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1« GENERAL BACKGROUND

Malawi is a landlocked country extending to some 300 ka from North
to South and 200 km from East to West.

It is Lordered by Zambia to the West, Mozambique to the East and
Suuth and Tanzania to the North-East.

The Country has access to the Indian Ocean through the ports of

Beira and Nacala in Mozambique.

Topographically the country can be divided in three Distinct Regions:

1. The Littorals including the Shire Valley and the Lake
Mala®i, ranging iu &ltitude from 40 tc 760 metres.

2. The Plateav's comprising the Shire Highlands, The Central
Region and parts of the North of which the elevatien is
betwean 760 ard 1400 metres.

3. The Highlands in the Central, Northern and Southern parts
of the country with altitudes between 1400 and 2750 metres.
Mount Mulanje (3,000 metres) is the highest peak.

The elimate has two well-defined ssasons. The rainy scason, which
extends from November to March with an annual mean rainfall of 1140 om

varying from 635 to cver 3,000 mm.

The period from May to August is cool (15—22°C) and 4ry, while the
months of September and Uctober can be characterized &s hot
(24-27°C) anc dry.




The total land area of about 94,000 kmo (excluding lake Mala®i) is
{nhabited by some 5.57 million people (1977 census) and divided into
three political regions i.e.

The Northern Region (28.6% of the totalland area)
The Central Region (37.7%) and
The Southern Region (33.7%).

About Z7% (3.5 million BA) of the land is considered to be arable

but, according to aerial eurvey's conducted in 1966767 an additional

3.2 million Hectares could be classified as potentially arable land

and suitable for cultivaticn. The remmining area has to be discarded
and classed as uncultivable due to ccnstraints imposed by topography,
water surfaces, dreinnge, erosion, climate and infrastructure

(villages, roads, etc.)

1/ N.R.D.P. Policies, Strategy and General Features. Sept, 1978




2. THE AGRICULTURAL SECTOR

Agriculture is the main industry in Mala®i and the largest single
contributor to the National Income. It accounts at present for about
46% of the gross domestic product (G.D.P.) and for 94%¥ of export
earninga (1977).

Including Animal Husbandry . Foreatry and Fisheries it directly

and indirectly provides work for some 80% of the entire populatiom.

Crop production is divided into two distinect sectors, i.e. estates

and Small Holders. The area of socalled Customery Land is cultivated

by small-scale Farmers, growing mainly maize for own subsistence in
addition to cassava and pulses. Tobacco (Dark-fire cured, Sun/Air

cured and Oriental), cotton groundnuts,; rice, coffee and wheat are

grown as cash crops. It is esatimated that in 1977 some > million hectares
of lard were zultivated by over 1 million ferm families. As may be expected
holdings are generally small in size, The average size of an agricultural
holding rang:s from 1.3 ha in the South, to 1.4 ha in the North and teo 1.9
ha in the Central Region. The per capita potential arable land is about
1.”< hectares, of which some 0.54 hectares per capita were cultivated in
1977.

Taking into account the present relatively high density of the rural
population which increases at an average of 2.92% per anpum, it is antici~
pated that by the early nineties the overall cultivated area will exceed
the fsuitable arable land available. There ar> now already localized areas
in the South where unsuitable land is under cultivation due to the pressure
on land.

The Commercial or Estate Sector offaraming is occupied mainly by plantation

crops like Tea, Tobacco (Flue-Curer, Burley), Sugar Cane, and miscellaneous
crops like Maize, Oilseeds etc., and covers a total of about 0,1 million
hectares »f land. The country is largely sufficzient in food production and
exports in additioa, substarcial quantities of valuable commodities.
Tobacco with a 51% share r.f total exports earnings in 1977 is the leading
erop+. It is followed _n importance by Tea (23%), Sugar (9%), Groundnuts
\6%), Cotton (2%), Coifee and other crops (5%). Small holders nroduction
accounted for about 34% share in domestic export earnings and Estates 66%.

The performance of Agricultural production Is the most important determinant
of the country’s balance of payment position.

+ A8 a matter of fact, Malafi is the World's second largest exporter of

grecialized Fire-Cured Tobgcco,

-
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Since 1973 the estates sector has been spearheading in growth, while the Small-
holder sector hae been .agging behind, They are on the fringes of the market
economy., Their staple food is Maize and the principal cash crops are Tobacco
-and Groundnuis. The pressure on land is increasing while the returns from
production are merginal. The main objective of the Government policy is to
_increase Agriculturel productivity from existing land, Its main strategy is
to give priority to investments with an immediate impact on Agriculture. This
strategy is among others, embodied in the National Rural Development Programme
to be implemented over a 20 years period through about 40 Development Projects
of which 4 mejor ones are in operation with an additional 8 in the pipeline.

The major prcjects in operation are:
(1) The Lilongwe land Development Programme (LLDP) covering an area of
about 445,000 hectares in the Central Region, containing 104,000 farm

tamilies (445,000 people). The major crops are maize, groundnuts and
tobacco. It started in 1968/69 and is supported with credits provided
by the IDA.

(2) The Shire Valley Agricultural Development Prcject (SVADP) initiated in
1969/70 and also supported by IDA credits. The project covers an area
of about 588,000 hectares in the Southern Shire Valley (including two
Game Reserves), with 70,000 farm families (300,000 people). Cotton,
maize, (rice) are the main crops.

]

(3) The Lakeshore Rural.Develogment Project (LRDP) launched in 1968 witL

funds provided by the West German Government but is now receiving
financial support from the European Development Fund. It is located
along the Central part of Lake Mala®i and it now covers an area of
about 357,000 hectares, eontaining some 67,000 families (300,000
people) cultivating meinly cotton, maize, groundnuts and rice.

(4) The Karonga-Chitipa Rural Development Project (K-CRDP) It started in
1972 and is located in the North of the country., It is also supported

with IDA credits. The total area extends to about 769,000 hectares,
containing about 38,000 farm families (168,000 people) engaged in the
cultivation of rice, maize, groundnuts and cotton.

In the context of this strategy, particular emphasis is being placed on ferti-
lizer and seed as the major force behind increasad crop production. To ensgure
supplies at stable prices and'at the time they are needed, the Mala®i

" Goverpment has been considering since 1975 the possibility of estadblishing an
own fertilizer manufacturing facility.

(1) As a hedge against serieus problems which may arise from total
reliance on imports,

(2) To alleviate serious constraints in regard of transport as
inherent to & land~locked country.

(3) To save foreign currency and reduce costs.

-
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() 7o develop and/or .tilize local raw materials and

available utilities.

The objective of this study is to establish a viable concept for such a
fertilizer plant and to evaluate the impact it will have o6n the =ountry's
economy and the agricultural dector in particular

3. The Fertilizer Market

3«1 Trends in Fertilizer Consumption

Commercial quantities of chemical fertilizer were first used in Mala@i in
the early fifties by the Tea Estates. As Estates used to import their own
requirements, no official records are available until 1970. Encouraged by
subsicies fertilizers started being used by small holders in the customary
sector of farming effectively in 1960. Initially, consumption by small
holders grew slowly but it reached already some 23,000 toms ip the 1970/71
crop season, The main indicators of fertilizer consumption since 1970 are
the imports and the salearccorded by the two major fertilizer distributors
is the country i.e. The Agricultural Development and Marketing Cerporation
{ADMARC) and A Commercial Company Optichem Ltd. Official statistics on
actuai use per crcp and acreage of land are not available, as no field moni-
toring system exist. The annual sales figures of the aforementioned distri-
butors in the period 1972/73-1978/79 are therefore first consolidated acco:

ding to quantities of fertilizer types sold (Table 1) and subsequently relat-’

to crop use, Regional and seasonal patterns of offtake and suprosed
consumptions

The figures of Table 1 are at the first instance used to calculate consump*-
for all types of fertilizer on a nutrient basis, the result of which is
presented in Table 2. Since 1972 consumption of all fertilizer has increased
albeit at wide variances at an . average annual rate of 5,8% per cent or a
product basis and 6.8 per cent on a nutrient basis, to reach 93,800 tons of
proaucts in the current cropping season 1978/79; the equivalent of about
26907 tons of NPK of which the greater part, namely around 17,200 tonms, is
Nitrogen.

It provides an indicatiom for a trend towards using higher concentrated

types of fertilizer. This ie further evidenced by the share of compounds

in total consumption, particularly those of a higher grading, which has
increased from 35 per cemt in 1972/73 to almost 44 per cent in the current
cropping season., Yet, the average nutrient content of all fertilizer used
in Mala®i in 1978/79 is still only 28.7kg= of NPK per ton of product sold,
which is rather low and unfavourable in view of long lines of supply (freight
costs) and constraints in the domestic distribution system (transport).
Jecting the overall consumption figures to a further scrutipythen it appears
that the use of N-fertilizer only increased by 5 per cent on a compound
annual averags over the past & years from some 13,000 tons im 1972 to

17,200 tons in 1978/79, against a 10 and 12 per cent increass for phosphate
(P2°5) and Potassium (KZD) fertilizer respectively.

[2235

-
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This can be explained by the relatively high rate of growth of the sc
called "Tobacco Mixtures" (11.4% per annum) which carcy on a tonnage
basis proportionally higher quantities of both on5 and xzo nutrient
elements than Nitrogen.
Simultaneously, and for the same recason, the retio in which Nitrogen was

2
7:1.8:1 in 1972/75 to 4.7:1.6:1 in 1978/79. This, apart from tobacco grown

by estates, does not imply however a trend to a more balanced mse of NPK

applied in relation to PZOS and K.,0O changed on an overall basis from

in general. Maize and tobacco, grown by small holders are still receiving
fertilizer dressinge which may be qualified as unbalanced in regard to

Nutrient application.

Trencs of Fertilizer Consumption
(1,000 Nutrient Tons)

Year N P205 xao Ratio : N Pao5 : K20
1972/73 12958 3405 1846 7 1.8 : 1

1975/76 10903 3336 226

1978/79 17196 6083 3628 be7 1.6 :1

Consumption of all fertilizer, though N-fertilizer in particular, declined
sharply during the period 1974-76, in the aitermath of the o0il crisis as the
above figures (and table 1 and 2) illustrate. The scarcity of fertilizer in
the world market in that period, coupled with un precedented price increases
(over 150 per cent) in the local market, inversely affected the use of
fertilizer in the Customary Sector of farming, but to a much lesssr extent
estate farming as the above figures of comsumption for both PEOS and K20
demonstrate., They remained stable and even increased (KZO)' The decline
could have been even more severe, was it not for the 'Buffering" effect

of the four rural development projects in operatiorn at that “ime.

Credit facilities available to small~holders, farming in the project areas,
and which are coupled to the inputs of fertilizbr and seeds, in addition
to better mmrketing facilities for the disposal of surplus food crop
production and cash crops, ensured consumption in those areas to continue
at a distinct higher level as compared to the rest of the country. This
will be illustrated more clearly #‘n the section on credit (4.4), as it
provides evidonce of the stabilizing effect of the projects on the pattern
of national fertilizer consumption. Lower fertilizer costs and higher
crop prices in subsequent years, restored the economies of fertilizer use
op 2 national level, while imppoved conditions on the World market for

ma jor export crops anf for maize on the local market provoked a sharp

uptura in consumption in recent years,
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In the period from 1975/76 till 1978/79 fertilizer offtake jumped from
16,000 tons of NPK to almost 27,200 tcms, Nitrogen-Fertilizor alcme

spurred from a bare 10,900 tons of N, at an average of 16.4% per annum to
17,200 tons. The upsurge could have been more proncunced if no contraints
in the supplies and distribution of fertilizer, Sulphate of Ammonia in
particular, had occurred lately effecting once more the growers of tobacco
and maize in the Customary Sector of farming heavier than Estate farming, h
Thus demand seemed to have exceeded supplies in the current cropping year.
It would justify the assumption that there would apparently have been still
scope for larger increases in consumption if those constraints had not deve-
loped.

Taking the present per-hectare-consumption into consideration, which is

still as low as about 9.3 kgs of NPK (per hectare of cultivated land, as

well as the approximation that less than 10 per cent of all cultivated land

had received fertilizer in 1978/79, then the potential of a further expansion
in the use of fertilizers, is quite evident. It may therefore be anticipated
that the rate of consumption increase as expected ia recent years will continue
albeit at a distinct slower pace, provided crop marketing conditions and tke
economic returnes for fertilizer use in the Customary Sector of farming remain
adequate.

3.2 Trends in Fertilizer Use By Types and Grades

Fertilizer use in the current cropping season (1678/79) reached about 93,800
tons. The greater part of it was in the form of various NPK and NP formula-
tions (43,7%), the balance in the form of straight fertilizer; Nitrogenaous
mainly,Phosphate and Potassium are mainly applied in the form of compounds
or mixtures. The principsl types of fertilizer used in 1978/79 are consoli-
dated and listed by sales percentages and nutrient content below,

Type M Tons ;22;; N 9205 K20
Sulpbate cf Ammonia (21N) Lo20 L42.9 8hhs2 - -
Tobacco Mixtures (Av, 6:18:15) 18000 19,2 959 3243 2654
25:5:5 10520 1,2 2630 526 526
can (26 9896  10.6 2567 - - ’
20=20=0 8971 9,6 1624 1624 -
3=2=1 (12.5: 19:5.1) 2581 2.8 323 bgo 132 .
Nitrate of Soda (16™) C1274 1.4 197 - -
~ Urea (46M 356 0.4 166 . -
8ingle and Triple Super Phos=~
pbate 563 0.6 - 200 -
Sulphate ond Chloride of Potash S50 0.5 - - 316
Mixtures Non Specified 874 0.8 — —_— =

93803  100.0
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Sulphate of Ammonia (SA) is still the leading fertilizer with aimost 43%
in overall consumption. However, its importance is gradually declining

in favour of Non-Sulfur based compounds and Calcium Ammoniwm Nitrate., The
acidifying and depleting effect on soils brought about by the continued use
of sulphate of ammonia and sulphate containing mixtures and compounds is
increasingly being recognized by research and practical experience, in parti-~
cular by Estate farming. Sulphate of Ammonia is at present almost exclusi-
vely used by Small growers cf maize and Tobbaco, simply because it is more
cheaper priced on a Ton-Nutrient basis than for instance CAN and Urea., The
Customary Sector of farming used to apply CAN on a much larger scale prior

to 1973 when it was readily available from neighbouring countries and

competitive in price with €A,

The so~called Tobacco Mixtures are mainly used by Estates as a basal dressing

for Flue-Cured and Burley Tobacco and are complemented by a top dressing of
CAN. On the other hand, Nitro-phosphates (20-20-0) are preferred by small-
holders growing Western types of Fired, Sun and Air Cured tobacco's for the

same reason they use SA as a top dressing, namely, it is much cheaper priced
than the tobacco mixtures, Yet also here it is increasingly being recogni-
zed that the continued use of NonePotassium containing formulations on tobacco
leads to a significant decline of quality. In the longer term a shift to more
balanced formulations for tobacco in the Customary Sector of farming, may
therefore be anticipated, Nitro-phosphates though to a much lesser extent,
are also used by the Customary Sector of farming on maize, lately as a sub-
stitute for SA which was in short supply.

Whereas response to phospha‘e has not clearly been established by research
on a nation-wide scale, it may be foreseen that more balanced applications
of NP for mmize are desirable in the long run, in particular in connection
with the growing of improved and highe=yieldiug varieties of this crop. This
is recognized by the Estate Sector of farming which prefers the 3-2-1 (12N,
19 ons,SKZO) formulation as a basal dressing for maize followed by a top
dressing of CAN, Likewise, the Tea Industry increasingly prefers the use
of the 25-5-5 Compound rather than SA., This practice provides ample
evidence that in Tea cultivation, the trend towards mere balanced nutrient
applications and the use of Non-Acid-Forming types of fertilizers, nowadays
prevails. CAN es mentioned before, is at present almost exclusively used by
Estates as a top dressing for tobacco and maize., Nitrate of Soda is still

popular as a fertilizer for tcbacco because of its quick effects, UREA
however does not find much application in Malali Agriculture and is variably
used in tobacco, maize and Paddy cultivation., Straight phosphate and pota-
ssium fercilizers are to a limited extent, in use by the Sugar Cane Industry
and Tobacco Estates,

L




The trends in growth for the varioug types of fertilizer is giwer in Table 2.
Tobacco mixtures and the 3=2-1 formulation (estate maize) have shown the
fastest and most consistset growth over the last 6 years (11 and 47% respecti-
vely), followed by CAN and the 25-5-5 formulation (Tea) (6.7 and 5% respecti~
vely)s The uae of Nitro Phosphates and Sulphate of Ammonia which are mainly
used in the Customary Sector of farming (for Tobacco and Maize) has been
growing at a much slower pace except in recent years. The reason is that

the recovery of fertilizer use in the Customary Sector of farming after the
depressed years 1974-76 has lagged behind Estate farming, yet it sharply
accelerated during the last 3 years. Whereas one would expect SA growth to
be equal to that of 20-20-0, this was not the case as SA was in short supply
and 20-20-0 seems to have been used as a substitute for SA in maize growing.

Nonetheless, not too much importance can be attached in general to those
trends as the type of fertilizer used by the Small grower is mainly determined
by price and availability of supplies and less by agronomic consideratioms,
whatever the recommendations may be. Yet, it is worthwhile to draw attemtion
to the pronounced rate of increase in the use of CAN, which is distinctly
higher than that for tobacco~mixtures. The record of sales provides an
interesting illustration of how tobacco growing estates in general have pushed
production by proportinally increasing the quantities of top dresasing per

acre in relation to hasal dressings (of mixtures) to capitalize on the favour=-

ble conditions offered by the world tobacco market in recent years.

Another feature of imminent importance is the steady increase of Nitric-Acid
based Nitrogen-fertilizer as compared to Sulphuric~Acid based products., As
the figures of Table 3 reveal, Nitric-Acid based compounds mixtures and
straigh* fertilizer (CAN) have grown in importance at an average annual rate
of 30.5% in the last 4 yoaras as against only 9.2% for Sulphuric Acid based
N-Fertilizer. Outatanding was the rate of growth for Nitrie-Acid based
compounds (36.8%). This trend is indicative of the preference given by Estate
farming to Nitric=-Acid based products, which can be regarded as the result

of their own field experiences. Whereas Sulphur has been found to be useful
in bringing virgin lands into cultication,research has still to provide a
valid justification to continue to favour the inclusion of Sulphur in all
fertilizer formulations for Dry-Land farming on & nation-wide scale and in a
consistent manner., The acidifying and soil depleting effects of such formula-

tions seem to have become noticeable in recent years, It may therefore be anti~

cipated that a gradual switch back to CAN in the Customary Sector of farming
will take place if current price differentials prevailing between the various
typees of N-Fertilizer would be phased out.

-
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3.3 Fertilizer use by crops

The distribuiion of sales according to crops has been worked out for the 1977/78
and the 1978/79 crop season and are shown in table 4 as well as in a synppsis
below (1978/79). Several approximetions and assurmptions had to be made as outside
the estate sector of farming, little informution is available on crop acreages,
actual application of fertilizer per acre, etc.

Moreover, it seems that substantial quantities of CAN and to a lesser

extent 20-20-0 and SA s0ld by ADMARC to small heolders have found their way
indirectly to the estate sector of farming in recent years due to differences
in price which currently prevail for the same type of fertilizer sold by the
2 distributing organizations as well as the difference in costs between the
various N-fertilizer if calculated on a per tom nutrient basis., Nevertheless,
the figures presented in table 4 and below, are accurately enough to present
the situation and to make the following observations and appraisal,

Fertilizer use by crops (1978/79)

Crop Fertilizer M Tons % Total NPK % Total N % Total
tzge
a.Tobacco: Tob.Mixtures 18018 6886 989
. Flue=Cured AN 4704 ) 2261 2261
Burley ( 3992)) ,
Nitrate of Seda 1274 204 204
Sulphate of
Potash 49 25 =
Sulphate of .
Ammonia 1551 326 326
29588 31.5 9702 36.8 3780 22.0
b.Western 20=20=0 6200 2480 1240
Fire/Sun/Air
Cured SA 12400 2600 2600
Oriental Others 870 340 50
19470 20.8 S420 20.6 3890 22.6
Mai e 3.2.1 2531 945 323
Estates CAN 1200 312 312
Small holders 20-20-0 2771 1108 554
SA 19439 k082 4o82
25991 27.7 s447 20.7 5271 30.6
'Tea 254545 10520 3682 2630
SA 1311 275 275
11831 12.6 3957 15.0 2905 16.9

1 Between brackets CAN supplies supposed to originate from ADMARC

R P— L .
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Sugar cane SA 5500 1155 . 1185
’ SSP 206 3 -
TSP 357 164 -
KCL 403 2b2 -
6466 6.9 1598 6.0 1155 6.7
Paddy SA/UREA 554 0.7 209 0.8 209 1.2 -
TOTAL 93803 100 26907 100 17196 100
1, Estate Tobacco )

The quantities of fertilizer used by tobacco estates leave little ground

for inmccuracies.

Estates apply at an average 250 to 300 kgs per acre (600-700 kgs/ha)

of the C-tobasco mixture (6.18,15) as a basal dressing and 150 to 200 kgs
of CAN (400-500 kgs/ha) as a top dressing onto both fire-cured and

bu—~ley tobacco,

As mentioned earlier, top dressing with CAN have significantly increased

in recent years,

Crop acreages multiplied by rates of application fairly well correspond
with the quaptities of tobacco mixtures scld by Optichem and the joint
sales of Optichem and ADMARC for CAN,

It appears therefore that the estate tobacco's share an overall consumption
in 1978/79 was 31.5% but that it took part with only 22% in overall Nitrogen

UBS
——

Small holder tobacco

To assess the quantities of fertilizer used by the small scrle grower
of fire, sun and air cured types of western tobacco is more cunbersonme.

In the absence of accurate date on crop acreages, actusl rates of
application as well as precise figures oa fertilizer off take, several
approximations had to be mmade. .

Yet it may be assumel that in recent years, all growvers of tobacco used
chemical fertilizer on their crop at an avarage rate of 50 Kgs of 20:20:0 -
ver aore as a basal dressing and 100 Kga of SA per acre &s a top dressing.

Assuming average saleable yields of 300 to 40O lbs of dried and cured
leaves per acre and relating them to the annual purchases of tobacco by
ADMARC, then one arrives at an approximmte figwre for acreages, which in
turn allow to assess the quantities of 20:20:0 and SA actually consumed,




In the eropping year 978/79 soue §,200 tons of 20v20+0 ape? 12,400 tons
of SA are estimated to have been used by small holders for their tobacco

crop,

Thus, small holder :obacce ranks with 20,6% of overall sales and
22.6% in N-fertilizer use as the third largest fertilizer outlet in
the ’:Ountryo

Maize

The acreage af maize cultivetod by sstates is fairly well known, The
standard application is 200 Kgs of 3-2-1 (12N, 19 PZO§, SK,0) per asee
(400-500 Kge/ha) as a basal dressing followed by 100 Kgs of CAN

(200 - 250 Kgs/ha) as a top dressinge

Though some but negligible quantities of 3-2-1 may have been used for
estate tobacco, it may be assumed that practically all sales of 3-2-1 in
1978/79 were taken off by estates growing maize. This works out to about

49 in overall fertilizer consumption.

The uptake of fertilizer by emall holders growing maize can only be
assassed by deducting from ADMARC sales of 20:20:0 and SA, the quantities

which are supposed to be used for tobacco.

Those farmers who do fertilize their meize crop (both hybrids and local
varieties) almost exclusively apply SA at a rate of 100 to 150 Kgs per
acre (250 « 370 Xgs/ha) on hybrids, whbatever the recammendations for a
basal dressing with 20:20:0 and & top dressing with SA are. For local
varieties of maize it is customary to apply 182 Kgs of SA per hectare
only, '

In 1977/78 some 22,500 tons of SA are estimated to have been used onto
mize in general, Total sales of seeds amounted to 625 tons of hybrid
maize and 436 tons of UCA (composite and synthetic). As the recommended
ssed rate is 10 Kgs per acre (25 Kgs/ha), the land cultivaced with hybrid
and UCA aaize in 1979/78 would have been around 25,300 hectares and 17,650
hectare respectively onto which 9,375 tons and 6,540 tons of fertilizer
(SA) are estimmted to have been used., Thus & total of 15,915 tons for
impreved varieties of maize, leaving a balance of about 6,585 tons of
foertilizer (SA) fer local varieties of maize grewn on approximately 36,600
hectares of land,

By and all some 80,000 hectares of land cultivated with maize in 1977/78
may have received fartilizers (about 8-10% of the total maize acreage),

Because of supply problems encountered inrn 1978/79 which effected in
particular the Central Regienm, only some 19,400 tous of SA were available
for mize, As 20:20:0 was in ample sunrly, ’aruers were encouraged to take
up this fertilizer for maize, As a result the sales of 20:20:0 in 1978/79
increased by not less than 41% as compared to the preceding year, This
increase could in no way be related to offtake by tobacco farmere alone,
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It is therefore most likely that the balance of demand of SA for mize
has been met by the purchase of additional quantities of about 2,770
tons of 20:20:0.

As a mtter of fact the 20:20:0 compound is calculated on a ton nutrient
basis, cheaper than SA and should therefore be more attractive to farmars.

Total uptake of fertilizers by small holders growing maize in 1978/79

is estimated to have been about 22,200 tons, an increase of about 8,000
tons over and above the level of SA consumptiom in 1972/73 (14,100 touns),
an dndication that the average rate of increase over the past © years has
been in the order of 8% per annum.

In 1978/79 some 724 tons of hybrid seed and 543 tons of UCA maize seed
were issued to farmers, which works out to a maize acreage of approximately
29,300 ha and 22,000 ha respectively.

A breakdown of the total quantity of fertilizer (SA + 20:20:0) used onto
maize in 1978/79 indicates that some 10,860 tons may have been used on
hybrid maize, 8,150 tons or UCA and 5,200 on local varieties of maize,

and that a total of some 70,000 hectares cultivated with maize had received
fertilizer in 1978/79,

L’o Tea

With a total of 11,831 tons of fertilizer (SA and 25-5-5)in 1978/79,
tea ranks fourth in the nation~wide pattern bf fertilizer consumption
(12.,6% in overall and 16.9% in total N-Fertilizer use).

Se Sugarcane,paddy rice

The sugarcane estates shared with 6.9% in overall fertilizer use in
1978/79 while the balance of about 1% can be credited to paddy rice
and other crops,

—




Average Rate of Nutrient application

Customary Farmiqg

Western Tobaccos

Maize (local varieties)

Hybrid

Estate Farming

Tobacco

(Fuel-Cured) Burley)

Meize

per hectare
Fertilizer Rate N

Grade Kgs.zyg —_
20:20:0 125 25
SA 250 52
Total i
SA 180 36
SA 370 75
CAN 350 - %50 lo4
Total 48

2= 400 « S00 60 -
CAN 200 « 250 _ég
Total 125
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' i
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P,0c K20
25 -
25 -
133 111
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95 25
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Fertilizer use by Region

Customary sector of farming

ADMARC's sales to small holders bhave been conpiled according to
Region and fertilizer grades and are preserted in the tables 7
and 8.

The data show that ADMARC's sales pation-wide have been grecJ ing
from 14,847 M toms in 1974775 at the impressive rate of 32.5%

per annum to reach 45,788 M tons in 1678/79. The figures also
indicate that the Central Region at present predominates as
ADMARC's major outlet with over 51% of overall sales, In the
Central Region sales increased at an average rate of 32.3% from
7,62k M tons <0 1974/75 to 23,364 M tons in 1978/79 and 25,388 1/
tons if Lakeshare Division is included.

mhe Southern Region is ADMARC's second largest market area (average
28.5% of nation-wide sales in 1977-79). The average rate of growth
dur.ng the last 4 years has been 26% per annum and the volume of
sales in 1978/79 amounted to 13,255 toms 2/ Whereas the most
pronounced growth over the last 4 years occurred in the Northern
Fagion (38%), sales in this Region amounted to 7,145 tons 3/ or
only 15.6% of ADMARC's total fertilizer turn-over in 1978/79.

1/ Of which 11,940 tons of 47% of the total, sold through ADMARC's
retail points located in the LLDP and the LRDP areas,

0f which less than 2% has bsen sold within the SVADP area

N

0f which some 911 tous or 12.7% were taken up within the
KCRDP area.

o




Estate sector of farming

Similar records of Optichem's sales im the various Regions are not
available. Yet, in relating the various fertilizer grades to crop
and areas of cultivation; ./ it appears that of Optichem's total
sales in 1978/79 i.e. 48,000 M tons some 56% should have been used
in the Southern Region and about 39% in the Central Region (Table 8).

