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Glossar._.. 

Ammonia 

In addition to the categories in •Arable land and 
land under permanent crops•. this includes land under 
pern:anent meadows and pastures. 

Ammonium nitrate 

... 

Refers to land under temporary crops, temporary 
meado~s for 1110wing or pasture, land under market 
and kitchen gardens ar • .i land teiaporarily fallow or 
lying idle. 

This includes land under temp<'rary crops, temporary 
meadows. land under market and kitchen gardens, 
land temporarily fallow or lying idle and also under 
permanent crops. 

Ammonium sulphate 

A schematic representation of an industrial system. 
Depicts all the comJX>nents of the system from demand 
for final products through to primary inputs. 
Illustrates the linkages between each component as 
well as the area of action of government policies. 
The base diagram permits a view of the extent of 
integration in an industrial system. 

Refers to unpacked fertilizer. 

Two or more granular fertilizers of similar size 
mixed together tc form a compound fertilizer. 

CalciWD ammonium nitrate 

Coramercial fertilizer: Refers to a material containing at least one of the 
pri~ry nutrients in a form assimilable or •available" 
to plants in known amounts. 

Complex fertilizers: 

Compound fertilizer: 

Country group: 

OAP: 

DES: 

Refers to the compound fertilizer formed by mixing 
ingredients that react chemically. 

Fertilizer containing two or more nutrients. 

:\ nUJ11ber of countries from a sample which ba~ed on a 
pre-defined set of characteristics, in this case 
FERTIS components, are more similar than other 
countries in the sample. 

Diammonium phosphate 

Dietary Energy Supply (kcal per day per capita) 
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Development pattern: 

Fertility of soils: 

Fertilizer: 

Fertilizer nutrient: 

- \:ii -

The sum of readings on the level of development of all 
components making up an industrial system. 

Refers to 
with the 
their life 

the ability of soils to supply the plants 
essential nutrients needed to complete 

cycle. 

Any material. organic or inorganic, natural or 
synthetic, that furnishes plants with one or more of 
the chemical elements necessary for normal growth. 
In this document the term •fertilizer• will be used in 
the sense of coa&ercial fertilizer. 

One of the three primary plant nutrients (N, P and K). 

Fertilizer production: Refers to production based on fertilizer raw materials 
(e.g. hydrocarbons, phosphate rock, sulphur, muriate 
of potash) and intermediaries (e.g. ammonia, nitric, 
sulphuric, and phosphoric acid). 

FERTIS: 

GNR: 

GR: 

Grade: 

Granular fertilizer: 

Industrial system: 

Investment location 
factor: 

KCl: 

K20: 

Micronutrients; 

Fertilizer industrial system 

Grain Nutrient Ratio (kg/kg) 

Ground phosphate rock 

The grade of a fertilizer is the nutrient content 
expressed in weight percentages of N, P20S, and K20 in 
that order. 

Refers to fertilizer in the form of particles, usually 
within the range of 1- 4 BB in diameter. 

The sum of productive capacities, supportive 
infrastructure and flows of goods and services 
resulting in the production of a given industrial 
output. Comprises one entire sector or several 
interlinked sectors or subsectors. The industrial 
~ystem is romposed f a set of production components, 
an institutional and policy framework. The components 
of a system are highly interdepen1ent, in that any 
change in one component tends to modify the whole 
system. 

!!efers to investment costs above and beyond costs of 
a similar investment in Western Europe. An investment 
location factor of 2 on a fertilizer plant implies 
that investment costs would be twice the investment 
costs for the same plant in Western Europe. 

Potassi.um chloride or 11Uriate of potash. 

Potash 

Refers to elements required in small quantities. 
these are also known as trace elements. 
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Mixed fertilizer: 

~OP: 

S: 

~A: 

NG: 

NP: 

NPK: 

- P205: 

PA: 

PAPR: 

Plant nutrient: 

Primary nutrients: 

Programme appr<ach: 

SA: 

Secondary nutrients: 

SOP: 

Straight fertilizer: 

TA projects: 

TSP: 

U: 

-+-

- viii -

Refers to the compound fertilizer formed by mecranical 
mixing without chemical reaction (see bulk-blended 
fertilizers). 

Muriate of potash 

Nitrogen 

Nitric acid 

Natural gas 

Nitrogen and phosphate. 
fertilizers. 

Also nitrophosphate 

Nitrogen, pho~phate and potash. Also complex NPK 
fertilizers. 

Refers to the phosphate nutrient. It is an oxide of 
phosphorous. 

Phosphoric acid 

Partial Acidulation of Phosphate Rock 

Any of the elements essential to plant growth. 

Refers to nitrogen, phosphorus and potassium. 

A methodology aiming to promote the integrated 
development of industrial systems. Comprises 
three interrelated stages which should usually be 
undertaken consecutively. The concept underlying all 
three stages is that of an industrial system. The 
development of an industrial system requires 
simultaneous actions across all components of the 
system to eliminate constraints affecting the 
operation of the system as a whole. 

Sulphuric acid 

Refers to calcium., magnesium and sulphur. 

Sulphate of potash 

Fertilizer containing only one n1Jtrient, e.g. urea or 
superphosphate. 

Technical Assistance projects. 

Triple superphosphate 

Urea 
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ADB 
AIDB 
AISCO 
CIF 
C&F 
EAL 
EEC 
E!::LPA 
EGEP 
EIGS 
El.HICO 
EVDSTA 
FAQ 
FOB 

GDP 
IAR 
IDA 
IFDC 
MCTD 
MME 
MOA 
MOI 
MOT AC 
HSFD 
HTSC 
NCC 
NFIU 
ONCCP 
PDSU 
PIP 
TYPP 
UNIDO 
UNDP 
WB 
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Abbreviations all'J tnits of Measure 

African Development Bank 
Agricultural and Industrial De.,,·elopment Bank 
Agricultural Inputs Supply Corporation 
Cost. Insurance and Freight 
Cost and Freight 
Ethiopian Airlines S.C. 
European E:onomoic Co11111Unity 
Ethiopian Electric Light and Power Authority 
Ethiopian Gas Exploration Project 
Ethiopian Institute of Geological Surveys 
Ethiopia-Libya Mining Corporation 
Ethiopian Valley Development Study Agency 
Food and Agriculture Organization of the United Nations 
Free on Board (cost of goods excluding seafreight and 
insurance) 
Gross Domestic Product 
Institute of Agricultural Research 
International Development Agency (World Bank Group) 
International Fertilizer Development Center 
Ministry of Coffee and Tea Development 
Ministry of Hines and Energy 
Ministry of Agriculture 
Ministry of Industry 
Ministry of Transport and Communications 
Ministry of State Farm Development 
Maritime and Transit Services Corporation 
National Chemicals Corporation 
National Fertilizer and Inputs Unit (of HOA) 
Office of the National Central Commitee on Planning 
Programme Development Support Unit (of UNIDO) 
Public Investment Program 
Ten Year Perspective Plan 
United Nations Industrial Development Organization 
United Nations Development Programme 
World Bank (International Bank for Reconstruction and 
Development) 

r.urrency Unit: US $ 1 - 2.07 Birr. 

Weights and Measures: 

Hc.ss is expressed in metric tonnes (t) or kilogrammes (kg). Mass flow 
is expressed in metric tonnes per year (tpy) or in metric tonnes per day 
(TPD). Area is expressed in hectares (ha). Energy units expressed in MBTU 
(million British Thermal Units (1- 0.252 Gcal) are recalculated to 
gicacalories (Gcal). Units of electricity are expressed in megawatts (MW) or 
megawatt hours (HWh). 
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Summary 

This document presents a programme for the integrated development of 
Ethiopia's fertilizer industrial system (FERTIS) to the year 2005. 

Fertilizer is 2n agricultural input of critical importance in reducing 
food imports. improving agricultural yields and increasing dietary energy 
supply (DES) per capita. Increas~d availability of fertilizer may help 
ameliorate the influence of recurrent droughts. soil degradation and the 
general weakness of Ethiopian agriculture. 

Ethiopia has experienc~d a rapid growth of fertilizer co~sumption in 
recent years. The rate of growth of fertilizer consumption was around 18% per 
annum over the period 1986-1989. although consumption stagnated in 1990-91. 
All fertilizer is presently purchased through World Bank credits. and grants 
from the EEC and European Governments. The growing demand for fertilizer ma~ 
justify establishment of a domestic fertilizer industry within an import 
substituting strategy. 

Two major development options are possible for the Ethiopian FERTIS. 
Ethiopia could continue imporcing all fertilizer requirements, using soft 
loans from the World Bank and fertilizer grants. Alternatively, in o~der to 
avoid long-term dependency on imports and grants, Ethiopia could aim to 
establish a domestic fertilizer industry. The backbone of this industry would 
be th~ production of nitrogen fertilizers based on domestic natural gas. 

The second option forms the basis of the long-term strategy proposed 
here. This option is also considered to be the most reasonable way of 
releasing the growing bottleneck in handling fertilizers at the port of Assab. 

Ethiopia has the potential to attain considerable import substitution in 
nitrogen fertilizers as well as exports of potash fertilizers. 

The following factors support FERTIS development in Ethiopia: 

The presence of natural gas and potash ores; 
Important hydroelectric and geothermal energy potential; 
Significant potential for increases in the area of irrigated land: 
Limited availability of cropland; 
Significant scope for improvement of extension services; 

FERTIS development should be supported by intensive surveys and 
exploration for new sources of natural gas, phosphate rock, sulphur, 
limestone-dolomite and micronutrients. 

Important constraints to the development of the system include: 

An unexploited raw materials base (phosphate and sulphuL deposits are 
unexplored) ; 

Inadequate unloading, storage and transport capac1 tie-;, especially in 
the port of Assab from where all imported fertilizers are delivered 
to central fertilizer stores in Nazreth, Hojo and Addis Ababa; 

Uncertain future access to the Red Sea coast and its principal ports 
in Assab, Hassawa and Djibouti. This hinders long·term decision 
making regardiug deliveries and handling of imported fertilizers; 
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A •eak transport network resulting in limited acce~s to fertilizer 
e"·en in surplus producing areas. Poor fertilizer distribution 
facilities raise prices. aggravating the low crop-fertilizer price 
ratio and the incentives of farmers to •1se fertilizer; 

Progressive degradation of arable land suitable for fertilization, 
resulting in irreversible losses of cultivable area due to severe soil 
erosion; 

Shortages of water in many regions and slow progress in expansion of 
irrigation. Although fertilizer is a vital component of an improved 
crop technology package, it is only after the water constraint is 
released that other constraints. such as nutrients supply, become 
important: 

Insufficient awareness of the optimum N:P:K nutrient ratio. Knowledge of 
the N:P:K ratio is required to design a long-term strategy for a domestic 
fertilizer industry; 

The long distance of natural gas deposits from cropping areas in highland 
regions: 

Generally weak infrastructure and relatively high investment location 
factors in •mdeveloped areas_ These constrain~s pose an obstacle to the 
establishment of a domestic fertilizer industry that is competitive in 
international markets; 

Limited foreign exchange resources for implementation of investments 
relating to the FERTIS. 

There are three distinct elements within an overall FERTIS development 
programme in Ethiopia. These are presented below: 

(a) Consideration should first be given to possible advantages ar1s1ng from 
competitive domestic production of fertilizers vis-a-vis increased 
fertilizer imports. Increased fertilizer aid, which is a medium-term 
strategy, could gradually replace structural and some emergency food aid. 

(b) Increased fertilization of arable land under coff~e. both from domestic 
fertilizer supplies and imports. Coffee is a principal foreign exchange 
earner in Ethiopia, despite which there is very limited application of 
fertilizer to expand coffee producti9n and exports. 

(c) Given abundant reserves of high quality potash ores a short distance from 
the Red Sea coast, and cheap sources of solar, geothermal and 
hydroelectric energy that might be used in potash development, an export 
oriented strategy for potash fertilizers should be given due attention in 
long-term development of the FERTIS. 

Though projections of Ethiopia's fertilizer demand differ substantially, 
it can be assumed that fertilizer demand by the year 2005 may be as high as 
650,000 tpy of pure NPK. 
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It is believed that as a consequence of continuous phosphate fertilization 
(mainly DAP). the residual phosphate content of the soils will rise. A major 
shift to nitrogen may be needed in future in order to keep agricultural yields 
high. Production of natural gas based nitrogen fertilizer is expected to be 
the core of any fertilizer industry in Ethiopia. and is thus given close 
attention in thi5 Integrated Programme. 

However. different estimates of the future optimum N:P ratio. which vary 
from 1:1.35 (low nitrogen demand) up to 1:0.5 (high nitrogen demand). require 
detailed examination in order to select an appropriate long-term FERTIS 
strategy. 

Two main nitrogen i~port substituting options are considered in this 
Integrated Programme. These options reflect extremes in the N:P ratios noted 
above. Both options assume a fertilizer demand in the year 2005 of 650,000 
tpy NPK. The two options are elaborated according to: 

(1) Proposals of the Nc'~ion.al Chemicals Corporation, supported by a 
feasibility study of the International Fertilizer Development Center. 
This option is based on an N:P ratio of 1:1.3) (low nitrogen demand) 
and aims to construct a nitrogen fertilizer complex with a capacity of 
450 TPD ammonia and 765 TPD urea at Gode, close to the natural gas 
deposit. 

(2) Proposals of UNIDO, based on an N:P ratio of 1:0.5 (high nitrogen 
demand), aimed at pipelining natural gas to cereal cropping areas in 
the Ethiopian highlands and construction there of three nitrogen 
fertilizer complexes, each with a capacity of 500 TPD ammonia and 800 
TPD urea. 

The selection of nitrogen import substituting options involves comparisons 
of the costs of fertilizers purchased in the international market and 
delivered, through the port of Assab, to main cropping areas versus 
fertilizers produced domestically and delivered to the same areas. Achieving 
competitiveness with imports for a domestic nitrogen fertilizer industry is 
extremely difficult, although realistic opportunities exist. 

The NCC option leaves a substantial fertilizer shortfall by the year 2005 
and seems to be inadequately related to expected future nitrogen demand. The 
NCC option involves a single A/U complex located far from cereal cropping 
areas, to where urea would have to be transported by road, a factor that would 
reduce the competitiveness of the complex with imports. The location of the 
A/U complex at Gode, close to the natural gas deposit, will facilitate m1n1m1m 
investment (with a short pipeline) and urea manufacturing costs. This option 
is already advanced and may be implemented relatively soon. 

The UNIDO option takes fuller account of future nitrogen demand, leaving a 
much ~maller fertilizer shortfall by the year 2005. Location of three A/U 
complexes in cereals cropping are~s aims at achieving a proper urea 
distribution pattern and a minimum transportation cost of urea by road. This 
option is characterized by a much higher initial investment cost (with a long 
NG pipeline to cropping areas). The first A/U complex would be scheduled 2 
years later than that at Gode. 
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Thoug~ they may be considered to be complementary as far as nitrogen 
demand is concerned, options 1 and 2 are partially exclusive. This is because 
the justification for ~onnecting the natural gas field with the highlands by a 
pipel:ne would be much weaker if Gode were selected for realization of the 
first A/U complex in Ethiopia. 

Other conclusions resulting fro~ a comparison of the NCC and UNIDO options 
include the following: 

The NCC option would lead to 22% import substitution, leaving 78% of the 
total nutrient demand in the year 2005 to be satisfied by imports. The 
UNIDO option leads to 54% import subsitution. 

The UNIDO option reduces transportation constraints to a minimum as it 
allows direct supplies of 0.75 million tpy of fertilizer to main cropping 
centers. This would leave about 0.5 million tpy of phosphate fertilizer 
(some 1,500 TPD) tc be unloaded- in Assab. 

The larger the domestic fertilizer capacities, the lower will be the 
traffic in the port of Assab (Djitouti, Hassawa). If a domestic 
fertilizer industry is not established, over 4,000 tons of fertilizer 
would have to be anloaded each day and sent through the Assab corridor to 
central fertilizer stores. This would require a large expansion programme 
in the port of Assab (which would also have to unload grain and other 
goods). 

To satisfy nutrient demand in the year 2005, as much as 1.25 million tpy 
of fertilizer product would have to be delivered to agriculture, posing a 
major challenge to any domestic fertilizer industry and the transportation 
services. 

The UNIDO option involves construction of a 1,000 km natural gas pipeline 
to feed three nitrogen fertilizer complexes and would cost about US$ 
million 900. This option is much more expensive than the NCC option 
(which costs about US$ 350 million) but gives better results by the year 
2005 in terms of fertilizer delivery to the farm gate. Both options are, 
in turn, more efficient than imports of fertilizers, even excluding the 
huge investment that would be needed for expansion of the port in Assab in 
the absence of any domestic fertilizer production. 

The NCC option (the A/U complex at Gode is to begin in 1994) is 
characterized by a time advantage of about 2-3 years and lower factory 
investment costs compared to the first phase of option 2 (an A/U complex 
at Yirga Alem). However, the fact that the UNIDO option is not prepared 
for inunediate implementation seems to be outweighed by its long-term 
perspective. 

Following comparative analysis of the two options, the UNIDO option is 
recommended as it better supports sustainable food self-sufficiency and higher 
dietary energy supply by the year 2005, even where the acreage of cultivated 
land is not ~xpanded. Assuming a phased implementation, the UNIDO option 
secures NCC targets with a lower distribution cost, resulting in a lower 
estimated farm gate price for fertilizers. Maximum foreign exchange revenues 
are expected in the UNIDO option. 
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Knowing all the major advantages and disadvantages of both options. the 
Government will be in a position to decide which should be given priority. It 
is reco111111ended however that both programmes be pursued until clear conclusions 
on NPK demand and an optilDWD N:P:K ratio emerge following a joint FAOjUNIDO 
Seminar. This Seminar should be organized at the earliest po·;sible date. 

Although some elements of the NCC option are considered sub-optimal, time 
and initial investment cost clearly favour this option. A proposal of ammonia 
production by electrolysis of water is thus made that might be considered 
complementary to option 1. The complementarity arises by adding more nitrogen 
(though urea cannot be produced by this route), and because the location of 
fertilizer facilities in the Blue Nile River Basin avoids investment in a long 
natural gas piptline. This possibility is particularly interesting given the 
considerable hydroelectric potential in Ethiopia. It is suggested in this 
case that the hydropower plant at Finchaa could supply hydroelectricity for an 
ammonia/nitric acid/CAN complex. 

Phosphate Fertilizer 

Ph~sphate is the second primary nutrient given detailed attention in this 
Integrated Programme. The present N:P ratio of around 1:1.S emphasizes 
phosphate, with DAP being the major fertilizer used. 

Given a large demand for phosphate fertilizers, and the relatively long 
period necessary for developing the domestic raw material base (sulphur 
bearing raw materials and phosphate rock), the inadequate supply of this 
nutrient hinders balanced development of the FERTIS. Priority measures are 
required to improve the supply of this nutrient. Imports of phosphatic 
fertilizers are unavoidable for several years to come, until the domestic raw 
material base is developed. 

In the light of low international prices of OAP and TSP in comparison with 
intermediates, and with uncertainties relating to the location of FERTIS 
facilities in the port of Assab, it is most likely that the idea of 
establishing a DAP/TSP/NPK complex in Assab (based on imported ammonia, 
phosphoric acid, phosphate rock and domestic potash) will have to be abandoned . 

Therefore, development of indigenous deposits of Ogaden phosphate rock and 
Wollega apatite, to produce phosphate fertilizers domestically, is a prime 
consideration. Gode may prove to be well located for future production of 
nitrogen-phosphate fertilizers, rather than urea, and this location should be 
seriously considered. Potential fluorine contamination of drinking waters in 
the Rift Valley should be given special attention when identifying l~cations 
for phosphate fertilizer complexes. 

Potash Fertilizer 

A number of factors demand that an export oriented strategy in potash be 
treated cautiously. These factors include the limited demand for potash 
domestically and in Eastern-Southern Africa, world overcapacity and depressed 
potash prices, and the substantial investment needed for development of 
Ethiopia's potash deposit. Such a strategy might only be justified if the 
manufacturing cost of potash to be shipped to main international markets 
(India) is lower than the expected world price of potash at those markets. A 
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preparatory phase of f(>tash devel -ipment at Dallol (with industrial-scale pilot 
facilities to match domestic demand) is therefore pr~posed here. 

The Integrated Development Progra...e 

Twenty technical assistance (TA) projects are proposed to implement this 
Integrated Programme. The programme addresses all major bottlenecks affecting 
the FERTIS. While recosaending the UNIDO option for nitrogen fertil~zers, the 
Integrated Programme can be structured around either this or the NCC option 
depending on Gove1·naent decisions and the outcome of an updated assessment of 
fertilizer demand and the N:P:K ratio. 

In addition to the purely technical nature of this assistance, relating 
not only to the chemical industry, energy, transport, agriculture and the 
environment, the proposed TA projects aim at strengthening national 
capabilities in procurement and trade, as well as planning investment in 
fertilizer plants and their operation and maintenance. A clear definition of 
long-term objectives and strategies for the fertilizer industry is of 
fundamental importance and is addressed in policy related projects. 

Some African Development Bank Group operations in Ethiopia affect areas 
relevant to this Integrated Programme, as, logically, do a nwaber of FAO's 
act1v1tes. Through its Emergency Recovery and Reconstruction Project, the 
World Bank aims to increase its assistance to Ethiopia. Most of the emergency 
inputs allocation for 1992/93 will be used to purchase fertilizers. 
Therefore, co-operation on development of the FERTIS in Ethiopia should be 
expanded and coordinated between the Government, the World Bank, the African 
Development Bank, UNDP, UNIDO and FAO. To this end, a conference of donors 
and international agencies on technical assistance projects relating to the 
FERTIS is proposed for the third quarter of 1992. 

It is recommended that a FERTIS Steering Committee be formed, composed of 
representatives of different sectors of Ethiopia's economy and located at the 
Ministry of Industry. This committee would coordinate actions relating to 
FERTIS development. 

To reap the full potential of Ethiopian agriculture, FERTIS development 
should be accompanied by a package of agricultural inputs including improved 
seeds, pesticides, irrigation and mechanization equipment. With proper 
development of the fertilizer industrial system the task of both nourishing 
and raising the living standards of future generations will be considerably 
assisted. 

\ 

• 
1 

) 

• -. 



• 

-..ail••ai!Plllc.;·~~~---- ---

... 

- l 

L PROGRAMME CONTEXT 

LI Description of the Fertilizer Industrial System (FERTIS) in Ethiopia 

LI. I General Back~round 

The following general features of Ethiopia bear an important relation 
to FERTIS development: 

Ethiopia is a unitary republic. with autonomous component regions. 
Eritrea has a de facto independent government pending a UN supervised 
referendum proposed for 1993. 

Ethiopia is a sea-side located country with a total area close to 1.2 
million square kilometers, a potential agricultural area of about 80 
million ha, and a potential arable area of about 18 million ha (Figure 1). 

The mid-1990 population is estimated at 51 million. With an aver.age life 
expectancy of 46 years and an estimated population growth rate of 2.9%. 
the population is projected to reach 66 million in the year 2000 and 78 
million in the year 2010. 

Agriculture contributes about 50% of GDP, providing a livelihood for up to 
90% of the population. Agricultural exports account for over 90% of 
foreign exchange earnings. The most important food crops are teff, maize, 
sorghum, wheat, barley and millet. The chief cash crop is coffee, which 
is grown mainly on the south-west plateau but also in the central, 
southern and south-east regions of the country. Cotton and sugar are the 
other main cash crops. Recurrent droughts, climatic changes in the north 
of the country, deforestation, severe soil erosion, past conflict and 
transport problems have led to falls in agricultural production and 
depletion of livestock. 

