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'I. GENERAL BACKrJROUHD 

M!Llawi is a landlocked country e:rlending to some 900 ka fro• North 

to South and 200 km from East to West. 

It ia ~~rdered by Zambia to the West, Mozambique to the East and 

South and Tanzania to the North-East. 

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

Beira and Nacala in Mozambique. 

Topographically the country can be d.i~ided in thre& Dist~nct Regions: 

1. The Littorals including the Shire Valley and the Lake 

HalaOi, ranging iu altitude from 40 tc 760 metres. 

2. The Plateau• e comprising the Shire Highlands, The Central 

Region and parts of the North ~t wh~ the ele~ is 

between 760 ai:.d 1A.00 metres. 

'· The Highlands in the Central, Northern and Southe?'ll parts 

of the country with altitudes between 14t>O and 2?50 metres. 

Mount Mv.lanje (3,000 met~ea) ia the highest peak. 

'l'he eli•te has tvo well-defined seasons. The rainy ·season, which 

e~end.s from November to March with an annual mean r&in!all of 1140 ma 

varying fr'lm 635 to over ,,000 mm. 

The period from Hay to August is cool (15-22°c) and ~,., while the 

months of September and October ca~ be characterized ~s hot 

(~-27°C) ana dry. 
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The total land area ot about 94,000 km
2 (excluding Lake Mala01) i• 

illb&bited b1 aome 5.57 •illion people (19?7 census) and di'l'ided into 

three political regions i.e. 

The Northern Region (28.6• of the totalland area) 

The Central Region (37 • .,,;) and 

The Southern Region (33 • .,,;). 

About ~7'!' (3.5 million BA) ot the land is considered to be arable 

but, according to aerial eurvey•s conducted in 1966 167 an additional 

3.2 million Hectares coul~ be classified ae potentially arable land 

and suitable for cultivati~n. The remaining area bas to be discarded 

and classed as uncultivable due to ccnstrainte imposed by topography, 

w.ter aurfaoea, ~inage, erosion, cli!118.te and in!rastructure 

{villages, roads, etc, ) 

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

I • 



-4-

2. THE AGRICUL'l'URAL SECTOR 

Agriculture is the main industry in HalaOi and the largest single 

contributor to the National Income. It accounts at present for about 

46% ot the gross domestic product (G.D.P.) and for 94~ of export 

earnings (1977). 

Including Animal Husbandry F"orestry and Fisheries it directly 

and indirectly provides work for some 8~ of the entire population. 

Crop production is divided into two distinct sectors, i.e. eats.tea 

and Saall Holders. The area of socalled Customary Land is cultivated 

by sllllll-scale Farmers, growing mainly lllllize for own subsistence in 

addition to cassava and pulses. Tobacco (Dark-fire cured, Sun/Air 

cured and Oriental), cotton groundnuts• rice, coffee and vb.eat are 

grown as cash crops. It is estimated that in 1977 some 3 million hectares 

o! land were cultivated by over 1 million farm families. As may be expected 

holdings are generally small in size. The average size of an agricultural 

holding rang1s from 1.3 ha in the South, to 1.4 ba in the North and to 1.9 
ha in the Ceatral 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 2.9~ per annum, it is antici­

pated that b7 the early nineties the overall cu~tivat~d area will exceed 

the suitable 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 s~ctor ofta~ming is occupied mainly by plantation 

crope like Tea, Tobacco (Flue-Cure~, Burley), Sugar r~ne, and miscellaneoue 

crope like Maize, Oilseecla etc., and co•era a total of about 0,1 million 

hectares ~f land. The country is largely autficien~ in food production and 

exports in addition, substa~cial quantities of valuable commodities. 

Tobacco with a 51~ abare ~f total exports earnings in 1977 ie the leading 

.:rop+. It is followed ~A importance by Tea (2~), Sugar (~), Groundnuts 

\6~), Cotton(~), Co~!ee and other crops (5'i). Small holders !Jl"Oduction 

accounted for about 3.lt~ ebar• ill domeatio ezport earnings and Estates 6~. 

The P4'r!orman~e ~! Agricultural production is the most important determinant 

o! the countr~'s balance of paymen~ position. 

+ As a irstt6r of fact, MalaOi is the World's second largest exporter of 

I 
' 

• 

• 



-5-

Since 19?3 the estates sector has been spearheading in growth, while the Small­
holder eector baa been :-..&gging behind. They are on the fringes of the market 

econo~. Their staple food is Maize and the principal cash crops are Tobacco 

.and Ground.nu~s. The pressure on land is increasing while ~he returns fro~ 

production are llllll'ginal. The main objective of the Gover1111ent policy ia to 

increase Agriculturel productivity from existing land. Its main strategy is 

to give priority to investments with an immediate impact on A~iculture. Thia 

strateKY is among others, embodied in the National Rural Development Progra1111119 

to be implemented over a 20 years period through about ~O Development Projects 

of which ~ major ones are in operation with an additional 8 in the pipeline. 

The major pr~jecta in operation are: 

( 1) The Lilongwe Land Development Prograw (LLDP) covering an area of 

about 4~5,000 hectares in the Central Region, cont~ining 1~,000 farm 

tamilies (445,000 people). The major crops are maize, groundnuts and 

tobacco. It started in 1968/69 aud is supported with credits provided 

by the IDA. 

(2) The Shire Valley Agricultural Development Prcject (SVADP) initiated in 

1969/70 and al.so supported by IDA credits. The project covers an area 

of about 688,ooo hectares in the Southern Shire Valley (including two 

Game Reserves), with 70,000 farm families (300,000 people). Cotton, 

maize, (rice) are the llllin crops. 

(3) The Lakeshore Rural 0Development Project (LRDP) launched. in 1968 wit:. 

funde provided by the West German GoTernment but is now receiving 

financial support from the European Development Funa. It is located 

along the Central part of Lake MalaOi and it now covers an area of 

about 357,000 hectarea, eontaining some 67,000 families (300,000 

people) cultivating m&inly cotton, maize, groundnuts and rice. 

(4) Tbe Karonga-Chiti:pa Rural Development Project (K-CRDP) It started in 

1972 and is located in the North ot the country. It is also supported 

with IDA credits. Tb& total area extends to about 769,000 hectares, 

containing about 38,000 farm familiea (168,000 people) engaged in tbe 

culti'f&tion of rice, maize, groundnuts and cotton. 

In tbe context of this strate~, particular emphasis is being placed on ferti­

lizer and seed as the major fo~ce behind increased crop production. To en•ur• 
' suppliee at stable prices and at the time the1 are needed, the MalaOi 

GoTernment bas been considering since 1975 the poesibilit1 uf establishing ~n 

own fertilizer manufacturing facility. 

(1) Aa a hedge against serieue probleaus which ma1 arise from total 

reliance on impo1·ts. 

(2) To alleviate serious constraints 

inherent to a land-locked countr7. 

in regard of transpor~ as 

(3) To sa•e foreign currenc1 and reduce costs. 

I 
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To dev-=:.op and/or .tilize local raw 1DBteriale and 

available utilities. 

The objeet~ve of this study is to establish a viable concept !or such a 

fertilizer plant and to evaluate the impact it will have on the :ountry•s 

economy and the agricultural sector 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 ~Y 

subsi~ies 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 tons iD the 1970/71 

crop season. The main indicators of fertilizer consumption since ·1970 are 

the imports and the aalesrceorded by the two major fertilizer distributors 

i~ the country i.e. The Agricultural Development and Marketing Corporation 

(ADMARC) and A Commercial Company Optichem Ltd. Official statistics on 

actual 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/?9 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 supposed 

couaumption. 

The figures of Table 1 are at the first instance used to calculate coneuinp+-• 

for all types of fertilizer on a nutrient basis, the result o! vhich is 

presented in Table 2. Since 19?2 consumption o! all fertilizer baa increased 

albeit at w:Ide variances at an . average annual rate of 5.8% per cent ov. a 

product basis and 6.8 per cent on a nutrient basis, to reach 93,800 tona of 

prociu.cf.11 !.n the current cropping season 19?8/?9; the equivalent of about 

2690? tons ot NPK o! vhieh the greater part, namel:r around 17,200 tone, is 

Nitrogen. 

It provides an indicaticm for a trend tovards using higher concentrated 

types o! fertilizer. This is further evidenced by the share ot compounds 

in total consumption, particularl:r those ot a higher grading, which bas 

increased from 35 per cent in 1972/?3 to almost 44 per cent in the current 

cropping season. Yet, the average nutrient content of all !ertilize~ used 

in HalaQi in 1978/?9 is still onl:r 28.?kgs of NPK per ton ot product sold, 

which is rather low and unfavourable in view of long lines ~f supply (freight 

costs) and constraints in the domestic distribution l!lystem (transport). ~··'" 

jectiq the overall consumption figures to a further scr'1tizi:then it appears 

that the use of N-fertilizer only increased by 5 per cent on a compound 

annual average over the past 6 years from some 13,000 ton• in 19?2 to 

1?,200 tons in 19?8/?9, against a 10 and 12 per cent increase tor phoepbate 

CP2°5) and Potassium CK20) fertilizer respectively. 

I 
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This can be explained by the relatively high rate of growth of the ac 

called "Tobacco Mixttirea 11 (11.~,; per annum) which car:-y on a tonnage 

b&eia proportionally higher quantities of both P2o5 
and K

2
0 nutrient 

elements tban Nitrogen. 

Simultane?usly, and for the same r~ason, the rat.io in which Nitrogen was 

applied in relation to P2o
5 

and K
2

0 changed on an overall basis from 

7:1.8:1 in 1972/75 to 4.7:1.6:1 in 1978/79. This, apart f~om tobacco grown 

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

in general. Maize and tobacco, grown by small holders are still receiving 

fertilizer dr•ssings which may be qualified as unbalanced in regard to 

Nutrient application. 

TrenLs of Fertilizer ConsumEtion 

(1,000 Nutrient Tons) 

Year N P205 K20 Ratio N P205 K20 

1972/73 12958 3405 1846 7 1.8 1 
1975/76 10903 :;336 2246 
1978/79 17196 6o83 3628 4.7 : 1.6 : 1 

Consumption of all fertilizer, though N-fertilizer in particular, declined 

sharply during the period 1974-76, in the a:termath of the oil crisis as the 

above figures (and table 1 and 2) illustrate. The scarcity of fertilizer in 

the world market in tbat period1 coupled with un precedented price increases 

(over 150 per cent) in the local market, inversely affected the use of 

ferti1izer in the Customary Sector of farming, but to a much lesser extent 

estate farming as the above figures of consumption for both P2o5 
and K20 

demonstrate. They remained stable and even increased (K20). The decline 

could bave been even more severe, was it not for the 'Buffrring" effect 

of the four rural development projects in operation at that ~ime. 

Credit facilities avail.able to small-holders, !arming in the project areas, 

and which are coupled to the inputs of fertilizer and seeds, in addition 

to better llllrketing facilities for the disposal of surplus food crop 

production and cash crepe, ensured consumption in those ar~tle to continue 

at a distinct higher level ae compared to the rest of the country. Thie 

will be illustrated more clearly ~n the section on credit (4.4), as it 

provides evie~nce of the stabilizing effect o! the projects on the pat~ern 

ot national fertilizer consumption. Lower fertilizer costs and higher 

crop prices in subsequent years, restored the economies of fertilizer use 

on a national !evel, while impcoved conditions on the World market !or 

18jor export crops ant for maize on the local market provoked a sharp 

upturn in consumption in recent years. 

l 
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In the period from 1975/76 till 19?8/?9 fertilizer offtake jumped from 

16,000 tone of NPK to almost 27,200 tens. Nitrogen-Fertilizar alone 

spurred f'rom a bare 10,900 tons of N, at an av.arage of 16.4- per annum to 

17,200 tons. The upsurge could have been more pronounced if no contrainl::a 

in the supplies and distribution of fertilizer, Sul~bate of Ammonia in 

particular, bad occurr~d lately effecting once more the growers of tobacco 

and maize in the Customary Sector of farming heavier than Estate farming. 

Thus demand seemed to have exceeded supplies in the current cropping year. 

It would justify ~he assumption that there would apparently have been still 

scope for larger increases in conHumption 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 

iu the use of fertilizers, is q~ite evident. It may therefore be anticipated 

that the rate of consumption increase as expected i~ racent years will continue 

albeit at a distinct slower pace, provided crop marketing conditions and tte 

economic returns for fertilizer use in the Customary Sector of farming remain 

adequate. 

3.2 Trends in Fertilizer Use By 'rypes and Grades 

Fertilizer use in the current cropping season (1978/79) reached about 93,800 

'l;Ons. The greater part of it was in the form of varioua NPK and NP formula­

tions (43.7%), the balance in the form of straight fertilizer; Nitrogedoua 

mainly.Phosphate and Potassium are lllllinly applied in the form of compounds 

or mixtures. The principal tTPes of fertilizer used in 19?8/79 are consoli­

dated and listed by sales percentages and nutrient content below. 

!U.!. M Tons ~or N P205 K20 
Total -

Sulphate of Ammonia (21N) 4020'1 42.9 8442 

Tobacco Mixtures (Av. 6:18:15) 18000 19.2 989 3243 26~ 

25:5:5 10520 11.2 2630 526 526 
CAN (26N) 9896 10.6 256? 

20-20-0 89?1 9.6 1624 1624 

3-2-1 (12.5: 19:5.1) 2581 2.8 323 490 132 

Nitrate of Soda (1611 ) 12?4 1.4 191 -
Urea (46N) 356 o.4 166 

Single and Triple Super Phoe-

pbate 563 o.6 200 

Sulphate ~nd Chloride of Potash 550 o.s 316 

Mixtures Non Specified ~ -2&. - - -- - -
93803 100.0 

j 
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Sulphate of Ammonia (SA) ia still the leading fertilizer vith a~most 4,,; 

in overall consumption. However, its importance is gradually declining 

in favour of ~on-Sulfur based compounds and Calcium Ammoni~ Nitrate. The 

acidifying and depleting effect on eoils brought about by the continued use 

of sulphate of ammonia and au1phate containing mi:xturee and compounds i~ 

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 grovers of maize and Tobbaeo, 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 acale prior 

to 1073 when it was readily available from neighbouring countries and 

competitive in price with rA. 

The so-called Tobacco Mixtures are ma.inly 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 band, Nitro-phosphates (20-20-0) are preferred by small­

holders growing ~estern 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 co~'inued use of Non•Potassium 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 ext~nt, 

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 pho~phate has not clearly been established by research 

on a nation-wide scale, it llllY be foreseen that more balanced applications 

of NP for aaize are desirable in the long run, in particular in connection 

with the growing of impro~ed and high-yieldiug varieties of this crop. This 

is recognized by the Estate Sector of farming which prefers the 3-2-1 (12N, 

19 P2o5 ,5~2o) formulation aa 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 tbau SA. This practice provides ample 

evidenc~ that in ':ea cultivation, the trend towards m~re balanced nutrient 

applications and the use of Non-Acid-Forming types of fertilizers, nowadays 

prevails. ~ as mentioned before, is at present almost exclusively used by 

Estates aa a top dressing for tobacco and maize. Nitrate of Soda is still 

popular as a fertilizer for tobacco because of its quick effects. ~ 

however does not find much application in MalaOi Agriculture and is variably 

wsed in tobacco, maize and Paddy cultivation. Straight phosphate and pota­

•siWll fe:cilizera ~re to a limited extent, in use by the Sugar cane Industry 

and Tobacco Estates. 

I 
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The trends in growth fgr th• "9.?'ioue type• of fertilizel' ia ~.en iD TaDle 2. 

Tobacco mixtures and the 3-a-1 formulation (estate maize) have shown the 

fastest and most consist~~t growth over the last 6 years (11 and~~ 1"9Cl)llCti­

vely), followed by CAN and the 25-5-5 formulation (Tea) (6.? and ~ respecti­

vely). The use of Nitro Phosphates and Sulpbllte of Ammonia which are mainly 

used in the Customary Sector of farming (for Tobacco and Maize) bas been 

growing at a much slow~r pace exc9pt in recent years. The reason is that 

the recovery of fertilizer use in the Customary Sector of farming after the 

depressed years 1974-76 bas lagge·i behind Estate farming, yet it sharply 

accelerated during the last 3 y•a~s. · 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 growiDC. 

Nonetheless, not too much importance can be attached in general to those 

trends aa the type of fertilizer used by the Small grower is mainly determined 

by price and availability of supplies and less by agronomic considerations, 

whatever the reco111Dendations may be. Yet, it ia worthwhile to draw atiention 

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 o! top dreasing per 

acre in relation to hBeal dressings (of mixtures) to capitalize on the favour 0 -

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

Another feature of:lmminent importance is the steady increase of Nitric-Acid 

based Nitrogen-fertilizer as compared to Sulphuric-Acid based products. As 

the figures ot Table 3 reveal, Nitric-Acid based compounds mixtures and 

straigb~ fertilizer (CAN) have grown in importance at an average annual rate 

of 30.~ in the last 4 years as against only 9.~ !or Sulphuric Acid based 

N-Fertilizer. Outstanding was the rate of growth for Nitric-Acid based 

compoun~(36.8~). This trend is indicative of the preference given by Estate 

farming to Nitric-Acid baaed products, which can be regarded aa the result 

of their own field ezperiences. Whereas Sulphur baa been found to be useful 

in bringing Tirgin lands into cultication1 re•earab bas still to provide a 

T&lid justification to continue to favour the inclusion of Sulphur in all 

fertilizer !ormulationa for Dry-Land farming on a nation-wide scale and in a 

consistent manner. The acidifying and soil depleting effect• of such formula­

tioD.8 seem to have beoome noticeable in recent years. It .. 7 therefore be anti­

cipated that a gradual switch back to CAN in the Cuetomarr Sector of farming 

will take plaoe if current price differentials prevailing between the T&rious 

trP•• of ff-Fertilizer would be phased out. 
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Fertilizer use by crops 

The distribu~ion of sales according to crops bas been worked out for the 197?/?8 

and thu 1978/79 crop season and are shown in table 4 as well as in a syr.ppeis 

below (1978/79). Several approxiaations and assu~ptione had to be made as outside 

the estate sector of farming, little inforlllli.tion is available on crop acreages, 

actual application of fertilizer per acre, etc. 

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

extent 20-20-0 and SA sold by ADHARC to small hcldere have found their vay 

indirectly to the estate sector of farming in recent years due to diffe~ences 

in. price which currently prevail for the same t:ype 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 ton nutrient basis. Nevertheless, 

the fi~es 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 
tlEe 

a.Tobacco: Tob.Mixtures 18018 6886 989 

. Flue-cured CAN
1 

4704 ) 2261 2261 

Burley ( 3992)) 

Nitrate of Soda 12?4 204 204 

Sulphate of 
Potash 49 25 .. 

Sulphate of 
Ammonia ~ ~ ~ 

29588 31.5 9'102 36.8 3780 

b.Western 20-20-0 6200 2480 1240 

Fire/Sun/Air 
Cured SA 12400 2600 2600 

Oriental Others -1Z£ ..2!£ -2Q. 
19470 20.8 5420 20.6 3890 

Mai~· - 3.2.1 2531 945 323 

Eapte• CAN 1200 312 312 

Small holders 2()..20-0 2771 11o8 554 

SA 19439 4o82 ~l. -
25991 27.7 544? 20.7 5271 

Tea 25.5.5 10520 3682 2630 

SA -2112. ~ ~ 
11831 12.6 3957 15.0 2905 

1 Between brackets CAN supplies supposed to originate from ADMARC 

% 'Iotal 

22.0 

22.6 

30.6 

16.9 

--
j 
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suer cane SA 5500 1155 1155 
SSP 2o6 37 
TSP 357 161+ 
KCL ~ 242 -

61+66 6.9 1598 6.o 1155 6.7 

Paddy SA/UREA -22! O.? 2£2__ o.8 209 ~.2 

TOTAL 93803 100 26907 100 17196 100 

1~ Estate Tobacco 

The quantities of fertilizer used by tobacco estates leave little ground 

for inaccuracies. 

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

of the C-tobaaco l)lixture (6.18.15) as a basal dressing and 150 to 20{' kgs 

of CAN (l+00-500 kgs/ba) as a top dressing onto both fire-cured and 

bu~ley tobacco. 

As mentioned earlier, top dressing vith CAN have significantly increased 

in recent years. 

Crop acreages multiplied by rates of app:ication fairly well correspond 

vith the quantities of tobacco mixtures sold by Optichem and the joint 

sales of Optichem and AI>MARC for CAN. 

It appears therefore that the estate tobacco's share an overall consumption 

in 1978/79 vas 22.:.2! but that it took part with only ~ in overall Nitrogen 

.2!• 

~. Small holder tobacco 

To aaeess the quantities of tertilizer used by the small sc1-.le grower 

of fire 1 sun and air cured types of we•t•rn tobacco is more cU..'lbereome. 

In the absence of accurate date on crop acreages, actual rates of 

application as well as precise figures oc fertilizer off take, several 

appro:ximations had to be •d•• 

Yet it may be assumeJ that in recent years, all grovers of tobacco used 

chemical fertilizer on their crop at an avarage rate of 50 Xgs of 20:20:0 

,,,er aozoe as a l>aaal dressing and 100 Kge o! SA per acre as a top dressing. 

Assuming average saleable yielda o! 300 to l+OO lbs of dried and cured 

leaves per acre and relating them to the annual purchases of tobacco b1 

ADMARC, then on~ arrives at an approximate Ii~ for aereate•• which in 

turn allow to assess the quantitiee of 20i2G:O and SA actually consumed. 

I 
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Ia th• ~D.& J't•P ~179 aOllle 6,.200 tons of ~ anl! 12,400 tons 

of SA are estimated to have been used by "mall holders for their tobacco 

crop. 

Thus, small holder ·.:obacco ranks with 20.6,: of overall sales and 

22,6~ in N-fertilizer use as the ~ largest ~ertilizer outlet in 
the ~untry. 

Maize -
The &C!'eag& ~ aiu .cul ti ......Ud b;v a.sta. tea ie fairly we 11 known. The 

standard application is 200 Kgs of J-2-1 (12N. i9 P2o,. 5~-0~ pe~ a...­

(400-500 Kge/ha) ae a basal dreeaing followed by 100 Kgs of CAN 

(200 - 250 Kgs/ha) as a top dressing, 

Though some but negligible quantities of J-2-1 may have been used for 

estate tobacco, it may be assumed that practically all sales of J-2-1 in 

1978/79 were taken off by estates growing maize. This works out to about 

~in overall fertilizer consumption. 

The uptake of fertilizer by small holders growing maize can only be 

assessed by deduc~ing from ADKARC sales of 20:20:0 and SA, the quantities 

which are supposed to be used for tobacco • 

Those farmers who do fertilize their maize crop (both hybrids and local 

vari~tiea) almost exclusively apply SA at a rate of 100 to 150 Kgs per 

acre (250 • 370 Xge/ba) on hybrida, Ybatever the recommendatio~ for a 

basal dressing vith 20:20:0 and a top dresning with SA are. For local 

varieties of 1116.ize it is customary to apply 18~ Kgs of SA per hectare 

only. 

In 19??/78 some 22,;oo tons of SA are estimated to have been ueed onto 

tiaize in general, Total sales of seeds amounted to 625 tons of hybrid 

maize and 436 torus at UCA (composite and synthetic). Aa the recommended 

seed rate is 10 Kge per acre (25 Kge/ha), the land cultivated with hybrid 

and UCA :1191ze in 19?,/78 would have been around 25,300 hectares and 17,650 
hectare reepectivel7 onto wbich 9e3?5 tons and 6,540 tons of fertilizer 

(SA) are estimated to bave been uaed. Thu~ a total of 15,915 tons for 

illJl"•••d varieties ot maize. leaving a balance of about 6,585 tona of 

fertilizer {SA) fer local varieties ot maize sr•wn on approximately 36,600 
hectares o! land, 

By and all aome 80,000 hectares of land cultivated with maize in 19?7/?8 
11111 have received fertilizers (about 8-1~ of the total maize acreage), 

Because et supply problems encountered in 1978/?' which effe~t•d in 

particular the Central Region, only some 19,400 to~Q of SA were available 

for maize. As 20:20:0 was in ample 911~~:1, !~~~era were encouraged to take 

ap this fertilizer !or 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 o!ftake by tobacco farmers alone. 

I 

I 
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It is therefore most likely that the balance of demand of SA for maize 

baa been met by the pu~cbase of additional quantities of about 2,7?0 
to~a ot 20:20:0. 

Ae a 1111.tter of fact the 20:20r0 compound ie calculated on a ton nutrient 

basis, cheaper than SA and should therefore be more attractive to farm~ra. 

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
1
000 

tons over and above the level of SA consumption in 1972/?3 (14,100 t~n.s), 

an indication that the average rate of increase over the pa.st 6 years has 
been in the order of 8% per annum. 

In 1978/?9 some 724 tons of hybrid seed and 543 tons of UCA maize seed 

were issued to farmera, which works out to a maize acreage o! approximately 

29,300 ha and 22 1 000 ha respectively. 

A breakdown of the total quantity of fertilizer (SA + 20:20:0) used onto 

lllB.ize in 19?8/?9 indicates that some 10,860 tone may have been used on 

hybrid maiz•, 8,150 tons on UCA and 5,200 on local varieties of maize, 

and that a total of some 70,000 hectares cultivated with maize llad received 
fertilize~ in 1978/?9. 

With a total of 11;831 tons of fertilizer (SA and 25-5-~)in 1978/79, 

tea ranks fourth in the nation-wide patte~n of fertilizer consumption 

(12.6% in overall and 16.9% in total N-Fertilizer use). 

5. Sugarcane,pa.ady rice 

The sugarcane estates shared with 6.9% in overall fertilizer use in 

1978/?9 while the balance of about 1% can be credited to paddy rice 
and other crops. 

I 

I 
I 
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Average Rate o! Nutrient a2;elication 

per hectare 

Cuatomar;r Farming Fertilizer Rate N P205 K20 
Grade K!,.s./ba 

Western To bat.cos 20:20:0 125 25 25 

SA 250 --2 --
Total 77 25 

Maize (local varieties) SA 180 36 -
Hybrid SA 370 75 

Estate Farming 

Tobacco 

( Fue 1-Cured~ Burley) 6.18.15 600 - 700 1..,4 133 111 

CAN 350 - !f 50 1o4 -
To'tal ·~ 13.3 111 

~ 
}-2-1 1+00 - 500 60 • 95 25 

CAN 200 - 250 _.§.2 --
Total 125 95 25 
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3a4 Fertilizer uee b; Region 

gustomary sector of farmin~ 

ADMARC' e sale<> to small holders ha Te been coripiled according to 

Region and fertilizer grades and are presented in the table6 7 

and 8. 

The data show that ADMARC's sales nRtion-wide have been grcJiDg 

from 14,847 H tons in 1974/75 at the impressive rate of 32.6% 
per annum to reach 45,788 M tons in 1578/79. The figures also 

~ndicate that the Central Region at present FredomiDBtes a8 

ADMARC's major outlet with over 51~ of overall sales• In the 

Central Region sales increased at an average rate of 32.~ from 

7,624 M tons ~~ 1974/75 to 23,3&. M tons in 1978/79 and 25,388 1/ 

tons if Lakeehcre Di vision ie included. 

'!'he Southern Region is ADMARC's second largest market area (ave1age 

28.5% of nation-vide sales in 1977-79). The average rate of gro...-th 

dur .. ng the last 4 rears bas been 26$ per annum and the volume of 

sales in 1978/79 amounted to 13,255 tons 2/ Whereas the most 

pronounced growth over the last 4 1eare occurred in the Northern 

F'?gion ( 38~), sales in this Region amounted to 7, 145 tons 3/ or 

on1y 15.6~ of ADMARC's total fertilizer turn-over in 1978/79. 

11 or which 11,940 tone of 47% of the total, sold through ADMARC's 

retail points located in the LLDP and the UDP areas. 

y Of which leae than ~ bae blten sold w:i. thin the SVADP area 

v Of which some 911 tons or 12. 7" were tal<en up within the 

KCRDP area. 

I 
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Estate sector of farming 

Similar records of Optic~'• ae.iea in ta« "f'llri~ Re~i-ona are not 

available. Yet, in.relating the various fertilizer grades to crop 

and areas of cultivation, ./ it appears that of Optichem•e total 

sales in 1978/?9 i.e. 48,000 M tons some 56; should have been used 

in the Southern Region and about 3~ in the Central Region (Ta~le 8). 

Na tiot1al level 

co·'lpound tne sales of the two di~t?"ibutiq organizations (Table 8) 

thaJ· ~t appears that of total supplies in 1978/79 i.e. 93,800 M tone, 

some 43% moved to t1'e Southern Region (40,000 M tnns), 47% to the 

Central Region (44,ooo H tons) while the balance (10,000 H tons) was 

sold in the Northern Region. Although in the medium term, the share 

of the North in overall ~·ertilizer 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 South, maize ie 

almost exclusively grown by estates in the Central Region 

while for tobacco it is assumed that 1~ of all flue-cured 

and burley is grown in the North, 5~ in the Central and 31~ 

in the Southern Region. 

I 
J 
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3.5 The seasonal pattern of of!take 

Customa.rz sector or farming 

Clime.tic conditions in MalaOi impose on agricultUNt • eingla ~ ~ 

which depending on rains et~rts ~n4_Jp•ember/aegiruit121-December and ende·1n 
April/Maz. 

The movement of fertilizer at the retail level and the distribution of monthly 

sales by ADMARC is depicted in table 5 and ill.ustra ted by chart A. Fe:i.·tilizer 

of!take starts to accelerate in October, peaks in Dec~mber, subsequently de­

clines sharply and whithers to almost zero in tbe period April - October. The 

slight upward movement in the curve during June may be due to purchases for 

irrigated rice in the rural development projects areas and vegetables. Over 

~ of the annual fe~tilizer uales occur in the period November • Februa1; 

and from 65 to ?<:JI, iu the month of Dec~mber and January alone. As this pattern 

appears to be consistent from yes.r to year, it needs no wonder to e:xperience 

serious constraints in the logistics of supply and in proportion te the annually 

incrensing volume of sales. Shortages of fertilizer at the retail level seem 

to be at present a 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. '?his bllppene 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 d8pots at a Regional level. In the past, these stocks 

even exce~ded 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, buy• his fertilizer shortly before application &Ad 

and mostly at the time he receives a bonus payment for his tobacco (November, 

December}; an amount that varies from year tD year and naturally influences the 

quantities he is able to purchase. Hie means to buy fertilizers could be greatly 

enlarged and simultaneously, th~ logistical contrainte of supply substantially 

be relieved, by having A~MARC stock ret.il outlets at its perllllnent markets 

with fertilizer in the period from June to September when the farmer sells at 

regular inter"f&le to ADMARC hie cured tobacco, surplus aaize, &nd other produce. 

Storage of fertilizer at the farmer's level should not pose too serious problems 

becauae of the dry season and the s-.11 quantities of fertilizer involved per 

average farmer. 

Estate sector of farming 

Fertilizer offtake by estates is much more evenlz spread over the year. Thie 

bolds in particular for the tea estates, as well as for sugarcane. Even 

tobacco estates procure and haul their next 

from Haz till September when 

season requirements in the period 

the tobacco product is carried 

which is al.so the place of to and sold at the Auction market of Blantyre 

supply for estate fertilizer (Optichem} •• 

~ 
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SEA~L PATTERN OF FERTILIZER 

1QD.l. v. 
MnNTlt 'dAR .-T. TONS OR= TAICE 

APRIL 1171 277·'7 

MAY 1171 904·11 

JUNE tt71 t 2•· Jl 

JULY " u1.st 
NJ GUST .. 27t. 04 

SEPTENIER " S2'·H 

OCTOIER II HI· tO 

NOVEMIER .. 5.141· 7t IJ·I 

DECEMBER ,, 11.107dJS n.1 
JANUARY '"' 14.0H ·ID 30·7 

FEBllUAAY .. !UJlo14 11.0 

MARCH II 1111. .... 

