r) e~,i::i: -- J:ot! flf C~JMi~t~"~ T@bl AtBtC,t_l 

- - --- . .,, __ ~ 
1 2 1 .4 1 
A X.ka NaOH 4,500 4,500 

PVC ·:g 100 6,800 
00f 200 . 
BHC 1 lf~O •·--r-· -'""-"' . 

B Ji•J• NaOff 
PVC 
DOY 
BHC 

Naircbi NaOff 
PVC 
DOT 
BliC 

Oar E• Salaaa NaOH 
PVC 
OOT 
8HC 

D U1tali HaOH 
PVC 
DOT 

. BHC 

Livingstone NaOK 
PVC 
DIil 
BHC 

The 0e,and by Zone C NaOK 
is considered with: PVC 

DOT 
8HC 

... 

l t 
8,600 11,600 
1,700 • 
2,950 5,350 
3,000 . 

i 
I 
I 
t 

5,000 5,000 
3,550 . 
1,450 • 

120 6,960 

i 
2,500 tons/year 

450 tons/year 
750 tons/year 

2,400 tons/year 

i 

-

C•Jt of Chfor:!11• per fon of per Ttn ~f 
Chlori!l<> fl.11"1 Pr~ds~t 

. -
6 1 8 9 ··- -

+ 4,020 89,3 . 
• ,,080 170,0 61,5 . . 102.5 . . . . 

"6°~6 -. 

l 
. . 

262,0 78, 1 1)3,0 . . 
+ 12,140 64,6 . 

. . . 
• 9,100 252.0 76.5 130,0 . . . 

! 69,8 . 
• . 

247,0 82.B 140.8 . . --- -
• 4,460 79,9 . 

. . . 

. . 87.7 . 
• 5,220 81,5 65.8 

! 79. 7 . . . . 86.2 . 
73.0 64.6 

!Mi• fohl 
A H /' 0 ,!.d!!d M't• " 

.•. ~ fl>mr.ffc.d~ct,. ·:ij ;:,-1!! ) -12 1, 10 
890:l lJ.,i2 

~ ~l , ;;.. 
0.,,2 

731.,) Oa26 0.49 • I_ IQ ,.n 
. . • . . . . . • . . . 2.3\ 

65,6 . 0,67 0,26 . . 0,9) 
. . . . . . 

395.0 0,09 1.19 0.33 0.64 2.25 . • . . . . '.l.18 

6/i,6 . 0.,61 0.2i; . 0,85 
• . . . • . 

382.0 0,09 1.18 0,31 0,61 2o19 . . . . . .. J,0-1; 

69.8 . 0.72 0.2, . 0.95 . . • . . . 
387.8 0,09 1.19 0.31 0.60 2.19 . . • - . . J.14 
79,9 . . . 0.42 0.42 . . . . . . 
. • . . . . 

147.3 0,30 0.54 0.42 0.02 1.28 1.70 

79.7 . . . 0,45 0,45 

- . . • . . 
- . . • • • 

137,6 0.30 0.56 0,43 0.02 1,31 1.76 
Nost Cost.favourable location Zone A:loka 

Zone B :Nairobi 
Zond Q :U1tali 

Total Production Cost at these locations: 7.08 

I\) 

\0 
-J 



Taal~ 

-
llarket tocation Prodt!ci 
lH• 

1 . .,.l_, ___ . . . ..... ~L~~· -....---~ 
A Koka NaOH 

PVC 
DCT 
B~C , __ 

"'"""'"'~=-- .._ . ...,..,.._ 

B J!.aJi ~aOk 
PWC 
pg, 
B~C 

NairoH NaDH 
PYC 
COT 
BHC 

Dar (a Salaa Nailll 
PVC 
DDT 
BMC 

D U.tdi NaOH 
PVC 
DOT 
8KC 

l.ivingstone NaOII 
PVC 
IIOT 
tlllC 

is considered with: PVC 
DDT 
BHC 

Ooaaad i• the 
Na.•;•t Z•:it 

19'/0 

I foao/yaa;•) 

·- ¼ 
4,500 
1,100 

200 
1 ¼n _,,_......-04-.:~"" .... _ _,,__ 

l 
8,600 
1,700 
2,950 
3,000 

l 
5,500 
3,550 
1,450 

120 

ChloriM Iu,Jusfrv 
COl,fill!'.ison of Locctions 

with a Vie~ tc Prcdur.tion and Transport Costs 
Alternativs V 

lJntegrated In.~jl'i•• :,11_ t~~1 
-.--...~,.. .. -.,_ - ·--geiea~u ef tho C~lorine Supply ( ♦) Prod~etioa Cost 