The central highlands receive adequate rainfall. On the ;'lateau there is 
a short winter rainy season and a monsoon season. Two cro1 cycles are 
thus possible. Actual and potential agricultural surplus producing areas 
are located here (Figure 2). Huch of the lowlands. including south-east 
regions and the Rift Valley, have a Sahelian climate, being very dry and 
hot with a short wet season. A desert climate prevails at the Red Sea 
coast and in the eastern part of the Ogaden province . 

Figures for 1984-86 indicated a daily per capita calorie intake of as low 
as 1,400 - 1630 kcal (2,097 kcal was the average figure for sub-saharan 
Africa in 1986). 

With a per capita GNP in 1986 of US $120 Ethiopia is one of the world's 
poorest countries. In 1987 the external debt stood at US $ 2.4 billion. 

The port of Assab in Eritrea plays a key role in Ethiopia's FERTIS, and 
its importance will grow substantially in the coming years. Through this 
port and the associated road network (the Assab corridor) al] imported 
fertilizers are transported for storage in Nazreth. Mojo and Addis Ababa 
(Figure 1). Future political decisions regarding Eritrea and access to 
the port of Assab are thus of prime importance to the FERTIS. Assab has 
been declared a free port under Eritrean sovereignty with a charter 
guaranteeing Ethiopian access during the transitional period. The only 
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Figure 1 

MAP OF ETHIOPIA WITH llAJOR 'l'RAlfSPORTATION R<Xn'ES 
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LOCATION OF AGRICULTURAL SURPLUS PRODUCING AREAS 
IN ETHIOPIA 
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rail line connects Addis Ababa with the foreign poLt at Djibouti. which is 
at thf- present time of secondary importance to FERTIS development. 
However. becaust? of the expected heavy traffic through Assab. the port of 
Djibouti may be~ome more significant. especially if access to Assab should 
be limited. 

Thf- iaining sector. of vital importance to FERTIS development, contributes 
onlv mar&inallv to GDP and is limited to small-scale extraction of gold. 
Rt>si"n:es of potash ore are not lliined. Phosphate rock in Ogaden. apatite 
in Wollega and sulphur deposits in the northern part of the country 
(nati'l.·e- sulphur and copper and zinc pyrites) are as yet unexplored. 

The energy subsector possesses considerable hydro-electric potential ~an 
e-stimate-d i.200 megawatts). Crude oil imports are processed to petroleum 
products in the Assab refinery {with a capacity of 18,000 barrels per 
day). Prospects exist of finding petroleum onshore in the Danakil area 
and offshore along the Red Sea coast, as well as in the Ogaden region. 
Oil exploration is slowly progressing in the south-west of the country and 
has accelerated lately in seven blocks on the Red Sea coast. Important 
reserves of natural gas have been discovered in the Oga.den region at 
Calub. Total proven reserves are estimated at about 78 billion cubic 
meters and are being developed with World Bank support. Wood is a 
traditional source of energy, but ~t is hoped that increased availability 
of hydroelectricity and natural gas will reduce fuelwood use as many 
forests are severely depleted, leading to soil erosion. 

Until 1991, Western governments had been critical of rural development 
policies. which included collectivisation of agriculture. Some Western 
countries had refused to give long-term development aid, preferring to 
give assistance in the form of short-term emergency relief. Longer-term 
assistance had been left to multilateral bodies like the World Bank, the 
African Development Bank and the European Investment Bank. The World Bank 
lent more than U.S.$ 100 million for forestry, livestock and drainage 
schemes during 1987. Upgrading of the Assab port was also under 
con5ideration by the World Bank, as were various road improvement 
schemes. The European Investment Bank had committed funds to soil 
conservation. 

After political changes in 1991 international assistance to Ethiopia 
improved dramatically. t 1 assistance package from the World Bank and 
donor organizations (Emergency Recovery and Reconstruction Project) in the 
range of US$ 500 million was being considered in late 1991. Nearly half 
of the allocation for Ethiopia's economic recovery and the restoration of 
social services is to go to the productive sectors and a quarter to the 
renovation of physical infrastructure. The emergency inputs allocation 
covers about US$ 86 million for 1992/93, more than 50% of which will be 
used to purchase fertilizers. Preparation of this project followed close 
collaboration between the World Bank, and donor organizations, including 
EEC, the ADB, and the governments of Italy, Japan, the Netherlands, 
Sweden, and the USA. The World Bank is expected to finance, through the 
International Development Association (IDA), over half of the the total 
package, with other donors providing the balance. The package is to be 
madP available in early 1992. 
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l. l. 2 FERTIS Development Phases 

Market cevelopment 

Three generic stages of fertilizer use can be distinguished based on 
average f ert i 1 i zer nutrient consumption on arable land t.'i th permanent crops_ 
These stages are presented in Table 1: 

Tablt- l: Stages of Fertilizer i.Jse 

Stage Characterization Duration NPK Ap£lication Per Hectare of 
Arable !..and with Permenant Crops 

Stage Introduction 15 - 20 years 10 kg 

Stage I I Take-off 50 - 60 years 300 kg 

Stage II I Maturity Indefinite 300 kg 

With its fertilizatio11 rate of 5 kg of NPK/ha of arable land with 
permanent crops, Ethiopia is in the first. introductory stage of development 
of the fertilizer market_ Rapidly growing consumption of fertilizers and 
fertilizer delivery to surplus producing areas, mostly in Arsi, Shewa. Gojam 
and Keffa means that these zones have already reached the second stage in the 
development of the fertilizer market_ 

Industrial development 

As a general rule, the development of a fertilizer irdustry follows 
four distinct phases: 

1. Imp~rLs of food and simultaneous introduction and demonstration of the 
effects of fertilizer use; 

2. Imports of fertilizers to satisfy local demand and preparation of 
conditions that enable development of a domestic fertilizer industry; 

3. Construction of fertilizer plants and facilities, often with aid and 
foreign technical assistance; 

4. Domestic production of fertilizers through unaided exploitation of 
fertilizer plants and complexes, imports being limite,J only to raw 
materials or intermediaries not available domestically. 

In order to enter phase 3 it is usually necessary t~ pass through phase 2 
(imports of fertilizers). This is because the affinity of fertilizers to 
loral soils must be checked, the response of crops to fertilizers should be 
analyzed, a fertilizer distribution network should be created, and, among many 
other possibilities, local phosphate rock grinding, compou•;ci granulation or 
bulk-blending and packing of imported fertilizers mav be initiated. 

Ethiopia is presently in the second industrial phase, aiming to create a 
domestic fertilizer industry and to enter the third phase. Both import 
substitution (nitrogen) and export promotion {potash) are being considered. 
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l l. 3 Th° Fertilizer Sub-sector in Ethiopia 

Ethiopia does not produce fe~tilizer and depends on imports and grants. 
:\mmonia. sulphuric acid and phosphoric acid are nQt yet manufactured. 

Only two types of fertilizer are currently used, diammonium phosphat~ 
(DAP) znd urea (U). DAP is the main source of phosphate and nitrogen. urea 
supplements the balance of nitrogen_ This situation is understandable as DAP 
and urea are the most concentrated fertilizers. which allows the unit cost of 
nutrier.ts to be kept to a minilllWll_ The total amount of fertilizer purchased 
in 1989 amounted to 170,000 mt of product, ~quivalent to about 100,000 mt of 
NP. The N:P nutrients ratio has fluct·..aated in the range of 1:1.l to 1:2_5, 
with a ratio of about 1:1.5 prevailing in recent years. The consumption of NP 
nutrients has increased considerably since 1961, as shown ~n Table 2. 

Table 2. Consumption of ~p in Ethiopia (1961-1991) (OOO's tpy of N+P205} 

1961-66 1971 1973 1976 1979 1981 1985 1988 1989 1990 1991 

NP 1 1 19 27 37 46 66 79 98 88 87 

Potash has not been widely used and domestic soils do not show a general 
potash deficiency. Small amounts of potash were imported, in the form of NPK 
fertilizers, for the Ministry of Coffee and Tea Development. 

Demand for fertilizers has grown rapidly and is estimated to be almost 
twice as high as present consumption_ Fertilizer applications to AISCO in 
1990 reached 290,000 mt, providing an indication of the demand for fertilizer 
that remains latent due the shortage of foreign exchange. Assuming the same 
pattern of consumption of fertilizers as in 1989, the demand for f~rtilizer 
nutrients in 1990/91 would be as high as 175,000 mt of NP. Three h~ghland 
regions, Shewa, Arssi and Gojam, contribute some 45% of national food 
productio~ and account for about 75% of total fertilizer consumption. The 
lowlands have insufficient rainfall and are mostly pasture soils where nomadic 
societies use almost no fertilizer at all. 

The Agricultural Inputs Supply Corporation (AISCO), which operates under 
the Ministry of Agriculture (HOA), has sole responsibility for the procurement 
and distribution of fertilizers. For purchases of fertilizers, procured by 
AISCO under open international competitive bidding, the World Bank provides 
soft loans (10 years grace period, 35-40 years repayment period, anrl a rate of 
interest below 1%). Reimbursement of this loan is made according to a 
supplementary agreement between the IDA and the AIDB (which applies its spread 
for the loan, and also covers foreign exchange risk). There are no interest 
payments on fertilizer ~rants from EEC countries. A counterfund account is 
located in the Office ~f the National Commitee for Economic Relations 
(ONCFER). For fertilizer grants from the Goverruuent of Italy either, a 
counterfund account is located in the Italian Embassy in Ethiopia, from which 
funds are available for a Rural Development Project in Arsi province. 

All purchases of fertilizers are paid by AISCO in local currency on a CIF 
or C&F Assab basis. AISCO purchased 162,000 mt, 146,000 mt, and 141,000 mt of 
fertilizer respectively in 1989, 1990, and 1991, comprising about 80% DAP and 
20% urea. Table 3 provides information on cost, weight and the terms of 
purchase for fertilizer imports between 1985 and 1991. 

• 

• 
1 
4 
• 

. ! 



Table 3 

BY Source 2f funds 

1985 World Ba11k 

FAO 

SUbtotal 

1986 lllorld Bant 

Ethiopian Govt. 

FAO 

EEC 

Subtotal 

1987 Ethiopian Govt. 

EEC 

Subtotal 
1988 Ethiopian Govt. 

N>total 
1989 World Bank 

EEC 

Italian Govt. 

Ethiopian Govt. 

SUbtotal 

199(1 lllorld Bank 

EEC 

Italian Govt. 

Ethiopian Govt. 

Subtotal 

Source: AISOO 
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Table 3 (contd.) 
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SUbtoW. ULlli lLill UL.ill 

WND mm ~ llLliQ &.ill 

Source: AISCO 

• • _jlt __ _ 

' 
.._ 

t'2tll ~!21t (Bla:l 
w b ~ 

38,227,104 2,668,437 40,895,541 

16,237,102 6,139,460 22,376,562 

11,070,619 1,542,382 12,613,001 

65.534.825 10.350.279 7,,Q5.100 

359.131.000 63.637.050 ill.168.124 

I --.. -

-. ..., 

rtCDlRY.t:,blH tmt !2f lid 
w b w 
CIF CIF Credit 

CIF CIF Grant 

CIF CIF Grant 

.. . ........ . 

llm 
Credit 

Grant 

Grant 

/ 

I 

0 .. 
I 

•. 

r{ 

---



-

2 

A fleet of trucks delivers fertilizers to central stores in Nazreth, Mojo 
:md Addis Ababa. AISCO employs the government oi.1ned Ethiopia Freight Transport 
Corporation for this purpose as well as for distributing fertilizers to other 
regions. Through a planned purchase of 50 truck-trailers. AISCO aimed to 
transport up to 50% of fertilizers distributed from central stores. AISCO 
supplies fertilizers. and other inputs. to an extensive network of marketing 
centers for retail sales through Service Cooperatives to Peasant Associations 
.and Cooperatives. Around 750 Selling Distribution Centers deliver fertilizers 
to O\'Er 4 ,000 Service Co-operatives. These co-operatives supply peasant 
farms. which account for over 70% of total fertilizer use. ~ith World Bank 
funds AISCO was expecr:ed to buy 3 mobile fertilizEr bagging units. 

Ut the estimated potential of 80 million ha of agricultural land, 
Ethiopia's arab~e land potential (cropland) is around 18 million ha. However. 
only about 7 million ha is under cultivation at present. The level of 
fertilization stood in 1989 at 5 kg of NPK per ha of arable land with 
pErmanent crops (14 kg of NPK per ha of cultivated area). 

1.1.4. Fertis Main Components and Linkages in Ethiopia 

This section provides a description of the components of Ethiopia's 
FERTIS. Figure 3 is a base diagr~m providing an illustration of the main 
components in a fertilizer industrial system as well as the interlinkages 
between components. Figure 4 illustrates the FERTIS components existing today 
in Ethiopia. The following sections can be related to the components of a 
FERTIS depicted in figure 3. 

(a) Natural resources 

cthiopia is endowed with Nitrogen (N) and potassium (K) related raw 
materials, natural gas and potash ores. Natural gas reserves estimated at 
about 78 billion cubic meters have been discovered and are being developed in 
the Ogaden region. 

A prefeasibility study funded by the World Bank has been carried out by 
the Gas Development Corporation (USA). The study identified a number of small 
sca]e gas utilization projects (domestic and industri3l fuel, vehicular fuel, 
electricity generation) which have been initiated with ~orld Bafik funding. 

One of the small gas utili~ation projects considered establishing a 
mini-fertilizer nitrogen plant at Gode, about 100 kms from a major natural gas 
deposit at Calub. The government vas also looking at a Jarge scale gas 
utilization scheme in which as much as I. 2 billion cub:i.c r.ieters of natural gas 
would be sent through pipelines ~rom Cal.uh ~o Addis Ababa. This scher.;e 
included the establishment of a world-scale an;monia and urea f~rtilizer 
complex at Metahara. Such a complex would use up to 0.5 billion cubic n.eters 
of gas per year. Existing natural gas reserves of 18 billic.n cubic meters 
could feed the complex for about 65 years, even if other large consumers were 
included in this scheme. Both plans have been abandoned, at least 
temporarily. The National Cheruicals Corporation (NCC). a parastatal 
organization under the MO!, plans tc. establish an ammonia/urea complex at Gode 
with~ capacity of 450 TPD of ammonia (A) and 765 TFD of urea (U). 
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"FERTIS" - FERTILIZER INDUSTRIAL SYSTEM IN ETHIOPIA 1989 
Figure 3 
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The project has been developed by NCC together with the lnt.ernational 
Fertilizer Development Center ( IFDC). USA and ICI. UK. A complete feasibility 
study for this project, which is the most advanced of all FERTIS projects 
analyzed in this document, was prepared by the IFDC. 

The Government has offered seven cil blocks to Western companies in the 
Red Sea coast. The probability of discovering associated deposits of natural 
gas is considered high. 

Potash deposits are located in the Danakil Depression. some 90 km from the 
port of Hersa Fatma on the Red Sea Coast. The deposits have been worked 
intermittently since the turn of the century. In 1981 an Ethiopia-Libya joint 
venture (El.HICO) acquired the deposit and initiated a pre-feasibility review. 
Due to military conflict in the area in recent years the pre-feasibility work 
was not completed. 

The potash deposit has a number of attractive characteristics. The ores 
are close to the surface, permitting cheaper open pit and/or solution mining. 
In addition to sylvite (containing an average of 33% potassium chloride) and 
carnallite, kainite could also be mined to produce potassium sulphate. 
Estimated potash reserves range from 10-18 million mt of recoverable KCl 
product. The projected production of 1.5 million tpy of KCl might be directed 
to markets in Asia and Africa. In this respect the deposit is advantageously 
located, being close to the coast and to harbour facilities. 

However, the World Bank indicates poor market prospects for potash, which 
places the economics of the project in doubt. The World Bank has also noted 
that the deposits would need an extensive programme of technical work, as well 
as a technically and financially qualified partner. Penetration of the Asian 
market, which consumes about 2.8 million tpy of KCl, would also be a major 
~ndertaking. The project would need to offer a substantial price advantage 
and reliability of supply. 

Feasibility work on the Dallol pot3sh deposit has been delayed because of 
financial problems at El.HICO. A meeting of ELMICO's shareholders (51% 
Ethiopia and 49% Libya) is scheduled for JanuaryjFebruary 1992, where 
decisions on this 25 years agreement (of which 10 years have already passed) 
are to be taken. 

The two remaining raw materials of great importance to FERTIS development 
in Ethiopia, sulphur and phosphate, are found in several locations. Further 
exploration is required however. Sulphur and pyrite deposits are located in 
Eritrea, Tigre, Harar and Shoa provinces .. An exploration programme begun it• 
1985 by a joint Ethiopian Institute of Geological Surveys-UNIDO team proved 
the existence of phosphate bearing rock in the Ogaden as well as apatite 
associated with magnetite and ilmenite in the Wollega and Bale regions. 
Sulphur from the manufacture of phosphate fertilizers may also be used as a 
secondary nutrient when applied in such fertilizers as ammonium sulphate, 
single superphosphate and potassium sulphate. 

Prospects for development of a sulphuric acid industry by the year 2000 on 
the basis of dom~stic raw materials seem to be remote. This is due to the 
time required to survey, to test on a pilot-scale, extract and beneficiate 
domestic sulphur bearing raw materiAls. 
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(b) Processing to Intermediarv Products 

Ammonia. sulphuric acid and phosphoric acid have not yet been manufactured 
in Ethiopia. A small-scale sulphuric acid plant is being built in Nazreth 
ba~~d on imported brimstone. Sulphuric acid will be used for production of 
aluminium sulphate used for water treatment. The best prospect for 
manufacture of intermediary products exists with ammonia plants based on 
domestic resources of natural gas. Ammonia plants based on water electroly~is 
cannot compete economically with natural gas based ammonia plants due to 
electricity prices for industrial users of 10 US cents per kilowatt-hour (100 
US $/ffij'h). The comparison looks much more favourable if the cost of 
hydroelectricity, or other sources of electricity is low. 

It is very likely that by the year 2000 processing to ammonia will have 
been developed. However, little prospect exists for development of the 
domestic phosphoric acid industry by that time. 

(c) Processing of NPK fertilizers 

Processing of NPK fertilizers has not yet been developed in Ethiopia. 

Urea is a priority in FERTIS development plans which include an 800 TPD 
urea plant at Gode. Due to the raw material base and market constraints, 
small capacity MOP (SOP) plants at Dallol are expected to be established next. 

Because of high prices of ammonia and phosphoric acid relative to DAP, 
plans to build a versatile DAP (TSP) plant at Assab cannot be encouraged. 

(d) Other operations (bulk-blending, ground phosphate rock plants) 

These operations have been the subject of intensive studies in the past. 
Today, however, these options have been abandoned in favour of the synthesis 
of fertilizer products. It is obvious, however, that with increased awareness 
of fertilizer affinities to local crops and soils, different grades of complex 
or blended NPK fertilizers will be applied. Technical assistance (TA) project 
17 of this Integrated Programme aims to support this process. 

Grinding of phosphate rock and the PAPR process may be developed in future 
close to phosphate mines, once phosphate deposits are developed. 

Packaging industry development (TA pr9ject 18) is being considered in 
order to decrease foreign exchange expenditures by importing bulk rather than 
bagged fertilizers. 

(e) Energy self-sufficiency and energy consumption per capita 

Energy self-sufficiency and energy consumption per capita are a measure of 
energy inputs essential to FERTIS development. Linkages between the 
fertilizer industry and the energy sector (electricity, gas, coal, oil and 
refinery products), play a crucial role in uninterrupted fertilizer 
production, especially for processes characterized by high energy requirements 
(e.g. ammonia through water electrolysis, phosphoric acid through wet and 
thermal processes, and others). 
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Ethiopia hds a low level of development of the energy sector. The country 
had a total energy selfssufficiency of about 9% in 1986, and a significant 
hydroselectricity potential. Ethiopia is a net exporter of electricity to 
Sudan and Djibouti. Energy consumption per capita is one of the lowest in the 
world at 21 kg of oil equivalent in 1986. Prospects exist for improvement in 
the energv sector, particularly in further hydroselectricity development, 
utilization of natural gas (TA project 8) and geothermal energy (Annex l and 
TA project 15). The possibility also exists of discovering oil. exploration 
for which has intensified. 

The development of the energy sector is very important in limiting the 
process of deforestation (fuelwood gathering), which leads to severe 
desertification and reduction in the potential for cultivable land expansion. 

(f) Storage, transport and distribution 

Considerable constraints are evident for FERTIS development in storage, 
transport and distribution. 

Ethiopia has a large area and a mountainous landscape crosscut by the Rift 
Valley. While th~ road network is sufficiently developed, with some major 
exceptions. the quality of roads is poor, especially in peripheral areas, and 
freight costs are high relative to most countries. There is limited access to 
the Red Sea coast, through the ports of Assab and Hassawa. There is only one 
rail link, between Addis Ababa and the port of Djibouti. There are fertilizer 
stores in the port of Assab, once operated by Ethiopia Amalgamated Limited, 
with a capacity of 15,000 tonnes for bulk and 10,000 tonnes for bagged 
product, with bagging facilities. These facilities require upgrading. Ships 
are unloaded by general cargo port facilities that also handle bagged 
fertilizers. 

With expected demand for fertilizer products in the year 2005 as high as 
1.25 million tpy, the port of Assab will be overloaded with fertilizer, grain 
and other materials if complex expansion programmes are not implemented in the 
coming years. Such programmes must address both fertilizer unloading/storing 
and loading/transporting capacities in the port of Assab and th~ Assab 
corridor. 

Present capac1t1es in the port of Assab are estimated at a m1n1mum of 
1,000 TPD, an average of 2,200 TPD and a maximum of 3,500 TPD for all (bulk 
and packed) goods unloaded from international shipping and loaded on trucks. 
The daily capacity depends on the nature of the material handled and is 
highest for grain (a peak, short term capacity is estimated at 5,000 TPD). 
The biggest bottleneck lies in loading/transporting capacities for trucks. 
Since there are only 100 trucks (each of 22 tons) available per day, an 
average capacity of the port is calculated at 2,200 TPD, equivalent to 0.7 
mill ion tpy. 

A development project for the Assab port, at a cost of approximately US$ 
72 million, has been proposed for implementation with assistance from the 
World Bank, African Development Bank and European Investment Bank. It is 
hoped that the project will be ~ttually acceptable to Eritrea and Ethiopia. 
The project does not include fertilizer stores. Unloading/transportation 
capacity at Assab is expected to rise to l million tpy by 2000 as a result of 
this project. 

\ 

• 

' 4 
11 

-

i 
, .• 
• .. '1JJ 



....................... ---------------------~~~~~~~~~~~-~~-
··1Fs• .. -

-

\ 

-~ 

.. 

- 20 -

It is very difficult to estimate the capacity of the port of Hassawa as it 
has been out of operation for almost 2 years. The Port of Djibouti, handling 
at the present about 10 per cent of goods unloaded to and from Ethiopia will 
be able to accomodate, by the year 2000. a maximum of 30 per cent of all 
Ethiopian goods. provided that the plan of improvements in the railway system 
will be complemented by new trucking capacity. 

If development of a fertilizer industry in Ethiopia was delayed well 
beyond the year 2005, the Red Sea ports. and especially Assab, would face a 
great problem in unloading and dispatching 1.25 million tpy of fertilizer to 
central fertilizer stores. This volume is equivalent to SO sea-going vessels 
a year calling at Assab, each with a capacity of 25.000 tons, to be unloaded 
in one week. It should also be noted that fertilizer should be given priority 
o\·er grain on account its lower weight. 

It is estimated, therefore, Lhat access to the Red Sea ports and their 
unloading/dispatching facilities is the most important constraint in FERTIS 
development, especially as fertilizer is only effective if applied in a timely 
manner. In this connection, figure S illustrates annual fluctuations in 
fertilizer demand. 