Natiopal level

Conpound the sales of the two distributimg organizationms (Table 8)
tha; it appears that of total supplies in 1978/79 i.e. 93,800 M toms,
some 43% moved to the Southerm Region (40,000 M tons), 47% to the
Central Region (44,000 M tons) while the balance (10,000 M tons) was
sold in the Northern Region., Although in the medium term, the share
of the North in overall rertilizer movements will increase, it is
evident that the bulk of all future supplies will continue to move
mainly to the Central and Southern parts of the country.

«/ Tea and sugarcane are mainly grown in the Scuth, maize is
almost exclusively grown by estates in the Central Region
while for tobacco it is assumed that 10% of all flue-cured
and burley is grown in the North, 59% in the Central and 31%
in the Southern Region.

i
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2.5 The seasonal pattern of offtake

Customary sector of farming

Climatie conditions in Mala®i impose on agriculture a singls croepping oceason
which depending on rains starts end November/weginning. December and ends- in
April/May. _

The movement of fertilizer at the retail level and the distribution of monthly
sales by ADMARC is depicted in table 5 and illustrated by chart A, Fexrtilizer
offtake starts to accelerate in October, peaks in December, subsequently de-
clines sharply and whithers to almost zero in the period April - October. The
slight upward movement in the curve during June may be due to purchases for
irrigated rice in the rural develcpment projects areas and vegetables. Over
90% of the annual fertilizer sales occur in the period November - Februa:y

and from 65 to 70% in the month of December and January alone. As this pattern
appears to be consistent from year to year, it needs no wonder to experience
serious constraints in the logistics of supply and in proportion te the annually
increasing volume of sales. Shortages of fertilizer at the retail level seem
to be at present & frequent recurring problem as evidenced by the dip in the
offtake curve for 1977 and 78 and the records of fertilizer movements and stock
positions of ADMARC. This bhappens regardless of the large quantities of stra-
tegic reserve stocks which ADMARC carries over from year to year and which are
stored in the various depots at a Regional level. In the past, these stocks

even exceaded the tonnages of average annual sales.

The same pattern of offtake also reflects the buying habit of the average farmer,
who usually short of cash, buys his fertilizer shortly before application and
and mostly at the time he receives a bonus payment for his tobacco (November,
December); an amount that varijes from year to year and naturally influences the
quantities he is able to purchase., Hia means to buy fertilizers could be greatly
enlarged and simultaneously, the logistical contraints of supply substantially
be relieved, by having ACMARC stock retail outlets at its permanent markets

with fertilizer in the period from June to September when the farmer sells a*
regular intervals to ADMARC his cured tobacco, surplus maize, &nd other produce,
Storage of fertilizer at the farmer's level should not pose too serious problems
because of the dry season and the ssall quantities of fertilizer involved per

average farmer,

Estate sector of farming

Fertilizer offtake by estates is much more evenly spread over the year, This
holds in particular for the tea estates, as well as for sugarcane. Even
tobacco estates procure and haul their next season requirements in the period
from May till September when the tobacco product is carried
to and sold at the Auction market of Blantyre which is also the place of
supply for astate fertilizer (Optichem),..
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SEASONAL PATTERN OF FERTILIZER

TOTAL %
| MONTRH YEAR MET. TONS _JOFF TAKE |
PRIL 1978 277-47
MAY 1978 104 -89
JUNE 1378 329-3¢
JuLY 148. 59
AUGUST u 271- 0%
SEPTEMBER] $2¢- 8¢
OCTOBER " 56610
NOVEMBER . 5,948 7Y 139
DECEMBER o 18.107. 6% 8.1
JANUARY 1979 |12099 .60 30-7
FEBRUARY “ §121.14 1.9
MARCM ] 1986:-5)
TOTAL 970 h9 143930.00
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FERTILIZER MARKETING AND DISTRIBUTION

IMPOLT PROCTREMENTS AND FORWARING

In the absence of own manufacturing facilities, Malawi »ad to procure

all its fertilizers from abroad at annually increasing guantities.

The tonnages of different fertilizer materials which were imported since
1970 are shown iu Table 9. 1In comparing the quantities of imports with
the sales volume in corresponding years, it appears that in the period
1975-77 substantially larger tonnages were imported, particularly
Sulphate of Ammonia, than sold domestically, to replenish stocks depleted
in preceding years; albeit not always at a favourable price level, as the

import value indices show.

Stock positions as recorded by ADMARC for the period 1976-79 and shown in
Table 5 illustrate the large quantities of fertilizer which were carried

over from year to yesr and which exceeded annual sales.

Major suppliers of fertilizer to Mala®i are Europe, Japan, the USA,
South Africa and previously aisc Rhodesia. Prior to the closure of the
Rhodesian border a significant part of the imports used to be hauled in
by rail and in bulk to be bagged locally. At present all imports are in
bags and imported thrcugh the ports of Nacala (40% and Beira {(60%) in

. B
Mozambique, -

From those ports shipments are hauled by rail to the ma jor centres of
distribution in the country over distances of 500 and 355 miles respecti-
vely. Initial storage is usually at Luchenza and Liwonde from where
fertilizers are distributed to the various depots and retail points

throughout the country by a combination of road and rail transport.

As the main period of sales to estates starts in March and last until
August/September and to small holders from October till February, orders
ares usually placed in the last quarter of each year. Shipments are
schcduled to arrive in the first half of the year, Late arrivals due to
constraints in ports and inland forwarding have been occurring frequently
in recent years. It nowadays takes at least 3 months for arrivals to
reach inland destinations, often too late for the season as ADMARC's
records show (Table 5, receipts November, 1977, January and December 1978,
January, February 1979). The annual requirements are procured by Optichem
on the international market by tenders, but a no objection permit may be

granted to cther organisa‘ions wishing to import fertilizer om their own.

A G § i o n
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DISTRIBUTION

OPTICHEM Actes as the wholesale distributor for estates, i.e. tea,

and sugarcane plantations and the estates, growing tobacco and maize.

It sells fertilizers ex ware-house, Limbe (Blantyre) from where the

customer collects and transport his procurements to his own stores.

The company's major market outlet (56%) is located in the South.
However, to meet the increasing volume of sales in the Central
Regiun the company is constructing a ware-house with a capacity
of 3000 tons at Lilongwe, in addition to its existing facilities
at Chichiri (Blantyre), having an overell capacity (bulk and bag
storage) of 11,000 tons

ADMARC - A statutory body is charged with the responsibility of
supplying fertilizers to the custopary sector of farming as well
as with the marketing of all agricultural produce grown on
customary land by small holders (tobacco, maize, groundnuts,
pulses, cassava, cotton, coffee, rice etc.) and from those lands

affected by the NRDP (National Rural Development Programme ) .

Sales of farm inputs and collection of farm outputs are effected

at retail Ievel in the districts.

From a total of 93,800 tons of fertilizer sold in the current
cropping season (1978/79) ADMARC nandled some 45,800 tons or 49%
against Optichem L8 ,000 tons. ADMARC's share of the local market
nas steadily grown simce 1972/73 from about 25,000 tons (or 38%
of the total) to the present level, at an average rate of 10.5%

per annum,

The tonnages soll by Optichem on the other hand remained

fairly stable since 1972, varying between 38,000 and 42,000 tons,
but recently increased significantly to reach 48,000 tons in
1978/79 (Table 6 and 8).

To execute its task, ADMARC operates a marketing and distribution
system structured around 12 main regional depots (2 in the north

3 in the central region and 7 in the south) and 79 permanent markets

at district level (24 ip the north, 32 in the central region and
23 in the south).

The permanent markets are supplemented by over 800 seasonal produce

buying centres (bush -markets) clustered around sach permanent market

at an average of 10 per markets,

The function of the warehouse facilities is multipurpose. They
store both fertilizér and farm produce (in separate sheds).

e
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ADMARC's nation wide storage capacity exceeds 0.7 million H3 with a loading
capacity of over 450 000 tons.

The 12 main depots (Table 13) stock the corporation's strategic reserves
to cope with fluctuations in demand and shortages due to late arrivals

of fertilizer supplies from overseas.

The overall loading capacity of those dz:2t~ is over 260 OO0 tons and up
to 100 C0C tons of fertilizers could be stored, if needed. In the past
few years ADMARC's stock positions in the off season ranged between 20 000
and 60 000 tons (Table 5).

Depots at the district level (permanent markets) merely serve in a transit-

retail capacity.They are supplied with fertilizersfrom the regiomal depots
(in principal) shortly before the cropping season starts, usually not
earlier than October and continue to pe re-plenished until February/March,
where after the facilities are being used for produce intake. Tobacco for
instance is sold and delivered by the rarmer to the permanent market, while
maize is collected by ADMARC at the seasonal (bush) markets from May till
September. Only a relatively small number of seasonal markets (10~15%)
remain open till February to retail foertilizer.

The bulk of ADMARC's annual sales (84%) are handled through its network of
retail outlets at the diqtrict level as illustrated in the table belows

ADMARC'se Off take: 0ff take: Off take: Average

Total Sales Regional Permanent Seasonal Sales per

in 1978/79 Depots District Markets District

( tons) Markets (Estimate) Depot (tons)
§5'788 71""99 381289 10-15% 736

Taking into consideration that ADMARC operates its distribution system
through 12 major and 79 minor sales points then there should be at an
average one outlet per 1470 KMZ or one for every 45,000 hectaras of
cultivated lapnd. Each sales point handles at an average 736 tons of
fertilizer per annum and operates within a radius of 22 Km to serve

about 15,600 farm holdings. Thus the average farmer has to travel a
distance sf about 11 Km to get his supplies which he hauls by ox-cart,
bike or as a head weight, These figures illustrate the extent of

ADMARC's network of ret8i{l distribution which is in fact very thinly spre-
ad and 8 . reflection of the small tonnages of sales per capita and per
unit of cultivated land. In reality the situation is somewhat better

as the above figures do not take into account the geographical distribu-
tion of cultivated land, the loeation of sales points within those areas
and the fact that part of the seasonal markets remain, open for fertilizer
sales in the period October till February. But even if these aspects are
taken into account, as for instapce has been done for the Central Region,
then the mean distance over which fertilizers have to be hauled by farmers
remains 8 to 9 Km. For the Lilongwe Land Development Programme which has

—
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a much betier infrastructure it is estimated that fertilizers' cales points

are within a 5 to 6 Km react of the average farmer,

ADMARC's permanent markets are equipped in general with the so-called house-
type of stores with a capacity ranging between 50 to 150 tons per unit. Mean
annual sales per unit amount to 736 tons. In practice they vary between 70
and 1,200 tons. This works out to an average throughout of 7 to 8, a figure
which is indicative of a satisfactory rate of capacity utilizatior. Neverthe-
less, those transit retail stores have to be replenished some 70 t*o 80 times
within a short period of 3 to~# months by trucks hauling 10 tons per time onr

an average, over relatively long distances.

It needs no wonder that w#ith the increasing volume of sales, constraints in the
logistice of supply have been developing in recent years. As evidenced by
shortages at retail level which occurred in localised areas (Central Region)

in the crucial period of demand. This in spite of the fact that amplr reserves
were available at the Regional level elsewhere. ADMARC's sales and stock
positions for SA, 20:20:0 and CAN in 1978/79 have been presented in table 10.
From the records it becomes clear why serious shortages in SA supplies could
develop in the previous cropping season. For the Cercral Region, being ADMARC's
largest consumer area, stock positioms ol SA at the retail and the Regional level
never excee&ed 20% overall annual sales in 1978/79. Stocks were fully depleted
at the end of the season (less than 2% of annual turn over) regardless the fact
that elsewhere over 5,000 tons were available which had to be carried over to
the forth coming season., On the other hand overall stock positions of both

CAN and 20:20:0 appeared to have been ¢x=~essiye  in relation to actual demand.
In addition the facilities for fertilizer storage seem to be poorly distributed
over the country. Whereas the Central Region consumes at present about 81%

of its annual turn-over, ADMARC only maintains facilities to keep buffer stock
reserves at 3 locations, agrinst 7 in ihe South. Against sales of almost
42,000 toms in 1978/79 the facilities for fertilizer storage in the Central
Region have a capacity of about 23,000 tons only, while those in the south
(ADMARC + OPTICHEM) exceed 70,000 toms capacity

In summary it may be concluded that the basic weaknesses in ADMARC's
distribution system concerns at the retail leveli (1) sparcely spreaded
sales outlets (2) the remoteness of those sales outlets from the average
farmer and (3) the availability of stocks in tooc short a period. And
at the Regiomal level (&) the location and quantities of buffer stocks
which appear to be unevenly balanced vis-a-vis the volumes of sales

in the different areas,

i




%.3 Pricing and Economic of Fertilizer Use

Fertilizer Prices

There exist a dual price system for fertilizer in Mala®i. The
Commercial sector of farming pays the full landed cost for all
types and grades of fertilizer, while small holders in the
customary sector of farming are provided with fertilizers at a
subsided rate through ADMARC.

COMPUTATION OF FERTILIZER PRICES
(Kwacha's/Metric Ton)

Sulphate of Ammonia CAN 20:20:0 C=Mixture
1977 1978 1977 1978 1977 1378 1977 1978
F.0.B. Europe/USA 66.12 79¢73  97.85 113,63 143,40 140.59
Ocean Freight +
Insurance 23.10. 33.33 23,10 2k,95 23,10 33.30
Cost C.I.F. Beira 89.22 113,06 120,95 138,58 166.50 173.89
Port/Clearing/Rail
charges 24,20 26.7% 30,70 33,16 30,70 33.16
Sundries 5.10 5450 L 49 L_85 8,00 8.6k
" COSTS = LIMBE 118,52 4,70 156,14 176,59 205.20 215.69
F.0.R. Price Limbe
(Optichem) 150 174,60 223
ADMARC's Retail
Price to Small- 110.28 110228 155439 155.39 170,43 170,43 203
holders
Kwachas/ton Nutrient 52k 596 L2s

ADMARC'S ACTUAL COSTS
K/ton 156 189 228

A8 the above table shows ADMARC in agreement with the Government, follows a
single-price policy for each type and grade of fertilizer at retail level.
The retail prices to small holders remained unchanged during the last 3 years
regardless the incrcase in landed costs.

Sulphate of Ammonia is at present the cheapest straight nitrogen fertilizer
available and also carries the heaviest rate of subsidy., This subsidy
includes a part of the landed costs plus all local costs of handling, storage
und transport., The latter costs are reported to be about K13,50. Thuas, the
total subsidy on SA in 1978/79 amounted to about K46 per ton or 30% of actual

costs,
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The subsidy on sales of the 20-20-0 compound is approximately K58 per

ton or 25% of actual costs. As a matter of fact this fertilizer is l
on-a-ton-nutrient basis the cheapest product availahle to farmers.

The subsidy on actuval costs of CAN is estimated at K34 per tor or

18%.

The cost of the subsidies are borne by ADMARC and recovered from the

revenues of its trade in agricultural commodities.

In view of the large differences in prices for certain types of
fertilizer such as SA, and CAN, which are commonly used in both
sectors of farming, it is natural ior the market to become porous.
The distinction in market share between the commercial and the
customary sector of farming has become distorted because substantial
gquantities of CAN and to a lesser extent also SA and 20:20:0 (in the
Central and lLake Shire Region) have been transferred indirectly from
ADMARC to the holders of small tobacco and other estates who are
officially not entitled to buy from ADMARC. In case of shortages in
supply such trends will only strengthen, as there does not seem to

exist a swap agreement between the two distributing organizations.

It may seem odd but it happens that one of the organizations may have
amyle stocks of certain grades lying unsold in the store while olients
of the other distributor had no way of procuring them in an afficial

manner,

Crop Prices_in the customary sector of farming

ADMARC, in its capacity of a statutory body with full financial and
administrative i-dependence, guarantees in consultation with the
government, the minimum guarant:ed farm-gate prices each season before
the planting bagins, Likewise are the prices of fertilizer fixed.

At the time of marketing those crop prices may either be confirmed or

increased depending upon prevailing auction parity values,

For tobacco for instance a two-tiers producer price structure has been
in operation since 1969 whereby first payments are accompanied by

bonus payments, varying between 15% and £0% or the value of the tobacco
sold, generally in the period November/Deccmber. This improves the
liquidity position of the small holder and enables him to purchase the

fertilizer he requires for the next cropping season.
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AVERAGE FARMGATE PRICES PAID BY ADMARC

1975/76 1976/77 1977/78 1978/79 (E:;%;)
t/1b K/Ton t/1b  K/Ton t/1b K/Ton t/1lb K/Ton
TOBACCO:
Fire=Cured 13,36 294 15.22 335 21.4 471.00 19,0 418
Sun/Air Cured 13,74 302 15.19 334 21,2 466,00 19,0 418
Oriental 21.59 475 21.22 Leé7 21.3 469.00 22.2 L9o
MAIZE 2.25 49,50 2.25 49,50 2.25 49.50 2.25 kg.50
GROUNDNUTS 7.77 171 8.31 183 9.70 213 12.80 280
COTTON . 7.67 169 8.57 189 10.50 231 10.50 251
RICE L.48 99 4 46 98 L 46 9B L.46 98

ECONOMIC OF FERTILIZER USE IN THE CUSTOMARY SECTOR OF FARMING

Thougk most farmers in Mala®i may nowadays be aware of the effects fertilizer

have on crop yields, fertilizer use is far from being a generalized practice.

This is the result nmot only of a lack of means to buy fertilizer but also of
limited scope of commercialization of staple food crops, unattractive returns
on investments as well as inadequacies in the distribution system particularly
at the retail level,

Fertilizer application in the customary sector of farming is at present
almost exclusively confined to maize (both local and hybrid varieties),
tobacco and irrigated rice.

Other cash crops like groundnuts, cotton, etc. are not fertilized, regardless
existing marketing facilities and the gquantities of products annually pnrchased
by ADMARC. No results of simple trials and demonstratioms carried out on a
large scale in farmers' field are available to identify economically increases
in yields that would be obtained from fertilizer dressings of tobacco, maize,
groundnuts, cotton and rice, Yet it is evident that at present the use of
fertilizer on tobacco give® beneficial returns.

Spurred by a 60% increase in farmgate prices sirce 1975/76 production of western
tobacco has been growing at a corresponding rate in recent years. The uptake

of tobacco fertilizer (20:20:0) rose by not leass than 120% between 1975/76 and
1977/78. It is indicative of the price responsiveness of a crop like tobacco
but also the sensitiveness to changes in the margin of profits.
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Taking into consideratiorn that the base yield of teobacco is about

300 Kgs. per hectare and the incremental yield from the standard
fertilizer applicatior is about 2, the average yield of fertilized
western tobacco amounts to an average of 600 to 700 Kgs per hectare.
Only 400 to 500 Kgs is reportedly saleable because of quality. Sales

of dried and cured leaves to ADMARC vary between 300 to 400 Kgs per
hectare on an annual basis while for 70 to 100 Kgs the farmer reportedly

finds an outlet on the local market.

The average farmer invests about K50 per hectare in applying the standard
fertilizer dressing and the value of his saleable incremental yield
averages K75 ({0 an estimated maximum of K100). Thus the cost/benefit

ratio is about 1.5 (with an optimum of 2).

It is obvious that the slightest narrowing of margins between farmgate
price and fertilizer costs may result in a sharp decline in the use of
chemical fertilizer and comsequently in production as the yje 31d records

over the past 10 years distinctly show.

More Differentiated is the Picture for Mzize

The scanty information available from the project areas indicate that the
application of 1 Kg of SA im amounts up to 200 Kgs per hectare usually
guarantee an average of 2.5 Kgs of additional grain in the case of local
varieties and at least 4 Kgs in the case of hybrid maize, for quantittes
of SA up to 370 Kgs/ha. As both grains are equally priced, the cost/
benefit ratio obtained from the use of SA on local maize is as low as 1.13
against not less than 1.8 for hybrid maize. Yet in spite of the marginal
gains from applying fertilizer onto local varieties of mmize, the number
of farmers following such practice must have significantly increased in
recent years. Some 724 tons of hybrid maize seed have beer sold during
the current cropping season whkich is, bssed on an average sowing rate

of 25 Kgs per hectare, equivalent to a cultivated area of about 29,300

hectares.

As the greater part of the seed package is issued with some 370 Kgs of
fertilizer (SA per hectare) and practically all hybrid maize is fertilized
the quantity of fertilizers used on hybrid meize in 1978/79 must have
amounted to 10,860 tone, leaving a balance of 12,340 tons for local plus

synthetic and composite varieties of maize.
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Outstanding is therefore the fact, that small holders in Mala®i are
prepared to accept margins of profit, that are substantially lowe:
than elsewhere. It may indicate a pressure on land in case for
instance, through a favourable marketing environment, & greater part
of the small holding is béing planted with a cash crop, increasing
yields of staple food (local maize) on the remaining lapd may become
a stringent need to avoid buying maize on the open merket in the off
gseason 4t a substantial higher price. It is also obvious that the
current marginal reports to be derived from fertilizing local maize
leave little room for elasticity in prices. The slightest increase
in the price of SA will immediately invoke an averse effect on

fertilizer consumption.

Much different is the case for hybrid maize. Fertilizer use gives

returns attractive emough %o expect a steady increase corresponding
to the expansion in hybrid maize production, even if the subsidy on
SA would be abolished, as long as ADMARC continues to function as a

residual buyer.

For other cash crops like groundnuts (75,000 ha) and cotton (25,000 ha)
farmgate prices are meintained at such a low level, that cost/benefit
ratios offer farmers hardly an incentive to use fertilizer at all at

present.
The same holds for rice (razinfed 11,000 ba, irrigated: 2,600 ha)

Not withstanding the lcw rate of return, the practice of applying
fertilizers onto irrigated rice has been introduced in the project
areas, but less than 40% of the farmers growing rice are reportedly

using  ertilizer (SA) onto their crope.




4,4 CREDIT AVAILABILITY

The major source of agricultural credit in Mala®i 4s of an insti-

tutional mnature.

In the absence of a Central Credit Bank, Small holders have access
to seasonal and medium term credit, through the following public

sources:

(1)

(2}
(3)
(4)
(5)

The four ma jor agricultural development projects
(LLDP, KRDP, SVADP, LRDP)

The Department of Agricultural Development (Settlement Schemes)

Crop Development Authorities
Government lLoans Board

ADMARC

Seasonal Credit Accounts for about 85% of total lending.

It is given out for seeds, fertilizers and insecticides on a

package basis by the Institutions memntioned above,

The extent of seasonal credit in 1976/77 and 1977/78 amounted

to K2.1 million and K2.73 million respectively and was issued

to about 100,000 small holders, taking up an average loan of
K20 per season. (Table 11)

The standard interest to individual borrowers is 15% and the

recovery rate seem in general to be very satisfactory (S4.7%).

To reduce the high cost of administering individual loans, the

current, policy is to issue seasonal credit exclusively om a

group basis to self-accounting farmers. The interest charge

to genuine groups is 10%.

Funds issued by the four major projects alome amcunted to
K1.74 million (93% of total issues) in 1976/77 and to K2.32
million in 1977/78.

The fertilizer componment of the seasonal credit issued in 1977/78
by the four major projects amounted to K1.3 million or 55% of

total credit issues.

-




Fertilizers taken up under the credit facilities available in the
project areas accnunted for 75% of all sales as against a natiomal
average of about 10%.

CREDIT FERTILIZER

Total Amount Value all Value % of Total % of all
Seasonal Credit Fertilizer Fertilizer Credit Fertilizer
1977/78 (K) Sales (K) Sold on Issued Sales
Projects Credit (K)
LLDP 1,292,000 1,240,000 928,175 72 75
LRDP 591,712 235,240 231,400 39 98
KRDP 252,632 202,600 98,000 54 Sk
SVADP 181,02& 22,220 22,220 _2_ 100
Total: 2,317,438 1,700,000 142794795 55 75

It is evident that the sales of fertilizer on credit plays an important

role ir the project areas.

Fertilizers are offered in a package dea. with improved seed (Maize and rice)
and the greater part of the seed package bought with project credit was issued
with 3 bags (of S50 Kgs) of fertilizer (per acre).

The availability of credit coupled with the security of crop sales and the
existing marketing facilities seems to have had 2 stabilizing effect on
fertilizer consumption in the LLDP area. This is illustrated in the table
below,
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The figures reveal that in the period 1972-75, when farm gate prices were low

and fertilizer costs sharply increased (1974/75), the decline in fertilizer

uptake was much lower in the LLDP than in the Non-Project areas of the Central

Region.

Furthermore, the rebound which followed in subsequent years as & result of

improved farm gate prices, showed a proportionally higher rate of recovery

in the ron-project areas,

Another feature of interest is the trend in fertilizer cash sales in the LLDP

area, which showed a distinct movement upward from 1975 onwards.

Farmers' liquidity positions apparently improved to such extent, as a result

of higher tobacco prices and not at least by recurring bonus payments (between
40% and 60%) that they preforred cash purchases rather than expensive credit

uptake.

The Yowering of the bonus payment to 15% last December (1978) had an immediate

effect on the trend in cash sales.

It declined from almost 30% in 1975/78 to
15% in the current cropping season (1978/79).

No bonus payment is expected to be paid on the tobacco sold to ADMARC this year.

FERTILIZER SALES IN CENTRAL REGION AND LLDP

1970/ 1975/ 1972/ 1973/ 1974/ 1975/ 1976/ 197U 1978/
1 72 73 74 75 76 72 78 _7°

Total Sales
Central Region 1,446 7,624 10,854 16,450 25,151 25,387
Total Sales LLDP 877 3,936 3,942 7,055 4,286 5,365 6,460 9,485 10,223
% LLDP Sales of
Total Central
Region Sales 48,8 56.2 49,2 39.3 37.7 4o
Cash Sales as %
of total Uptake
in LLDP 9.5 1.5 1e3 17.7 13,0 28.7 20.3 28.2 15.7
Tobacco Bonus pay-
ments(% of guara- |
nteed minimum price) 15 - - ko 4o 60 15 -

Month of payment

The bonus which is usually paid in November/December on last season's crop has

apparently, a direct bearing on the farmer's cash position and determines to

a large extent his ability to purchase fertilizer for the following cropping

season.

Within the project areas the farmer can fall back on credit in case

he is short of cash, not so ingeneral in the non-project area-,
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It shows the substitutive effect of credit as against cash iz a
fertilizer market characterized by small returne (except for Hybrid
maize) to small holders with limited .nd varying cash positions but

who have security of sellinz their produce.

Credit as such is however not the major factor in promotipg fertilizer
use, whatever its apparent importance in the project areas, Low and
variable rates of return, coupled with a limited scope for expanding
saleable surpluses and shortages in input supply, are the major

impedements to an increase in fertilizer use at present.

A policy of providing farmers with larger margins of economic return

on a regular basis coupled with a syatem of encouraging saving deposits
or to purchase inputs with cash in advance of the season would provide

a more effective means to promote fertilizer use than reliance on credit

supply alone.
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Se FERTILIZER DEMAND FORECAST

The low consumption per capita (1977: 16.9 kgs of fertilizers)
and per hectare of cultivated land (9 kgs of NPK) seems to offer ample

scope for substantive increases in the use of fertilizers in Mala@i.

However, the projections for the growth in demand have to be modest as
long as the sconomics of the effect of fertilizer use on crop production
remain invariable low and at times even marginal, and problems of supoly

continue to have their impact on consumption.

As the records show, consumption of fertilizers in the customary sector
of farming has been erratic in the past and the practice of using

chemical fertilizers is confined to a few crops only.

The classical techniques of estimating fertilizer requirements have there-
fore to be used with caution, because the prereguisites to a steady and

effective development of dermand are not present.

A further handicap is the lack of accurate statistics on total acreage
of crops brought under cultivetion each year, as well as the absence of
any information on the percentage of customa»y land and crops annually

fertilized.,

In mgsessing future fertilizer requirements and in forecasting demand

in the coming 10 years, a distinction has to be made between crops grown
by estates and those cultivated by smell holders. Different methods,
appropriate to each market segment have to be used,

Se1. REQUIREMENTS BY CROPS

Estate Tobacco

There exist a distinct correlation between the expansion in acreage of
flue-cured and burley tobacco and the uptake cf the so=called tobacco
mixtures, which are invariably used on both types of tobacco as a basal
dressing and at a standard rate of application per unit of land,

In the period 1970/71 - 1978/79, estate tobacco acreage has been expanding
from year o year at a compound rate of about 12% (Table 12).