Ma;•kofa fa ~G Chlor:!~s Ue1~nd (.) 
S,ppli•d . (US Jltl 

{hm~/'.1,Hif"} ( toiisfr•~•·) excl. . Ct,t @f CJ,Jo.•i•• T•~d 
Cost of Ct.lori•• por J~a c1 pzr To,, of 

Chhrhe Fbal Prodao 

"~~-- C 

r., -····L-~. . ..1.. __ _ 8 9 10 £""'><-=~~--
4,500 • 4,020 89.3 . 89,,3 

. . . . I . . . . 87.B • I • 
6 960 .. 5 220 __ -11!!.i.5_ ........ ..65,L_.ps~.J p---e=--~-=--= ~..,....,._ .... , _ _..., ... -......."'< ~--65.6 • 65.6 

t 
t 

. . . 
262.0 77.6 ·ot.o J94,il 

I . - . 
13,600 +12, 140 64,6 . 64.6 . . • . . 
5,J;o • 9,100 252,0 76.6 · 130,0 J82,0 . . - - -

I i 69,8 . 69.8 . . .. 
247.0 82,6 140,5 382.0 . . • 

5,000 • 4,460 79.9 . 79,9 
6,800 • 4,080 1)8,0 55.4 193.% . . • 92.4 . . 
- • . • • 

j l 
79, 7 • 79, 7 

148,0 55.9 203,9 . 91.5 - . 
• . • 

fJtal Cod of the Supplias tc ths Hark•, ZMs 
r■~l. Transe~~t Ctir! 

__ . ~- !d!).i,ft us lb•~•· l • 
A+B•C+O 

A 8 ~ 0 llil~l.• ··Tnfa! 
ddija: Pro• 

- _,- Prtd1d,d!:ftlt! 
~n - 12 13 _......___ ... 

0.,42 . 
. . . 
. . . 

0.21 o .. 73 0,57 ·-. a.61 0.2~ 
. . . 

0.09 1.19 0.33 
. . . 
- 0.61 0,.2-\ 
. . . 

4.09 1.18 0.3i . . . 
. o.n 0.23 . . . 

0,09 1,19 0.31 . . . 
. . . 

0.2J 0,39 0.10 
• . . . - . 
. . . 

0,30 0,43 0,11 . . . . . -
Zone 8: NBirobi 
Zone 0: U■tali 

1~ ·11; .. 6 
r-----:.~ ~,.,..!!'. I 

0,42 
. . 
. . 

0,0) 1,,60 i'..02 . 0.9.l 
- . 

0,6; ~· , ... 
..: .. "'", - . ).18 

. 0.85 . . 
0,6i 2.19 
- . ),OIi 

. 0,95 

- . 
0,60 2,19 . . 3.14 . 
0,42 0.42 
0,70 1,,42 

- . 
- . 1.84 

0,45 0,45 
0, 16 1,60 
. -. . 2.05 

450 tons/year 
750 tons/year 

2,400 tons/year Total P?oduction Cost at these Lecations: 6.90 

N 

'° 00 
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8.2.2 Causticisatian of Soda 

The production of caustic soda by causticisation of soda 

has been investigated only for one location in Kenya near 

Lake Magadi. This location was the only one thinkable in 

t~e subregion with regard to its raw material resources. 

Figure ,31 shows the production cost per ton of caustic 

soda depending on the capaci.ty. 

r:r it is considered that caustic soda is offered at 75,- US$ 

p,~r ton cif East African coast, it becomes clearly visible 

that a causticisat:ion plant for which production costs of 

m,,re than 120.- US$ per ton would result at the capacities 

p,)ssible in Kenya will not be in a position to compete with 

the import products. 

For this reason the establishment of this plant is not 

rH-;:; ommended o 

Polythyl.~. 

In Table 79 various locations and capacities for the production 

oJ' polythylene are confronted with each other. 

A ,·;omparison shows that alternative I, the suppJ.y of the 

whcle subregion from one location, involves the lowest costs 

(1 l,4 million TJS$/year). The most favourable location is 

UmtaJ.i. in Rhodesia, whi,,h JS f'ollowed by Dar Es Salaam. 