Transportation is a serious infrastructural constraint on those subsectors 
handling materials in bulk. The World Bank estimates that transport costs for 
marble produced by El.HICO in Wollega are Birr 520 per cubic meter (US$ 250) to 
the port of Assab. Transport costs will be a critical determinant of the 
economics of exploiting FERTIS raw u~terials and of the fertilizer system 
itself, which must deliver fertilizer to cropping areas. Transport costs also 
directly affect the competitiveness of any domestic fertilizer industry in the 
world market. 

It is estimated by AISCO that the average total cost of handling 1 mt of 
fertilizer is as high as 288 Birr, or US $ 140. Of that, US $ 80 is spent on 
handling at the port of Assab and road transport to central warehouses in 
Nazreth, Mojo and Addis Ababa. For example, the CIF price of urea, purchased 
from the EEC in 1989 was 500 Birr (US $ 242) per mt of bagged product. The 
price of urea rose from 500 Birr CIF at the port of Assab, to 788 Birr per mt 
of bagged urea at the farm gate. The chain of port handling transport and 
storage operations thus causes a price increase per mt of bagged fertilizer of 
about 288 Birr (US $140), some 36 % of the farm gate price. The breakdown of 
this price increase is shown in Table 4. 

Over 90% of fertilizers are distributed in surplus producing areas 
2). the remainder being shipped to potential surplus producing areas. 
not producing an agricultural surplus are generally not supplied with 
fertilizers. 

(figure 
Areas 

Fertilizers are distributed from AISCO's central stores in Nazreth, Mojo 
and Addis Ababa to about 750 Selling Distribution Centers managed by AISCO, 
from where fertilizers are sent to about 4,000 Service Cooperatives connected 
with some 20,000 Peasant Associations. There is no private distribution of 
fertilizers in Ethiopia at present. However, as privatization is a priority 
of the Transitional Government, private companies such as Ethiopia Amalgamated 
Ltd., which once dominated the procurement and handling of fertilizers, may 
re-enter this activity. From Service Cooperatives, that have a local 
fertilizer store, fertilizers are delivered to some 7 million peasant farms. 
A farmer usually buys from 1 to 8 bags (50 kg) of fertilizer product. The 
Ministry of State Farm Development (large scale farms) and Ministry of Coffee 
and Tea Development (cash crop producers) buy fertilizers from AISCO. 
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Bibliography Source: The Fertilizer Society of London: Packaging and 
Handling Fertilizers. 1970 

The whole process of fertilizer supply and distribution, from request for 
fertilizer to its application, lasts approximately one year. About 7-8% of 
fertilizer is damaged during distribution, a fact of great concern to AISCO. 
Through a planned pl•rchase of 50 truck-trailers, AISCO aimed to transport up 
to 50% of fertilizers distributed from central stores. Efficient procurement 
and distribution is an important part of plans of the Transitional Government 
of Ethiopia. 

Jn Ethiopia's specific conditions, characterized by cumulative 
transportation constraints in a mountainous countryside, air transport could 
be utilized in special cases, both for spreading granulate fertilizers in the 
most remote areas, where road transport cannot supply fertilizer on time, and 
for deliveries of critical items of equipment for FERTIS construction sites. 

(g) Consumption of fertilizers 

This variable indicates both a considerable market in Ethiopia at about 
100,000 mt of pure nutrients in 1989, as well as consumption growth of over 
250% during the last decade. Including purchases of the Ministry of Coffee 
and Tea Development, about 170,000 mt of fertilizer products were imported i·. 
1989 costing around US$ 44 million CIF. Similar figures relate to 1990 a id 
1991 (Table 2). Further rapid increases in consumption are expected by r· 1e 
end of the century, reaching an annual amount of at least 400,000 mt of I-PK. 
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Table 4. The Build up in Price of One Imported Metric Ton of Ff'rtil izer to 
the Farm Gate 

(a) CIF pvrt of Assab per mt of bagged urea 
(b) Product insurance (Assab-Nazareth of Addis Ababa) 
(c) Bank charge (Letter of Credit) 
(rl' Port dues 
(e) Transport and handling in the port (clearing charge) 

Maritime Transit Service Corporation 
(f) Transport from Assab to warehouse in Nazareth or Addis 

Ababa (transit to warehouse) 
(g) Unloading in warehouse 
(h) Loading on trucks 
(i) Spoilage and losses 
(j) Sub-total 
(k) Overhead and general expenses (Bank. insurance) 
(1) AISCO overhead 
(m) Contingency 
(n) Selling price before tu·nover tax 
(o) Turnover tax (2%) 
(p) Selling price to Service Co-operative 
(q) Farm-gate price 

-500 Birr 
- 3 Birr 

- 21 Birr 
- l Birr 

- 57 Birr 

-108 Birr 
- 3 Birr 
- 3 Birr 
- 3 Birr 

- 690 Birr 
- 30 Birr 
- 18 Birr 
- 15 Birr 
-753 Birr 
- 15 Birr 
-768 Birr 
-788 Birr 

Defining the optimum future nutrients ratio is of great importance to 
FERTIS development (TA project 6). The N:P ratio is in part dictated by unit 
transport costs of fertilizer (DAP, ~4% NP and urea, 46% N, are preferred). 
The average N:P ratio in the period 1985-1991 ranged from 1:1.38 to 1:1.84, 
the mean value being 1:1.59. FAQ's former recommendations included an N:P 
ratio of 1:1 by the year 2000 (FAO 1989). FAQ's latest assumptions of 1:0.72 
have shifted even further to nitrogen (FAO 1991). The Institute of 
Agricultural Research (IAR) recommended a future N:P nutrient ratio of 1:0.5. 

As discussed above, the N:P nutrients ratio of 1:1.5 is expected to shift 
towards nitrogen. An N:P ratio limit value of 1:0.5 reay be expected by the 
year 2005. No secondary nutrients or micro-nutrients are known to have been 
used in 1989. The nutrients ratio of all fertilizers imported in 1989 was 
around 1:1.54:0.03 (N:P:K). Priority was given to DAP (75%), Urea (20%) and 
NPK fertilizers (5%). 

Fertilizer prices in 1989 were relatively high, and the crop-fertilizer 
price ratio was low. Fertilizer was subsidized by 7% for the peasant sector. 
Small scale peasant farms accounted for over 75% of fertilizer consumption. 
In 1989 over 75% of fertilizer was consumed in 3 regions (Shewa, Arsi, Gojam), 
where some 15-20% of farmers use fertilizers. The rate of fertilizers 
adoption in the other 11 regions of Ethiopia was very low. 

Large scale farms (total area about 200,000 ha) consumed around 15% of 
fertilizers in 1989. Large farms under the Ministry of State Farm Development 
share the cash crops market with the producers of coffee and tea under the 
Ministry of Coffee and Tea Development. This Ministry accounted for about 5% 
of nationally consumed fertilizer. Around 5% of fertilizer consumption was 
shared by other organizations, incl udinp, resettlement programmes. 
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The largest share of fertilizer, over 80%, went to cereal crops, of which 
about half was applied to teff. followed by wheat, barley, maize and other 
crops. Extension services, supervised by the Ministry of Agriculture through 
the Agricultural Extension Department. are particularly important for 
increasing the rate of fertilizer adoption by farmers. Although extension 
stn·ice~ have been improved significantly in recent years. it is essential 
that thev be sufficiently endowed with funds and staff so as to reach an 
increasing number of farmers, especially in the peasant sector. 

(h) Demand for fertilizers by the year 2000 and beyond 

One of the major issues in FERTIS development in Ethiopia is the need to 
estimate in a more precise way the size of NPK demand by the year 2000 and 
beyond. There are several contradictory estimates. 

Projected demand for fertilizers by the year 2000 and beyond (the year 
2005 has been chosen as representative of the period 2000 - 2010) is in the 
range of 400,000 mt to 050,000 mt of NPK. This comprises lower and upper 
limits as follows: An NPK low demand by the year 2000 of 400,000 tpy 
nutrients (700,000 tpy product). with an N:P of 1:1; a high NPK demann by 2000 
and beyond of 650,000 tpy nutrients (1,340,000 tpy product), with an N:P of 
1:0.5. This projection is used in the present programme with the amount of 
fertilizer product changed to 1,230,000 tpy as a consequence of differences in 
fertilizer imports. 

The high projection. based on IAR estimations was recommended by UNIDO. 
The low demand figure corresponded broadly with the forecast adopted in the 
FAO study "Ethiopian Agriculture - Crop Yield Response and Fertilizer 
Policies" of July 1989. However, the latest FAO forecast of 1991 puts 
fertilizer demand in the year 2000 at 900,000 tpy of product, with an N:P 
ratio of 1:0.72, which is equivalent to 495,000 tpy of NPK. 

In the market study for fertilizer demand, carried out by the National 
Chemicals Corpation (NCC) in January 1991, the estimated NPK demand 1990/91 
varies from 241,000 tpy of NPK up to 681,000 tpy of NPK depending on the 
criteria chosen for estimations (especially changes in cultivated area). 

Based on food self-sufficiency estimates, and an acreage of 7 million ha, 
the fertilizer demand 1990/1991 of 480,000 tpy NPK, projected by NCC to 
2004/2005, gave a resulting demand of 656,000 tpy of NPK. The N:P ratio was 
kept constant throughout the study at 1:1.35. 

One of the estimations in this study is the NFIU recommendation (for a 
cultivat~d area of 7 million ha) of 529,000 tpy of NPK (N:P - 1:1.35, and 
890,000 tpy product). In this recommendation demand for fertilizer is driven 
by the acreage under cultivation. As can be seen from the above comparison, 
NPK demand in the year 2000 and beyond varies across a large range. This 
variation is most notable for the N:P ratio, which v~ries almost threefolJ, 
from 1:0.5 (IAR, UNIDO), through 1:0.72 (FAO). up to 1:1.35 (NFIU, NCC). Due 
to a very broad range of demand and N:r ratio estimates, it is suggested in 
this Integrated Programme that a oeminar be held to further this discussion 
(TA project 6). 

Given a similarity between NCC and UNIDO estimations of NPK demand in the 
year 2005, it was decided that only one estimate, of about 650,000 tpy of NPK, 
would be used throughout this report. 
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Present consumption of fertilizers is equivalent to 25% and IS l of the 
demand for fertilizer in the year 2005 according to the low and high estimates 
respectively. These percentages indicate the extent of the required increases 
in fertilizer deliveries to agriculture. These increases will be severely 
constrained by storage, transport and distribution capacities (see section •f• 
abo\·e). Demand is highest for DAP and urea. but NPK is also sought. mostly 
for coffee farms. TSP is recommended for oil crops, where it may partly 
substitute for DAP. Sugar growers apply ammonium sulphate (AS) on alkaline 
soils. Nitrophosphates (NP) and CAN are also being tested ~or coffee. Cotton 
growers use urea. Urea is also used for coffee as a top dressing fertilizer, 
but is of limited use on acidic soils having no lime (limestone, dolomite). 
Present or future demand has not been defined for secondary nutrients S, Ca, 
and Mg. nor for micronutrients Bo. Zn. Fe, Cu, Mo, Mu, Co. 

(i) Fertilizer application 

Fertilization rates in 1989 were equal to 14 kg of NPK per ha of 
cultivated land, and 2 kg of NPK per capita. Table S compares projected 
fertilization rates for Ethiopia in the year 2000 with analogous figures for 
the World and Africa. 

Table 5. 

Projected Rates of Fertilizer Application in Ethiopia, the World and 
Africa 

NPK demand 2000 per NPK demand 
ha of arable land per capita 
with permanent crops 

World 145 kg 36 k15 
Africa 38 kg 9 kg 
Ethiopia (low estimate) 22 kg 6 kg 

2000 

Ethiopia (high estimate) 36 kg * 9 kg * 

* The low NPK demand estimate is 400,000 tpy. The high NPK estifl'late is 
650,000 tpy . 

Source: :Ao 1981, 1986. 1988, and dat~ from Ethiopia, 1989 (AISCO, MOA) 

Arable land in the ye;.r 2000 i.s estimated at 18 million ha. The share of 
arable land in agricultural area is ;.round 22%. Arable land per ca pi ta in the 
year 2000 i& estimated at 0.28 ha, indicating ~ substantial growth in pressure 
on land resources. This is an enhancement for the development of the 
fertilizer industrial system, a.:> it may increase th~ likelih?od of more 
intensive agricultural development. espg~ially as the assumptions relating to 
land resources are rather optimistic. 

Of the estimated irrigable area nf 2 .4 million hectares only so.-:ie 80,000 
ha, or about 3 per cent, has been irrigated to ~ate. Irrigation may in the 
distant future become a major enhancement for FERTIS development, especially 
through fertigation systems (fertilizer plus irrigation) on at least some 
350,000 · 400,000 ha of arable 11nd suitable for direct irrigation. 

Rapid deforestation, erosion and desertification ~f arable land threatens 
the food the production base. It is noteworthy that according t~ most 
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assumptions. including those of FAO and HOA, only about 6.0-9.0 million ha of 
arable land is expected to ht cultivated by the year 2000. 

For the high demand estimate, fertilization rates per ha of cultivated 
area in the year 2005. shown in Table 6. are very high when compared to the 
1989 figure of 14 kg of NPK per ha of cultivated land. 

Table 6. 

Pr0jected Rates of Fertilizer Application in Ethiopia by 2005 

NPK demand projected by 2005 (000 tpy of NPK) 
Projection of cultivated land by 2005 (mln ha) 
Projected fertilization rate per ha (kg NPK) 

NCC 

650 
7.0 

93 

UNIDO 

650 
8.5 

76 

In crder to keep data to a m1n1mum, one projection of the growth of 
cultivated land is used throughout this report. This projection is shown in 
table 7. 

Table 7 

Projected Growth of Cultivated L3nd in Ethiopia to the Year 2010 

Cultivated land (million ha) 
Arable land with PC (million ha) 

1989/91 
., .0 

18.0 

1995 
7.5 

18.0 

2000 
8.0 

18.0 

2005 
8.5 

18.0 

2010 
9.0 

18.0 

These figures do not ignore the downward trend of growth in cultivated 
area observed in recent years, but reflect consideration of Ethiopia's efforts 
to reverse this trend. 

Appli~ation of DAP is expected to rise. However, with the increased 
residual phosphate content of soils, as a consequence of continuous phosphate 
fertilization, the importance of DAP will diminish, mostly in favour of urea. 
!he application rate of urea is expected to grow constantly to the year 2000 
and beyond. 

Amongst primary nutrients there is an expected trend from phosphate to 
nitrogen which will grow towards the year 2000. The N:P ratio is likely to 
shift from the present value of about 1:1.5 towards the ratios of 1:0.7 and 
1:0.5 reco:nmP.nded by FAO and the IAR. Potash remains of lesser importance for 
Ethiopian soils. Secondary nutrients will be needed in the future to control 
the alkalinity and acidity of soils. Alkaline soils will have to be treated 
with fertilizers carrying sulphur, while acidic soils will have to be limed 
(limestone and dolomite carrying Ca and Mg). There will be a rising demand 
for th~ micronutrients Bo, Zn, Fe, Cu, Mo, Mn, Co which have a distinct 
influence on yield increases and plant growth. 

(j) Fertilizer impacr. on agricultural production 

Growth of cereal yields and arable area, shown in Figu1·e 6, have not been 
promising in recent years. Most data for sub-Saharan, Africa show positive 
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ESTIMATED ANNUAL GROWTH IN CEREAL YIELDS 
AND ARABLE LAND AREA IN ETHIOPIA IN RECENT YEARS 
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trends in area and/or cereal yield growth. However. as figure 6 shows, 
Ethiopia has experienced negative growth in arable land area and a negative 
tendency in cereal yield growth. Around 200,000 hectares are being lost per 
annum through erosion. Given serious constraints in the expansion of arable 
land. yield growth remains in practice the major source of crop production 
increases in Ethiopia. 

According to FAQ's "Agriculture Toward 2000", in the period 1982-2000 
yield growth is expected to contribute 57% of crop production increases in 
sub-Saharan Africa, while arable land expansion and cropping intensity will 
add 26% and 17% respectively. Kost opinion within the MOA indicated that the 
contribution of yield growth to increases in agricultural production in 
Ethiopia is expected ~o be about 80%, much higher than FAQ's average for 
sub-Saharan Africa. Arable land expansion and increased cropping intensity 
are expected to contribute to crop production increases of about 10% onlf. 

Improvement in crop yields through fertilizer use is described in the FAO 
fertilizer programme on maize in Ethiopia for 1967-78. Whereas average yields 
of maize were 1,050 kg per ha of cultivated area, yields achieved using 
fertilizer were 2,170 kg, with some yields as high as 3,280 kg of maize per ha 
of cultivated area. In best treatments an additional 16.3 kg of sorghum, 15.1 
kg of maize and 7.3 kg of wheat could be grown per kilogram of NPK nutrients 
applied per hectare. 

The ~FIU has compiled a productivity index of cereals in Ethiopia (kg/ha 
of addiLional yield per kg of plant nutrient applied). The index for nitrogen 
and phosphate fertilizer are presented in Table 8: 

Table 8. 

Productivity index - Cereals Response to Nitrogen and Phosphate 

N P205 

Te ff 4 - 8 4 - 6 
Wheat 7 - 13 8 - 14 
Barley 3 - 8 10 - 14 
Maize 10 - 22 11 - 22 
Sorghum 8 - 15 9 - 14 

Based on the present average productivity index of about 8 ton~ of cereals 
per ton of nutrients applied, NFIU proposed revised recommendations for 
application of fertilizer at the national level in 1990/91, aiming at a cereal 
yield increase of 3.4 million tpy. Cereal production and nutrient 
requirements according to these recommendations are shown in figure 7. Of 
note are the potential increase of cereal production due to planned increases 
of nutrients applied (up to 348,000 tpy of N+P205), and the dramatic shift 
towards nitrogen in the N:P ratio of fertilizer applied to cereals from 1:1.92 
to the recommended 1:1.19. 

According to the FAO study "Ethiopian Agriculture · Crop Yield Response 
and Fertilizer Policies" of July 1989 (no expansion of acreage scenario -
Variant A), fertilizer consumption increases and proper policies may enhance 
food self-sufficiency and per capita dietary energy supply. It is held that 
the de~ree of self-sufficiency in cereals may be raised from 74% to 94% and 
dietary energy supply may increase from 1,618 to 2,001 kcal per capita per day 
if consumption of fertilizers in the year 2000 reaches 333,000 mt of NPK. 
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(k) The Incentive to Use Fertilizers 

Price and subsidy policies play an important role in stiQulating 
agricultural production. The previously cited 1989 study on crop yield 
responses and fertilizer policies by FAO estimated that a fertili;:er price 
subsidy of '.>Ol would result in a 20% increase in fertiiizer constll!::ption. In 
1989 fertilizers were subsidized by 7% for the peasant sector. 

ThE average ratio of cereal ~r fertilizer nutrient price ha~ fluctuated in 
the range of 0.38-0.18, with a slow decline during the years 1966-67 to 
1986-87. The fall in the ratio from about 0.3 in the late 1970s to about 0.24 
in the late 1980s has probably curtailed the use of fertilizers. 

For most developing countries. with low fertilizer use and low crop 
yields. one ton of additional fertilizer nutrient ought to produc~ an extra 10 
tons of cereal groin under favourable conditions, with the response 
diminishing as the applicatior. rate approaches the optimal level. In 
practice. the individual crop response to fertilizer and the final crop yield 
are the result of the interaction of a large number of factors. Some of 
these, such as climate, soil and yield potential ~f the plant material are 
largely beyond the control of the farmer. But many factors can be influenced, 
such as land preparation, crop variety, sowing date, control of weeds, 
diseases. pests, etc. 

Figure 8 illustrates the sources of reduction in fertilizer efficiency 
which may be caused by controlable factors. It is worth noting that 
unbalanced fertilizer application may cause reduction in fertilizer efficiency 
in the range of 20 - 50%, underlining the importance of future recommendation3 
on fertilizer types, grades and nutrient ratios at a national level and 
extension services at the farm level. The factors shown in figure 8. together 
with the crop/nutrient price ratio, constitute a combined risk to the farmer, 
who will only use more fertilizer if he is sure that the resulting benefits 
are considerably higher than the risk involved. Therefore, the package of 
incentives designed to increase fertilizer efficiency and adoption by farmers 
is of crucial importance. 

The percentage of farmers using fertilizer is likely to increase from 
about 10-151 to some 30% by the year 2000. Improved extension services, 
demonstration trials, timely and efficient distribution of fertilizers 
together with expansion of farm support services, appropriate subsidy and 
credit policies are essential for higl1Pr rates and efficiency of fertilizer 
use. 

A new draft document on transitional economic policy ensures special 
attention and support to the peasant sector, including supply of fertilizers, 
improved seeds and enhanced incentives. Farmers are to have the right to full 
use of their produce, to sell their crops and buy commodities on the free 
market. Heavy taxes are to be lifted and made commensurate with land holdings 
and income. At the same time, expansion of private .::.:mmercial farms is 
encouraged. State farms are to be reduced, sold or dismantled. 

(1) Government priority in FERTIS 

Though fertilizer is very costly. the Government allocates growing 
financial resources for imports of fertilizers, illustrating the importance 
accorded by the Government to the supply of this input. Plans to begin 
development of a national fertilizer industry are being seriously considered 
by the Transitional Government. 
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Sources of reduction in fertilizer efficiency 
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Bibliography Source: Fertilizer Strategies - Land and Wuter 
D.:?velopment Series No. 10, FAO, 1987 

Even more important is the tact that the Transitional Government included 
domestic production of fertilizers in thP. 1991 Industrial Policy Document as 
an area of vital importance to the economy. While limiting the role of the 
state, the Transitional Goverru:.ent has decided. to focus its involveme11t on 
selected areas (mining and energy, major engineering and met~l industries, 
pharmaceuticals, production of fertilizers, chemicals and producer goods). 

The Govarnment has attached great importance to timely and adequate 
supplies of fertilizers while co-operating with the World Bank and donor 
organizations on the preparation and appraisal of the Emergency Project, which 
includes an emergency input allocation for the purchase of fertilizers (about 
200,000 tonnes in 1992/93). 

According to many interviewed Ethiopian agriculture specialists, FERTIS is 
the input sub-system to which highast priority should be given (from amongst 
irrig;tion, agro-machinery, improved seeds, new crop varieties, pesticides, 
and fertilizers). The limited use of fertili~ers is considered a key 
constraint on cereal yields and agricultural production increase~. especially 
in the Ethivpian Highlands. 
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The following order of priority of inputs, lack of which restricts cereal 
production increases in the Highlands, seems to be the most frequently shared 
among Ethiopian specialists: 1. Fertilizers; 2. Seeds and improved crop 
\'arieties: 3. Agro-machinery; 4. Pesticides. and 5. Irrigation. 

Some specialists pointed to the timing of fertilizer application as the 
critical factor for fertilizer effectiveness. giving higher priority to the 
agro-machinery system. Food preservation systems were also highly ranked when 
cereals were discussed. It should be noted that different opinions exist on 
the order of priority as far as lowland or cash crops (cotton. coffee. sugar 
cane. oil crops) were concerned. with FERTIS usually not given the first order 
of priority here. The following order of priority among inputs for the 
lowlands was common: 1. Seeds; 2. Pesticides; 3. agricultural machinery. and 
4. fertilizers. For cotton the order of priority was: 1. Irrigation; 2. 
Pesticides; 3. Seeds; 4. agricultural machinery, and 5. fertilizers. 

1.2 Government Development Objectives Related to the FERTIS 

With political changes and a new economic policy. existing development 
plans and strategies will be revised in the transitional perioc of 2-2.5 
years. However. general development objectives of the Transitional Government 
are aimed at food self-sufficiency ar.d a greater market orientation for the 
economy. 