Likewise, consumption of tobacco mixtures has been growing at a rate of

12% for PZOS and 10.5% for Nitrogen (Table 2),

A simple extension of trend lines of past consumption is however not
applicable as growth im both flue-cured and burley tobacco production

is expected to slow down dignificantly as compared to preceding years.
After the upsurge in world demand over the past 4 years, a period of
consolidation seems to have set in and only the better grades of tobacco
are still in strong demand,

AL oo -
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It is therefore expected that production in the period 1980/85 will increase

at an annual average of about 5% only.

is reportedly feasible for the period 1985-30.

A somewhat higher growth rate of 6%

As yields in estate farming are expected to increase only marginally, growth

i{n productiorn has to be attained largely by an expansion in acreage from about

23 000 ha at present to 41 500 ha by 1985 and 55 600 ha by 1990.
itself, would involve fertilizer requirements up to 5560 toms of N by 1985

and 7450 toms of N by 1990 as shown below:

Basal
Dressins
Tobacco
mixtures

{Metric
tons)

Ease
ear

1977-79

1980

1981

1982

1983

1984

1985

1986

1987

1988

This,

1989

in

1990

17300

8165

19073

20027

21028

22080

23184

24575

26050

27613

29270

31C25

nutrient
equivale-
nt (metric
tons)

P05

KZO

3114
2595

3270
2725

3433
2861

3605
3004

3785
3154

3974
3312

4173
3478

4423
3651

4689
383k

4970
Lo26

5268
L2297

5585
4438

N

Top
Dressing

(Metric
tons N)

Total N

1038

3114

1090

3270

1144

3432

1202

3606

1262

3786

1325

3975

1391

k173

175

kh2s

1563

L4689

1657

Lg71

1756

5268

1862

5586

b1s2

4360

4576

4808

Customary farming tobacco

5048

5300

st

5900

€252

6628

7025

2448

The production of western types of tobacco over the past 7 years (1970=-78)

has not only been far less expansive than both flue-cured and burley tobacco,

but also more erratic.

Inadequacies in the quota system, constraints on the world market, as well

as fluctuatione in the habit of using chemical fertilizers are in debt for

the absence of consistency in growth and the variations in output from year
to year (Table 12).

Acreages for all types of western tobacco increased from about 37 000 ha in
1970/71 to 45 600 ha in 1977/78 corresponding to a compound rate of growth

of 3% per annum.

The use of the standard basal dressing, namely 20-20-0

has been increasing in the same period at a somewhat higher rate i,e. 4%
per annum, because not all farmers had applied fertilizers in years when

economic returns of fertilizer use were only marginal,
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Though the top quality of the country's fire-cured tobacco is renowned,
a substantial part of the annual output is of an inferior grade for which
there is at present little demand on the world market.

large siocks of unsold fire-and sun=-cured tobacco have been accumulating
in recent years and it is expected that output will remain static if not
decline until 1981.

From then onwards it is anticipated that production will resume its
upward trend again at a rate which is reportedly assumed to be around 5%

per annum,

Because the avajilability of land suitable for tobacco cultivation is
limited, a significant part of the anticipated growth in production of
western tobacco 's will have to come from increments in yields of quality
tobacco on existing lands, This has to be attained by more balanced
nutrient and higher rates of fertilizer application. For the sake of
simplicity it is assumed that the rate of fertilizer consumption increase
will be similar to the one foreoast for production i.e. 5% per annum from
1981 onwards. In this was it is expected that fertilizer requirements for
the customary sector of tobacco cultivation will amount to about 4600 toms
of N by 1985 ard 5860 toms of N by 1990.

. Base
" Year
Basal 1977-79| 1980 | 1981 |1982 | 1983} 1984 | 1985| 1986 | 1987 1988 | 1989 1990
Dressing
20-20-0
(metric
tons) 6000 | 6000 | 6300 16615 | 6946| 7293 | 7658 8oko | B4L3 18865} 9308 | 9773
Nutrient
equivale-
nt
(metric
tons)
pzo5 1200 | 1200 [ 1260 {1323 | 1389] 1459 | 1532 1608 | 1689 1773 | 1862 | 1955
N 1200 | 1200 | 1260 1323 | 1389] 1459 | 1532} 1608 | 1689 |1773 | 1862 | 1955
.To
a;fhaing
(metric
- tons N) 2400 | 2400 | 2520 {2646 | 27781 2917 | 3063 | 3216 | 3377 [3546 | 3723 | 3909
Total N 3600 | 3600 | 3780 (3969 |4169| 4376 | 4595 | 4824 {5066 |5319 | 5585 5864




Year

1977
( Base
Year)
1980
1985
1990
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Maize

The basic staple food iam Mala®i is maize which covers annually an
estimated average of 65 per cent of the total cropped area. According
to the Government projections, future maize requirements, and production,
are to increase at the same rate as the NET population growth i.e. 2.9%

per annum,

National maize requirements for the period 1980-90 would therefore

be as follows:- .
Population Maize Increase Equivalent in Corresponding Nitrogen
consumption area planted fertilizer equiva-
with improved requirements, lent
varieties expressed in
mtons of
sulphate of
ammonia
(1000 ) (1000 mt) (1000 mt) (1000 ha) (1000 mt.
5570 1550
6060 1700 150 75 26.3 5.13
7000 2000 4so 225 79.0 15.80
8060 2170 620 310 108.0 21.60

Since the projected increase in production has to come mainly from
substituting improved varieties of maize (hybrids, composite and synthetics)
for local types, giving a yield increment of about 2 tons of grain per
hectare, an additional area of some 225 000 ha should be planted with improe
ved maize by 1985 and some 310 000 ha by 1990,

This in itself would require the use of not less than 79 000 tons of sulphate
or ammonia by 1985 and 108 000 tons by 1990. It is unlikely that the above
pattern of maize production will materialize and consequently the figares

for corresponding fertilizer requirements would appear to be on high side.

As a matter of fact, basing fertilizer demand estimates entirely on food
crop requirements is not very reliable and other methods have to be adopted

in forecasting a more realistic demand.

As no improved msize is growth without fertilizer, there exist a natural
correlation betweer. the acreages under improved varieties of maize and

fertilizer use.

Unfortunately no precise data on crop acreage are available and the only
key to assessing actual and future demand are the quantities of seed
annually issued to farmers by ADMARC .

Some 724 tonm of SR 52 and 543 tons of UCA seed have been distrituted
in 1978/79 against 625 tons and 346 tons respectively in 1977/78.




The supply of the above guantities of seed ocorrespond o approximately
29 300 ha of land planted with SR 52 and 22 000 ha of land planted with
UCA in 1978/79 against 25 300 ha and 17 650 ha respectively in 1977/78.

This implies that about 19 . )0 toms cf fertilizers (mainly SA) had been
applied onto improved maize in 1978/79 against 15 930 toms in 1977/78, an

increase of about 21%.

Future targets of growth in seed production and distribution are reportedly
estimated to be between 5 and 10% on an annual basis. Taking an compound
annual growth of 7% as an average for the period 1980-90, then the area
under improved varieties of maize and the corresponding fertilizer require-

ments would be as follows:-

Base Year trea under Fertilizer Nitrogen
improved Requirements equivalent
maize (ha) as expressed (metric tons)

in M tons of
SA

1977-79 k7 125 17 500 3 675

1980 54 459 20 233 L 249

1981 58 543 21 740 L 565

1982 62 934 23 37 L 908

1983 67 65k 25 12k 5 276

1984 72 728 27 008 5 672

1985 78 183 29 033 6 097

1986 84 ou6 31 211 6 554

1987 90 390 33 552 7 Ol46

1988 97 126 36 068 7 S74

1989 104 410 38 773 8 142

1990 112 241 k1 681 8 753

No estimates for the requirements of phosphatic fertilizer can be given,
as the practice or applying PZO5 in conjunction with Nitrogen has not yet
been firmly established,

From the agronomic point of view, it would however be justified to assess
the required tonnages of PZOS at half of those estimated for Nitrogen.

Tea

The formulation 25-5-5 has by now almost entirely replaced sulphate
ammonia as a fertilizer in the tea cultivation.

The standard recommendation for mature tea is 730 kgs per hectare per year,

applied in two equal dressings in the months of November and December,

The above recommendation works out to an annual application of 182 kgs

of N and 36.5 kgs of both PZOS and KZO'

-
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For young tea the recommended rate is 320 kgs of 25=5=5 per hectare per

year,

Tea production and acreages have cxpanded consistently over the past 10 l
years at an average of 2% per year, to reach 17 400 ha in 1977 and
17 820 ha in 1978. (Table 12),

Nitrogenous fertilizer uptake in the corresponding years amounted to
2L5C tons and 2900 tons of N respectively, which is equivalent to
about 140 kgs of N per hectare.

It is anticipated that in the period 1980-90 tea production in the estate
and small holder sector of farming will increase by 3% a year, as a result
of an expansion in acreage (2%) and an increase in productivity to be
obtained from new techniqu:s, substituting old plant material by higher

yielding clones, increase in rates of fertilizer application, etc.

It seems therefore justified to forecast for the period 1980-90 a similar
rate of growth in fertilizer use,which would result in 3700 toms of N
being required by 1985, and some 3600 tons by 1990,

Base
Year

1977-79 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

2600 2672 2757 2840 2925 3013 3104 3197 3293 3391 3493 3598
520 53k 551 568 585 603 621 639 659 678 699 720

520 534 551 568 585 603 621 639 659 678 699 720

Because of labour shortages and costs there has recently been a noticeable
shift from mapual to aerial application of fertilizers. Some 20 to 25% of
the land under tea is now being fertilized by plane, and with urea instead
of the 25-5-5 formula, because of costs considerations. It is anticipated
that the new technique will expand but not fully replace application by
hand.

Susgr cane

Mainly Nitrogenous fertilizers have been applied in the past onto sugar
cane, and one single application of sulphate of ammonia per year has been
the common practice. A shift to urea is however anticipated. The cost
per unit of Nitrogen in urea is at present aubstantial lower than the
N-unit costs of both sulphate of ammonia and calciuwm ammonium nitrate.
Urea and SA will therefore be applied alternatively, where sulphur defici=-
encies are suspected or single super phosphate and sulphate of potash will

be applied as alternative sulphur carriers.

As the soils of the sugar estates appeer to be rich in micaceous fractions
convincing responses to potash applications could nct been detected so far,
Future consumption of both potash and phosphate is therefore difficult to

forecast.,
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On the other hand, increase in Nitrogenous fertilizer use will closely
follow the expansion in area under cultivation and production at a rate

of about 1.36 kgs of Nitrogen per ton of cane, 1

In the context of the sugar cane expansion progiadme consumption of Nitrogenous
fertilizer will reach some 2400 toms of N by 1985, amd will further increase to
some 2650 tons of N by 1990,

ESTIMATES OF SUGAR CANE PRODUCTION AND NITROGENQUS
FERTILIZER REQUIREMENTS

Cane- produstion 1976 1977 1978 1979 1980 1985 1990

(1000 M tons) 875 884 967 1220 1550 1775 1950

N = Requirements ‘
(N tors) 1190 - 1202 1315 1659 21190 2Ly 2652

Overall reguirements

By determining for the major fertilizer consuming crops the future nutricnt

requirements and by consolidating the resulting figures in an overall demand
estimate, it appearsthat the market would reach a total of about 21 800 tons
of Nitrogen, 5400 tons of P205 and 410C tons of K20 by 1985.

Corresponding figures for 1990 would amount to 28 300 toms of N, 8300 toms

of P_O. and 5200 tens of K O respectively.

2’5 2
ESTIMATE OF FERTILIZER REQUIREMENTS IN THE PER10D 1980-90

(metric tons of nutrients)
Crops 1980 1985 1990

N p205 KZO N 9205 xao N 9205 KZO’
Estate tobacco k360 3270 2725 5564 L1773 3478 7448 5585 L4438
Western tobacco 3600 1200 2 bsgs 1532 ? 5864 1955
Maize Lokg ? ? 6097 ? ? 8753 ? -
Sugar cane 2110 ? ? 2414 ? ? 2652 ?
Tea 2672 53 534 310k 621 621 3598 720 720
Total 16991 S004 3259 21774 6326 Logg 28315 8260 5158

Se2 TREND METHOD

5¢2.,7. Qverall Nitrogen demand

Trend lines show that overall consumption of Nitrogen has been increasing over
the past 6 years at a compound average rate of 5% per annum. (Table 2).
Whereas a simple extension of this line is in itself not a very reliable method,
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in the context of the market structure and conditioms as prevailing in
Mala®fi, it may well provide a fair indicaticn of the quantities of Nitrogen
that will most likely be consumed in the medium term.

Thus, a simple extrapolation of the trend line shows that by 1985, the market

would be capable of taking up some 24000 tons of N, equivalent to 29 300 tons

of ammcnia (NHB) per annum, and some 31 000 tons of N (37 800 toms of NH3)

by 1990. .

NITROGEN DEMAND FORECAST BY TREND ANALYSIS

(weighed annual increase: 5%)

Base year
1972-74 1980/ 1981/ 1982/ 1983/ 1984/ 1985/ 1986/ 1987/ 1988/ 1989/ 1990/
weighed 81 82 83 84 8s 86 87 88 89 90 91
average
consumption
(M tons N)

13545 19059 20012 21013 22063 23167 2325 25541 26818 28159 29567 31046
NE,
equivalent | 23240 2400 25620 26900 28130 29660 31145 32700 34340 36050 37860

Compared to the Nitrogen requirements, as consolidated for all crops in a
preceding section, it appears that the trend method would indicate somewhat
higher levels of demand for the period 1980-90. This is not surprising
after all as the estimates of individual crop requirements were deliberately
conservative and confined to crops which figured prominently in the pattern

of past consumption.

5.242. Nitrogen fertilizer types and grades

To determine the future product-mix of the market, it is not feasible
to simply extrapolate the trend lines of past consumption for the different
types and grades (Table 2). .

Future growth in demand will vary from product to product, due to changes
in agronomic recommendations, unit cost price and availability of supplies.
Nevertheless, it will be possible to give a fair estimate of future demand
for compounds and straight nitrogenous fertilizer because the pattern of
consumption is rather static, while tea and tobacco mixtures, whieh are

currently in use will continue to prevail in the market.

The rationale for segmentation of the market by types and grades at this
stage is to establish (1) the flow cf products to be compounded or mixed
locally and (2) to determine the quantities of nitrogen they will contain
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Tea fertilizers

Regardless the tendency of substituting aerial for manual application of
fertilizers in tea, the need for a balanced NPK ratio will remain. Those
estates which for economic reasons started to apply urea by plane instead
of the 25-5~5- formula, have it followed by a second aerial application of
a potash-phosphate mixture,

It is not unlikely to see the practice of applying mixtures to be resumed
as soon as currently differentials in prices between simple and compound
fertilizers will disappeay and to assume that the major part of future

. nitregen requirements will be applied in the form of an NPK compound or
mixture.

Tobacco fertilizers

It is anticipated that the socalled tobacco mixtures (average NPK ratio:
6-18-15) will gradually become the standard basal dressing for tobacco

in both the estate and customary sector of farming.

An overriding comsideration is substituting the 6-18-15 formula for nitro=-
phosphate (20-20-0), presently used by the small holders, is the need to
improve the quality of western types of tobacco.

Thus, it is estimated that approximately one third of the future overall
nitrogen requirements for tobacco will be taken up in a mixed or a compound
form while the balance will be applied as a straight nitrogenous fertilizer.

Maize fertilizers

The standard practice in estate farming is a basal dressing with the
12-19=5 formula, to be followed by a top dreseing with CAN. The customary
sector of farming uses almost exclusively sulphate or ammonia with occasio-
nally a basal dressing of 20-20-0.

It is difficult to predict what success'extension efforts in introducing
a more balance nutrient ratio will have in the future but it seems most
likely that demand will continue to be mainly for straight introgenous
fertilizers.

By and large it is expected that about one third of future nitrogen
demand will have to be supplied in a compound or mixed form. This works
out to about 720Q tons of N in 1985 and 9300 tons of N in 1990,
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NITROGEN PRODUCT 'AMIX
(metric tomns)

ACTUAL ESTIMATES

1975/76| % 1978/79f % 1980/81| % | 1985/86] % | 1930/91 %

Compound N 2600 24 5616 33 5900| 31 7200 30] 9300 30

Simple (or
straight) N 8303 76 11580 67 131001 69{ 16800 70} 22500 70

Tetal N 10903 100 17196 100 19000{ 100 | 24000 | 100| 31800 100

Average N
content of
compounds (%) 12 14 14 15 18

Tonnages of
compound/
mixtures 21411 39237 42000 48000 62000

As the average N content in the mixtures and compound fertilizers in
1975-79 varied between 12% and 14% and nc drastic changes are envisaged

iz regard ®f grades and NPK ratios, it seems justified to assume that
fhe quantities of compound fertilizers and mixtures to be supplied by
1985 will amount to approximately 48000 tons in 1985 and to 62 000 tons
in 1990,

Simple nitrogenous fertilizers

With regard to simple or straight nitrogenous fertilizers it has been
already remarked earlier that consumers preference is clearly for

ammonium nitrates,

and that this product would have been used on a much larger scale if

the price would have been more competitive with both urea and SA.

As the nutrient content of ammonium~nitrate fertilizers (26-31% N)
favourably compares to that of SA 21% N, it offers savings in the costs
of transport, handling &nd storage. Future demand for simple nitrogencus
fertilizer, estimated to be arcund 70% of total N, requirements could

therefore be almost entirely met by ammonium nitrates. However for paddy-

rice either SA or urea would remain the proper N-carrier.




JABLE | TRENUS OF SALES BY FERT)LIZLR Tries
JMETRIC Tuy vROMUCT)
TYps of Furt!|lzer 1972/73 1973/74 1974/75 . 1978/ 1776/ 1977 1978 Surce;
Coapuinds: : Minlatry of Agrlioulture and
NPR : 25-3-8 7,967 ?,32¢ 3,686 4,768 6,990 8,614 16,520 Natura| Hemwrans
324) - - 552 4% 1,700 1,309 2,51

A 2-1B-1% 251 683 457 470 [ ;- 1,02% Fertliizer Manufaoture

8 : 4-18-1% 2.7% 2,95 3,999 3,584 2,50 2,376 2,5% Projest, Muy 197,

€ 518-15 4,691 5,274 7,827 8,288 1,800 12,805 13,902

€ : B-15-10 228 195 k'S 33 - - -

U asie s - 664 354 o7 495 - - -

Mo lu=12-12 219 97 70 242 - - -

S 616-5 172 27 298 X 400 370 54)

X 20-10-8 169 63 78 96 - - -

NP X020 6,462 6,227 1,72 2,5¢7 4,183 6,374 8,9
SIRAIGNTS L
M. Sulphats (21N) 34,%4 30, 149 34,558 31,067 31,926 41,894 L . g '~i’
CAN {26N) 6,681 8,39 4,74 5,680 5,251 8,903 9,895
UREA (46N) 25 4,143 990 540 303 M3 356
Niteate of S.ds (16N) 140 266 419 3% 650 1,022 1,274
SSP (18-2 PO ) 151 173 194 193 A 257 x5
TSP (44-45 P xn 141 o0 57 180 173 =
KCL {66 x 0)° ° 127 ? 189 242 00 136 &3
k50, (50 0 4 10 15 1 20 49 147
Others {UN Spec!fted) 1,353 ’ 07 A 804 1,293 999 a74

{M1RTURES) _

TOTAL CONSUMPT (N 66,993 67,151 59, 655 0,368 68,39 86,692 93,603
OF ‘WHICH CONPILUNDS 23,645 23,488 18,564 21,40 28,018 32,916 39,237
PERCENTAGE OF TOTAL 35,3 35.0 3.0 35.% 4.0 8.0 43,7




TRENOS OF COMSUMPTION BY FERTILIZER TYPES

TABLE 1
{METRIC TONS NUTRIENT)
COMPOINDS t STRAIGHTS
' ! ! ' ' { ' NITRATE !
[} 1 ) ] 1 t
2558 H 21 | 2820 10BACOO tourea ¢ ocangs ! MY e trgesser | poTask
' ! ' MIRTURES 1 ‘ 1 2 1 H
) ! H ! : H 1500 ! T 0T AL
i (] xo: " 0 =u o ko ! W | " i i {po A 0
YEAR N ons KZ.J NOPO, 2 P2 s | POs X, K ] ; N 0 N 1 P. e KgO N P‘_A.i «L NPK
1972/73 1992 MM B - - = 1292 1292 540 1644 150 136 7% 7204 L] n 0] 19958 3405 1846 182m
1973/74  18%0 sMosH - - = 1245 1M3 S96 1789 149] 1906 2183 63 «© 06 T Y] 3504 1914 19546
197475 922 184 184 69 {03 342 M2 757 2271 1892 455 iie 728 el 19974 2966 2 16163
1975/16 1222 4 M4 35 B4 S!3 SIS 8|0 432 2027 s 1477 6524 54 158 les03 3336 2246 16488
1976/77 1748 35 350 213 323 87 8% 8% 9l 2132 2277 199 1858 6704 %8 148 20 12008 4383 2984 193868
9gT/m 2% A3 431 (74 264 T 1257 1257 95 2978 2447 154 715 o797 153 12v oy 15990 075 0% 24121 )
: £
1978/79 2630 526 S26 323 490 132 1624 1624 989 3243 2654 166 2567 8650 19 200 316 17196 8083 3628 207 )
COMPOUND 10,8 12 11,6
ANNUAL §,CH 10,1% 1i,9%
' RATE OF 55 a7 L3 1A - 6. 7% h - - - 6.0%
INCREASE
197/
N/PA
RATIO
1972 v 1.8 [}
19 4,7 1,6 I
>
\
P A e s . e avoe



TARLE 3 : TYPE OF N-FERT(LIZER USAGE

{METRIC TONS N TROGEN)

NITRIC ACID BASED!/

SULPHURIC  ACID BASEDy

[}
1]
! ] GRAND  TOTAL PER CENY
1
YEAR » TOTAL TOTAL COMPONDS STRAIGHT ] TOTAL TOTAL COMPOUNDS STRAIGHY
1978/7% 322 33.6 179 1531 7582 66.4 810 €mve 10903 100
1976/17 4264 7.0 2191 1463 754 63.0 019 6844 t 2008 100
1972/7% &71 %.3 303 68 9919 61.0 TS 8954 18990 100
1978/19 7335 4.2 s 7% 86| 55.8 o30* 8662 17196 100
CONPOUNTD
ANNUAL . {
o
RATE oF 0.% 6.0 21 9. R a.cx 16.4% N

INCREASE 1975-79

i/ Nitrlo Aold based compounder 25-5-5; 3-2-1; 20-2-0
stralghts; CAN; Nitrate of Sode

2/ Sulphurio Acld based ocompeunds; Tobaoco Mixtures
stralghts; Ammonium Buiphate (UREA)

+ingludes Tobaooo Mixtures sold by ADMARC,




TABLE 4 : FERTILIZER CONSUMPTION BY PRODMCY, TYPE OR FARMING AND CROP

(METRIC TONS)
CULTIVATED AREA
11000 ha) FERTILIZER RECOMMENDATION TOTAL _ CONSUMPTION
— RATE % TOTAL
97 1 FORMULAE 1977
CROPS 1/ /19 (Xga.Ma) /" 1978/19 1978/%9
ESTATE FARMING 42,127 48,018
1. Malze 6.5 6.5 3-2-1{12~19=5) 400-5C9 1,%9 2,58) 4.0
CAN 200-250 723 1L, 2%
2. Paddy 0.5 0.25 20:20:0 200-250 &0
S/h 200-250 50
3. Tea 17.5 25-5-5 8,614 10,500
S/A 1,452 (IRIT] .6
4, Sugar Cane 9.4 S/A 5,000 S, 500
SSP/TSP 430 563 6.9
XCL 138 403
S, Todacoo At 2-18-15 968 1,02%
Flue—oured 7.8 9.8 B: 4-18-18 2,378 2,35
Burley 8.7 12,6 C: 6-18-'5 600-79%0 12,905 13,902
St 6-18-0 m 54) 6.5
Nidrase of Soda 1,022 1,274
CAN 405-509 5,000 4,704
S/A 470-500 1,607 1,551
_Sulphate of Petash 49 147
CUSTOMARY FARMING 44,%S 45,708
1. Tobseoo 20:20: 9 128 5,700 5,290
Flre-oused 3.9 N, /A 2% 14,480 12,408
Sun/Air Cured 8.4 N.A. (/7] - (3,181) {3,9) 1n.9
Orlental [ X.) N.A, Tebaces Mixtures 7999 () 0]
2. Walze
Hybrld .ee vee 201 2019/SA 70 (1) 2,771
Leoa! N.A, N.A. S.A. 180-2%0 22,400 19,4% 0.y
3. Rice Rainfed 4,3(11,3) 4.0 S/A 80 - -
lerigated 2.0 2.7 ¥/ I 2l L Y] [ 9 4

AREA FERTIL{ZER
5 TOTAL

ice

1]

43(%0)

-9 'VQ
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FERTILIZZR MOVEMENTS ADMARC TABIE : 5
1976 -
( FETRIC T ES)

ACCUMTLATED TOTAL
FONTE  VYRAPR ITQCTS OF BEANT TSRS gaTRg RZOETPTS ROIOTTPTS
AFRIL 1976 41543 189 189
MAY 41884 111 300 529
JUNE 44911 264 564 3292
JULY 52090 342 606 7521
AUGUST 55249 876 1482 4030
SEPTEMBER - 54597 1319 (2800) 571
OCTOBER 44807 1303 4103 (-5494) V
NOVEMBER 42280 7689 11792 5168
DECEMRER 48216 6083 17875 12020 &
JANUARY 1977 13034 30909
FEERUARY 27 3
MARCH 37899
APRIL 36153 234 234 (1512) V/
HAY 35120 103 337 (930) V/
JUNE 37829 114 451 2824
JULY 38508 200 651 879
AUGUST 41566 334 985 3091
SEPTEMBER 44758 865 1856 4057
OCTOBER 44134 2989 4839 2366
NOVEMRER 40997 11497 16336 8361
DECENBER 31495 10001 26338 499
JANCARY 1978 25859 14276 40615 8541 &
FEERUARY 23318 2678 43293 136
MARCH 22707 1272 44565 662 31516
ATRIL 22966 278 278 536
MAY 21693 105 382 1168) V
JUNE 17344 296 678 7350 s 1/
JUILY 24174 143 822 6975
AUGUST 26659 262 1084 2747
SZPTEMBER 25425 525 1608  (=709) 1/
OCTOBER 36495 1124 2733 12164
NOV=MBER 34384 5949 2682 3838
DECEIBER 27525 16108 24789 9248 ¥ .
JANUARY 1979 15891 14100 38889 2466 %;
FEBRUARY 12258 5100 43989 1466
MARCE 18092 1950 45939 174 3/ 47253
APRIL' 20636 218 218 2763
NOTES : {1/ Figures between brackets indicate differences between

reported and factual stocks The “legative" receipts

are most likely due to stock corrections due to losses
which are discounted.