Alternatives II and III (production at two locations) involve 

substantially higher costs. 
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"Wl:.en deciding :for one o:f the two locations it must be 

ccnsidered that the oil re:fineries under construction 

there may serve as raw material bases not only :for 

polythylene production but also :for other productions 

(light virgin naphtha), As is more close1y investigated 

in section 8.2.4, the establishment o:f a nitrogen industry 

with an annual demand o:f about 80,000 tons o:f light virgin 

naphtha and refinery gas is proposed at Umtali. 

In order not to strain the refinery at Umta1i excessively, 

and to leave a margin :for an expansion o:f the nitrogen industry, 

it is recommended to locate the po1ythylene production not 

at Umtali but at Dar Es Salaam. Though it must be expected 

that the total cost :for the supply o:f the subregion will be 

approx. 10 per cent higher, this measure appears justified 

i.n the scope o:f the overall planning in the subreg:lon. 

The present selection o:f locations is based on the demand 

:figures :for 1980, It is, however, proposed to plan the :first 

development stage o:f the project with an annual. capacity o:f 

ab,~ut 20,000 tons of' polythylene :for 1973/74. 

At present polythylene is o:f:fered at a price o:f about 

400,- US$ per ton ci:f East African coast. Considering the 

slightly decreasing prices, we may assume that a price o:f 

320,- US$ per ton will be achieved :for domestic products in 

the East A:frican market centres after starting o:f the project 

(1973), Thus annual proceeds of' 

6.4 million US$ 

result :for the :first development stage (20,000 tons a year) and 

14,7 million US$ 

whe•n covering the demand determined :for 1980 (see Table 79). 
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As against these proceeds there are annual costs amounting 

to a total o:f 

6.J4 million US$ (:first development stage) 1 } 

- 12,58 million US$ (1980). 

Consequently, the annual pro:fits will be 

- 0,06 million US$ (1. development stage) 

- 2,12 million US$ (1980), 

Relating these pro:fits to the capital investment o:f 

- 16,00 million US$ (1, development stage) 

- 24.5 million US$ (1980) 

and to a working capital of 

- 1,06 million US$ (1. development stage) 

- 2,45 million US$ (1980) 

and considering the interest already included in the calculat

tion there results a pro:fitability o:f 

5,35 per cent (1, development stage) 

- 12,90 per cent (1980), 

1) Determined on the basis of the production costs :from 
Figure J5 plus transport costs :from Table 72, 



Legend o:f Table 79, 

Column 1 and 2 

Column .3 to 5 
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The four market zones and the demand by 

these zones to be expected for 1980, 

This demand is taken as a basis o:f the 

calculations, since the demand to be 

expected :for 1970 does not yet justify 

the establishment of a plant, whereas 

the demand will be sufficient a :few 

years later, The rapid increase in demand 

up to 1980 will be considered in the 

selection o:f location and capacity :for the 

polythylene production. 

Various alternatives :for the allocation o:f 

the market zones to the locations whose 

investigation was proposed in section 6. 

Alternative I envisages the establishment 

o:f only one production plant :for the supply 

of the :four market zones. 

In alternative II one plant is envisaged 

for the two northern market zones (A and B) 

and one plant for the two southern market 

zones (Band c). 

Alternative III envisages the supply o:f the 

market zones A, Band C by a plant in 

market zone D by a plant at Umtali. 



Column 6 and 7 

Column 8 to 11 

Co.Lumn 12, 1,3, 14 

These three al terna t.i ves include all 

combinations of locations and capacities 

reasonable with regard to the market 

data and the minimum capacity 

(15,000 tons/year). 

Capacities necessary at the individual 

alternatives and production cost per ton 

of polythylene resulting at these. 

capacities. 

Total costs a year of the supplies to the 

individual market zones. In addition to 

the production cost they contain the cost 

of the transport of the finished products 

to these market zones. They were calculat

ed by adding the production cost listed in 

column 7 to the transport cost taken from 

Table 72, and by multiplying the sum thus 

obtained with the required quantities 

registered in column 2, 

Total cost of all supplies from the 

individual locations for the different 

alternatives. 