TOTAL :11-}J1 ntn .ao 

CHART A. 

OFF- TAKE 1978 /79 BY CUSTOMARY FARMING. 
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4. FERT~IZER MARKETING AND DISTRIBJ!!!Q!!. 

4. 1 ~!,T PRO:t:REMENTS AND FO:rtWARING 

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

all its fertilizers from abroad at annually increasing quantities. 

The tonnages of different fertilizer materials which were imported since 

1970 are shown iil Table 9. In comparing the quantities of imports with 

the sales volume in correspon~ing years, it appears that in the period 

1975-77 substantial!y 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-?9 and shown in 

Table 5 illustrate th_. large quantities of fertilize:r- which we1•e carried 

over from year to ye<.r and which exceeded annual sales. 

Major suppliers of fertil~zer to Malawi are Europe, Japan, the USA, 

South Africa and previous!y aiso 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 t~cugh the ports of Nacala (40% and Beira (60%) in 

Mozambique. 

From those ports shipments are hauled by rail to the major centres of 

distribut;on in the country over distances of 500 and 355 miles respecti­

vely. Initial storage :i.s 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 sme.11 holders from October till February, ordera 

ar~ usually placed in the last quarter of each year. Shipments are 

scheduled to arrive in the first half of the year. Late arrivals due to 

constraints in ports and inland forvarding 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 ae ADMARC'e 

records show (Table 5! receipts November, 1977, January and December 1978, 

January, Febru.1ry 1979). The annual requirements are procured by Optichem 

on ~he international market by tP.nders: but a no objection permit may be 

granted teether organisa~ions ~ishing to import fertilizer on their own. 

! 
I 
i 
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4.2 DISTRIBUTION 

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

~ and sugarc&E1;e plantations and the estates• growing tobacco and maize. 

It sells fertiliz&rs ex ware-ho~se, Limbe (Blantyre) from where the 

customer collects and transport ~is 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 

Regi~n the compa~ is constructing a ware-house with a capacity 

of 3000 tons at Lilongwe, in addition to its existing facilities 

at Chichiri (Blantyre), having an over~ll capacity (bulk and bag 

storage) of 11,000 tons 

ADMARC A statutory body is charged with the responsibility of 

supplying fertilizers to the customary 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 handled some 45,800 tons or 4~ 
against Optichem 48,000 tons. ADKARC 1 s share of the local market 

has steadily grown since 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 sol~ by Opticbem on the other band remained 

fairly stable since 1972, varying between 38,000 and ~2,000 tons, 

but recently increased significantly to reach 48,000 tone in 

1978/79 (Table 6 and 8). 

To execute its task, hDMARC operates a marketing and distribution 

system structured around 12 main regional depots (2 in the north 

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

at district level (24 in 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 each permanent market 

at an average of 10 per markets. 

The function of the warehouse facilities is multipurpose. They 

store both fertilizer and farm produce (in separate sheds). 

I 
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ADMARC'e nation wide storage capacity exeeede 0.7 million K3 with a loading 

capacity of Gver 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 d~" ·:::)t,. is over 260 000 tons and up 

to 100 000 tons of fertilizers could be etored, 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.'?bey are supplied with fertilizerafrom the regional depots 

(in paoincipal) shortly before the cropping season otarts, usually not 

earlier than October and continue to oe re-plenished until February/March, 

where after the facilities are being used for produce intake. Tobacc.c:> f~ 

instance is sold and delivered by the farmer to the permanent mar.le.et, while 

maize is collected by ADMARC at the seasonal (bush) markets from toiay till 

September. Only a relatively small number of seasonal markets (10-15%) 

remain open till February to retail f~rtilizer. 

The bullt of ADMARC's annual sales (84%) are handled through its network 

retail outlets at the district level as ill\1.stra ted in the table below; . 
ADHARC's Off take: Off take: Off take: Average 
Total sales Regional Permanent Seaeonal Sales per 
in 1978/79 Depote District Harke ts District 
( tons) Markets (Estimate) De;J;?Ot (tons) 

s5,1aa ?,499 38,289 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 ~ or one for every 45,000 hectar3S of 

cultivated land. Each aales point handlee at an average ?36 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 e! about 11 Km to get his suppli&s wkich he hauls by ox-cart, 

bike or as a bead weight. These figures illustrate the extent of 

of 

ADHARC's network of retail distribution which is in fact very thinly apr•­

ad and a . reflection of the small tonnages of sales per capita and per 

unit of cultivated land. In reality the situation is solll9what better 

as the above figures do not take into account the geographical distribu­

tion of cultivated land, the location of sales points within those areas 

and the fact that part of the seaeonal markets remain, open for fertilizer 

sales in the period October till February. But even if these aspects are 

taken into account, as for instance bas been done for the Central Region, 

then the mean distance over which fertilize,ehave to be hauled by farmers 

remairui 8 to 9 Km. For the Lilongve Land Development Programme which bas 

I 
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a much bet·;.er infrastr·.icture it ::..s Pstimated that fertilizers' ealee points 

are within a 5 to 6 Km reacl of the average farmer. 

ADM.ABC's permanent markets are equipped in geueral with the so-called house­

type of stores with a capacity ranging bet~een 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 c&pacity utilizatioL. Neverthe­

less, those transit retail stores have to ~ replenished some 70 to 80 times 

within a short period of 3 to 4 months by trucks hauling 10 tons per time on 

an average, over relatively long distances. 

It needs no wonder that «ith the increasing volume of sales.const~aints in the 

logistics of supply have been developing in recent years. As evidenced by 

shortaees at retail level ~hich occurred in localised areas (Central Region) 

in the crucial period of demand. This in spite of the fact that ampl~ reserves 

were avai:able 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 Ce~~ral Region, being ADMARC's 

largest consumer area, stock positions of SA at the retail ~nd the Regional leve). 

never exceeded 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 cx~~5Si7e in relation to actual deir.and. 

In addition the facilities for fertilizer storage seem to be poorly distributed 

over the country. Whereas the Central Region consumes at present about ~1% 

of its annual turn-over: ADMARC only maintains facilities to keep buffer stock 

reserves at 3 locations, against 7 in t~e South. Against sales of almost 

42,000 tons in 1978/79 the faciljties for fertilizer storage in the Central 

Aegion have a capacity of about 23,000 tons only, while those in the south 

(ADMARC + OPTICHEM) exceed 70,000 tons capacity 

In summary it may be concluded that th~ basic weaknesses in ADMARC 1 s 

distribution system concerns at the retail leve~ (1) sparcely spreaded 

sales outlets (2) the remoteness of those sales outlets from the average 

farmer and (3) the availability of stocks in too short a period. And 

at the Regional level (4) the location and quantities of buffer stocks 

which appear to be uneven:y balanced vis-a-vis the volumes of sales 

in the different areas. 
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4.3 Pricing and Economic of Fertilizer Use 

Fertilizer Prices 

There exist a dual price system for fertilizer in "'3.laOi. The 

Commercial sector o.f farming pa.ye the :tull landed cost :tor all 

types and grades of i'ertilizer, while s11111ll holders in the 

customary sector of farming are provided with fertilizers at a 

subsided rate through ADHARC. 

COMPUTATION OF FERTILIZER PRICES 

(Kwacba 1 s/Metric Ton) 

Su::!..pbate of Ammonia CAN 20:20:0 
1977 1978 1977 1978 1977 ·, 118 

F.O.B. Europe/USA 66.12 79~73 9?.85 113.63 143.40 140.59 

Ocean Freight + 
Insurance 23.10 33.33 23.10 24.95 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 26.14 30.70 33.16 30.70 33.16 

Sundries 5.10 5.50 4.49 4.85 8.oo 8.64 -COSTS - LIMBE 118.52 144.?0 156.14 1?6.59 205.20 215 .. 69 

F.O.R. Price Limbe 
(Optichem) 150 174.60 

ADHARC's Retail 
Price to Small- 110.28 110.28 155.39 155.39 170.43 170.43 
holders 

Kwachas/ton Nutrient 524 596 425 

ADMARC'S ACTUAL COSTS 

K/ton 156 189 228 

C-HixtW"e 

1977 1978 

223 

203 

As the abo~e table shows ADMARC in agreement with the Government, follows a 

single-price policy far each type and grade of fertilizer at retail level. 

The retail prices to small holders remained unchanged during the last 3 years 

regardless the incroase in landed costs. 

Sulphate o! Ammonia is at present the cheapest straight nitrogen fertilizer 

available and also carries the heaviest rate ot subsidy. This subsidy 

includes a part o! the landed coats plus all local coats of bandling,storage 

und transport. The latteI costs are reported to be about K13.50. Thue, the 

total subsidy on SA in 1978/?9 amounted to about K46 per ton or 30% of actual 

coets. 

I 
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The subsidy on sales of the 20-2J-O compound is approximately K58 per 

ton or 25% of actual costs. As a matter of fact this fertilizer is 

on-a-ton-nutrient basis the cheapeat product available to farmers. 

The subsidy on actual costs of CAN is estimated at K34 per toL or 

18%. 

The cost of the subsidies are borne by ADMA.RC and rccovere~ 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 o! farming, it is natural for the market to be come porous. 

The distinction in market share between the commercial and the 

customary sector of farming has become distorted because substantial 

quantities of CAN and to a lesser extent also SA and 20:20:0 (in the 

Central and Lake Sh~:re Region) have been transferred indirectly from 

ADMA.RC to the holders of small tobacco and other estates who are 

officially not entitled to buy from ADMA.RC. 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 organizatione. 

It may seem odd but it happens that one of the organizations may have 

am;le stocks of certain grades lying unsold in the store while clients 

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 statu~ory 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 begins. 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 h!.e been 

in operation since 1969 whereby first payments are accompanied by 

bonus pAymente, varying between 15% and 60% or the value of the tobacco 

sold, generally in the period November/December. This i'IJPl'OVes the 

liquidity position of the small holder and enables him to purchase the 

fertilizer he requires for the next cropping season. 

I 
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AVERAGE FARMGATE PRICES PAID BY ADMARC 

1975/76 , 976/77 1977/78 1978/?9 (Esti-) 
mate 

t/lb K/Ton t/lb K/Ton t/lb K/T.2a t/lb K/Ton 
TOBACCO: 

Fire-Cured 13.36 294 15.22 335 21.4 471 .oo 19.0 418 
Sun/Air Cured 13.74 302 i5.19 334 21.2 466.oo 19.0 418 
Oriental 21.59 475 21.22 467 21.3 469.00 22.2 490 
MA!ZE 2.25 49.50 2.25 49.50 2.25 49.50 2.25 49.50 -
GROUNDNUTS 7.77 171 8.31 183 9.70 213 12.80 280 

COTTON ?.67 169 8.57 189 10.50 231 10.50 231 

fil£! 4.48 99 4.46 98 4.46 98 4~46 98 

ECONOMIC OF FERTILIZER USE IN THE CUSTOMARY SECTOR OF FARMING 

Though most !armers in HalaOi 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 not only of a lack of means to buy fertilizer but alao 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 q~ntities of products annually pnrcbaseJ 

by ADMARC. No results of simple trial.a and demonstrations 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 toba,co give• beneficial returns. 

Spurred by a 6~ increase in farmgate prices si~ce 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 less than 120% between 1975/76 and 

1977/?8. 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 consideration that the base yield or tt>baccc u a.bout 

300 Kgs. per hectare and the incremental yield from the standard 

fertilizer application is about 2, the average yield of fertilized 

western tobacco amounts to an average of 600 to 700 Egs per hectare. 

Only 400 to 500 Kgs is reportedly saleable because of quality. Sales 

of dried and cured leaves to ADMAR~ vary between 300 to 400 !\gs 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 (to an estimated maximum of K100). Thus the cost/benefit 

ratio is about 1.5 (with an op~imum 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 consequently in production as the :yi9ld records 

over the past 10 years distinctly show. 

More Differentiated is the Picture for Maize 

The scanty information available from the project areas indicate that the 

application of 1 Kg of SA in amounts up to 200 Kgs per hectare usually 

guarantee an average of 2.5 Kgs of additional grain in the case or local 

varieties and at least 4 Kgs in the case of hybrid maize, for quantities 

of SA up to 370 Kgs/ha. As both grnins are equally priced, the cost/ 

benefit ratio obtained from the use or 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 1111.ize, the number 

of farmers following such practice must have significantly increased in 

recent years. Some 724 tons of hybrid maize seed have been sold during 

the current cropping season which is, bfised on an average sowing rate 

of 25 Kge per hectare, equivalent to a cultivated area of about 29.300 

hectares. 

As the greater part of the eeed package is issued with some 370 Kge of 

fertilizer (SA per hectare) and practically all hybrid maize is fertilized 

the quantity of fertilizers used on hybrid maize in 1978/?9 must have 

amounted to 10,860 tons, leaving a balance of 12,340 tons for local plus 

synthetic and composite varieties of maize. 
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outstanding is therP.fore the fact, that small holders in MalaOi are 

prepared to accept margins of profit, that are substantially lowe:· 

than elsewhere. It rrs.y indicate a -pressure on land in case for 

instance, through a favourable marketing environment, a greater part 

of the small holding is being planted with a cash crop, increasing 

yields of staple food (local maize) on the remaining land may become 

a stringent need to avoid buying maize on the open market in the off 

season at 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 enough ~o expect a steady increase corresponding 

to the expansion in hybrid maize production, even if the subsidy on 

SA woulc 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 ba) 

farmgate prices are maintained at such a low level, that coat/benefit 

ratios offer farmers hardly an incentive to use fertilizer at all at 

present. 

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

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 

uaing ~ertilizer (SA) onto their crop. 
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4.4 CREDIT AVAILABllITY 

The major source of agriculturai credit in HalaOi ts of an insti­

tu~ional nature. 

In the absence of a Central Credit Bank, Small holders have access 

to seasonal and medium term credit, through the following public 

sources: 

(1) The four major agricultural development projects 

(LLDP, KRDP, SVADP, LRDP) 

(2) The Department of Agricultural Development (Settlement Schemes) 

(3) Crop Development Authorities 

( 4) Government Loans Board 

(5) ADHARC 

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 me~tioned above, 

The extent of seasonal credit in 1976/7? 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 1i) 

The standard interest to individual borrowers is 1~ and the 

recovery rate seem in general to be very satisfactory (94.7$). 

To reduce the high cost of administering individual loans, the 

current, policy is to issue seasonal credit exclusively on a 

group basis to self-accounting farmers. The interest charge 

to genuine groups is 10%. 

Funds issued by the four major projects alone amounted to 

K1.74 million (93% of total issues) in 1976/77 and to K2.32 

million in 1977/78. 

The fertilizer component of the seasonal credit issued in 197?/?8 

by the !our major projects amounted to K1.3 million or 55% of 

total credit issues. 
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Fertilizers taken up under the credit facilities available in the 

project areae acenunted for 75% of all sales as against a national 

average of about 10%~ 

CREDIT FERTILIZER 

Total Amou:11t Value all Value f) of Total ,; of all 
Seasonal Credit Fertilizer Fertilizer Credit Fertilizer 
1977/78 (K) Sales (K) Sold on Issued Salee 

Projeete Credit (K~ 

LL.DP 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 5l+ 54 

SVADP 181 1 0~ 22 1220 22i220 -2. 100 

Total: 2,317,438 1,700,000 1,279,795 55 75 

It is evident that the sales of fertilizer on credit pia7s an important 

role in 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 50 Kgs)" of fertilizer (per acre). 

The availability of credit coupled with the security of crop sales and the 

existing marketing facilities seems to have bad & 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 vere 1ov 

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 a result of 

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

in the non-projec~ areas. 

Another feature of interest is the trend in fertilizer cash sales in the LLDP 
area, which showed a distinct movement upward :rom 1975 onwards. 

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

of higher tobacco prices and not at least by recurring bonue payments (between 

40% and 60%) that they pretorred cash purchases rather than expensive credit 

uptake. 

The Iowering 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 19?5/78 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. 

FERTil.IZER SALES IN CENTRAL REGION AND LLDP 

1970/ 197C/ 1972/ 1973/ 197~/ 1975/ 1976/ 19?71 1978/ 
_21_ -1L _21_ -1L .-12.. -1L --1L ....2!_ _JO 

Total !a1ee 
Central Region 14,446 7,624 10,854 16,450 25,151 25,387 

Total Sal.es LLDP 87? 3,936 3,~2 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 40 

Cash Sales as % 
of total Uptake 
in LLDP 9.5 1.5 1.3 17.7 13.0 28.7 20.3 28.2 15.7 

Tobacco Bonus pay-
ments(% of guara-
nteed minimum price) 15 40 40 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 proje~t area~ the farmer can fall back on credit in ease 

he is short of cash, not so ingeneral in t:he non•projec:t area··· 
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It shows the substitutive effect of credit as against cash in a 

fertilizer market characterized by small returns (except for Hy'lrid 

maize) to small holders with limited ~nd varying cash positions but 

who have security of sellin0 their produce. 

Credit as such is however not the major factor in promotiDg fertilizer 

use, whatever its apparent importance in the project areas. Low and 

variable rates of return, coupled with a limi~ed 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 sya.tem 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. 

I 
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5. FER'lllIZER DEMAND FORECAST 

The low consumption per capita (19?7: 16.9 kgs of fertilizers) 

and per hectare of cul.tivated land (9 kgs of NPK) seem.s to offer ample 

scope for substantive increases in the use of fertilizers in MaleOi. 

However, the projections for the growth in demand have to be modest as 

long as the economics of the effect of fertilizer us~ on crop production 

remain invariable low and at times even marginal, and problems of sup~ly 

continue to have their impact on consu~tion. 

As the records show, consumption of fertilizers in the customary sector 

9-f farming bas ~en 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 prerequisites to a steady and 

effective development of derr.and are not present. 

A further handicap is the lack of accurate statistics on total acrea~ 

of crops brought under cultivation each year, as well as the absence of 

any information on the percentage of eustoma~y land and crops annually 

fertilized. 

In assessing future fertilizer requirements and in forecasting demand 

in the coming 10 years, a distiuction bas to be made between crops grown 

by estates and those culti<tated by small holders. Different methods, 

appropriate to each market segment have to be used. 

5.1. 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 bas been expanding 

from 1eartD year at a compound rate of about 1~ (Table 12). 

Likewise, consumption of tobacco Mixtures bas been growing at a rate of 

1~ !or P2o5 
and 10.,,; for Nitrogen (Table 2). 

A simple extension of trend lines of past consumption is however not 

applicable as growth in both flue-cured and burley tobacco production 

ia expected to slow down 8igni!icantl1 as compared to preceding years. 

After the upsurge in world demand over the past 4 years, a period of 

consolidation seemis to have set in and only the better grades of tobacco 

are still in strong demand. 

--
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It is therefore expected that production in the period 1980/85 vill increase 

at an annual average of about 5% only. A some~ha.t higher growth rate of 6% 
is reportedly feasible for the period 1985-90. 

As yields in estate farming are exp~cted to increase only marginally, grovth 

:.n production bas to be attained largely by an expansion in acreage from about 

33 000 ba at present to 41 500 ha by 1985 and 55 600 ha. by 1990. This, in 

itself, woul.d invoJve fertilizer requirements up to 5560 tons of N by 1985 
and 7450 torus of N by 1990 as shown below: 

Base 
Year 
19?7-79 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

nreSsing 

Tobacco 
mixtures 
(Metric 
tons) 1?300 18165 n9073 2002? 21028 22080 23184 24575 26050 27613 129270 31c25 

nutrient 
equivale-
nt (metric 
tons) 

P205 3114 32?0 3433 3605 3785 3974 4173 4423 4689 4970 5268 5585 . 
K20 2595 2?25 2861 3oo4 3154 3312 3478 3651 3834 4026 4227 4l+;8 

N 1038 1090 1144 1202 1262 1325 1391 1475 1563 1657 1756 1862 

Top 
Dressins 

(Metric 
tons N) 3114 3270 3432 3606 3786 3975 4173 4425 4689 4971 5268 5586 

Total N 4152 4360 4576 4808 5048 5300 ~ 5900 6252 6628 702; 7448 -
j 

Customary farming tobacco 

The production of western types of tobacco over the past 7 years (1970-78) 
bas 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 fluctuations 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 
bas been increasing in the same period at a somewhat higher rate i.e. ~ 

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 s~ocks 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 availability of land suitable for tobacco cultivation is 

limited, a si~nificant 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 bas to be attained by more balanc~d 

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 ~his was it is expected that fertilizer requirements for 

the customary sector of tobacco cultivation will amount to about 4600 tons 

ot N by 1985 and 5860 tons of N by 1990. 

Basal 
'i5re'S'eing 

20-20-0 
(metric 
tons) 

Nutrient 
equivale 
nt 
(metric 
tons) 

P205 

N 

. 

·~ 
Fe"seing 

(metric 
- tons N) 

Total N 

Base 
Year 
1977-79 

6000 

1200 

1200 

2400 

3600 

1980 1981 1982 1983 

6000 6300 6615 6946 

1200 1260 1323 1389 

1200 1260 1323 1389 

2400 2520 2646 2718 

3600 3780 3969 4169 

1984 1985 1986 1987 1988 1989 1990 

?293 ?658 8040 81+43 8865 9308 9773 

1,59 1532 1608 1689 1773 1862 1955 

1459 1532 1608 1689 1773 1862 1955 

291? 3063 3216 3377 3546 3723 3909 

43?6 4595 4824 5066 5319 5585 5864 
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The basic staple food in MalaOi is lllB.ize which covers annually an 

estiaiated average of 65 per cent of the total cropi>ed area. According 

to the Government projections, future maize requirements, and production, 

are to increase at the 158me rate as the NET population growth i.e. 2.~ 

pe-:- annum. 

National maize requirements for the period 1980-90 would therefore 

be as follows:-

Population 

(1000 ) 

5570 

6060 

7000 

8060 

Maize Increase Equivalent in 
area planted 
with improved 
varieties 

consumption 

(1000 mt) 

1550 

1700 

2000 

2170 

(1000 mt) (1000 ha) 

150 

450 

620 

75 

225 

310 

Corresponding 
fertilizer 
requirements, 
expressed in 
mtons of 
sulphate of 
ammonia 

26.3 

79.0 

108.0 

Nitrogen 
equiva­
lent 

(1000 mt: 

5.13 

15.80 

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 impro­

ved maize by 1985 and bome 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 fig.ires 

for co~responding 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 method.8 have to be adopted 

in forecasting a more realistic demand. 

As no improved maize is p-owth without fertilizer, there exist a natural 

correlation betweer. the acreap:es under improved var•.eties 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 ADMl\RC • 

Some 724 tons of SR 52 and 543 tons of UCA seed have been distril~ted 

in 1978/79 against 625 tons and 346 tons respectively in 1977/78. 

I 



r 
-37-

The supply of tbe aeov• 111antitiee o! seed oo?"reepond to appro.xi.mately 

29 300 ha of land planted with SR 52 and 22 000 ha of land planted with 

UCA in 1978/79 against 25 }CO ha and 17 650 ha respectively in 1977/78. 

This implies that about 19 , )() tons cf fertilizers (mainly SA) bad been 

applied onto improved maize in 1978/79 against 15 9JO tons 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 1~ on an annual basis. Taking an compound 

annual growth of ~as an average for the period 1980-90, then the area 

under improved varieties o! maize and the corresponding fertilizer require­

ments would be as follows:-

Base Year 

19'7?-79 
1980 
1981 

1982 
1983 
1984 

1985 
1986 
1987 
1988 

1989 
1990 

~.rea under 
improved 
maize (ha) 

47 125 

54 459 
58 543 
62 934 
67 654 
72 728 
?8 183 
84 046 

90 390 
97 126 

1o4 410 

112 241 

Fertilizer 
Requirements 
as expreeeed 
in M tons o! 
SA 

17 500 
20 233 
21 740 

23 371 
25 124 

27 oo8 

29 033 
31 211 

33 552 
36 068 

38 773 
41 681 

Nitrogen 
equivalent 
(metric tons) 

3 675 
t... 249 

4 565 
4 9o8 

5 276 
5 672 

i..221 
6 554 
? 046 

7 574 

8 142 

~ 

No estimates for the requirements of phospbatic fertilizer can be given, 

as the practice or applying p2o
5 

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 o! p
2
o
5 

at half of those estimated for Nitrogen. 

Tea -
The fnrmulation 25-5-5 bas by now almc1st entirely replaced sulphate 

ammonia ae a fertilizer in the tea cultivation. 

The standard reeommendation for .. ture tea is 730 kge 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 P2o5 and K20. 
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For young tea the recommended rate is 320 kgs of 25-5-5 per hectare per 

1ear. 

Tea production and acreages bave ()xpanded consistently over the past 10 

years at an average of ~ per year, to reach 17 400 ha in 1977 and 

11 820 ba in 19?8. (Table 12). 

Nitrogenous fertilizer uptake in the corresponding 1ears amounted to 

2450 tons ~~d 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 ~ • ~ear, as a result 

of an expansion in acreaee (~) 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 }100 tons of N 
being required by 1q85, and some 3600 tons by 1990. 

Base 
Year 

127?-?9 12ao 1981 1282 1283 1984 1982 1986 1~? 1288 i2s2 1220 
2600 ~ 2?57 2840 2925 3013 l:!2! 3197 3293 3391 3493 ~ 
520 i2i 551 568 585 603 621 639 659 678 699 E2 
520 534 551 568 585 603 621 639 659 6?8 699 ~ 

Because of labour shortages and costs there has recently been a noticeable 

shift from manual to aerial application of fertilizers. Some 20 to 25~ of 

the land under tea is now being fertilized by plane, and with urea iDt!ltead 

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 

band. 

Sugar cane 

Mainly Nitrogenous fertilizers hav~ been applied in the past onto sugar 

cane, and one single application of sulphate o! ammonia per year has been 

the common practice. A shift to urea is however anticipated. The cost 

per unit o! Nitrogen in urea is at present aubstantial lower than tbe 

N-unit costs of both sulphate of ammonia and calciu~ ammonium nitrate. 

Urea and SA will therefore be applied alternatively, where sulphur defici­

encies are suspected or single sui19r phosphate and sulphate of potash will 

be ap~lied as alternative suiphur carriers. 

As the soils of the sugar estates appear to be rich in micaceous fractions 

convincing responses to potash applications could net 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 fertiJ.izer use will closely 

follow the expansion in area under cultivation and production at a rate 

of about 1.36 kgs of Nitro~n per ton cf cane. 

In the context of the sugar cane expansion pro~-ca.o:.e consumption ot Ni trogenow; 

fertilizer will reach some 2400 tons of N by 1985, and will further increase to 

some 2650 tons of N by 1990. 

ESTIMATES OF SUGAR CANE PRODUCTION AND NITROGENOUS 

FERTILIZER REQUIREMENTS 

-- can.- Fod.uotitm 1976 1977 1978 1979 1980 1985 1990 

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

N - Requi?-ements 

(M tor.s) 1190 1202 1315 1659 2110 2414 - 2652 

Overall requirements 

By determining for the major ferti.l.i%er consuming crops the future nutri~nt 

requirements an.d by consolidating the resulti.ne ~es ill a.n. .ov•ral.l demand 

estimate, it appears that the market would reach a tota), of about 21 800 tons 

of Nitrogen, 6'+00 tons of P2o
5 

and 41QC tons of K20 by 1985. 

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

of P2o
5 

and 5200 tons of K20 respectively. 

ESTIMATE OF FERTILIZER REQUIREMENTS IN THE PERlOD 1980-90 
(metric tons of nutrients) 

Crops 1980 1985 1990 

N P205 K20 N P205 K
2

0 N P20, 

Estate tobacco 4360 3270 2725 5564 4173 34?8 ?448 5585 
Western tobacco 3600 1200 ? 4595 1532 ? 5864 1955 
Maize 4249 ? ? 6o97 ? ? 8?53 ? 

Sugar cane 2110 ? ? 2414 ' ' 2652 ? 

Tea 2612 2~ 2~ ~1o4 621 621 ~298 720 

Total 16991 5oo4 3259 21774 6326 4099 28315 8260 

5.2 TREND METHOD 

5.2.1. Overall Nitrogen demand 

KO 
2 

4438 
'? 

? 

? 

720 

5158 

Trend lines show that overall consumption of Nitrogen has been increasing over 

the past 6 years at a compound average rate o! 5% per annum. (Table 2). 

Whereas a simple extension o! this line is in itself not a very reliable method, 

I 
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in the context of the market structure and conditione as ~revailin~ in 

HalaOi, it may well provide a fair indication of the quantities of Nitrogen 

that will most likely be consumed in the medium ter~. 

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 '°" tons 

of ammcnia (NH
3

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

by 1990. 

NITROGEN DEMAND FORECAST BY TREND ANALYSIS 

(weighed annual increase: 5%) 

Base year 

197.~·7"- 1980/ 1981/ 1982/ 1983/ 1984/ 1985/ 1986/ 1987/ 1988/ 1989/ 1990/ 

weighed 
81 82 83 84 8 86 8? 88 89 90 91 

averagE" 

consumption 

(M tons N) 

13545 19059 20012 21013 22063 23167 24325 25541 26818 28159 29567 31046 

NH; 
equivalent 23240 2'i-400 25620 26900 28130 29660 31145 32700 )4340 36050 :37860 

Compared to the Nitrogen requirements, as consolidated for all crope in a 

preceding section, it appears that the trend m~thod 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 

ot past consumption. 

5.2.2. 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 tor 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 ot suppliee. 

Nevertheless, it will be possible to give a fair estimate of future demand 

tor compounds and straight nitrogenous fertilizer because the pattern of 

consumption is rather static, while tea and tobacco mirturee, which are 

currently in use will continue to prevail in the market. 

The rationale for segmentation of the market by types and grades ~t this 

stage is to establish (1) the flow cf products to be compounded or mixed 

locally ~nd (2) to determine the quantities of nitrogen they will contain 

I 
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Tea fert1ll.zers 

Regardless the tendency of subetituting 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 mixtu~e. 

It is not unlikely to see the practice of applying mixtures to be resumed 

as soon as currently differentials in prices betweP.n simple ~nd compound 

fertilizers vill disappe~ and to assume that the major part of future 

nitr•gen requirements will be applied in the form of an NPK compound or 

mixture. 

Tobacco fertilizers 

It is anticipated ~bat the socalled tobacco mixtures (&verage NPK ratio: 

6-18-15) will gradually become the standard basal dressing !or tobacco 

in both the estate and customary sector of farming. 

AD overriding consideration is substituting the 6-18-15 formula for nitro­

phospbate (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 approxilll!ltely one third of the future overall 

nitrogen requirements for tobacco vil.l be taken up in a mixed or a compound 

form vhile the balance vill be applied as a straight nitrogenous fertilizer. 

Maise fertilizere 

The standard practice in estate farming is a basal dressing with the 

12-19-5 formula, to be followed by a top dressing 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 vill 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 vorke 

out to about 720Cl tons of N in 1985 and 9300 tone of N in 1990. 