Agriculture is the sector given first priority, w~th primary emphasis on 
deveiopment of the peasant sector. Government will also concentrate on the 
export of coffee. 

The .;econd priority area is industrialization, with associated development 
of the energy and mining sectors. Mining and energy policy aims at 
implementation of already prepared projects, as in natural gas development, 
for example, and acceleration of a~tions and studies aimed at long-term 
development of mines and energy. 

One of the broad policy directions of the Transitional Government is to 
mobilize greater external ~ssistance. Foreign investors are to be encouraged 
and technology transfer is to be promoted. In the light of the above, there 
is no doubt that the Transitional Government will, in revised development 
plans, give high priority to sustainable development of the FERTIS. However, 
detailed objectives =elating to the FERTIS had not been prepared at the time 
this Integrated Progamme was C.rafted. It may thus be useful to review the 
most important FERTIS development objectives of the previous Government, 
allowing that these may be changed in naw development ~lans. 

The Ten-Year Perspective Plan 1984-85 to 1993-94 was the most important 
statement on the developm~nt of rhe economy. A prime objective of the 
Ten-Year PErspective Plan was to accelerate growth of the economy through 
expansion of agriculture, mining and industry. Attainment of food 
self-sufficiency and a minimum three month food reserve were the most 
important of the plan objectives. 

To promote inter-sectoral linkages, particularly between agriculture, 
mining and industry, the plan sought to promote import $Ubstitution based on 
national resources. Industry would commence prod~ction of fertilizers in 
order to meet at least part of the requirements of agriculture. In a similar 
manner the mining sector would produce, inter alia, potash and limestone. 
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The sector plan for agriculture envisaged importing fertilizers in greater 
quantities. while agricultural research was to be directed towards raising the 
yield of indigenous crops through improved fertilizer application. 

One objective - now an example of over-optimistic planning - was domestic 
fertilizer production of 270,000 mt by 1993-94. with an estimated '\"alue of 386 
million Birr. It is now assumed that domestic production of fertilizer mav 
only begin in 1998. Projects were planned for primary nutrients (NPK). and to 
a lesser extent secondary nutrients (S. Ca. Mg). 

Strategies for the mining sector gave priority to petroleum and natural 
gas exploration. Potash development had been given priority in im·estment for 
the mineral sub-sector as this activity was oriented towards both domestic and 
£:Xport markets. 

Developments in transport were related directly to FERTIS operations. The 
following were the major projects in the transport sector for the ten-year 
plan period: 

Improvemt-nt of Addis Ababa - Djibouti Railway line: 
Acquisition of locomotives and wagons; 
Acquisition of buses and trucks; 
Expansion of Assab and Massawa ports. 
Addis Ababa - Assab Railway line construction; 

Some of these projects, such as the first three, are likely to be 
incorporated in the new development plans. Others, especially the last one. 
will perhaps be subject to more detailed investigation. Plans to construct, 
with EEC assistance, a fertilizer store in Assab with a capacity of 25,000 mt 
of bagged fertilizers. are likely to be postponed. 

1. 2 .1 Plans for Specific Investments in FERTIS Plants 

Plans for an Ammonia-urea Complex at Gode 

Plans to establish an A/U mini-fertilizer plant at Gode have been modified 
(scaling-up capacities) and accelerated, while plans for a worid-scale A/U 
complex at Metahara appear to have been abandoned . 

The nitrogen fertilizer complex at Gode envisages capacities of 450 TPD 
ammonia, 765 TPD urea (later referred to as 500 TPD A+ 800 TPD U). With a 
high nitrogen demand (up to 279,000 tpy according to the Government 
programme), the decision to increase nominal capacities of the A/U complex was 
fully justified. The following factors are among the major merits of the A/U 
project at Gode· 

A well selected capaciLy and process for the ammonia plant (Leading 
Concept .~.mmonia process, proven industrially by ICI); 

A mini~izatton of the capital investment cost (natural gas pipeline plus 
A/U complex) through 1.ocation of the complex at Gode, some 100 kms from 
thP natural gas ~ell-~ead at Calub. 

A )o-,, ex-factory urea manufacturing cost. 
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An advanced stage of preparation of the project, for which feasibility 
•ork ,.as done bv the International Fertilizer Development Center. 

Any negati\·e impact of the A/U complex on the environment may be less 
significant in this location. 

The development impact on the Ogaden Autonomous Region, which has until 
now received insufficient support in national plans. 

However. this project is expected to supply only some 40 per cent of the 
demand for nitrogen by the year 2005, the balance coming from grants or 
commercial being imported (or grants) OL produced through another nitrogen or 
nitrogen-phosphate fertilizer project. A further drawback of this project is 
its non-optimal location for urea distribution in cereal producing highland 
areas. The location at Gode almost totally excludes the option of locating a 
second A/U complex in the cropping area (Yirga Alem), since there would be no 
justification for connecting the natural gas field with the highlands by a 
long pipeline. 

Plans for a DAP (TSP) versatile plant in Assab 

Plans for the establishment of a phosphate fertilizer complex at Assab, 
based on imported ammonia and phosphoric acid (and phosphate rock), have been 
abandoned due to the unfavourable relation of prices between the above 
mentioned intermediates and DAP (TSP). This decision is justified for 
economic reasons. and because of uncertain access to Assab. 

However, with fertilizer demand by the year 2005 as high as 056,000 tpy of 
NPK, and with an N:P:K ratio of 1:1.35:0 adopted in the national plans, the 
shortfall in phosphate fertilizers will be as high as 377,000 tpy of P205, and 
should be addressed as soon as possible. Ethiopia is likely to face a 
considerable dependency on imports (grants) of phosphate fertilizers. 

Plans for a Potash fertilizer complex at Dallol 

No progress has been reported on plans for an export criented potash 
fertilizer complex based on domestic potash ore since 1989. A number of 
factors lead to the recommendation here that this export oriented project 
should be preceded by a pilot-scale industrial production aimed at satisfying 
domestic demand in the range of 20,000 - 25,000 tpy of K20, before industrial 
scale production for export. These factors include the following: the huge 
investment required; growing delays in exploration of the potash deposit under 
an Ethiopia-Libya joint-venture agreement, and overcapacity and low potash 
prices on the world potash market. 

1.3 Ongoing Development Activities Related to the FERTIS 

With the advent of the new Government and a new economic policy, it is 
difficult to predict the evolution of ongoing development activities related 
to the FER'!'IS. Some may be accelerated, and others suspended or abandoned. 
Due to changes in the USSR and the former Eastern Bloc, some previously 
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initiated activities may not be given support at the present time either by 
the East European countries involved. or by Ethiopia itself. 

Around US$ 500 million is being proposed. through the World Bank. for the 
Emergency Recov~ry and Re~onstruction Project in Ethiopia for 1992. An 
emergency inputs allocation of US$ 86 million would be used largely for 
purchases of fertilizer. 

Activities likely to be least affected by the change of Government are 
those undertaken with the assistance of the World Bank Group and the African 
Developm .. :1t Bank (ADB). Some of the most important activities directly or 
indirectly related to the FERTIS undertaken in recent years by the IDA, the 
ADB and the previous Government under its Public Investment Programme (PIP) 
are listed below: 

I . 1. I Agriculture and rural development (IDA) - US$118.6 million 

PADEP I - (IDA) - US$ 85 million 

Support for the government's reform-minded agricultural development 
programme (PADEP I), which has considerably liberalized grain marketing, will 
help to improve the incentive framework, facilitate the production response 
among peasants, and mobilize support from other donors. 

Coffee Development (IDA) - US$ 35 million 

The project would strengthen Government support services for food and 
coffee production in the major coffee producing areas. Support would also be 
given to expanding washed coffee primary processing facilities, rehabilitating 
coffee hulleries and improving export processing facilities. 

Small Scale Irrigation (IDA) - US$ 7 million 

Problems caused by frequent drought and increasing desertification will be 
addressed through construction of small-scale irrigation schemes in drought 
affected areas together with conservation and agricultural support in the 
Hararhge region. Co-financing is anticipated from the International Fund for 
Agricultural Development (IFAD) (US$ 12 million). the Organisation of 
Petroleum Exporting Countries (OPEC) (US $ 4 mill ion). and the World Food 
Programme (WFP) (US$ 1 million). Total cost: US$33.7 million . 

Agricultural Research (IDA) - US$ 22 million 

1. 3. 2 Transportation (IDA) - US$ 72 million 

The turn around time of cargo ships will be diminished by ameliorating 
bottlenecks in the port of Assab, freight forwarding. customs, and road 
transport, particularly from Assab to Addis Ababa. Co-financing is 
anticipated from the African Development Bank (US $ 55 million) and the 
European Investment Bank (US$ 12.5 million). Total cost: US$ 164.6 million. 

I. 3. 3 Mining and Energy (IDA)- approximately US$ 55 million 

This programme has fiv~ major elements: 

(i) Power trans~ission and distribution 
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Small-scale gas utilization 
Rehabilitation, modernization and expansion of Assab oil refinery 
Petroleum exploration promotion 
Mining sector development 

African Development Bank - Different FERTIS related projects 

No details are available on the ADB projects. Ho~ever, the ADB has an 
important involvement in activities relating to the FERTIS, in coffee schemes, 
Assab port development, agriculture and rural development. irrigation, road 
maintenance and rehabilitation, hydro-energy and water supply. 

Of particular importance to FERTIS development is a Bikilal Phosphate 
Exploration Study. consider~d in 1992 -94 ADB lending programme. This is yet 
to be agreed with the Gov~rnment. 

1. 3.) The Public Investment Program (PIP) 

It should be borne in mind here that priorities expressed in the PIP of 
the previous Government may change. 

(a) Transportation 

Key issues addressed by the PIP were; the limited berthing capacity of 
ports. old and inadequate cargo handling equipment, an old and limited 
trucking fleet, insufficient rail capacity required to move goods inland from 
the Port of Djibouti, and a striking lack of roads (both primary and rural) 
throughout the country. lnves~ment expenditures were to be distributed as 
follows; road transport equipment (224.3 million Birr); railways (113 million 
Birr); ports and shipping (173.1 million Birr), and road construction (511 
mill ion Birr). It should be noted that the former Go'l.·ernment was unable to 
mobilize necessary resources for the Addis Ababa to Assab railYay project. 
This project would be of great importance to FERTIS development through the 
transport of imported fertilizers to central stores. 

(b) Industry 

The PIP allocated about 125 million Birr to the chemical sub-sector, 
including six projects. These projects did not appear to have been adequately 
prepared and appraised and implementation was unlikely. A number of proj~cts 
and fora existed involving international co-operation with former CoP&Unist 
countries in areas related to the FF.RTIS, althoubh political changes are 
likely to curtail these activities. 

1. 3 .6 Agricultural and Industrial Development Bank (AID3) 

Ongoing activities related to FERTIS development also included loans anti 
credits approvPd by the AIDB. Loans approved in 1987 to agriculture, industry 
and othPi sectors amounted to 400 ~illion Birr, 25 million Birr a~~ 74 million 
Birr rf'spPct iw·ly. 
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1_4 Institutional Framework for the Development of the system 

(a) General background 

Establishing a domestic fertilizer industry is a multi-faceted task 
requiring an efficient institutional context_ This Programme for :he 
Integrated Development of the FERTIS has as one of its aims thr strengthening 
of national capabilities in programming and coordination of balancEd 
dc-velopment in the fertilizer industrial sub-sector. investment planning. 
technology selection. procurement, trading and logistics. and traini~g-

As described later in Section 4_2. twenty technical assist~nce proj~cts in 
different sectors of the economy make up this Integrattd Development 
Programme. Projects 1. 2. 3, 4. and 10 relate to the institutional iramework 
and areas of policy concern_ 

In order to facilitate implementation of the Integrated Development 
Programm~ it is suggested that an inter-sectoral co-ordinatin~ body (Steering 
Commitee) be established_ A Steering Commitee located in the Ministry of 
Industry, should include representatives from planning. abriculturE. indust1y, 
mining. energy. water resources. environment. construction, trade, transport, 
manpower, and finance sectors_ Among oth"'r tasks, the proposed Steerirat 
Commitee would be responsible for: 

supervision of the development of the system according to the· proi;ram.Je 
schedule, including preparation and timely implementation of the TA 
projects located on the critical path of the programme; 

assuring adequate prov1s1on and priority in medium and long-term national 
investment plans for the requirements of the fertilizer sub-sector; 

mobilizing external assistance for the programme (the World Sank, ADR, 
UNDP. donor organizations, international financing institutions and 
specialized organizations such as IFDC. FAO and UNIDO). TA proj~·ct 2 
relates to this function; 

establishing a mechanism for effective transfer and development of 
fertilizer production technologies, through building techno:ogy absorption 
capabilities, training. establishing a technologic3l information 
documentation and exchange system, as well as encouraging research a;.1d 
development activities; 

taking decisions on tempt:ary subsidies for prices of raw materi~ls and 
energy (natural gas and hydroelectric power) as against subsidies on 
fertilizer prices, to reduce the price of fertilizer~ to a level 
attainable by most peasant farmers. This function is of p<P'ticular 
importance in the period when the fertilizer industry will carry the 
burden of repaying its investment credits; 

Ext~nsion Services 

Extension services are an important part of the institutional context 
related to the FERTIS, and are particularly important for inc~easing the ratP 
of fertilizer adoption by farmers. Extension services are supervised by the 
Ministry of Agriculture through the Agricultural Extension Department. In 
rach of the 30 provinces (administrativP regions) and 107 diGtricts th~re arL 
Heads. Group Leaders and Subject Hatter Specialists (SHS) who supPr.-ise 
~xtension sPrvicPs. 
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Jn each district the St-lS su~rvis£s De\;~lopment Agents (DA) who wc;:-k witn 
Contact Farmers and reach, t~rough Follower Farmers. abou~ 5 million peasants 
in surplus producing areas. DAs operate in 1,607 Developme~t Centers bringing 
ext~nsion information every 15 days tr over 79,000 Con~Rct Farmers throughout 
Ethi'>pia. The aver<"ge ratio of DAs to farmers is 1:1,300. 

Although extensior. services have improved :::igniLcantly in rev~nt years. 
it is e.c;sen·_ ial tnat th?.y be sufficiently endowed with funds and st:c;ff so as 
to rf,ad:. an increasing number of farmers. especiall v in the peasant sector. 

l.~ Areas lf Policv Ccncer~ 

The dc-ve 1 opment of • FERTIS requires complex policy suvport. Tc 
fac~lit .. :e im~lementati~n of this IntegrJted Oevelopment Prorranue a n-mber of 
?Ol icy isc;ues shoulti be studied in detail. The -nost important poli<:y iss•ies 
a-e listed below: 

(aj Policies affecting the ~asant faraers' a~cess to: 

technoiogy (fertilizers, seeds. pestir.ides, etc.) 
agricultural £;Xtension and advl:>liry services 
rural i.1frastructure support, espt·cially acc~ss roads, stor.age facilities, 
marketing centers, etc. 

Acces~ to industri:il in!>uts aud scr\•ices is a -:entral cor.~trai.:lt on 
Ethio?ian agriculture, especially as agricultural credit has, in pr\nciple, 
not been as severe a problem to the farllft!r as absorp~ion of te~hnolo~y. 

(b) Pri.cing and suusidy policy on fertilizer raw materials, fertilizer and 
crops. 

Pn.cing anu subs·~dy polici~s for:-iulatel to st~mulate fertilizel" use are of 
key importance in ha~ting -:he d.,cline in per capita food production of the 
last two decades. These polici~s also affer.~ the financial vi~bilitv of R 

domestic fertili~er industty, especially in the early stAge of development. 

~c:) Policies related tv technology transfer and development: 

technology transfe~ anc absorption capability in the FERTIS, and ass~ciated 
research and development. 
training in technology information collecticn and exchange 
within industry. 

(d) Policit:.;, related to import substitution and export prollll)tion strategie.; in 
FERTIS. 

(e) Investment related poUcy issuP.s to strengthen capabilities in the 
purchase of tech11ologies and equii'ftlent for a do111esdc f P.rti.lizer fodustry 
( technic<1l norms .. .,d standanls. envi ronraental protection standards, etc.). 

(f) Sectoral and ioubsectora] polides fn ag-icult•1re. industry, l"ining, 
£>ner_jy. watP.r resourcEos. construction. trade, tran.sport and manpower. 

(g) Environmental protection dnd appropriat£ utilization of natural resources 
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Of great importance ;.hider (g) ~re the policies on soil conservation. 
pn.,tection of the air and wate:- from fertilizer pollution. exploration of 
FERTJS raw materials and pollution-free operation of fertilizer plants and 
complexc:i;. 

Yhe Worlc\ Eank has expressed support for the following policies related to 
the FERTIS: In"ohement !if the 1-:ivate ser.tor in the retailing of fertilizer; 
inc:·eased •-"·ailability of credit to farmers, and liberalization of the 
econo~y. allowing pr~vate se~t~r investment in FERTIS related projects. 

This Integrated Development Pro:ramme contains five projects directly 
relatej to policy and plan formulatior.. These are detailed in section 4.2. 
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PROGRAMME JUSTIFICATION 

; 

2.1 Problems to be Addressed: Bottlenecks and Constraints Hindering the 
Development of the System Towards the Gcvernment Objectives 

This section should be read in conjunction with section 1.1.4 describing 
the components of the Ethiopian FER.TIS. The main problems that negatively 
influence FER.TIS development are the following: 

(i) Inadequate exploit~tion of the raw material base. especially for 
phosphate and sulphur. This constraint exists for a number of 
reasons. For exan.?le, the Ogaden region, the site of recent natural 
gas discoveries, is characterized by relatively poor general 
infrastructure. 

(ii) 

At the same time, intensive surveys and exploration of domestic 
resources such as phosphate rock (apatite) and sulphur (pyrite) are of 
great importance in decreasing dependency on imported phosphate 
fertilizers. This is especially s~ as the potential phosphate and 
sulphur raw material base is less well known than that for nitrogen 
and potassium. 

Regional conflict halted feasibility work on exploiting potash ores. 
Continuous research on a pilot-scale facility is necessary. 

Since acidic soils are located mostly in western regions of the 
country, logistical and transportation constraints hinder exploitation 
of the many limestone-dolomite deposits located in eastern regions. 
Surveying and prospecting for micronutrients (Bo, Zn, Fe, Cu, Mn, Mo, 
Co) should be initiated in the near future. 

Transport related constraints. These include an uncertain future 
access to the Red Sea coast and its principal ports (Assab, Djibouti 
and Hassawa), making difficult any long-term decisions involving 
supplies of FER.TIS raw materials, intermediates and final products 
from the international market. 

Transport bottlenecks include inadequate or non-existant unloading 
facilities in ports, especially at Assab from where all purchased 
fertilizers are transported to central fertilizer stores in Nazreth, 
Hojo and Addis Ababa. 

A relatively weak transport network in the countryside results in 
limited access to fertilizers, even in surplus producing areas. Poor 
fertilizer distribution raises prices, aggravating the low 
crop/fertilizer price ratio and thus diminishing the incentive to use 
fertilizer. Inadequate transport infrastructure affects both the 
timing and price of supplies of inputs to agriculture as well as the 
movement of agricultural exports. 

A shortage of trucks and wagons increases delays in handling and 
contributes to damage caused to fertilizer during distribution. 

Insufficient storage capacity. This again increases delays in 
handling and contributes to damage to fertilizer during distribution. 
Approximately 7-8% of fertilizer is damaged during distribution. On 
average around one year elapses between an application for fertilizer 
and its supply. 
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(iii) Progressive degradation of arable land, resulting in losses of 
cultivable area. This is a serious constraint to FERTIS development 
because of the reduction in acreage of land suitable for fertilization. 

(iv) Shortages of water in many regions and limited finance for expansion of 
irrigation. Fertilizer is a vital component of an improved crop 
technology package. However, it is only when the water constraint is 
released that other technical constraints such as nutrient availability 
become important. 

(v) Insufficient awareness of optimum N:P:K nutrient ratio and of the tvpes 
of fertilizers to be used. This perpetuates inefficient fertilizer 
application and hinders rational production planning and long-term 
strategy formulation in FERTIS development. 

(vi) Low incentives for fertilizer use. This is due to low prices for 
agricultural produce compared with prices of fertilizer, a lack of 
subsidies, and inadequate extension services. The absence of pricing 
policies formulated to increase incentives for fertilizer use have 
contributed to the decline in per capita food production of the last two 
decades. 

(vii) Insufficient extension services. This acts as an important factor 
limiting fertilizer use. This is all the more a constraint on Ethiopian 
agriculture as agricultural credit has not been as severe a problem to 
the farmer as absorption of technology and access to industrial inputs 
and services (improved agricultural methods, extension and advisory 
services, fertilizer storage and handling facilities. infrastructure). 

(ix) A lack of experience in investment, operation and maintenance of 
chemical plants and complexes. 

(x) Environmental constraints on FERTIS development. These include 
fertilizer leaching from the soil, contamination of underground waters, 
and restrictions on the location of FERTIS facilities in some areas 
either because of existing wildlife and unique habitats, or because of 
the danger of increased pollution (existing fluorin~ contamination of 
drinking waters in the Rift Valley may be worsened if phosphate 
fertilizer plants are built in this area). 

(xi) Limited foreign exchange resources for implementation of technical 
assistance projects and investments relating to FERTIS. 

Table 9 outlines the main syste~ constraints, the components of the 
FERTIS affected by each constraint, and ongoing and planned activities 
relating to each constraint. 

2.2 Major Enhancements to FERTIS Development in Ethiopia 

The following factors would support development of a FERTIS in Ethiopia: 

(i) A strong nitrogen and potassium raw material base. This includes proven 
deposits of 78 billion cubic meters of high quality, sulphur-free, high 
presssure natural gas, and a high quality pota5h deposit equivalent to 
10-18 million mt of recoverable KCl. This srong nitrogen/potassium 
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Table 9: System Com00nents. Constraints and. On&oin&/Planned Actions 

Component 

A. ~atural 

Resources 

Natural gas 
utilization 

W a t e r . 
hydroelectricity 

Phosphate and 
sulphur R.M. 

Potash ores in 
Danakill 

S e c o n d a r y 
nutrients and 
micronutrients 

B. Processing to 
Intermediates 

C. Processing of 
NPK fertilizers 

D. Q1b.ll 
operations 

E. Ener&Y self­
sufficiency ansi 
per capity eneuy 
consumption 

Constraint: 

Natural gas field located in 
re110te area. Lack of funding 
for NG development. 

High cost of water 
electrolysis to aBDonia 

Limited development of mining 
sector.Lack of finance for 
feasibility studies. 

Delayed feasibility studies. 
Huge capital necessary for 
export oriented production. 

Limited development of mining 
sector and awareness of 
benefits from their use. 

Ammonia, phosphoric and 
nitric acids not yet 
manufactured. Sulphuric acid 
plant of small capacity being 
implemented. 

Not yet developed, despite 
many previous plans, however 
not given full support. 

There is 
unit in 
bagged 
imported. 

no bulk blending 
Ethiopia. Only 
fertilizer is 

Despite abundant energy 
potential (hydro and 
geothermal) and huge gas 
deposits, low level of 
development of energy sector 
causes deforestation (fuel 
gathering) thus aggravating 
soil erosion. 

Ongoing/Planned Actions 

Government cPnsidering NG 
small-scale and large-scale 
utilization schemes. 

Hydroelectricity 
schemes by 2010 

expansion 

IDA support in mining sector 
development 

Major activities 
since 1986/87. 

suspended 

Preliminary work carried out by 
EIGS. 

Small sulphuric acid plant 
being built for production of 
aluminium sulphate plant for 
water treatment:. Plan exists 
for A/U/NA complex at Gode. 

Plans for A/U complex at Gode. 
Plans related to HOP/SOP 
complex suspended. 