In the case of alternative I the comparison 

of the listed figures makes possible the 

immediate selection of' the most favourable 

location, since this alternative envisages 

the supply of the total market from one 

location only. 
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I,n the ease of' the al.ternatives II and III 

the most f"avourabl.e locations in the 

northern and in the southeni part of' the 

subregion are to be selected corresponding

ly. Adding up the costs of' these two 

locations we obtain the optimal cost f"or 

the supply of' the total subregion possibl.e 

f"or these a'lternatives, 



Table 79 

Narket De■and 1980 Lecation Alter-
Zone native 

I tons /vear l 
1 2 3 " 
A 11,800 Assab I 

II 

B 15,100 No■basa I 
III 
II 

Oar Es Salaa■ I 
III 
II 

C 3,700 Ta■atave I 
II 

D 15,300 U■tali I 
II 

III 

Polyethylene Production 
Co■parison of Locations 

ui ♦h. Vi•u +n P~nnu~+inn ~nn T~sn•nn~+ rA.+ ··--·· - ---·· -- .. _______ .. -··- .. --·-c-· - ----

3 Alternattns 

De■and of the Total Cost of the Supplies to 
Production Markets to be Production the Market Zones Incl, 
for Narket Supplied Cost Transport Cost 

Zone ( ■illion US 1/vear l 
( tons /vear l (US l/tl A B C D 

5 6 7 8 9 10 11 

A+B+C+D 45,900 299 3, 79 5.0.5 1.215 5.1 
A+B 26.900 324 4,20 5.40 - -

A+B+C+D 45,900 252 3,58 3,93 1.02 4.3 
A+B+C 30,600 272 3,80 4.23 1.095 -

A+B 26,900 277' 3,86 4,30 - -
A+B+CtO 45,900 244 3.49 3,90 0.99 4,2 

A+BtC 30,600 261 3.67 4.18 1.05 -
A+B 26,900 268 3. 76 4.26 - -

A+B+C+D 45,900 257 3.67 4.25 0.98 4.4 
C+D 19.000 J10 - - 1.18 5.2 

A+B+C+D 45,900 218 3.26 3.71 0,91 3.42 
C+D 19,000 265 - - 1.08 "· 12 
D 15,300 284 - - - 2.35 

Total Production Cost at the Nost Favourable Locations (Nost Cost-Favourable Locations are underlined). 

Total Cost of the Supplie• 
for the Alternatives 

! ■illion US l/ earl 
I II m 

12 13 14 

15,155 - -
- 9.6 -

12.83 - -- - 9.125 

- 8.16 -
12.58 - -- - M - 8.02 . 
13,40 - -- 6.38 -
11.40 - -- hl!! -- - 4.35 

11.40 1J.22 1J.25 

P1·~1,d 
Cost 

(US 1/t) 
15 

331 
356 

280 
298 
303 

274 
290 
298 

293 
J35 

249 
27'i 
2B4 

'--' 
0 
\JI 



It 1 s the :fun: ti.on of' the nitrogen industry to supply the 

East A:fr., ,an market f'or nitrogenous fertilizers, ammonium 

nitrate exh>losi.ves and sod1um cyanide, As regards their 

qu&ntity, the two last·•mentioned products glay only a minor 

part, Fo:r thiq raason they are <Onsidered only in the 

se, ond place .in the determination of' the location :for an 

.1.n tegra ted ni t::rogen .J ndustry, 

Ammonium sulphate is the most Important nitrogenous :fertilizer, 

Therefore, this :fert.i 11 zer , s taken as basis :for the comparative 

cal cu.la tion, 

In Table 80 various locations and capacities :for the nitrogen 

in:lustry are compared, 

Alternative I, the supply of' the whole subregion :from one 

lo:ation, implies the lowest c:ost {20,5 million US$/year), 

Umtali in Rhodesia .is the most :favourable location, 

The results, however, show that the total cost is not mu,"h 

higher at a di.stribut.ion to two plants in the subregion, namely 

Mo•nbasa and Umtali, with 21 .0 resp, 21, 70 mil.lion US$/year, 

As a ~ertain dtspersion o:f the produation capacities may be 

re.,sonable, the :reali.zatlon of alternati.ve TT .is recomm-2.ndt?-d_ 

1.n the s,:,ope ot' a1ternat.ive T.I it i.s proposed to produ,:e at 

Umtal.i about 80,000 tons/year of' ammonium nitrate in add1,tion 

to approx, 190,000 tonsS/year ot' ammonium sulphate. This stru,. ture 

c,o.rresponds to the demand ascertained and :furnishes, moreover, 

te:hnologh·ally suttable ,.,apa,:,it1es, 
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Upon installation of these eapac.ities, the production cost 

would be 45.- US$ per ton of' ammonium nitrate. Part of the 

ammonium nitrate (approx. 14,000 tons) must be available for 

th,1 production of explosives. If, in addition to the plant 

for the production of' ammonium nitrate explosives in Zambia, 

explosives of this kind will be produced also in the scope 

of the nitrogen industry at Umtali, their cost will be approx. 