2/ Book year is from April to April

3/ Shipments which arrived too late for the cropping season,




JABLE &

FERTILIZER SALES AND MARKET SHARE

MAJ(R DISTRIBUTORE (1972/73 - 1978/719)

IMETRIC TONS)
Compaund

QI STRISUTOR FRODUCTS 1972/73 1973/74 1974/15 1975/16 lg7e/m? 1977/ 1978/78 Annusl_ Grewth
ADMARC Assonlua Suiphate 18,752 23,817 1,42 17,856 25,61 33,635 31,889 9.0

-9 2,38 4,265 1,63% 2,557 4,148 6,374 8,97 [ ]

CAN 2,668 s, m 666 1,312 1,381 3,181 3,992

UREA 84 873 32 219 133 ¥gd “s

Others 1,353 107 4c. 804 1,293 999 873

TOTAL %,185 31,736 14,847 22,349 30,53 44,568 45,768 0.6
OPTICHEN Tobscco Mixtures 9,216 9,948 12,614 13,514 15,169 16,56% 18,018

UREA 21 3,70 28 3» 7 166 a3

CAN 4,013 CH H] 3,608 4,38 3,900 8,723 5,904

fmmontum Sulphate 10,44) 648 7,746 392 750 1,607 1,551

Nitrate o Sode 340 26 ale 3% 650 1,022 t,274

24010 4,134 1,962 (L] - - - -

32} - - 552 440 1,700 1,399 2,801

25-5-5 7,967 7,321 3,68¢ 4,008 6,990 8,504 10,520

Tos Mo, Sulphate 2,112 2,354 156 5,819 3,765 1,452 1,30

Sugar Cane M, Sulppate 3,800 4,10 3,23 7.,4%0 3,800 $,000 5,000

s5P 151 173 194 193 3% 257 06

TSP 3 1l )] L) 160 e ] 357

KL £ 79 189 242 atp 135 403

K 50 4 o 15 5 20 49 147

p 4

ToTAL 41,608 85,415 44,008 8,019 37,855 a@®,n 48,018 2.3
GRAND TOTAL 66,993 RE] 59,655 9,368 8,391 86,693 93,873 5.8
MARKET SHARE 38/62 47/53 25/1% 31/63 45/35 S1/49 _49/54
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TABLE 7 :

FERTILIZER USE I CUSTOMARY FARMING BY REGION

(METRIC TONS OF PROOUCT)

CAN 20:20:0

AM. SULPHATE UREA OTHERS JOTAL X __OF TOTAL
REG|ON 19n/m 1978/79 1977/18 tsm8/19 1977/18 1978/19  1977/78 1978/79 1977/18 19r8/79 I1¥77/m8 1978/19 |977/78 1978/79
Lower Shire n.n 06,03 - 0.50 - 0.5 - 9.50 - -
Nasulenga Diviaien 2255.78 2364.%5 44.74 14,68 7.10 9.75 136.95 149.46 0,88 -
Seuthem Divisloa 6228,54 $367.99 42,45 21,3 242.75 T7.98 263.¢6 1172.98 - -
Central Otvlslon 2433,55 3575.39 0.6 - 210.90 82.75 543,20 32(.78 - -
JOTAL SOUTHERN REGION 10941,64 11393,95 84,79 36.49 460,75 170,98 943,21 1653.72 0.86 « 12431.25  13255.14 27.9 e.9
CENTRAL REGION 16918.17  15008.07 €9.99 7n.73  2037.60 B2.16 3585 08 5163.91 541 .44 303.15 23153.34 23384 51.9 el
LARESHORE DIVISION 1170.56 131,65 0. 0.8 0.8 5.40 823,05 885,98 3.45 - 1997 .96 2023.% 4.3 4,4
HORTHERN REGION 4897,5¢L 431C.56 2(.75 3.95 681.97 $92.72 1018.25 1267,30 0/453.57 570.14 £9682,64 7144.8 15,7 15.6
TOTAL 338M.87 31839,3% 175.63 112.67 3181.21 392,26 6374.C6 8970.91 998.92 873.29 44565, 45788 He ) 1t0.¢
!

Ll longwe Dspet 9 544.60 23 22.1 353 580 .00 412 621 .03 192 127.28 1773 1834 \T)

Seasonal
Salins Bepot (- ] 7.58 0.2 - 56 8.8 10 12,98 51 - V7 1]

Sereone
Nkhetakete m 568.35 - - 0.3 - " 43,35 - - 352 (1}]

Sesscnal

y «
L ¢
—— i
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TABLE 8 : FERTILIZER SALES BY ADMART
— e

ON A NATIONAL ANP REGIONAL LEVEL gmlc TONS) Compound
Mwug] Grewth
REG{ON 1974 /75 1975/76 1976/77 1977,/7%8 1978/79 %
Southermn Regten 5,254 8,08 8,83 12,431 13,285 26,1
Contra! Reglon 7,624 10,854 16,450 5,188 25,364 32,3
Lakeshers Divisten - = = 1,998 2,03
Northern Region §,969 3,492 5,252 6,982 7, 144 38.0
TOTAL 14,847 2,349 30,535 44,585 45,788 32.6
FERTIL|ZER SALES BY OPTICHEM (METRIC TONS) ‘
REGION 1974/75 1975 /7% 1974/77 1977/78 1978/79
Scutt.erm Region 23,448 26,811 .
Central Reglon 16,173 18,535
Lakaghere Division
Rerthern Reglen 2,506 2,699
TOTAL 44,908 3,019 57,085 42,17 48,015 .8
FERTIL!ZER CONSOMPTION BY R;‘ﬂ
REGI ON 1974&5 1975/76 1976/77 977/78 1978/79
Ssethern Reglen 35,879 44,866
Aentral Reglon ¥%,32% 41,009
Lakeghere Diviglion §,998 2,023
Sorthern Raglen 9,488 9,843

TOTAL 55,085 50,38 8,330 86,692 93,883 120




TABLE &

FERTILIZER IMPOITS BY TYPES [N SHORT TONS AND VALLE

——

1970 1971 1972 1973 1974 1978 1976 1977 198

TYPE OF FERTILIZER Qty. Value Qty. Value Qty. Value Qty. Valua Qty. Value Qty. Value Qty. Value Qty. Value Qty. Value
Sidium Nitrate 21C 15136 401 2763 52 29788 332 32128 71?7 172389 X2 sy 892 147359 - - 4%0 109978
Asmcntum Nitrete 586 83C 24¢€ X S 062 12 2167 3002 50592 [ 53 - 863 354145 3i83 at217
Catclum Nitrate - - - ~- - - - - - - I {18 - - 851 o685 - -
Amm(nTum Suiphate 24322 933054 W68 1140092 3530 131300 1777 BOYRIY  7..07 3146066 43166 7536530 3145 2916743 40443 4233627 SCY63 S56ELI172
Calelum Ammon, Nitrate 2003 84512 100 11 409764 5(9C ‘263|fﬁ 622¢ 4244(3 418 58794 12901 2177277 BS8C 939998 2915 35399¢ 618C 674770
Urea 45 3422 410 17491 131 19C21 1766 314998 65 15417 224 70198 2592 3G 1944 - - 919 167244
Lligquic Fartlilzer - - - 1a 22 564 - - - 319 - - - - - - - -
Caictum Cyanam)de - - 10 7487 - - - - - - 2 65 - - - - - -
Nitrcganous fertll, NES 563  318RGE 34N 93738 16759  1L@667( AN ST 2 1248 1/S702 m25 1748035 30212 4544631 72 K11043) 22165 350925 1
Superphoaphate, Sl-gle = & 874 241 (1542 43 198y 248 (1285 .o 17285 14 aw? - - - - 87 22458 \‘.’“
Superphospheta, Nouble

ang T~ippl= L 2202 23 27259 - - 166 14255 - - 357 142€24 - - - - 224 6 272498
Prosphatle Fertiitrers 2A7C 1 61 480 %51 87 2318 462 4 )2€ - - - - - - 75 3481 141 197948
Potasslum Chiorlde

(Murtate) 26 1756 1653 lHSg 150 a5c4 - 424 - - k13 51493 - - - - 06 54274
Potassium Sulphate - - X 1676 59 363 - - - - - - - - - - 33 44141
Potasslo Fert,, N.E.S. 68 4218 X5 14551 - - X 1408 - - 48C {5445 154 25579 - 145 571 PBEY
Fertlilzer, NES (D) 5207 32N 4 857 652%\) - - - - - - - - - - - - - -
Fertidlzor NES In
Paokings NE 22 1b.(E) - - - - ! 425 1 17(8 - - W 206 6 252 Q2 X - 34
Fertlllzece NES 18(E) - - - - 4563 283272 14743 1240M9 17440 IB74SCI 21575 38422 4238 6TT9RT - L0 662 1T9CIE
TOTAL 40277 18440 6€ 100592 3358257 fAEB MU 27774 47913 3250 435 47949 595070 BA5SX  152647u0 7980! YTSAGX™ A57(8 11158731 92611 11737606
VALUE [MPORTS PER TON(K) &7.80 123.X 172,40 122. X 13,10 126.7C

Note:  YJanuary-November 1976 anty.



TABLE 19

SULPHATE OF AMMUNIA STOCK AND SALES MOSITIONS

OCTOBER 1978 ~ MARCH 1479

(METRIC TONS)

OCiOBER 1978 __ DECEMCER 1978 UMK 1979 MARCH jg7m9 —
PERMANENT MARKE T Aocumu ated Aoovaulated Aocumu I ated V-0 ey

Sales Stock Sales Stook s Saies Stuck Salsse Stcck Sales M
Scathern Reglon 3€3 133 3106 1682 7492 ar 52¢ 536 ti8 54
Central Reglon 603 253C (310} 3032 129C2 _2§ 3634 2029 2211 AP
Lakeshcre 19 232 338 493 1132 7 886 4% 5 £
Nurthern Reglon 39 1598 171 3355 4054 238 1245 969 913 139
TOTAL RS 569¢ 11347 8542 25580 1040 6291 3993 3247 27y
CENTRAL DEPOTS
Bangula Shire Valley 3 2t 3 “ s 3 7 52 - -
Chlkwawa . L - - 32 102 N 41 93 - - - -
tuchenzs Scutr n 753 1322 S93 225 - & 7 7 23 }.{}
iimbe " 142 164 1299 2 219 145 3 103 - - '
Liwnde " 2 3170 348 ins T4 ;!‘_m_ 748 g? { 126
Lambulirs . ! 56 59 8¢ 1e2 - 8 5C i i44
Baiaks . 23 9 379 7 »425 - 17 [[¢ «° Pt
Ll longwe Cefltrai b2} 856 218 443 545 'fl__ 521 O_:Z_S_ Bl ar
Salima Central 2 3 7 B 8 - 13 €3 L3 t
Nehotake ta Centrai 16 42 73 - 568 ! 4 [ - -
LEUT North 4 132 90 15¢ 251 - 2 8 s ] let
Cnl tumaba Ncrth - 53 - 2 3 - - - - -

513 14318 “29 37 5aY 4308 ias 4643 722 531
GRAND TOTAL 1630 Axi4 15450 13919 A B 5348 6118 8636 39€9 261N




TABLE 11 : SEASONAL CRELIT ISSUES (K) 8Y SUMCE

1976/77 . _ 1977/76 1578/79 No. Reclplenta

Trtal Number Avurage 'E4 Tetal N2 Average % Total Nuntar Average % as % Total
SOCRCE lasued Recliplents Loan Repayment  lssues Raclipients Loan Recuvery Issues Reaiplents Loan Rapaymwent Land Hulders
L.L.D.P. 1,002,893 36,735 P ] 99.9 1,292,000 40,492 30,41 Ioc 1,460 ,00C 5¢€,257 25,67 84.73 52.3
L.R.D.P, 3L€,99) 23,00 € 16 8.4 591,712 92 369,42 17,684 .9

Y
S.W.ADLP, N 840 24,127 t 98 .4 252,R32 23,6833 It.s 84 168,940 9,623
K~CROP 102,22¢ 7,253 14 67,0 181,094 8,92y X.3 8
Settlement
Soheme 163,298 4,424 8.3 84sC 223,380 5,338 1.8 7
Government Lcans 4/
Bar 86,266 a5y 96.4 100, 440 2,c68 48.6 164,455 3,022 54,5
4

NRLP 46,035 13‘/ 3544 99.4 92,592 1/ 1,318 4€.5 13, ne 1,301 8A.3
ToTAL 2,108,511 9,07 20 §4.7 2,733,9% 82,601 33,1

SUURCE:  Nati-wnal ural Oevelcpment Pmgramme, Segteaber, 1978,

I/ Not Inaluding k77,449 cred!t Igsues ty the Naawera Rural Devel:pment Pr jeed,
2/ Repayment 14 generally only to Septembar.

3/ Includes repaymant of nutstanding cepts from earlier yeary,

4/ Momber of farmer's 9rups to whioh oredit was lssued,
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Flue-Cursd
Acreage
Yialc
Productlon

Burley

fnrosge
Yiald
Prdueclon

Western Flre Cured
Aaraage

Yietd 1/

Priducti on

Sun/Alr Qured

Aoceayn

Yol I/

Pr.dsctivn

Acreige
Yietd
Pr xuotion

Tes Acresans

Sugar Cane
Acrepge
Yiet.
Product! »

Rice
Aoreaye
Yietd
Predunttun

Malre Aoraage
Hybrl QAUCA Aoreage

TABLE 12 TRENDS 14 CHOP ACHEAGES, fIELDS (LSS/ACHE) AND PHODUCT LON {SHORY TONS)
1968770 1970471 1920/72  W72/T3  1973/74 1974715 197S/7€  \FIC/TT 19TI/T6 Eatlmate 1978/7%
4,38 17,592 1€, 454 23,481 26,381 32,010 37,851 43,982 7,023
%65 1,84 1,135 wy 1,24% 1,014 1,18 L
7,065 5533 1,612 1,57 16 423 17,824 21,589 24,A37
18,105 1€, 1S 16,239 16,8. 4 17,660 21,5% 21,403 31,008 34,52¢
65 74¢ ™ Ay 8 674 1,048 1,042
£, 245 £, é,257 5,87 8 15 7,265 11,211 1C, 189
23,926 82.912 71,42 (.72 1,297 77,495 85,458 91,327
355 150 S fic 332 45 - a9
13,128 14,834 13,164 1,172 1,18 13,293 4,498 21,57
17,4080 19,75 16,135 16,14 11,9¢ 1y, 20 18,8 0,3
299 325 322 233 31y zd 387 354
2,562 3,214 2,596 1,884 i,062 1,978 s, 224 3,699
545 ) 284 1,277 &7 1,.37 1,852
532 640 645 852 486 571 573
145 A1 240 544 P 295 €25 565
R 39 % - i3 4z 43
€,41C 7,800 1°,80¢ 15,000 21,000 23,200 23,379
15,740 37,945 55,118 S1,764 75,543 98,961 105,03
19,142 21,85 12,39 23,475 15,35 27,357 2F,558
(XX XN LR} ssevRe L
196,00 126,70

1/ Ylal1 Srléd tc ACMARC,

Annual Rzto of
inoreas’ 137C/7) -

194,

16

%2

1970/7 - 1971/78

3.1

3.0




TABLE 13
ADMARC'S MAIN DEPOSETS, LOCATION
AND STORAGE CAPACITY
Location ° Number of Cubic Overall Approximate
sheds capacity laad fertilizer
(MB) capacity load capacity
at 80% (tons)
(tons)
Southerrn Region 1
Balaka 5 36600 24700 13000
Lambulila 2 1400 9Q0 300
Liwonde 1 48400 48000 13000
Limbe 6 106900 68000 14000
Luchenza 4 54000 34000 14000
Bangula 11 35500 22000 9000
Chikwawa 2 1300 850 300
' 284100 182450 63600
Central Region 1
Lilongwe 5 34300 22500 10000
Salima : 7 49200 31000 13000
Nkhotakota N.A. 1400 500 300
' 84900 54400 23300
Northern Region
Mzuzu N.A. 36000 24000 10000
Chilumba Ne.A. 1400 900 299
372400 24900 10300
Total : Lo6400 261750 97200

1. Excluding the new facilities at Lilongwe's Industrial Area (55 000 tonms)
and Charter land Road Depot in the Southern Region (50 000 t..s)
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II

1.

AMMONITM NITRATE MANUFACTTRE

CHE PRODUCT GRADE

The maip fertilizer types current.y consumed are single nitrogenous
fertilizers, i.e., sulphate of ammonia {21% N}, calc:ium agmonium nitrate
(26% N) ané various NPK formulationms, i.e. 25-55, 20-20-0, 12-19-5 anc
tobacco mixtures (ave. COmpogitlcL 6-15-15). 11 thess forgulatiocs,
with the exception of 20-20-C, are at present locally tlended and graau-
lated from impcrted intermediary products such as Urea, CAN, BA, SSP,
TSP, potassium chioride and sulpbate, wnich are all classified as

straight fertilizers.

Because fipancing requiremerts would be onerous, it 18 impracticable
to consider the manufactur:ing of the Zuil range of straight fertilizers

ip Malawi, at least 2ot in tae aear future.

®ae market for phospiste fertilizers, for izstance, ie far too small to
justify any investment 1L processing jnstallations to convert locally
available rock pbosphate into phospoatic fertilizers. Even fcr mitro-
gen the developmesnt of the demanc.as anticipated over the coming ten
years, is still too small to support economically more thap one down-
stream product line because productior COEIS would surpass the limits

of viability. A choice has therefore to be maade betwesr ammonium o1~

trate and sulphate of ammonia ag the meir N-carrier for botk straight

fertilizer and ingredient ip forsulations.

The principal straight ritrogen fertilizer used is still sulphate of
ammonia because agronomic copsiderations in the past required fertiliz-
ers to contain at least 5% sulphur, and also because it is the cheapest
nitroger product availabie to smallholders. The marked lowering of
the phi-status of the Boil due, as it bae been observed over the years,
to the continuous application of sulpbur-bearing fertilizers, has Tre-
sulted in a distinct change to the use of non-acidifying products such
as CAN and nitric acid based NPK formulatioas. The latter already

represent by now 45% of all compounds used.

All theée aspecte have been reviewed ir detail in Part I of this study
antitled: The Fertilizer Market. It suffices to add in this context
that the manufacture of Sh would also require the importation of sub=
stantial quantities of sulpbur as long as the indigenous sources of
pyrites are not being exploited. Furthermore, the cost of installa-
ticns to mapufacture SA are estimsted tc be 12~15% higher than trose

required to convert amporia into ammonium nitrate fertilizer.

Thus, the product choice is clearly in fagvour of amppanium nitrate. As
the concentrated form of asmonium nitrate (i.e. A.N. : 33,5 - 34,5% N)
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has, fcr blending purposes, distipst sdvarntages over less concentratea
grades, it is assumed that QPTICHEY will prefer the concentrated grade
as an ingredient for its blending/granulztion operations, and most

likely, wishes to receive it im bulk rather than 1n bags.

Eowever, the comcenirated fore of AN is not recommended for distribu-
tion to szall farmers, as it is also an exylosive, whick may ignite if

not stored properly, even 1n bags. }/

Although concentrated AN is being used on @ large scale in neighbouring
countries, it may be expedient to use ip Malawi calcium ammonium
pitrate {(CAN: 26% K) ipstead, by mixing AN with ground limestone or
dolomite prior to granulation or prizling of the fipal product. By
using a local dolomite, the final product will containm, in addition to
nitrogen (26% N) some 7% Ca0 and 5% MgO which has significant plant

putritive importance.’

l. Concentrated ammonium nitrate decomposes at 200°¢ oy giving of?f
toxlg fumes which may ignite; it also may detcnate if subjected to
physical shocks, especially in the presence of organic material.




~ CRVNA VNG Mo T AR VTN Am Ay e ol
Ce PRUDGCTION PROGRAMME

The substitution of AN for 5A in tre NPK formulations presantly manu-
factured iz Malawi, will pose no technical difficulties to the existing
blending ana granulation facilities of OPTICHEM at Blantyre. Besides,
it will affect peither the grade nor the agroromsic quality of the

products in use,

All tobacco mixtures for instance, already contain the nitroger nutrient
partly in ammoniacal (66%) and partly in nitrate form (33%). Ic
addition, they coutain some 9% of suiphur. If AN would be used ex-
¢lusively as nitrogen ingredient then the ammoniacal/nitrate ratio woulc
change to 50/50% while sulphur content would be lowered to about S%.

Tea mixtures, which are currently formulated from Urea and SA, would
equally contain half of the nitrogen in ammoniacal and the balance in
aitrate form, if AN would be used as blending ingredient, but they would

not bear sulpizur any longer.

The maize mixture currently iz use, i.es. 3=2-1 (or 12-19=5) already
consiste exclusively of AN, spart fros TSP and KCl.

The rema:ning compound 20-20-0 which so far bas boen'inportcd coulag be

formulated locally from AN and TSP at the expense of a siight change
in grading, i.e. 18=-20=C. If mono-ammonium phosphate (l1l~54=0) or DAP
(16-48-0) would be used instead of TSP, it would be possible to match
the 20-20-0 grade, Yet, it is not recommended, as it would imply the

import of nitrogen, albeit in compound form.

Yollowing the analiysis in Part I of the study (The Fertilizer Market,
page 40), it is anticipated that about one third of the future nitrogen
demand will have to be supplied in a compound or in mixed form, As a
result some 30% to 35% of th: plant's annual output will have to move
to the blending facilities ir Blantyre first, prior to being dispatched
to estates and farmers. These blending facilities have sufficient in-
built capacity (60,000 tons) to meet and handle domestic demand for
compound fertilizers umtil 1936-88, A achedule of supplies is sbown

in the table below and in diagr:m form in figure 12.




¥ Year Demand (ton/year) . 8upply (ton/year) Total

N AN (32=-34% N) CAK (26% K) Product

1980/81 14,059 19,25 48,870 68,120

1681/82 20,012 20,215 51,315 71,53

) 1982/83 21,013 21,224 53,877 75,101
1983/84 22,063 22,285 56,570 78,855 )
1984/85 23,167 23,400 59,400 82,800 .

1985/86 2k, 325 24,570 62,370 86,940

1986/87 25,541 25,800 65,492 91,292

1587/88 26,818 27,088 68,754 95,842

1988/89 28,159 28,442 72,200 100,642

1989/90 29,567 29867 75,815 105,68z

1990/51 31,046 31,364 79,623 110,986
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3. IOGCATION ARD SITE DEVELOPMEN?

In cetermining the best location for a fertiliser complex, as the
proposed one, the following factors have to be considered first and
foremost:t (1) The proximity of supplies of electricity amd vater and

) : of market outlets, because transport coste are of major significance;
{2) The existence of basic infrastructure facilities such as road and
rail connections with the market areas and/or intermediary storags
facilities.

A fertilizer plant geographically located it the amiddle of the counm-
try would undoubtedly be ideal from a logistic point of view and for
reasons of product tramsport cost.

As showp in Part I of this study, ths bulk of all future fertiliszer
supplies will contiﬁuo tc move mainly to the central and southern
rarts of the country. Fros every 100 tons of output about &0% will
L consused in the south, 40X in the central region and the balance
in the north.

Approximately 10,000 ton-miles will be iavolved in soving this 100
tora frc¢- a plan€ located iz the central region, for instance at.
Lilongve, to & central point of distribution iz the two outer

regions (40 x 150 ¢ 20 x 200) 2/ ageipst 13,000 ton-miles, if the
plant is located in the south (LO x 150 ¢ 20 x 350)., At the current
road haulage rate of 15t per ton-mile, overall {ramsport coat would
work out to K25 and 13§§ per topn of product respectively.

Yot pover has to be made available at any location beyozd the Nkulas
Yalls. As the existing grid has not sufficient in-built capacity,
nev transmiesion linss have to be constructed |imcluding suxiliary
facilities) to serve the fertiliger plant's requirements (54 ) per
hour), The coets involved to install new (and double) H.T. power
lines (133 XKV) from Kkuia to Lilongwe will amount to some X8 to K9
million and transmission costs to O.44t/KWH or X16/tom of CAX product.
This amount bhas to be added to each ton of product if ssoufactured
at Lilongwe. [Econoamically, it blots out any logistic advantage
which a centrally located plant may bave.

. The contrasts would become even sharper in case rail haulago (ave.
6.7t/ton-mile) bad been taken for cosparison.

It is evident that for thie particular techbnological process tho
selection of the plant location should follow resov:cse rather than

1. This cslcuiation does not take into aocount the quantities of out-
put whick bave to move sovth for blending and subsequently porth
again for distribution in the Central and Northern Regions.

:-——_—_'-_————_‘q
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sarxet centres.

Thus, fertilizer mamufacture should be undertaken adjacenmt to the
source of power and water supply and within a radius of 10 or maximus
20 km, depending on the existing facilities for product movosent fros
the plant to the main centres of consumption and/or intersediary

storags.

Another aspsct to be coneidered in this context, is the need for a
careful planning of daily amd periodical load programmes. ARy con-
straints in the supply of power will have an immediate impact on and
consequential losses and implications for the fertiliszer plant.
Smootk operations will necessitate daily consultations betweern staff
of power station and fertilizer plant regardiess of the sophistica-
tion of modern control imstruments and automatic load regulators.

Locations which qualify as s potential site for the fertilizer plant
are: (1) Walkers Ferry, and (2) Lirangwe. Matope could be con-
sidered as a third alternative in cass a hydro-power station operating
exclusively for the purpoee of the fertiliser plant were to be
erectad. (See Map).

¥alkers Yerry ;

The place is located on the Shire River, some 2-3 kilometres upstreas
of ISCOM's Nkula hydro-power station vhers s major sxpansion project

is nearing cospletion.

The place is some 50 ka away from Blaatyre, going in a south easterly
direction. It is at present only accessible by road which is 7 =
wide, for 30 ke bitumigzed, while the reanining part is all-veatber
gravel type road.

This stretch of road will be upgraded to serve as the major link
betveen Blantyre and Mvanza. (Bee Map). It will make use of the
dam crossing the Shire River wbich is at present under construction
for BSCOM., This road project is scheduled for cospletioa by 1983.
Preliminary surveys for upgrading the dirt road connection between
Nkula/Tedzani and Balaka are currently comducted by the Department
of Works L Roads. Vhen implesmented the site will have excellent
copnections by road via Blantyre with the large storage facilities
of ADMARC and OPTICEEM ip the south (Limbe, Luchensa, Bangula) aad
via Balaka with those in the other - rts of the country, i.e. Balaks,
Liwonde, Lilongwe and Salisa; all having railway sidings.

The terrain around the site &s rugged and thinly populatad and it has

no agriculture of importance.
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®he imdustrial srea, serving BBCON asd ths Rlaatyrs watss Board
Station, has a good social imfrmstructure consisting of bousing
(Malawi Bousing Corporatiom) for labour, a primary school, s clinic
aad a Post Offies. In additioam, it has recreution facilities for
svisaing, tennis amd for indoor sports and entertainment, Another
factor which should be comsidered inm regard to this asite is ths vast
engineering skills and experience which bave beer acguired over the
years relevant to site comditions and developmest in the context of
ESCON's expansiom préject at Nkula wbich undoubtedly will affect
project costs in a favourable sense.

The major drawback of the site is its resotensss froa the nearest
railwvay siding, i.e. Blantyre (50 km) and Lirangwe (25 km). Alse,
iz the absenmce of any direct road comnectioa, Lirangwe can only be
reached fros Hnlknr’ Ferry via Blantyre (80 ka).

2he .s0-called Vesters Rail link connecting Utale station at the main
morth/soutk reute.(via Matope) vith Nkula,down the Bbire Valley,witk
the Beira/Tete rail lime is now dorsant as the project for moving
cosl from Tete (in Negambigue) to the Indiasm Ocear port of Macalas
‘will not be implemented for the time being. Ir this way there seems
little prospect that the  site will have direct access to railags
facilities iz the near future.

Lirangve
The small tomship of Lirangwe is some 33 km to the north of Blanmtyre
and some 25 km to the east of Walkers Ferry.

The site would be ideal from the logistic poist of viev as it is
situsted on the main rail and road systea connecting the south with
the aortherz parts of the couatry.

The road between Blantyre and Lizangwe is tarred, the onward connec-
tion with Balaka is a gravel road. Preliminary surveys for upgrad-
ing this part to a first class rosd are being comducted by the
Niniatry of Works & Roads.

. Lirangwe is also a station on the Blantyre-Galima-lLilongwe rail line
whick rums almost parallel to the road. An ideal site for the plant
would be a locatiom some 2-4 km south of Lirangwe station in between
road and railway.

The terrain is undulating and easy to level and grade. The soil is
lateritic and may have adequate bearing capacity. Provisiom for an
additional rail siding and sccess to the main trumk road would in-

velve a relatively smal) amount of expenditurs (K35,000 to X&0,000).

The ares round the site is predominantly agrarian and ef great agri-
oultural importance.
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However the l;jor drawbeck of this site is thst all electricity has
to be s3pplisd from Nkuls power station over a distance of 25 k» and
at a cost of k800,000 (twe power lines of 66 KV), 4Also water supply
facilities are virtually abeent,

The Lirangve River, . tributary of the maizn 8hire River, ii a per-
ennial streas, incapable of supplying the large quantities of water
required. Consequently, a close-circuit watifesscling systea has
to be erected within the plant complex. This will require the come
struction of 3 large water-cooling towers, sach baving a capacity
throughput of 1,500 H’/hnur and provisions for process boiler-feed
and sake-up water supply, at a cost of approximately Kl.6 milliom.

Turthermore, it the abssnce of a social-infrastructure, bousing for
factory employees and staff has to be erected, in addition to other
necessary facilities, involving costs estimated at k1,5 sillion.
Besides, and due to the flatneses of the terrain, there is little
poaiibility for disposal of effluents if for ecological resasoms, the
patural drainage provided by the (mostly dry) Lirangwe River bed
could not be umed,

Assesssent

By and largs the additional ¢costs o7 developing a site near Lirangwe
estimated at K& million outweigh the lagistic advantage of good rail
and road comnectiocns,

. Walkers FPerry stould therefore be considered as the sits of prefer-
‘ ence provided the projecta for road improvesent and sxpansion are
being implemented as scheduled and,in particular, if a feeder rnad
could be constructed providing for a straight connsction between
Valkers Ferry and the railway lics near Lirangwe (25 km).