Plans for 
fertilizer 
suspended. 

construction 
store in 

of a 
Assab 

Strong ADB support for 
developing hydro-electricity 
schemes but not for FERTIS. 
Support from UNDP, EEC and 
Italy given for utilization of 
geothermal potential but not 
for FERTIS. IDA support for 
energy sector. NG utilization 
promoted by WB but not for 
FERTIS. Seven oil blocks at Red 
Sea coast offered to western 
companies. 
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F. Stora&e. 
transport and 
distribution 

G. Consumption of 
fertilizer 

H. Demand 
fertilizer 

for 
in 

I. Fertilizer 
application 
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Limited access to Red Sea 
ports. Inadequate storage 
facilities at Assab port and 
in Ethiopia itself. Poor 
quality roads and insufficent 
road network cause delays in 
fertilizer supply and product 
damage during distribution. 

Consumption of fertilizer 
limited because of 
inappropriate crop/nutrient 
ration, low rate of 
fertilizer adoption by 
farmers, inadequate extension 
services and limited 
distribution capacities. 
Infrastructure forces use of 
only DAP and urea (the most 
concentr£ted fertilizers). 
No secondaries or 
micronutrients are being 
used. 

There are several different 
estimates on opti~um 

fertilizer depand and N:P:K 
ratio by 2005. F~rtilizer 
demand is expected to grow 
sixfold to assure nation's 
food self-sufficiency. This 
volume will be severely 
constrained by access to Red 
Sea ports and their 
unloading/reloading 
capacities. 

Only DAP and urea are being 
used at present. Complex NPK 
fertilizers, secondary 
nutrients and micronutrients 
will have to be applied if 
yields are to grow 
substantially by 2005. 

Upgrading of Assab port and 
various road improvement 
schemes are considered by the 
Wrold Rank. ADS. EIS. Nearly a 
quarter of allocation for an 
Emergency Project in Ethiopia 
for 1992 (total USD 500 
million) is to go to renovation 
of infrastructure. Emergency 
project is administered by 
World Sank (IDA), EEC. ADS and 
donor countries. 

Eight-fold increase in 
fertilizer consumption planned 
in Ten-Year Perspective !>lan. 
Imports/grants of fertilizer 
kept at about same level since 
1989. DAP and urea are only 
types procured and consumed. 

Liberalization of crop prices 
and increase in crop/fertilizer 
ratio is expected to stimulate 
fertilizer demand. Plans for 
irrigation systems and 
cultivated land expansion as 
well as extension services are 
expected to increase fertilizer 
adoption rate by farmers. 
Access to port of assab depends 
on referendum on Eritrea. 

Research on fertilizer 
applications carried out by 
IAR, NFIU, FAO in close 
cooperatoin with HOA. 
Extension services being 
improved by HOA. Priority is 
given to a peasant sector in 
1992. 
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Table 9 (contd.) 

J. Fertilizer 
impact on 
a&ricultural 
production 

K. Incentive to 
farmers to use 
fertilizers 

L. Government 
priority in 
FERTI~ 
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Limited FERTIS development is 
a severe constraint to 
increases in crop yields and 
agricultural production. 
Limited inputs to agriculture 
and soil erosion threatens 
food base of future 
populations in Ethiopia 

Inadequate crop to fertilizer 
price ratio. Lack of subsidy 
on fertilizers and risk in 
applying fertilizers by 
farmers. Insufficient 
awareness of benefits from 
proper use of fertilizers as 
well as misuse of 
fertilizers. 

Insufficient information for 
appropriate policy 
formulation in FERTIS 
development. 

J • 

ADB. IDA. IFAD OPE and WFP 
giving support to small - seal e 
irrigation schemes ard 
agricultural development. 
FERTIS reckoned to be one of 
most important input sub­
systems to agriculture. 
Emergency input allocation from 
IDA secure over USO 40 million 
for fertilizer purchases in 
1992. 

Transitional Government's 
policy aims at the 
privatisation of the economy. 
liberalisation of prices. 
improved 
credits, 
instead 
given to 
farms. 

farmers' access to 
agricultural inputs. 
of former priorit~ 

ineffective state 

Transitional Government's 
policy includes fertilizer sub­
sector on a list of priorities 
tG be given speical support 
from the state . 
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environment indicates that priority should be attached to the nitrogen 
and potash fertilizer industry in Ethiopia. as is the case in this 
Integrated Programme. 

(ii) A large hydroelectric and geothermal energy potential that can be used 
for FERTIS development together with solar energy. Only about 10% of 
the huge hydroelectric potential, estimated at at least 60,000 GWh per 
year. will be utilized by the year 2005. This is despite the large 
investment in hydropower plants with a total generation capacity of over 
1000 M\.l. There is also a very large geothermal energy potential, 
assessed at at least 3000 MW (Annex 1). This energy potential offers an 
important support to the establishment of a domestic fertilizer industry 
competitive in international markets. 

(iii) Substantial potential for increases in irrigated area. The total 
potential is estimateri at 2.4 million hectares. This offers the 
po~sibility of developing fertigation schemes (fertilizer application 
with irrigation). 

(iv) Increasing pressure on cropland and limited carrying cap~~ity of land 
suitable for agricultural production. Tltese problems are caused by 
p0pulation growth, almost total deforestation and severe e~osion of the 
soil. With limited potential land resources, FEkTIS developmenc assumes 
greater importance. 

(v) Potential for improvement of extension services, facilitating increases 
in fertilizer use by f~rmers. 

(vi) Relatively well developed air transport, which may be used to spread 
granulated fertilizer from the air in remote areas, where fertilizer 
cannot be delivered on time by road, as well as in transporting critical 
Equipment to FERTIS construction sites (Annex 2). 

(vii) Underutilization of capacities in metal and engineering industries. 
These industries may contribute to the mnnufacture of simpl 0 equipment 
for domestic fertilizer plants . 
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2.3 Strategy Considerations in National FERTIS Developmrnt 

Two major issues of FERTIS develcpment require strategy choices by 
Ethiopian policy makers and relate to the justification for establishment of a 
domestic fertilizer industry. These two issues are as follows: 

l. Gradual long-term substitution of food aid by aid in ferti.lizers; and. 

2. Fertilizer import substitution through development of a domestic nitrogen 
and phosphate fertilizer industry. 

These strategy concerns can be assessed in general terms according to 
their contribution ~n achieving one or both of the following objectives: 

A. Increas~s of cereal production aimed at reducing malnutrition and 
enhancing food self-sufficiency. 

B. Generation or saving of foreign exchange. through increased exports of 
coffee and other cash crops by increased fertilization of these crops, 
through exports of potash or through efficient import suhstituLion of food 
and/or fertilizer. 

Strategy chc~ces 1 and 2 are discussed below in terms of obje~tives A and 
B. 

2.3.1 Benefits from Importing Ferttl~zer Rather than Food 

This section attempts to illustrate the benefits of importing 
fertilizer rather than food. By clarifying this issue it becomes evident: that 
the major remaining general strategy decision is that of selective FERTIS 
import substitution. 

With a 1400-1630 kcal/cap/day Dietary Energy Supply (DES), reported by FAO 
as average fo~ 1984-86, it may be assumed that a majority of the population 
faced malnutrition in that period. This DES is below the critical minimum 
intake of 1765 kcal/cap/day, and fa: below the average standard requirement 
set by FAO of 2092 kcal/cap/day . 

Cereals (of which teff is the most important) account for 90% of foorl 
consumed. One kilogramme of teff provides 3450 kcal. To secure the standard 
calorie requirement, yearly cereal intake must reach 199 kg per capita. 

Hence, to avoid widespread malnutrition as much as 200 kg of grain per 
capita per year ought to be supplied to at least 5 million Ethiopians (it is 
estimated that in recent years around 5 million people have faced severe food 
shortages). This implies the need for immediate emergeucy supplies of cereals 
of at least l million tons per year. With a mid-1990 population estimat~d at 
51 million, the present national requirements for grain may he calculated at 
10.2 million tpy (0.2 t/capita x 51 million). 

Ethiopia's maximum current cereals pro~uction is ~stimated At 6 million 
tpy. 01· about 60% of the nation's grain requirements. Thus, in terms of 
standard calorie requirements, the present shortfall in domestic cereals 
production is equal to &bout 4.2 million tpy. This shortfall would incrPase 
dramatically by the years 2000 to about 7. 2 mill ion tpy in the absence of 
complex measure& aimed at increasing production of cereals. T~ the year 2010 
the shortfall would be 9 .6 mUlion tpy of grain. 
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Given a very limited potential for arable l~nd ex~ansion or increa~ed 
croppi~g intensity, growth in cereal yields will have to contribute mos: to 
increases in agricultural production. In this regard it should be noted that 
fertilizer is one of the most cri~ical inpu:s determining cereal yields. 

Calculations based on wo>k by FAO (1989) show that by applyir.g 320,000 tpy 
of fertilizer nutrient it wou!d be possible to obtain additional production of 
2.45 million tpy ·,)f cereals (813,000 tpy teff and 1,637,000 tpy maize)_ 

A weight ratio of 7.7 t of cereals per 1 ~of applied fertilizer nutrient 
may be ~ssumE'd (~.2 t of cereals per 1 t of DAP+U product). Thus. in terms of 
the weight: of either imported fe::-tilizer or food, a11d given serious handling 
and t:ransportat' ·n cons!:raints, df'"liveries of fertilizers (imports/aid) woui.d 
be a better long-term alternative than deliveries of cereals (imports/aid). 

In valL~ terms, supplies of 2.45 mil 1 ion t cf cereals are w~rth US$ 335 
million. Alternatively, 320,000 t of fertilizer nutrient are worth only US $ 
192 million. Thus for donor countries fertilizer aid rather than food aid, 
may optimize the impa~t of foreign assistance re~~urces. 

Given the scarcity of foreign exchanbe for i~ports of food and 
fertilizers, 2nd bearin6 in mind possible limitations on international aid, it 
may be concluded that the supply of fertilizers (imports/aid) is a more 
justified long-term al.ternati.,,.e fo1· Ethiopia th<m :>upplies (imports/aid) of 
cere3ls. 

Havin6 ill 11strated the advantage of receiving fe1tilizers (imports/aid) as 
~gai~st cereals (imports/aid) possible import substituting projects should 
compare la~ded costs of fertilizers purchased in the international market and 
delivered to the cr~pping areas ~ith thP costs of domestically manufactured 
fertilizers delivered to the same cropping areas. 

2.J.2 Potential Benefits of FERTI~ Qevelopment 

In addition to import substitution of ferti :. izers. which forms the basis 
of this Integrat~d Programme, oth~r pocer.tial benefits of FERTIS development 
can be identified. These benefits are oJtlined belo• . 

Coffee Production and Export Exp~nsion 

The second main objecti·.:c against which fertilizer development can be 
compared is growth in fo~eign exchange earnings/savings. In this regard it 
should be noted that coffee exports are hampered by a shortage of fertilizer. 
Coffee is Ethiopia's principal export. Nevertheless. the rate of 
fertilization of coffee is low. Calculations using data from th~ Ministry of 
Coffee and Tea Development lead to the conclusion that proper fertilization of 
arable land under coffe~ could ge.1erate an additional US $ 95 million per 
annum, approximately, by the year 2000. These benefits further justify a 
strategy of :ncreased supplies of fertilizers in Ethiopia, as illustrated in 
Table 10. In table 10 the quantities of fertilizer consumed refer only to 
coffee. Higt coffee export prices and nutrient import prices were assumed for 
the year 2GOO of US $ 3040 p~r mt of coffee and US $ 675 per mt of NPK. 
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Table 10: Contribution of the fERTIS to Increased Ex~rts of Coffee 

Basic data Without Fertilizer With Fertilizer 
1990 2000 !.990 2000 

Arable land under coffee (ha) 281000 225000 41000 197000 
Coffee yield (ton/ha A.L.) 0.472 0.5 0.6 0.7 
Coffee production (000 tons) 132 .54 112.S 24.6 137. 76 
Coffee price (FOB US$/ton) 3040 3040 3040 3040 
Coffee exports (miillion US$) 4Q2.93 342.01 74.79 418.8 
Fertil. consumed (000 tons) zero zero 11.86 91.12 
Fertilization rate (kg/ha) zero zero 289 462 
Fertilization rate (kg NPK/ha) zero zero 116 185 
Fertiljzer price (CIF US$/ton) na na 180 270 
Fertilizer value (US$m) zero zero 2.13 24.6 
Coffee fertilizer ratio (kg/kg} na na 2.07 LSI 
Optimum coffee fertilizer 
ratio (kg/kg) na na 2.68 4.55 
Coffee/Fertilizer price index na na 16.9 11.26 
Coffee revenues (million US$) 
(sales/fertilizer value) 402.93 342.01 72.b6 394.2 
Additional forex generated 
from applied fertilizer (US$ m) zero zero 13.82 95.06 
Ratio of additional forex 
generated to 
fertilizer value na na 6.49 3.86 
Additional forex 
per unit of fertilizer 
(US$/t fertilizer) zero zero 1165 1043 

2.3.3 Foreign Exchange Generation Through Exports of Potash 

Technical aspects of the exploitation of potash ore and manufacture of a 
range of potash fertilizers are discussed later in section 2.6. 

Exports of potash fertilizers would be justified only if the manufacturing 
cost of Ethiopia's potash were lower in the main international markets, after 
shipping, than the expected world price of potash at those markets. In this 
regard it should be noted that the price of muriate of potash, has been 
depressed since the midsl980s, ranging from US$ 60 to US $ 80 per mt, at an 
average of US $ 70. 

With high capital ~osts, equal to US$ 70 per mt of HOP at the start of 
operation of a potash fertilizer complex in Dallol (with a capacity of 1,500 
tpy of MOP and a capital investment of US$ 700 million), competing in 
international markets would be very difficult. However, a real opportunity 
exists if some basic conditions are met. These are as follows: 

Reduction of the initial capital investment cost of the complex through 
increased domestic inputs in the realization of this project (TA project 
16); 
Diversification of the production progra111111e to include the whole range of 
potash products, some of which (even SOP) are more valuable than MOP (TA 
project 14); 
Reduction of the manufacturing costs of pot~sh products through the use of 
cheap sources of energy (solar, geothermal and hydroelectric) (TA project 
IS). 
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If HOP were the only product for export. this investment would appear to 
be insufficien!ly remunerative. as even a net profit of US$ 30 per at of HOP 
would bring foreign exchange revenues of only US$ 45 aillion per year (1.5 
million tpy x US$ 30/l mt HOP). 

Conclusion 

Increased supplies of fertilizer. from foreign and possibly domestic 
sources. may be a superior option to reliance on imports of grains. 
Establishing a domestic fertilizer industry may thus be a superior opticn to 
reliance on imported fertilizers. Once this possibility is accepted. 3s it 
has been in Ethiopia. specific investment proposals and strategy choices must 
be assessed in nitrogen. phosphate and potash fertilizer production. 

The following sections consider strategy choices involved or.ce 
establisflllent of a d<>111estic FERTIS is an accepted objective. 

2.4 Analysis of Specific Development Strategies 

The following sections assess the relative advantages and disadvantage~ of 
existing FERTIS investment proposals, largely from the NCC, a3 well as 
specific proposals contained in this Integrated Development Progra""De. 

2.4.l A Nitrogen fertilizer industry based on natural gas 

Natural gas is the most widely used ~aw material for production of 
ammonia. Combined with steam and air, natural gas yields liquid amconia and 
gaseous carbon dioxide. These are raw materials for production of urea, which 
is the most widely used straight nitrogen fert~iizer in the world. Urea's 
high concentration (46% of N) is of importance foL" Eth.;.opia due to the extent 
of transportation constraints. Therefore, with the exception of DAP, urea 
plays the main role in Ethiopia's FERTIS development p? .. ms. 

It has already been noted that varying N:P:K ratio estimates hinder the 
design of a single long-term FE.~TIS development strate6Y· Exdmination of 
N:P:K estimates to form a basis for planning is urgently required. The 
analysis presented in this Integrated Programme must thus be based on possible 
upper and lower estimates, as illustrated in Table 11. Using high .-.nd low 
estimates is of particular importance for the nitrogen fertilizer industry, as 
it is nitrogen which is expected to vary most in the N:P:K ratio. 

Two alternative development options for the nitrogen fertilizer industry 
using border estimates of the N:P:K ratio are analyse~ her~. All other 
options fall between these border estimates. These two option~ are as follows: 

Option 1 - (plant located in Gode) suggested by the National Chemicais 
Corporation; and, 

Option 2 - (plant located in cropping areas) suggested in this Integrated 
Programme. 
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Table 11: Border Li•its of the FERTIS for Different N:P:K Ratios 

Target year 
Fertilizer de112nd ltpy) 
NPK Demand (ti>y) 
N:P:K rat•'l 
N\trug~n- 'N tpy) 
Pt~sphate - (P2CS tpy) 
import of Dap (tpy} 
Nirrog.?n ir. Dap (tpy) 
~itrogen ir Urea (tpy) 
[-e!ll. lnd t i,r Urea ( t: PY; 
Demand for Allllor.ia (t:py) 
Allmunia (apacity (TPD) 
Urea Capccity (TPD) 
A/U '.:omp!ex(es) 

NCC OPTION 

2005 
1,104.000 

6)6,000 
LOO: L 33:00 

279,00\) 
377 .000 
820,000 
148.000 
131,000 
285,000 
l?l,000 

570 
950 

A 500 TPD, U 800 TPD 

UNIDO OPTION 

2005 
1,230,000 

650,000 
1.00:0.50:0.06 

418,000 
209,000 
454,000 

82,000 
136,000 
720,000 
438,'lOO 

14E>') 
2q31) 

lx(A 500 TP~. U 800 TPD) 

Wit:hin upper a1.d lo•er de:aanci limits, and given the N:P:K ratios assumed 
in both options, meetint nitrogen demand w?uld require ammonia plant capacity 
of approximately 500 TPD (NCt; to 1500 TPD (UNIDO). Simplifying, the NCC 
option would req~ir~ 1 plant and the UNIDO option 3 plants. Nitrogen demand 
bas~~ on FA~ est:mates would require ammonia plant capacity of around 1000 
:."PD, or ~wo plar.t.s. 

Co1lsidi! ,' ing that the NGC. MOI and the Government requ ... rc a clarification 
ci t:his situat:ion in order to proceed with FERTIS development:, UNIDO has 
re-examined the nitrogen balance from t:he NCC's Market Study taking into 
consideration the following points: 

advanci~:~ the time-btwe for de&and projections from 2005 tc ~OlG; 
supplc!llenting NPK de111ttr.:I from cer.e:als by d ~mand .-rom cash crops (ar. 
add.~ ~.ional 207.); 
;;o1rtial s>.Dstitution of imported DAP for imports of TSP (30% TSP); 
total ~ubstitution of imported DAP for imports of TSP; 

With an N:P ratio of 1:1.35, as in the NCC option, there is no 
justification for two A/U cr>11plexes in Et:hio~:ia by the year 2010, -even when 
additional demand for fertiiizer~ for c~sh crops is included. 

Then. is a justif!.cat~.on f,..r a :ucotk. A/U co.:.plex (of the capacity 500 TPD 
A, BGJ TPD U) only if impcrted DAP is partially substituted (30i) by imports 
of TSP, as only then do<'.s t:hr ni ·, :oger balar e just. '!.y further capaci t:y. 

Finall~'. cnly if impc:.-ed DAP is t:o\'..&lly substituted by .tmport6 of TSP 
would there be ~oom in th~ NCC's nilrogen balance for a third A/U CCillplex. 
CompletP. substitution ·. ~ '.~nliic.el.y because :>AP is t:!"le llOSt concentrated 
i:ertili::::er .. ·nd ; r thus suitable for transport:. carries two nutrients. and is 
well known z~ong ~£hiopian farmers. ~~bstit~t:ion of OAP ~y TSP uf mor· than 
30: seems unlikely. 

Nitrogen Fertilizer Manufacturing Costs 

'·nalysis of the NCC and mnoo options requires that 1Da'1ufacturing Cl)StS of 
urea should be compa-~d i.n both cases. These costs are compared in table 12 
taking into accounl ti~ following factors: 
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The investment cost of a natural gas pipeline_ This pipeline woula be 100 
ka in length for an A/U complex at Gode and 1000 km for three complexP.s in 
the cropping areas (an avPrage 333 km for each)_ \cost of US S 30 
million per 100 b cf pipeline is assumed_ PipelL1e investment costs are 
thus US S 30 million ~nd US S 100 million for the NCC and UNIDO options 
respectively; 
A preferent~al price of US S 3_2/Gcal for natural gas, including the cost 
of extraction. dehydration. compression and delivery_ 

Table 12 likewise ~etails the competitiveness of domestic urea supplies to 
cropping areas compared with imports of urea_ The NCC option (an A/U complex 
at Gode) would be ~ore competitive than the UNIDO option on an ex-factory 
basis. but uncompetitive with imports when the co~L of transportin6 urea to 
cropping areas is i~cluded_ Only after several years of repaying capital 
would the A/U complex at Gode be able to produce and supply urea to the 
highland areas at a compet:tive cost_ 

Fot ~nalytical purposes two further variations of the UNIDO option were 
PXamine<l as :ollows: 

(a) two A/U complexes in the cropping area using pipelined nat~ral gas, with a 
pipeline distance of 500 km (this option is close to FAO's assumptions on 
NPK demand and the NPK ratio); 

(b) one A/U complex in the cropping area using pipelined natural gas_ The 
distance to the complex. located c~ntrally in Ethiopia, would be 1000 km; 

As -nown in table 13, in terms of urea delivery to the highlands, UNIDO 
variation (a) is more competitive than the original NCC option, and is still 
competitive with imports_ UNIDO variation (b) is less competitive than the 
NCC option and is uncompetitive vis-a-vis imports_ 

Fro~ this analysis it can be concluded that the NCC's option is the most 
efficier.t in terms of ex-factory urea manufacturing cost. However, when the 
cost of urea Jelivery to the highlands is taken into account, the NCC option 
is less effecient than the UNIDO option (and its variations). 

For one A/U complex, the point at which urea delivery costs to cropping 
areas is the same in both the NCC and UNIDO options lies at a distance of some 
700 km from the natural gas source at Calub. A natural gas pipeline longer 
than this will diminish the relative effectiveness of the UNIDO option. 

Hence, in terms of delivery of fertilizer to cropping areas (Arsi. Keffa), 
the A/U complex recommended in this Integrated Programme, located in the Yirga 
Alem region, would have a cost effectiveness similar to that for the A/U 
complex at Gode. However, these two locations are almost mutually exclusive 
alternatives, as construction of an A/U complex at Yirga Alem would leave open 
the possibility of extending the natural gas pipeline further to the north 
(Mojo) if future FERTIS development is to address the growing nitrogen 
demand. Investing in such a long pipeline to Mojo, to feed a single new 
plant, would be extremely uneconomical. This is what would be required if the 
investment at Gode were to proceed and later FERTIS development were to 
address the risi~g nitrogen demand. 