70 - US$ per ton (according to the statements in 

section 7.2.4.5). 

Fw·thermore, it should be considered that the supplies of 

fertilizers envisaged for market zone C may partly consist 

of' ammonia (approx. 14,000 tons) provided that the fertilizer 

plant planned in Mauritius (see 3,1,10) will start operation, 

It is not recommendable to produce sodium cyanide, since the 

production costs (according to Figure 54) at the capacities 

feasible (see section J,1.2) are far above the cif price of' 

about 250.- US$, 

On the basis of' these proposals there results an ammonia capacity 

of 100,000 tons/year for Umtali as against an ammonia capacity 

of 50,000 tons/year for the ammonium sulphate production at 

Mombasa, 

As exposed in section J.1, the price for ammonium sulphate 

amc,unts to 55,- US$ per ton ci:f East A:frican coast, It must be 

assumed that the prices of imported fertilizers will drop to a 

certain degree after starting of domestic production, 

Therefore, the assumption appears realistic that an average 

price of 48.- US$ per ton can be obtained in the market zones 

for ammonium sulphate produced in the region. 



- JOB -

Considering the cost per ton of' ammonium sulphate f'ree to 

consumption centre indicated in column 16 of' Table 80, 

a prof'it of' 5,50 US$ per ton of' ammonium sulphate can be 

achieved by the plant at Mombasa and 14.40 US$/ton by the 

plant at Umtali. 

At the capacity envisaged the annual prof'it resulting f'or 

Monbasa is 

1,05 million US$. 

At a capital investment of' 8.8 million US$ (see FigUres J6 

and 44) and a working capital of' 2 million US$ this corresponds 

to a profitability of' 14.8 per cent, considering the interests 

of 5 % already included in the production cost. 

It is not yet def'initely decided whether the nitrogen plant 

at Umtali is to supply the market zone C exclusively with 

ammonium sulphate or with both ammonium sulphate and ammonia. 

An exact prof'it account f'or the production programme at Umtali 

as described above is, theref'ore, ~ot possible in this 

connection. 

On the basis of' the profits on sales ascertained f'or ammonium 

sulphate, it can, however, be expected that the prof'itability 

at Umtali will be higher than at Mombasa. 



Legend 0£ Table 80: 

Column 1, 2, J 

Column 4 

ColuJ11n 5 and 6 
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The :four market zones and the nitrcgen 

demand ascertained :for 1970 in terms of 

pure content o:r N and ammonium sulphate. 

All locations proposed £or this production 

in i,ection 6 

The market zones allocated to the locationi, 

in various alternatives 

Alternative I envisages the establishment 

0£ a nitrogen industry at only one location, 

which is to cover the demand 0£ all £our 

market zones. 

Alternative II envii,ages the establishment 

o:r one plant in one o:r the northern market 

zones A or Band one plant in the market 

zones C or D. 

Alternative III is a variant o:r alternative II. 

Here the island market zone C ie not 

allocated to the southern.market zone D but 

to the northern market zones A and B, In 

addition, the table considers a production 

restricted to market zone Bat the locations 

Jinja, Mombasa or Dar Es Salaam, thus making 

possible a comparison o:r locations within 

thie market zone. 



Column 7 

Column 8 

Colwnn 9 to 12 

Column 13, 14, 1.5 

Capac.i ty .~equired to ,:over the demand of' 

the sales markets selected :for the 

individual alternatives and locat:ions. 

Production. costs taken f'rom Figures 46 

and 47 which correspond to the capacities 

indicated i.n column 7 

Total cost/year of' the supplies to the 

indi vidua.l market zones. In addition to 

the prodw:tion co;;t these figures include 

the cos?C to be incu."."red for transport of' 

the prodwots to t:hese zones. They were 

calculated by adding the transport cost 

f'rom Table 72 to the production cost 

i.ndicated in co.lumn 8 and by multiplying 

the sum with the quantities required in 

the respective zone as listed in 

column J. 

Total cost of' the supplies from the different 

locations for the individual alternatives. 