I 
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NITROGEN PRODUCT - MIX 
(metric tons) 

% 1978/79 % 1980/81 

24 5616 33 5900 

ESTIMATES 

% 1985/86 % 1990/91 % 

31 7200 30 9300 30 

straight) N 8303 76 11580 67 13100. 69 16800 70 22500 70 

'l!et&l. N 10903 100 17196 100 19000 100 24000 100 31800 100 

Average N 
content o! 
compound& (%) 12 14 14 15 ,, 
Tonnages of 
compound/ 
mixturee 21411 39237 42000 48000 62000 

As the average N content in the mixtures and compound fertilizers in 

1975-79 varied between 1a; and 14% and no drastic changes are envisaged 

in regard •f grades and NPK ratios, it seems justified to assume that 

the quantities of compound fertilizers and mixtures to be supplied by 

1985 will amount to approximat~ly 48000 tons in 1985 and to 62 000 tons 

in 1990. 

Simple nitrogenous fertilizers 

With regard to simple or straight nitrogenous fertilizers it bas 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 fertiUzers (26-31% N) 

favourably compares to that of SA 21% N, it offers savings in the costs 

of transport, handling and storage. Future demand for simple nitrogenous 

fertilizer, estimated to be around 70% of total N. requirements could 

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

riee either SA or urea would remain the proper N-earrier. 
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-~..!. : !..!!~ ()( i>Al.u ~lil~il!:!!..!.Ll:!j 
jMEf,/I~ llVj~ t'flOLtlCl) 

Iw- or f~rtl r I~ r 9"1?/2 II~fl~ .J.!!!4/15 1975tf6 ~ ~ ~ ~ f<. •.a"-'nda~ 
Mlnlatry of 4'/doulluro Jr111 

~•Pio. : :;>S-!.~ 7 ,967 ? ,.,21 :'1,666 ',Aft! 6,990 R,614 ll, 52() ,., tur1 I He• <U MU ~2-1 - - ~2 .U~; 1,700 I ,:'!C'J 2 ,511 I A : 2-18-15 251 683 4~ HO 48( '>ft! I ,l•25 F"erl I 11 nr Ma.,ufaolure a : •-1~-1~ 2,756 2,951 3,399 3.~. 2,:5.JO 2,,76 :?,5~ PmJ•~l, 1411~ 19?ll, r. : r.-1n-15 4,l91 5,174 1,GZI R,268 11 ,8CQ 11,8()5 13,',(12 c ll-15-10 l24 195 11.' 33 
1 ~IC 15 664 Y'4 4:)7 "9:i .. : 1~-1 ~-12 ;•H "'' "/(• 242 S : &-IL-'> 17? ?.<J] ?96 ~tl 400 T70 ~I : lO- ll'-5 169 63 78 96 Ni> :2C-2''-0 6,4t.2 fi,2V I ,712 2,5{,7 4, 14" f>,3?4 6,971 

SHIAIGHTS 

I r. 
All. 5<J lp"ate (21,.) 

~••Jn Yl, l-49 ~I 55fl 31 ,067 31,926 41,894 41.;,2(1 1,,,..; 

I 
CAN ( 26H) 6,681 8,JOO ",VI 5,6f!C 5,2~1 C,<,1()3 9 ,!!95 URFA {4&;) 

2'>1"> 4, 143 99(1 54(1 10:'1 ~3 356 Nitrate ,,f S....da (16N) j.4(/ 'M 410 }st\ 65(1 1,r22 1,274 SSP f18-.:<.· P 0 I 151 1·13 194 l~l .wi 257 2(11) TSP (44-46 P B r 93 141 ro '57 IA<' 173 ,...,; l<CL (fe· H 0)) ~ 
127 79 189 242 4«, 136 ~·J k .'>() (~ ~ 0) 

' 10 I"> " 20 49 147 
2 4 2 

Otho•·• f UN Speo 1 r led) I ,3~J 307 4{;1 004 1,m 99"1 874 /Ml~TURES) 

------- - ·-------TOTAL C::>NSlJMPT l(W 611,993 67,151 59 ,6.'1-~ ((). 'llifl ffi' ~91 86,692 ?3 ,!!03 ~ llH I ()l C{)4PUJ~l5 21,f.45 :n.~ae 18,5N 21 ,4 II 28,018 '12,916 l9. 237 f'{~ct.,. TA6E Of" TOT&l 
:\!>,3 35.1'1 31.1 '.'IS.~ 41 .r .18.(i 43,? 
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197Vtl 1992 

1973/14 1830 

1974/15 922 

1975/16 1222 

IV16/n 1748 

1977/18 21~ 

1978/79 2630 

COMPQJNDS 

TAil£ z1 TRENCIS r:I CONSt14PTIC-. f1t fERT Ill ZER TYPES 
(META IC J()tjS M.ITR IEJjfl 

SlRA IGiiTS 

: i : ToeACOO : I I AN 9.Jl; NITRATE : : 
2So-~ ; S-2-i I 21-~: MllllURES : UREA 1' CAN " : ;, ·: <F I TSP/SSI' I POTASH 

! - ! -- --- -! --- -- -- . - __ _J __ -- ______._____ ___ ~ __ l __ ---- !_ ~~ J ! 
I I I I I I ' I I 

p • K t • N pt 1< o• N P o • N P o K o • N • • I 11 • 11 p o • K t N 
2 s 2 ! _ 2 s _2 ! 2~ ! _ 2 L L_! ! _ . ! ! e P. ! t _. 

M8 l98 1~2 1~2 54(1 164.t 1510 136 17S7 7204 51 " T8 I~ 

371 3'71 1245 12'45 591 1789 1491 1906 2183 6J31 40 16 I« 14111 

184 184 69 IO!I 311 342 342 7S7 tt71 1892 455 II It 7211 61 14 111 11974 

244 244 $15 84 22 513 5!! 810 2432 20't7 ~ 1477 1524 541 '5 Ill lf9()3 

3!1D S50 213 32'S f11 8D 830 911 2732 2ffl 1119 1165 6794 98 148 2IO ·~ 
431 431 174 164 7f 1257 1257 9'5 2978 ~47 111 2'115 8791' 153 12' IOf 15990 

526 526 3Z3 490 132 Ui24 1624 989 3243 2614 166 2567 8651 191 2<'0 Jl6 17196 

T 0 T A L 
p Ill tl 110 

. .2_ 

'405 1846 

3!01 1914 

2966 2225 

3"6 :n46 

4383 2914 

5>75 SOM 

eoes 512S 

C<W'OMO 
ANIUAL 

RAT{ ~ 

lll~SE 

l972/7S 

10,11 12 11.6 
l,t:! ie,11 11,9! 

51 47' '" 11.4 6.7' s 

11/P~ ., 1.8 

RATIO 4,7___ _1.6 1972 - --
1918 

-

PA< 

18:ffl 

19546 

16165 

16485 

lnM 

24121 I 
t 

'Jlfitf1 I 

'·"' 



TAl!lE l I TYP£ fl ~ERTi LIZER USA6E 

IMETII IC TONS NI TII06EN) 

NITRIC ACID BA~ 
• TOTAL COMPOJff)S STRAlalT 

TOTAL ll.!..! 

197~ 5312 ss.6 17') 

1976/77 4254 57.0 :1791 

1m/18 f071 !9.l lt':Ol 

1978/19 73M 44.2 45n 

C(M>QJfj') 

AllHJAL 

RATE OF 
INCREASE 1975-79 

~.s lt..tlll 

.!/ lfltrlo Aold ~ .. •d -pounda1 25-5-11 )-2-1 J 21-2>-0 
atralghta; c.&lt; Nitrate ot Sode 

1/ Sulphurlo Aol4 baaed -peun•1 Tob8ooo Mlx\urea 
atralghhl a-cinlue 8.ilphat• (IJREA) 

+lnokl•e Tllll110oo Mhturea eolc! b)' AIMRC. 

1531 

1463 

24lill 

t7S8 

21."' 

I 
I SULPl«JRIC 
I " I TOTAL 
I TOTAL 

7Mll 66.4 

77:M M.O 

9919 61.0 

'861 n.e 

9,:!11 

ACIU 81.suJI 
CXM'aJfllS STRAlllffT 

810 "711! 

Of_, 11844 

965+ 8954 

:039• eeu 

IS.ft t,[jl 

&RAND TOTAL 

10903 

12008 

1&990 

17196 

16,4" 

f'ER CENT 

100 

100 

100 

100 

I .,. 
'f 
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!!!!!..! I fEATllf ZER COHSLNPT!IJI BY l'ROWCT,. tyn, <:R FARMING ANI mOP 
!K.THIC TOOSI 

CULTIVATEO 'RU FERTILIZER REIDl400AT!at flOOO ha) 
TOTAL COtlSMPT I at 

RATE • TOTAL AREA fElll llf ZEA 1m/1m 1178/19 flJMlUE 19n/18 1m119 
~ (l<ga./\ia) 1978,hQ I TOTAL 

lSTATE FAAMIN6 42. ll! '8.011 

•• ...... 6.5 6.5 S-2-1112-111-5) 400-SCI I, :!!99 2,!581 4.0 IOI 
CAN 200-al!!Q 723 •.~xi 

t. PmM) 0.2S 0.2S 20:2()10 29().250 eo 
~A 200-250 50 llO 

3. Tea 17,5 25-5-5 e,614 10,5'0 

SlA 11452 •1311 11,6 llO 
4, !utar Cana 9.4 s/A 5,000 5,!IOO 

SSP/TSP 430 5M 6,9 IQO 

KCL !35 413 
5, T&•- Ai 2-18-15 9El8 1,021 

Flu-•4 17.8 19,I 81 •-18-15 2,:!17& 2.~ 

llLlrl•)' 8.7 12.6 C: 6-18- 1 5 fi00-7'l0 12,915 13,902 i 
51 6-18~ 371 541 11.5 Ill 

.f>. 
(.]\ 

... ,..,. ot ~. 1,122 1,274 
I 

UN 40.>-:IOI 5,toO 4,704 

s/A 4~ l,I07 1,551 
&I I pt,1 l• of P. heh 4V -ill ' 

QJSTCMARY FAAMIM& .... ~ 45,788 

I• To«ieooo 20120:• 125 5,700 ... 2'IO 
Flra.._.d )';.? N.A, !i/A ~ 11,4'f 12,4('1 
~n/Alr QINd 8.4 N.l. CM - (S,~11 (l,'9tl ''·' ~100 

0r1 ... ta1 t.8 N.A. Tat.aoea Ml•turea rt9 8?0 

2. ~ 
lt~ld ... ... :t012V1•/SA 310 17' t,771 ....... ..... N.A • S.A • 18 ... 250 22,4IO 19,439 "·' 

3. !!!!!. Ralnh.& 4,3(11.3) 4.0 S/A MIO 

lrt'ltal•d 2.0 2.1 s/A ,.,. 211 5¥ LY O(S>I 

L -
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FERTIL!Z::R MOVEMENTS A.IMARC TABLE : 5 
1976 - 79 

r ~rm Tr' 'T' 1.;q ' 
\ ------ - --- ' 

ACCUKC'LATED l'OT.AL 
i·~c~rl:r V':<l AE '31'CC~ QF li"Hlll ISSF:3 SF·l1S ERC:ET~S B~~I~S 

APR.IL 1976 41543 189 189 
MAY 41884 111 300 529 
JUNE 44911 264 564 3 292 
JULY 52090 342 606 7521 
AUGUST 55249 876 1482 4030 
SEPTEMBER - 54597 1319 (2800) 571 

(..8494) jJ OCTOBER 
NOVEMm!R 
DECEMBER 
J .A..!WARY 
FEBRUARY 
IviARCH 
.Al'RIL 
HAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NO\"EMBER 
DECEKBER 
J.A.Nl::ARY 
FEBRUARY 
MARCH 
A.mIL 
!-'LAY 
JUUE 
JULY 
AUGUST 
S:;ll>T:EMBER 
OCTOBER 
!WV3!·IBER 
DECEriBER 
JA.NTi.ARY 
FEBRUARY 
MARCH 
AP.Rll' 

4480~ 1303 4103 
42280 7689 11792 5168 
48216 6083 17875 12020 JI 

1977 13034 30909 
2717 JI 

37899 
(1512) j/ 36153 234 234 

35120 103 337 < 930) II 
37829 114 451 2824 
38508 200 651 879 
41566 334 985 3091 
44758 865 1856 4057 
44134 2989 4839 2366 
40997 11497 16336 8361 
31495 10001 26338 499 

1978 25859 14276 40615 8641 ]/ 
23318 2678 43293 136 
22707 1272 44565 662 31516 
22966 278 278 536 
21693 105 382 z1168) JI 
17344 296 678 :4350_! jJ 
24174 143 822 6975 
26659 262 1084 2747 
25425 525 1608 (-709) 11 
36495 1124 2733 12;194 
34384 5949 8682 3838 
27525 16108 24789 924£ ~ 1979 15891 14100 38889 2466 
12258 5100 43989 1466 
18092 1950 45939 77C4 J/ 47253 
20636 218 218 27 6i 

1/ Figures between brackets indicate differences between 
reported and factual stocks The 11 rfogative 11 receipts 
are moat likely due to stock corrections due to losses 
which are discounted. 

2/ Book yeax is from April to April 

3/ Sbipments which arrived too late for the cropping season. 

I 



TABLE L ~ FERTILIZER SALES ANO MARKET SHARE 

MAJ<R DISTRlllJTCRa (1972/73 - l9'8/r9) 

IMETRI c TCWSI 
Coilpeun'il 

QISTAlll.IT~ Pf!O!!JCTS !!!U!! t~/74 1'74/75 1975/16 ~ !!!!L!! 19?8/11 Annual Gre•\h 

ADMARC a-onlu• &ilphat• 18,752 ~.111 11,412 17,456 23,611 33,BSi 11,819 9.0 

~20-t 2,3.S 4,265 1,636 2,M7 4,148 6,'374 8,971 ti.I! 

CAH 2,668 3,ffl 666 1,312 1.~1 l,IBI 3,992 

UAU 84 rn 732 21~ 133 177 111 

O\hera 113" un 4C. 804 11293 999 en 
TOTAL 25,185 31,736 14,M7 2a,34i 30,5~ 44,566 45,788 lO.i 

OPTIOIEN TGC>aooo Mls\l.r•• 9,216 9,t4t 12,614 13,511\ lll,18t 16,MV 18,118 

UAO 211 3,770 258 :S:!ll 171 1'6 l!43 

CAN 4,Cl:S 5,121 3,605 4,M8 3,lllO 5,723 11,904 

~lu• &.ilphet• I0,44) i48 17,746 392 750 l,W7 1,~1 

Mitra\• ei &de 340 266 418 358 650 1.•22 l,V4 

3)UD10 4,134 1,162 76 

l-2-1 - - 552 44CJ 1,700 1,199 2tllel I 
I'-

2~5-5 1,9(;1 7,321 3,58€ 4,898 6,990 8,514 10,sr:i 1) 
TH •· Sulphate 2,112 2,354 15i 5,819 J,76& 1,452 I ,311 

S..gar C- •• &.t lflfel• l,tOO 4, l:r> 5,231' 7,4IO 3,800 6,0tO 5,rot 

6SP 151 173 194 IQ3 3t:I 257 ~6 

TSP 93 141 (0 57 180 173 351 

Ket IV. 79 let 242 .cts> 135 4()3 

Kl~4 
4 10 15 I~ 20 49 f47 

TOTAL 41,808 55,415 44,808 38,019 37,855 U,117 48,015 2.3 

&RAHi> TOTAL fl6,993 ,151 St,655 1';1,3'8 68,391 86,693 9!,an s.a 

IMRl(ET IHARE 38/62 47~ 25/711 'SJl63 4~55 111l49 411~1 



~ : FERTILIZER USE IH OJSlONAR'I' FARMING flf RE61()j 

!METRIC l()jS ~ f'R«lJCT) 

AM. SUU'HA TE URU CAN 2(h20:0 OTHERS TOTAL " CE lOTAl. 

~ 1'117/18 1978/19 im/18 1978/19 1971/18 1978/19 1977/78 1978/19 ltn/78 tm/19 1'77/78 1978/79 1'117/18 1978/19 

to.er ShlN a:n .... Cll - 0.50 - o.st - 9,50 

"-l•ng• Olvlelm 2255.78 23'4.~ 41.74 14.65 7,10 9,75 136.95 149.46 0.86 

Sc>ithem Dlvl•lo.• 623!.54 53117,.S 42,45 21.Y 242.75 77,te 263.U 1172,ie 

Cenlr•I Olvl•lon 2433,M "75.39 ll,6 - 210,90 82.75 543,20 321,78 

TOTAL S<lllltERN RE610N 10!41,64 11393.95 64,79 36.49 46(),75 17(1,98 94~.21 1653.72 1.86 . 12431,25 13255.14 V.9 ['8,9 

CENTRAL RE610N 16915.17 15"J.Cl7 E9.99 71.73 2037 ,f/i 3123.16 3589 (15 5163.91 541.44 303,15 23153,34 23361 51,i i1.1 

LAKESHORE OIVISIO't 1170.5' 1131.65 0.1 0,5 0.8 5,40 823.05 885.98 3,45 - IV/7,96 2?'23.5 4.5 4,4 

llORTllERN R£61M 48t7.~r 4310.~6 21 .75 3.!15 681.97 992.72 1018.25 1267.30 a/453.17 570.14 "9ll2.64 7144.8 15,7 15.6 

TOUL 33834.Rl 31839,3! 175,63 112.61 3181 .21 3992.2~ 6374.C6 8970,91 998.92 873.29 44565, 45788 !C<l.il I(().(' 
I 
~ 

LI lane.,.. Depet 779 544.ia 21 22.1 361 seo.oo 412 621 .03 192 IV.26 1773 11194 'f 
S.uanel 

s.11 •• hpot " 7.~· 0.2 - 56 8.8 10 te.95 !II - 177 n 

5' •eonel 

Ml<heh••t" ~ 568,lS - - 0,5 - 74 43.lS - - "52 ii I 

S.•eon•I 

•: 

-
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TAiU a • Farrl l..i ID s.11...ES BY .\llN.\RC -

Cll A NATIONAL Atf'I RE61<NL L.£VEL IMETR1C TCWS) ea.:,iaund 
..... , 6.....th 

~ ~ ~ ~ ~ ~ ' 
.SOUUiam R.gten 5,25l s,oas 8,835 12.•ll 13,255 26.f 

Centl"&I Rwgfen 7-,~ 10,85' 16,4Sl ZS,153 ZS,361 32~ 

I.An....,. Olvlele11 1,998 2,023 
lloM.Mm A.gt en •• 969 3.•92 5,252 61982 1.144 38.0 

TOTAL l',8'7 22,3'9 '.50,535 64,565 45,788 32.6 

F£A'TILIZER SALES rtf OPTICHEM (METRIC T<JIS! 

~ ~ 1'75/7i ~ ~ ~ 
bit •• ,.. AegfGt zs,...a 26,81 I 

c.nt re I A9g I an 16,173 ta,.,;:is 

Lalie"'9r9 Dl•lal .. 
Nrthen. "-91.rt 2 !506 2 699 
lOTAl ",8CS ~,019 31 ,a55 l2, ll7 E,015 1.8 

FERTILIZER CCNSOIFT'f tw BT RE6 I Cfj 

!!!!S!. 1974/7~ 197506 ~ 1mc'is ~ 

._U.m ltegl.., 35,179 4',166 

,tint,.. I Aegl Oft 319,32' ",809 
Lneatiere Dl•l-10. 1,993 2,023 

~.Amo, .. 9 81 9 il3 

TOTAL s.~ I0,3i8 CB,390 8',.692 !!,Be3 12.0 



!..!.fil&2 1 HRTILllEll IMPOITS BY TYP£S IN SHOOT TONS ANO VAWl.J.til 

1970 

TYPE OF FERTILIZER Q\y, Value 

Sc..dlU11 NI tral• 21t 1513£, 

a..tnl- Nltr~t• 58l> alJ!IC 

!Alelu• ~I lrate 

._tnl""' Sulph.ate 24322 933054 

Ca le tu• A_,n. ~llra l• 2()( J 64512 

Urea 45 3422 

Llqulr' Fert 111 ier 

Calcium Cyanit•ld" 

~I tnc qerioua FerU I. NlS 5lM 318Rl.6 

Svperf'h<•eph.il te, SI ··g I e 

Su~erpnoaphe le, r>oub I e 
and T•lppl. 

« 

., 
874 

2202 

l'h.•$phatle f•,.tlflrera 2(7C f2f6(f 

P~laaalu• Chlorld. 

(lollrlale) 

Pt,taHlu• Su fpnat• 

Potaaalo Ferl., N.E.S. 

Fertl I luor, ~ES (D) 

F~rtlll1er MES In 

P~o!dl\ga NE 22 lb. (E) 

Fertlllz••'a NE:S 18(E) 

2f 17"6 

65 4218 

52(]7 '32~ .. ,, 

Qly. 

4l!I 

24f 

1971 

Value 

21-763 

12(~ 

1972 

Qty, Va:ue 

352 29788 

c;. 4U62 

~650 II 4()()q2 3!'>31 iJ 13 I 3700 

IOC 11 4(.9764 5 I 9C 2(,3 I ffl 

41( 17191 331 l'lC2 I 

104 n ~II 

IOC 7~7 

43.47! 937:3fti 16759 llfl667( 

241 

23C 

480 

1"3 

a 
3('5 

11542 

'Z725~ 

:19( 51 

II 13~ 

1676 

14!'>.;I 

~ 652~'1 

43 19fi<, 

8'1 ~IA 

151 85C4 

:SI 3{,]t 

4'.)5 

4U3 2832'2 

TOUL 4f m 1!!44<·U 100592 3J5H257 l'i(fl(8 31 2l7""' 

Qty. 

l32 

12 

11nr 

622f 

H66 

.151 

248 

""" 
462 

3C 

14749 

47')13 

1973 IV74 

Valu• Qty. Valu• 

32125 717 I "2:!19 

21f7 3002 50~92 

BOY• I!:! ~ . ..J07 314&166 

4;>1.4(3 418 ~7'J6 

JIC9':15 65 15417 

'319 

Jsm2 1248 1 "5i'll2 

I 1285 ~->I rne.; 

14255 

4C l2E 

..... 

l•OO 

17fll 

124C~9 t7UI 18745CI 
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TABli IQ I alll'HATE Of ~IA STOCk Al«> SALES t'OSITl!JiS 

OCTOilER 1978 - MARCH l'J72_ 
(METRIC TONS) 

OC'iOBER I "'78 DEC£!4!¥ 1978 116j;fjt 19-19 N ll RC H 1919 -
_____ .._, 

. 
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I 
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TABLE II : SEASONAL CHEU! T ISSUES (K) 8'I' SC.WCI: 
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Location • 

Southern Region 1 

Balaka 

Lambulila 

Liwonde 

Lim be 

Luchenza 

Bangula 

Chikvawa 

Central Region 1 

Lilongwe 

Salima 

Nkhotakota 

Northern Region 

Mzuzu 

Chilumba 

Total 
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ADMARC'S HAIN DEPOlfTS~LOCATION 
AND STORAGE CAPACITY 

Number of 
sheds 

5 
2 , 
6 

4 

11 

2 

5 
7 

N.A. 

N.A. 

N.A. 

Cubic 
capacity 

(M3) 

36600 
1400 

48400 

106900 

51+000 

35500 

1300 

284100 

34300 
49200 

1400 

84900 

36000 

1400 -37400 
406400 

Overall 
lAad 
capacity 
at 8()\1(; 
(tons) 

24700 

900 
48000 

68000 

34000 

22000 

850 

182450 

22500 

31000 

-222 
54400 

24000 

--22£ 
24900 

261750 

TABLE 13 

Approximate 
fertilizer 
load capacity 
(tons) 

13000 

300 
13000 
14000 

14000 

9000 

~ 
63600 

10000 

13000 

-222 
23300 

10000 

__22£ 
10300 

97200 

1. Excluding the new facilities at Lilongwe's Industrial Area (55 000 tons) 

and Charter land Road Depot in the Southern Region (50 000 tc~e) 

I 
t 
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l. fHE PRODUCT GB.ADE 

The aain fertilizer t:Ypes c~rrentiy coneu..med are sin6le nitrogenous 

fertilizers, i.e. Si.Olphate of ammonia {21~ N), calclum a1:moniu• ni~rate 
(2~ N) and •arious NPK !oraulation.o, i.e. 25-5-5, 20-20-0, 12-19-5 and 

tobacco mixtures (ave. compoEitic& 6-15-1)). Al~ these formulatior..s, 

with t~e exception o! 20-20-0, are at preeent locally blended and granu­

lated from imp~rted intermediary products such as Urea, CAN, SA. SSF, 

TSF, potassium chloride and sulphate, wnich are all clanni!ied an 

straight fertili:erg. 

Because !inancii:i.g r~quirements would be onerol.1.6, it is impracticable 

to coll!lider the manufacturing of the !~1: range of straight fertilizers 

in Malawi, at least aot in the aear future. 

Tne market !or phosph&te ferti:izers, for i:i.stance, i£ far too small to 

justif1 any in•estment in processing installations to convert locally 

a•ailable rock pbospnate into phospbatic fertilizers. Even !er nitro­

gen the development of the demand,a5 anticipated ~ver the coming ten 

year&, is still too small to support economically more tball one down­

stream product line because production costs would 8urpass the lillits 

A choice has therefore to be maae between ammoniua ~i-of Ti.ability. 
trate and eulPhate of ammonia as the meiL N-carrier !or both strai ht 

fertilizer and ingredient in formulations. 

The principal straight ~itrogen fertilizer used is still sulphate of 

ammonia because agronomic consiQerations in the past required fertiliz­

ers to contain at least ~ sulphur, and aleo because it is the che&?e&t 

nitrogen product available to si::iallholders. The mar¥ed lowering of 

the pli-status of the soil due, as it has been obserTed over the years, 

to the continuous applica~ion of sulphur-bearing fertilizers, bas re­

sulted in a distinct change to the use of non-ncidi!ying products such 

as CAN and nitric acid based NPK !ormulatio:18. The latter already 

represent by now 45% of all compounds used. 

I All these aspects have been reviewed in detail in Part I o! this study 

entitled: The Fertilizer Market. It su!!ices to add in this conte%t 

that the manufacture o! SA woula also require the importation o! sub­

stantial quantities of sulphur as long as the indigenous sources o! 

pyrites are not being exploited. Furthermore, the cost of installa­

tions to manufacture SA are estimated tc be 12-15~ higher than ttose 

required to convert ammonia into ammoniu.8 nitrate fertilizer. 

Thus, the product choice is clearly in favour of ammplliu• Ditrate. &e 

the concentrated !orm of ammonium nitrate (i.e. A.N. : 33,5 -3~.5') N) 

! 

I 
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has, fer blenchng purposes, distin::t advantages over l.ese concentrated 

g~ad6o, it is ass~~ec that OPTIC~£~ will prefer the concentrated grade 

as an ingredient !or its blendill6/granul~tion opera:ioD..ti, and most 

likely, ~ishes to receive it in bulk rather tnan in Qags. 

E:ovever, the concen:::-ated form of AN ie; not recc111111ended for distribu­

tion to sa:all farmer:s, as it is also an explo.si ve, "b.ich may ignite if 

1 
. 1/ 

not stored proper y, even ~n bags. -

Although concentrated AN is being used on a large sea.le in neighbouri~ 

co1.lntriee, it may be expedient to use in Malawi calcium. ammonium 

nitrate (CAN: 26~ N) instead., by mixing AN vi th ground limeetone or 

dolomite prior to granula<;ion or pri.:J.ing or the final. product. B;r 

using a local dolomite, the final product wi:l contain, in addition to 

nitrogen (26~ N) some 7% CaO and ~ MgO which has signi!icant plant 

nutritive importance.· 

l. Concentrated ammonium nitrate decomposes at 200°c o;r giving o!f 
toxic !umes wnich may ignite; it also may detonate i! subjected to 
ph7aical shocks, especially in the pr~eence o! organic material. 

I 

I 
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2. PRODUCTION Pi\OGU.rlME 

!he aubetitution o! AN !or SA in tne MPI for•ulatioDB preeantl1 manu­

factured in ~alavi, will poee no technical difficultie• to the existing 

blending ana granuiation facilities of OPTICHEM at Blantyre. Beaidee, 

it will affect neither th~ grade nor the agro~o•ic quality ot the 

products in use. 

Al.l tobacco mixtures for instance, already contain the nitrogen nutrient 

partly ~n Llllmoniacal (66%) and partl1 in nitrate for11 (33%). Ic 

addition, they co~tain some ~ of sulphur. If AN wou.lci be used ex­

clusively ae nitrogen ingredient then the amaoniacal/nitrate ratio woulG 

change to 50/50% while slU.~hur content would oe lowered to about ~-

Tea miztureB, which are currently formulated fro• Urea and SA, would 

equally contain half of the nitrogen in am.maniacal and the -Oal.ance in 

nitrat_e form, if AN would be used as blendiag ingredient, but the: woulci 

not bear suli;!lur &.ny lczager. 

The maize mixture currentl: in uae, i.e. 3-2-l (o~ 12-19-5) al.read:' 

coJUSista exclusively o! AN, •part from !SP and ~Cl. 

Th• remaining compound 20-20-0 Jb.ich eo far bas been' i.&ported could be 

!ol:'lllulated locall~ from AN and TSP at tbe expenae o! a alight change 

in grading, i.e. i~20-C. I! mono-amaoniua phoephate (ll-54-0) or DAP 

(16-48-0) would be used instead of TSP, it would be possible to aatch 

the 20-20-0 grade. Yet, it i6 not recoaaended, ae it would iapl1 the 

import of nitrogen, albeit in compound !orm. 

Following the analysis in Part I o! the study (The Fertilizer Market, 

page 40), it is anticipated that about one third o! the future nitrogen 

de11&11d will haYe to be supplied in a compound or in aixed fora. Ae a 

result some ~ to 3~ of th~ plant's annual output will han to moYe 

to tbe blending !acilitiee i& Blant1re first, p~ior to being dispatched 

to eetatee and !armers. These blending !acilitiee have sufficient in­

built capacity (60,000 tons) to meet and handle doaeatic de11&11d tor 
compound !ertilizere UAtil 1936-88. A schedule o! auppliee ie shown 

in the table belo" and in diagrui form in figure 12. 

I 
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I 
Demand (toll/year) &uppl1 (toD/1•ar) ?ot&l Year 

I Alf (32-3~ !f) CAN (2~ I) Product 

198o/8l 19,059 19,250 48.8?0 68,l20 
1981/82 20,012 20,215 51.315 71.5.30 
l98Z/83 2l,Dl3 2l,22 .. 53,87? ?5,101 
1983/~ 22,063 22,285 56,570 78,855 

l9~/85 2;,167 23,400 59,l+OO 82,Soo 
1985/86 24,325 24,5?0 62,370 86,940 
1986/87 25,~l 25,8oo 65,492 91,292 
198?/88 26,818 2?,088 68,?5~ 95,842 
1988/89 28,159 28,41+2 72,200 100,642 
1989/90 29,567 29867 ?5,815 105,68.: 
1990/91 31,01+6 31,364 79,623 ll0,986 
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PROCJUCT FLOW 

A N 

-
A N /CAN 

STORAGE 

T 
J0-35% 

ANNUAL OUTPUT 

CUSTOMER 

CAN 

65-70% 
ANNUAL OUTPUT 

CUSTOMER 

-

I 
• 
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In aeteraini~ th• beet location for a fertiliser coapl•~• •• the 

propo••d one, the follovi~ factors baTe to be conaidered fir•t &Ad 

fore•ostc {l) Th• proxiait1 of suppli•• o! electricit7 and water and 

of aarket outlets, because traa:usport coete are of aajor •ig.UficaAce; 

(Z) the exiatence of b .. ic ilt!ra•tructure facil:\.lti•• euch ae road and 

rail couectiou with the market areae and/or 1Jlteraediar1 •torage 

!acili ties. 