Discussion 

The goal of minimizing the investment cost for the natural gas pipeline 
has led the NCC to select Gode as a project location. However, 
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Table 12: The Domestic Hanu~acturing cost of Urea and its 
Competitiveness with the World Market 

Ammonia Plant 500 tpd 
including NG pipeline 

Natural gas at /.2 Gcal/t 
Other variable costs 

Capital related costs at 15% 
Other fixed costs 

Prodt•ction c->st in US$/t 

Urea Plant 800 tpd 
Including Urea Satiging 

Ammonia for urea at 0.6 t/t 
Other variable costs 

Capital related costs at 15% 
Other fixed costs 

Production cost in US$/t 

Capital related costs to improve 
road network to the highlands 

Cost of Urea transport to 
FERTIS stores in the highlands 

Landed cost of Urea Loco 
Central Fertilizer stores 

Landed cost of bagged 
Urea CIF Assab port 

Cost of Urea Transport from 
Assab to cropping areas 

Landed cost of imported 
bagged urea to Ethiopia's 
central stores 

Competitiveness of domestic 
Urea production with imports 

NCC OPTION 

23.0 
9.0 

17~.0 

15.0 

222.0 

133.0 
22.0 

60.0 
10.0 

225.0 

25.0 US$/t 

75.0 US$/t 

32'.>.0 US$/t 

180.0 US$/t 

120.0 US$/t 

300.0 US$/t 

(-25 US$/t) 

Net difference in Urea 
deli very costs 0.0 US$/t 

mnoo OPTION 

23.0 
9.0 

220.1 
15.0 

267.0 

160.0 
22.0 

50.0 
10.0 

142.0 

0.0 US$/t 

10.0 US$/t 

252.0 US$/t 

180.0 US$/t 

120.0 US$/t 

300. 0 l'S$/t 

(+48 USU$/t) 

+ 73.0 US$/t 
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Table 13 Land~ Cost of Urea :>elivered to the Highlands 

NCI. UNIOO UNIOO 

A/U complexes I 3 2 1 
NG pipeline km 100 333 500 l(f :J 
Ammonia Hanuf ac~uring 
(cost US$/t) 220 265 315 435 
Urea ~.anufacturini 
(cost llS$/t) 224 241 271 343 
Landed cost of urea 
at the hir.~lands 324 251 281 353 

nr.•twi thstandi n~ weak infrastructure at Gode, there is only a ~mall demand for 
urea in this regi~n. This drawl :k might be addresse1 through an 
exportagreement with Somalia or by transporting the regional surplus of urea 
to highlanrl cropping areas. The latter would require upgrading of socie 600 km 
of r~~d connecti"b Gode with Shashemane (Figure 1). 

Imprcvinp the interregional road might be a preferred line of action if 
there were no prospects for further nitrogen complexes in Ethiopia, and if the 
cost of transporting urea by road were Jow~r than that of pipelining natural 
gas to the same location. However, there are prospects for additional 
nitrogen fertilizer complexes, while the cost of transporting urea fro~ the 
C~lub-Gode area ~o highland areas would be around US $ 75-100 per mt ot urea. 
approximately double the cost of pipelining natural gas. Under these 
conditions competitiveness with imported urea would be lost. This situation 
is represented diagrammatically in figure 9. 

If the A/U complex at Gode is built, at least one nitrogen fertilizer 
com?lex may be required soon after to cover the shortfall in nitrogen deaBand 
by the year 2005. A second nitrogen complex located in the highlands, some 
700-1000 km from the gas deposit, would not pay for the construction of such a 
long pipeline. At that time, due to new inft~structure, Gode may by defaJ~t 
become ~: natiotl41 fertilizer center with an ammonia capacity of at least 1000 
TPD, but with high trRnsportation costs incurret. in moving fertilizer to 
distant highland areas. 

Such an option might be considered and e~en given priority if th~ secon<l 
f4£tiliz~r complex, producing nitrogen-phosphat~. made up the nitr~gen and 
phosphate shortfall by the year 2005, meeting the huge demand for DAP and 
utilizing natural gas and phosphate deposits located in Ogaden. The NCC 
option, in which the N:P ratio favours phos~~a:e, might be open tn this 
scenario (were it not for uncertainty 0·1er the processing characteristics of 
Ogaden phosphate rock). However, as the future N:P ratio may shift more 
towards nitrogen than is envisaged in the NCC progra111111e, three A/J complexes 
(each with a capacity of 500 TPD A and 800 TPD U) may be needed by the year 
2005. In such a case, Gode would be a non-optimal location for distributing 
urea in the highlands. 

By contrast, a recommendation is here made in favour of pipelining natural 
gas to the cropping areas and construction of two (500 TPD A, 800 iPD U) 
complexes there. The third, nitrogen-phosphate, complex would then ideally be 
located at Gode, depending on the degree of development of the phosphate ra~ 
material base. 
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FERTIS IMPORT SUBSTITUTION SCENARIOS FOR THE NITROGEN 
FERTIUZER INDUSTRY IN ETHIOPIA 

f'. 

lnternotionul Market I 
Prices FOB: Urea USStSO/t I 

Insurance + 
Freight 

+JOS/t 

i anded cost of urea 

///
,..-',,.- \\ 

180 + 100 = 280 USl/t 

CtF USSt80/t / 

Lon~d cost of urea 

18C + 125 = .3:)5 USS/t Debro Markos 
• I 

\Addis 

~ 
Nozr-eth 

• • 
Mojo 

~--\ 
•Yirgu Al~rn-- .. ____ ;t:75 usS/t 

·•Gode 

"FERTIS" import subst;tution scenarios should be based 
on comparison of the cost of imported ur.!a 
ot Ethiopia's H:ghlonds versus the cost 
oi urea manufactured dornestically and delivered to cropping areas 
in the highlands (Arsi, Shewa, Gajom). Very high transport 
costs of urea from Assab to Addis Ababa, Mojo, Nozreth 
and Yirgo Alem located in cropping areas give additional 
possibilities for establishment of a domestic nitrogen fertilizer 
industry competitive with imports. 
Gode is also located favourably for competition with 
wor!d market prices on on ex-factory basis. However, 
urea from Gode will hove to be delivered to 
cropping areas in the Highlands to meet ureo demand there. 

This should be token into consideration while comparing 

different import substitution strategies for the fertilizer 
nitrogen industry (pipelining of natural gos versus 
rood transport of urea). 

Source: The British Sulphur Corporation Ltd., 
"Nitrogen No. 156 through 194, 1985-1991; 
"Phosphoru~ & Potassium" No. 145 thro1.:gh 176, 1986-1991 
''Sulphur" No. l 97 through 203, 1988 - l 989 and dtJta from AISCO. 
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It is reco1111ended that the first a1m1onia-urea complex be Luilt in the 
Yirga Alem area (phase I), rather than Gode. It is reco11111end£d that Phase I 
be supple::1tt:nted by construction cf an ammonia-urea complex in the Mojo area 
(phase II). These reco111111endations ar~ depicted i~ figures 10, 11 and l~~-

Con~truction of a nitrogen-phosphate complex. phase III. would depend on 
the degree of development of the phosphate raw material base by the year 
2000-2002. If sufficiently develcped. priority would be given to a 
nitrogen-phosphate complex at Ogaden (Gode) or ~ollega (Bikilal phosphate 
deposits). If the phos?hate raw material base is not sufficiently developed. 
then a third A;u complex located in either Mojo or the Debra Markos area is 
recommended (Figure 10). The relatjve merits of ammonia/urea complexes at 
these and other locations will be examined in projects which form a part of 
this lntegrat~d Development Programme (projects & and 9). 

S~nce the cost of transporting fertilizer to the cropping areas will be 
key in establishing the import competitiveness of a domestic fertilizer 
industry, a south-west natural gas pipeline route (Calub-Gode-Negelli-Yirga 
Alem-Hojo-Addis Ababa) is considered more advantagPous than a north-east 
pipeline route (Galub-Dire Dawa-Metahara-Addis Ababa) (see map of alternative 
pipeline routes in TA project 8). 

Comments on Assumptions Hade in the Appraisal of the Gode Project 

Some assumptions adopted by the NCC and the IFDC relating to the location. 
capacity and viability of the A/U complex at Gode, might be re-examined. 
These assumptions include the following: 

A/U capacity: Nitrogen demand in the years 2000-2010 suggests much bigger 
A/U capacities than those selected for Gode. This location is not 
compatible with a larger programme. 

Prices of natural gas to feed the ammonia plant: These prices are 
considered too high, especially the price of 13.6 US$/Gcal. The low price 
estimate of 4.0 US$/Gcal seems too high. An alternative base case price 
might be 4.0 US$/Gcal, with a low case price of 3.2 US$/Gcal. 

An investment location factor (ILF) of 1.17, selected by the IFDC, may be 
too low given the lack of basic infrastructure at Gode. The time-schedule 
for the construction of the A/U complex in this semi-remote location 
should be re-assessed. 

The investment cost for the A/U complex at Gode has not included a 100 km 
natural gas pipeline from Calub to Gode, or some other associated costs, 
such as general infrastructure, an HV grid connection and a urea handling 
and transportation network. This issue should be clarified in order to 
decide on the additional investment needed for th~ off-site and 
non-process facilities. 

Assumptions made in pr,paring the sensitivity analysis of the project 
might be re-examined, especially with regard to: 

l. a urea selling price of 600 birr per ton (equivalent to US$ 290/ton), 
especially considering additional costs for transport of urea to cropping 
areas that would be borne by the farmers. 

2 the influence of possible delays in construction on the project's NPV and 
IRR. 
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Natural Gas Development Scheme in Ethiopia 

(H) 

•Debro Markos 

{H) \ {H) I Addis Abc.bo 

Mojo 

Indicative locations of FERTIS related raw materials: 

NG-Natural Gos (Nitrogen); P-Phospote Rock and/or Apatite; 
S-Pyrites {Sulphur) and K-Potosh. 

The major hydroelectricity potential (H) at the Blue Nile River 
basin hos been indicated to illustrate a possible route to ammonia 
by water electrolysis. 

Source: Doto and information derived frc:"'l different 
Ethiopian Organizations: MOI, NCC, AJSCO, MOA, EIGS, ELMICO 
EELPA, MCTO, NFIU, AIDS, EAL, IAR, as well as FNJ, UN, AOB, 
World Bonk, ECA, UNDP in Addis Ababa - field missions to 
Ethiopia, December 12 - 27, 1989 and November 18 - December 6,1991. 
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Alternative locations for a large A/U complex in Ethiopia 

A. Ammonia Plant 150C TPD 
l0cated at Gode 

A/U complex at Gc·de 

N Gas pipeline 100 km from 
the gas well head at Calub 

Option with minimum 
investment but with higher 
landed cost of urea 
to the farm gate in 
the Highlands 

B. Ammonia Plant 1500 TPO 
located in the cropping area 
(Mojo region) 

A/U complex at Mojo 

N Gas pipeline lOQO km, 100 + 900 
from the gos well heaa at Colub 

Option with higher investment 
but lower landed cost of 
urea at the farm gate in 
the Highlands 

Alternative locations of three A/U complexes in Ethiopia 

E. Three Ammonia Plants 

--

C. Three Ammonia Plants 
500 TPD each at Gode 
Yirga Alem and Mojo 

D. Three Ammonia Plants 
500 TPD each at Yirga 
Alem and Mojo 

500 TPD each at Yirgo Alem 
Mojo and Debre Markos 

N Gos pipeline 
100 + 900 = 1000 km 

Distribution of urea 
in cropping areas is 
worse than !n 
option D. 

N Gas pipeline 
100 + 900 = lOOO km 

Distribution of urea 
in cropping areas is 
better than in 
option C. 

N Gos pipeline 
100 + 900 + 300 = 1 300 km 

Distribution of urea in 
cropping areas is 
better than in 
option C and D. 

\ 

• 

• 

' 4 
• 

. i 



HtttiffiJep 

f 

\ 

:~ 

\ 

.. 

. ,. 

- ') 7 -

--.'.I-­

• 

3. the impact of larger sensitivity changes on the project, as the range of 
5-10% may be tco narrow. 

4. the impact of positive chang9s in the project could be analyzed 
(construction of the complex ahead of time. foreign exchange savings, 
achievement of higher than nominal yearly capacity of the complex. etc.). 
This might allow the Government to mobilize resources aimed at achieving 
optimum results from the A/U complex. 

In SUJIUllary, the financial and economic viability of the A/U complex at 
Gode. and its competitiveness with urea delivered from international m~rkets 
to cropping areas, may change after the above remarks are considered. 

Figure 13 compares the expected outcome of the NCC and UNIDO FERTIS 
investment proposals by the year 2005. Ethiopia's population will have 
reached 71 million inhabitants by that time. A cultivated land area is 
assumed of 8.5 million ha (the NCC assumed 7.0 million ha). According to 
maximum estimates. fertilizer nutrients demand will be around 650,000 tpy of 
NPK. An NPK production shortfall in the year 2005 would occur for the 
nitrogen related programmes of both the NCC and UNIDO. 

The phosphate raw material base is not sufficiently developed to have 
begun domestic production by the year 2005, while potash is of minor 
importance for domestic use. Consequently. the NPK shortfall mainly affects 
phosphates, as shown in Table 14: 

Table 14:The NPK Production Shortfall in 2005 Options of the NGC and UNIDO 

Fertilizer Product (tpy) 
N:P:K ratio 
NPK Demand (tpy) 
- Nitrogen Demand (tpy) 
- Phosphate Demand (tpy) 

Potash Demand (tpy) 

Nitrogen Production (tpy) 
Phosphate Production (tpy) 
Potash Production (tpy) 

NPK Production (tpy) 

NPK shortfall (tpy) 
- nitrogen shortfall (tpy) 
- phosphate shortfall(tpy) 
- potash shortfall (tpy) 

NCC 

1,104,000 
1:1.35:0 
656,000 
279,000 
377 ,000 

105,000 

105,000 

551,000 
174,000 
377,000 

UNIDO 

1,230,000 
1:0.5:0.06 
650,000 
418,000 
209,000 
23,000 

331,000 

2'.' ,000 

354,000 

296,000 
87,000 
209,0UO 

Simplifying, we assume ~hat the shortfall in phosphate is equivalent to 
that in OAP. This implies a need to supply from the international markets 
som~ 820,000 tpy of OAP in the 0ption of the NCC, v~rsus 450,000 tpy of OAP in 
the option of UNIDO. The import shares in the total amount of consumed 
fertilizer product would be 74% and 34% for the ~CC a11d UNIOO options 
respectively. Bearing in mind that the full scope of investments to be 
realized is not yet clear, Table 15 presents further basic indicators of the 
UNIDO programme and the Government programme by the year 2005. 
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Table 15 Basic Indicators of the Govarnment and 

INDICATOR WITHOUT FERTIS 

NPK demanj (000 tpy) 650 
NPK produ·~ ti on ( 000 t py) 
Equi val en-: grain production ( 000 tpy) 
Import substitution in NPK (%) 
Imports/grants (000 tpy product) 
Unloading rate in A~sfih (TPD) 

1.250 
4,170 

390 
125 
515 

Value of impl1'."~s/gra•1ts ('11ln US$) 
Overall tran~port cost (mln US$) 
Overall supplj cost (mln US$' 
Net yearly savings (mln US$) 
Cobt of supply pe~ 1 t NPK (US$) 

NG Fipeline (km) 
NG requirements (mlr. cum per year) 
Power requirements (MW) 
Ammonia capacity (fPD) 
Urea capacity (TPDJ 
CAf'J capacity (TPD) 
MOP/SOP capacity (TPD) 
Total investment (nln GS$) 
Spe-.:ific investme.1t (US$/t NPK/year) 
Number of investment phases 

792 

Time-frame for the programme 2005 
Investment in Phase I (mln US$) 
Specific Inv.(Phas<:! I, US~/t NPK/year)--­
Time-frame for Phase I 

UN!DO Programme by 2005 

\.:ITH FERTIS 
GOVERNMEN'f l'1{ID0 

656 
145 N 

1.117 
22 

880 
2.930 

307 
i08 
49? 

23 
750 

100 
1.35 

60 
Wu 
165 
500 

351 
2.420 

'2 
1994-21)02 

256 
2,440 

1994-1991 

650 
354 m: 

2 726 
54 

4?0 
.!. .170 

i78 
58 

4U 
102 
635 

l,GOC· 
450 

,500 
2 .4::>0 

150 
930 

2,610 
4 

19<:5-2005 
t.10 

J.no 
1996-2000 

Assumptions made in the pre;iarat1on cf table 15 i11cl.11de :_he f _llo\oing: 

A price of US $ 15 / MWn has been used for the calculatio:t of !-he CAN 
production :ost. 
The cost of supply relates to the de~ iver-/ :if 1 t ~f NFK t0 mai.11 
agricu!:~ral areas. 
A cost of US$ 30 millivn per 100 kms of ndtur.~1 gas ~ipeJine is used. 
Tot3l investment cost does not include either exp~r~sion of the port of 
Assab, the- A.;.sab corridor and stores, improvemel't of the Gode-Shashemane 
road or investm~nt in hydropower plant. 
The number of investment phases relates only t<' j r.dicated plants. and does 
not include pr~paratory phase& or .'.lther activitiP.r. 
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FER.TIS DEVELOPMENT S'IRATEGIES IN ETHIOPIA 
BY Tl'E YEAR 2COO AND BEYOND 
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Summary 

Knowing the major advantages and disadvantages of both options the 
GoverT1111ent of Ethiopia will be in a position to decide which should be given 
priority: that recommended by the NCC, or that recomnended here and based 
totally on natural gas. 

If the Government were to find the NCC option fer an A/U complex at Gode 
preferable, it would be ideal if this option were incorporated into this 
Integrated Programme as a phase I. The drawback to the NCC option in terms of 
the limitations this may impose on future FERTIS development have already been 
noted. One possibility to make the NCC and UNIDO options more compatible 
might be the role of other natural gas conslllling industries (iron. metallurgy. 
glass, petrochemicals) in justifying a natural gas pipeline from Calub to the 
highlands. This possibility will be explored in this Integrated Programme. 

Preparations for a fertilizer compl~x at Gode are still of great value, 
even if the NCC option were not accepted, as they may be used subsequently to 
accelerate realization of a nitrogen-phosphate complex in Ogaden. 

Given the importance of the NCC option, it is recommended that both 
options be pursued in parallel until a final decisi~n on the scope of the 
programme can be made. Such a situation may arise immediately after TA 
project 6, a seminar on fertilizer demand &nd an optillWB N:P:K ratio, has been 
implemented. Project 6 is thus first in the overall schedule of this 
Integrated Programme. 

2.4.2 Considering Ammonia Production by Water Electrolysis 

Although some elements of the NCC option may be sub-optimal, time an<' 
initial investment costs clearly favour this option. An option of ammonia 
production by electrolysis of water is thus presented here that might be 
considered complementary to NCC's strategy. Complementarity would result in 
part through increacing .. trogen production (even though urea cannot be 
produced by this route), and because the location of fertilizer facilities in 
the Blue Nile River Basin would obviate the need to invest in a long natural 
gas pipeline. While any investment decision must be preceded by detailed 
quantitative analysis, the principal factors to be considered in a general 
assessment of electrolysis based production are outlined in the remainder of 
this section. 

Ethiopia has a huge hydroelectric power potential, estimated at at least 
60,000 GWh per year. Only about 10 per cent of this potential is to be 
utilized by the year 2010 (see Annex 1 on geothermal energy potential). 

Hydroelectric plants are the basis of a major energy development programme 
covering the period 1982-2005. Costing an estimated 3,700 million birr 
(equivalent to about US$ 1,800 million), the progra ... e is designed to ~aise 
total installed generating capacity from 300 MW to 1,000 MW by linking three 
existing grids into one domestic network with connections for exports of 
el~ctricity to Djibouti and Sudan. 

The largest hydroelectric power potential, over 60% of Ethiopia's total 
potential. is located in the Blue Nile River basin, as illustrated in Table 16: 
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Table 16 Hydroelectric Power Potential in Ethiopia 

Hydro-electric power potential H\l % of total 

Blue Nile River Basin 9100 61.3 
Baro Akobo 2240 15.1 
wabe ShebelE' 1610 10.8 
Gibe Cmo 1310 8.8 
A.,ash 300 2.0 
Northern Rivers 150 1.0 
Genale Dawa 150 1.0 

Total potential 14,860 100.0% 

The industrial route to a ... onia based on ~lectrolysis of water requires 
large amounts of energy and is usually associated with a hydroelectric power 
source. Because of its hydroelectric power potential. the Blue Nile River 
(Abay) Basin should be examined first as a possible location for future 
ammonia plants. 

Hydrogen. derived from electrolysis of water, and nitrogen, produced by 
air liquefaction and separation, are intermediates leading to liquid ammonia 
that can be processed subsequently to nitric acid (NA), ammonium nitraLe (AN). 
and calcium ammonium nitrate (CAN). 

However, a natural gas based route to ammonia, even requiring investment 
in a pipeline, would be more effective for large capacities than the route to 
ammonia by water electrolysis. Nevertheless, given the high cost of 
transporting fertilizer by road froa Gode to the cropping areas, smallsscale 
ammonia plants based on the electrolytic route might be as efficient as the 
NCC option, especially in remote locations in the highlands and or in the 
vicinity of hydro-electric power stations. 

To analyze the technical and economic viability of the electrolytic route 
to ammonia. power requirements must be compared with installed and planned 
power generating capacity, as illustrated in tables 17 and 18: 

Table 17 

Installed and Planned Power Generating Capacity in Ethiopia 

HYDROPOWER PLANT START-UP YEAR INSTALLED/PLANNED CAPACITY 

Koka Dam (Awash I) 1960 30 H\l 
Tissisat Dam 1964/1995 30 MW 
Awash II 1964 32 MW 
Awash III 1971 32 MW 
Finchaa 1974 100 MW 
Malka Wekana 1988 150 MW 
Sor 1992 5 MW 
Gi Igel Gibe 1995 150 MW 
Aleltu 1999 300 MW 
Chemoga Yeda 2005 300 MW 
All hydropower plants 1960/2005 1,129 MW 
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from discussions with the Ethiopian Electric Light dnd Power Au:.."tority 
(EELPA). it \:as learned that price/cost estimations for hydroelectricity a .. e 
as follows: 

an average price of electricity for industrial use of 200 ~ irr/l 1Ml 
(equivalent to US$ 97 / l K\lh); 

an average manufacturing cost of electricitr of 70 birr/l MWh (equivalent 
to US $ 34 /1 HWh); 

a total depreciation time for a hydrodamjhydropo~er station estimated at 
about 50 years, implying that none of the existing hydropower stations 
will have totally depreciated by the years 2000/2vl0 and only SOE~ will be 
partially depreciated by that time. 

a transmission cost of hydroelectricity of about 3 birr/l KWh (around US $ 
1.5 /1 ffilh). 

Table 18 Power Requirements for Ammonia Plants Based on Water Electrolysis 

Ammonia Capacity TPD 
15 100 300 500 

Power for electroylsis MW (direct current) 
Power for air fractionation MW 
Power for ammonia synthesis MW 
Overall power requirements MW: 

5.4 
0.1 
0.5 
6.0 

36 
0.5 
3 

36.8 

108 
1.4 
9 

118.4 

180 
2.3 

15 
197.3 

As shown in table 17, the total installed capacity of the five, partially 
depreciated hydropower stations (Awash I, Tissisat, Awash II, Awash III and 
Finchaa) is equal to 224 MW. Therefore, in commercial terms, exclucing any 
subsidy on hydroelectricity, the maximum capacity of ammonia plant(s), based 
on an electrolytic route to be built by the year 2005 should not exceed 150 
TPD. This ammonia capacity would require 60 MW, or about 25% of the installed 
power capacity from the five hydropower stations. 