Bite Developmest

The waste- materials produced by the proposed fertilissr ssaufacture
ing processes masinly concern co-product oxygen wbhi:h has to be vented
into the air and effluent coolipg water which hes to be discharged

.ok into the Bhire River at some point downstress of the water im-
take station of the Blantyre Water Board, and into the sr’llway of
ESCO¥'s pover station.

The emission of anoxiows MO, tail gases can in any soderr nitric acid
plant be reduced by sophisticated abatement systems to less thaa

200 ppav. They do not constitute any nuisance to the environmeat,
ip particular if the final site elected for the plant is mot windward




57

of the Vater Board and DBCON's Iacilities.

Dust emissiom resultimg from limestone grindiag and product granula-
tion will be contained by dast gollectors and recycled to the plant's

proceas systes.

Tpe terrain around Valkers Ferry is rugged but the east bank of the
Shire River, some 2~3 km upstresh f¥as the Niuls powme stadion and
the Blantyre Vater Board seem to offer good prospects of deve j;ment
at the least cost in regard to esrth movesesmt and levelling.

There do not exist structures, pipes, cables, etc., which ¥ill re-
guire removal or demclition and there are no streams to be diverted.

Phe soil is bed-rcck covered with weatbered materisl up to an average
depth of € metres, in veins and joimts occasiomally up to 20 mstres.
Outcrops of rock occur which may necessitate ipcidental blasting.

The levelling, grading and filliag of an area of about 5 hectares
bas been estimated by lecal civil engineering firss at K350,000. &/

The type of soil formation seems to possess good imtrizsic sechanical
properties whish would not require piling or other mechanical im-
provements to support the wveight of the equipment and buildings to
be imstalled (soil bearing capacity required: 2 k;/elz). Special
foundations will therefore be lisited to a mimimum,

The natural drainage as provided by the slevation of the asite (ap-
proximately 40-50 metres adove ths river bank) will poss no problems
to disposal of afflucats and aewer systems comstructios, Foundatioas,
pavement (700 m) and ceastructionm of draims and severs within the
plant area and putting femces sroumd it, are estimated at K125,000.

Connecting the site to the point of tie~in to ESCOM's powver staticn
will require a double 2-3 ke transsission lime (66 KV) of which the
total costs are estimated at X60,000,

All in all, preparing and developing a flat 5 hectares of land at the
indicated site near Walkers Ferry wvill sost likely not exceed a total
of 535,000 agsinst spprazimately K4.5 milliom at iLirangwe.

1. Barth to be resoved: 80,000=100,000 l} st a rate or K3~k par -3.
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&, PROJECT DESIGH

N,1, The Plaxt Complex

The total plaat ocomplex for the mancf{acturs of smmonium-pitrate from
electrolytic=-bydrogen based ammonia will comprise the following main

process units:

(a) Water slectrolysis

{b) Air saparatioa

(2) Bynthesis gas caapression

(d) Amsmouia syathesis

(e) Matric acid plast

(£) Ammopium nitrate plant

(g) AN/CAN granulation plast
Ia addition it will have relevamt off-site facilities inmcluding:

(h) Eydrogen~gus storage

" (i) Nitrogea-gas storage

(§) Ammonia storage

(%) Product storage; handling and bagging

(1) A river water pumping statios

(m) A vater trestment unit

(a) Limestons grinding

(o) Electrical distribution systes

(p) Buildiags for process uaits and administratios.
The oversll comcept of the plant complex including sass dalances is
shown ip diagram form inm figures l3a and 13v.
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FIGURE 13 B PLANT CAPACITIES: MASS BALANCE
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8,2. ¥pin ;lltailltiols and Capacitiss

®he forscast for altrcgenocus fartilizers in tae period 1980-90 as
elaborated in Part I of tbis study and reproduced below, clearly
ipdicates that the size of the production tacilities needed to match
sarket demand are by world standards very small, even ip the case of
& single down-stream product lins. Phe common difficulty of small
sized units is that small-scale operations impose the mneed for
mechanical eguipment whose performsnce in terss of flov rate is far
lower than can be ascommodated by large scale units. Becondly,

heat losses from samall equipsent may become critical in that they say
constitute s significant fraction of the heat flux necessary to sain-
tain reactions. ?nirdly, the smaller the plaat design, the more
l1imited is the availability of commercial squipmsnt that can be
selected. Though most reactor vessels and coluams are custos design
and are rarely available as commercisl catalogus items, aany other
itegs and squipmeat are, such as valvea, CORPressors, pumps, blowers,
turbines and expanders, etc. But because of ths low flow rates re-
quired, they also say need custos desigm or, in particnl-x.GOBOG.
sves dgvelopaast. In additiom, the amount of work imvolved in
desiguing & amall plant is in principal not much differemt from the
work required for a large plant. Naturally, icvestments required
per daily ton of desiga capacity for a small umit are proportionally
mach higher than for a'lurgo unit. Yor inat.aco.'tor a3 amaonias
reactor plus syngas compressors of 200 tons psr day, the investsent
costs per dsily ton of imstalled capacity are asbout Ki3,000 to
L46,000 pgsinst only K22,000 to k24,000 for a unit with a design
ecapacity of 1,000 metric toms per day. Conseguently the capital
charges per ton per day of fertilizer produced im a 200 MTPD unit
will be almost twice as high as compared witb those of a 1,000 w¥¥D
unit. Thus, the economy of scale virtually impedes fertiliser
manufacturing below a 100 MIPD of ammonia, & level which will mot be
reached iz Malawi until 1987/88.




Y Husber of % Asmonia Plant

Yoar Demand Rate of pro- slecirolysers Rats of %/
duction required at capacity utilie-
ton/year ton/aay toa/hour consitant max. atiom
) | ll} .!3 II) load (@ (»)
1980/81 19,059 23,240 70 - -
1981/82 20,012 24,400 7 - -
1982/8* 21,013 25,620 78 - -
1983/84 22,063 264900 82 3.4 19
1984/85 23,167 28,130 8s 3,54 19 71 €5
1985/86 24,325 29,660 90 3.75 2 .7 69
1986/87 25,541 31,145 94 2.90 21 78 72
1987/88 26,818 32,7200 99 4.l 22 83 76
1988/89 28,159 34,340 104 b,3 23 87 8o
1989/90 29,567 36.0§° 109 k.5 2k 2 84
1990/91 31,046 37,860 115 4,8 26 96 88
1991/92 32,636 39,800 120 5.0 2 100 92
1992/93 34,235 ®1,75¢ 126 53 29 - 97
1993/94 35,916 4,,800 132 5.5 30 - 100

l. Based on 330 opersting days per year.

© 2« Maxisum capacity per electrolyser : %70 \M} of E_ per bour (= 0.19
ton NE,) or S.4 electrolysers are required to pr&duce oms tom of
IK} po; hour. '

3. (a) Based on an imstalled capscity of 120 NTPD KX
{(b) L] " . [ ] L] " 130 ] []

}.

AMMONIA UNIT

As no factery will perform at optisal capacity during the first years
of operatios it would sometheless be possible to start production iz
s small-scale unit fros 1983/84 onwarda.

The lesd time for bringing & saall-scale Zertiliszer coaplex on streas
will anyhov be betwsen 24 ard 30 monthe. Thus, it will not be be-
fore late 1983 or early 1984 that any productiom could be expected
oves if s decimion for the reslisation of the projec: were takes
during 1930,

12 70% is taken as the mizmimum rate of capacity utilisatiom it would

be acceptable to design the ammonis installatioms for s dnill autput
of 120 tons.

Assuming that demasd would follov the anticipated trend for nitrogen,
then daily design capacity could be incressed by about 5 toms for
each year s decision is takenm beyond 1980,




60— FIGURE 14 ESCOM INTERCONMECTED SYSTEM DAILY LOAD CURVE
MW
55— ')
S0
1]
Vs
“57 / ' ,
N
'
' "
1
40—
35— .
DATE : 5 TH NOVE MBER 1979
MAXIMUM DEMAND 52600 KW
—— . TIME : 14 -00 HOURS
MINIMUM DEMAND : 33 200 KW
- TIME : 2.30 HOUF'S
T .FJGURE ;Jz. ESCOM |NTFRC()NNE(J§Q SYSTEM DAILY LOAD CURV.EW
a
«
o
-~
1
ozl)o 04'00 0609 oI)o 10'00 12‘00 u.'oo ﬁ’oo !I)o tyT 2(10 22'00 21.]00
HOURS ———3 '




1 DN

o i. BAUNNIK O NVML esat
. C ot smnBorat
. © T GUNNIM 71 NVHL §531
L0 SMN 00969

B YOIN LY L

. vt .

¢

. M; Nolvuna .

VHIQ ANRIXYN

oN

o

: .,» :..u. ”, . S ;
. . . . .,. .,v.. n ..,A.,h.. . .w. . *
AL ; 3ANND NOLVEAY avo1 W3l5AS . d312aN
J [ : RS o TS U R

i V.o
DT T LI

—
\
|
|

T G R AN R T O M, FIRAC A T &

T Vo [ R N N ST M

o o N oo e .. L ._....v.A..

. ' 1 Y

A

.:WMH
un\,."
4

(S
o

_,w,
NJ

v e

Wk b e,



mITRIC ACID AND AMWONIUM NITRATE PLANT

s

Oa the bamis of a daily capacity of 120 tops of aamonia, the sise ol
the nitric acid plant should normally be 214 tons per day. (100%
IIOB. acid comcentratioa 60%).

As the nitric acid has to be partly coaverted with ammonia into AN
(33.55 ¥) dnd partly into CAN (26X M), the capacity of the final pro-
duot plant bas to be designed for a minimus of 280 and a saximum of

360 tons per day.

Nitrogen efficiency is assumed to be im the order of 95%-96%.

The daily saterial flow for a plant operating at design capacity is
schematically illustrated iz figure 13.

ELECTROLISER BATTERY

As éio anmoala and ether dowaestream uzits will operate belew desigr
eupac;ty duriag the first six years of operstioa, the capacity of the
slectrolyssr battery carn be increased over ths years im direct pro-
portion to the development of demand, from 20 units ip the initial
stages to 27, once the fertilizer complex attains full capacity util-
isation (moe Page §2).

By dividiag bourly ammonia demand, as expresssed in corresponding
hydroges-gas vhlumes, by the design output of an electrolyser umit
(370 ll’ of ‘2 per hour), one arrives at the number of units required.
This calculation aasuses optisus operational conditioms at constant
leads up to battery capacity durimg 24 hours per day.

This, however, will net be feasible if ofi-peak power Ras to de used
exclusively.

Offepeak pover availability follows, in a reverse sense, slectricity
demand. It reaches s mentioned before, saximus levels at night time
and ia the early moramiag hours and diminishes to sero during sid-day
(figure 14),

To utilise all available off-pesk power, ths capacity of the electroly-
‘ser battery sheuld theoretically be equal to the difference betweea
annual peak and siaimua demand.

In the adsence of data on ESCON's mimisum demand levels, the period
272 June to & July, 1979, is taken as an example. Ia this period
daily electricity offetake varied at aa average betweezr 5& and 100%
of peak deman., This is illustrated iz the load durstior curve for
26 Jume (figure 15), During that day electricity demand remsined
for almost 12 hours above and for the rest of the time below average
demand which should be considered as an exceptiomal ideal case,
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In reality load duration curves will show much sharper fluctuations
¢rom hour to hour ae well as larger differences between peak and
minigum demande. It 16 therefore assumed tnst, at ar average daily
load varies betwesec S50% anc 100% of peak demand. This implies tkat
the capacity of the electrolyser battery has tc de designed about
one third larger tharp off-peak power would indicate so a&s to cope
with tne hourly variations in lioad and to use off-peak power avail-

ability to the fullest extent.

This is demonstrated in the table below, which shows E5COM'se annual
peak demand forecasts and off-peak power aveilability for the period
19841962 und corrsesponding electrolyser battery capacities, when all

off-peak power is to be copverted into hydrcgen.

1984 1985 1086 1987 1988 1989 199C 13%1 1932

l.Peak demand Ms 101 107 1l 120 127 135 142 152 161
>.Est.mipimnua demand MW 5C.5 53.5 57 6C €3.5 67.5 73.5 7€ 8C.5
3,0{f-peak power Mé 36 4O @3 w5 47 50 52 57 60
4,Capacity electro-

lyser battery at M 18 Lo w3 45 47 0 353 57 60

constant load

5.Capacity electro-
lyser battery st MW 30.5 53,5 57 60 63.5 €7.5 715 76 20.5
variable load

6.Difference in . R | , . .
capscity MW 12.5 13.5 1« 1% lo.5 17.5 18.5 19 20.5
?7.lncrease % 132 13« 133 133 13° 135 135 133 13k

It is evident that the exclusive use of off-peak power for meeting
the fe.tilizsr compliex requirements would involve a significant in-
crease in pumbers of electrolyaer units tc be instalisd and conse-

quently in investment.

This ought not to be the case when the surylus capacity of ESCOM' 8
iptsrconnectad system is conaumed first and off{-peax power is used
to supplement tne balance of requirements as is shown 1D the table

below.

By using a combination of surplus capacity and off-peak power during
the period 1980-95, substantially less eiectrolyser battery capacity
and investment will be required as comparel with using off-peak power

only.

It will be understoad that at this stage tne sbove figures CoGh-
cerning electrolyser battery capacity can only Dde regarded as approx-

imations. They have to be refined from year to year in the context

Fep—




of fertilizer plant recuirements and ESCOM's own demana anc load

programnmee development,

1588 1989 1990 1691 1392

$-t
O
o
-3

1954 1985 158¢

l.Plant regquirements MW 35.5 37,2 39.2 4i.l 43,2 45,3 47.6 SC S5c.b

2e.Surplus capacity

(at 90%)

3.0ff peak POVEr  yy 6,5 - 5.2 12.1 22.2 14.3 6.6 18 1l
supplement

My 26.0 41.0 3+.0 28 21 31 4l 32 4l

&,Corresponding cap-
acity requirement Mw 8.5 - 6.9 17.4 29.5 16.0 &£.8 24 1%
(133%)

S.Capacity e.ectro=

lyser pdattery at My 35,5 37,2 39,2 4l.1 43,2 45,3 &7.€ 50 Sz.b
constant load {1)

Electrolyser units NR 17.4 18,2 19.3 20.2 21.2 22.3% 23.4 24.6 25.7

6.Capacity electro-’
lyser batzery at Mw 37.5 37.2 L0O.9 45,4 50.5 5C 49.8 36 36
variable load{c+4)
Electrolyser units NR 18.4 18,3 2C,1 22.3 24.8 2L.6 2.5 27.5 27

AIR SEPARATOR

The air separator should be designec for & mirnimum capacity of 2,30C
NM3 of nitrogen~gas per Lour and for operating pressures tetweern S
and 6 bar. It can either be an air-screw or a turoo-compressor type
of separator, If pressure electrolysers should be chuose for water-
electclysis, then a 2-stage piston coampressor has tc be added to this
unit to bring tne nitrogen gas up to the level (30 bar) of the

bydrogen gae released oy the electrolyser bpattery.
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4.3 Process Technologies

NITRIC ACID

Comamercial nitric acid (HNOB) is produced by catalytic oxication
of smmonia to nitrogen dioxide and thence rnitric acid oy absorptico
in water. The overall process can be writtem in & single cquatiob: .

NHB(g) + 302(g) —d HNOB(l) . 320(1) « 98,700 Kcail.

Iz reality there are three successive stages, namely:

(1) combustion of ammonia with air to pitric oxide:
(533(5) + 1.25 0,(g) = NC (g) ¢ 1.5 B 0(g) + 54,000 Kcal)
(2) catalytic oxidetion of mitric oxide to zitrogen dioxide
(No(g) « C.5 0,(g) = X0 (g) + 13,600 Kcal;
(3) absorpticn of mitrogen dioxide in watey to produce a 60% nitric
acid solution by weight
(1.5 NOa(g) + C.5 220(1) - HNOB(I) + C.5 No{g) + 8,300 Kcal)

Because nitrogen dioxide is not the genuire anhydride of mnitric acid
and because pitric oxide does not by iteelf dissolve in or react with
water, the absorptiorn tower zust have many stages and the nitrogen
dioxide-containing gas streap must coptain enough molecular oxygen

to epsure that the mitric oxide formed at each successive stage of
absorption is reconverted into nitrogen dioxide, according to the
teaction below, for reabsonrption a: the next stage:

2 NO(g) « Cz(g) —_— 2 HOE(G)

In the actual proceses of productios, liquid ammonia is taken from the
store, vaporized, superheated and mixed with pre-heated air prior ‘o

cxidation.

The stoichiometric reguirement is 1k.2% NH}’ but to avoid the risk
of explosion, the ammonia-air mixture in process operations is kept
below 11.5% of NE3

controller. .

by volume, which is closely regulated by a flow

The ammonis-atr mixture enters the reactor to be burnt first to

nitrogen monoxide (nitric oxide: NO) which is subsequently oxidized -
to nitrogen cioxide (NOZ) over a platinum-rhodium catalyst at

pressures between 1 and 10 atmosphere according to the type of pro-~

cess chosen, and at temperatures between 80c°¢ anc 950°¢.

The formation of nitric acid takes piace in a multiple stage absorp-
tion towsr in counter-current of nitrous gases with process water

which is fed to tne top of the tower. The acid dripe and 1s colliec-

ted at the bottoam of the column.
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Nitric oxide (NC) yields are improved by temperature increase, but
it lowers tre yield of NC oxidation to N02. the optimal level
being dependent on tae rate of gas flow. Increaseda flow rates pro-
mote tne NE, oxidation process and svoid undesirable down-sIiream

z

reactions between unconverted ammonia and mitrogen oxides, as well

as tne dissociation of nitric oxide into nitrogen ana oXygen.

increase in pressure mgy sdversely effect the degree cf ammonia
oxidation but it increases the ratio of absorpiion of citrogen ox-

ides in water and in dilute nitric acid.

Numerous proﬁhetary processes for nitr .c¢ acia maaufacture are nowa-
daye available. They differ in design cetsaiis and in operating

conditions but not in fupdamentals.
They can be c_assified into twoe main groups:

(1) The mono-precsure processss in wnich ammonia oxidation and
absorption takes place at eGusl pressures, usually between 1
and 9 etmosphers,

(2) The dual-pressure processes, wnereby ammonia oxidation occurs

at a iower pressure (4-6 ata) thac absorption (10-12 ataj.

The availatility of low, medium anc nigh pressure techniques for
oxidation and absorption offers a variety of alternative combina-

tions by which pnitric acid can te msaufactured.

Pressure as compared to atmospheric operations, permit spa.lier

unite (one single oxiaaticn reactor; to te used for & glven outputl.
It reduces cepital as well as operating costs and it brings down the
NOx cortent in the tail gases, which leave the absorption tuwer at
the top. Apart from NOX, tail gas contains nitrogen, Jxygen, mois-
ture and inert g&se. Overall nitrogen efficiency based upon the
nitrogen content of ammonia and of the nitrfs;groduced, iB DOWECSYS
in any modern dual-pressure and well operated plant between 95% and
97% while the NOx contert in the tail gas is below 500 ppmv., which
corresponds to about 3.0 kg Nox per ton of product. If tae ch
content in the tailgas has to te reduced to 20C ppav or less, an
abatement process wus to be installed which is based om catalytic
apmonia reduction, whereby ammonia ana NCx wae converted into N_ and

2
water over & vanadium or titanium~based catalyst,

On the other hand operating pressures above the estzoapheric induce
greater catalyst losses arc increase power requirements, unless

equipment is inectalled for power recovery.

In making a zhoice between the processes available, consigeration has

to pe givern to the rate of energy recovery and nitrogen efficiency.
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In any pressure operation. tail gas is neated up ana expanded. The
resulting power is used to ameet o part or the power demand of the

air cCompressor. The halance of the power required to drive the com-
pressor systems, usually built inm the form of 8 single, ip-line unit
comprising steam turbine and tail-gas expander, is suppliel bty steam
produced in s w.H. Boiler, where the heat of reaction of the oxida-
tion steps is recovered, Energy efficient processes even produce

surplus stevam for use in other plant sectionse.

Requirements per metric tor of 100% HNu, for a typical
P

mono-pregsure (4-6 bar} plant

Ammonia Xg 283-285
Process water g 250-300
Boiler feed water xg 14570
Cooling water (23°C) M 150-160
Platinum consusption €. 0.15=0,1€
Eiectricity (cooling water pumps) KwR L3-50
Instrument air (O°Cll bar abs) M 1.85
M.P. export steam kg 75

Nitoic Acid Process Tecknologies

Process owner Type of Fressure

processes {bar)

Friedrich Uhde mono/dual 1-5

5=5

3=-10/12
Grande Paroisse dual 3/ /B
Bamag Verfahrens Tecuonik mona/dual i-3

>-5

7-11
Stamicarbon mono 4-7

7=-20
weatherly Ccapany mono S
Chemical Comstruction Corporation mono 8
Societé Belge de 1'Azote et des

produits chimiques du Marley(SBA) dual 3-9

Ugine Kibhlmann SA dual i-5
Fauser, Montedison aono )
C & 1 Girdler Inc. wono 7

AMMONIUM NITRATE

Anponium nitrate (NE“NOZ) is produced commercially by neutralizing

nitric acid with gaseous ammcnia acgordinz to the following eguatioa:
Nﬂj(g} . HNOa(l) -» NE NC,(1); depezding or the stremgt:h ¢i the feec
acid, a 65-80% by weight solution is formed winich is subsequently

concentrated and proceesed to & solid product.

-t




In the process, metered quantitiee of vaporized arhydrous ammonia
from the store (figure 13} and 60% pitric acid are fed into a peutrai-
izer, operating at aimospheric or elevated pressure (4-5 bar) anc at

tecperatures between 140 and 18¢%¢c.

One mole of NE3 reacts with one mole of nitric acid; & pi-controlier
is used to mairtain the stoickiomeiry. The hest of tke exotrermic
reaction is sufficient to concerntrate the solution in the neutralizer
to over 80% and to procuce, in adaition, stearm wbich ie ususally

vmployed to further concentrate the AN solution in subsegueant &steps

up to 99.5%.

About 1 ton of steam ie prcduced for each ton of NH, peutra’ised if
-~

6C% acid is used. Evaporators of tpe vacuux or fallipg-file type

are geperally ecployed to compiete tne final concentration whereby,

as mentioned, exothermic heat ancd sieam are used as a heating medium.

The concentrated AN solution is fed trnrougk & metering station imto
a granulator or prilling tower where recycled ma:i=-ial is added from
the screening (fines) and crusbing eguipment {(oversized) ard from the

dust collecting facilities.

There are varicus proprietary processes for the manufacture of
ammopiuz nitrate. They differ in combinations of neutralisation/
evaporation systems ané/or in drying anc product finpiscing methods
but mot in funcdamentals. In atmospheric neutralization, steam con-
sumption for AN soluZion concentration is usually nigher than in a

pressure operationl.

Pan-¢ranulation is proposecd for product finisrning because it allows
the mapufacture alterpatively of both AN (23.5% N) and CAN (26% N)
of high grade gquality in the same granulator, snd because the cost
of process equipment is lower as compared with prilling. Besiaes,
the hardness and resistance to temperature variations of granulated
AN/CAN is better than those of prilled products, consequently they

exLibit better storage properties.

The grapulation nf AN, containing 33_.5% N, is improved by the mdditiorn
of srall quantities of inert zaterial. For granulating calcium
ammoniurp nitrate (CAN-26% N), the components fed into the grapulator

are supplemented by powdered dolomitic limestons.

Aeteriug facilities permit acjustment of the specified nitrogen con-

tent of the granulated product,

Fror the granulator, the hot and plastic granules are sent to tke

drying drum where they are dried by hot combustion gases,




-30-

mhe dried granules are screened anc subsenuently cooled in a fiurd-
jzed bed ccoled with air, Tne cocled final procduct 1is evensualliy
sent to a coating drus for conaitionimg prior te being moved tc ihe

pulk etorage facilities.

Bowever the use of & highd temperature pan-granulator makes the drying

and conditioping step superfiuous.

Specific consumption figures per metric ton of final product for a
pressure type cf peutralization

AN(33.5%N) CAN{26%N)

Ammonia (as 100% Nn3) kg 205 159
NiZi;i:izlig(§SO:O§NEZ)veIght but cal- 268 597
Dolomitic limestone Y Kg 26 ik
Cooling water (51(23°c) M 30 23
Electric powsr KwE 4G 31
Stear (8-16 oar, 200°C) kg 248 193
Ipstrument air NM}/HR a0 30
(Beat for drying} (Kcal 45000 20000 )
(Mcal Le e )
Product qualities:
N content % 23,5 2t.0
H.0 % 0.25-3.0  C.25-4.C
C;O content }/ % - 7.3
MgC content Y % - S.1
Screen analysis 9% ledmm 2-bmm
Bulk density xg/dn3 0.85«0.9 Ce38=1.0
Eardneas Xp 2.5=3.5 2.5-2.5

Note: 1. In case of use ¢” 2 local dolomite, containing 45.72% MgCO 5
(21.86% Wg0) and 5427 CaCO3 (30.41% CaQ) 7

Ammonium Nitrate Processes

Process owner Neutralization Concentratior

Kaltenbach pressure (4-5) bar 2 steps evapora:ion (faiiing-
one step film evaporator)

Stamicarbosn Presaure (4 bar) 2 step evaporaticno {vacuug),
one step extarnal heat needed

SBA Fressure (5 bar) 2 steps evaporationm,
one step no external heat needed

7¢I (Nitram) Atmospaeric, two Opne step evaporation (fal.ing
steps film) external heat ueeded

€ &I Girdler Atmospherics oue Cne step evaporatiocn (falling
step film), externsl Beat needea

UMDE Atmospheric, two One step evaporation (falling

steps film), external neat needed

T 4.
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Frocess Cwner heutrallzaii.l Joncentration

. isonc EIZ0&FLETIC CDE Cue .tep evavoraticn (fall.ng
steg f:lm), external heat neesed

Stengel rressure (* var) Ccncerntration irL Geutrsilz-
one step at.un stage, externa. heat

neeaed

rontedison A+tmospheric, one Cne steL evapcratiorn,” exTerna.

zleyp beat reecea

e s RO




1
water (333C ¥7,/hour), electricity (5

L PMateria.s anc Utility 3aiarce

(t1lities recuivec for the manufacture of al/Crh

[\l
)
G
(43
K
13
P

The mater:

L uvzsed ammonla are erumerazed ana specl-

[

frouy s.eciroiytic-nydrog
fiea velcw, “he overal. baiance is giveL in & Composite tatlie ot
trne end (rage 77i.

Ia this tacle it Is sbown tnsel tne goip Laput reguirements of ke
vlant compiex wner cperslling 4t Jes1gd capacity wiil be corfined to
I

,OCC Kw per ncur) acc colomit:ic

limestone (3,750 kg/bourj.

N

In turn Tne outiut of the rlant will re al/Can fe 1S tons
- ——————

"y
«t
Vs
y-
-
N
®
s ]

rs
Der nour, enc oxygen (2,835 NM“/acur,.,

ELoCTRICTTY Kowi IoulENTS

Janz

A.C. current is recuired for Griving conpressors, SuURpS, power
. . v - :

ip air-neat excrangers, CCRTro. ang instTuGents, reslstance neaters
and lights. ® Zhe foremos: aemsn: is for U.l. current n the waler-

e.ectTCiyser LR1T,

Tre A.C. BLC JeC. eleciricity reouirements st ine collerent procese
stages are erumerated in aetall Deldw. wnen operatinhg at Cesign
capacity up %o 26l tons of CaN per as/, the plant 'will reauire an

estimated 5S4 Mw pe- nour or :,cll KwH per ton of Cat {1G,00C Kwe on

&z tonm NE5 DasiS; .
Power reauirements
Main Type of Volt Kwid/ton Kwk/ton KwE/zop Teozal Kw
Process SiageE current -ave iK BNC , proguct per nc.r
el 2

R . o . i , .
zlectrolysis z.C. 9,300~ 4t , o 00—
Air separstion A.C, 150 750
Syngas c.mpression A.C. 700 7,50
Aumcrnia synthesis h.C. 3 1=
Nitric acid plant .C. LE 2/ we =’

(zainly pumpe)
AN/CAN plarnt A, LC N
Dolomite crusring/

grinding A.C, 2=
Usilizies
.ater-pump £tation Aele 527
water treaZment Aaloe 14
AmmOLis storage heCo 4.8 2k
rroauct storege . ~r
P ege/ AT 2Lu=2

Dagging
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Lighting A.C. 200-300
Total process 51,784
Total utilities 1,166
Total complex 52,950
With provision for losses in tranaformers (2%, 54,000

l. On basis of 98% current efficiency.