1 !ertiliaer plant geographicall7 located in the •iddl• of the co\Ul­

t1'}' would undoubtedl7 be ideal froa a logistic point of Tiew and for 

r.aeo1U1 of product tran.port co•t• 

Ae •hown in Part I of thia •tud7, the bulk o! all future _fertiliser 

auppli•• will continue to aoT• aainl.7 to th• central and aouthern 

rarta Of the COUAtry. Froa eTery 100 tOU Of output about ~ Will 

~ con.auaed in th• •outh, ~ in the central region and tbe balance 

in the aortb.. 

Approxiaatel1 10,000 to~ail•• will b• inTol••d in aoYi~ thi• lOC 

toaa !r~~ a plant located in th• central ~•gion, for iDStance at. 

l.ilo~we, to a central point of distribution in th• two outer 

regiou ci.o x 150 ... 20 lt 200) ll agaiut 13,000 toa-•il••· if th• 

plant ie located in tb• aoutb (~O x 150 • 20 :it 350). At the OU.J"J"ent 

road haulage rate of 15t per ton-ail•, oTeraJ.l tra.uport coat woul.d 

work out to 125 and I}<,5 per ton of product reapectiTel7. 

!et power ~· to be aad• aTailable at an7 location be7ond the lkul.a 

Jalla. Ae the existing grid ha• not aufficient ia-bailt capacit7, 

uw trauaiesion lines ban to be coDStructed ~i.11.cluding auzili&rJ' 

tacilitiee) to serTe the fertili&•r plant•• requir•••nt• (~ Jal per 

hour). fh• coats inTolTed to inetall uw (and double) H.T. power 

lius (133 lV) !roa ~ to LiloDgwe will aaoUJlt to eoae 18 to 19 
aillioa aDd tranaaieaion costs to o.~~t/l'lli or 116/tc;>a of CAI product. 

!hi• amouat baa to be added to eacb toa of protuct.if aanufactu:zoed 

at Liloagwe. ~coD011icall7, it blot• out &DJ logiatic adTantage 

wbich a centrall7 located plant aa1 ba••· 
T~• contraata would becoae eT•n •harper in caee rail baalage (a••· 
6.?t/ton-•ile) had been taken for coaparieoa. 

It ia eTid•Dt tllat for tbia particular tecbnological prooeea tba 

•election o! the plant location abould follow reaov:ce rather than 

1. Thia calc·U.11tioD do•• not take iDto aocou.Dt the quaJltitie• of out­
put whicL baTe to aoTe scn;th for blending and eub•equeatl7 north 
'J.C&in for dietributioD in th• Central alld lorthern i•gioaa. 

l 
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aarut cen.tr••· 

~hue, fertiliser maaufacture ahould be uudertaken adjacent to th• 

source of power and water suppl7 and within a radiu. of lO or aaxiaua 

20 ka, depending on tb.e exiating faciliti•• for product aoTaHnt fro• 

the plant to the aain centre• of coneumption and/or interaediar1 

etorage. 

Another aspect to be con.eidered in thi& context. i• th• need for a 

careful planning of cia.il1 and periodical load prograaa~•· AD1 con• 

etrainte in the euppl1 of power will haT• an illaecli•t• impact on and 

coneeq.uential loaaee and implication• !or tb.e fertilizer plant. 

Saooth operations will 11.eceeaitate dail1 coneultat~oD.e between eta!! 

o! power station and fertilizer plant regard.lee• of the aophi•tica­

tion of modern con.~ol ia.etruaent• and autoaatic load regulator•. 

Locatiou which quali!7 a11 a potential ait• for the !ertilizu plant 

are& Cl) ~alkere 1err7, and (Z) Lirangwe. Matope could be con­

aidered aa a third alternati•• in ca•• a h7dro-power atation operating 

ezclu•i•el1 for the purpose of th• fertilizer plant were to be 

erectftd. (See Ma~). 

Valk•r• 1errz 
The place ia located on the Shire Ki•er, aoae Z-3 kilo .. tre• upetre&11 

of J:SCOM'• Rlalla h1dro-power atation wber• a aajor eXp&D.9iOD project 

ie nearing completion. 

Th• place is eoae .50 ~ awa1 tro• Blant,.re, going in. a eouth eaaterlJ 

directioA. It is at preaent olll.1 acc:eHible b;r road wbic:h 1• 7 • 

vi~, for )Cl km bituaised, while the reaaining part i• all-weather 

g1"aTel tJp• road. 

'fhie stretch of road will be upgraded to eerTe .. th• aajor link 

llletveeD Blantyre and Mv&Asa. (le• Map). It will -:u u•• of th• 

dalll croaaing the Sh.ire Ki•er which ie at preaent uAder coa.etructioD 

for l&COM. Thia road project 1• echecblled for oo•pletio~ DJ 1983. 
Preliainar7 aurT•1• for ~pgra4ing the dirt road coDD•c:tioA between 

lla&la/'redsaDi a.D.d Balak& are ourre11tl1 conducted bJ th• Departaeat 

of Worka Ir ioacla. Vaen iaple••nted th• aite will be•• excel.leat 

coJ1.Dectiona 01 road Tia Blaat::rr• with the ~arge etorag• faciliti•• 

of .t.DMA.RC and OP'?ICHD in the aouth (Liabe, Luchensa 1 Bangula) au 

Tia Balak& with tho•• in the other - rte of tl:l.e coutr"1, i.e. Bal&u, 

I.ivoau, Lilongwe and Saliaa; all ha"iAI railwa7 dcliqa. 

!he terrain arouad the •it• i• rugged and thinl.7 popu.lat~d and it hAl• 

DO agriculture o! importance. 

I 
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fhe ia&iuatrial u••• ••rY11a4 l&COK aAii t.lt.• *l&nt1r• 1'&ter BOA'1"4 

Statioa, ha• a good. aooial iatziaatncture coawhti».g ot housia.g 

(Kalawi Jlcmai.Ag Corporatioa) tor labou, a priu?'1 achool, • clinic 

aad a Poet Ofti... Ia aclditioa, it A&• recre•tioa faciliti•• for 

.viaaiac, taaaia aad for iaAoor aporte and eatertaiAaeat. Anotb.er 

factor wbioh aho'l&l.d be co .. idered ia resard to this •it• i• the T&at 

•acia .. rillg ekill• aad ezperieace vhich llaT• b .. a acquired oT•r th• 

7.a.ra rel••ant to ait• coaditio .. a.ud O•••lopmeat in th• context of 

llCO•' • upauioa pnject at llmla which aadoubtedl7 will affect 

project cCNtta in a fa•ourable aeaae. 

'fhe .. jor clrawbaok of the aite ia it• re•oteueaa troa the lleare•t 

railwa7 aidi .. , 1 ••• llant7re (SO ta} a:n.cl Lira...,. (25 a). J.S.., 

ia tb• abuaoe of U1 direct road coADectioa, I.iraqwe cu onl.7 be 

r .. cud troa Wal.Un 1•ZT1 Tia Blant7re C 8o Ira}. 

!u .ao-oall•tl Weatera &ail liak co11.Deotia1 Utal• atatioa at tbe -in 

Mrtl!/aouth rnt•·.( na llatope) with lk11la, clowa the lb.ire Vall•7• vitt 

the lleiral!•t• rail l.iae 1• :n.ov dol'9allt a• the project tor ao•iA& 

ooal tr• 'fete (ia ..... biqu) to tu Iaidiaa OcMll port o! Mae&la 

·will not be iapl ... ated for tb• tia• 'Deiq. Ia t~l.9 ••1 there ••• .. 

little proapeot that tlle· · aih will han clirect ace••• to railas• 

faciliti .. ia the aaar futar•• 

W•!fV! 
!b.e aall to'IUhip of I.il'ugwe 1• •"' 3} a to tb• north of Blaat,.r• 

&IMl aa.e 2S D to the eHt of Val.UH Ferr,. 

!-• ait• would be ideal trOll the losiatic poiat of Titw •• it i• 

aituated on tb• aaia rail utd road •1•t•• coD.11.ecti.Ag the aouth with 

tu aorth•n part• of ta. couatl'1• 

'!'la• road bet•••• Blant1re ud Li:rangw 1e ture4, th• oaw.rd coueo­

tioa with Bal.aka i• a SJ'•••l road. Preliaill&?')' •urY•7• for upgra4-

iac thi• part to a fir•t claaa roa4 are b•1nc coadacted b7 th• 

•iabtr7 of Woru Ir loau. 

Lir•asw 1- al•o a atatioa oa the Bla11.t71'.-&aliaa•Lilo.,we rail liu 

which ruaa alaost paioallel to th• road. An iA•al ait• for th• pla~t 

.ould be a locatioa au. 2-~ kll aouth of Liru1 .. ata'tioa ia betweee 

l'Oa' aad rail~. 

fa. terraia 1• uulal•tiac aad •••1 to ltYel aad srade. The aoil i• 

lateritic aad .. 7 ba•• a4equ.ate bearing capacit7. Pro•i•ioa for an 

-'41tioaal rail aitliag and ace• .. to th• .. ia trsak road wo\U.d ia­

YelT• a relati••ly aaall aaollllt of espencliture (1)5 9 000 to 140,000). 

~u .,. .. rou.ad tu aite 1a pr•d.oaiuatl;y qruiaa ud •f gPeat qri­

c~lt•ral. iaportaace. 

I 
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Bowe~er th• aajor cirawbec~ of thi• ait• ia that all electricit7 baa 

tu g• .-appliad !~Oil lkll1- power atation OT•r a cli•tance of 25 ka aad 

at a coat o! 1800 9 000 (two power line• of 66 IV). ~l•o water •uppl1 

facilitie• are TirtuallJ abHat. 

!he Liraiagwe Ri••rt _ tributar7 of th• aain Shire i1Ter, 1• a ,.r­

•Daial •treaa, incapable of •uppl;ring tbe large q11&ntiti•• of water 

required. Cou~uutl;r, a cloa.-cirnit •&tt..-olinc •1•t•• ba9 

to be erected with.izl the plant coaplex. Thia will require th• GOD• 

atruction of 3 large water-cooling towera, eacb b&Yiag a oapacit;r 

throughput of l,500 M3/laour and proTiaioaa for proce•• boiler-feed 

and •ake-up water auppl;r, at a ooat of approx1-at•l1 ll.6 aillioa. 

J"llrtber11ore,ia:th• abaeAce of a aoc~al-intraatr9Ctllre, aouaiq for 

factor7 eaplor••• and ataff ha• to be erected, in addition to oib.er 

aece•aar1 !aciliti~a, iaYolTing coat• ••ti .. t•d at ll.5 aillioa. 

Beaidea, and du• to the tlatn••• of the terrain, there i• little 

poaaibilit;r for diepoaal of effl~ente 1~ for ecological reaaoaa, th• 

aat.Jlral. 4raiD&g• proYided b: tbe (aoatl1 drf) Lirangwe Ri•er bed 

could not be •••cl. 

BJ &Ad large the adclit1ona1 ·coat• of d•••loping a •it- near Lir&agwe 

eatiaated at 14 aillioa outweigh th• lQgiatic adYaataga ot good rail 

&Jl4 road co1mectiona • 

.. l&lk•r• 1•tt1 should therefore be conaidered a• tbe •ite o! p:refeJ"­

eac• pro•ided the projecta for road i•pro••••at aad •xp&11aioa are 

being iapl•••ated us •~heduled and,ia J~icular, if a feeC..r t~ad 

could ce coaetructed pro•icliag !or a atraight conaectioa betweea 

Walker• 1err: and tu railway lir.. near Lirangve ( 25 a). 

Bit• Dnelopeat ' 

!he wa•ta· material.a produced b1 th• proposed fertilis•r aaaufactGr-

1Jl.C proc••••• aainl.1 coacera co-product OXJI•• ~i;b iaa. tc be Tented 

iato th• air &Jt.d efflueat cooling water which b.I.• to be cliacbar1ed 

~~k into th• Shire iiYer at aoa• poiat dowll.8treaa of the water ia• 

take station of th• Bl..uit1r• water Board, aACi iato tAe .,.~ n_,. of 

ISCOM'• power atatioa. 

1'll• ••i••1oa of aozina JOa tai:!. gaaH eu. ia &DJ aodera nitric ad4 

pla.Dt be reduced b7 •opaiatieated abat••ent •1•t••• to l••• tbaa 
200 PP••· The7 do not conatitute •DJ av.iaaac• to the eaTiro .. eat, 

ia particular if the final •it• elected for tae plaat i• aot wiad..ard 

I 
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Ihl•t ••i••ioa reaultiag fro• li•••toae griadiag aDd product granula­

tioa will be caataiJaed bJ it.lat collector• and rec7cled to th• pla.at'• 

proce .. •1•t•a. 

Th• terrain arousd Valker• rerr-1 ia rugsed but tb.e eut bank of th• 

Shire Jli H1', aoae 2•3 Im ... ,.... BM Ui.e •ala.....- atalioa aad 

tae Blant7re Water Board, aeea to o!fer cood proapecta of d•T~ , .. at 

at th• least coat in recard to earth ao•••••t and leTellizag. 

There do not eziat at!'1lcturea, pip••• cablea, etc., which will re­

quire reaoTal or deaolition aad th•t• are ao atreaaa to be diYerted. 

Th• eoil i• bed-reek coTered with weathered aateri&l up to an aTerage 

ciepth o! 6 .. trea, .i• Yeina and joiat• occaaioaall1 up to 20 aetr••· 

01Ltcropa of rook occur which aa1 .. c•••itat• iacidantal blaating. 

TM lnell:i.q, gracliDg and tilliq of an area ot about ' uctarH 

baa lilH• Htiaated b7 leeal ciTil •nciDeering !1.raa at 10.50,000. Y 

~he t7pe o! aoil formatioa ••ea• to poa•••• 1ood iatriaaic aecb.aaical 
»roperti•• .&iel would aot require piling or other aecii.&Dical ia­

proY••••t• to flllpport the weicat of th• equipaeat aad buildiag• to 

be iutall-4 (.oil beariAc capacit7 requirds 2 q/ca
2
). Special 

fouadatioaa will therefore be li91ted to a aiwiau•. 

!he natural d.raiaage .. proYided b7 th• eleYation of th• ait• (ap­

proxiaatel7 lt0-50 •etrea aaoTe th• ri••r bank) will po .. ao probl••~ 

to cliapo.al of a!tl•~at• ui.d .... r •r•t•• coutnactioa. rowadetiou, 

,. .... at (?OO a) aad ce .. tractioa of clraiu &Ad ••were within tu 

pl&Jlt area aad putti~~ teac•• arouad it, are ••tiaated at 11z5,ooo. 

Cosuaecti.nc tae •it• to th• poiat o! ti•·i• to ISCOM'• power •tatioll 

will require a clo~Dle 2•3 ea tranalli .. ioa lila.e (66 IV) of which th• 

total coat• are eetillated at 160,000. 

All ill all, prepariag &Dd clenlopiag a flat 5 uc:tarH o! laad at t~e 

iaclicated •it• zwar Valkera 7err7 will 110at likel7 11.ot •~c••d a total 

of 1535,000 ac&i .. t apprazillatel7 1~.5 aillioa at ~~rancve. 

' 3 l. l&J'th to ~· reaoY•d~ Bo,000-100,000 •< at a rate ol I~~,_, • • 
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-· P~ DUIGI 

~h• total pl&at ooaplex for th• aaa.~factur• of ... olliaa-llitrat• fra11 

electrol1tic•h1dro1•n D&••d ... ollia will coepri•• th• followiag aaia. 

proceH uai taa 

(a) water electrol1•i• 

(b) Air ••plU'atioa 
(:) l1athe•i• , .. c:»apreaaioa 

( d) 19aod.a •Ptbe•i• 

(e) litric acid plaAt 

(f) A.aolliua llitrat• plant 

(1) All/CAI 1raulatioa plallt 
Ia additioa it vi.ll .aa•• rel•••ut off-ait• faciliti•• ia.cludiagz 

Ch) l7dro1•a-1~ nor•s• 
(i) litrogea-gaa •torage 

(J) •-oaia atorac• 
~~) Product •torag•• buclliag aa.d bau1a.g 

(l) A ri•er water puapiag atatioa 

(a) A water treat..at a!dt 

(a) Lia••to .. grindiDC 
Col ~lectrica.l cliatrioution ~1•t•• 
(p) Builcliac• for proc••• uJdt• and aaailli•tratioa. 

Th• cTerall coacept of the pl.&At coapl•s including aa•• Dalaac•• i• 

ahoWD ia diag~ .. fo!'91 in ti1ur•• l3a and l3o. 

I 
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FIG. 1lA PROCESS FLOW AND PLANT CAPACITIES 
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7.S MW/ HOUR 

TO COMPRESSORS 

PUMPS 

AIR SEPARATOl'I 

OXYGEN 
GAS 

TRANSFORMERS 

i 
RECTIFIERS 

D. C POWEFi 
46. 5 MW/ HOUR 

GAS PURIFICATION 

SYNTHESIS GAS 
COMPRESSION 
'------~ 

AMMONIA 

SYNTHESIS 

ST./ HOUR 

!20 T/ DAY 

! ~:::~'f" I 

-----~ 

WAT\;R TREATMENT 11 ' 

UN Ii 

35 2 i/ MOUR 

9. 0 T/ MOUR COOLING WATER 

TO PLANT SYSTEM 

3289 Ml/ HOUR 

h '' ~, ""' l 
TREATED WATER 

TO 
W M BOILERS ET<: 

23.S ii HOUR' 

60.5 T/ DAY NH3 

VAPORIZATION 

AMMONIUM NITRATE 
210 T/ DAY AN (33. 5 •1. N) 

~-"g~o_T'-'-/~O~•~Y___,~ OR 

no TI DAY CAN (l•~· 11) 

15- TI HOUR 

NITRIC ACID 

214 T/ DAY 

MN03 (100 •1.1 

(CONCENTRATION 60 -t.) 
~---AIR 

....._ ___ MP STEAM 

I 



FIGURE 13 B PLANT CAPACITIES: MASS BALANCE 

<D 0 Q) 

OUTLET ELE CTROl YSIS OUTLET AIR SEPARATION INLET GAS PURIFICATION 

NM~R VOL •1. NM )/HR VOL •/. NM l;HR VO!_ •;. 

H2 9890 I 99.9 - ·-- 9890•1 74 .95 

N2 - - 3293· 8 99.9!1 3293 ·B 21.. 95 

02 9 9 0.1 0 016 - 9· 916 0·079 

ARGON - - 0 11' 0 01 0 16 0·001 

NH 3 - -- - -· - -

9900 0 •DO 0 3293 98 100 0 13193· 98 100·0 

L -

© 

OUILET GAS PURIFICATION 

NM )/HR VOL °le 

9880. 7 74. 999 

3293 B 2 5·000 

- -

0 16 0 001 

1]171 •. 116 100 ·O 

.... 

-

I 
-l 

? 

.....-.-....... ..,..,.~.~· 
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rh• foreca•t for :dtro1enou• f•rtilizer• iJl t4• perio4 1980-90 aa 

elaboraies in Part I of thi• atudJ &Ad reproduced o.iow, clearl1 

iadicatea that tne •1•• of the production faciliti•• aeed.ed. to .. tch 

8&1'ket d ... nd are bJ world atand.ar._ Yer: aaall, eYen ia th• ca•• o! 

a •ingl• 4owu-•treaa product line. !h• coaaoa d1fficRlt1 of aaall 

aia•d unit• 1• that ..all-aoal• operatioa. i•po•• th• ... d for 
aech.anical equipaeat whoa• perf or .. nce ia ter.. of flow rate i• far 

lower than can be a~co .. o4ated bJ large acal• uait•. ieconcllJ, 

heai lo•••• froa ... 11 equipaeat .. 1 become critical in that th•1 ll&J' 

ooa8titute a •igllifie&At fractioa of th• heat flllS a•c••a&r1 to .. ia­

taia reactio11a. !hirdl1, th• aaaller th• plalat lle•ica, th• aor• 

liaited i• th• &Tailabilit1 of ca.aercial equip1t9at that caa ~· 
eelected.. though aoat reactor T••••l• and colaaas are cu•toe 0.•ic• 
&lld ar• rarel1 aTa~labl• a.a co .. ercial catalocu• itaaa, ~ other 

it• .. and equipaeat are, auch •• TalTea, coapreaeors, pupa, blowera, 

tRrbia•• aad expander•, etc. Bat oecau•• of th• low flow rat•• r ... 

qair•'• tb•1 alao .. 1 aeed cuatoa daaisa or, in particular ~ • .... ..... i.,..... . In aad.itioa, th• aaouDt of work UTOl••d in 

4••icaing a 811&.ll pl&at i• 1• principal not such cliffereat froa the 

work required for a large plant. latural~1. inTeataeata required 

per 4ail7 ton o! deaigc capacitJ !or a Ul&ll uait are proportioll&l.l1 

.. ch higaer than for a large unit. For iD•t&Ace, for aa ... oaia 

reactor plua •JDS&a compreaaor• of 200 toaa per cla7, tb• inYe•t .. at 

ooet• per ciail1 ton of iD.Btall•d eapacit1 are aboat l~J,OCO to 

1'+6,000 N&inet on.11 122,000 to 121+,ooo for • \\Ait witb a cleaip 

capacity o! l,000 ••~ric toae per da7. Coaaequentl1 th• capital 

charge• per toa per d.a1 of fertiliz•r pro4ucad i• a 200 M!PD aait 

will be alaoat twice aa high •• eoapared witb tho•• of a l,000 ..-.D 
UAit. !~a•, tke econo111 of seal• Tirtuall1 iaped .. fertiliser 

aaaufacturinc below a 100 lft'PD of ... oaia, a l•Y•l wbic~ will aot b• 

reached in Malawi a.atil l987/88. 

f 
( 

t 
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JI luaber of Y Ammonia Pla.nt 

tear I>eau4 Rate of pro- •l•~trol1••r• ~ate of ~ 
1bictioa required at capaeit7 ~til &-

toa/1ear '•II/ aa1 t~uu eonatant aax. atioa 

• ·~ -~ ~ loacl (a) (-) 

l98o/8l i9,059 23,z'ta ?O 
l98l/8Z ZO,OlZ 24,Jtoo ., .. 
1982/8} Zl,Ol' ~,620 78 
1983/~ 22,063 2"'900 8z '·' l9 

198'+/85 2J,l67 28,130 85 }.54 19 71 65 
1985/86 24,}25 29,660 90 3.75 1.£ 75 69 
1986/87 25,5"'1 }1,1~5 9- ,.90 2l 78 n 
1917/88 Z6,8l8 }2,?00 99 l+.l 22 83 ?6 
1988/89 28,l59 34.~ 1~ '+.} Z} 87 8o 

1989/90 29,567 }6,0.50 109 ~-5 z~ Cjl 64 

1990/91 }l,0~6 ,.,,86o ll5 ~.8 l6 96 88 

l99l/92 32,63' 39,Soo 120 5.0 il lOO 92 
1992/9} ~,Z}5 'tl, '750 l.26 5.3 29 _, 97 

199}/~ J5. 916 ~_,,aoo l}Z 5.5 JO 100 

l. Baaocl oa 330 op•r•tiag d.aJ• p•r 7•~· 
2. ~iaam G&p&Cit7 per electrol7aer I }?0 'Ill} of K per Acra!' (a 0.19 

ton II~) or 5.~ electrol1••r• are required to p;ic~c• oao toa of 
11

3 
pe!' hov. · 

3. (a) BHecl on an iaatallod capacit7 of lZO ll!PD a 3• 

(D) " " • • • • l,O • " 

.la DO factOrJ' will porf~ at opti-.al capacit1 4ur1ag th• fil'at 1••r• 
ef operatioa it wov.l.d aoaetaol••• D• po••ibl• to •tart productioa ia 

a ... 11-acal• a.it froa 198}/84 oaW&J'd.e. 

TlMt lead ti•• for ~riJaciag a •aall·•cal• !.rtiliaor co8Jll•s oa •treaa 

will &Jl1Ao• be bet.Ha 2i. •ad ,0 aontA.. 'fli11a, it will aot be N­

fore late 1983 or earl7 19~ tA&t &111 productioa could be expecte4 

9Y•• if a 4eciaioa for tbe realiaatioc of tne projec~ were t ... a 

dviAg 19800 

If ~ ia taken .. the aiaiaua rate of capacit7 atiliaatioa it would 

be acceptable to deaicn tae ... oaia iaat&llatio .. for a 4lailr outrut 

of 120 tou. 

Asauaiac tnat ~ea&Ad wo\lld follow th.e aiaticipated trea4 for n~tros••• 

tAen clail1 deaign oapacit7 cou..ld be incr••••d ~7 about 5 to .. for 

each 7ear a '9cieion i• ta.ltea bt7on4 198o. 
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FIGURE ll. ESCOM INTERCONMECTED SYSTEM DAILY LOAD CURVE 

• 

/" I 

" 
ESCOM INff;{CONNEpE~ .SYS'tEM DAILY LOAD CURVE,, 

DATE 

MAXIMUM DEMAND 

TIME 

MINIMUM DEMAND 

TIME 

-" 

'~.;· 

STH NOllEMBER,1979 

52 600 l<W 

14 · 00 HOURS 

33 200 l<W 

2 · 30 flOUF'S 

~ ~·~~~--~~~~~--...-~~~~~..-~~~~~...-~~~~~--~~~~~--~~~~~""T"~~~~~--r~~~~~ ..... ....-~~~~~..-~~~~~...---~~~~~ 
02b0 oloo o&1

oo oJOO ,Joo 12'00 ,loo 16to ,II)(} 1 ~ • iCJlo 22lio 2400 

HOURS ~ 

........_..--~··· 
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ii!fiIC ACID ilD .lMKONIUll MI!li.!I PI.Aft 

Oa the 'oaaia or a da.il1 capacit1 of l.20 toaa of aaaonia, th• ei•• o~ 

th• IU.tric acid pl&At ahould D.Oraal.11 be 214 toga per ~•l• (l~ 

JDIC3, acid coaoeatratioa 6°"). 

A• th• aitric acid baa to be partl1 coa••rted with ... oiU.a into A• 
(3J.,. I) .lim& Ji&r'tl.7 iato CAI (2~ I), the capacit7 o! tb• final pro­

duot plant au to be d••igned for a •iaim of 28o aad a aaxi•&m of 

~ toaa per da;rw 

litro1•• efficieao7 i• aaaaaed to be ia the order of 9~~. 

Ta. dail7 aateri&l flow tor a pl&at operatiac at &eaiga capacit7 i• 

aohe .. ticall7 iil .. ~rat•4 ia figure 13. 

A• th• allllOai& &Ad ether dowa-atreaa uzdta will operate D•l~w cle•is~ 

oapacit7 dur~ th• fir•t aiz J••r• of o,.ratioa, ttle capacit7 of th• 

electrol7 .. r '-tt•Z'J' C&Jl ~. iacrea••d o••r the 1•ar• ia diract pro­

port ioa to tbe de•elop119at of d...ad, troe 20 ua!ta 1u the initial 

•tagea to Z7, oace tae fertilis.ar co11plez attaizw full oapacit~ util­

iaatioa <••• Page '2). 

17 clirltiac hourl7 .-om.ia da..U, u expr•Hed in correapo11diq 

h74rP1••·1aa ~ .... , b7 tae deaig~ output of an electrol7aer Dnit 

(3?0 ~ of •z per aoar), one arri••• at the IUlab•r of unit• required. 

!hi• oaloulatioa aa.¥aea opti•um operational coaditio .. at coa..t&At 

l•• ap to bethZ'7 oapaeit:r d.uriq 24 boun per daJ. 

!&ia, bowe•er, will .. t be fea•ible i! off-peak pow.r ha• to be used. 

aclui••l7. 

Otf•peak power ••ail&b111t7 followe, ia a re••r•• aenae, eleotricit7 

....... It reach•- aa .. at10 .. d befor•t maziaua l•••l• at nisht ti•• 

aU ia th• earl7 aoraiag hour• ud diaiaiah•• to aero d1&ri11g aid·d.a:r 

( fipr• l~) • 

!o utilia• all &Y&il&ble oft-peak power, tb• capacit7 of th• electrol.J'­

••r batt•r1 ~d theoreticall7 be equal to the &iffereace betw••• 
ennual pNk aad aiaima 4-aa4. 

Ia the a~ ... of 4ata oa .aCOM'• aiai111a11 cla .... d l••ela, tbe period 

I:' Juu to 4 Jul.7, 1919, 1a takH •• aa ua•ple. Ia tbia period 

clt&il:r electricit7 off-take T&ri&d at aa aTerage betv••~ 5$aad l~ 

•f peak cleaaa~. !hi• 1• illuatrat•d iA tb• load cbaratioa cur•• for 

26 Jue (figure 15). Dvi~ tlaat da7 el•ctrici t7 deaaad reaaiaed 

t.r alao•t lZ ho~• abo•• &Ad tor the reat of the ti .. below •~•race 

deaaAd waicb ahould be oonaid•~•d a• •~ exceptioaal ideal ea.a•. 

f 
! 

I 
I 
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In reality load duration curves wil: show much sharper fluctuations 

!rem hour to bour as well as larger differences between peak ana 

ml.nimum demar.d. It is therefore assumed tha~ at an averag~ daily 

load variee between 50% ant 100% o~ peak demand. This implies ttat 

the capacity of the e1ectrol1ser battery nas to be designed about 

one third larger tha.D of!-peak power would indi~ate so as to cope 

with the hourly variations in load and to use off-peak power avail-

ability to the fullest extent. 

This is demonstrated in the table be:o~. which shows EbCOM's annual 

peak demand forecasts and off-peax power avai:aoility for the period 

1984-1992 "nd corresponding electrolyeer battery capacities, when all 

o!!-peak power is to be converted into hydrogen. 

1984 1985 1086 1987 1988 1989 1990 1991 l992 

l.Pealit demand MW 101 107 114 120 12? 135 1'+3 15, 161 

2.Est.minimum demand MW 50.5 53.5 57 6C 63.5 67.5 71.5 76 80.; 

3.0!!-peak power MW 38 4-0 43 '+5 47 50 53 57 60 

4.Capacity electro- 60 
lyser battery at w. 38 40 l+ 3 '+5 47 50 53 57 

constant load 

5.Capacity electro- 80.5 
lyser battery at MW 50.5 53.5 57 60 63.5 67.5 71.5 76 

variable load 

6.Dif ference in IN 12.5 13.5 l'+ l" ./ io.5 17.5 18.5 19 20.5 
ca~scity 

?.Increase ~ 133 13'+ 133 133 135 135 l '1:" ./ ./ 133 134 

It is evident that the exclusive use of off-peak power for meeting 

the fe.til1zsr complex requirements would involve a sig~i!icant in­

crease in numbers of electrolyser units to be install~d and con.ae-

quently in investment. 

This ought not to be the case when the survlus capacity of ESCOM's 

interconnect~d system is coneumed !iret and off-pea~ power i~ used 

to supplement the balance o! requirements as is shown in the table 

below. 

By using a combination of surplus capacity and off-pea~ power during 

the period 1980-95, substantially less electrol1ser battery capacity 

and investment wi:l be required ae compar«iwith using off-peak power 

only. 

It will be unae~stoad tnat at thie stage tne above !igures con­

cerning electrolyser battery capacity can only be regardea ae approx-

imatione. ~hey have to be te!l.~ed from year to year in the con~ext 
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c! !ertilizer ~lant requirements anti W>COH 1 5 own demano and load 

program11e development. 