In the case of' alternative I the comparison 

of' the listed figures makes it possible to 

selectc di.rer:tly the most favourable location 

(supply of the total market from one location 

on.ly J, 

As to the alternatives II and III, the most 

favourable location :in the northern and in 

the southern part of the subregion is to be 

seler:,ted. Adding '.lP the costs at these two 

locations we rece.ive the most cost-favourable 

supply of the total subregion possible for 

th:i s al tern:,tti ve, 



Table 80 

' 
Market Qe1and 1910 location Alter-
z,ne •2 A■,Sulph. native 

ltons/.u.•rl 
! 1 2 1 4 5 

A 7,700 37,000 Auab II 

·- a- I 

B 3J,OOO 55,000 Jinja(naphta) 
n 
I 

i lhlabasa 
Ill 

I 
II 

Dar £4 Sdaaa 
rn 

I 
n .. ·----

C 15, ?00 1;,000 T111abve III 
I 

D 61!,500 307,000 U.tali III 
II 
I 

U,ingsto"" III 
loll I 

Nitrogen Industry 
Coaparisnn of locations 

with a View ta Production and Transpert Costs 
J A!faruati:;H 

Production D11and of Total Cost of the Supplies to 
for Narket the Mar- Produdion the Narket Zones Incl, 

Zone kets to be Cost Transport Cod 
Supplied i■illion US 1/vur l 

f tons Iv ear 1 tus Jltl A B C D 
6 7 8 9 10 11 12 

A• 8 192,000 34,80 1.95 7.49 . . 
A•B+C•D ~,i..ooo 31.60 1,811 7,15 J.61 1, 85 

B 155,000 39 ... . 6.97 . -
A+ B 192,000 37,60 2.9 6.71 . . 

A+ll+C+P 574,000 J1.60 2.67, 5.825 4,0 17.45 

8 155,000 34.40 . 5.99 • • 
i..s.c 267,000 33.~0 2.44 5.825 J.52 . 

A+!!+C.Q 574,000 )0.- Z.32 5.J 3.27 14.47 
A+ B 192,000 32.90 2.42 5,75 - . 

8 155,000 3./t ....... . 6.4 . . 
A+B+C 267,000 33.- 2,425 6.24 ) .. 5 . 

A+S.C•Q 577,000 29,60 2.3 5. 71 3.24 14,33 
At.B wi.ooo "32ti~ 2.~•i 6. 17 . -

A+B♦C :167,000 34, •• 2,:,) 8,01 2,85 . 
A<B+C.D ' 214,000 .. 10.40 2.19, 7.,;s 2,'i8 14.'i9 

p 307,000 30,40 . - . 9,95 
C.D 382,000 29.- • . 3.31 9.52 

A+S.C+Q 57~,ooo 25.20 2.26 6.9 3.02 8.35 
g 307,000 ~.80 . - . n.2 

Atll+C+U 574.000 16.60 2,96 ~.81 ~-" 12 o 

Total Production Cost at the Nost Favourable Locations (Nost Cost-Favourable locations are underlinad), 

Total Cost o1 the Supplies 
for the Alferl1tivos Product Cost 

t ■illion US I vHr I 
. I II III rus 11t1 

11 1~ 1~ i6 
. 2,44 . 49.2 

28.44,'i . . 49,6 
. - . 45.0, . 2.§.1 . 50.4 

29,9; • - 52.2 

- . . 38,6 
. . j1,78:i li-\,0 

25.)6 - . lilt.2 "' -. hl1 • 4~.5 -
- . . 41. 1 
. G 12. 165 ~5.5 

25.58 . . 44.6 . 8.58 . 44.,5 

. . 'IJ,39 50,1 
27,04~ . . 4t,1 -. . 241 32.~ 

- .ll,,83 . 33.6 
l!l.Jl • . 35.8 

. . 1~.2 ~6.3 
10.11 • • ~?,; 

20,53 21.00 21.135 
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Phosphatic Fertilizers 