2. Power required to drive the air compressor (i.e. 500 XWH per ton

ENO.,) is not srown, &s this power is generated internally by the

3tail-ga5 expander (350 KWH) and by & steam turbime (15C KwH)
provided for in any modern nitric acid procees systec.

WATER SUPPLY

Cooling water is required in several of the process heat exchangers
and condensers and as indicated below, ir subsitantisl quaptities in
the mnitric acid and the electrolyser plant. In addition, process
water is needed for making nitric acid and to feed the electrolysis
zysten, Also, waste-heat boilers will need specially treated water
for steam raising. On the basis of a mean annual temperature of
23°C for Snire River water, it is estimated that the plant complex

3

x
will require apprcximately 3,30C M~ of water per hour or 2.9 M” per
ton of CAN, wher operating at design capacit {36C tons of CAN per

day).

Process Stages Hourly recuiremente

Cooling water FProcess w.H. boiler feed

ton water tob water : ton

Electrolysis 1,150 (2}0)2/ 9 (l.8}£/ -
Air separatior 110 (22) Y - -
Syngas compression 155 (33) Yy - -
Ammonia synthesis 215 (&3) & - ((“.5}):/((0.9))i/
Nitric acid plant 1,426 (160)2/ 2.7 (0.3)3/ ih (1457} 2/
AN/CAN plant 222 (19)2/ - -
Total 3,288 11.7 14

1/ per ton of NH3
2/ per ton of ENCO
3/ per tcn of AN

3

4/ if steam is recouped from the exc-thermic NE3 reaction.

Due to the vicinity of the Shire River, the flow and the quality of
its water, the copliing system can b 8imply designed as an open-
circuit or soc cailed once-through s:stem, whereoy river water pumped
through & plate-type of heat exchanger willi c¢ool the pure water of
the closed~circuit that is used for cooling the different process

installationse.
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Thus, neither water=cocling towers nor purification of river water
wiil be required. A pump station of 3,50C Hj/hour capacity will
suffice, even to cover provisions for fire-fighting (on the basis of

2 per hydrant, and 8 tc 1C nydrants instalied).

On the otker hanc, a8 water purification unit has to be instailed to
meet process anc¢ boiler feed water requireaents, as well a& the small
quantities of water to make up for the lossas (2.5 ns/hour) in the
closed-circuit system-s/and for potable water (2,5 Hs/hbur). Con-
seguentliy the water treatment unit must have & capacity of about 35
to 40 toms anp hour. It will be partly fed by tondensates recovered

within the plant complex and partly by fresk river water.

The power comsumption to lift river water to a 40 meter head is esti-
mated at 192 KWE/1,000 N°
KWH/ton of water purified.

and for the water treatment system at c.2b

STEAM

The hest recovery system shoula be designed tc make full use of the
exothermic heat of the ammornia synthesis, the nitric acid formation
and the ammonium nitrate neutralizaticn, so as t0 make “he entire

plant complex seif-supporting in steax end heat reguirements,

Depending on the choice of processes and the ultimate design, the
approximste steam balance of the complex (120 ‘oms of NHB/day or 5
tons/hour) may be as fcllowa:

M.P, Steaz Production Consuzption

Nitric acid plaant t/ton HNO, 0.3-0.5 AN/CAN plant t/ton AN 0.25
P

(¥.H.Boiler) t/hour < 2.7-4%.5 t/hour .90
Amnmonia plant t/ton NH3 0.?—0.9 Dolo’ito/ t/ton 0.03
(w.B. Boiler) t/hour 3,5=4.,5 Drying t/bour Q.11
Total tons/hour 6.2-9.C tons/hour 3.0l
LaP., Stean
Nitric acid plamt t/ton ENO} 0.1 Nitric acid t/ton HNO} 0.1
t/hour 0.9 t/hour 0.9
Total tons/hour 0.9 tons/hour 0.9

It is evident that the complex has the potential to be self-support-

ing in steam and even to generate sigrnificant surpluses for use in

le Assuming a quantity of SC H3 watar in circulationm per tomn of
axaonia and losses less than 1%, make-up.water requirements of
the closed-circuit will be waximum 0,5 M3 per ton of NH
per hour, >

Z

or 2.5 M”
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power drives.

The steam generation capacity of the nitric acid pilAant alone amounts,
depending on the choice of process, to & total 0?2 0.9 to 1.0 tons
M.P, stear per tom of HN03, of which 0.6 tom is used to drive the
compressor system of the unit, leaving about C.3 tons of M.P. steam
for use in the other proccess sections, for instance in the AN/CAN

plant,

It is a matter of economics whether the exploitationm of the full
steam poter*ial of the plant complex, and the relevant investaents
in steam turbipnes will justify placizng power drives on steam rather

than on electricitye.

DOLOMITE~LIMESTONE

Requirements of finely-ground dolomitic limerstione are estimated at a
maximum of 9C tonms per day, once the plant is gperated at design
capacity and all AN vould‘be converted intc CAN. This works out to
a rate of 0.25 tor of limestone per ton of CAN (26% N) or 3.75 tors
per hour. When only two thirds of the AN Bas to be converted into
CAN, then reguirements would amount to 60 tons per day or 2.5 tcms

per hour.

Captive scurces cf dolomaite of excellent gquality are situated in the
vicinity of the selected plant site, namely at Matope and at lirangve

at a distance of some 25«30 km from Nkula. (Aznex 3).

The costs of mining are estimated at K3-% /ton of R.O.M. material,
to which the cost of loading and transport (15t/someaile) must be_added

to arrive at a price of K7-8 per ton delivered at the factory.

POTASSITM HYDROXIDE

The electrolyte used in water-electrolysiz is a solution of potasaium
bydroxide of sbout 25% by weight ia pure water (lye). Each electro-
lyser contains apout 10 M3 of lye {approximately 2.5 .ons of KOB).

The losses are less than l% per year or about 0,0075 - 0,008 gras per
NH’ of HZ
unites are ever lower anc not more tnan 1 Mg KCH per NH3 34 Hz).

>

liberated for atmospneric electrolysis (losses in pressure

when working at full design capacity, some 9,890 NM” of 32 per bour
will be produced in the electrolyser plamt, involving losses of KUH

beiow 8C gram per nour (5.3 grem per ton of CAN manufactured).

Cost of 100% potassium nydroxide pellets is about K4,400/ton.

A GO A . enim 2en -
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CATALYSTS

At tkree stages within the battery limits of the plant, catalysts are
involved ir process reactions, namely a* (1) tbé 52- gas purification
step; (Z) the zmmorie syrthesis,and (3, in the process of nitric
acid formation, i.e. the oxidation of the nitric oxide to nitrogen

dioxide.

The cafalyst used for electrolytic-hydrogez purification is pallediux,

which promotes the couoversion of traces of O_ in the H2 ga6 Eiream

¢ 3

to water, Catalyst charge gas purification umnit : X.7 M7, Catalyst

consumption is negligible.

The catalyst used ir the ammonia converter is composed of irop-oxidee
(Fezoj) containing promotors of potassium oxide, caicium oxide anc
aluminium oxide,. The catalyst is nct active unless reduced. Depenz-
ing .on process technology the quantity of catalyst charged amounte tc
30 to SC kg per daily ton of installed ammoria capacity, It nas 8
useful service life of up to $ years provided the plant is well
operated, Catalyst cost approximately K4.5 per kg; comsumpticn 1is

taken at 40 g vper ton of NE, producea.
-

The catalyst used in the rroduction of nitric acid is a wire-gauze,
xade of a noble-metal, i.e. » slatinum-Rhodiuz alloy (9:1 composictiorn;,
minimum cost K50C per troy ounce. Pepending OL process operating
pressure and temperstures, the losses vary petweer SU ana 200 mg per
tor of 100% HNO3 manufactured, or 450 to 1,8C0 zg per hour based on a
daily output of 214 toms of HNO

CAN (ave. 80 mg).

3 equal to 30 to 12C mg per ton of

b Lo n,  TTN




CONSUMPTION (PRODUCTION) BALANCE OF MATERIALS AND UTILITIES

Processen Off-miten
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Itens Units 2] ¢ 1) < z < © [N 0 = a, [3) - 0 wu w ] m Y] ©
Hydrogen NHB/hl‘ (9880) - 9880 - - - - - - - - - - - - - - - - -
oxygen NM?/hr| (4945)  (890) - - - - - (5835) | - - - - - - - - - - [(5835)
Nitrogzen NMB/hr - (3294) 3294 - - - - - - - - - - - - - - - - -
Syogas MM /he - - (13174) 13194 - - - - - - - - - - - - - - - -
Ammonia kg/hr - - - {5000) 2520 2480 - - - - - - - - - - - - - -
Nitrie aeid kg/hr - - - - (8917) 8917 - - - - - - - - - - - - - - \
AN neutralization kg/hr - - - - - (11397) 11397 - - - - - - - - - - - - - Q
AN/CAN product Kg/hr - - - - - - (15000) {15000) | - - - - - - - - - - - |cs000y P
Cooling water W/nr | 1150 110 165 215 1426 222 - 3288 | - - - - - - .. - - - 3268
Demineralized water kg/hr 3000 - - - 2700 - - 11700 - (11700) - - - - - - - - - -
Potable water kg/hr - - - - - - - - - (2500) - - - - - - - 2500 - -
Make-up water kg/hr - - - - - - - - - (2500) - 2500 - - - - - - - -
Condensed water kg/hr n.a. n.a. n.a. n.a. n.8. n.a. n.a. NeA, - - - - - - - - - - - -
Boiler feed - - - 4500 14000 - - 18500 | - (18500) - - - - - - - - - -
Steam M.P. kg/hr - - - (3500) (2700) 2900 110 (3200) | - - - - - - . - - - - -
L.P. kg/hr - - - - (900} 900 - - - n.a. - - - - - - - - - -
Electricity Kw/hr | 46500 750 3500 15 428 Le? - 51784 - 1 627 - - - 24 250 124 250 1166 52950
(%000 )
Catalysts gr/hr | negl. - - 200 1.4 - - 200/1.4 | - - - - - - - - - - - | 200/1. 4
Chemicals (KOH) gr/hr 80 - - - - - - 8o - - - - - - - - - - - 8o
Dolomite-limeatone kg/hr - - - - - - 3750 3750 - - - - - - - - (3750) - - 2750
Instrument air/ 3 - - 100 50 16.5 - 100 266.5 - - - - - 30 - - n.a. n.s., 296.5/4588.5
Procesa air RM“/hr 4184 4184 108 L2gp




4,5 Off-site and Storage Facilities

For the proper operation of the plant, the main process units within
the battery limits have to be supported by relevant off-site and

auxiliary facilities which are listed and specified below.

WATER PUMPING STATION

The Shire River will serve as the main source of water supply for

the plant's cooling and water treatment system. The pumping capacity
of the station has to be initially desigped for 3,500 n3 per hour and
a pressure of 40 z water-head. A stand-by capacity of 1,000 nj per

bour should be added at a later stage.

Seven pumps each of a capacity of 500 lj/hour (134 H,F. or 103 Kw)
or alternatively 3 pumpe of 1,200 nj/hour capacity (32C H.P., or 240 Kw
have to be inetalled along tae river bank at a spot adjacent to the

plant site to provide the required gquantities of water.

Estipated costs K30,000.

WATER TREATMENT UNIT

This unit has to produce the specific water requirements of the elec~
trolyser plant, the nitric acid plant, the w.E, Boiler feed, arinkiaog
water and the close=-circuit cooling system's make-up water. kater

purification has to consriusc of a coagulation-filtration step followed

by a demineralization section.

Coagulation will take place in open tanks, filtration through gravel
and/or activated coal. For demineralization there are commercial
systems in use such as ion-exchange resias, reverse osmoeis and
electro-dyalisis, They operate fully automatic and circulation re-
quires less than C.24 XWH per ton of purified water, Ion-exchangers
consist of two trains; while ope train is in operatiom, the other

stands by or is being regenerated.

Electrolyeis feed water should be free of chlorides (L 0.,001% ¢1),
contain less tnan 10 mg/litre of sclids and enould have s conductance
of less than 6 micromhos.

The capacity of the water treatment unit has to be betweepn 35 apna 4O
tons per hour depending on whether one or two w.H. Boilers will be
installed within the battery limits, Treated water nas to be stcred

in a deiocnat or ebonite tank of about 300 m} hclaing capacity.

The approximate weight of the demineralisation unit will be 70 tons

and cost KO,7 million, The space covered by the water coagulation/

’
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filtration basin wi_l be about 10 m .

The nescessary eir for pneumatic instrumentation installed to control

rrocess and coff-site plant operatioms will reqguire an instrument air
) 2,

compressor arpex dryipng umnit witn a capacity of 30C m” per bour to

be delivered at & atm.

Apart from process air for the air-separator, other plant uni%s may
require air for cooling purposes as for instance the ammocia, the
nitric acia and the product finishing clant. No estimate can be
given at this stage apart from the fact that the bulk product storage

will require some 1C& 13 of air per aour for ventilatiouw purpcoses.

ELECTRICAL DISTRIBU&ION SYSTEM

Power is supposed to be supplied by ESCCM's interconnected system
at Nkhuls and to Se transmitted by & 66 KV, 3-phase 3-wire (double)

line termipating at the battery lim:ts.

The maximum load as aemanded by the plant complex operating at desién
capacity will be approximately 54 Mw, The scope of the desigr for
the system nas therefore to lnc}ude all materials and eguipment to
distritute tre above quantities of electricity efficientliy to the

W

he rectifiers of the

o
o

various plant units witrin tne complex, i.s. &C
electrolysis plant (4#6.5 Mw) and A.C. power (7.5 Mw) to the H,T. and
L.,T. motors of compressors, process aand water pumps, tc tne control/

alarp system, the communication system instruments and liguting.

Fower tc the electrolyser battery nas to be distributed as D.C. at
80C to 1,000 volt depending on choice of tecanology and electrical

arrangement of the units within the battery.

The transforeer/rectifier assemply to be instailed for reducing supply
voltage to the level neeaed by the electrolysis battery has to bDe
equipped witn appropriate control and measuring devices (induction
regulatore, tap changers) to allow voltage regulatien for partial loeu
operations (60~100%),

Power for H.T., electric-driven compressors (air, synthesis gas,
ammonia) will have to be distributed as 6 to 10 kv, >=-phase and S5C

cycles.,

All power for process items consuming 160 Kw apd lees, is most likely

to be distributed at 3380 voits, 3-phase and S0 cycles.

Yor inetrumentation, control/e’arg anc communication systems, as well
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as for .izhting, a distributiop at 110-220 V. will suifice.

The necessary E.T. and L.T, switch gear (30 fields), transformers (3)
rectifiers (1), circuit-trakers, a&c well as bus-bars, cables, earth-
fault monitcrs, etc. snoula be included in the scope of supplies and

be designed according to the above-mentioned requirements.

PRODUCT HANDLING SYSTEM

The requirements for the transfer of finished products froz the
battery limite to the product store, and subsequently to the bagging

and loading station is covered in this section.

The system will consist of a bDuik and bag store and a bagging/losding
unite. The design of this systez should allow for an average naterial
flow of 4O tons per hour, with an ip-built potential to reack 60 tons
for short durations (1 to 2 hours). This is 2.5 times the daily
output of the plant operating at design capmcity, whick should

suffice.

The bulk store should have an overhead shuttle coaveyocr, equipped
with a distribution chute,which car trave . over the total lengtk of

the building.

From the buik store the materials are moved by front-end loaders (2
units of 2 53 loading capacity each) to a bucket-elevator, wpich
1ifts and discnarges the products to the nonveyor-hopper systec of

the bagging plante. The bagging plant should be designed for two
semi-automatic bagging lines each with & capacity of 20 toms per bour
to be equipped with a device for closing plastic bags by heat-sealing.
Vis conveyors the filled bags are transported to & truck-loading

station consisting of 4 lines {two per bagging.line).

A facility to store 11,000 tons of products which equals one month's
production of CAN when operating at full capacity should suffice.

It is assumed that the marketing of the products will be undertaken
by the two existing distribution organizations, wiich both have ade-
quate storage facilities of their own to buffer thu seasonal fluctu-
ations in off-take, (Part I, The Fertilitrer Market, page 17 and
table 13).

Basei on a bulk density of sbout 1, the aeight of ‘he pile formed
under free flowing concitions will nct exceed a ma:imus of 10,5 meter.
As the angle of repose is sbout 35«57 degrees, the width cf the build-
ing should consequently be 30 m and the length 80 i, The roof
structure should follow the angle of repose with & maximug height of

15 m. Effective floor space requirements will bes 2,400 ud and the
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vide a rec.aim gisle.

The floor of tn= bulk storage building and the walls (maximum height
Z m) have to be constructed of concrete and tricks respectively.
While the roof structure car comnsist of aluminium, corrugated steel

or concrete, the last is preferred.

LIMESTONE GRINDING

The grapulation operations will require powdered limestone to be mixed
with the concentrated AN scluticn at a rate of 2.5 tc 3.7 tons per

bour depending or the product-miXx.

For this purpose a mill has to be installed at the plant site wkich
crushes and grinds locally quarried dolomitic limestone tc a mesh size

of 100 (Tyler).

To allow for day-shift operation, the capacity of tpne mill should be
approximately 10 toms per bour or 2.5 times the maximum nourly re-
quirements of the process. After grinding, the product saoculd be

ptore¢ and air=-éried prior to being used in grartulating operations.

lectricity resuirements will be about 34 KWH and he .t requirements

for drying 30-45 Mcal per ton of limestone.

Space requirements: 14 x 3C m.

STORAGE FACILITIES

Anmonia - Ammonie trensferred frosz the manufacturing plant will be
stored in a pressure-sphere at 20 bar and at 5000. The spoere shoulc
be sufficiently large to Btore some 10O days of productior of ammonia,
i.e. 1,200 tons. Space requirements : 15C l2; weight sphere: 270

tons.

Nitric acid - A nitric acid storage tank with transfer pumps should
be located near the nitric acid plant to buffer supplies to the
agmcnia nitrate neutralization unit and the AN/CAN gramulatior plant,
It should contain some 4 to 5 daye of desigr output, i.e. 1,000 tons

of nitric acid (60% HNC, solution).

3
Hydrogen-gas - As explained in & foregoing sectinm (4.2, page 62} the
use of surplus power in combination with off-psak p.wer wculd enable
the electrolyser battery to operate at near constant load levels.
Thus the need for gas stiorage to buffer fluctuations in Hz-output,

Tesulting from variaticns in load, and to ensure a steady supply of
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gB5 to the samonia synthesis gas CoWPressors, will be small. Theo-
reticaily less taan an aversge .° 5% of daily ammonia production wiil
be needed as a buffer stock. Yet, for reasons of safety, it is re-
commended *hat a somewhat larger gas-storage facility be provided to
hold 20,000 NHB of hydrogen gas, the equivalent of 1C tons of ammonis

or 2 hours operation at design capacity.

Nitrogen-gas - While the air-separator can De aesigned to marvch fluc-

tuatione in hydrogen output, it is rscommended that storage facilities

for pitrogen gas also be installed, im order to provide for sufficiernt .
purge gas for electrolyser-operations in case of emergencies, and

for reduction gas to ammonia anc other plant units, A gas-holder

witk a capacity of 3,000 NH5

of ome hour supplies wnen operating at design capacity.

will suffice, wnich ies the equiva.ent

k.6 Buildings and structures

Apart frow the steel structures needed for certain process units,
most ouildings inside bettery likit and for off-sites can be built

out of indigenous material, i.e. bricks, concrete, etc.

The main buildings together witk relevant space reguirements anc

loca. upit cost of construction, are listed below.

A8 no sore than 50 staff personnel hsve to be employed in administra-
tive and technical functione, the offices can, like all other

structures, be designed ae a one~storey building.

BCUSING

It is assumed that the Malewi Bousing Corporation will provide .

housing for medium and lower level staff,
Executive staff wiil have to be lodged near the plant.

The provision of 25 pre-fabricated upites will suffice and will in-

volve expenditure of about KO,S million.
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. - . e Cost of
Hepsurements Sdriace ccnstruction
2 it Cogta
« x 1 x bim) " srige OO
KM X
Adzinistratiorn ares
Administration tuilding 15 x «0 x b 000 16C 9€,00C
Technicel operatiome building 10 x X 300 16C LE,0CO
Plant safety building 80 12¢ $,800
Ladoratory 100 180 18,000
Factory gate/guards Louse 30 120 3,6C0
Ablutions {chenge house) 7 x 1« 100 200 2¢,000
Contingencies 190 200 35,00C
Total 2aministrative area 1,400 223,200
Industrial area
Zlectrolyser buildihg 40 x 8¢ 3,200 110 252,000
Air separator building iC x 80 8oc 11C 88,00C
Compressor building 16 x 75 1,200 150  18¢0,0CC
Ammonis, eleciric building 5 x 8 4c 11 L 4oc
" mynthesis (steel struccture) 260 i::f 5C,000
Nitric acid plant building « 2C x 40 80C 150 120,000
steel structure
AN neutralization uzmit ; . 4 _ G.000
AN/CAN granulation buildiag) 15 x 30 5 200 9C,
Procese control building i0 x 2C 200 120 24,00C
Shop‘3a;ehouae/naintenanca 26 x 35 200 200 14¢,00¢
building
AN/CAN bulk store building 30 x 80 2,4C0 20C¢  &8C,CCC
CAN bag store building 250 110 274500
Bagging/loading station 500 110 5,000
Storage:
hydrogen steel structurse 30) 1um
nitrogen " " 10C) au: 15C,C0C
ammonia " " 150)
water filtration basin + puri-
fication statica 1€o 110 15,800
Electrical sub-station 20 x 10 200 15“:: 2¢,C00
Contingerncies 57C 110 62,70C
Total industrial area 12,000 1,863,40¢
Total industrial + admirnistration area 13,400 2.096,6CC
E
Area within plant boundaries reserved for
plipiug, drainage, roads, safety zargins,
etc, 36,600
Total surface site 50,000

AR P . ne
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PLANT GRGANIZATION AND MANPGwZR REQUIREMENTS

The organizatior of a plant of the size and nature of the propcsed
fertilizer complex can be confined to > departmenta, i.e. production,
maintensnce and admipistration. No provisinon for a separate
engineering jepartment is being mecde, neither for s sales division,
as parxeting ané distribution functions willi, most likely, De under-
taken oy the two organizations operating in this field, i.e. ADMARC
and OPTICHENM.

Procurement will be limited to materials apd egquipment for plant
operations a2& no raw materials are reguired., The preducticn and
terhnical departments will undertake these functione as well as the
responsibility for plant surveillance, fire protection, technical

training, etce.

The plant will employ a total of less thau 200 persons in tezbnical
and administrative functions of whick socme 16 profeesional sta?f,
like chemical, electrical and mechanical engiLeere, accountants ard
chemists will be on the payroll. Most of them have tc be recruited
from abroad during the initial years of operatiocn. .nd consequently
&t a salary level substantially higheé?gnan iz the case of local
euployses.('jvagaa for lebour and saiaries for professicnal staf?
are estimated at K604,000 (K355,340) per year, which works out to
K5.08 (K3.00) per ton of CAN, when the plart is operating at design
capacity during 330 days of the yeasr.

Training of snift supervisors and operators should, in the first
instance, be organized at the plant on an in-plant basis and con=-
tinuously, &y the sanager-ial staf?, or by specially recruited ex-
patsiateu, Locally recruited process engineers and a lipited number
of sbift supervisors should undergo practical trainirg iz eimilar
factories atroad in the pre-production period. At this stage, wo
cost estimate for trainipg abroad can be given in the absence of in-

formation on the availability of local expertise in various fields.
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PErBUNNEL REQUIKEHENTS

Saiary/wage oase
(K,/aanus;

Plart mapager 2C,000

B = Head of Department, aseistant piact mansgzers 25,000

¢ = Superiptendents, procous/necnnnical/electrical 5,000
engineers, sccountants

D = Shift supervisors, office supervisore 1,200

E = Steff/operators &ac

¥ = Secretaris) assistants, typiste 300

A B C D E r Total

7 Production Department 1 1 2
Ammonia productiom:
Electrolysis 1 3 9 i “+
HEigh pressure units 1 3 9 2
Nitric acid and fertilizers:
Acids 1 2 9 1 1
Fertilizer/limestone grinding 1 3 12 16

Btorage, bagging, dispatck:

Storage . 9 9

Bagging, dispatch LY 45
Off-gites, utrilities:

Fower supply i L

water supply/treatment 3 3
Laboratory 1 & )

- 1 5 1€ 100 3 125

II Maintenance Department be 2
vorkshop i 1C 12
Yield repairs 1 15 9
Electrical and process control 11 6 g8

III Adeministrative Department 1 1l 2
Perscnnel adminisgiration 1 z S 5
. General administration 1 & 1 6
Finance/accounts 2 ¢ 2 1z
- 1 L is 5 25
FPlan: total 1 3 12 20 14 10 192
Agnuul Manpower COstE K273,000

(a) With previgicn tfor annusi benafits and social

security (30%) £222,940

(b) Witk provisiom for expatriate s.aff (16) dur- X604k . 000
ing first & years of operation —




6o IMFLEMENTATION SCEEDTLE

AS shown ir tne timetavie chart (figure 1€} the rropoused fertilizer
prciect car be brought on streas iz 2% years from initiatiom, i com-

tracted on & turn-xey basis,

mne pasic functions tc get the rlant completed require about ¢ yearxs.
They are: (1) basic and detailsa design: (2) civil engineering;

(%) procurement c? equipment and materials; (4) their shipsent; and
{

AY

5} arectioR.

Trocess design Zollowing process Choice anpa detailed plant layout,

;211 be mainly concerped with establishing final heat and saterial
palances, process f{iow sneets, equipment data sheeis for the 4 majcr
and all sub-processes and witn tbe preparation of cperating MARDUAIS.
It will also cefime intermediste and fizal product storage, a5 weil

a8 hapdling requirements.

Eagineering design will develop & aetailed plant layout, prepare

general and detailed apecificstions, zodes and standards to be uasecd
for the procuremert of materials &nd agulipmect. +t will alisc devel:i:
detailed process and instrumertatiop rawings far plant battery umizr.
off-site facilities &nd utilities, anc prepare detailed specifica~-
tiops, data sheets and dravinge necessary fcr the following engineer-
ing é¢isciplibes, i.e. civil, atructursl, mechanical, piping, elec-

trical, instrumentatior and architectural.

Tt will further inspect &od check purcpased materials for corplianc:
with specificatioms anc momitor progresse for compliance on delivery

and shipment dates,

Conetruction and erectiom will deal with manpower, equipment and

logietice required to erect the plant complex in each pbase of the
work from start to finish. It wiil provide overall supervisicnm,
directior snd inspectior of comstructico work and perforem all mechan-
jcal checking mnd testing functicms to certify mecharical compietion

of the plant complex.

Conmissioning will ipvelve starting-up ovperations. I+t wi.l perfors
test runs on plan%t cspacity ano product quelity for eact section of
the plunt, check and test all utility syetems, nechanical equipmen:
and inetrumeptation and eiicinate botilerecis, mechanical failures,

etc., as and when they occur,
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COST ESTIMATES FOR IMPILEGMENRTATICK

Cyeral. costs of engineering Servy.ces and erecilioh &5 dascriced
apove for a plaat to produce CTiN froz electrolytic-nyoroges cases

ammcnia with a design capecsity o” 36T toms per day, are estligated

at ¥213,671 willion and are based con preceat day cost of selaries and

services prevalent im Europe. Dets.is are pressrted iz the tadle
belox. They dc not incliude allocatiore for the duildeup ~f ad-

ministration, recruitment anc traizing of staff,

Engineerinz Services and hrectisn Costs

(ip wiilicn Kwachas;

Ipgineering arectiozg Total

Electrolyeis z.87 237
Air separation . Oulbg C.l40
Ammoais synthesis C.984 CoGlb
Nitric acic 1,936 3.0% 4,560
Ammonia nitrate C.475 Oazé C.713
AN/CAN graoulation Z.232 C.78 2,01z
Limestone iz '.nding J3.132 .37 S.oC2
Product storsge 0.0k .2t .40k
Product bagginzg/bandling 0,176 .72 C.87€
Storage @ Ammonia C.ou4 C.0wa
Nitric aci Caelms C.oud,
Bydrogen gas 0.Cub C.Oun
VxTgen gas ' C.Ciis 0,084

Tstal cost of services E,172 £, s 13,672



TIME SCHEDULE FOR A CAN FERTILIZER COMPLEX WITH A DAILY QUTPUT
INCLUDING AN ELECTROLYSIS BATTERY. AMMONIA NITRIC ACID, AND AN/CAN PLANT

FIGURE 16
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FICURE 16

TIME SCHEDULE FOR A CAN FERTILIZER COMPLEX WITH A DANLY OUTPUT OF 360 MT
INCLUDING AN ELECTROLYSIS BATTERY, AMMONIA NITRIC ACID, AND AN/CAN PLANT

TIME IN MONTHS FROM EFFECTIVE OATE OF CONTRACT

2429 262
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7. FRCSEICT CUST EBTIMATIS

The cost of the installed prciect 4s =stimated st XS5% willien, ia-
¢luding ascme X5C amillicz or $92% ia foreign excaauge, apd total fic-
ancing requirements at ¥5C Eillior equivslent.