The economic viability of the route to ammonia by water electrolysis 
should be compared with that of: 

ammonia production by steam reforming of natural gas at Gode with natural 
gas pipelined to the cropping areas. 

exports of hydroelectricity to Djibouti and Sudan, to compare the costs of 
either producing ammonia by water electrolysis, or pu:chasing nitrogen 
fertilizer with foreign exchange earned from exports of hydroelectricity. 
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When considering the viability of a111110nia production by water 
electroly5is. ~wo m<'lin factors influence final costs. namely capital charges 
and electricity cosc~- h is therefore essential for this type of process 
~h.at electricity is available at a reasonable price. Power ~onsULptior. per 
ton o1 aanonia is 10 MWh. Thus for each US$ 10 increase in the cost of a H\lh, 
the alDl!IOnia produLtion cost will increase by US$ 100. I~ is therefore 
essential to use the le~st expensive source of hydroelectricity to ootain 
commercial viability of a1111110ni~ production with this route. Typical 
production costs for a JOO TPD electrolysis-based ammonia plant are given in 
Tablc lCJ: 

If the cost of hydroelectricity is equivalent to US $ 10 /1 Mlob, ammonia 
production will cost us $ :Z~J /to.1 (similar to that at Gode). For a 
hydroel~ctricity co,,;t of US $ 20 /l 1-Nh, the -:ost of ammonia production will 
rise to US $ 343 /~on (similar to that if two A/U complexes are built in the 
cropping areasj. Therefore, the maxilllUlll cost of hydroelectricity for 
economically viable ammonia producti~n in Ethiopia, based on the electrolytic 
route, is acound US$ 20 /l H\lh (40 Birr/lHWh). 

Table 19 Cost of Ammonia Production by Water Electroly3is 

Capital cost charges (15% of investment) 
Operating personnel (60 persons at 5,000 USD/year) 
Maintenance and materials (2% of investment per year) 
Steam, cooling water, utilities 
Total yearly production cost 
Total yearly ammonia production 
Unit ammonia production cost 

US$ 12.0 mln 
US$ 0.3 mln 
US$ 1.6 mln 
US$ 0.4 mln 
US$ 14.3 mln 
100,000 tons 
143 US$/l ton of plus 
electricity cost 

Due to the hydroelectric power potential in the Blue Nile River Basin, and 
because of the fertilizer distribution pattern in the highlands, both Tissisat 
and Finchaa hydropower systems, situated north west of fertilizer stores in 
Addis Ababa, Hojo and Nazreth, may be proper locations for electrolysis-based 
ammonia plant(s). Depending on the overall demand for nitrogen, and the 
availability of cheap hydroelectricity in the FinchaajTissisat region, one or 
two electrolysis-based ammonia units, with an overall capacity of up to 150 
TPD, could be considered for construction by the year 2005. 

A well proven environmentally clean ammonia process exists with a capacity 
of as low as 15 TPD through to a typical plant size of 200 TPD and larger. 
Compact design and the possibility of connecting electrolysers in 
series/parallel, permit a reduced plot area and potential for further plant 
expansion. With proper maintainance, as the example of a similar plant in 
Zimbabwe (Que Que) shows, the plant may achieve up to 362 days of continuous 
operation per year. 
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Ammonia is an intermediate, and further processing to nitrogenous or 
phosphatic fertilizer is required. A typical route to nitrogen fertilizers 
includes the following chain of plants: A + NA + AN + CAN. A typical route to 
nitrogen/phosphate fertilizers includes the following chain of plants: A + NA 
+NP (nitrophosphates) +CAN. CAN is co-produced with NP. A reliable source 
of carbon dioxide is necessary in this production chain. Production costs of 
an A/NA/CAN complex located in Finchaa are illustrated in Annex 3. 

It should also be borne in mind that the more diversified the downstream 
fertilizer production system (NA, AN, CAN) the greater will be the economic 
viability of the programme or, in another words, the higher will be the cost 
of hydroelectricity that can be accepted for such d fertilizer programme to be 
viable. 

Finally, it should not be forgotten that the route to ammonia by water 
electrolysis offers the advantage of being based on renewable source of 
energy, namely hydropower. 

2.5 Development Strategies for Phosphate Fertilizer Sub-system 

Given a large demand for phosphate fertilizers, and an undeveloped 
phosphate raw material base (sulphur bearing raw materials and phosphate 
ruck/apatite), it should be stressed that the phosphate subsector is the main 
bottleneck to balanced development of the FERTIS in Ethiopia. There is a need 
to apply priority measures to this sub-sector to avoid long-term dependency on 
imports/grants of fertilizers. 

Phosphate is the most important compon~nt of the FERTIS. This results 
from the N:P ratio of around 1:1.5 used in recent years. DAP (18-46-0) is the 
most important carrier of phosphate and the most popular fertilizer among 
farmers, even ahead of urea (46-0-0) which is gradually gaining a market. 

The disaggregation of NPK demand into individual nutrients illustrates 
best the long-term phosphate balance according the N:P ratio adopted in 
different options, and the time period covered. This disaggregation is 
illustrated in Table 20: 

Table 20 Long-term Phosphate Balance - Different Options 

UNI DO FAQ NCC NCC 

* ** 
2005 2000 1995 2005 

N:P:K ratio 1:0.5:0.06 1:0.72:0 1:1.35:0 1:1.35:0 
NPK (tpy) 630,000 495,000 529,000 656,000 
P205 (tpy) 209,000 207,000 304,000 377,000 
DAP (tpy) 454,000 450,000 661,000 820,000 
Product (tpy) 1,230,000 900,000 890,000 1,104,000 
DAP share (%) 37 50 74 74 

* NFIU demand estimate; ** Food self-sufficiency estimate. 

With increased awareness of fertilizer affinity to local crops and soils 
phosphate fertilizers other than DAP may increasingly be applied, including 
triple superphosphate (TSP), nitrophosphate (NP), and different grades of 
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complex or blended NPK fertilizers. Tne pattern of those changes will depend 
on how quickly •.najor infrastructure constraints in transporting less 
concentrated f,!rtil izers are released. One may assume that the amount of OAP 
handled by the year 2005 will not exceed 0.8 million tpy and that its share in 
consumed fertilizer product will not be higher than 70%. 

There are several options available for development of the phosphate 
fertilizer sub-system. These are as follows: 

I. Imports of OAP (plus TSP.NP and NPK) through Assab ~ort and Djibouti to 
central stores in Hojo, Nazreth and Addis Ababa. Phosphate imports are 
unavoidable for several years, until the domestic raw material base is 
developed. However, this dependency is not suggested as a long-term 
strategy. 

2. Establishment of DAP/TSP/NPK plants in Assab, based on imported ammonia. 
phosphoric acid, phosphate rock and domestic potash from Dallol. 

With low international prices of DAP and TSP relative to intermediates 
(ammonia and phosporic acid), production of DAP/TSP in Assab would not be 
competitive in ~orld markets unless there is a dramatic shift in prices in 
favour of DAP/TSP or a long-term preferential agreement is awarded to 
Ethiopia for imports of ammonia and phosphoric acid. Uncertainties also 
exist with regard to the future of the port of Assab. 

3. Development of indigenous phosphate rock and apatite deposits in order to 
produce phosphoric acid and concentrated phosphate fertilizers using a 
common sulphur route (figure 14). 

Sulphuric acid, derived from local sulphur-bearing raw materials (pyrites) 
or from imported brimstone is used to dissolve phosphate contained in 
apatite or phosphate rock. The sulphur route (S - SA - PA) leads directly 
to production of triple superphosphate (TSP) and ammoniwn phosphates 
(DAP)/(MAP)/(NPK). 

4. Development of indigenous phosphate rock and apatite deposits to produce 
concentrated phosphate fertilizers (nitrophosphates) by a sulphur-free 
route. 

Nitric acid is an attacking agent used here to dissolve the phosphate 
component of phosphate rock or apatite to yield nitrophosphates 
(A-NA-NP). No elemental sulphur (brimstone) or pirytes are used in this 
route as sulphuric acid is substituted by nitric acid. Calcium ammonium 
nitrate (CAN) is co-produced with nitrophosphates (NP). Ammonia, to yield 
nitric acid, is produced by steam reforming of natural gas or by water 
electrolysis. The whole chain of nitrogen fertilizers (A-NA-AN-CAN) may 
be developed independently when the route leading to nitric acid is chosen. 

Because of the high demand for phosphate fertilizers and the time required 
to develop a domestic raw material base, all of the above strategies may be 
treated as complementary to each other. 

2.S.l Proposed Actions for Development of the Phosphate Fertilizer Industry 

A proposed sequence of actions for long-term development of the phosphate 
fertilizer industry in Ethiopia, illustrated in figure 14, is as follows: 
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THE RECOMMENDED PHOSPHATE DEVELOPMENT STRATEGY 
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Recommended sequence of actions for long-term development of the 
phosphate fertilizer industry in Ethiopia: 

A Temporary import/grants of phosphate fertilizers. '·tensive 
agricultural research on phosphate fertir.zers. 

B. Development of row material base for the phosphate fertilizer industry. 

C. Beneficiation tests of apatite in Wollego and phosphate rock 
in Ogoden and Arsi, ending with feasibility studies. 

D. Decision on the location of pho-sphate mine in Ethiopia. 

E. Establishment of on industrial scale phospote mine. 

F. Development of local schemes for direct application of phosphate 
rock and PAPR process. 

G. Parallel to points B through f, development of domestic 
sulphur bearing row materials for sulphuric acid production. 

H. Recognition and examination of the problem of fluorine contamination 
in the Rift Volley area in connection with planned FERTIS development. 

I. Preparation of the long-term phosphat·! 
production pr09romme 

J. Establishment of linkages between phosphate and nitr09en 
fertilizer industries in Ethiopia. 

K. Establishment of linkages between domestic nitrogen-phosphate 
and potash fertilizer industries. 

L. Establishment of final linkages between the nitrogen-phospote-potosh 
industries and cheap sources of hydroelectric, geothermol and solar energy. 
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A. Temporary imports/grants of the concentrated phosphate fertilizers (DAP, 
TSP. NP. NPK) supplemented with inter.sive research on plant nutrition. 
soil fertility. fertilization rates. the demand for phosphate, required 
N:P and P:K ratios. and optimum types and grades of fertilizers n~eded to 
formulate a production progra11111e for the domestic phosphate industry (TA 
project 6). 

B. Development of the raw material base for the phosphate fertilizer 
industry. Ethiopia requires some 10-20 million tons of pure P205 for a 
long-term development programme. Development of the raw material base 
vould be carried out through: 

B.l Continued exploration of the Bikilal igneous phosphate deposit in Western 
Wollega by EIGS in order to assess the potential of the apatite deposit. 

B.2 

Given the low grade of apatite (ilmenite ore). •ith an average P205 
concentration of 4.56%, estimated reserves of the Bikilal ore of 95 
million tons, and beneficiation tests showing about 60% apatite recovery, 
there is little scope for this deposit to play a dominant role in 
long-term development of the phosphate industry. The total amount of 
phosphate available through this deposit can be estimated today at 
approximately 2.6 million tons of P205 (95 million tons x 0.0456 x 0.6). 
This volume of P205 would be enough to supply phosphate demand for 7 and 
13 years according to phosphate requirements estimated by the NCC and 
UNIDO respectively. 

Surveys and exploration of sedimentary phosphate rock deposits in Ogaden 
in terms of the extent and grade of the deposit (P205 content, rock 
reactivity and grindability, average and extreme rock analyses, R203, Cl, 
F, Si02, C02 content, heavy metal and cadmium impurities). The amount and 
character of the accessory minerals and the physical properties of the 
deposit also need to be considered in order to formulate preliminary 
conclusions on whether the deposit can be mined and beneficiated 
economically (TA project 11). 

With a planned use of the natural gas deposit in Ogaden for ammonia 
production at Gode, the prospects for industrial utilization of this 
phosphate deposit would be high. 

B.3 Surveys and exploration of other phosphate deposits already targeted by 
EIGS. Priority might be given to phosphate deposits in Arsi, as these may 
be connected in future with the nitrogen fertilizer industry (Yirga Alem, 
Mojo). Given very high costs of transporting bulk materials in Ethiopia, 
the supply of phosphate rock from abroad to locations other than Assab 
seems economically unjustified. 

C. Pilot scale beneficiation tests of apatite and phosphate rock in Wollega, 
Ogaden and Arsi. These tests shoul-i aim at defining the technical 
viability of upgrading ore to a commercial grade phosphate (P205 content 
of a minimum 28%), the economic potential of the deposits, including the 
estimated cost of mining and beneficiation, the quality and grade of the 
beneficiated product, and environmental factors relating to mining 
phosphate deposits. Evaluation of the phosphate potential should end with 
complete feasibility studies of the above mentioned deposits (TA project 
11). 
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D. A decision on the location of a phosphate mine(s) based on beneficiation 
trials and detailed feasibility studies on apatite and phosphate rock 
deposits. 

E. Development of phosphate deposit(s) on an industrial scale through the 
establishment of a phosphate/apatite mine to supply phosphate to the 
fertilizer industry to produce concentrated fertilizers (DAP, TSP, NP, 
NPK). 

F. Development of local schemes for direct application of phosphate rock 
and/or partially acidulated phosphate rock (PAPR). 

At least 6 years are required for the development of Ethiopia's phosphate 
deposits (survey and exploration, beneficiation tests, pre-feasibility and 
feasibility studies, engineering work, construction of a mine with 
supporting infrastructure, co111111issioning of the mine, production start-up 
and build-up). Even this schedule requires that the Government give some 
priority to mine development (TA projects 1, 10, and 11). 

G. Surveys. exploration and development of sulphur-bearing raw materials for 
production of sulphuric acid (native sulphur and pyrites) should be 
undertaken with the same level of priority as the phosphate development 
programme. 

Although a number of occurences of native sulphur are already known 
(Eritrea, Tigre, Harar, and Shoa provinces), almost none has yet been the 
object of investigations aimed at calculating total mineable reserves. No 
industrial-scale exploration has been carried out following the initial 
discoveries. It is worth noting that sulphur deposits in Tigre and 
Eritrea are situated in the Dallol area, along with abundant potash 
reserves. Considerable reserves of copper and zinc pyrites are known to 
exist in the Asmara region of Eritrea (Debarwa and Adi Nefas), where at 
least nine huge sulphide deposits have been identified. 

As native sulphur deposits are not largt, pyrites are reckoned to be the 
most likely sulphur-bearing raw material to be developed for the FERTIS, 
especially as natural gas in Ogaden is sulphur-free. The massive reserves 
of gypsum cannot be considered an economically competitive raw material 
for sulphuric acid. 

A detailed feasibility study on the techno-economic viability and 
competitiveness of domestic sulphur resources with imported brimstone is 
essential (TA projects 1 and 10). 

H. Recognition of the problem of fluorine contamination of drinking water in 
Ethiopia's Rift Valley area. Conclusions regarding the effect of this 
problem on development of the phosphate industry in the Rift Valley area 
need to be formulated. This would allow the design of proper measures in 
FERTIS facilities to avoid acummulation of fluorine in drinking water and 
fluorine air pollution (TA project 10). 

Fluorine contamination 
long-standing problem. 
water is most probably 
containing fluorides. 

of waters in the Rift Valley has been a 
Excessive concentration of fluorides in drinking 

associated with the natural dissolving of minerals 
The prolonged intake of water with excessive 
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fluoride ions affects human beings and cattle, leading to dangerous dental 
and skeletal fluorosis. 

I. Preparation of final phosphate demand calculations and a long-term 
phosphate production programme (TA pr~ject 1) taking into consideration 
the following points: 

agriculture's need for specific grades and types of phosphate fertilizers; 
the availability of phosphate rock/apatite and its processing 
characteristics; 
the availability of domestic sources of sulphur for sulphuric acid 
production; 
the competitiveness of imported brimstone in sulphuric acid production; 
selection of the acid for dissolving phosphate (sulphuric or nitric 
acid) and thus wether to employ a sulphur route and/or a sulphur-free 
route for production of phosphate fertilizers. This selection should take 
into account the demand for DAP/TSPJNPK versus NP (nitrophosphates) and 
the cost of producing one ton of P205 by sulphur and sulphur-free routes; 
selection of the wet ph~sphoric acid process from the family of modern 
dihydratejhemihydrate PA processes; 
selection of fluorine combating unit operations, as well as fluorine 
production processes (sodium fluoride, aluminium fluoride, cryolite and 
others), in order to utilize by-product fluorosilicic acid from the 
phosphate fertilizer industry for the above mentioned valuable fluorine 
compounds; 
to identify appropriate diversification of the phosphate production 
programme, economically justified capacities of the plants, and optimum 
location of a phosphate (nitrogen-phosphate) fertilizer complex, taking 
into account, inter alia, environmental protection against fluorine 
contamination, transport costs of raw materials and final products, and 
the farm gate fertilizer price. 
the competitiveness of a domestic phosphate fertilizer industry on the 
~orld market, (or the alternative of a DAP/TSP/NPK complex in Assab based 
on imported ammonia, phosphoric acid and phosphate rock); 

J. Establishment of linkages between the phosphate and nitrogen fertilizer 
industries (pipelining of natural gas or transport of liquid ammonia as 
against transport of phosphate rock and sulphuric acid), aiming at the 
minimization of manufacturing costs (OAP, TSP, NP) and the lowest farm 
gate price (TA projects 1, 5, 6, 7, 8, 9, 10, 11, 14, 20). 

K. Establishment of linkages between the nitrogen-phosphate and potash 
fertilizer industries aimed at the cheapest deliveries of muriate of 
potash (MOP) and/or sulphate of potash (SOP) to a nitrogen-phosphate 
complex(es) to secure domestic production of different grades of NPK (TA 
projects l, 14, 17). 

L. Establishment of linkages between the nitrogen-phosphate-potash industries 
and hydroelectric, geothermal (and solar) energy sources to reduce 
fertilizer manufacturing costs (TA projects 1, 15. 16). 

2.6 Development Strategies for the Potash Fertilizer Sub-system 

Potassium salts must be present in soils for normal plant growth. High 
potash removal from soils occurs with alfaalfa, potatoes, soybeans, maize and 
tobacco. Potash (K20) is also used for cotton, fruits and vegetables. Potash 
is of great value for crops high in sugar and starch, increasing resistance to 
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adverse soil conditions, climate and disease. Potash balances the plant food 
ration, counteracting the rankness of plant growth resulting from abundant 
nitrogen. 

Thus, among the commercial fertilizers, about half as much potash is used 
as nitrogen (a typical N:K ratio being 1:0.5), except when the soil is capable 
of supplying potash. This may be the case in Ethiopia, due to decomposition 
of potassium minerals in the soil, as there is very little demand for potash 
from agriculture. TA project 6 will contribute to a clarification of this 
issue, especially in as far as the potash content of the soil influences the 
efficiency of nitrogen use. 

As already mentioned, projected demand for potash by thP. year 2005 has not 
been reported in the NCC market study, the N:P:K ratio being 1:1.35:0. UNIDO 
has assumed a small domestic demand for potash equal to 23,000 tpy of K20, the 
N:P:K ratio being 1:0.5:0.06. 

Exports of Potash 

Given abundant reserves of good quality potash ore and limited domestic 
demand for potash fertilizers, a strategy of producing potash for exports may 
be considered (TA project 14). 

An export oriented strategy in potash should consider the movement of 
muriate of potash prices, and the production and investment costs of MOP in 
different locations having different levels of infrastructural development. 
Figure 15 compares production and investment costs of MOP in locations having 
different degrees of infrastructure. Although the costs shown in figure 15 
relate to a potash shaft mine and a difficult geological formation 
(Saskatchewan, Canada), they illustrate a breakdcwn of capital related and 
operational costs, and show a trend in investm~nt required for different 
locations. 

A total investment of US $ 700 million may be needed for a potash complex 
with A capacity of 1.5 million tpy of HOP at Dallol, including an open-pit 
solution mine ~ith refinery plant, and an export terminal at the Red Sea coast 
with basic infrastructure . 

When investment for an export terminal and infrastructure is subtracted, a 
specific investment cost is arrived at for an open-pit solution mine and 
potash refinery of US$ 400 per ton of HOP (US$ 600 million/1.5 million tpy). 
Capital costs are US $ 60/ton of HOP. By adding some US $ 15/ton of MOP for 
operational costs, a potash manufacturing cost is arrived at of US $ 75/ton of 
MOP. The difference with the world price of potash is too small to pursue 
this project on an industrial scale in it~ present form. 

However, evaporite deposits at the Danakil Depression contain substantial 
reserves of good quality potash ore such as sylvinite, carnallite, polyhalite, 
kieserite and kainite and can yield the whole fa~ily of potash and magnesium 
related products. A number of factors suggest that exploitation of these 
deposits may be viable. These include a strategic location for exports to 
Asia and South-East Africa, advantageous geological characteristics of the ore 
body (the potash horizon has been found at 730 m), the possibility 
ofdiversification in the production programme in the open-pit solution mine, 
and a potential reduction in the manufacturing costs of different K-Mg 
compounds through energy-saving programmes. 
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POTASH (60o/o K20) PRODUCTION COSTS 
FOR DIFFERENT LOCATIONS ANO INVESTMENT COSTS 
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Investment Costs on Total Fertilizer Production Costs." 
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The recoonended potash de~elopaent strategy for Ethiopia ls illustrated in 
fig11re 16. A preparatory phase, for i11tplementation by the year 2000, aims at 
establishing pilot-scale indu~trial facilities (150 TPD), and would allow 
elaboration of a diversified production progra..e for a range of future 
exports. These exports would include different vRluable potash and magnesium 
compounds such as muriate of potash (HOP), sulphate of potash (SOP), potassium 
nitrate (KN03), la~gbeinite (KMgS), ar.d such non-fertilizer products as 
chemical grade potassium chloride. hydroxide anci carbonate, magnesium 
chloride, sulphate and hydroxide, and others. Pilot-scale production would 
supply domestic needs for potash by the year 2000, estimated at 33,000-42,000 
tpy of MOP (60% K20). 

Activitie3 relating to the use of hydroelectric, geothermal and solar 
energy in pro<luction of potash would aim to reduce operating costs (TA project 
l~). Reduction of capital investment and capital related costs would also be 
investigated (potash mine and refinery, potash terminal &nd infrastructure). 

Befor:a embarLing on iooustrial-scale production, a marketing study is 
needed to compare the landed cost of Ethiopian potash in India, East Africa 
and elswhere with potash deliv~red from Europe, Canada and Jordan. A detailed 
techno-economic analysis of the project must also precede final investment 
decisions. 

Given Africa's overall demand for potash, estimated at about 0.7 million 
tp_i of K20, the project may be promoted as a sub-regional or regional 
activity. The project would then have to consider a production programme in 
line with the n:.itrients required by African soils. 

Muriate of potash is the cheapest source of potassium. However, it 
contains the chloride ion, which is harmful for some crops (e.g. tobacco) and 
soils. Thus sulphate of potash is more frequenly used, as it also carries the 
valuable sulphate ion. Application of KKgS fertilizers (langbeinite) is 
another example of the growing importance of secondary nutrients. In this 
case, potash is combined with two secondary nutrients, sulphur and magnesium. 

Therefore, even with serious constraints on the development of potash ores 
in Ethiopia, there is room for improvement of the techno-economic viability of 
this goal . 

2. 7 Quantitative Analysis of Alternative Options for Overcoming FERTIS 
Bottlenecks and Constraints in Order to Reach Priority Targets 

The Governmant •programme• here refers to the sum of Government 
objectives, plans and on-going activities. The Government •programme• does 
not include all primary nutrients, and is limited mainly to the nitroger1 
sub-system. It should thus be borne in mind that the Government •programme• 
does not refer to a single comprehensive set of actions presented as such in 
any policy document. 

The Government and UNIDO programmes are based on a nutrient demand of 
around 650,000 tpy of NPK by the year 2005. They _. different, 
however, in terms of the N:P:K ratio used. The 1 .. ·,. i;, the Government 
programme is 1:1.35:0 and is based on the NCC's __ Market Study of 
January 1991. In the UNIDO programme this ratio L& 1:0.5·0.06 and is based on 
long-term fertilizer reco11111endations gathered from the IAR in 1989. Oth~r 
ratios such as that of FAO (with N:P ratios of 1:1 and 1:0.72) fall within 
this range. 
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THE RECOMMENDED POTASH DEVELOPMUH STRATEGY 

I. PREPARATORY PHASE BY THE YEAP .'000 
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The Go\·ernment programme is thus characterised by low nitrogen demand and 
a high phosphate gap, whjle the UNIDO programme is characterised by a high 
nitro~en demand and a low phosphate gap in the year 2005. It is the 
development strategy for the nitrogen fertilizer sub-system that most 
differentiates the Government and UNIDO programaes. 