198'+ 1985 1986 1987 1988 1989 1990 1991 

1.Plant requirements Mli' 35.5 37.2 39.2 41.1 43.2 45.3 47.6 5c 

2.Surplus capacity 
MW 29.0 l.+l.O 3 ... 0 28 21 31 '+l 32 (at 90%) 

3.0!f peak. power 
Ma 6.5 5.2 13.l 22.2 l'+.3 6.6 18 

Bupplement 

4.Corresponding cap-
acity requirement MW 8.5 6.9 17.'+ 29.5 19.0 8.8 24 
(133%) 

5.Capacity e:ectro• 
lyser 'oatte:-y at M-. 35.5 37.2 39.2 i+l.l 43.2 45.3 47.E 50 
con1Stant load {l) 

Electrolyser units NR 17.'+ 18.2 19.3 20.2 21.2 22.3 23.4 24.6 
6.Capacity electro-· 

lyser battery at ~ 37.5 37.2 40 .9 45.'+ 50.5 5C 49.8 56 
variable load( 2+4) 
Electrolyser units NR 18.4 18.3 20.1 22.3 24.8 24.6 2'-".5 27.5 

.A.IR SEPARATOR 

19':12 

52. ... 

'+l 

:.l.'+ 

15 

52.4 

25.7 

56 

27 

The air separator should be designed for 6 minimum capacity of 3,30c 
~ 

NM-' of nitrogen-gas per tour and !or operating pressures between :;, 

and 6 bar. It can either be an air-screw or a turbo-co~pressor type 

of separator. If pressure electrolysere should be chose for ~ater-

electclysis, then a 2-stage pis~on compressor has to be aaaed ~o thi5 

unit to bring tne nitrogen ga5 up to the level (30 bar) of the 

hydrogen ga8 released oy tte electrolyser battery. 



4.3 Process Technologiee 

NITRIC ACID 

Commercial nitric acid (HN0
3

) is produced by catalytic oxi~ti.on 

of am&onia.. to nitrogen dioxide a.nci thence nitric acid oy absorption 

in 'llater. Tbe cverall process can be written in a 6ingle equation: 

In reality tne1·e are three succeesive stages, namely: 

(l) combustion of ammonia with air to nitric oxide: 

(h1i
3

(g) + 1.25 o
2

(g) -f NC (g) + 1.5 H20(g) • )4,000 Kcal) 

(2) catal1tic oxid~tion of nitric oxide to nitrogen dioxide 

(NO(g) • C.5 o2(g) -t N0 2(g) • l),600 Kcal; 

(3) abasorpticn of n.i-:rogen dioxide in water to produce a 60~ nitric 

acid solution by weight 

(l.5 N02(g) + c.5 £20(1) .... KN03(1) • c.5 NO(g) + 8,300 Kcal) 

Because nitrogen dioxide is not the gen~ine anhydride of nitric acid 

and because nitric oxide doee not by iteel! dissolve in or react with 

water, the absorption tower =ust have many stages and the nitrogen 

dioxide-containing gas stre&& must contain enough molecular oxygen 

to ensure that the nitric oxide !orme~ at each successive stage of 

absorption is reconverted into nitrogen dioxide, according to the 

reaction below, !or reabsnrption at the next stage: 

2 NO(g) • C_{g) ~ 2 ~C-(g) 
t::. .,..._. c 

In the actual .proce&is o! proci.uction, liquid ammonia is taken !rem the 

store, vaporized, euperbeated and ~ixed with pre-heated air prior •o 

oxidation. 

The stoichiometric requirement is 14.~ NH3 , but to avoid the risk 

o! er.ploeion, the ammonia-air mi~ture in proceae operations is kept 

below ll.5% of NH
3 

by volWlle, which is closely regulated by a flow 

controller. 

The ammonia-atr ~ixture enters the reactor to be burnt first to 

nitrogen monoxide (nitric oxide: NO) which is subsequently oxidized 

to nitrogen ~ioxide (N0
2

) over a platinum-rhodium catalyst at 

presaures between l and 10 atmosphere according to the type of pro­

ceea chosen, and at temperatures between 8oo 0c anc 950°c. 

The formation of nitric acid takes place 1n a multiple stage absorp­

tion tower in counter-c~rrent of nitrous gases with process water 

which is fed to tne top of the tower. 

ted at the bott~ of the column. 

~ne acid drips and is callee-



Nitric oxide (NC) yields are improved by temperature increase, b~t 

it lo~ers cne yield of NO oxidation to No 2 • the optimal ~eve: 

being dependent on t~e rate of gas !low. Increasea f:ow ratee pro­

mote tne NH, oxidation ?roceee and avoid undesirab~e down-stream ,., 
reactions between unconverted ammonia ana nitrogen oxides, as well 

as the disso~iation of nitric oxide into nitrogen ana oxygen. 

Increase in pressure may adversely effect the degree of ammonia 

oxidlltion out it increases the ratio of absorption of nitrogen ox­

ides in water and in dilute nitric acid. 

Numerous pro~etary processes for nitr .c acid ma~u!acture are nowa­

days available. They differ in aesign de~sils and in operating 

conditions but not in !~ndamentals. 

They can be c:aesi!"ied into two aain groups: 

(1) The aono-pre£sure proceseee in which a11111onia oxidation and 

absorption takes place at equal pressures, usually between l 

and 9 atmosphere. 

(2) The dual-pressure proceeees, wnereby ammonia oxidation occ~re 

at a lower pressure (4-6 ata) than absorption (10-12 ata). 

The availability o: low, medium anc high pre~sure techniques !or 

oxidation and absorptio~ o:fers a variety o! alternative combiLa­

tione by which nitric acid can be manufactured. 

Pressure as compared to atmospheric operat10ns, permit smaller 

units (one single oxiciation reactor) to be used for a given output. 

!t redu~ee cepital as well as operating costs and it brings down the 

NO co~tent in the tail gases, wnich leave the absorption t~wer at 
x 

the top. Apart from NO , tail gas contains nitrogen, ixygen, aoie-x 
ture and inert gas. Overall nitrogen e!!iciency based upon the 

nitrogen content of ammonia ano of the nitrf~~roduced, is noW!:.C.'iys 

in any modern dual-pressure and well operated plant between 95% ano 

97% 'llhile the NO content in the tail gas is below 500 ppaw. which 
x 

correspond! to abo~t 3.0 1'.g NOx per ton of product. If tne NCx 

content in the tailgas has to ce reduced to 20C ppmv or lees, an 

abatement proceeb uae to be installed whicn is based on catalytic 

aiz;monia reduction, whereby ammonia and NCx w&.e converted into N2 and 

water over a larutdium or titanium-based catalyst. 

On the other b.and operating pressures above the @tmospheric induce 

greater catalyst losses a~c increase power requiremente, unless 

equipment is in..tca~led for power recovery. 

In making a ~hoice between the ~roceseea available, consiaerati~n has 

to o~ giver. to th~ ra~e of energy recovery ana nitrogen e!!iciency. 
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In 3ny pressure operation, tail gas ~s neated up ana expanded. ~he 

resuiting power is used to ~eet a part oi the power de~and of the 

air compres6or. The balance of ~be power :-equired to dr:..ve the com~ 

prg~eor systems, usually built in the !orm of a single, in-line unit 

comprising steam turbine and tail-gas expander, is supplie1 ty ste8.lll 

produced in a •.li. Boiler, where the hea~ of reaction o! the oxida~ 

tion steps is recovered. Energy ef !icient processes even produce 

surplus st~am for use in other plant sections. 

Requirements per •etric ton of l~ HNu
3 

!or a typical 

mono-preesure (~-b bar) plant 

A111111onia 

Proeese water 

Boiler !eed water 

Cooling water'(23°c) 

Platinum eonsuaption 

Electricity (cooling w&tdr pumps) 

Instrument air (0°C l bar ab&) 

H.P. export steam 

g. 

Nit~ic Acid Process Technologies 

283-2~5 

250-300 

1,570 

150-160 

0.15-0.16 

lt0-50 

1.85 

;75 

Pr.:ice•i; owner 
:ype of Pressure 
~recesses (bar) 

lriedrich Uhde mono/dual 1-5 

GraDde Paroiese dual 

Bamag Verfab.rena Tecb.nilit mono/ dual 

Stamicerbon mono 

weatherly Cc~pany mono 

Chemic.al Con.etructior. Corpor·a t ion mono 

Societ6 Belge de l'Azote et dee 
produit5 chimiques du Harle1(SBA) dual 

Ugine Kllhlmann SA dual 

Faueer, Ho~tedison mono 

C & I Girdler Inc. mono 

AMJo10NIU~ NIT~,.! 

5-5 
3-10/12 

31 ·..._·,;I i3 

1-3 
3-5 
7-11 

4-7 
7-:o 
9 

8 

3-9 
1-5 

5 

7 

A~monium nitrate (Nfi~N03 ) ie produced commercia:ly by neutralizing 

nitric acid with gaseous amm0nia accordin~ to the foliowing equation; 

Nii
3

Cg) • BN0
3
(1) _. NH

4
No

3
(1); depe~ding or. t:.he strecgtr. of tne !eec. 

acid, a 65-8(1,t', by weight solution is formed ~nlch is subsequentlJ 

concentrated and proceesed to & solid product. 

I 
I 



-81-

In the process, metered quant~ties of vaporized ar.hydrous ammonia 

from the store (figure 13) and 60':t: nitric acid are fea into a neutra~­
izer, operating at atmospheric or elevated pressure (4-5 bar) and at 

temperatures between 140 and 18C
0 c. 

One mole o! NB
3 

reacts witt one mole cf nitric acid; a pH-controller 

is used to maintain the stoicb~ometry. !he heat o! the exotr.ermic 

reaction is sufficient to concentrate the solution in the neutrali~er 

to ov~r 80% and to pro~uce 1 in addition, stea.a: which is usually 

~mployed to further concentrate the AN solution in subsequent steps 

up to 99.5%. 

About l ton o! steam is produced !or each ton of NH~ neutra:ised if 
~ 

60% acid is used. Evaporators of tne vacuum or falling-film type 

are genera:ly employed to complece tne fin.al concentration whereby, 

as mentioned, exothermic heat and steam are used as a heating medium. 

The concentrated AN solution is fea through a meterinf station into 

a granulator or prilling tower where recycled ma:·~ial is adaed from 

the screening (!ines) and crushing equipment (oversized) and from the 

dust collect~ng faci~ities. 

There are various proprietary processes !or the manu!acture o! 

ammonium nitrate. They di!fer in combi~ation~ of neutralisatiarv' 

evaporation systems and/or in arying anc product finisning methods 

but not in fundamentals. In atmospheric neutralization, steam con­

sumption !or AN solu~ion c~ncentrstion is usually h~gher than in a 

pressure operation. 

Pan-granulation is proposed for product finishing because it allowe 

the manufacture alternatively o~ both AN (33-5~ N) and CA~ (26% N) 

of hig~ grade qua.lity in the same granulator, and because the cost 

o! process 8quipment is lower as co~pared with prilling. 

the hardness and resistance to temperature variatioll!i o! gr~nulated 

/JI/CAN is better than tnose o! prilled products, consequently they 

ex.t.ibit better storage properties. 

The granulation of AN, containing 33.5% N, is improved by the addition 

of small quantities of inert ~aterial. For granulating ca:cium 

ammonium ni~rate (CAN-26% N), the components !ed into the granulator 

are supplemented by powdered dolomitic limestone. 

~eteriug facilities permit aajustment of the specified nitrogen con­

tent of the grauulated product. 

From the granulator, the hot ar.d ~lastic granules are sent ta the 

drying drum where they are dried by hot combuetion gases. 

t 
r 
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~he <i.:riect grar.ules a:-e 5c:eened a;:;c su·oseauently cool"'d in a flu::.d-

~~e coolec final proc~ct is even:ua::y 
ized bed cooled with air. 
sent to a coat:n~ dru~ for con~itioning prior to being moved tc ~b~ 

b~ik storage facilities. 

However the use of a hlgh temperature pan-granulator makes the drying 

and conditioning step superf:uou6. 

St>eci!ic consum 
metric ton of final roauct !or a 
cf Aeutr&lization 

Ammonia (as 100% Nll:3) 

Nitric acid (as 60% by weight 
culated ag 100% HNC .. ) 

,., .Y 
Dolomitic limestone 

Cooling water (~(23°C) 
Electric po ... r 

steaM (8-16 oar, 200°c) 

Inetrument air 

(Heat !or drying) 

Product qualities: 

N content 

H,O 
CaO content 

MgO content 

Screen analyeis 

Bu.lk density 
Barcinu1s 

.Y 
y 

but cal-

Jt.g 

kg 

kg .. 
H"' 

KliH 

itg .. 
NJif"'/HR 

(Kcal 
(Meal 

% 

% 

% 

% 

95% 
'% 

ltg/ dM_,I 
Kp 

A.N(33. 5%N) 

205 

768 

26 

30 
4C 

248 

90 

c.25-3.0 

l. 3il1AI 

0.85-0.9 
2.5-.3.5 

.£.:!i_( 26%N) 

159 

597 

244 

23 

31 

193 

90 

3ccoc 
3C 

~6.0 

0.25-4.C 

2-4mm 

o.9S-1.o 
2.5-3-5 

Note: l. In caee of use o~ a local aolomite, cootaining 45.72j MgCO .. 
(21.86% MgO) and 5~.27 Caco3 (30.41~ CaO) / 

Proceee owner 

Kaltec.bach 

Stamicarbon 

SBA 

ICI (N1tram) 

C & I Girdler 

UHDE 

Ammonium Nitrate Procee6ee 

Neutralization 

pressure (4-5) bar 
one step 

Prel!i.:iure (I+ bar) 
one etep 

Pressure ( 5 bar) 
one step 

A tmoepaeric., t"'o 
atepe 

~ tmoapheric. one 
step 

A t111ospheric >two 
steps 

Concentratioc. 

2 eteps evapora:. ion ( !alling­
f i.1111 evaporator) 

2 5tep eva})"ratio:c. (vacuum), 
external heat ~eeded 

2 steps evaporation, 
no external heat needed 

One stef ~vaporation (fal~ing 
!ilm),external heat ~eeded 

Cne otep evaporation (!a:ling 
film),exterIWl &eat oeede~ 

One step evaporation (falling 
!ilm),external heat n~e~ed 

' 
f 
I 
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>-. -;;:::ocf r...-r:..c, one 
Ster; 