Tetails of tne ¥arioue cost items nave been cesalt with elaborately

in prececing crapters and are summarized ir full celow,

The list cf xmain piant ipetallaticns ane their coat (137¢-basis)
incitudes ali movable anc iamovatle machines and equipsent for produc-
tion, processing and con:rol as well as reioted off-site facilities
which form ax integral pert of & piszt compiex having a design cap-
acity of 3€C metric %tons of calcium ammcnium sitrate (CAN: 26% Nj per
day anc which is based orn hydrogen feedzaes generated by slectrolysis

0! water with electricity supply from EBCOM's irterconnectec systes.

Cost of equipment packed and delivered F.C.B. European ports will
amount to K35.9 millior of whitk not less than 46% hae to be alloca-
ted <o the elecirolyser bvaiery alons. Aes explained eariier, the
layout of tnis btattery iz the initial phmses of proiect prcject im~
plementation car be limited to 75% of desigz capacity and cavital

costs car correspcendingly ve acdjusted.

In *he event thet an 1ndersnder: &source of pover vould be prasferred,
capital costs Lave to ne lacreacec by ac smount of K-+0 ailliiom to

comBtruct a EYdro-power sBtatich witl arn installed cepmciiy of 6C Ww,

The overall size of tre prCEed wqulPEent and materiale will remai:s

' I
below 4,000 tons by weigkt and 7,000 &7 by volunme.

Qcear freigk+ plus inland forwarding are, on the bdasis of current
liper-term ard unloadiag rates, railway tariffa ard rcad transport,
sstimated to be X1 milliom. Thus, cost of machinery anc equipment
deilivered at the plant site of Nkula will amoun*t tc about X37 eilliox.
It is sssumed that & fertilizer plant will be exezpted from customs
duties on importec materials mnd component peris. No provisior is .

made, eitner, for forwarding agency fees, bank charges or tranait

dues (i,37% ad valorerm).

The cost of engineering sarvices {includinz licence fees), comstruc-
tion and commissioming of the plar* complex will amcubnt to e tocal of

eome K12.C million.

Expensea for eite preparstiop and ceve.coment, the srection of ad-

mipietrative an: inducirial ptructures wiil sad a furiner KZ2,6720




million to base costs., Iz wadditiop &c allocat:ion of KC.S million
bas been made for the provieior of aousing for executive staf! anc

KC.275 pre-operational expenses.

Cost of land (5 ba) does not appear in the computations as n> land
can be scguired in Malawi snd must be secured on Leause against pay-

ment of annuities.

Thus, the overall cost of installment of the plant complex is esti-

mated to be around K54 million or X150,00C per daily *on of instalied
CAN capacity.

To arrive at overall financing reguiresents sn amount of k2,16C has
to be added to cover working capital, io sddition to interest
charges during construction (p.a.) a8 soon as the fizancing plar hae

beer established.

No significant price escclation in regard tc cost of machinery,
equipsent and engineering services are anticipated in the short tera,
due to slack trade irn the engineering and coms:iruction sarket for
fertilizer plant at present. Eesides the majority of capital cost
elements has beer expressed in a etable currency, i.s, German Marks
(DM) ., Pbysical contingencies dc nct eappear as a ninglo ter op
budget capital costs, as undequste provisior Ras been made separately

under esck cost element,

-




CAPITAL COET ESTIMATES

1.
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Ge
10.
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12.
13.
LN
15.

16.

17.

Electrolysis battery
(including auxiliaries,
electrical egquipment,
control instrumen-

tation)

Alr separator
(including mechanical &
electrical parts &
piping
Amsonia plant:
Syngas CORPressors
(reciprocating;}
Reactor
(including separator
condensers, circula-
tors, ammonia recovery
& electrical parts)

Nitric acid plant

Agsonia seutralization
plaut

AN/CAN granulatioz plant

sites

Storage faciiities:
Hydrogen-gas holder
Nitrogen-gas bholder
Aamonia-sphere
Nitric acid storage

Water-pusp statios
Vater treatment plant
Limestone crusher/grinder

Product storage, bagging
& bhandliing equipmesnt

Epare parts

Tquipment and materials packed and delivered

f.0.b. Iuropean ports

Ocean freight: 7,000 freight tone liner terss

at K% ($115)

Cos te (miilion)

Unlondings/t 7,000 pert tons at K7/ton

Inland forwarding: Beira-Lisbe-Nkula:
REailage - 4,000 weight tons at K38

Road

e 4,000 wright tons at X0

Total of equipment and materials delivered c.i.f.

at plant site

Engineering services (basic and detailed engimeering,
procurement, supsrvisios of works)

Erectior and commissioning
Pre-operating costs

Capacity No.of
per upit units DM 8
3
375 WM 15.93 46.€
EZ/hour 27 36.2
3
3500 WM
02/ hou.r 1 2.} a 1.01 2.Q
13200 M0° 1 - 2.0 1.72 5.0
Synzas/hour
ST/bour 1 - §,21 3.45 10.1
21k T/day 1 11.50 - 5.06 in &
280 T/day 1 1.30 - 0.572 1.7
360 ?/day 1 k.10 - 1,84 5.7
10,00C un; 2 3.6 1.5 b
3,000 NX 1 0.7 0.3 0.9
1,200 tons 1 - O.4 0.33 0.9
1,000 tons 1 0.36 0.16 C.5
1,200M"/hr 3 0,068 0,03 0.1
3540 T/br 1l l.62 0.713 2.3
10%/hour 1 1.25 0.5% 1.6
20%T/hour 2 2.40 1.026 2.1
34,185 100.C
5% wvalue of egquipment 1,709 5.0
35,804
0.660
0,049
0.152
0,200
36.955
8,171
cost 54500
0.275
0.53%

8ite preparation and developsment
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22. Civil wovTks ) 2.087

23. Housing . C.500

2k, Base cost estisate/installed cost b 5h.022

25. Working capital 2/ 2.15C

' 26. Interest during construction L.B.

27. Total fimancing reauirsd 56,193
WA

1. Coat of squipment for power distribution and air systex is being pro-

portiopally distributed over relevunt zein process and o2f-sites upiis.

Agency fees, bank charges and traueit duees (1.37 % c.i.f. value) not
included. It 48 further assumed that surplies are exempt from Customs
duty.

Includes training, corporate overheeds, gerneral, stc. estimated at &%
erection and commissioring costs.

No provision is sade for price escaiations anc ejuipment cosIs3 are val:

Zor 1979.
See Apnex 9.3.

Exchange rates: DM » MK O 4b
US$ = MK 0.82
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&, FRCLUCTICK COST EBTIMATES

&,1 Calcium ammonium ni%rate (25% N, bagged)

Most cost elements entering into production coste have been describea

indetail is preceding chapters.

For tae saxe of convenience thiey are briefly summarized and cormented

on in Annex 2: Assumptiocn for cpersting cost estimates.

Relevart cost figures assembied in the tabie Lelow, show that produc-

tion costs, celculated at 137G constant prices will amount to & total

of K12.96 million per year when the plant is operating at a desigr
capacity which is expected to be im the 7th year after start-up,

{half-way the economic life of thne plant).

The ax-factory coet per tor of bagged CAN, at 100% capacity utilizas

ation will amount to about K109.00.

The principal cost element is sliectricity which accounts for alwoat
50% of total production cost. Electricity and depreciation charges
together represent almost 80% of p-oducticn costs. It is difficult
to assess 8t this stage ths foreign exchange comperent of productior
costs in the ahsence of detaile on the same for electricity unit

coate,

In the second year of operaticn, at 70% capacity utilization ox
83,160 toms of output, annual production costs are estimated at
£10,684,328 (i.e. 70% of varianle plus 100% of fixed costs) acd the
sx-factory cost at K128,5 per ton of bagged CAK. In reality the ex~-
factory coet at 70% plant utilization will torn out to be lower, if
the sumber of electrolyser units is adjusted to sctual demand and

fixed coste are correspondingly lowered.

Ip the finapcial analysis (Part IIX) it will bs dermonstratad how
sensitive the project will be t» electticity chsrges and capacity

utilization,

8,2 Ammonium/nitrate (23.5% bulk)

Because of market demand, & substantial part of the plant output may
have to be produced in the concen' rsted form of ammonium nitrate
(23.5% K and to be delivered in bulk.

Most of the variable cost elemernts enumersted for CAK vwill also
enter the cost structure for AN aid unchangeé with tbe axception of

dologite~-limestone and vags, for ehica there is no need,




In addition, elmcCtricity comzumplion can te reduced by about 4#0C Kw

per hour and fixed ¢ost such as panpowver and overhsads ‘y one quarter,

becauss there will be nc need for bagging and handling of bags.

Cther fixed costs will remain unchanged, As a result, the annual
cost of production of AN (33.5% NJ will amount to approximately
K11.75 million, when the plant is operating at full capacity, i.e.

at a rate of 280 tons per dav.

The ex-fzctory coet per ton of AN delivereé in bulk will be about
K127 which, on a per-tom-nitrogen basis, equals K379 against K419 for
CAN.

The production of AN (33.5% N) offsre distinct economic advantages as
compared witk CAN (26% N).




Calciue Ammonium Zitrate (26% N)

Production Costs at Full Capacity

Operating days
Plant cepacity

Process sequence Water-elsctrolysis,
pitric acid, acmonius

iation, storage and bagging

17330 per ysar
3 118,800 WPPY;

15 MTPE

air-separation, amsmonia synthesis,
nitrate neutralizationm, graau-

Operating data Item 53::i:.::; Taonit prices (X:
Electricity S5k o 0.0154KvwB
Process water 11.7 ten PAe
Cooling water 3,288 .’ pm.
Boiler feed water 14-18.5 ton p.a.
Chemicals KOB (100%) 10-80 gr bob/kg
Dolomite-limestone 3,75 tonm 8.0/ton
Catalysts : ammonia 200 gr k,5/kg
: pitric acid 1.k gr 500/troy os.
3 Ea-sa- purification - -
Bags (piastic. 50 kg) 300 0.32/bag
Direct sanpower (labour
and eta??) including  °*0%° 4k.9/nour
benefits & social se-
curity contributions
(30%)
Overbeads (administrative -
& factory) {(50% manpr.) 22.5/bovs
Maintenance repairs: (2%
SIF plant costs ¢ civil 2367/day
works)
Depreciation: (7% project ‘
coste minus non-depre-
ciables)
Insurance: (&n5% plant
costs ¢ civil works)
Interest PeN.
Varisble costs- Kwacha )]
per year ;igg;ricity 6.?;5‘200 k9:62
Catalysts 160,418 1l.24
Chemicals 2,788 o0.cc
Dolomite-limestone 237,600 1.53
Bags 760,320 5.87
7,576,326
’*;::,°°"‘ PT  yampover 355,940 2.7%
Overheads 177,970 1.37
Maintenance . 781,040 6.02
Deprecistion 3,800,000 29.23
Insurance 265,950 2.0S
Interest - -
5,300,900
Total sanufsciuring cost 12,957,226 100.0<
Production costs per
ton CAN bagged 109.06
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BaABIB

OF SEBIGK

1. Dlevation site acove Sea level

Ze Climatic gmta

Air tesperature : Maximum z
Daily averags during not- Q,,
e8t period (Sept.-Nov.)} ov
Minimsua ¢
Daily aversge duriag cold=- o,
. est period {(June=July) -
Bslative dumidity : 06.00 mours %
Average %
14,00 hours %
Rainfall t November-March am
April=-0Octoder
Baroseiric pressure ab
Thurder Sstorms ] days
period
Wind velocity i n/sec
prevailiang direction:
dry ssason
wvet ssason
3, Shire River water apalysis
pd o
Temperature c
_ Conductivity sicroshos/cxz
Total soliide Pp®
Yree chlorine "
Free CO "
Totali a.xalizity: as 31003 "
Total bardness 3 BB CaCO3 "
Permanent hardnees: as CaCOj "
Hetals t Iron "
¥anganese "
Calcius "
¥agpesiux "
Average annual fliow rate IB/GOO.
ko Blectricity
H,7. supply Ky
phases
cycles
Off-peak anc surplus pover availability
in the period 1980-1990 ]
Se S0il conditions
Gpneisaic rocke-bed covered by westhered
materials, thickness s
boil bearing capacity -
Hequired kg/cn
6, Cost data
Coastructieoas
Rosds: lst class (7 » widtp bitusen) axel .
ioad 8. tons K/wile
Seconuary (7 » width, gravel) K/uble
Distriet (dirt) K/mile

Rail track: (5C lb. rail on pre-cast con-

crete sivepers,

stone~balasted)
Power transmission: 66/130 XV firs:t 20 km K/mile

longer diszancss

Jith track fuily -K/mile

K/mile

200-30C

o 0o }S (;

[

65/8%/92
50/68/84
35/54/68
60-70
negligible

974/975/983

7C/100
Nov-Ma>ch

-/8/3%0

N. East
B. East

7.7
26-27
178=25C
130=-200
6

2k
105135
P66

Cel0=Cos
b-iC
40=-75
20«37

235

66
3
5

30-9C

60'
DeBa
2.‘

150,000
100,000

50,00C=7¢ , 000

270,000~
320,000

25,500
33,600

i




ANNEX : 2 ASSUMPTICNS FOK OPERATING COST ESTIMATES

1,

2ea

e

k,

Se

!lcctricitx

Power is assumed to be supplied by LSCOM. The ecoromic cost of offpesa
pover is taken at 1.5t per kwh (ref. Chapter I, € ctiorn 3.8: Elec-
tricity charges, page 37).

Vater
Water will not appear inm cost calculations as rawv water will be directly
obtained from the Shire River at no cost.

The consumption of electricity for water pusping., purificatiom, etc. as
vell as depreciation are covered under major cost items on am ovarall

basis,

Catalysts and chonicalg

These items have been dealt with under the relevant sections of Chapter
II, Bection 4.4, Materiale and utility balance.

Dolomitic-limestone
Consusptiocn of ground dolomite-limestone is at a rate of 0.25 toms per
ton of CAN (26%).

Cost of aining is taken at X4 per ton while transport sand handling cost
will be at an average K& per tom, totallinmg K8 per ton of limestons
quarried delivered at the factory,

Bags

Imported fertiliger products are usually packed in woven poly-propylecs
bags baving & polyeethylene inner bag. Products granulated ir the
plant of OPTICHEM are packed in low density poly-ethylene bags with ope:
Bouths which are tlosed by heat-sealing, (Thickness: 200 microns;
Eeasurements : 23 x 35.5 inches; 800C gauge),

They perforas well under local conditiome of storage, handliing and transvor:

This type of bag is localiy manufactured by Plastic Products Limited (a
subsidiary of the Malawi Developsent Corporation).

Present capacity ies about 1 million bags s year,agaimst an anpual require~
ment of 2.4 million bags once the fertiligzer factory attains full capacity

The current sales price is 31,53t per bag, which is taken as umit pri:ce
for cost calculation.,




6.

7.

8.

S

10.

Direct manpower

Salaries, wages ~ui benefits of personnel are :ireeted as a fixed cos:
item as is custorary in a capital iatensive irdustry like a fertilizer
plant. Labour, apart fros baggirg operations, is usually psrmanently

employed and not laid off in slack periods.

The cost of manpower has besz dealt vith in a previous secticn. it

is estimated at X603,000 per annum during the first 6 years of operati::
ard at K355,54C per anpum in later years, once expatriate sta?f has
been replaced by local persornel. A X% Sonus for benefiis and securi:-

payments is ircluded in the above figures.

Overheads

Cost items under this heading include office supplies, communications,
rents, confractual services, transport, public relatioms, land lease, e:cC.
They were ccaputed ad a 50% surcbarge of sanpower inputs which wiil TiT

cover. all anticipated expenditure cf the pature referrei to above.

Maintenance/repairs
Maintenance and repairs are taken at 2.,0% on initial book value of civil

works, asounting to X2,097 miilion ardé of value of delivered machinery

and equipment, asounting to K36.956 milliom, totslling K39,052 millioa.

Spare parts, included ’n the capital coet estimate, is equivalent *2

three years' supplies of masintenance materials (X0.6 milliom per year;.

Depreciation
The economic life of the plart is taken as 14 years, 4Assets to be de-

preciated include total isstalled cost (K5k milliom) minus pom-depreciat
assets like lapd, site preparstion (X0.535 million), pre-operationmal
expenses (X0,275 milliom), totalling K53.19 million,

Annual depreciation charges (14 ysars straight lipe) amount to

2%&%2 = qp pillion, or 7% per year,

Land lease and insurance
There is very little freeheld land in Malawi, So-called Customary Lap-
is acquired by the Government from tbhe local villeges for ipdusirisl

purposes and leased to imdustries. Terms of the lease are fros 20 to 99
Years at a rate of £750 to K1,000 per hectare per year and this charge

is included under administrative overheads.

Insurance payments to cover dssage to machinery equipment apd dbuildinge

is taken as 0.5% of relevant book value, i.,e. inasta’led project costs » .3
cost of site preparatios and pre-operating expensss (K53.19 millioe).




WORKING CAPTTAL CALCULATION AT 1979 PRICES Yy

{x)

l. Inventory Total
(a) Chemicals Cue year supply 2,788
(b) Cataiysts Oze year supply 160,418
(c) Begs 30 days supply 63,120
(d) Spare parte 2
(e) Limestone 30 days supply 21,600
{f) Work in progress 5 operating days ammonia

output (600 tons; &t 14€,40C
K2kk/ton
{g) FPinisbed procduct 15 operating days pro-
ipventory duction of CAN 588,600

2.

3e

Se

6o

Accounts receivabls

Mizisum operating cask balance

Gross working capitsl

Accounte payable

Net working capizal reguired

(5,400 tons) at X109

3C operating days pro-
duction 0of CAN 2 1,890,000
(16,800 tons) st X175

5% of production costs
excluding depreciation 457,861

O —

3,336,787

30 operating days pro-
duction of CaAN
(10,800 tops) at K109 1,177,200

———————

2,159,587

1.
2o

Based on 100% capacity utilization (e.g. 330 operatings days/year)

Included in the capital costs

1979 sales price of CAN ex store Limbe.




ANNEX 3 & DOLOMITE-LIMEBTCXX RESOTRGES

Malawi is well endowed with limestones and most of them are dolomitic
and hence bhave usefulness as filler iz the productior of calcium

anmonium nitrate.

Soms of the more important magresium limestone occurrences in Malawi are

sumaurized in the table below.

Analyais % Loss o=

Quantity or extenmt

Location Ares of available limestons Cal AgO 8102 igaition
Matope FNiddle 8hire/ - 10. .

Tirk Range =~ ADout 650,000 tons 30=3: 19-20 (10
Lirangwe " Extensive 22-32 18-22 ¢ 1 h2-k7
":iii " Ixtensive 28.7 2.7
Chusi Chixwawa Beds ap to 1.5 @ thick

0f the four sain deposita, those of Matcpe and Lirangwe are the nearest tc
Yalkers Yerry, the possible sits of the fertiiiger plamt complex.

The Lirangwe occurrence is situated about 38 k= from Elantyre, 5 ka ¥ortn
BEast of Lirangwe Township and 25 km to the Last of Walkers Ferry. The
Depoait is highly dclomitic and two types ocour, one with less than 10%
calecite, the otber with 25% to 4LOX calc:tae. The more dolomitic typc;
which is commoz at the southern end of the ocutcrop, has a medium tc coarse
graized texture and a creaxy wbite colour. Serpentime s the only macro-
scopic impurity. The more calcitic type, fros the mortherc emd contains
more silicate impurity but less than 1%.

The Lirn:g:!kgopolit is varisable ip thickness but averages about 50 a and

has a total/length of about 2 km. Reserves are estimated at over 0.5 B 125,
The quarry has easy access and is being exploited for lime burning. Lime

is s0ld under contract to the Ministry of werks for building purposes.

Cost 0f quarrying materials has been given as XK3-4/ ton

The Ilﬁﬂl’ depasit is leeated nesr Matope bridge clese te the seuth saster:
Mank ¢f tha Shire River at seme 20 ika to tue nerth ef Velkers Ferry.

The occurrence is highly dolomitic. It contaips eilicate impurities ix
varisble and relatively higk quantities but genserally less than 10% of tne
rock,

The maip deposit stretcbes as a band of variable thickness (C-18 =) cver .
distance of 2 km. Reserves up to 650,000 are estimated tc be aveilable ?-
quarrying within 30 8 of the surface. The cost of quarrying is estimatss
at & per ton. Yet, because of its lower silicate content, the lirangws
dolomite should be preferred as a filler for CAN productiom.




In additiop there ia the Wkalazi group of dolomitic limeatones, less she=

3 km to the east and 10 km to the south east of Valkers Ferry. For tais

very little information on guality snd guaatities is available, Cnce a
decisior on the fertiliger project is taken further detailed exploratary
work would becoms expedient because of ths vicinity of the occurrences
aear the site of the plaat,




ANNEX : 5 BY-PRCDUCTS

mhe main dy-producte of asmonia manufacture via tioe vater-electrclyeis &Lt

aireseparaticn route is oxyger (02).

Oxygen is an indusirial gas and is ueed for bleaching purposes, weliding,
petal cutting, thermic lauaching of camecnt, etcC, There are atout 400
copsumere of industrial oxyger in Malawi, which together purchasecd in
1978/79 a total of 6 million cuf of gas (162,160 NHB) equivalent to 230 to--
of gas at ap average price of X15 per 300 cuf {Kl.5 per KZ) . Tondustrial

Gases Limited (IGL) is the major supplier of ipdustrial gases in Malawi.

According to their projections the market for oxygeo will reach sooe 227,i00

NH} or 02 by 1980/81 and most likely some 27C,000 Nh3 or 380 toms of oxyger
gas by 1985/86 (8 to 10% increase per year). An additional acc potentisl
customer of oxyger gas may become the Viphnya Fulp Project. Using oxygen
ipstead of chlorine as a tleacning agent would reportedly require some SC

tous o£‘O2 per day.

Co-product oxygen it produced by both the water-electrolysis and the alr-
separation route at a rate of 1,665 NM3 or 1,166 kg per ton of smzonia

manufactured.
Co-product oxyger
per ton of ammonia

T

xg N7

Electrolysis (g) 1,422 988
Air separation (1) 253 178

Total 1,665 1,166

vher the fertilizer project is cperating at design capacity, i.e. 120 toz:
of NM3 per day, the production of cP-product oxygen will amount to 8.325
tons per bour or 200 tons per day. Thus the entire oxygeo market of

Malawi would be served by 2-3 days production of the plant.

Because of the small size of the market in Malawi for industrial oxyger,
no installations for filling cyliinders are planned at this stage and no

credit ie given for oxygen co-product in cost calcalatione.
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I.

FINANCTIAL EVALUATION

1. Basis of Anmalysis

The fimanciel returm on the investmernt capital is the ultimate criterioen
to determine whetuer the project is commercially viable, Conscguently,
the prefitability amalysis to be corried out will es:antially consist of
assessing the ratioc betweer the profit and the capital to be invested in
the proposed project. Si-ce it is unknown at this stage how the project
will ultimately be fimanced, the amalysis will be prepared of the totml
investment and as if the project would be implemented without outside
firencing. Such & procedure is & way {a) to assess the economic welue
of the project for the enterpreneur and to compare the emrning power of
the project with preveiling opportunity cost of capital*, (b) to judge
project altermatives on their own merits, assuming equal corditlrns

for financing and {c) to indicate the conditions of loen finencirg

such as the schedule of loan repayment as well eas the maxdmum interest
rate which could be paid without creatinc any losses for the project
proposal,

The measures for evalumtion used in this amalysis are:-

1 The Break-aven Point
2. The Intermal Rate of Return
and 3. The Pay~Back Period
The Fay-8Back Period is defined as the period required to recupsrate the

original investment outlay through earnings of the project.

The Break—Even Point (B.E.P,) determines the point at which salas- revenues
equel production oosts,

The Interral Aete of Return (I.R.R.) is the discount rete at which the
present value of cash inflows is equal to the present walue of cash out-
Flows, It is the rate at which the present worth of tl.e benefits to be
derived fram the project equals the present waorth of the cost, In other
words 1%t represents the returm over the economic life of the project te

the resources engaged in the project or the mte of interest at which money
could be barrowed to bulld the plant and be exactly repaid by the trading
profit.

*
The weighted average of the borrowing rate for funds in the intemetiomal

and local market plus an acceptable price-earning ratio for equity

fimancing,

2/ vensnses




The procedure for calculating the I R.R. is to compute cesh flows and o discaunt

them to determine by trial and error the rate at which present walues are zero.

Depreciation is not deducted as @ cost in cash flow statements, as discounted
measures of preject worth autam+ically take care of provisions for re-invesiments,
Further and ma jor assumptions used in the preparation of cash flow statements are
the following:-~

1.

S.

.

7.

Be

Ratet production capacity (at 10%% capacity utilisatior) is 112300 metric tons
of CAN (26iN) per year and is based on a design capecity of 15 UTPD and
330 operating days per celender vear,

The project will start production tovards mid 19683 namely 3C months from
initiation (emrly 1981).-

Production ouild—up will, in conformity with domestic market demand,
incremase gradually from a capactiy utllization rate of 30F: in 1983 to
10 in the 9th year of operstion {%f.,e. 1921 in the 11th yemr from
initiation).

The seonomic 1ife of the project is taken es 14 yemrs, which includes
the initisl years of construction.

Capitel* and opereting -costs (manufacuring cost minus depreciation)
are taken from Part II, Chapter 2 of this study and represent values
preveiling et the time of appraisal,

Correspondingly all price, costs and benefit figures in the cash flow
statements are expressed in constant 1979 terms,

The crice for electrinity is assumed to be 1,5 tambala per KéH (See Part II,
Chapter 2: Electricity charges, Page 37)

The ex=factory price for CAN is tmken as K175 per metric ton of bagged
product {see appendix I) and is free of excise duty,

Incane tax of 45 per cent to be paid by any manufacturing or treding
company in Malawi is supposed to be waved,

The totel capacity outley is supposed to be disbursed entirely during the
30 months constructlon period and in conformity with the implementation
schedule for the project i.e. 1st yemr: 30); 2nd year: 50°; 3rd year

(6 months) ; 2T,

*

Machinery and equipment is supposed to be imported duty=free,
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Project Viability

The profitability amalysis {Appendices: 2 — 4) indicate that the proposed
fertilizer project will start to break-even at & mapacity utilizatior of
around 4P,

The 8,E.P. is relatively low which is unuswal for highly capital intenstve
projects, It illustrates the predominant effect of the relatively tigh
level of variable costs (elestricity) in relation to fixed costs, A low
B.E.P is convenisnt since it renders.the projlect less vulnerable to
changes in the level of production (sales). Furthermore, it emables the
nroject to start making a profit at a relatively low level of capacity
utilization, On the other hand, the relatively small difference between
unit sales price and wvariable unit cost (electricity) renders the
project a rether modest earning power potential, This is first of all
demonstrated by the fact that the B.,E.P, is very sensitive to changes in
the unit sales price, A 1% reduction in sales revenues per unit of
cutput immediately increases the 8.E.P, from 40 to 48,

A prelimimary indication of the profitability of the project is provided
by the simple mte of return (SAR)., Based on the assumed selling price of
K17% and estimated manufacturing cost of K109 per ton, the SRR is 13,9%,
The return drops by 1% in case of a reduction in selling price of K4,9 per
ton is applied, This approxdmate calculation maturaelly overestimates the
average earning power pofential.of the projéct; because the plant will
take at least 9 to 10 yesrs to achieve full output,

This discounted cash flow method therefore provides a more accurste
assessment of the project's earning capacity.