Two production plants for the manufacture of phosphatic 

fertilizers exist in the subregion, If' expanded correspondingly 

these enterprises in Uganda and Rhodesia will be in a position 

to supply the East African market with single and triple super

phosphate also in the years to come, 

Nevertheless, a further plant in Tanzania has been investigated 

in this study for a comparison, If' it is assumed that this 

pl~nt supplies the domestic market as well as the market zone C 

(in total about 160,000 tons of' single superphosphate), product

ion costs of' 240- US$ per ton of' single superphosphate (17 per 

ceiat) - JO,- US$ per ton of single superphosphate (21 per cent) -

re.sul.t according to Figure 

Th,a prices of' single superphosphate (21 per cent) ex works 

To,:oro amount to JJ, 6 US$ per ton and these of single super

ph<>sphate (19 per cent) ex works Sa.lisbury to 45,- US$ per ton, 

Assuming costs of' 10,- US$ per ton f'or the transport of fertilizers 

from Tororo to Mombasa, it becomes evident that the position of 

Dar Es Salaam for supplies to market zone C is comparatively 

favourable, 

The main marketing centre f'or phosphatic fertilizer within 

Tanzania, the Mwanza District, could be supplied from Tororo 

and from Dar Es Salaam, Considering the transport cost in this 

ref;ion, it can be expected that single superphosphate from 

Tororo and Dar Es Salaam can be offered at almost the same costs. 

Therefore, it appears reasonable in the long run to envisage a 

superphosphate plant at the location Dar Es Salaam, provided that 

the exploita~ion of the crude phosphate of' the deposits west of' 

Arusha will be possible at the cost assumed in section 4,6. 
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Rax;on Industry 

Table 81 analyses and compares various lo~ations and capacities 

:for rayon industry, 

The alternatives (column 4 and ,2.) guarantee in any case that 

th~• demand determined :for 1970 ( column 2) is covered, Alter

native I envisages the supply of the total market :from one 

pla,nt, In the case 0£ alternative II the market zone C is 

supplied by D, and in t.he case o:f alternative III by B; in 

both cases a plant is envisaged in one of the northern market 

zones A or Band a plant in the market zone D, 

Columns 6 and 7 indicate the capaoities required :for the indi

vid.ual al terna ti ves at the different lo,)a tions and the pro

duction costs per ton o:f rayon implied by these capacities 

(see Figure 63), 

The columns 8 to 11 show the total cost/year o:f the supplies 

to the individual market zones. In addition to the production 

costs these :figures contain the costs o:f the transport of the 

:finished products to the respective market zones, They were 

calculated by adding the transport costs taken from Tatle 72 

to the production costs menti.oned in column 7 and by multi-

plying the sum with the required quantities indL::ated in column 2. 

£2.!.umns 12, 13 and 14 show the total costs o:f all supplies :from 

the di:f:ferent locations :for the individual alternatives. In 

the case o:f alternative I the comparision o:f the f'igures re

gistered makes possible the immediate selection of' the most 

:favourable location (supply o:f the total market from one 

loc,ition only). With alternative II the most favourable location 

in the northern and in the southern part o:f the subregion is 

to be selected, Adding up the costs at these two loc,ations 
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WE· obtain the most cost-f'avourable supply of the total sub

rE-gion possible fo.r this al terna ti ve, 

Ccmparing the total costs listed at the foot of' the table 

we see that the supply of the subregion from only one plant 

(alternative I) is most favourable. Victoria Falls/Livingstone 

is the optimal location, owing to the extremely low cost of 

electricity at this place. The second most favourable location 

is Salisbury. 

Alternative II with two plants (at Livingstone/Victoria Falls 

and Nairobi) is feasible if a certain dispersion of' the produc

tion capacities in the subregion is wanted. As, however, the 

sum of the production and transport costs for alternative II 

is approx, 23 per ,:.en t higher than for of' alternative I, it 

is recommended to realize alternative I, 

In the above considerations we started from the assumption 

that the rayon production plant has to buy the caustic soda 

required from outside, in other words, the rayon plant does 

not include a NaOH production of its own. 

Upon realization of the project at Livingstone part of the 

caustic soda can be bought from the chlorine industry at 

Umtali, the rest is to be covered by imports. 

At present rayon filament yarn is offered at a price of 

about 1,740 US$ per ton cif East African coast, 

At the location proposed the total cost per ton of rayon, 

incl, production cost and cost of transport to the sales 

markets in East Africa, amount to 1,640 US$ per ton. 
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It can be expected that a price of 1,720 US$ per ton can 

be obtained for rayon filament yarn produces in the subregion, 

At the total cost price of 1,640 US$ per ton indicated in 

Table 81 and the production capacity of 8,000 tons a year 

there results an annual profit of 

640,000 US$, 

At a capital investment of 52 million US$ and a working 

capital of J million US$ for the recommended plant at 

Livingstone a profitability of' 

6.16 per cent 

results (i.ncluding the interest of 5 % incorporated already 

in the production cost). 