!--r~ssure (; LarJ 
one step 

A :rr,csphe ric, one 
:: tep 

(..;"e .. !ep eva:,;or1:1:ion ( ra:~.;.ng 
~~~~;, ~x:e~ual hea~ ~ee~ed 

Conce~trat~on iL fieutr~liz­
a: ~~r. s:age, ex:err.a~ heat 
r.eeaec. 

Cne s:e~ evapc:r-at ~or.,· eY.: erfia~ 
heat r.eeo.ea 

l 
I 



::ea oelc•. 

~r.e ena (rage 77). 

wat.er (33JC ~~'hour), e!ect:-::.c1tv (54,800 K~ per ncurJ ace co.:.o~it::.c 

!n tur~ :ne output of t~e :lar.t 
( ' ~ 
• .... _,, tons 

l 

per ~our; enc oxygen (5,E35 N~~;:.o~r;. 

A.C. c..irrent is re"».iired for c.r:. v::.r.g co:~:p:-essors, ;;umps, power :ar.:;. 

in air-neat e~c:.angers, ccn':ro.:. ano ::.nst:-ume:-."::s, res::.,,t:.cce r.ec.ters 

Tne A.:. ar.c ~.:. elec:r:city reo~::.rene~ts a: :ne ~:.f:eren: precess 

stages are er.umeratec. ir. oe:a1! oe.:.o~. ~nen operating at cesign 

capac::. :y up to 3t,;:. tens of C><~ per aa ', t!H:: i;.lan: ,w::.!l recu:..re an 

estl:U<>~ed 5" M',r, pe· nour or ;,c.,vC: KwH p;:r ton of C.:-: (,;.0,6c.c K\oi: or. 

a ton ~s 3 oas:..s;. 

Mai:i 
~ess s:ageE 

.. :..ectrolysis 

Air separa.t::.on 

Syn~as c;~pression 

~~mcn1a synthesis 

Nitric acid ~.:.ant 

( :na ::.n:..y ?"~pi:) 
AN/:;.N plant 

Dolomite crusr.ing/ 
gri r.d:.!lg 

.. ater-p~m~ b~a:ion 

water treatment 

Ammor..ia stor&.ge 

1-'roa;.ict store.g!!/ 
oagg.l.ng 

Po•er re~u::.rerr.ents 

T~1pe of 
current 

,\. c. 
A.~. 

". c. 

A.C. 

A..C. 

J... c. 

;,, . '.;. 

Volt Kw~/ton KwH/ton 
_@. "}---: &NC " _ 

<) ,3001/ _, 

!.SO 

700 

3 

4.8 

K•E/:oc 
orootoct 

4C 

:'c:al K"' 
pe:- ;.<.:: .. r 

4t, I ~,J(•..!. 

7)0 

l.?~ 

14 

24 

t 

' 



Lighting 

Total process 

Tota.l utilities 

Total complex 

With proviaion 

l. OD baeie of 

A. C. 

for lessee 

98% cur::-ent 

in tra11a!ormer11 

efficiency. 

( 2'>) 

200-300 

51, 784 

1,166 

52,950 
54,000 

2. Power required to drive the air compresaor {i.e. 500 lWH per ton 
HN0

3
) is not shown, as this power is generated internally by the 
tail-gae expander (350 KWH) and by a ate .. turbine (150 KWH) 

provided !or in any modern nitric acid process syate~. 

WATER SUPPLY 

Cooling water is required in several of the procese heat exchangers 

and condensers and as indicated below, ir. s-..betantial quantities in 

tne nitric acid and·t.b.e electrolyser plant. !n addition, process 

water is needed for making nitric acid and to feed the electrolysis 

eyete11. A.lso, waste-heat boilers will need spe·cially treated water 

for steam raising. On the basis of a mean annual te~perature of 

23°c !or Snire River water, it ie estimatea that the plant complex 

will require approxima~ely 3,300 M3 of water per hour or 2:9 M3 per 

ton of CAN, wher. operating at design capacity (360 torus of CAN per 

day). 

Proces8 Stages 

Electrolysis 

Air separa-:io.c. 

Syngas compression 

Ammonia synthesis 

Nitric acid plant 

AN/CAN plant 

Total 

l/ per ton of NR
3 

2/ per ton of HN03 
3/ per tc?l of .AN 

Hourly reouiremente 

Cooling water 
ton 

1,150 (230>1f 

llO {22) y 
lS5 (33) y 
215 { '+3) ];/ 

l,1t26 c160P 

222 (19>2" 

3,288 

Process w.H. boiler feed 
water ton water ton 

9 (1.8~ 

{( . , -:Y·c ))1+1 ... 5ir- ~ 0.9 -

2. 7 ( 0 • 3 ~/ 14 ( 1. 5 7) ~/ 

ll.7 14 

~/ i! steam is recouped from the exc·tbermic NR
3 

reaction. 

Due to the vicinity of the Shire Ri ·-•er, the flow and the quality o! 

its water, the co•ling system can b· .simply designed ae an open­

circuit or eo called once-through s~stem, whereby river water pumped 

through a plate-type of heat excha~er wil~ cool the pure ~ater of 

the closed-circuit that is used !or cooling the different process 

installations. 

I 
I 
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Thus, neither vater-cooling towere nor purification of river ~ater 

will be required. A pump s~atio~ o! 3,5oc M3/nour capacity will 

suffice, even to cover provisiolll! for fire-fighting Con the basis of 

2C M3 per hydrant, and 8 to 10 n,arante installed). 

On the other han~, a water purification unit has to be ins~alled to 

meet process anc boiler feed water requirements, as well as the small 
'1. 

quantities o! water to make up !or the lose~e (2.5 111~/hour) in the 

cloeed-circuit system .!land for potable water (2.5 M3/ncur). Con­

sequently the vater treatment unit must have a capacity of about '5 
to 40 to1U1 an hour. It will be partly fed by ccndeneates recovered 

within the plant complex and partly by fresh river water. 

The power consumption to lift river water to a '+O meter head ie esti­

mated at 192 ICWH/l,000 tr3 and !or the water tr.eataent eyetem at o.24 

KWH/ton or water purified. 

STEAM -
The httat recovery system ehoula be designed to make full use o! the 

exothermic heat of the ammonia synthesis, tbe 11itr1c acid formation 

and the ammonium nitrate neutralization, so aa to make ~he entire 

plant complex ael!-supporting in eteu:; &lld heat requirement&. 

Depending on the choice of processes and the ultimate design, the 

approxim.te eteam balance of the :omplex (120 toz:us o! NH
3
/day or 5 

toua/hour) may be as !ollowaz 

M.P. Steam Production <.;oneumption 

Nitric acid plant t/ton HNO,_ 0.3-0.5 A.N/CAN plant t/ton AH 0.25 
(W.H.Boiler) t/hour "' 2.7-~-5 t/hour 2.90 

Ammonia plant t/to:n NH
3 

0.7-0.9 Doloaite/ t/ton 0.03 
(w.H. ~oiler) tL:nour 2·2-l+.5 Drzi~ t/bour 0.11 

Total totu5l'.hour 6.2-9.C tonsl'.hour ~.Ol 

La.P. Steam 

Nitric acid plant t/ton HN03 
0.1 Nitric acid t/ton HNo

3 
0.1 

t/hour 0.9 t/hour 0.2 
Total tonsL:bour 0.2 tonsL:hour 0.9 

It is eYident thAt the complex has the potential to be selt-eupport­

ing in steam and even to generate sigr~i!icant surpluses !or uae in 

l. Assuming a quantity of 50 M3 ~ater in =irculation per ton o! 
ammonia and losses less than 1%, aake-up

3
vater requirements of 

2 

the closed-circuit will ~e ••ximua 0.5 M per ton o! NH
3 

or 2.5 M~ 
per bour. 

! 
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power dri•ea. 

The steam generation capacity o! the nitric acid pl~ot alone amounts, 

depending on the choice o! process, to a total o! 0.9 to l.O toll!! 

M.P. steam per ton of BN0
3

, o! which 0.6 ton is used t~ drive the 

compressor syetem of the unit, leaving about 0.3 tonfi of H.P. steam 

!or ~se in th~ other proceaa sections, !or in.stance in the AN/CAN 

plant. 

It is a matter of economics whether the exploitation o! the full 

at•am pote~~ia.l of the plant complex, and the releYant investaente 

in steam turbines will justify placing power driTea on eteaa rather 

than on electricity. 

DOLOKITt-LIMESTONE 

Requirements of finely-ground dolomitic lim~etone are estimated at a 

maximum of 90 tons per day, once the plant i• operated at design 

capacity and all AN would be converted into CAN. Thie worK.6 out to 

a rate of 0.25 ton o! limestone per ton of CAN (26% M) or 3.75 tone 

per hour. ~hen only two thirds of the AN has to be converte~ into 

CAN, then requirements would amount to 60 tons per day or 2.5 tens 

per hour. 

Captive sources c! dolomite o! excellent quality are situated in the 

vicinity of th~ eelected plant site, namely at Katope and at Lirangwe 

at a distance of aome 25-30 km from Nitula. (Annex 3). 

The coste o! mining are estimated at K3-~ /ton o! B.O.M. •aterial, 

to wh'.ch the cost o! loading and tran11port (l5t/ioa-s1l•} au•i b•-•4ded 

to &~riYe at a price of K?-8 per ton de).ivered at the !actor:y. 

POTAS6ItM HYDROXIDE 

The electrolyte used in water-electro~yeiG is a 11olution of potaeaiu• 

h1droxid• of about 25% b:y ~•ight iA pure water (l1e). Eacn electro­

lyeer contains aoout 10 M3 o! lye (approximately 2.5 ~one of lOH). 

The loaaea are lees than 1% per year or a9out 0.0075 - o.oo~ gr•• p•r 

NM3 of H
2 

liberated for atmospneric electrolyeie (lo6aea in preeaure 

units are even lower and not more than l ~~ KOH per NM3 o! H2). 

When working at full design capacity, some 9,890 NM3 o! R2 per hol.U' 

will be produced in the electrolyaer plant, involving loaaea o! !OH 

below 8o gram per hour (5.3 grGJ11 per ton of CAN manufactured). 

Coat of 100% potassium hydroxide pellets is about K4,400/ton. 

I 
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CATALYSTS 

At ttree 6tages within the battery limits of the plant, catalysts a~~ 

involved in proce6s reactions, name~y at (l) the fi_- ga6 puri!~cation c 
step; (2) the ~!lllllonie sy~t~esis,aod (3) in the process of nitric 

acid formation, i.e. the oxidation of the nitric oxide to nit:ogen 

dioxide. 

The catalyst used for electrolytic-hydrogen purification is pal:adiu:, 

vhich promotes tne c~~•ersion o! traces of o
2 

in the H
2 

gas stream 

to water. Cat&lyst charge gas purification unit : 3.7 M3• ~atalyst 
co~sumption is uegligible. 

The catalyst used in the ammonia converter is composed o! iron-oxide6 

(Fe
2
o

3
) containing promoters o! potassium oxide, ca:cium oxide a~c 

aluminium oxide. ~he catalys~ is net active unless reduced. Depend­

ing .on process technology the quantity of cat&lyst charged lll!lounte t~ 

30 to 50 kg per daily ton of insta~led ammonia capac~ty. !t nas a 

useful service life of up to 5 years proviaea the plant is ~el: 

operated. Catalyst cost appr~ximately K~.5 per kg; consumption is 

taken at ~O g per ton o! NE~ produce~. 
~ 

The catalyst used in the p~oduction of nitric acid is a wire-gauze, 

&ade o! a noble-metal, i.e. a olatinum-Rhodiu~ alloy (~:l compositior.;, 

minimum cost K50C per troy ounce. ~epending Ofi process operating 

pressure ana temperatures, the losses vary oetween 50 ana 200 mg per 

ton o! 100% HN0
3 

manufactured, or 450 to l,8CO mg per hour based on a 

daily output of 214 tons o! aNo
3 

equal to }O to l2C ~g per ton o! 

CAN (ave. 8o mg). 
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CONSUMPTION (PHOLJUCTION) BALANCE Ot' MATERIALS AND UTILITHS 

P'"OC'essee 

d 
0 "' d Plant production ... .. I Q • "' 0 ... • ... d d • • .. ... • d 0 

NH
3 

t 120TD 5TH 0 • .d p, • ., 
Cl ... II ... .. ... .. ' ... IO e II ... ... ... p, s:: ..,, ... ... 0 .. " ... .. II • a .... ... ';J 0 " 0 ... .. ... AN/CAN : 360TD 15TH .... 

~ 0 "' u d "·o 0 ., 
" 

., 
rl u cd 0 .. •O O .. .... .. 

I 
0 p, cd ·rl ... 0 .. p, II ... If .. Cl IO ·s u ... " I< I~ ... II • ... u Cl p, ';I ~ .. . .. u 

~ 
0 .. " d z .. p, ., .. II ... ..,, 

"' <( ... " ... 
~ rl .... II .... z <( 0 ... • rt ems Units "" <C <II <C "' <C {) f< ti) .. ii. 

Hydrogen NH 31hr ( 988o) - 9880 - - - - - - - -
Oxygen NH,/hr (4945) (890) - - - - - ( 58J5) - - -
Nitro3en NH3 /hr - (3294) 3294 - - - - - - - -
Syngas NH.} /hr - - (13174) 131?4 - - - - - - -
A<nmonia kg/hr - - - (5000) 2520 2480 - - - - -
Nitric ••id kg/hr - - - - ( 8917) 8917 - - - - -
AN neutralization kg/hr - - - - - (11397) 11397 - - - -
AN/CAN product kg/hr - - - - - - ( 15000) (15000) - - -
Cooling water H3/hr 1150 110 165 215 1426 222 - 3288 - - -
Demineralized water kg/hr 9000 - - - 2700 - - 11700 - ( 11700) -
Potabl11 water kg/hr - - - - - - - - - ( 2500) -
MRke-up \iiate-r kg/hr - - - - - - - - - (2500) -
Condensed water kg/hr n.a. n.a. n.a. n.fl. n.a. n.a. n.a. n.a. - - -
Boiler feed - - - 4500 14000 - - 18500 - (18500) -
Stea"' H.P. kg/hr - - - (3500) ( 2700) 2900 llO (3200) - - -

L.f'. kg/hr - .. - - (900) 900 - - - n.a. -
Electricity K'll/hr 46500 750 3500 15 42B 467 - 51784 - 14 627 

Catalyets gr/hr negl. - - 200 1.4 - - 200/1.4 - - -
Chemicale (KOH) gr/hr Bo - - - - - - 80 - - -
Dolomite-lim~etone kg/hr - - - - - - 3750 3750 - - -
I nstruinent air/ 

NH 3/hr - - 100 50 16.5 - 100 266.5 - - -Procf'se air 4184 418'1 

Off-"1 tu 

d • • If II .. .. ·s Cl ·~ Q ... ... .:i 0 .. 
II) g .. ;., ... "' ol II 
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If g Cl " . " 
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0 a 0 g 0 p, 
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u H <II <II <II 
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- - - - -
- - - - -
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<3750) -
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-
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4.5 Off-site and Storage Facilitiee 

For the proper operation of the plant, the main process unite ~ithin 

the battery limits have to be supported by relevant off-site and 

auxiliary facilities vhich are listed and specified belov. 

WA?ER PUMPI!ro STh~!ON 

~he Shire iiYer vill serYe as the main source of water supply for 

the plant's cooling and water treatment ay~tem. The pumping capacity 

o! the station has to be initially designed for 3,500 m3 per hour and 

a pressure of 40 m water-head. A atan~-by capacity of 1,000 m3 per 

hour should be added at a later stage. 

Se••n puepa ~ach of a capacity of 500 a 3/hour (134 H.P. or 103 KW) 

or alternatively 3 puaps of l,200 •)/hour capacity (320 H.P. or 240 K'W; 

have -to be installed along t!le river bank at a spot adjacent to the 

plant site to provide the required qua~tities or water. 

Estimated costs K30,000. 

WATER TREATMENT UNIT 

This unit has to produce the specific water requirements of the elec­

trolyser plant, the nitric acid pl&nt, the W.R. Boiler !eed, ari!lking 

water and the close-circuit cooling syste~'s make-up water. aster 

purification has to co'll":~t of a coagulation-filtration step followed 

b1 a demineralization &ection. 

Coagulation will take place in open tank6, filtration through gravel 

and/or activated eoa.l. for demineralization there are commercial 

systems in use sucb as ion-exchange resina, reverse osmosis and 

electro-d1aliaia. They operate fully automatic and circulation re-

quires less th&Il 0.2~ KWH per ton of purified water. Ion-exchangers 

eonaist o! two trains; while one train is in operation, the otber 

stands by or is being regenerated. 

Electrol1eia !eed water should be free o! chlorides ((0.001~ Cl), 

contain less than 10 ag/litre of solids ana should have a conductance 

of less than 6 m1cro•hoa. 

The capacity o! the vater treatment unit has to be between 35 ana 4<l 

tons per hour depending on whether one or two w.H. Boilers wi:l be 

installed witbi~ the battery limits. Treated water has to be stored 

in a deionat or ebonite tan~ of about 300 m3 holaing capacity. 

The approximate weight of the demineralisation unit will be 70 tona 

acd coat K0.7 million. '!'he space covered by the water coagulation/ 

A 
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!iltra~ion oasin ~i~l be about 16C 
c 

Ill • 

The necessary air for ",Pneumatic instru.mec.tation installed to control 

~rocees and off-site plant operations will req~ire an inRtru&ent air - .,, 
compressor annex drying unit witn a capacity of 300 m' per hour to 

be de:ivered at 4 atm. 

Apart from procees air for the air-separator, other plant units may 

require air for cooling purposes as !or instance the ammonia, the 

nitric acia and the product finishing plant. No esti•ate can be 

given at this stage apart fro~ the fact that the bulk prod~ct storage 

will rea~ire some 108 %3 of air per nour for ventilation purposes. 

ELECTR:CAL D!STRIBUT!ON SY~TEM 

Power is suppoeed to be supplieci by ESCC!o!'s interconnected system 

at Nkh\lla and to je transmitted by & 66 KV, 3-phaee 3-wire (double) 

line terminating at the battery lim:.ts. 

1he maximum load as aemanded by the plant complex operating at design 

capacity will be approximately 54 MW. The scope of the aesign !or 

the system nas there!ore to include all ~aterials and eq~ipment to 

distribute tne above quantities of electricity efficiently to the 

various plant units wit~in tne co~~le~, i.~. the rect~fiers of the 

electrolys~a plant (46.5 MW) and A.C. power (7.5 M'w) to the R.T. and 

L.T. motors of compressors, process and water pumps, tc tne control/ 

alarm system, the communication syistem instruments and ligi.ting. 

Fower tc th~ electrolyser battery has to be distributed as D.C. at 

8oo to 1,000 volt depending on choice of tecn::ullogy anci electrical 

arrangement of the units within the battery. 

The transformer/rectifier assembly to be installed !or reducing suppl: 

voltage to the level neeaed by the electrolysis battery bas to be 

equipped with appropriate control and measuring devices (induction 

regulatore, tap changers) to allow volta~e regulAt1on 

operations (60-10~). 

!or _ .. _ .... -., 
.,-~ Mo ... ... 

Power for a.T. electric-driven compres6ors (air, synthesis gae, 

ammonia) will have to be distributed as 6 to 10 kV, 3-phaee and .5C 
cyclee;. 

luau 

All power for process items consuming 160 Kw and lese, is most likely 

to be distributed at 380 volte, 3-pbase and 50 cycles. 

For inetri;:mentation, control/@1 1 arm ar.d. co11111unication systems, ae w111ll 

I 
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as for :ighting, a distrib~tion at 110-220 v. will suffice. 

The necessary E.T. and L.T. switch gear (30 field.IS), transformers (3) 

rectifiere (1), circuit-tra~ers, as well as bueubara, cablee, earth­

fault monitcre, etc. snoulQ be included in the scope of supplies and 

be designed according to the above-mentioned requirements. 

PRODUCT HANDLING SYSTEM 

The requirements !or tbe transfer of finished products fro~ tbe 

battery limitL to the product store, and subsequently to the bagging 

and loading station is covered in this section. 

The syete11 will consist of a bul~ and bag store and a bagging/loading 

unit. The design of this system should allow !or an average material 

!low of 40 toiu5 per hour, with an in-built potential to reach 60 tone 

for abort durations (l to 2 hours). This ia 2.5 times the dail1 

output of the plant operating at design cap~city, which should 

su!!ice. 

The bulk store ehould have an overhead shuttle conveyor, equipped 

with a distribution chute, which can trave . over the total lengtf of 

the building. 

From the bulk store the materials are moved by front-end loaders (2 

units of 2 m3 loacing capacity each) to a bucket-elevator, which 

lifts anci discnarges the product& to the ~on~eyor-hopper system of 

the bagging plant. The bagging plant should be designed !or two 

semi-automatic bagging lines each with a capacity o! 20 tons per hour 

to be equipped with a device for closing plastic bags by beat-sealing. 

Via conveyors the filled bags are transported to a trucit-loading 

station consisting o! *lines (two per bagging.line). 

A facility to store ll,OOO tons of products which equals one month's 

production of CAN when operating at full capacity should suffice. 

It is assWlled that the marketing o! the products will be unaertaken 

b;y the two existing distribution organizations, w>1ich coth lla.ve ade· 

quate storage facilities of their own to b~!far th,1 season.al fluctu­

ations in o!!-take. (Part I, The Fertilizer Market, page 17 and 

table 13). 

Baaei on a bulk density of about 1, the neight of tne pile formed 

ULder free flowing concitiona will c~t exceed a 11a:·i•u• of 10.5 aeter. 

As the angle of repose is a.bout 35-j? degrees, the width cf tb.e bui.l.d­

ing ahoulci consequentl7 be 30 • and the length 8o 11. The roof 

structure s~ould follow the angle or· repose with a aaxi•um height o! 

15 •· Effective floor apac~ requirements will o~ 2,400 m
2 

and the 
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vv:~zctric r€q~i~~=o:t~ 18,ooo ~~. 
allow for eepa.ra~e storing of AN (;3.~ N) and Ci~(26~ N) and pro­

vid.e a rf'c-ai• aisle. 

The !loor of tP~ bulk storage building and the wall& (maximuai height 

2 m) have to be constructed o! concrete and bricks respectively. 

While the roo! structure cac colll!i~t o! aluminium, corrugated eteel 

or concrete, the laat i& preferred. 

LIMAS7QNE GRINDING 

!he rranulation operations will require powdered limestone to be mixed 

liitll the conce1;trated AN solution at a rate of 2.5 tc 3.75 tons per 

b.our depending Oil th.e product-mix. 

For this purpose a mill nas to be installed at the plant site which 

crus~es and grinds locally quarried dolomitic limestone tc a mesh eize 

o! 100 (Tyler). 

To allow for day-shi!t operation, the capacity of the mill should be 

approximately 10 tons per hour or 2.5 times the maximum hourly re-

quirements of the process. After grindi~, the product shoula be 

atorec and air-dried prior to being used in granulating operations. 

Electricity re~uirementa wi:l be about 34 KwH and hf ,t requirements 

!or drying 30-45 Meal per ton o! limeetone. 

Space requirements: 14 x 30 m. 

S!ORAGE FACIL~TIF.S 

J.mmonia Ammonia trane!erred from the manufacturing i:;la.nt wi:~.l be 

et?red in a pressure-sphere at 20 bar &lld at :;o0 c. The spnere snoulc 

be su!ficientl1 large to store some 10 days of production of ammonia, 
2 i.e. l,200 toll.6. Space requirements : 15C • ; weight sphere: 2?0 

tone. 

Hitric ~ - A nitric acid storage tank witn trane!er pumps ehould 

be located near the nitric acid plant to buffer supplies to the 

ammcnia nit~ate Deutralization unit and the J.N/CJ.N granulation plant. 

It shoi.Ud contain some * to 5 days of desig~ output, i.e. 1,000 tons 

o! nitric acid (~ HN0
3 

solution). 

Hydrogen-gas - J.s explained in a foregoing eecti~n (4.2, page 63) the 

uee of surplus power in combination with off-p6ak pywer would enable 

the electrolyser batter:,· to operate at near constant load levels. 

Thus the need for gll.8 storage to buffer !luctuatiol'\6 in H
2
-output, 

resulting from variations in load, and to ensure a ateady supply o! 
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gas to the ammonia eynthes1s gas compressors, will be small. Theo-

retically less t~an ui average~~ 5j, o! daily ammonia production w1~~ 

be needed as a buffer stock. Yet, for reasons of ea!ety, it is re-

commended ~hat a somew.Q.at larger gas-storage facility be provided to 

hold 20,000 NM3 of hydrogen gas, the equivalent of 10 tons of ammoni& 

or 2 hours operation at design capacity. 

Nitrogen-gas - While the air-separator can oe Qesigned to ma~ch !luc­

tuatione in hydrogen output, it is recommended that storage !acilitiee 

for nitrogen iae also be installed, i~ order to proTide for snfficient 

~urge gas for electrolyser-operatioll6 in case of emergenci•e, ana 

for reduction gas to ammonia and other pJ.ant units. A gas-holder 

vitt a capacity of 3,000 NM3 1o11.ll su!fice, wnich ie the equiTa~•nt 
of one hour supplies when operating at design capacity. 

4.6 Buildings and structur&e 

Apart from the steel str~ctures needed for cer~ain pr~cese unite, 

most buildings inside bet~ery limit and !or o!f-sitee can be built 

out o! indigenous material, i.e. bricks, concrete, etc. 

The main buildings together wit~ relevant space requirements anc 

loca: unit cost of ~onstruction, are listed below. 

As no more than 50 staff personnel have to be employed in aci.minietra­

ti ve and technical functionE, the offices can, like all other 

structures, be designed ae a one-storey building. 

HOU SI Ml 

!t is assumed that the Malavi Kousing Corporation ~ill provide 

housing for medium and lower leTel eta!!. 

Executive staff wi:l have to be lodged near the plant. 

~he proTision o! 25 pre-fabricated unit~ will suffice and vill in­

volve expenditure of about 10.5 million. 

! 
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~eksurementti 6~1·face ---
~ 

• x l x h(a) • 

Ada:inistratior. area 

Aciliinietration tuildiog 

Technical ~peratio:u: b~ilding 

Plant sa!ety building 

La•oratory 

Factory gate/guards houae 

AblutioD.5 (change house) 

Contingencies 

Total &<icinistrati•e a.:-ea 

Industrial a.:-ea 

Electrolyser building 

Air ·separator buildiog 

Compressor building 

A.111111onia, elec~ric building 

" synthesis (steel structure) 

Nitric acid plant building • 
steel structure 

/Ji neutraliz..ation u::.it ; 
AN/CAN g~anulation buildi~g) 

Process control building 

Sho~ warehouse/maintenance 
building 

AN/CAN bulk store building 

CAN bag store building 

Bagging/loading station 

Storage: 

hydrogen steel structure 
nitrogen 
ammonia 

" If 

II 

" 
~ater fjltration basin+ puri­

!icati~n staticn 

Electrical sub-station 

Cont1ngez;.ciea 

!2.!!.! industrial. area 

::..5 x .;.Q x I+ 

10 x 3C 

7 x 1 .. 

t+O x 80 

lC x f>o 

16 x 75 
5 x 8 

2C x 4C 

15 x 30 

lC x 20 

2C x 35 

30 x 80 

20 x 10 

~ ind~etrial + administration ar4& 

Area within plant bOW)d~ries reeerYed !or 
pip1ug, drainage, roada, sa!ety margin.a, 
etc. 

~ surface site 

600 

300 

8o 

100 

30 

100 

~ 
l,40C 

3,200 

Boo 
1,200 

l+C 

260 

Boo 

450 

200 

700 

2,400 

250 

500 

yo) 
lOC) 
150) 

l8o 

200 

270 
12,000 

13,i+OO 

36,600 

50,000 

Cost o! 
I 

ccnsl:ruc'tion 
Unit Coete 

16c 96,ooc 
l6C 4E,oco 
12C 9,600 

180 18,000 

:20 3,6CC 

200 2C,000 

200 ;2b 1ooo 
23~1200 

::..10 352,ooc 
llC 88,oco 
150 iBo,occ 

:10 ~.4oc 
lump 

5C,OOO 
au• 

15C l.20,0CC 

200 90,000 

120 2'+,00C 

200 ii.c,oo;::, 

20C 1t8c,coc 
110 27,5Cv 

110 55,ccc 

lu•p 150,COC sua 

110 le;, Boo 
llUlp 20,000 sum 

110 62 1?0C 

l, 863, '+OC 

2.096,6CC 
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The organi~ation of a pl.ant of the 6ize and nature o: the proposed 

fertilizer complex CIUl be confined to 3 departments, i.e. production, 

aaintenance and adcini6tration. No proviaion for a separate 

engineering iepartment is being made, neither for a ealee division, 

as marxeting and distribution !unctions w~ll, most likely, oe ~nder­
ta.'tten by the two organiz.a-.:ions operating in thiB field, i.e. ADMARC 

and OPTICHEH. 

Procurement will be limited to materials and equipaent for plant 

operationB aB no ra~ material6 are required. The production and 

ter.hnical departments vill undertake these func~ions aa we:i ae the 

responsibility !or plant surveillance, !ire protection, technical 

t:·aining, et e. 

The plant will employ a total of lese thau 200 perso~ in teebnical 

and adainiatrative !unctions of which &ome 16 profesaional eta!!, 

like chemical, eleetric&l and mechanical engiLeere, accountanta and 

chemists ~i~l b~ on the payroll. Most of them have tc be recruited 

!ro• ~broad dYring the initial yearE of operation. ~nd consequently 

~~ a sal.ary lewel eubBtanti~lly highe~~~aan i~ the ease of local 

emplo13ee}•)wag~e for labour and sa:aries for pro!esei~nal sta!! 

are eetimated at t604,000 (1355,940) per 1ear, which ~orke out to 

K5.08 (13.00) per ton of C.Ati, viaeo tb.e plart iB operating at deeign 

eapacity during ''° ciays of the year. 

Training of sni:t supervisors and operators ahoul~ in the !ir~t 

instance, be orge.nized at the plant on an in-plant basis and con­

tinuously, by the aanage~ial eta!:, or bJ specially recruited ex-

pat...,iate..;. Locaily recruited process engineer~ and a limited number 

ol ehi!t eupervisore ahould underso practical traini~g in similar 

factories abroad in the pre-production period. At this stage, no 

coet eetiaate for training abroad can be given in the absence o! in~ 

!~rmation on the &T&ilaoilit7 o! local expertise in various !ielda. 

I 
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S.&lary/wage oaae 
(K/a.a.n'..Li:) 

A • Plant manager 
B = Head o! Department, aasiatant plant &an~~ers 

C • Su;ierintendents, proceaa/mec:nani.cal/electrical 
e~in .. re, accountante 

D = Shi!t supervisors, o!!ice supervisors 

E a 5ta!!/operator5 

1' ~ Secretarial assistants, typiete 

2C,000 

l,200 

Boe 
8oo 

s c D ":' Total 

~ Production Department 

A111111onia production: 

J;lectro'-ysis 
High presaure ~nita 

~itri.c acid &!ld !ertilizera1 

Acids 
fertilizer/limestone grindi~g 

Storage, bagging, di&patct: 

Storage 
Bagging, dispatch 

O!!-sitea, u~ilitiea: 

Power eupply 
Water supply/treataent 

La borate~ 

II Maintenance Department 

l:ork•hop 

1'ield repai?'e 

Electrical and process control 

III Adminis~rative Departaent 

Personnel administration 

General administration 

Finance/accounts 

Plant total l 

l 

1 

' .. 

1 

l 

l 

l 
l 

l 
l 

l 

3 

9 
9 

9 
12 

9 
3 '+2 

l 

5 16 100 

, ... 
l 

1 

3 

l 

l 

2 

lC 

3 15 

l 6 

3 
4 
c 

l5 

l 

l 

l 

l 

2 

l 

l 

l 

2 

5 

3 12 20 146 10 

2 

9 
45 

4 

3 

5 

125 

2 

12 

::.9 

8 

2 

5 

6 

12 

25 

192 

~nnual Manpower :ost,! K2?3,000 

(a) 'litll prc..vi•ic.n for annua: beiu!it.s ~ci ~ocial. 
security (~) 1355,940 

(b) Wi~ proTieion for expatriate •• a!f (lb) dur-
ing !~rst 6 y~are of operation x60~,~ 

I 
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As rshow:i ic tn~ tia•tacle chart (!i~ure lt) the propQsed !erti:izer 

project ca.n be brou;ht on streac in 2" yeare !rem initiation, i! con• 

tracted on • turn-,ey baeie. 

Tbe basic !unctiolll! tc get the ~lant completed require about 2 y~a~~. 

T~ey are: (l) baeic &nd detail60 design: {2) civil engineerin~; 

(3) procuremen• c! equipaent anti materiale; (~) th•ir ship•ent; an~ 

(5) e!'ection. 

Process deeiin !o~lowing process choice an~ deta~led plant l.&yout, 

111:.:: be aal.nly ccncernec: lllitil establish.:.ng final beat and i•aterial 

balancea, process flov sne•t~, e.({uipsent d.Ata eheete for the 4 ii:a;cr 

e.nd ~ll sub-proceesee and lllitn tbe preparation o! c;erating aanu&l~. 

!t will alao define inttrmediate a~d !i:::.a~ product storage, as weil 

aa nandli~g requirements • 

.t::igineering dersigi:. viJ.l den:::... op a ae:;aiJ.ed plant layout, preps:-• 

general aud d•tail~d epecif1c&ti~D6, codes and atandard6 to be u~ec 

for the procurement o! materials uid •quip•~~t. ~t w1ll alee de~e:::...~~ 

detailed pr~C868 aud lDatrume~tation '.iraWiD,f~ f~r p:::...ant batt1r7 UIU~~' 

off-eite !•cilitie£ &nd uti:i:~es, and prepare deta4led apecifica­

tione, data ebeete and d."awinge necessary fer the following engineer­

ing cieciplinee, i.e. civil, etr~ctura!, mechanical, pip~:;.g, elec­

trical, i~trumentation and architectural. 

It wi!l further inspect ~oc ch~c~ pur~baaed materiale !or co£plianc! 

with apecih catioru1 li..llG 11:0111 tor progreee !or c.omplianct! on delive:ry 

and shipment date6. 

~ruction and erection vill deal with manpower, equipment aLd 

logistics required to erect the plant =o~plex in each phase o! the 

vor~ !roa etart to !inieh. It will provide overall auperTision, 

directioi:. and inepectio~ o! conatructicn wor£ and per!or~ all •e:haD­

ieal c~oc~ing fl.Ild testing functicin& t'' certify aechar.ical c::iap:!.etion 

o! the plant complex. 

Commisaioni~__g wi:l invclve 8tartiwr-up uperationa. It wi.l ?41r!o~~ 

teat runa on plant cap~city ano product qu~lity !or ••ch section or 