The I.R,R. befare tax is 11.55% (Aprendix 4) 4in resl terms.

It confirms that the overell eerning power potentiAl’ of the project is
modest to low when cecmpared with going-opportunily c¢ost assumptions

i.e8, 1%%. Besides the pay back period, i.e, 8 = 9 years, is a rather leng
period to recover origimal investments, Thus in the event that a
substantial pert of the investments nas to be flmanced with outside loans,
the project will barely be in a position tc support interest retes higher
than 1C per cent., Furthermore without the facility of deferred repayment
of loans, it will be impossible to achieve a debt service coverege ratio
of at lvest 1,5 during the first 7 to € years of plant operation,
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It is obvious that any less favourable assunptions as mentioned above and
in particular a reduction in the selling price of CAN would increamse the
time needed tc meet fimancial obligations and would render thz project
rnot sufficiently viable commercially to attract funds,

Sensitdivity tests have been conducted to determine the effects on the rete
of returmn of

Te An extended capital disbursement schedulc (slower investment build-up)

2. Improved capacity utilization (accelerated production/sales budldeup)
and subsequently the effects of

3. A variable cost decremse by 10°-

and

¢, A sales revenue (price) decreasc by 103

The result of the analysis are given in the appendices 5 - © and are

sunmarised below,

SENSTTIVITY TESTS ON THE INTERNAL RATE OF RETUBN

- Pay=-back Period (Years)

1. Base Case 11,56 8.9
2. Altermative A : Slower Investment

bulld~up 12,70 .2
3o Altermatdve 6 : Optimum capacity

utilization 13,30 .1

4, Altermative 81: Optimum capacicy

utilization including a 10%

decraase in variatble cost 15,35 7.8
5. Altermative: 32: Optimun capacity

utilization includinc a 10"

reduction in sales revenues 9,36 9.2
6. Altermative 81 + 2: Optimum capacity

utilization including a 10% reduction

in both variable cost and sales nrice. 11,18 8,02

Alternative A (Appemdix &)

The project would allow For a slower bulld-up of investments because the

nunber of electrolyser units required can be adjusted to developments in
demand for fertilizer products., (See Part II, Chapter 2 Page 62, 63).
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DiS.‘-‘:T’lbuting the capital outlay for the electrolyser hattery over the
er+ire ecanamic 1life of the project would imgrove the I,R,R. by 1,165 to
10.7 -+ But it would hardly affect an imorovement in the profit
break—ever or pay-back period. The orcject is therefore moderetely

sencitive to lawer investment budld—up,

fltermative B (Appendix G)

Production (seles) build-up to ootimum retes of ocapacity utilization
would include a2 substantial improvementof the I R.R. to 12.%F.. Froma
technical and operational point of view, it is quite feasible to
incremse the rete of capacity viilization from 3% in the firs* year
of operation (& months of prodyction) to 103 in the 4th year of
opesation,

Simulimneously, the period required to recover the amount of original
invesiments will be brought down from almost © to £ years, 1In cese of
loan fimaneing it would nonetheless e necessary to carefully adjust
the loén payment schedule to cash inflows in order no: tc endanger
the liquidity position of the projesct.

It is clear that altormative B offers a greater attrectiveress thrn
altermative A as a measure to improve the earninc power capecity of the
project.

The increase in ocutput over “he economic life of the project would be
87,900 tons or only 7,3:, for which outlets heve tc be found in the local
market or across the border in Zamblae or Mocambique during the first

3 years of operetion,

Altermative 81 f .ppendix ?7)

A combination of optimum and technicelly femsible rates of capacity
utilization during the initial years of plant opcratlon and a

reduction in electricity cost from 1.5 to 1,32 tambala per KWH (equal to

a reduction in variable cost of 1) will incremse the I,R.R. to 15,35%

On the basis of a price of 0,86 tambala per KWH, whickh equalizes the unit cost
of electricity supply from an own hydro—power station, the I,R,R, will be

20 per cent,

At such a rate of return, the project will not fail to attract funds in case
outside fimancing would be regidreds,
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Altermative 52 {Apoendix 2’

A reduction of 1. in sales revenues as induced by & decrease in the sales

price from K175 to K157,5 per ton which almost equmls the Subsidized price

level at which CAN has been distributed to small holders during 1979/8C,

would lower the I.R,R. immediately to below 1P, in spite of optimum .
caxcitcy utilization,

Altermative B1 + 2 i

OUptimum capacity utilizetion in combination with a 1% reduction in both
variable cost and sales revenues would render the project an earning

power of just over 117,

It is obvious that the profitability of the project 1s very sensitive
tc changes in sales prices and electricity cost.

Optimur oapacity utilization in combination with a sales price of not
iess than K175 per tor. of bagged product and an electricity cost -of around
0488 tambala per KWH would urder the assumption of tax exemption, emable
+he project to attain an earning power sufficiently high to attract the

funds for financing at normel commercial terms,

ECONOMIC EVALUATION

1. Foreign Exchange Savings

At 10CP. capacity utilization, the plant will procuce same 118600 tons of
CAN per ennum, If imported, this output would involve same K20,79 million
in foreign currency exoenditure pecr annum (1979 price basis),

The total foreign currency component of operating costs (plus capital charges )

1s estimated at about K944,246 (K4,516,766) per annum, which leaves savings

in foreign exchange of K19,65 million (16,27 million) per annum

(See appendix 10). !

Comparison of the local currency costs incurred and the annual savings in
foreign exchange indicate that only KO0.41 (0.52) will have to be spent to
save K1,00 of foreign exchanoe,
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Beoause of the very high lsvel of domestically awailable inpubs, especially
electricity, foreign exchange savings per ton of CAN amount o K167 (137)
or 5.5 (70.3) per cent of the 1976=79 import velue, which is economically
extremely favourable,

In addition, the cstimated “oreign exchenge firmencing required for the
project i,e. about KSO million, can be more than covered in less than

3 years of operation at full production,

2. Other tconomic Benefits

By its high demand for electricity, the project will put to profitable
use ‘the large off=peak power availability of the country's electricity
campany, ESCOM, for which there is no altermative outlet,

The project will therzfore have a great impact on ESCOM's capacity
utilization of power generetion facilitivs and conseguently on the
econamics of operation. The additional cash flow gencreted by incame
from the fertilizer project will subs*antially improve the financial
sosition of ESCOM who ave fimanced the purchase of their assets by

foreign barrowings.

Fer-ilizer manufactured drmestically and entirely from local soureces
of raw materials and utilities will provide price end supply wise, a
salient element of stability to agriculturel production, the mainstake

in the country's economy,

Furthermere, the unmeasured cconomic benefits of manmagement and technical
training, msk2 this project particularly attraective for Malawi,
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SULLARY AND CONCUJSIUNS

The market for nitrogenous fertilizer in ilelawi hes developed From some
12,00C tons of nitrogen in the 1972/73 croppinc ssason tc 17,200 tons

[

of nitrogen in 1976/79 at 2 comoound anmal rate of about S per cent,

In the context of the market structure and in line v Lch the prevailing .
agricultural policies, it is anticipetad thet consumption will continue

to increase at more or less the same rete of growth in the-cominc 10

years to reach same 22,000 tons of nltrogen in 1973 and 33,000 tons of

nitrogen by 191/92.

Consistent with the projectione for developments in demand, it is

proposed to install ammcnia and calcium ammonium nitrate (CAN = 269N)
manufacturing facilities with a reted capacity of 120 and 350 tons per

day respectively (or altcrnatively ammonius nitrete - 33.FN rated capacity
280 MTPD).

Coal and water powsr are the two resources to manufacture ammonia

in Melawi independently from forsign supplies of rew materials.

The economics of producinc ammonia from water—power are distinctly
better than producing it from coal. Against capital cost of

K550,000 per daily ton of installed ecapacity as required for the
coal-gasification route, stands K270,000 only for the water—
electrolysis process, Cost of manufacturing ammonia via coal
gasification will amount to not less than K253 por ton, while producing’
ammonie -\via the water—electrolysis process will cost about K244 per tun.
Besides, a hyvdro-power based plant is considerably more simple to operate
than a coal-based plant,

The area around Welkers Ferry should be considered as the preferred
location for the plant, as the cost involved far infrestructure and
site development are the least among the altermative possibilities.,
Besides the adjacency of Nkula Power Station will ensure continuity
of supplies and facilitats daily operations,

The -electrolytic-hydrogen based project will pave an annal output of
118,900 tons of CAN (26¥N) when opereting at full capacity during
330 days per calender year.

Project costs are estimated at K56,2 million imecluding 12,16 million
as working capital, The foreign exchance component of the investment
outlay will be approximstely K5C milldion,




3. The cost of manufacturing CAN is estimated at K10 per ton product once
the plant attains full capacity utilization,

10, The earning power as calculated by discountod cash flows over the
econamic life of the procject (14 years) at constant 1975 walues is
estimated at 11.56% before tax while the profit break—even point is
reached at 40" capacity utilization,

1. The profitability of the project cen be substantially improved to
15,36 by optimum capacity utilization during the initiml years
of operetion, combined with a reduction in electricity cost
from 1,5 tambala tc 1,32 tambala per KWH, and tc 2074, in the case of
a unit ocst for ‘puwer supply at 0.8 tambala.

12, Stability in both supplies and prices for nifrogenous fertilizers,
in addition to suwbstantisl savings in foreign currency and a significantly
improved capacity utilizatdon of the country's power generation
facilities, are the salient economic benefits to be derived from e
domestic industry based on the country's abundant hydro-power rescurces,




1.

2

3.

4.

RECOMMENDATIONS

%e project is recammended for implementation because its technical
femsibility is evident and tre benefits to be derived from 1t are
significant far the country as & whols,

Since the cost of electricity is the deterrimant factor in regard to
firancial viability, it is recommended that a decision on this matter
is taken at the highest policy-maiking level and with the shortest
possihle delay.

For this purpose & small woridng group of experts should be established to
work out an electricity price, belng appropriate to the interest of
both ESCOM and the Fertilizer Project.

Responsibility for the realisaetion of the project should be dslegated to
specific arganisations or institutions as a first step to the setting up
of a fertilizer campany.

‘ .
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ITRODUCTION

The Government of Malawi requested UNIDC early 1979 to udertake a
comprehensive feasibility study on the possibility of manufacturing
nitrogenous fertilizers from lcoal meturael resources and to attest the
viability of such & venture (terms of reference attached ),

The study was undertaken by F.Jd.E, Van Dierendonck, Fertilizer Industry
Cansulimnt who was based in Melawi from 28th July 1972 until 31st Janwery,
1980, The study is in three volumes i.e.:~
Part T : The Fertilizer Market
Papt II : Chapter 1 Amonia Manufacture
¢+ Chapter 2 Ammonia Nitrete tanufacture

Part IIT : The Financial and Economicg Evaliation of the Pruject.
part T of the study was completed in lilongwe at the Ministry of Agriculture

and Naturel Resources, Part II at the premises of the Geological Survey at
Zomba and Fart IIT in Blantyre in collaboration with Press (Holdings) Malawi,




Appendix 1:

SELLING PRICE FOR CALCTU! AMMONTUM NTTRATE (CAN 25N

The ex=factory price used for the profitability calculations is taken as

K175 per metric ton of bagged CAN (26), wkich is equel to the F,O0.R,/F,0.T.

price ex-store Llimbe as prevalent during the 1979/80 cropping season, -
This is a commerciel price derived from computing the cosis of imports

(CIF), inland forwarding, handling-etc, and by adding service charges

(see Part I: The Fertilizer Market, Page 22). The subsidized retail price

of ADMARC toc smmll holders in the current cropping season has been fixed

at K155 per ton,

World market prices for nitrogenous fertilizers i,e. wrem, AN/CAN; SA

are directly related to the prices far petroleum products (Naphta, Fuel-0il)
and metural gas (See Part II : Crepter 1 the Fertilizer Project, Page 2),
The rate of increese im crude odil and nitrogenous fertilizer prices as
experienced since 1973, is reflected and vill continue to be determined

by the oll price policies of the OPEC,

TREND IN WORLD :"3KET PRICES (F,0,8) FOR NITROGENOUS FERTILIZER PRODUCTS
{1270 — '75) ON A PER=TON NITROGEN BASTS,

YEAR 15720 1971 1972 1973 1374 1975 1976 1977 1978 9%
US OOLLARE 105 96 147 234 783 326 250 261 304 3

As a matter of fact there is little prospect of a decline in AN/CAN prices

on the world market and in price levels for nitrogenous fertilizers in generml,
due to continuously increases in oil prices and because of anticipated

supply deficits as investments in new fertilizer capacity have remeined

modest in recent yeers,




Appendix 2:

BREAK-EVEN ANALYSIC

Break—cven amalysic determines the point at which sales revenues equal
production costs, The break-even point (8.5.F.) can also be defined
as the capacity utilizatdon at which sales revenues and production

casts macch mach other,

The B,E.P, is calculated algebraloally by making use of the following
equation:

B.E.P, = Fixed Costs

x 100
Sales revenues - Varishbie ~osts

As interest pavments on loans are not included, the rixed costs are in

our case, the same for every volume of production and remain constant

during the entire economic¢ life of the project.,

Thus, the profit B,E.P, of the proposed project is estimated at faln 8
of its capacity (47656 tones of CAN), which is crephice 11y represented
in figwre 17,

A reduction of 11,8 in electricity cost (from 1.5 tambals to 1.323 tambala

per KWH) which cquals a 10} reduction in variable costs, hardly effects

the B,E.P., which in this case/lowered to 27.9%, Ba the other hand, / would be
a reduction of 13, in sales revenues would immediately result in an

increase of the B.E.P. to 47.8..
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Appendix 33

SDFLE RATE OF RETURN

The simple rate of retum (SRB) is defined as the retio of the weading
profit in & normal year of full production to the ardgimal investment
outlay (fixed assets, pre ~ production capital expenditure and worikdng
capital),

If the trading profit as in owr case is taken as annuwel sales revenues
minus manufacturing costs. The S.B.R, is
20,790,000 - 12,357,226 x 100 = 13,5,
55,200,000

A reduction of only K4,9 per ton in selling prics i,e. from K175 to K170,1

drops the SRR by 1%,

1




Appendix a:

INTERNAL RATE OF RETURN

BASE CASE
1/ 2/
PALENDER CAPACITY PRODUCT ION CAPITAL OPERATING SALES GROGS CUMULATIVE DISCOUNT PREGENT DTS5+ PRESENT
YEAR YEAR UTTLIZATION MT DISBURSEMENT COSTS REVENUES  CASH CAGH FLOW FACTCR VALLE COUNT VALUE
TOTAL K1000 K1000 FLow K1000 11“/a K1000 FACTOR K1000
1000 K K1000 1/,
-1 1981 - - a0 17000 - - ~17000 ~17000 0,901 -15300 ‘0,R93 =151M
-2 1982 - - 50 20200 - - -28200 -15200 0,11 -22R70 0,797 ~22475
=3 1983 30 35640 20 11000 3854 6237 - B617 -53817 0.731 - 6299 0,712 - 6105
a 1904 71 84318 - - 6960 14761 7601 16016 0.659 5141 0,636 4961
5 1985 75 832100 - - 7264 15573 A3Po =376R7 0.£93 4939 0,567 a691
6 1986 78 92664 - - 7491 16216 n7°5 20062 0.535 asan 0,507 aann
? 1587 a3 98604 - - 76870 17256 9306 -19576G 0.4n2 a52a4 0,452 4247 5;
e 19873 8?7 103356 - - 1172 113007 9915 - 9_‘_6‘6_1_ 0,434 4303 0,404 A00A T
g 1989 21 108108 - - 8475 18913 10414 N3 0.391 a0Ra 0,361 3770
10 1990 26 114048 - - 864 19950 11104 11007 0.352 Mm 0,372 3575
11 1991 100 118800 - - 9157 20790 11633 23520 0,317 360 0,2ra 2350
12 1992 100 113800 a - 9157 20790 11633 35150 0,206 3327 0,257 2090
13 1933 100 118800 - - 9157 20720 11633 A6786 0,258 3001 0,229 2664
a
14 1994 100 1186800 - 74163/ 9157 20790 19047 561419 / 0,232 _£_1_£l_1_9_ 0,205 _3_905
1201068 1534 -1210
1) See Part II: Chapter 2-Page 62
2) Exsluding Depreciation, Financial Charges and Taxes on profits RAESULTS ANALYSTS
3) Calvage Value : working capital at 1007 2160 . a) TAMR, =11 + 1534 (12 = 11} _ 1:96
bul ldings /housing at 6051558 1534 + 12 T
scrap value equipment -
at 10% CIF 606 b) Pay Bagk period = 8,9 years,
Total (K1000) bzaxl

a) Salvage wvalue not included
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Appendix 53 A‘ji VE £ A
CAPACITY PHODUCTION CAPITAL v/ OPERATING SALES GROSS CUAULATIVE DISCOUNT PREGENT  DYECOUNT PREGENT
YEAR  UTILIZATION MT DISBURSEMENT COSTS REVENUES  CAGH CASH FLOW FACTOR YALUE FrCTOF VALUE
ot TOTAL (k1000) (k1000) FLOW (k100G) 13 1o
(K1000) (k1000)

-1 - - 26,2 14932 - - -14937 -14932 0,605 -13215 G,B93 -13334

-2 - - aa,3 24087 - - —~248A7 -39819 0.783 -19487 0,797 ~19135

-3 30 35640 17.7 9958 3854 6237 - 7572 —=17391 0,693 - 5247 0.712 - 5391

q 21 84348 - - 69260 14761 + 7801 ~39530 0.613 + 47032 0,636 + 4961

5 75 eg100 - - 7264 18593 8329 -31262 0.543 4523 0,567 < 4723

6. 78 22664 1.63 917 2491 16216 76808 234156 0.4 3748 0,507 3959

7 a3 30604 1,63 917 76370 17256 RAEH -14984 0.475 3509 0,452 anen .
A 8y 103356 1.63 917 p172 18007 ne9a = 5906 0.376 3313 0.404 65 o
3 21 108108 1.63 917 8475 13 2 B 9527 n5a1 0,333 3173 0,361 3439 !
10 o6 114043 3.261 1834 a9 19958 ap70 17811 0,795 2735 0.322 29R5

1 100 118700 1.63 917 9157 20720 10716 23527 0.261 2797 0.217 3076

" 100 110800 - 9157 20790 11633 135160 0.231 2607 0,757 290

13 100 110800 - 9157 20790 11633 aG793 0,204 2373 0,229 2664

14 100 118800 012! 91 20790 10007 2/ snaze 0,11 3a4n 0,705 3005,

1201068 =701 +16005

1) Cost of instaiment per electrolyser unit 15 estimated at K0,917 million nES! " ]’_i_/\_N_/}_l;Yg_;[.S‘

2) Including salvage valuas K?414 million a) T.AA. e 12 + 1605 x 1 - 12.70

3) Excludes salvace value 1605‘.:‘;01

b) Pay back perind = R.,3 years
1 .

AP SR . st
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ALTERNATIVE : B
Appendix 6t

CAPACITY 1/ PRODUCTION 2/CAPITAL OPERATING SALES GROSS CUMULATIVE  DISCOUNT  PRESENT DISCOUNT  PRESENT

YEAR  UTILIZATION MT DISBURSEMENT COSTS REVENUES CASH FLOW CASH FLOW  FACTOR VALLE  FACTOR VALLE

o, ToTal (x1000) (k1000) (k1000) 12 10
(k1000)

-1 - - 30 17000 - - -~17000 -17000 0.893  -151A1 0.r77 -14909
-2 - - 50 28200 - - -26200 ~45200 0.797 72475 0.769 -=21606
-3 30 35540 20 14%470 ansa 6237 - 8617 53817 0,712 - 6135 0,675 - 8816
720 83160 - - 6884 14553 + 7669 16148 0,636 + an77? 0.592 4500

5 85 100980 - - 8021 17672 9651 =36497 0.567 +50722%  C.519 5009
6 00 116000 - - 9157 20790 11633 —P49564 0,507 + 5086 0.456 5005
? 100 113800 - - 9157 20790 11633 ~13231 0.452 5258 0,400 4653
8 100 118800 9157 20790 11633 - 1508 0,604 4700 0,351 A0R3
9 100 113300 9157 20790 11633 +10035 0,361 4200 0.308 35A3
10 100 118300 0157 20750 11633 +21660 0,322 3746 0,270 3141
1 100 118800 9157 20790 11633 33301 0.2A8 3350 0.2237 2757
1?2 100 118000 9157 20790 11633 44934 0.057 2950  0.20R PA2()
13 100 118000 9157 20790 11633 56667 0.729 2664 0,1A2 2117
14 100 119800 9a14> 9157 20790 190a7”  enoon®’ 0.205 905 0,160 30aR
127960 Koo Ty

1)  Optimum ospacity utilization as technically feasible

2) Total output during economic 1life time of project is

7.3 higher as compared with base cass,
3) talvage value included
4) Salvage walue not included

RESULTS ANALYSTS

a) I.A.A,: 12 + 3257_L1_cl‘1 - 12) = 13.3
el

b) Pay back period = 8,1 years,
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ALTERNATIVE B1

Appendix 73
CAPAGITY PRODUCTION  CAPITAL OPERATING VY SALES GROSS CUMULATIVE  DISCOUNT  PRESENT DISCOUNT  PPRESENT
YEAR UTILIZATION T DISBURSEMENT cosT REVENLES CASH FLOW CASH FLOW FACTOR VALLE FACTOR VALLE
| (x1000) (k1000) (k1000) (k1000) (x1000) 14 16
“ -1 - - 17000 - - -17000 ~17000 0,A77 -14909 0,h6? -14650
-2 - - 2A200 - - ~23200 -48200 0.769 -216n6 0,703 ~20953
=3 30 35640 11000 3627 6237 - /390 ~53590 0.675 - 5663 0.691 - 5378
a 70 83160 - 6354 14553 + 8199 -45391 0.592 + 4R54 0.553 + 4534
5 85 100960 - 2377 17673 10296 ~35095 0.519 + 5344 0,476 4901
6 100 140000 - 8400 20790 12390 02705 0,456 + 5650 0.1 5000
? 100 1186M0 - 8100 20790 12390 -10318 0,400 aA956 0,354 366
& 100 118800 - nang 20790 12390 2075 0,351 a319 0,305 779 AR
9 100 116800 - £400 20790 12390 14465 0,308 3016 0.263 3759 if
10 100 110600 - BA00 20730 12390 PRASS 0,270 3345 0,227 213
11 100 118800 - 8100 20790 12390 39245 0,737 2036 0.195 2016
‘ 12 100 1138800 - nA00 20790 12390 51635 0.200 2577 0,160 2002
12 100 118800 - 8400 20790 17390 BA25 0,682 2055 0,145 1797
1a 100 116600 7a1a2/ 8400 20790 19809 e/ 76415 3/ 0,160 jekl=3) 0,125 2096
1288980 +7278 =346
1}  Fixed costs (minus depreciation = 1580900) + {Vardable cast — 1.} x capacity utilization factor
A 10: reduction in variable cost conforms with a 11,&. reduction in electricity cast from R__ES&J‘L_T‘_AJ‘E‘\_ILY_G_I_‘_S_
1.5t o 1,32t per KWH a) TA.A, = 14 + 7278 (46 ~ 14)
2) Salvage walue (included) 778 + 3462 = 15,36
b] Pay bacl: period = 7,8 years
3) Salwvage Value excluded
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ALTERNATIVE B2

Appendix 8:
CAPACITY PRODUCTION  CAPTTAL OFERATING  BALES GROSS C'WULATIVE  DISCOUNT  PRESENT  DISCOUMT — PRESENT
YEAR UTILIZATION MT DISBURSEMENT COSTS REVENLES  CASH FLOW  CASH FLW  FACTOR VALLE FACTOR VALUE
(k1000) (k1000) (x1000) {k1000) (k1000) 10 9
-1 - - 17000 - - ~17000 -17000 0.909 -19453 0,917 ~15507)
-2 - - 28200 - - —28200 5200 0.626 -23293  0,p4? -P3740
-3 30 35640 11000 36854 5613 ~ 9241 51041 0,754 - 6940  0,77? - 7134
a 720 05160 6084 13096 + 6214 40227 0.613 + apaa 0,700 A4a00
5 85 100580 £0P1 15005 + 7884 -10343 0.621 + arR06 0,650 5128
6 100 118600 9157 18711 9554 ~30770 0.564 5305 0,506 56941
? 100 118000 9157 18711 0559 21235 0.513 901 0,547 500G
100 113000 9157 187211 9554 -11601 0,467 a0e? 0,500 a7% .
9 100 118600 9157 17711 9554 - 2127 0,424 4051 0,46 a5
10 100 113800 9157 18711 9554 7427 0.3R6 36eA 0,492 ane '
11 100 118R00 9157 18711 9554 1581 0.351 3354 0,38 a9
o 100 113800 9157 1n711 9554 26535 0.319 e 0,356 3401
13 100 1188004 9157 107211 9554 3609 0.290 2771 0,376 3115
1 100 10800 7a1a 2/ 9157 18711 16068 °/ aseas ¥ 0. 2063 0,299 5073
1288980 =70 + P07
1}  Un the basis of a 1: decrease in sales price RESULT ANALYSIS

2)

mamely K157,5 per ton as compared with K175
for the base case,

Salvage value {inaluded)
Salwage Value not included

a) I.AR.A, =9 + 2497 (10 - 9)

2497 + 420

= Q.16

b) Pay back period = 9,7 years,
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Appendix O ALTERNATIVE 81 + 2
CAPITAL OPERATING  SALES GROSS CUMULATIVE DISCOUNT PRESENT DISCOUNT  PRESENT
YEAR DISBURSENENT COSTS REVENUES  CASH FLOW  CASH FLOW FACTOR VALUE FACTOR VALLE
(k1000)  (K1000) (1K1000) {K1000) 10 12 .
-1 17000 - - -172000 -17000 0,209 -15452 0.893 ~15181
-2 28200 - - -26200 -~45200 0,A26 ~73293 0,797 ~22475
-3 11000 3627 5613 - 9014 54214 0,751 - 6770 0,717 - 641A
a 6354 13098 + 6744 47470 0.683 4606 0,636 + 4209
5 2377 15005 + B528 -3p942 0.671 5296 0.567 AR35
6 8400 18711 +10311 ~28631 0.564 5315 0,507 5220
7 100 18711 10311 -18320 0,513 5290 0.45? a661
3! 8a00 18711 10311 - 8008 0,167 ams 0,404 4166
9 5400 18711 10311 2302 0.424 4372 0.361 3702
10 8400 18711 10311 12613 0,306 3960 0,322 3320
" £A00 18711 10311 20924 " 0,351 3619 0.268 270
12 8400 18711 10311 33235 0.319 3289 0.257 2650
13 /100 18711 10311 43546 0,79 P90 0,729 2361
n 72414 v 8400 18711 17705 1/ 53057 2/ 0,263 4662 0.205 363
+3718 -Pr33
1) Salvege Value (Included) AESULT ANALYSTS
2) salvage Value (Not included) a) T,R.R. = 10 + 3218 (12 - 10)
a21s + 2238 = 11,18

t) Pay back period = 8,8 years

-Gt
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Appendix 10t

ANNUAL FORETIGN EXCHANGE SAVINGS AND EFFECTIVENESS OF IMPORT SUBSTITUTION
(BASED ON 100F: CAPACITY UTILIZATION)

1. OPERATING CCSTS 1 ANNUAL COSTS (kwecha's)

a, Foreign currency component

Catalysts 160,418
Chemicals 2,788
Maintenmance Materials 781,040
Sub=total 944,246

b, Local currency component

Electricity 2/ B4415,200
Dolomite limestane 237,600
Bags 2/ 760 4320
Manpower 3/ 385,940
Overheads 1774970
Insurance - 265,953
Sub~totnl g,212,980
c. Total Opereting Costs £,157,226
2. VALLE OF ANNUAL PRODUCTION
a/
At K175 per ton 20,790,000
3. GROSS FOREIGN EXCHANGE SAVINGS (2 - 1a) 19,845,754 (16,270,654)
(Exclusive capital cherges 5/ )
4, EFFECTIVENESS OF IMPORT SUBSTITUTION 0.41 (0.52)

(b ¢ 3)

1) Taken from Part II Chapter 2 Page 94,
| 2) Assumed to be locel currency cost exclusively,
3) Excliding additiomal cost of foreign technical assistance.

4) Equel to CIF Beire + transit cost to limbe, assumed to be in foreign
currency entirely.

5) Figures in brackets indicate net annual foreign exctenge savings from the

project assuming 14 years annulty on foreign exchange investment outlay.
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