Sodium-Ethyl-Xanthate 

Zambia is the only country of the subregion using sodium

etl::.yl-xanthate, It is imported at a price of J.50 to J6.5 US$ 

per tono 

Xanthate can be produced in the scope of rayon manufacture. 

If 2,000 tons a year are produced in the plant at Livingstone, 

the capital investment required for the whole plant increases 

by 400,000 US$, It will be possible to manufacture the xanthate 

at Livingstone at a price of 180 to 190 US$ per ton, 



fable 81 Viscose Rayon lndMstrI 
C61parison of Locations 

with a View lo Production and Tr•••MrL Co;t 
J Alternatives 

C••••d of the Total Cost of th, Suppli•• to Total Cost of th• Supplits 
llscte! Dua~d 19'1Q l~cation Alter• Prodl!dioe ~•rkets :lo bR Prodijdio~ the ~~i"l'.et lo;;oi fad. for !he Al hr"at.i $H Prod11ct CHt 

Zoo• naUve for Mark,! S"pplhd Co$t r,·,rnsport Cost 
, z,.. . ' ¥i~li•'!1 ULlJmrl~- i---lriiill:o, ~ u, "l 

-•,'-••-'·---·"··--l ·-·---~-----~-•-11.!c!)J(.l'.~~r.L /i1SS/t1 A. a.J, __ ):rJ__ I 1 n [USl/t 
2 "j ····-··· ·}-· , 5 6 'I 8 9 10 11 1;' J i4 15 

A 1,~20 i~,a -~-- 1!+8•C+il 8,COO !•!~!-- ,13 . !a,,; 6,~ 15,8~ - ~. 

__ -----------~-----•·· !l A•S 4.J~O .1'/'i t 1,.! ·•,2~ . • _ •• ~.~~ 2,240 

3 3,200 D1r Es Sdut 1 AtB+CtO 8,000 1,790 2.ll9 ;i,80 U,8'; 5,90 H, fii 1,830 
II A+B ~,320 2,()80 2.42 • • 9, 1? 2,120 

III A•B•C ~,800 2,0JO 2.3:i 6,'i5 0,995 • 2.J2 2,0':iO 

Ndrobi 1 A+BtC+Q 8,000 1,190 2.11 5, 7S 0.885 5.91 14.,5 1,820 
II A•B 4,320 2,080 2,43 6, 10 • •• .2,Jl 2,115 

!II Atll+C 4,800 2,030 2.37 6.53 1,0 • 9,90 2,060 

iJi.nja I A+B+C.P 8,000 t,815 2, n 5,90 0,90 6,02 1/i.96 1,870 
Il A+8 4,)20 2,110 2.~ 6,80 • • 9.28 Z, 150 

_ III A~C 4.800 2 060 z.i2 6,6'i 1.02 • 10.09 __ _?.J,00.~----,i 

D 3,200 SaHsbury ! A•B•C•O 8,000 i,680 '!,98 5,58 0,83 5,40 iJ, 79 1,730 
II C+O 3,680 1,920 • • 0,94 6, 15 7.09 1,920 

III D 3,200 2,150 • • • 6,82 6,82 2,130 

Yldoria I A+B+C+O 8,000 1,590 1,91 5,28 0, 785 5, 12 .11,0,2_ 1,640 
alls/ IJ C+D J,680 1,880 • • 0,930 6,05 6.98 1,890 

ll.~iogst••• III O 3,200 2,060 • • • 6,68 ~ 2,090 __ _._ ___ _,_ ____ ._ 

!he Do .. od by Zoao C is considered with lt80 hns/year. Total Production Cest at the Nost Cest• 13,09 16,11 16.57 
Fa,ourable locations ara underlined, 

vJ -°' 
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9. Explanation 0£ Abbreviations 

t = metric ton 

lg.t = long ton; 1 t = 0,9842 lg.t 

sh. t = short ton; 1 t = 1,102 sh.t 

tpa = tons per annum 

ha = hectare 

acr = acre; 1 acr = o.405 ha 
2 meter; 1 

2 
1 • 196 sq.yd m = square m = 

m3 = cubic meter 

sq.yd = square yard 

NmJ = standard cubic meter 

tkm = metr.ton kilometers 
oc = degrees centigrade 
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