the pl.ant, ch111ck anrt test all uti.:.~ty "yi:.teio.r;, ll'le:hanical eqi:.~paen~ 

e.nd lnetruaentation and eliminate bcttle4ec;~£, mecnanic&l !ailuree, 

etc. ae and when th•Y occ~r. 

... 

I 



~mcnia with a design capa~ity o~ 3t~ tons per aay, a2e es~i~a:ec 

at Kl3.67: million and are ba6ed on prec•~t day cost of salaries and 

serTices prevalent in LUrope. 

belGv. They de not inc:ude a:laca~1~nE fo~ the buil~-up nf ad-

ministration, recruitment and trai~ing of staff. 

Engineeric; Serv~~•s and Er•cti:)n Costs 

(in •~llicn lwach&6} 

.:::nfi:neerin5 •'."."eCtiOi:i. 

ElectrolyEl.5 - ~ ... 
,;:..-...; f 

air eeparlltion O.l4t 

A-o.:iia e1ntheeis C.984 

Nitric acid :,936 3.03 

A-oni• nitrate 0. l+ 75 0 -,~ .. ·-
JJi/CAN granulation .. ~'2""' 

- • ~,Jc; 0.?8 

Li•e.stcne i!.l 'oD.ci:ing 0.:32 C.37 

Product storage 0.0" c. 36 

Produc~ baggiZl.g/hand.llM€ 0.176 0.72 

Storage Ammonia t:.0'+4 

nitric acid 0.0~ ... 

Hydrogen gas O.C&;4 

ux:-gea , ... o.c'-i+ 

Tota: cost of aerTice.1 8.:7: .. " / ..... 

Tota.: 
- ~ .... c.. • ...,, ( 

C.1'+6 

C.Cf~.4 

i.+.966 
I' .,, ::c 
...... '-.J 

.., r., ~. 

'-. ...,; . .:: 
o.scz 
~ • :.+Oi. 

c. 8 :16 

c.o ... ~ 
\; • Oi+1~ 

c.o .... 
c.01.t~ 

13.67~ 

.. 
I 
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FIGURE 16 

TIME SCtiEflULE F(~R A CAN FERTILIZER COMPLD WITH A DAILY fllJTPUT OF 3b0 MT 
INCLUDING AN ELECTROLYSIS BATTERY. AMMONIA NITRIC ACID. AND AN/CAN PLANT 

-·· 
I I 

TIME IN MONmS FROM EFFECTIVE DATE OF CONTRACT 

! 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2 12( 25 2! 127 28129 30131 321331li, 35 3E 3713a 39 401.11.2 

Proc•ss D•sian 

EnQinHring Design 

~ 

Enginuring Drafting 

Major Purchas. 

Shipment -

-----
Civil Enginuring and work 

Er•ction of Structures 

Er•ction of Equipment 
->-

! E ... ,,, ............ 
~ Electrocol tnstallatoon 

-~-~- -·--

lnshument Installation 

Insulation and painting ,_ _,_ 

Start-up preparation and start up 

-

l.J I.I. t.< ii.[ 

--------·-

'l/.t i.9~ 5152 ~3)51. 
I 

-~ - - --

,__ 

!_ 

-

,. 

·->-

·--
·->-

-

.!. 
0 

)' 
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TIME SCHEDULE FOR A CAN FERTILIZER COMPLEX WITH A fJAll Y OUTPUT OF '3b0 MT. 
FL~URE 16 INCLUDING AN ELECTROLYSIS BATTrnY. AMMONIA NITRIC ACID. AND AN/CAN PLANT 

- --·-I 
~-~-----· ------ -- --- ----------

TIME IN MONTHS FROM EFFECTIVE OHE OF CONTRACT 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 16 19 20 21 2'2 2£ 2< 2~ 27 28 29 3013112J313"35bE :i1ps 39 w 41 1.2 43 44 V .E 'I<.~ .9~1p2 ~)":>4 

! I -
- >- ·-

Process Oes1Qn 

- -- -- ---- - -
Eng1.,eerin9 Ots19n 

Engineering Ora fling 

>-~ 

Major Purcho 50! 
,__ 

-· -

Shipment . >-

-

Ci•1I En91neer"'9 and work 

-
Erection of Structures 

9 
I 

·--
Erect ion of E qu1pment -- -
Pip1n':I Installation 

-,_ 
Electrical lnstollat1on I -

>- .__ 

Instrument Inst allat1on 

lnsulat ion and pa il"t ing ---
Start-up preparation and start-up 

+- -- -----
? ->- -

t ~ -~ t >---· 
---- ~- >-- ~- . - - . ---- ->-- - ->-- - ·- - -~- - >- .-, 

.--.-...Jl'9M.I,. --- 4 
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!''c.e c:oet of tl:.e instal.!ed prcje:t ie eet.uutec .at 1:54 •il::O.io?l, i~­

cl:u.di:.g e:.cu1 l5C ai.!.l:'.o;; er 92i. i:i !oreigD •~change, e.nd ~otal !ir.-

Deta~ls of tne •urioue cost iteme nave been O..alt witn elaboratel1 

in preceC.ing ci:.apters and are eU1111arized in f'.;ll below. 

~he list c! ~ain plant ineta:la~icns ana their coat (1979-baeie) 

includes al~ movable a.nc immovable aac~inee and equ.ipsent !or prod~c­

tion, processing and con~~ol as well ae related o!!-eite !acilitiee 

which !o~m Cl i~cegral part of 6 ~~ac.t complex h.&Ting a deeign cap­

acity o! 36c metric tonE of calcium am11ctiu11 nitrate (CAN: 26', N) p~!' 

ciay ana which is based o~ hydro~en !e~dgae ge~erated by electrolyaie 

of w•ter with electricity supply from F.SCOM'e i~ter~onnectec ayetem. 

Cost o! equipaent paciled and. delivered .r .C .». European port a 111ill 

amount to K35.9 million o! wh!CC no~ lese than 46j; ilaE t~ be alloca­

teQ !o tAe elcc~rol7aer bat~er~ al.on•. Ae expla~ned earlier, tne 

layo~t Of this Cattery 1n the initial pb&Bee of project prcjcC~ iJD­

'lementation can be limited to 75~ of drsig~ capacity and capital 

coete can correeponding:y be aa:ueted. 

In ·h~ eTa~t tn~t an inae;ende~t source or pover wo~:d be pr.~!crred, 

capital coet& t.aTe to oe :.ncreio.sea by an u1oi.;nt of K .. O mil:..:..on t~ 

co:rr;truct a h~droMpover ~:~ticn witt •~ ~nc,talled capacity o! 6C ~. 

The over&ll eize o! tee pac£ed •q~ipE@nt anc c&terial£ ~ill remaic 
7 

oelo111 4,000 ton6 by weig~t and 7,000 .~ by Tolume. 

Ocean !reig~., plus inland forvarding are, on tne baeie of current 

liner-term and unloadiag ratee, railvay tari!ta and rca~ tr&lUl?ort, 

estimated to be Kl million. Tb~s, cost of machinery ana equipaent 

delivered at tbe plant ei"e o! N~ula will amount tc about l3? million. 

It ie assumed that a !e~tili£er plant ~ill be exe~pted !ro11 cuBtoae 

dutiee on importe~ materials and component parta. No provisior. ia 

maae, eitner. !or fo~warding agency ffte&, bank cllarge6 oit tran.eit 

duee (l.37'% ad valorem). 

The coat o! engineering earvicea (including licence feee), coll.J!tr~c­

tion and commisaioAing c! the plac~ =omplex wil: amount to a tocal o! 

some 113.c million. 

Expen~eft !or eite preparation ana aeve~cpment, the •rection o! aG-

--

I 
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ai:lion to case coste. :n addit~on ~n allocat~on of KC.5 million 

h.&s been aade for the provision of ~ousing !or executive ata!f and 

l0.275 pre-operational expen•••· 

Cost of land (5 ha) doee not appear in the cocputatioIUI aa n> land 

can be MCquired in Malawi ~nd must be ee~ured on leaae agai!Ult pay­

aent of annuities. 

Thus, tbe overall coat of inatallmsnt o! the pl.ant complex is eeti-

11ated to be around K54 aillion or Xl50 1 00C per dai:: ton of in.etalled 
CAN capacity. 

To arrive at overall financing requirements 1n a111ount of ~2.16c b.ae 

to be added to cover working capital, in addition to interest 

cha~gea during construction (n.a.) ae soon ac the financing plan b.ae 

been established. 

No significant price esc,lation in regard to cost of aachinery, 

equipaent and engineering services a.re anticipated in tne short tera, 

due to slack trade in the engineerill€ and construction aarket !or 

fertilizer plant at present. Beeidee the ... jority o! capita.l coat 

elecenta has bee~ expreaaeo in a stable c~rrenc1, i.e. Geraan Marit. 

(DM). P~yaical contingenciea de not appear ae a ai~le item on 

budget capital eoata, aa aueq•ate pro~ieiac h&e b•en aade separately 

wider each coat ele••Dt. 

I 
' 
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C.1PIT~L COST i.STIMA.!ES 

InstallatioDA ]:/ 
Capac::. ty Ho. of 
per wU.t unit• 

C o • t • (million) 

l. llectroly•i• batte17 
(including aU%iliariea, 
electrical equipaeat, 
control iD.Btruaen-
ta ti on) 

2. Air aeparator 
(includill.I aechanical L 
electrical part• ' 
pipbg 

3. A-onia pl.allt: 
~,ug .. coapresaore 

(reciprocating) 

Reactor 
(including separator 
condenaere, circula­
tore, uaaonia recoTery 
' electrical parts) 

4. Hitric ac~d pl.allt 

5. Amaonia ~eutralizatioA 
pl~t 

6. AR/CAN granulation plant 

Off sitH 

13200 IM3 
Sy~aa/hour 

5T/hour 

211+ 't/dAy 

280 'r/dAy 

360 '!/dA1 

27 

1 

1 

l 

l 

l 

l 

DM 

ll.50 

l.,,O 

4.10 

ual 

2.10 

'+.21 

t 

15.93 

l.Ol 

l.72 

5.06 

0.572 

l.8o4 

i 

10.l 

1.7 

?. Storage facilitiee: 
B1drogen-gae holder 
Nitrogen-g .. holder 
Auonia-aphere 
Nitric acid atorage 

~o,ooc 111t3 2 
3,000 JIM3 l 
l,200 tone l 
l,OOO tona l 

3.6 1.5 4. '+ 

o.s-
0.9 
0.5 

o.? 0.3 
0.1+ 0.33 

0.36 0.16 

8. Water-puap station 

9. Water treataent plAAt 

1: 

l, ZOOM"" /hr 3 

35-i.o '!'/hr l 
10!/llour l 

0.068 

l.62 
l.25 lO. Liaeatone crusher/grinder 

ll. Product atorage, oaggia.c 
' handling equipaeat 

20!/hour 2 2.1+0 

12. Spar• part• ~ yalue o! equipaent 

l'• Equipaent and aaterial• packed and deliTered 
f.o.b. lurope&A ports 

14. Oc•aD freight: ?,000 freight tolUI liner te.1'9• 
at 1,94+ ($115) 

15. tTaloadi~& ?,OOOp•ri tou at lt?/toa 

16. In.land forward.i::i.gt Beil'a-Lia"De-Nkulas 
iailag• - ~,000 weight tone at 138 
ioad • 4,000 w~igbt toAe at 150 

l?. !otal of equip•eat and aateriale deliTered c.i.f. 
at plant site 

18. lngineeT"ing aerTicee (buic t.ad det;.ailed ensiaeeriq, 
procureaent, aup•r'f'i•ioa of worlaa) 

19. Sl'ectioa and co .. ieaioJlillg coat 

20. Pre-operating cost• l/ 
2l. Site preparation and deYe~opaent 

0.03 0.1 
0.713 2.1 

0.55 1.6 

i.056 -1:..! 
3~.185 100.0 

l ! ?09 _.2.:.2 

35.89lt 

0.660 
0.049 

0.152 
0.200 

}6.955 

8,l?l 

5,500 
0.,215 

0.535 

.. 
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22. CiTil wo~u 

23. Houeint 
J. _~; 

2~. &ase cost esti~ate/ill.Bt•ll•d coet 

2.5. 'Sorking capi ta.l ~ 
26. Interest during con.atn.ction 

2?. Tot&l ti11.ancing re~uir•d 

2.097 

o.;oo 
5J+.03; 

2.l.6\; 

f·•· 

l. Coat of eq~ipaent !or power distribution and air syatem is being pro­
portionally distributed OTer rel•T•~t mein proceea and o!!-aitee unite. 

2. ~gene1 feea, bank charges•~~ tra~eit dues (l.37 ~ c.i.!. Talue) not 
included. It is further aeeuaed that supplies a:• exe•pt !rom cuetoG~ 

d.ut1. 

~. Includ~s trainiJIC, corporate oTer~eeda, geceral, ate. astiaated at 5" 
erection and com&issionir&g coats. 

4. No proTi•ioo is aad• !or price aecaiations an~ e~~ip•e:t coeta are Tal! 
!or 1979. 

6. bch&nge rat .. 1 DM • Ml O.l+i. 
11St • Ml 0.82 
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8. FRCDl,;CT!CN COST ES'l'IMATES 

&.1 C~lcium am•oniua nitrate (26% N, bagged) 

Most cost elements entering into production coete !lave been deecribed 

ill detail ia preceding cbaptera. 

for the &a~e of con•enience tney are briefly summarized and comaented 

on in Annex 2: Assumption for operating eoet eeti•atee. 

Releva~t cost !iguree aeee•bied in the ~able ~elow, Dilow that produc­

tion costs, ce.lculated at 1979 constant pricee,will amount to a total 

of Kl2.96 million per year when the plant is ope~ati:.g at s design 

capaci t~" w.b.ich is expected to be in the 7th 1ear a!ter ete.:t-up. 

(b&!!-way the economic li!e of tne plant). 

The •x-!actory cost per ton of bagged CAN, at lOa.r; capacity utilizM 

a~ion,will a&ount to about 1109.00. 

The principal cost ele .. n~ ie electricity which accounts !or aleoat 

50\i o! total production cost. Electricity and depreciation charges 

together represent almost Bot> o! p-oduction costs. It ie difficult 

to aeaeee at this stage th~ foreign exchange component of production 

costs in the abeenee of details on the same for electricity unit 

coat a. 

In the second 7e&r of operation, at ?Qj capaci!y utilization o~ 

83.160 to:D.S of output, annual production co~t11 are estiaated at 

tl0,684,32e (i.e. ~ of Yaria~le plus l~ o! fixed coeta) aLd tne 

ex-!actor1 cost at 1128.5 per ton of bagged CAH. In reality tbe ex­

factor1 cost at 7~ plant utilization will turn out to be lower, if 

the nu•ber of electrolyser unite is adjusted to actual de•and and 

fixed coats are eorreepondingly lowered. 

In the financial analysig (~art II!) it vi:l be d•~onetr&t4d hov 

eensitiYe the project will be t'' electt-icity charges and capacity 

utiliution. 

8.2 Aldlonil1&,/nitrate (33.5~ bul&) 

Because o! market de11and, a eubet1u1tial part of the plant output aay 

b.aYe to be produced in the concen• rated fora o! amaoniue nitrate 

(33.~ N' and to be d~liYered in bulx. 

Most of the Yariable cost elemeLta enu•er¥ted !or CA~ vill also 

enter the cost etructare !or AN a~d unchanged with the •xception ot 
dolocite-liaestone &Jld baga, !or 'hicn tnere ia no need. 



-107-

In addition, el~ctricit1 conEumption can be reauced by about 400 Kw 

per ho11r and fixej cost such aa manpower and OYerheads by one quarter, 

becaue• there will be no n~ed Cor ba£gi10g a.nd hand.ling o! baga. 

Other !ixed coa~e will remain unchanged. A• a result, the annual 

coat of production o! Ali (33.~ N) vill amount to approxi .. tely 

lll.?5 million, whe~ the p~ant i6 operating at full capacity, i.e. 

at a rate of 28o tona per da~. 

!he ex-factor1 coet per ton o! AN deliYere~ in bulk will be ~ 

~ which, on a per-~on-nitrogen baeia, •quale 13?9 against K4l9 fer 

CAM. 

!he p~oducticn ~! AN (33.5' N) of!sra dietinct econo•ic adYantagea &E 

compared wit~ CAN (26% N). 

I 
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Calcium Ammoniua ~!trat• (26S K) Production Costa at Full Capac~tz 

Operating da1• 

Pl.at capacity 

Proceee •equaDce 

i-3}0 1ar 7ear 

Operating data 

Variable coet• · 
:per 1ear 

rued co•t• per 
1ear 

1 ll8,8o0 ll!Pl; 360 M'!PD: 15 MTPS 
Water-electrol1eia, air-separation, .... onia eyii.the•i~, 
nitri~ acid, amaoniw. nitrate neutralization, granu­
la~ion, etora1• and bagging 

iiourl1 re-It•• UAit price• (K) 
ut:ireaent• 

llectricit1 

Proceee water 

Cooling water 

Boiler feed water 

ChemicAl8 KOH (iO~) 

Doloeita-liaestone 

Catal1at• : am11oni.a 
: nitric acid 

a K
2
-ga• purification 

Bag• (plastic. 50 kg) 

Direct .. npower (labour 
and eta!!) including 
benefit• ' social se­
curity contributioDS 
( 30") 

O•erheade (adainietratiYe 
' !actor1) (~ aa.11pr.) 

MainteD&Ace repairs: (2" 
CI7 pltt.nt coeta • ci•il 
work.a) 

Depreciatiou: (~ project 
coat• ainu• non-dapre­
ciai:>lH) 

Inaurance: ( .. ~ ~' 
coete • ciTil worla) 

Interest 

iiUPic1t1 
Catal1ete 
Cheaicala 
Doloaita-liaeatone 
Bag• 

Jlaapover 
O•erheade 
Maintenance 
Depreciation 
Iuurance 
lAtare•t 

54 lfti 0.015~1 

ll.7 toll , .... 
3,288 • 3 ••• 
14-18.5 ton P••• 
l0-8o gr 4.4/q 

3.?5 ton 8.0/ton 

200 gr 't.5/kg 
l.& gr 500/tro1 oa. 

300 0.32/l::ag 

c.025 4lt.9/hour 

22.5/ho\!r 

2}6?/day 

P••• 

lwacba " 6.415,200 1+9'762 
P• • -

160,418 l.21+ 
2,?88 o.c; 

237,600 l.83 
?6o 1 ~20 5.87 

7,576,326 
355,940 2.74 
1?7,970 1.3; 
?81,0.:+o 6.03 

3,Boo,000 29.33 
265,950 2.os 

5,,00,900 

Total aanufacturing coat 

Productioa coat• per 

12,9.57,226 

109.06 

100.~ 

ton CJ.Jf bagsecl 

I 

I 



-109-

ilNJ:l : 1 

1 0 J:levstioD. Ill tfl aoo•e IS~& level • 
2. Cl~aatic data 

}. 

~. 

Air tecperature Maxiaua 
Daily •••rage auri~ not­

eet period (Sept.-No•.) 
Kiniaua 
Dai:y aTerage duriag colo­

eet pe~io~ (Ju11e-Jul~) 

R•latiTe AUJliciity l 06.00 hours 

Raiar&u 

l.Yerag• 
14.oo hour• 

t NoTeaber-Marcb 
J.pr~l-Octo~er 

B~o••~ric pree•ur• 

Thunder ato:-a. 

Wind ·nlocit::r 

Shir• RiTer water 

p;! 

preTaili~g direction: 
dry 1ua.on 
wet aeaaon 

au..lz•i.15 

o.., 
w 

o ... .... 
oc 

-
d&ye 

period 

a/sec 

oc 
micro.choe/ c::: 

Temperature 
ConductiYity 
~ota.l. aolilU 
free chloriD• 
rr .. co

2 :.co Tota~ &:ltalinity: &8 

Total hard.n1uu1 u CaCO~ 
P•r-ne11t bardlleea: &J!! CaCO,_ 

"' Meta le Iron 
Maz:gan••• 
Calciua 
Ka.gi:.eai;ui 

AYerage &JUlual !low rate 

Jllectricit;z: 

H.1' • eiippl7 

O!'!-peak ana eurplue power &Tailability 
in the period 1980-1990 

pp• 

" ,. 
" 
" 
II 

H 

" 
" 
" 

• 3/eec. 

lV 
phaee11 
cyclee 

MW 

5. Soil conditione 

Gn•i•eic roc~-bed co•er•d by weatnered 
aateriala, thicknesa 

&oil bearing capacity 
iequired 

6. Cost data 

Coutruetioac 
lat elaea (? • widtn bituaen) a.xel 

load 8. tona 
5econc.i.ar1 (? • width, graTel) 
District (dirt) 

iail track: {50 lo. rail on pre-cast con-

• 

l/11ile 

l/•Ue 
l/ail• 

crete eleepere, •ith t~ack !~~~1 -k/ail• 
etone-balasted) 

Power transmission: 66/130 IV firet 20 Kii I/ail• 
longer di~"ancee IC/mile 

16 

65/83/92 
50/68/8it 
35/54/68 
60-70 
negligible 

971+/979/983 

?C/100 
1'o•-Ma:ch 

-/c/30 

N. Ea.e~ 

S. East 

7.7 
20-27 
178-250 
130-200 
6 
2-1+ 
l.05-135 
''-e6 
11.a. 

0.10-C.'+ 
4-lC 
1+0-75 
20-37 

235 

66 
3 
50 

30-90 

6.-
n.a. 
2.-

150 ,000 

100,000 
50,00C-?C,COO 

270,000-
}20,000 

25,600 
33,bOO 

I 
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2 ASSUMP':'IOJS TOR OPEKA.TING COST l:S!IMATF.S 

1,. llectrici ti 

Power ia aeauaed to be auppli•d by J:SCOM. The econ~aie coet of o!fpe...,.. 

pover ie taken at l.5 t per KWh (refe Chapter I, a -etion 3.8: Elec­

tricit1 chars••, pag• 37). 

2.~ 

Water will not app•ar in cost calculations aa raw water will be direct~y 

obtai.n•d fro• the Shir• Ri••r at uo coet. 

The conauaption of electricit1 !or water pu.piJli. puri!icatioa, etc. ae 

well aa depreciation are coYered under aajor coat it••• on .. oYeral.l 

"b-i•. 

3. Catalreta and ch•mic&J-! 

Th••• it••• baTe been dealt witb under the releYant aectio~ ot Cbapte: 

II, Section 4.4, Materiale and utility balance. 

~. Doloaitic-liaeetoae 

Coll8U11ption o! ground doloaite-liaeatosa. ie at a rate of 0.25 toDa per 
ton o! CAN (2~). 

Coat of aining ie taken at 14 per ton while tranaport and b.alldlin« c~•t 

will be at an aYerage ~4 per ton, totallin« 18 per ton o! liaeatoait 

quarried deli•e~ed at the factory. 

5. !!I! 
Iaported !ertiliaer producta are usual!1 packed in woTen poly-pror1l•c~ 

baga haYing a pol1•eth7lene iDDer Dag. Products gr&JlUlated in the 

pla.ut ot OP'!'ICHJ:M are packed in low denaity pol7-•tbylaae oage with op•~ 

llU~tbe which are cloeed bf heat-eealing. (Thiciul•••: ZOO aicroaa; 

••a.aure•••t. : 23 x 35.5 inches; 8oo gauge). 

Tbe1 perfora well UDder local condi-tiou t4 atorage, handlia.g and tran1r;;or• 

!hie t7pe of bag ie localJ..1 •anu!actured by Plastic Product• Liaited (a 

su~aidiaz·1 of the Malawi Dnelopseat Corporation). 

Present eapacit7 ie about l •illion oaga a 1ear,agaiaet l.D annual req~l"•­

••nt ot 2.4 •illion b&ge once the fertilizer factory •ttaina full capa~~ty 

'l'he current aal•• price ie _31.53 t per bag, which ia taken ae u.ait pri::.t 
tor coat calculation •• 

i 
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6. Direct aanfower 

Salariea, wage• ~ud benefit• or peraonnel are tre•ted ae a fixed cost 

it•• aa i~ customary in a capital intenaiTe industr: like a fertilize~ 

plant. l.abour, apart !roa bagging operation.a, ie ueual.ly peraanently 

emplo:ed and not laid o!f in alack pe~ioda. 

The cost o! aanpover ilas bee::t ciealt with in a previoua aectior.. !t 

i• estimated at 1603,000 per &1111.ua ciuring the !irat 6 1eara o! operat:.,_:r, 

and at K.355,5lt0 per annua iD later yeara. on.ce •~atriate eta!~ hae 

been replaced by local peraocnel. A ~ ';ionue !or beneti ti; and aecuri ·-:: 

pa19ente ia incluued in the abo·H !igurea. 

?. O'Terheade 

Cost it••• under this headiAg include o!!ice aupp:i••• collllunicatione. 

renta, contractual services, tranaport, public relatione, land lease, e:c. 

'!'hey were coaputed ae a ~ aurcharg9 o! unpower inp'L!ta which will u;.; 

coTer.all anticipated expenditure o! the 11ature re!errec to above. 

8. Maintenance/repairs 

Maintenance and repairs are ta~en at 2.05 on initial book Talue of civi: 

vorka, aaountiisg to X2,097 aillion ~d cf Talue o! deliTered .. chin•~Y 

and equip•ent, aaoUAting to 136.956 aillion, totalliAE; I39,J52 aillioA. 

Spare parta, i:cluded ~-D the capital cost eetiaa!e, ia equiTalent ~::) 

thl"•• 1eara' auppliee o! aaintenance aaterial• (10.6 aillioa per 1ear/_ 

9. Depreciation 

Tne ecoaoaic life of the pla~ ia taken •• l~ 7eara. Aae•t• to be d•­

preciated include total i~tall•d coat {154 •il:iom) ai:u• noa-depreciat , 

••••t• like laad, •it• preparation (10.535 ailliom), pre-opera~io&&l 

expeneee (10.275 aillioa), totallini 153.19 ailliom. 

~:DAual depreciation c.barge• (14 1•ar• atraight line) aaount to 

~ • ~8 aillion, or 1" per 1•ar. 

10. Land leaae and in.urance 

taere ia ••rf little fJ'e•&el& laA!i in ~lawi. lo-called Cuato&arJ Lan~ 

ia acquired bf the Goveraaent from the local Tillage• for ind'.Wtrial 

purpo••• and le .. ed to iadu•tri••· Ter•• o! tbe l•••• are !roa 20 to 99 
1eara at a rate ot 1750 to ~l,000 per aectare per 1•ar aad thia cbarg~ 

ia included uader adai:rdatrati•• oTerbead•. 

lnaurance payaenta to co•er dallac• to 8AChiae?')' equip••Bt and buildince 

ia taken u o.~ o! rele•ant book Talue, i.e. ineta~.led project coat• .,- ·• 

coat o! •it• preparatioa and pre-operatiq expH•~·• (153.19 aillioa). 

I 
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1iOllING CAP!T.l1 CC.CUUT!ON .l'! 19?9 PRit!Ul 1/ 
(:t) 

In••n~orz 

(a) Cbeaical11 o.u~ 7ear auppl1 

(k>) Cata.L7eta One 1•.r aupplJ 

(c) Bat:• 30 da7e euppl1 

( d) .&pare parts if 

(•) Liaestou 30 da7e euppl7 

{t) liorir. in progr••• 5 operatiAg 0.7• aaaoDia 
output (600 torus) at 
1244/tou 

{g) Finiahed prc~uct 15 operati11.g ciaye pro-
iDTentor: duction o! CAN 

(5.l+OO tona) at 1109 

total - z.788 
16o,l+l8 

69, l20 

21,600 

l'+t,40C 

588,600 

2 • .Account• receiTabl• 30 operating ci.a7e pro- I 
duction gf CAN .i l, 8qo' 000 
{ 10, 80o tou) at ll?S 

}. Mini.INS operating caah balance s~ of production COl!l\8 
excluciing depr•ciatioD 

4. Groee worki!§ ca~itaJ:. 

5. Accounte pa7abl• 30 operating da7e pro­
duct ion of CAM 

1+57. 861 

(l0,8oo tone) at 1109 l,177,200 

6. Net working eapit&l required 

l. Baaed on l~ capacit1 utilization (e.g. 3,0 operatiiiga daye/7ear) 

2. Iacluded in the capital coats 

3. 19?9 eal•• price of CAN ez etor• Liaoe. 

j 

i 

I 



-11.3-

Kal.avi 1• well enoow•d with li•eetonea and aost of th•• are doloaitic 

an.d &enc• ba•• uaeful.aese ae filler in the production o! calciwa 

amaoniua nitrate. 

iome of the •ore iapo~tant .. gne•iWI liaeatone occurrence• in Malawi are 

8U11i1o41'1&•d in the tabl• below. 

Quantit1 or extent Au.lpi• • Loe• 0:11 
Locatioa Area of a•ailable liaeetoae Ca.O Ilg() a102 igni tior. 

Ila top• 

Lirugve 

~&piri 
JI ill 

Kiddle Skire/ Ab t 650 000 lirk R&Dge ou ' 

• hteuiTe 

" 

to11.11 30-32 19-20 (10 

ZZ-32. 18-22 ( 1 

28.7 21.7 

Clnasi Chilitwawa Becla ap to 1.5 a thick 

Of t~• !our aaia d•poaita, tho•• o! Jlatcp• a.n'1 Lira11.gwe are the neare•t to 

Val.Ura 1err1, th• poaeibl~ •it• of the fertiliser pla.Jtt COllplu:. 

The Lir!!fw• occ-ll!Tence i• eituat•d about 38 ca froa ilantyre, 5 ka lorta 

k9t of Lirancve 'fowuhip an~ 25 Im to th• J:aet of Walker• !'•rry. '!h• 

Depoait ie aighl7 doloaitic atd two type• oecur, one with l••• than l°' 

cal.cit.., th• other "1th 25" to ~ =~lcite. The aore dolOll1tie tyr•• 

vnich ie coaaon at th• •o•therll end of th• outcrop, haa a ••diu.11 to coar~• 

graiaod texture &Ad a cream1 white colour. Serpontia• is the onl.1 .. cro­

•oopic i•purit1. !he •or• caleitic tJ~•· !roe the :.Orthern end contains 

•ore ailicat• iaparit1 but l••• than 1"'. 

Th• Lir&DK•• depoait 1• Tariable in thicltll.••• but aTerag•• abo•t 50 a and 
etr1k• 

lla• a total/l•qth of a~oat 2 ka. ie•erT•• are ••tiaated at OYer 0.5 a t:>·is. 

Th• quarr1 ha• •••1 ace••• &Ad i• b•iBC eJtploited for li•• buraiac. Li•• 

i• eold uad•r coatract to the Ministry of Worka for building purpo•••· 

Co•t of quarr7ia.g aateriale ba• bHn ginn •• l}-4 /ton 

!a. II'''' ,.,~sit 1a l•tat~• ... r Matop• -ri'c• cle.. te ta• ... i.a ... ter: 

Malt et \A• 1.a1ro Jlinl' at ••• zo u to tti.• -rt~ •f W•l~r• rerr1. 

!~t occurrence i• highl.7 doloaitic. It cont&ill.8 eilicat• iapariti•• ia 

Tariable and relatiTel1 high quantiti•• b~t generall7 le•• than l~ of th­

J'ock. 

Th• aain depoeit atretchee •• a band of Tariabl• thielule•• (C-18 a) ~T•r ~ 

ti•taace of z m. i•••n .. up to 650,000 are ••ti .. tecl to be aTailabl• !· 

Cl11&Z'?'fiDC vithia }O a of th• •urface. Th• coat of quarr7ia.g 1• eetiaatev 

at IJt per toa. tot, bocauae of it• lower dlicat• content, tb• liraqn 

doloaite anould be preferred •• a filler for CAI productioa. 
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In addition there ia th• Julad group o! ~oloaitic li•••tozr.ea, lesa •hu 

3 ll:a to th• eaat and 10 km to th• aouth eaat of Valk•r• rerr1. For ~Aia 

Y•r1 littl• inforaation on qualit1 and qu&Atiti•• ia aTailaele. Cnc• a 

AeCieioA OD tbe fertili&e!" project ia taken farther detailed explorat•rJ 

work would becoe• expedient becauee of the Ticinity o! the occ~rrencee 

.. ar th• •it• or th• plaat. 

I 
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5 BY-PROIJU~S 

The main by-prvdu~te of ammonia aanu!acture v~a tht ~ate~-e~ectrc~ycis an~ 

air-separation route is ox7gen (0 2). 

Ox,-gen is an industrial gas &lld is used !or bleaching purpoeee, welding, 

metal cutting, theraic launching of cement, etc. 

consumers o! industrial oxygen in Malawi, which together purchaeec in 

1978/79 a total o! 6 million cu! o! gae (162,160 NM
3 ) equivalent to 230 to·~ 

o! gas at an average price o! ~15 per 300 cu! (Kl.5 per k.g). !nduEtrial 

Gaaes Li•ited (!GL) is Uie aajor aupplier o! industrial gases in Malawi • 

.According to tb.eir projectione tile market for oxygen will reacb. 1'Clle 22? ,C.::''j 

NM3 or o
2 

by 1980/81 and most likely some 27C,OOO N~3 or 38o tons of oxygen 

gaa by 1985/86 (8 to 10% increase per year). An additional and potential 

customer o! oxygen gas may becoae the Viphye F~lp Project. Using oxygen 

instead o! chlorine as ~ bleaching agent would reportedly require some 5C 

to~ of-0
2 

per day. 

Ce>-product ox1gen is produced by both the water-electrolysis and the ai.r­

eeparation route at a rate o! l,665 NM3 or 1,166 kg per ton of ammonia 

1118llUfactured. 
Co-produet o:.cygen 
per ton of ammonia 

'.I. 

}(g Nii\_.. 

Electrolysis (g) l,it:2 988 

.Hr separation (' \ ~, 253 178 

Tot&l l,665 1,166 

When the fertilizer project is aperat.ing at design capacity, i.e. 120 to~f 

o! NM
3 

per day, the production of co-product ox1g•n will amo~nt to 8.325 

tone per hour or 200 tons per ci.Qy. Thus th• entire oxygen mar~et o! 

Malawi would be served by 2-3 days production o! the plant. 

Because o! the small size of the market in Malawi !or industrial oxygen, 

no install•tione for !illing cylinders are planned at this stage and no 

credit is given !or oxygen co-product in cost cal,~lations. 

I 
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I. FIMNCIAL EVAWA.TIOO 

1. Basis of Analysis 

The fire.ncial retUTI"I oo the investmer.t capital is the ultimate crtterioo 

to detenninE whet.ier the project is ccmnercially viable. Conc::>quently, 

the orcfitability are.lysis to be c:orrioo out will es: antially consist of 

assessing the ratio between the profit and the capital to be invested in 

the proposed project, Si·~e it is t.nknown at this stage how the project 

will ultirrately be financed, the are.lysis will be prepared of the total 

investment and as if the project would be irnplanented without outside 

financing. Such a procedure is a y,sy (a) to assess the econanic value 

of the project far the enterpreneur and to cc:rnpare the EBrning power of 

the project with pre-.,e.iling opportunity ~est of c::epital*, (b) to j!.Dge 

project alternatives on their own merits, asst.ming eql.Bl cor.di~l".'!'15 

for financing and (c) to indiretB the conditions of lam financing 

such as the schedule of lean rep:!.yment as well as the riex!.mU'Tl interest 

rate which could be paid without crmting any losses for the project 

The measures fr-r e~luation used in this are.lysis are:-

1. The BrSBk-even Point 

2. The Internal Rate of Retum 

and 3. The Pay-&lck Period 

The ?ay-8e.ck Period is defined as the perioe required to recup81'11te the 

original investment outlay through earnings of the project. 

The Brmk-Even Point (s.E.P.} determines the point at which salat>·· revenues 

~l.Bl pr00uction oosts. 

The Internal FBte of Return (I .R.R.} is the discount ?1.!te at which the 

present -..e.lue of C!Sh inflows is eqt.Bl to thR present value of cash out­

"flows. It is the rate at which the present worth of ti1e benefits to be 

derived frcr:i the project eql.J!lls the present worth of the cost. In other 

words it represents the retLll'Tl av~ the econanic life of the project to 

the resources engaged in the project or the rate of interest at which money 

could be borrowed to build the plant and be exactly ?'9paid by the trading 

profit. 

;----------------------~---------------------------------------------
The weighted avere.gs of the borrowing rate fcrr funds in i::he international 

and loc::el market plus an acceptable Price-eBrning ~tic for equity 

financing. 

2/ .••..•.• 

I 
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The procedure for calculating the !.R.R. is to ccrnpute o:ish f'lows and to disi:.:c· .. rnt 

ttian to detE?tTnine by trial and 8ITOr the re.te at which present \.El.lues are zero. 

Depreciation is not deducted as e cost in cash flo.v statements, as discounted 

measures of project worth autare-+:ically take care of provisions for re-inves'bnents. 

1-"urther and rrajor ass1.1T1ptions L'~ed in the preparotion of cash flCM st:atanents are 

the following:-

1. AatFd production capacity (at 10V'~_capacity utilisatior) is 112ROO metric tons 

crf CAN ( 28;'.N) per yrnr and is based on a design capacity of 15 ~,rrf'O and 

330 OD81'1:lting days per a:i.lender year. 

2. The project will start orcxluction tov.ards mid 1983 namely 30 months fran 

initiation (EErly 1981j. · 

Pra:iuction ouild~p will, in confomi ty with dc::rnestic market demand, 

increase ~du:i.lly frar, a cai:nctiy utilization nite of 3!f:~ in 19133 to 

100/ in the 9th yrer of operation (1.e. 1991 in the 11th yeer ·fran 

ini tie ti.on) • 

3. The econanic life of the project is taken e.s 14 years, which inclu:les 

the initial yCErs of construction. 

4. Capital* end operating ·costs (renufacuring cost minus depreciation) 

are taken fron Part II, Chapter 2 of this stu:ly and represent ...e.lues 

pr8'.6iling at the time of appreisal. 

Correspondingly all price, costs and benefit f'igures in the aash flow 

statanents are eXfJT'essed in constant 19'79 tenns. 

5. The ::;rice for electrir,ity is assl.l!led to be 1,5 tambala per K/~ (See Part II, 

Chaptcrr 2: Electricity charges, Page 37) 

6. The ex-factory price for CAN is taken as K1';5 per metric ton of bagged 

product (see appendix I) and is free of excis~ duty, 

? • Incane tax of 45 per cent to be paid by any rrenufacturing or tn!ding 

canpa.ny in "'8.Jawi is 51.JPposed to be waved. 

8. The total capacity outlay is supposed to be disbursed entirely during the 

30 months construction pericxl and in conformity with the implanen1'Jtion 

schedule for the project i.e. 1st yeer: 3(r,'.; 2nd yee.r: 5CJ;'; 3rd yeBr 

( 6 months) ; 2r:J1~. 

* 
"8.chinery and equipment is supposed to be imported duty-free, 

.. J 
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2. Project Viability 

The profitability analysis (Appendices: 2 - LI} indicate that the proposed 

fertiliZer project will start to break-EVSn at a cspacity utiliZatior, of 

around 4D)"o. 

The B.E.P. is relatively low which is unusl..31 for highly capital intensive 

project 11. It illustrates the predrninant effect of the relatively high 

level of \.Elriable costs ( c;;le::tricity) in relstion to fixed costs. A low 

B.E.P is convenient since it renders the project less vulneni.ble to 

changes in the level of prcduction (sales}. Furthermore, it enables the 

project to start making a profit at a relatively low level of capacity 

ut:i.Uzation. On the other hand, the relativGly snall difference between 

unit sales price and \.Srlable unit cost (electricity) renders the 

project a rather modest earning POINer potential. This is first of all 

demonstreted by the fact that the B.E.P. is very sensitive to changes in 

the unit sales price. A 1CJ)~ reduction in sales revenues per unit of 

output ilmiediately increases the B.E.P. fr011 40 to 4f!/~. 

A pnilimirery indicstion of the profitability of the project is provided 

by the simple rnte of return (SAR). Based on the ass~ed selling price of 

K1?5 and estimated manufacturing cost of K1C9 per ton, the SRR is 13.9'/o. 

The return drops by 1°/" in case of a reduction in selling price of KA.9 per 

ton is applied. This approximate calculation naturelly overestimates the 

average rerning power potential.of the projflict; beceuse the plant will 

take f'.t lrest 9 to 10 yeere to achieve full output. 

This discounted cash flow method therefore µra\.'i.des a more accUYBte 

assessment of the project's earning capacity. 

The I.A.A. befare tax is 11.~o (Ap:-iendi.x 4} in real terms. 

It confims that the overall earning pc:mer po~er.i!t1A1: of the project is 

modest to low when canpared with going·opport1.¥1ity C('.lst assUTiptions 

i.e. 19o/o. Besides the pay back period, i.e. A - 9 years, is a ret!·fer lc:!ng 

period to rC3cover original investmC3nti;. Thus in the event tret a 

substantial pert of the investments res to be financed with outside lO!lns, 

the project will barely be in a position tr support interest rates higher 

than 10 per cent. Furthermore without the facility of deferred repeyment 

of loans, it will be impossible to achieve a debt service coverage retie 

of at ll"est 1.5 during the first 7 to e yrers of plant operation. 

.. 
I 
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It is obvious that any less favoUTable a~sunptions as mentioned above and 

in perticular a reduction in the; selling price of C'\t< would increBse the 

time nel3ded to meet financial obligations and would :-ender tr.: project 

not sufficiently viable canmercially to attract funds. 

Sensitivity tests have been conducted to determine the; effects on the re.te 

of return of 

1. An extended repital disbursement schedule (sla.ver investment build~) 

2. Improved capacity utilization (accelerated production/sales build-up} 

anc! subsequently the effects of 

., 
....; . A \.6riable cost decrrese by 10';: 

and 

l'. A sales revenue (price) decrease t:Jy 1o;:, 

The result of the analysis are [;ivcn in the appendices 5 - S and are 

s U'TVT'firis ed be low • 

SENSITIVITY TESTS ON TI-lE INTERNAL PATE ~ RETl.RN 

1. Base Case 

2. Alte?"r8tive /\ Slower Investment 
build-up 

3. Alterrotivc 8 Optimun capacity 
uti liza titri 

l',, Alternative 81: OptimLIT1 caµici cy 
utilization includina a 1a/, 
decr3ase in veriablc cosi: 

5. Alternative: 82: (Jptirm..m capacity 
utilization includincr a 10:'­
reduction in sales revenues 

6. Alternative 81 + 2: OptimLrn capacity 
utilization including a 1a;'., reduction 

_, 
' 

11.50 

12.70 

13.30 

15,36 

in both \eriable cost and sales price. 11.12 

AltE!n"Btive A (Appei1dix 5) 

Pay-back Period 

8.9 

8.3 

s. 1 

7,8 

Tho project would allow for a slower bi..:ild-up of investments because the 

nunber of electrolyser uni ts required can be ad justed to develapments in 

danand for fertilizer products, (See Part II, Chapter ~ Page 62, 63). 

(Yenrs) 

I 

I 
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Distributing the capi i:al outlay for ·::r-:e elec+:rolyser tia·'.::tery C1Ver ':he 

er'::"i.re econanic lifs of the project would ~"orove the I.R,R. by 1,14' to 

1'."', 7; ·• But i ': would haroly affe?ct an imorovement in the profi·:: 

break-ever. or pay-Oacl< period. The prcject is therefore moderetely 

sensitive to lower investment build-up, 

.l\ltemative rJ (Appendix 3) 

Prcx:!uction (sales) build-up to apti.mun re tes of repaci ty utilization 

would include a substantial imprnvanontof the I.R.R, to 13,.J;'-, F~ e 

technirel anc operational point of view, it is quite feasible to 

increase the rete of repacity utilization frm 30'!~ in the firs"". year 

of operation ( 6 months of pl"IX:luction) to 10C1;'. in the 4th year of 

opare.tion, 

Simultaneously, the period required to recover the amouit of original 

inves'.:ments will be brought down fran almost 9 to 8 yEBrs, In case of 

lcsn financing ii:: would nonetheless be necessary to carefully adjust 

the lcsn payment schedule to cash inflol'IS in order no'~ to anclanger 

the liquidit:1 position of :he project, 

It is cloor that altzn1ativ€ 8 offers a grEB-ter attYe.ctiver.ess trr:i 

alternative A as a measure to improve the earninr power repeci ty of the 

project. 

The increase in output over the econanic life of the project would be 

8'7,900 tons or only ?,'J/,, far which outlets have to be found in the local 

market or across the bordir.. in Zambia or r.~oce.mbique during the first 

3 yea.re of operetion. 

Alternative 81 ( .ppendix ?) 

A cC1T1bination of optimun and technic:.all~' fEl!lsible rotes of capacity 

utilization during the initial years of plant opC?1!tion and a 

reduction in electricity cost fran 1.5 to 1,32 tambala per KVIH (eql.l!l to 

a reduction in ~riable cost of m;',) will increase the I.A.A. to 15,35;~. 

On the basis of a price of Q,,88 tambala per _KYM, whicf':l eql.Slizes the unit cost 

of electricity supply fran an own hydro-power station, the I.R.R. will be 

20 per cent. 

At such a rete of return, the project will not fail to attnlct funds in case 

outside financina would be reo1 ·ireci .... 

.. 
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Alternative 62 (Apoendix _ 

A reduction of 1C( in sales revenues as induced by a decrease in the sales 

price "'ran K1'75 to K15'7 05 per ton which almost eql.lll!i th& subsidized Price 

level at which CAN has been distributed to snell holders durinr 19'79/BC, 

would lower the I.R.R. immediately to below 1rn~, in ::;pite of optimun 

ca~ci:;y utilization. 

Alteniative 81 + 2 

Optimun capacity utilization in ccmbination with a 10'~ reduc-:=-..;.on in both 

l.firiabl8 cost and sales revenues would render the project an EBming 

power of just over 11~' • 

It is obvious that ·t:he p~ofitability of the project is very sensitive 

to changes in sales ~rices and electricity cost. 

Optimlr.1 capacity utilization in ccrnbination with a sales price of not 

less than K1'75 per tor. of bagg€d product and an electricity cost ·of arotS'ld 

ril.88 tambala per ~ would ur.der the assunption of tax exenption, enable 

the project to attain an eerning power sufficiently hi~h to attract the 

funds for financing at normal canmerc:ial terms. 

II. ECONCt.IIC EVALUA.TION 

1. Foreign Exchancre Savinas 

/\t 100:1: caoacity utilization, the plant will produce sane 118POO tons of 

CAN per annun. If imported, this output would involve scme K20,79 million 

in foreig:-i currency expenditure per anm.rn ( 19?9 price basis). 

The total foreign currency cc:rnponent of operating costs (plus capital che.rges) 

ls estimated at about K94t,,246 (1<4,516 1 :'46) per annun, which leaves savings 

in foreign exchange of K19,85 million ( 16.27 million) per anm.rn 

(See appendix 10). 

Ccmi:crison of the local currency costs incurred and the anm..el savings in 

foreign exchange indicate that only KO,a1 (0,52) will have to be spent to 

save K1 .oo of foreign exchancre. 
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Beo:luse of i::he very high level of dcrnestically a'..eilab le inputs, especially 

el"!ctrici ty, foreign excrange: savin')s per ton of CL\N amoun+; i:o K167 ( 137) 

or ::.;5,5 (7C.3) par cent of the 1976-79 import velue, which is econr::mically 

extranely favourabls. 

In addition, the cstimatec corei~n exchange firencing required for the 

project i. e, about K50 million, can be more tren covered in less than 

3 years of operation at full p.-oduction, 

2, OthGr Econr::mic Benefits 

By its high danand for electricity, the project will pu·: l::o profimble 

use -Che large !!lff-1Jeak power a'..eilability of the country's electricity 

ccmpany, ESCOM, for which there is no ali::errative outlct. 

The project will thera-Fore have a grEBt impact on ESCO!.'s capacity 

utilization of power generation facilities and consequently on the 

ecom:rnics of operation, The aoditional cash fl0\0
1 generated by incane 

fran the fertiliZer project will subs::Sntially improve the fi!"IB.ncial 

;:iosition of ESCOiJ "'ho have financed the purchase of their assets by 

foreign borrowings, 

FeM:iliZer manufactured drrnestically and entirely frc:ni local soUl"l!:es 

of ?t3.W rreterials and utilities will provide price and SL:Jpply wise, a 

salient element of stability to agricultural prodl.'Ction, the mainstake 

in the country's econr::my. 

Furt:h!??"!l1!!1?"E:
1 

the unmeasured econcrnic benefits of management and techn1.aal 

training, fl!.31-:c this project oarticularly attractive for te.lawi. 

... 
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SU..:.'ARY l\ND COl'JCUk:lGiS 

1, The market for ni. trogenous fertilizer in L'la 1awi has developed Fran sarH? 

12,0CJC tons of nitrogen in the 1972/73 croppinr, ssason to ~7,200 ~ons 

:if ni':rogen in 1978/79 at a cc:moound anmal rate of about S per cent. 

2. In the context of the market structure and in line •1 .. :ch the preve.ilin£; 

agricultur.:i.l policies, it is anticipatoo that consunption will continue 

to increase at more or less the same rete of growth in the·crnrl.nt:' 10 

years to reach sane 22,000 tons of nitrogen in 1983 and 33,000 tons of 

nitrogen by 1~1/92. 

3. Consistent with the projections for develapments in denr:md, it is 

proposed to install amr.icnia and relc::iLl!l l!Um.llCl"liun nitntte (~rJ - 26",{N) 

manufacturing facilities with a rated capacity of 1?.0 and 360 tons per 

day respectively (or alternatively ammoniLJ;; nitrate - 33.5';'.N rated capacity 

280 r,iT?O) • 

L'., Coal and water powgr are the two resources to manufacture arrmonie 

in ,.'E.lawi independently fran for8ign supplies of ro·;1 ceterials. 

5. The eccn~ of producini::; ammonia frorn 1..etS?"-1Jower are distinctly 

bettl:!r than producing it from cool. Against capital cost of 

K550.000 per daily ton cif installoo eapacity as rE:?Quired for the:: 

ccal-gasific~:d.on route, stands K270,DDO only for ::he water-

electrolysis proc:=!Ss. Cost of rrenufacturinr; ar.imonia via coal 

gasification will amount to not less than K353 psr ton, while producing·· 

ammonia· via the water-electrolysis process will cost about K2l14 per ti.Jn. 

Besides, a hydro-<Jower based plant is considete.bly more simple to operete 

than a coal-cased plant. 

6. The area around '.'lalkers Ferry should be consideroo as the preferroo 

location for the plant, as the cost involved for infrastructure and 

site development are the least among the e.lteniativc possibilities. 

Besides the adjacency of Nkula Power Station will ensure continuity 

of supplies and facilitate daily ape?i'!tions. 

7. The·electrolytic-hydrogen based project will have an anm.el output of 

11A
1
808 tons of CAN (2e;'JJ) when opereting at full capacity during 

330 days per calender yoor. 

8. Project costs are estimated at K56.2 million including K2 .16 million 

as working oapi te.1. The fm-eign exche.nce c001pone:mt of the inves'bnent 

outlay will be approxilr# tely KSO million. 

I 
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9 0 The cost of manufacturinf; CAN is estimated at K1CF per ton product once 

the plant attains full capacity utilization. 

10. The earning paNer as calculilte:! by discountcxl cash flows over the 

econonic life of the project ( 14 years) at constant 1~ values is 

estineted at 11.:ie:.~ bef'ore tax while the prof"i t bra:i.k~en point is 

reached at 4G;~ cai:sc~ty utilization. 

11. The prof'itabil!ty of the project can be substantially improved to 

15.Jei~ by optimL.1"11 caoe.city utilization during the initial yrers 

of operation, canbina:l with a reduction in electricity cost 

fran 1.5 tambala to 1.32 tarnbala per KWH, and to 20/c, in the case of 
I 

a unit ocst for pa.ver supply at 0.88 tambala. 

12. Stability ~n both suoplies and prices fer nitrogenous fertilizers, 

in addition to substantial savings in Foreign currency and a signific,;mtly 

:improved ca~city utilization of the country's power generetion 

facilities, are ·;:tie salient econanic benefits to be derived fran a 

danestic industry basec! on the country's abundant hydro-power resoun:::c:;. 

I 

I 
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1. ~ project is 1-eco1rmended for implementation beceuse its techniC81 

feasibility is evident and tr.e benefits to be derived fran it are 

signifialnt far the cm.ntry as a whole. 

2. Since the cost of elect:ncity is the deteminant factor in reg!rti to 

firend.al vi.Bb111 ty, 1 t is recanmencled that e. decision on this mat-ter 

is taken e.t the highest polic~king level and with the shortest 

possible delay. 

3. For this ~ose e. small wOr'king grouP of exports should be established to 

work out an electricity price, being appropriate to, the interest of 

bot:h ESCOM and the Fertilizer Project. 

4. Respansibili.ty for the rmlisation of the project should be del~tEJd to 

specific organisations or institutions as a firSt step to the setting I.IP 

of a fertilizer canpany. 
I 

I 
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INTROOUCT1CN 

The Goverment of ~lawi requested Lt.JlDO early 19'79 to \S'ldertake a 

canprehensive feasibility study on the possib-t.lity of manufacturing 

ni t:roganous fertiliZers fran lcoal nature.l resources and to attest the 

via.bill ty of such a vent\.n"e (terms of reference attached). 

The stu:ly vas undertaken by F .J.E. Van Dierendonck, FertiliZer Industry 

Cansul~nt who \..SS based in t.Blawi f"ran 28th July 19?9 until 31st Jam.e?Y, 

1980. The stl.Dy is in ~e volLITles i.e.:-

~rt I : The Fertilizer ~-Brl<:et 

PaJ."t n : Oiapter 1 Anrnonia r.bnufacture 

: Chapter 2 Anlnonia Ni t:rete P.anufacture 

Part m : The Firancial and Econanicf E~li..etion of the Project. 

Part I of the study vas completed in Lilongwe at tile Ministry of /\grlculture 

and Natul'!l.l Resources, Part II at the premises of the Geological Survey ett 

Zanbe. and Part m in BlantyrG in collaboretion with Press (Hold1ngs) P.hlawi. 

I 

I 
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Appendix 1 : 

SELl.lNG PAI!L FCFI CALCIU.l MTACf.Jr. ... "1 NI'ffill,TE (CAN :26'.'.J.J) 

The ex-factory price used far the profitability calculations is taken as 

K1?5 per metric ton of bagged C'\N (2ef:N), wH.ch is eqLBl to the F.D.R./F,D.T. 

price ex~tore lirnbe as praelent during the 1~/80 cropping season. 

This is a canmerci.al price derived frcJ!! ccrnputing the costs of imports 

(CIF), inland farviarding, tendling·etc, and by adding service charges 

(see Part I: The Fertilizer rlarket, Page 22). The sLtisidiZed retail price 

of A!)..!AfC to sall holders in th~ current cropping season hl!s been fixed 

at K155 per ton. 

World rmrket prices for nitrogenous fer'=iliZers i.e. urea, AN/CAN, 51\ 

are directly related to the prices for petrcleun products (r.BJJht:a, Fuel....Qil) 

and re.tural gas (See Part Il:": Grepter 1 -::tie FertiliZer Project, Page 2). 

The rete crf increase il"I cr:ucie oil and nitrogenous fertiliZer prices as 

experienced since 19?3, is reflected and •"ill continue to be determined 

by the oil price policies of the CPEC. 

TREND IN WCRlD ~·-...1t<ET PR:n::ES (F .o.s) FDA NTT'ROOENOlE FERTILlZEFl PROOu::TS 

( 1~"." '?S) CJ-J A Pf.R.;.TON l\TJ'ROOEN BASIS. 

YEAR 1270 1971 1972 1973 1974 197!3 1976 1977 19?8 19'7S 

lE OOU.~AS 1CB 96 147 234 783 3~6 250 261 304 359 

As a 11Stter of fact there is U ttle prospect of a decline in AH.lcAN prices 

on the world market and in price levels for nitrogenous fert:iliZers in genere.l, 

due to continuously increases in oil prices and because of anticipated 

supply deficits as invesb'nents 1n nElW fer.:iliZer cepacity teve 1"9ITll!ined 

modest in recent ymrs. 

... 
I 

I 
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/\ppendix 2 : 

BFEAK-8./EN ANA.LYSIS 

BrGak-even analysis determines the point at which sales revenues eQU9.l 

production costs. The break-even point (B.E.P.) ce.n also be defined 

as the capacity utilization at which sales :revenues ancl production 

costs r.a-::ch rech other. 

The B.E.P, is ce.lculated algebraically by making use of the followin;­

eql.8tion: 

G.E.P, 
Fixa::f Costs 

x 100 
Sales revenues - Varieble ~sts 

As intere:>t payments on lrens arc not inclt.x:!ed, the r-ixa::f costs are in 

our case, the same for ev~ volune of production and renein constant 

during the entire econanic life cf the project. 

Thus, the profit B.E.P. of the proposed project is estineted at 40,'._ 

of its capacity ( 4?658 tones of CAN) , which is !;'TI!Phict. lly represented 

in figure 1?. 

A reduction of 11.Cf,~ in electricity cost ( fran 1.5 tambala to 1.323 tambe.la 

per KWH} WMich C3qu;ils a m,~ reduction in l.Criable costs' t-e.rdly effects 

the B .E.P., which in this Cl!Se /lcmered to '27 .g:'.. B,1 the other t-end, / would he 

a reduction of 1CY,~ in salt'.35 rGvenues would immediately result in an 

increase of the 8 .E.P. to 4? .e;J. 

.. -

I 

I 



Appendix. 3: 

5nf'L.E AATE (F RErlffJ 

The simple rate of return (SRA) is defined as the retio of the O"Sding 

profit in a norrre.l year of full production to the original invesbnent 

outlay ( fixa:I assets, pre - production ce.pi ta 1 expenditure and working 

aipital). 

If the tre.ding profit as in our case is taken as annl.Bl sales revenuss 

minus nenufactur:l..ng costs. The S.R.R. is 

20,?;0.DOO - 12.95?.226 x 100 "" 13~g;,~ 

:=YS.200.000 

A reduction of only K4.9 per ton in selling pr.lee i.e. fTan K175 to K170.1 

drops the SRA by ic~. 

I 



Appendix 4 : 
INTERNAL RATE IF RETl.JlN 

BASE CASE 

1/ 2/ 
MLEl"UER C'APACITY PRilll.CTI[t.I CAPITAL c::F'ERA Tll\K3 SALES GROOS Cl.J.IULATIVE DISCOUNT PRES EM" D~ PFlESEHT 

YEAR YEAR UT I LIZA TIOO MT DISBlJlSHF..NT COSTS REVEN LES CASH CASH FLDN FACTOR VALLE COLM IJALLE 

"/a TITTAL K1000 K1000 FUJN K1000 11'/., K1000 FACTCJ'l K1000 

1000 K K1000 1'."J''. --·--1..---
-1 1981 - - 30 17000 - - -17000 -17000 0.901 -15300 'O.R93 -151n1 

-2 1982 - - 50 28?00 - - -2A?00 -115?00 0.811 -??n70 o.?<J7 -:>?475 

-3 1903 30 35640 20 11000 3854 6237 - fl617 -53A17 0.731 - 6?99 0.71? - 61'.15 

4 1904 71 84348 - - 6960 14761 7001 -ll6016 0.659 5141 0,6.16 tl9G1 

5 1985 75 89100 - - 7264 15593 AJ?9 -37687 D.S93 4939 n.5n7 /1[-flll 

6 19A6 78 92664 - - 7491 16?16 ITT::>5 -?8962 0.535 46nll D.50? 114;-1/l 
I 

7fl70 17?:>6 9Jfl6 -19571) D. llf\2 0,115? 4?4? 
7 1Sfl? 83 90004 - - 45211 -· ,~, 

r. 19013 87 103,J56 - - fl 17?. 1norn ~)915 - 9661 D.434 43ffl [1,40tl /lQ(](i I --
9 1989 91 100108 - - 8'175 18919 1 Otl/\/l 7n3 o •. 391 llflRLl 0,161 3770 

10 1~0 96 114048 - - Bb:-1'1 19950 111ciL1 11rn? 0.352 3903 O,J?? 3575 

11 1991 100 118800 - - 915'/ ?CY790 11633 23520 0.31? J6Rfl O,?f1R 33~)0 

12 1992 100 1131300 Q - 9157 20790 11633 3515.1 o. ?.fl6 33?7 D.?57 ::ryJO 

13 19:fl 100 118800 - - 915? ?0790 11633 467A6 0.?5A 3001 o.?;:>9 ?661' 

14 1994 100 118800 - 74143/ 9157 20790 19047 5EYl19 t1/ D.232 4ll 19 o.?D5 3905 -- -T?To 1534 
1201000 

1) See Part II~ Chapter 2·Page 62 

2) Exell.Ving Depreciation, Financial Charges and Taxos on profits RESULTS A~LYSJ]. 

3) working capital at 100/ 2160 
. 

a) 1.n.n. = 11 + 1534 (12 - 11) Sallft'lge Value : . 
buildinus/housing at 60/~1558 1534 + 1:?10 

~ 11;00 

scrap ~lue equipment b) Pay Back period = A.9 years. 
at 1ry,·~ CIF 3f1J6 

Total (K1000) ?l!,,., 

a) Sa. l\,e!1B ~ lue not incll.Va::I 

....._,~·--- • 
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Appendix 5: -- • --· 

C.l\PACffi PAOOl.CfION CAPITAL 1/ CPEflATHl3 SALES GROSS CLIAULATIVE DISCOLM" PREf£NT iJfflCOl.M ::iRESENT 
YEAR IJfillZATIDN MT DISBLFISB.ENT cosrs AE\/ENLES CASH CASH FLIJ.ll FACTOR VALLE FnCTCl' VALLE 

~{- TOTAL (K1000) (K1000) FillN {K100G) 13 1? 
1K1000) (K1000) _ --~-· 

-1 - - 26
0
2 14:l32 - - -149J? -14932 O.flM -13?15 C.893 -1JT'l4 

-2 - - 44.3 24887 - - -24Bm -39A19 o.?83 -19i1A? o. ?9? -1CJrn5 

-3 30 35640 1?.? 9'J55 3854 62.3? - ?5?2 -t1?391 o.69J - 5?'1? o.?1? - 5191 

4 ?1 M3ll0 - - 6960 1£1?61 + ?A01 -39590 0.613 + 4?8::? 0~636 + 4%1 

5 ?5 EB100 - - 7264 15593 8329 -31?&'"' 0.543 ll5?.1 0.567 ·'. 4??:3 

s. 78 92664 1.63 917 7491 16216 7r.nn -23/l:X3 o.ari J?l'IA o.507 :1959 

? 03 90604 1.63 91? ?8'70 1?256 MED -149fli'1 0.425 35:19 0.115? 3n?n I 

ri n? 103356 1.63 917 817'.? 18011'7 rerm - 59flli 0.376 .13.'11 0.404 .1635 ;;, 
---- ('0 

·d ~1 10810[} 1.63 917 8475 1'.f."I:' 9527 15'11 0.333 3173 0,3(11 31\]'J 
1 

10 S'6 1140<?8 3,261 1834 80~'4 1995A 9??0 1?811 0.:-195 2735 D.322 ?9R5 

11 100 11A'100 1.63 917 9157 20?90 1CY716 2352? 0.21l1 '??97 O.::;in7 30?Fi 

12 ioo 11osoo - 915? ?0?9D 11633 J5160 a_.231 ;::•fim o.?57 ;;>990 

13 100 110BDlJ - 9157 C'0'790 11631 46793 0.204 ?173 D.2?9 ?664 

14 100 118800 74142 / 915? 20790 19047 2 / 5Rll26 
3

/ 0.181 3tlllll 0,?0:1 3'.Jffl ---·- --1201068 -701 +1GOfi 

1) Cost of insta::.msnt per electrolyser unit is estimated at K0.01? million ~!~'T.~\.~. 
2) Including sal-..egs "'3.luo: K?~14 million a) I.n.R.~ 1? + 1605 x 1 r 12,70 

3) Exclu:tes sahJ€1GB "6lue ~:-;01 

b) Pay back period = A.J yEErs 

...__ .......... ___ _ 
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TIITERNAL FV\TE CF RETlflN 

Al~_!>V\Tl'VE _: B 
Appendix 6: 

CAPACITY 1/ PAOOLC:TION 2/r,APITAL CFER/\TIM3 SALES GROOS CLMJLATIVE DISCOl.M PnESEITT DIGCOl.M" PflEEiENT 
YEAR UfILIZATIOO MT DiffilflSEr.El'IT cosrs REVENlES CASH Fl.ON CASH FLOW FACTOR VALLE FACTOR VALLE 

ol ToTal (K1000) (K1000) (K1000) 12 1ll '" (K1000) 

- --~ 

-1 - - 30 17000 - - -17000 -17000 O.A93 -151fl1 o.n77 -1tl9ffi 
-2 - - 50 ~8200 - - -28200 -45200 0.797 -??475 D.769 ·-21fin6 
-3 30 35&'10 20 1 "'4'Xl 3854 6237 - 0017 -53817 0.712 - 6135 0.675 - 5l116 
-4 70 83160 - - 68A4 145!"33 + 7f£:B -4614A D.636 + 4877 0.592 l'!:illO 

5 85 10amo - - 8021 17672 9651 -3&197 0 0 567 + f"147?
1 

C.519 5rrn 
6 ~OD 11onoo - - 9157 20790 11633 -?4R&'l 0 0 50? + 5f1Fl6 0 0 456 5~105 

' 7 100 118800 - - 9157 20790 1163.'3 
~ 

-13?31 0,452 525A 0 0 t!OO 4fi5.J ,,, 
c,., 
I 8 ~no 110800 9157 20?90 11633 - 159/J 0 0 4u4 4700 0 0 351 40A.3 

~--
9 100 11(~300 91!17 20790 116,J3 +100.15 0.361 4200 0~3Dfl .1:;n3 
~o 100 118800 0157 ?0'790 11633 +21ff:ill 0,322 37116 0 0 270 :~ 141 
11 100 118800 9157 20'790 11633 J3301 0 0 2F1A 3350 0.?37 ??57 
12 100 118800 9157 20790 116.13 114934 0.?5'? ::>990 0.2DF1 ?/120 

13 100 118000 9157 ?0790 11633 5656'7 D.2::>9 2664 n.1n;:i ?117 
14 100 118800 74143/ 9157 20790 190473/ 6R200ll/ D.205 3905 0 0 160 3Cll1F1 --- +3?m -1/~ 9 12.'1.9980 

1) OptimlMll oapacity utilization as technioally feasible ~!:I§._A_~L.Y_B_!E 
2) Total output during econcmic life time of project is a) r.n.n.: 12 + 3257 .£;~ ~ 1.'.1.3 

?.'J)~ higher as canpared with base case. ~57+ 
3) ~XI h.e.ge value included 

b) Pay back period "' A.1 yrers. 4) tla.l\..e.ge \..e.lue not included 

~ 
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Appendix ?: 
ALTERNATIVE 81 --

CAPACITY PRCDLETIDN CAPITAL CFEAATTI.U 
1

/ SALES GROOS ClJv1UlATIVE orsccurr PRESENT on£ OLM 1:-inESENT 
YEAR UTILIZATIOO Mf DISBlfiSEl.ENT COST REVENlES CASH FLDN CASH Flim FACTOR VALLE FACTrn VALLE 

(K1000) (K1000) (K1000) (K10DO) (K1000) 14 15 ___ ...... ----~-·--~-- --- -- - ------- -·-~- ---~~~----~--- ...... --.------------------------~ 

-1 

-2 

-3 

4 

5 

6 

? 

r. 

9 

10 

11 

12 

13 

1ll 

1) 

2) 

- - 17000 - - -17000 -17000 

- - 28200 - - -28200 -48200 

30 3~0 11000 362? 6237 - A390 -53590 

?0 83160 - G..15'1 14553 + A1~ -45.191 

85 10D980 - 737? 1767:3 10?96 -35005 

100 11nnoo - 8l!OO 20790 12390 -:-1?7n5 

100 118000 - 81100 20790 123..gO -10~J15 --
100 118000 - 11400 20790 1?.390 2075 

100 118800 - 8400 20790 12390 141!65 

100 11nUOO - 0400 20790 12.190 26A55 

100 118800 - MOO 20790 1?.390 39?ll5 

100 113800 - 11400 20790 12390 516J5 

100 110000 - MOO 20790 1::•390 61.HJ?5 . 
741r/I '<'/ 76'115 3 / 100 11AOOO MOD 20790 19809 ... ··-

1288980 

Fixed costs (minus depreciation '"" 1500900) + {Variable cast - 1r1/;) x capacity utilization factor 
A 10;'-' reduction in veriablo cost conforms with a 11.rf/ reduction in electricity cost fran 
1.5t to 1.32t per ~ 

Sal\.Elge "6lue (incl!Lied) 

3) Salvege Value exclwed 

D.A7? -111900 O.F16? -1tlff~ 

o.7ffi -216n6 0.7113 -?00!'-'.~ 

0.575 - 5663 O.fltt1 - 53711 

0.592 + t1A54 o.553 + 115J4 

0.519 + 5344 OJl76 t'l'JCl 1 

0.1156 + 5650 0.1'! 1 50110 

0.1100 49'16 D.351! ll3M 

o.::i51 113'\9 0.,105 3779 I 
-
'-"' o •. 1on 31116 D.?63 3?!39 ~. 
I 

o.:no 3345 0.2?7 ?F113 

0.:-137 ?936 0.195 ?ll16 

o.2on ?r:fl? o. 16A ?DA2 

D. ~A? 2?55 D.1115 1707 

0.160 ~' o.12s ~-· 
+???n -3llG? 

~SU~l_f\!~WS~ 
a) I.A.A. = 14 + 7£.~._l~~) 

7778 + Jll62 1S.:lf, 

b) Pay bacJ: period = 7. A yoors 

, 



Appendix B: 

CAPACITY PROOUCTIDN CAPITAL 
YE/\R Vf I LIZA TJ[l\f r.rr OISBLFlSB.ENf 

(K1000) 
t 

-1 - - 17000 

-2 - - 2A200 

...... 1 30 35640 11000 

{I 70 8:J160 

I' 
,) 05 100000 

fJ 100 11A000 

7 '100 118000 

8 100 118000 

9 100 110800 

10 100 110800 

11 100 11Rn00 

1? 100 11R900 

13 100 118800~ 

14 100 110800 7414 21 ·- .. 
1280080 

1) Un the basis of a 10j~ decroose in sales price 
namely K157,5 per ton as canpared with K1?5 
for the base case. 

2) Salvage value ( ineluded) 

3) Salvage Value not included 

l!!!"~~..!i~ 
8.h.l_E.RNATJ.\f!O 82 

Cf'ERATD.U eAL£S 1) GnOSS 
COGTS A EVE NI.ES CASH FLOW 

(K1000) (K1000) (K1000) 

e~.tl!ULATlVE 

CASH FLOW 
(K1000) 

DISCOLM" rnrnnrr DISC[]l.Jff PRESENT' 
FACTOR VALLE FACTm Vl\Ll£ 

10 9 . ... ..._ __________ .. ____________ . ..._ _____ 
- - -17000 -17000 0.903 -1SL\5..'3 0.917 -155.""I 

- - ~8?00 ·-'15?00 o.n26 -?1?9.J n.nt1? -?.'37111! 

3A!"'ltl 561J - 92t11 -5tll!41 o.751 - 6940 0.77? - 7114 

6[184 1J(Bf] + 621ll -4[12~7 0.6r;3 + {1?1\4 fl, 7011 t!llOfl 

8fX'1 1s..qo5 .. 7804 -1\0343 0,621 + 41lS'f3 0.1350 512~ 

9157 1R711 955Ll -3071'19 O.f£4 53n«1 n,5n,r, f.091\ 

9157 18? 11 C\5511 -21?.15 o.513 11901 0,5117 ~?~G 

915? 1A711 95!"':>4 -11&'11 fl.'16? 1'!462 O.SIT:' ~71t) I 

915? 111711 95~A - ?12? 0,11?4 {1051 0.4fi 11:39'.i ,,., -- Ul 
I 

9157 111?11 95S4 ?42? 0.3R6 .'36RA 0,11?? 4n:l~' 

915? 18711 95511 1me1 0.3G1 33!:'14 o.:Jnn :J7fl7 

91S7 111711 9554 ?fi535 D.319 .J()l'lfl n. :156 J401 

9157 1C·?11 955'1 3fi..iro 0,?90 2?71 n.3::-6 311 ~) 

9157 18711 1p!]68 21 11:--.&1.1 3 / o.::om l\t!A.'! 0,?99 5(J7J 
'.:4-:in ·1·~'77 

llESULT l\W\LY[HS 

a) 1.n.n. ~ 9 + ~~~) 
?497 + ll?O " CJ,Fl6 

b) Pay back period = 9,? years, 

t1 



INTER~ t_ fV\ TE CF R£1J!lli 

Appendix 0 ALTEnNATIV£.fil~3, 

CAPITAL lFERATit-13 SALES GROSS ClJ,,1ULAT1VE DISC OLM" PRE"SENr 
VALLE 

OIGCOl.l'lT PRESENT" 
FACTOR VALL£ YEAR OFoBIJlSHEl'IT COSTS REVENlES CASH FLCW CASH FLON F/\CTOO 

, (K1000) 1K1DOO.l (1~10DQ.l__....J.!<.lDODl ___ ..J..!?__ -·-- -- 12 --·---

-1 17000 

-2 28200 

-3 11000 

4 

5 

6 

7 

fl 

9 

11J 

11 

1? 

13 

1~ 7414 1/ 

36._"7 

6354 

7,177 

8400 

fJ.100 

8400 

f340(] 

8400 

r.1100 

MOO 

MOO 

MOO 

1) Salvage Value (Inclu:led) 

2) SBlw[Je Value (Not inclu:Jed) 

5613 

1300A 

15£'05 

18711 

18711 

18711 

18711 

18711 

18711 

18711 

18711 

18?11 

-17000 -17000 

-20200 -45200 

- 901ll -[>4214 

+ 67t1'1 -47·~70 

+ 8528 -3fl94? 

+10311 -28631 

1D.111 -18320 

10311 -~ 
10311 230? 

10311 12613 

10311 22924 

10311 33235 

10J11 11351\6 

17725 11 53rl57 2 / 

o. ;irn -1!3ll52 D.893 -151A1 

0.826 -'.'.'3?93 0.797 -22475 

0.751 - 6770 D.712 - 6tl1n 

D.683 4606 o.536 + t'l?ffi 

0.6?1 5?96 D.567 4A35 

0.564 5815 D.507 5228 

n.G13 5290 0.452 4601 

n.1167 4015 0.404 ll166 i 
-

n.424 4372 0.361 37?2 
,_,.., 
(J. 

I 

0.3116 39f10 0.32? 3320 

0 0 351 3619 0.288 ?970 

0.319 32ffi o.:::>57 2ffi0 

n.?9 2990 D.229 2:361 

o.?63 ~ 0.205 3634 ..... ~-
+J?18 -??:38 

REGULT A~~ 

a) I,R.R. =, 10 + ~ ( 12 - 1ql 

3218 + ?230 = 11.1F~ 

b) Pay back period = B.8 yEBrs 

------
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Appendix 10: 

ANNLIA.L FOREIGN EXCH0.1'£E SA\/ThGS Af'!J EFFECTI\/Ef\ESS CF ThflCRT SlBSTITl.JITON 
(~SED ON 100'/: CAPACrn' UTILIZATION) 

1. Cf'EPATThE COSTS 1/ 

a. Foreign currency canponent 

catalysts 

Chem:i.Cfl. ls 

M:l.incenance Materials 

SW-total 

b. ~l currency canponent 

Electricity 2/ 

Dolanite Limestone 

Bags 2/ 

"'8npower 3 / 

Overheads 

Insunmce 

Sib-total 

c. Total Operating Costs 

2. VALLE CF ANNLJ\L PROOl..CY"lD\I 

At K1?5 per ton 4
/ 

3. GROSS FCFIEIGN EXCHO.M3E SAVINGS (2 - 1a) 

(Exclusive capital charges 5/) 

4 0 EHtl: 11\/El\ESS CF IJJPCRT' SlBSTITUl"ION 

(lb : 3) 

1) Taken fran Part II Chapter 2 Page 94. 

ANNUA.L CCETS lkWache 's) 

•160+418 

2;788 

781t040 

944,246 

6,415,200 

23'7;600 

760.320 

355.940 

177,9?0 

·265j950 

8 9212,980 

20,790,000 

19,845,754 (16,2'70,654) 

f!.cl1 (D.52) -

2) Assunecl to be locel currency cost exclusively. 

3) Exclu:!ing additional cost of foreign technical assistance. 

4) Eqlt!ll to CIF Bei:ra + tnlnsi t cost to L..imbe, assuned to be in foreiqn 
currency entirely. 

5) Figures in brackets indicete ne;t anm..al foreign exct-e.nge savings fran the 

project assllTling 1.ct years annuity on foreign exchange investrnent outlay. 

I . 

I 
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