-~he undeveloped phosphate raw material base (P+S) prohibits quantitative 
analysis of any production increases in terms of P205 in both options. 
Domestic production of potash (23,000 tpy of K20 in the UNIDO programme), is 
not included in the Government programme as the N:K ratio is here 1:0. 

Table 20 illustrates FERTIS development in 1989 and Government and UNIDO 
targets for the year 2005. 

The· Government programme envisages: 

Construction of an ammonia-urea (nitric acid) complex with a capacity of 
450 TPD of A and 765 TPD of U in Gode (phase I of a nitrogen industry 
programme). A natural gas pipeline (100 km) wiil be built from Calub to 
Gode. and a 600 km road from Gode to Shashemane will be improved in order 
to supply urea to cereal growing areas in the highlands. 

It is assumed here, and not in Government plans, that construction of an 
ammonia-nitric acid-ammonium nitrate-calcium ammonium nitrate complex 
would complement the plant at Gode. This complex would have a capacity of 
150 TPD of A, 300 TPD of NA and 500 TPD of AN/CAN. The complex would 
produce ammonia by electrolysis of water and might therefore be located in 
the vicinity of a hydropower plant at Finchaa. 

Development of domestic deposits of phosphate rock in Ogaden (apatite in 
Wollega) and sulphur (pyrites in Asmara) in order to lay a foundation for 
establishment of a phosphate fertilizer industry. Due to insufficient 
data this phase has not been quantified in terms of investment needs. 

Should the phosphate raw materials base be developed by the period 
2000-2002 (a phosphate rock or apatite mine in Ogaden or Wollega), a 
nitrogen-phosphate fertilizer complex might be built. This investment is 
not quantified in this Integrated Programme . 

Development of domestic deposits of potash for an export oriented potash 
complex to be built after the year 2005. Hydroelectric, geothermal and 
solar energy schemes could be examined for open-pit solution mining, 
refining and production of potash. Phase III A of the Government 
programme has not been quantified. 

Should the viability of a PE-PP packaging unit be confirmed, imported 
fertilizers might be brought to Assab in bulk and packed on site. The 
investment required has not been quantified here. 

The UNIDO programme envisages: 

Construction of an ammonia-urea complex with a capacity of 500 TPD of A 
and 800 TPD of U at Yirga Alem (Phase I A of the development of a nitrogen 
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Table 21: The Ethiopian Fertilizer Industrial Svstem in 1989, and Government 
and UNIDO Targets for 2005 

FERTIS 1989 GOVERNMENT UNI DO 
TARGET 2005 TARGET 2005 

GF.SERAL INDICATORS 

~:P:K ratio 1:1.56:0.03 1:1.35:0 1:0.5:0.06 
NPK demand (tpy) 290,000 656,000 650,000 
NPK production (tpy) 145,000 354,000 
NPK gap (tpy) 290,000 511,000 296,000 
NPK imports (tpy) 100,000 511,000 296,000 
Import share in supplies 100% 78% 46% 
Import p.a. (US$m) 60 307 178 
-----------------------------------------------------------------------------
Arable land (mln ha) 18.0 18.0 18.0 
Fertil. rate (kg NPK/ha) 5.5 36.0 36.0 
Cultivated land (mln ha) 7.0 8.5 8.5 
Fertil. rate (kg NPK/ha) 14.0 76.0 76.0 
Population (millions) 47 71 71 
Fertil. rate (kg NPK/capita) 2 9 9 
-----------------------------------------------------------------------------
Total product supply (tpy) 170,000 
Import share in supplies 100% 

NITROGEN PLANT (TPD) 
Gode 

NG Pipeline 
Hetahara (A+U) 
· NG Pipeline 

Yirga Alem 
NG Pipeline 

Hojo I 
NG Pipeline 

Hojo II (or Debre Markos) 
NG Pipeline 

Finchaa (Tissisat) 

PHOSPHATE PLANT (TPD) 
Assab (DAp+TSP) 

POTASH PLANT (TPD) 
Dallol 

AAW MATERIALS 

ETHIOPIA 

1,260,000 
70% 

A 450 + U 765 
(+ NA 30) 
100 km 

Status unknown 

A 150 + NA 300 
+ AN/CAN 500 

Abandoned 

1,230,000 
38% 

A 500 + U 800 
700 km 

A 500 + U 800 
300 km 

A 500 + U 800 
None (or 300km) 

Abandoned 

Postponed (*) MOP/SOP 150 

Development 
of P, S, Ca, 
Mg, Hicronutr. 

(*) The export-oriented industrial-scale potash fertilizer complex at Dallol 
has been postponed. An MOP/SOP pilot-scale plant of 150 TPD capacity 
could have been included in the Government programme, were it not for the 
N:K ratio of 1:0. 
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fertilizer industry). A natural gas pipelir.e (700 kms) would be built to 
connect the gas field at Calub with major ceraals and coffee growing areas. 

Construction of an ammonia-urea complex in Hojo with a capacity of 500 TPD 
of A and 800 TPD of U (Phase I B of a nitrogen fertilizer industry 
development). An additional 300 km segment of the natural gas pipel~ne 
would be built to connect Yirga Alem with Hojo. 

Construction of a second ammonia-urea complex in Hojo with a capacity of 
500 TPD of A and 800 TPD of U (Phase I C of nitrogen fertilizer industry 
development). No natural gas pipeline would have t:o be extended, since 
the gas connection to Mojo would be provided in Phase I B. This option 
has been quantified in terms of investment:. 

An alternative option in Phase I C is that of locating a third A/U complex 
in the Debre Markos area. This option would facilitate the best urea 
distribution pattern in the highlands, but would also require construction 
of a further 300 km segment of the natural gas pipeline from Hojo to Debre 
Markos, thus increasing the total investment cost of the programme. This 
option has not been quantified in terms of investment. 

Construction 01 a sulphuric acid plant based on imported sulphur and an 
ammonium sulphate plant in Mojo with a capacity of 200 TPD of SA and 250 
TPD of AS (Phase I D of FERTIS development). Efficient operation of the 
two A/U complexes in Mojo would give sufficient ammonia for investment in 
an AS plant. 20,000 MTPY of elemental sulphur (brimstone) would have t:o 
be imported to feed the SA plant in Hojo, if domestic sulphur bearing raw 
materials were not then developed. 

This option would depend on the final location of the third A/U complex 
(Mojo or Debre Markos) as well as the degree of development of local 
sulphur related raw materials. This option is thus not quantified in 
investment terms. 

Development of domestic deposits of phosphate rock in the Ogaden (apatite 
in Wollega) and sulphur (pyrites in Asmara) in order to lay a foundation 
for the establishment of a phosphate fertilizer industry (Phase II A of 
the programme). This option is not quantified in terms of investment . 

Should a phosphate raw materials base be developed by the period 2000-2002 
(a phosphate rock or apatite mine in Ogaden or Wollega), a 
nitrogen-phosphate fertilizer complex may be considered in order to 
decrease dependence on imports/grants of fertilizers (Phase II B of the 
programme. 

Development of domestic deposits of potash in order to prepare an export 
oriented potash complex to be built after the year 2005 (Phase III A of 
the programme). A pilot-scale potash plant with a capacity of 150 TPD of 
MOP/SOP is envisaged for Dallol so as to meet domestic demand for potash. 
Hydroelectric, geothermal and solar energy schemes would be examined for 
use in open-pit solution mining, refining and production of potash. Phase 
III A of the UNIDO programme has been quantified in terms of investmP-nt. 

Development of a so~ll-scale bulk-blending plant with a capacity 20,000 
tpy to match npecific needs of Ethiopia'~ horticulture and agriculture for 
different fertilizer blends, including micronutrients (Phase IV A). 
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Development of secondary nutrients (Ca, ~g - limestone a!ld dolomite for 
liming acidic soils), as well as the micronutrients Zn, Cu, Fe. Mn, ~o. Bo 
and Co (Phase VA and VB). These activities have not been quantjFied in 
detail. 

In addition to the above. a number of activities connected with 
engin~ering, energy. and transport are envisaged in the UNIUO programme. 
These are described in section 3. 

There are important similarities between the two programmes. In both 
programmes the total nutrients delivered to soils in the year 2005 would 
amount to around 650.000 HTPY of NPK. with a resulting N:P:K ratio of 1:1.35:0 
in the Government programme and 1:0.5:0.06 in the UNIDO programme. Total 
fertilizer product delivered to soils would amount to about 1.25 million tpy 
(l,260,000 tpy and 1,230,000 tpy in the Government and UNIDO programmes 
respectively). 

Both programmes would improve conditions for a reduction of malnutrition, 
and improve foreign exchange generation from exports of cash crops. 

Important quantitative differences h·· ··ween the two programme.; are 
illustrated in Table 22. 

2.8 Evaluation and Selection of a Preferred Programme 

2.8.l Selection of a Pref erred Programme 

The following six major criteria have been considered in the evaluaticn of 
the two alternative programmes: 

(1) The contribution of domestic fertilizer production to nutrient demand by 
the year 2005. This is equivalent to 22% and 54% in the Government and 
UNIDO programmes respectively. Conversely, dependency on imports/grants 
of fertilizer is 78% and 46% respectively in the Government and UNIDO 
programmes. Thus, on this criterion the UNIDO programme is preferred. 

(2) Absolute invest~~nt requirements for both programmes and the investment 
required per ton of NPK produced are major criteria in selecting a 
preferred strategy. 

Investment decisions on the FERTIS cannot be made prior to feasibility and 
other study work. With this important qualification, Table 23 presents 
indicative figures on the proposed plants, levels of nutrient production 
and investment outlays required in both programmes. These figures relate 
only to those phases that have been quantified. 

Table 23 shows that the total investment requirement of the Government 
programme is either US$ 507 million or US$ 351 million, depending on 
whether improvement of the Gode - Shashemane road is included in the 
programme or not. No investment is assumed in electricity generation. 
The investment required for the UNIDO programme is US$ 930 million. 
However, the investment required per ton of nutrient is lower in the UNIDO 
programme (US$ 2,630 /ton NK compared with US $ 3,500 /ton N in the 
Covernment programme). 
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Table 22 Important Indicators of the Government and UNIDO Programme 

Indicator 

Capacities of plants (TPD) 
Ammonia capacity 
Urea capacity 
Calcium ammonium nitrate 
Mop/Sop Pilot plant 

Length of NG pipeline (km) 
Power requirements for 
Water electrolysis (MW) 
Major road improvements (km) 

Structure of supplies -
Fertilizer products(tpy) 
Domestic: 

Urea 
AN/CAN 
HOP/SOP 

Imports: 
Urea 
OAP 
TSP 
Blends with micronutrients 

Total: 
Import share in supplies: 

GOVERNMENT PROGRAMME 

450 + 150 600 
765 
500 

100 

60 
600 

380,000 
226,000 
154,000 

880,000 
60,000 

600,000 
220,000 

1,260,000 
70% 

UNIDO PROGRAMME 

3 x 500 
3 x 800 

1500 
2400 

150 
1000 

760,000 
720,000 

40,000 
470,000 

450,000 

20,000 

1,230,000 
38% 

If improvement of the Gode-Shashemane road is not included in the 
Government programme, the investment required per ton of nutrient is 
similar in both programmes (US $ 2,420 /ton N and US $ 2,630 /ton NI< in 
the Government and UNIDO programmes respectively). No inve~twent is 
assumed in the Government progLamme for the Finchaa hydropower station. 
If any investment were needed for the Finchaa hydropower plant, the 
investment per ton of nutri~nt produced in the Gov~rnment prograll!l!le would 
grow correspondingly. Ne assumption has been made regarding the possible 
use of by-product oxygen resulting from the electrolytic production of 
ammonia in Finchaa. 

In summary, investment requirements are much higher in the UNIDO 
programme. Specific investment costs per ton of nutrient produced d0 not 
differ much bt:tween the two options. The Government programme is 
preferred on criterion (2). 

(3) A very important consideration is the cost of delivering fe~tilizer to 
cropping art!as in the highlands, where 90% of the populati0n live. As 
illustrated in section 1.1. 3 (f), the cost of handling and transporting 
imported fertilizers from Assab to stores in Nazreth, Hujo and Addis Abcba 
is equivalent to npproximately US$ 100 per ton of fertilizer product. 
Simil.1r transport costs would have to be borne to deliver urEa frum r,ode 
to the highlands, especially if the Gode-ShasheDlanP. road is not improved. 
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Tablt! 23 Investment Proposals of the Government and UNIDO Programme 

Phase Location Plants 
Infrastructure 

Government PrograllmM! 

Investment 
(US$m) 

Nutrients Spec. Inv. 
(OOOs tpy) (US $/1 t) 

I Gode 

I A Finchaa 

A+U 
NG Pipeline (100 kms) 
Road improv.(600 kms) 
Total 
Total without road improv. 

A+NA+AN/CAN 
Electricity connection 
Total 

Programme total 
Total without road improv. 

226 
30 

156 
412 
256 

90 
5 

95 

507 
351 

105 N 
105 N 

40 N 

145 N 
145 N 

3,920 
2,440) 

2,375 

3,500 
2,420) 

Phase Location Plants 
Infrastructure 

Investment 
(US$m) 

Nutrients Spec. Inv. 
(OOOs tpy) (US $/l t) 

UNIDO Progra111111e 

I A Yirga Alem A+U 

I B Mojo I 

I C M0jo II 

Ill A DalloJ 

NG Pipeline (700 kms) 
1otal 

A+tJ 
NG Pipeline (300 kms) 
Total 

A+U 

MOP/SOP (Pilot Plant) 

rrnf.r.amme total 

200 
210 
410 

200 
90 

290 

200 

30 

930 

llO N 3, 720 

llO N 2,640 

lll N 1,800 

23 K20 i,300 

354 NK 2,630 

Fertilizec delivery costs to main ;,gr:!.cultur •. l areas are compared in Tabl< 
2lL The c.:>mparison a:isl.IJ'lles a delivery C'Ooit for i1J1ported fertilize;.: of US$ 
100/tor., a dcl.;.very cosl for 80 p~r cent of the area iron; Gode (180,0GI) 
tpy) of US$ 100/ton, ari".! a aeL.v 0:ry cost :>f US$ 10/ton for urea and CAN 
produ~ed in Yirga Ale~. Hojo nnj Finchaa. 

On the delivery cost criterion the UNIDO programme has a distinct 
advantage, at US $ 4 7. 3/tcm c!.· product as agdnst T'S $ 85. 7 /ton of 
protiuct in the Gov•.: ·.ment programm". !hi~, implies an anr.u.il saving in 
delivery costs of o.:> . .:;ut US $ 50 rr.ill ion in thP. UNIDC p;·og.ralllll'e. Over 
15-25 yea~s. the averag~ life·r~d~ for fer1ilizor pl~nts, the diff~renc~ 
in delivery cost!" -.:o;tl.d by itself 1:.ove:r t~~ higher investment in the UNIDO 
prngrar.ime. By cr;,c:rast, thP. Government Nogran:me would also reqi..:i re 
~ubstantial .i.nves•:.•r.ient •.(' tt ·_ Go~P-C:it..•.-·lu:a:rne road. 
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Table 24: Cost of Fertilizer Deliveries to Ethiopia's Main Agricultural Areas 

Source of Cost of fertilizer delivery - Cost of fertilizer delivery -
Delivery Government Programme UNIDO Programme 

(million US$ per year) (million US$ per year) 

Domestic: 20.00 11.20 
Urea 18.46 7.20 
AN/CAN 1.54 
MOP/SOP 4.00 

Imports: 88.00 47.00 
Urea 6.00 
DAP b0.00 45.00 
TSP 22.00 
BLENDS 2.00 

Total: 108.00 58.20 
Net difference: 49.80 00.00 
Cost per ton: 85.70 47 .30 

In sWD1Dary, the delivery costs of fertilizer to main cropping areas, and 
hence the potential competitiveness of domestically manufactured 
fertilizers compared with landed costs of fertilizers from international 
markets, gives a clear advantage to the UNIDO programme. 

(4) A time advantage, due to an advanced stage of planning the first phase of 
the programme (Gode), favours the Government programme. However, due to a 
longer planning horizon the UNIDO programme has a number of advantages. 
Thus, criterion (4) does not strongly favour either programme. 

(5) The N:P:K ratio of 1:0.50:0.06, assumed in the UNIDO programme, is 
believed to be more appropriate for long-term strategies than that of the 
Government (1:1.35:0). Given an expected rise in the phosphatP content of 
the soil due to continuous fertilization with DAP, the N:P:K ratio of the 
UNIDO programme better accomodates the expected shift in nutrient 
application over the coming 15 years. The N:P:K ratio assumed in the 
UNIDO prcgramme is closer to the latest FAO estimate (N:P of 1:0.72). 
This N:P:K ratio is also in line with present trends in Africa 
(1:0.75:0.37) and in developing countries generally (1:0.35:0.14), as well 
as by the fact that surpluses of potash are reported in major Ethiopian 
soils. Criterion (5) is of great importance in the design of an 
appropriat;..- strategy for the FERTIS. 

(6) The use of a systems approach use to design a comprehensive Integrated 
Development Programme is likely to facilitate sustainable development of 
the FERTIS within the Ethiopian economy. In this sense, the UNIDO 
programme more closely addresses the overall requirements of the FERTIS. 

Four of the above criteria favour the DNIDO programme. However, it is 
recommended that both programmes be pursued until TA rroject 6 is implemented 
(a seminar on NPK demand and the optimum N:P:K ratio). 
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In addition to the main criteria discussed above there are a number of 
additional points which tend to favour adoption of the Integrated Development 
Programme presented in this document. These further considerations are 
detailed in the next section. 

2.8.2 Additional Considerations Favouring Selection of the UNIDO Programme 

Additional points to consider in favouring the UNIDO programme are as 
follows: 

(a) The UNIDO programme facilitates a higher attainment of the Government's 
food self-sufficiency target. The UNIDO programme secures as much as 54 
per cent of agriculture's nutrient demand by the year 2005. 

(b) Due to a larger domestic production of fertilizers and a more co~'iplex 

fertilizer distribution pattern, the UNIDO programme better addresses 
Ethiopia's second pri~rity goal of foreign exchange generation, through 
increased exports of coffee and other cash crops. 

(c) The UNIDO programme is based on domestic raw materials (natural gas and 
potash ores) and aims on the one hand at substantial import substitution 
of nitrogen fertilizers (lessening dependency on imports and grants) and 
on the other hand at exports of potash fertilizers. 

(d) The UNIDO programme assumes a shift of the N:P ratio to that recommended 
by the IAR (1:0.5), giving priority to nitrogen. Thus, ammonia and urea 
would be the backbone of the F'ERTIS development strategy. 

(e) Three intermediate-scale ammonia-urea complexes would still exploit scale 
economies and help justify construction of a natural gas pipeline between 
Calub and Addis Ababa. Standardization of equipment and spare parts, as 
well as training of staff, could be optimized. Three ammonia-urea 
complexes built in phases would allow gradual absorption of urea in line 
with growth in demand. 

(f) The UNIDO programme gives flexibility through phased planning and 
investment. The programme envisages a natural gas pipeline to be built in 
two phases, which may be necessary due to limited foreign exhange 
availability. 

(g) The south-west route of the natural gas pipeline from Calub to Addis Ababa 
provides better locations for nitrogen fertilizer complexes in Phase I 
(Yirga Alem area) and Phase II (Mojo) in terms of fertilizer 
distribution. This is because cropping areas are located in the Ethiopian 
highlands, mostly in Shewa, Arsi, Keffa and Gojam. Mojo is also located 
near central fertilizer stores. Hain roads also meet here with the only 
railway connecting the port of Djibouti and Addis Ababa. 

(h) The UNIDO programme offers a complex plan leading to development of 
indigenous phosphate related raw materials (phosphate rock/apatite and 
zinc/copper pyrites) so as to lessen the almost total deper.dency on 
imported phosphate fertilizers. The UNIDO programme accords with future 
plans to develop a nitrogen-phosphate and phosphate fertilizer industry in 
the Ogaden and/or Wollega region. 
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(i) The establishment of a pilot-scale potash plant at Dallol is important for 
dtveloping links between the potash and nitrogen-phosphate industry, and 
f~r preparing future investment decisions on an export oriented 
world-scale potash complex in Ethiopia. 

(j) This programme also aims at developing secondary nutrients (S, Ca, Mg). as 
well as the micronutrients Zn. Cu, Fe, Mn, Mo, Bo and Co. 

(k) Phased investment accompanied by infrastructure development act as an 
important response to the transport/distribution constraint as well as to 
the problem of a limited foreign exchange availability. The UNIDO 
programme is less dependent than the Government programme on access to the 
Red Sea ports. 

(1) Phased implementation of this programme is set against the target year of 
2005. The scheduling of the programme can be adjusted. Events may be 
such that the programme better suits the timeframe 1992-2010. 

(m) Apart from directly addressing development of the fertilizer industry, 
twenty technical assistance projects making up this Integrated Development 
Programme relate to transport, infrastructure, energy, the environment, 
engineering industries, small-capacity bulk blending and packaging 
industry development. Two groups of projects aim at strengthening 
national capabilities in coordination, investment planning, staff and 
management training, procurement and trade, as well as the design of 
policy measures. 

2.9 Expected End-of-programme Situation 

Successful implementation of the UNIDO programme would allow 54 per cent 
of projected imports of fertilizers to be substituted by domestic production. 
Foreign exchange savings and earnings would be derived from: 

Import substitution of urea from Yirga Alem and the stimulation of exports 
of coffee through the domestic supply of urea. At the same time, urea 
would be delivered to cereals cropping areas in Arsi and Keffa, thus 
substituting imports/grants of grain. 

Two ammonia-urea complexes at Mojo delivering fertilizers to the highlands 
and substituting imports of urea. 

The Dallol MOP-SOP plant delivering potash fertilizers for domestic use. 

In addition, all important activities involved in the FERTIS, from 
transport to policy design, training, equipment manufacture and others, 
would be strengthened and, where necessary, created. 

Table 25 illustrates the expected development of the FERTIS by the year 
2005 following successful implementation of this Integrated Programme. 
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Table 25 Expected FERTIS Development through the UNIDO Programme by 2005 

-

OSJECTIVE 

FERTIS 
Preparation 

NITROGEN 

PHOSPHATE 

POTASH 

NPK 

PHASE 

0 

I A 

I B 

I C 

I D 

II A 

II B 

III A 

IV A 

TIME-FRAME 

i992-l995 

1996-2000 

2000-2003 

2003-2005 

Beyond 2005 

1992-2000 

1999-2004 

1995-2002 

1996-1998 

SECONDARY NUTRIENTS+ MICRONUTRIENTS. 
V A 1996-2004 
V B 

LOCATION 

Ethiopia 

Yirga Alem 

Mojo 

Mojo 

Mojo 

Ethiopia: 
Ogaden 
Wollega 
Asmara 

Ogaden, 
Wollega 

Dallol 

Assab 

Ethiopia 

DESCRIPTION 

Implementation of 
FERTIS 20 TA projects. 

Construction of the 
first A/U complex + NG 
Pipeline. 
Construction of the 
second A/U complex + 
NG Pipeline. 
Construction of the 
third (DebreMarkos) 
A/U complex. 
Optional Construction 
of a SA + AS complex 
based on brimstone anc 
local ammonia. 

Development of the P+S 
raw material base. 
Establishment 
of phosphate and 
pyrite mines. 
Construction of a 
phosphate complex to 
produc(. 
A+NA+SA+PA+TSP+DAP+NP 
(Gode). 

Development of potash 
ores, construction of 
a pilot- scale MOP/SOP 
plant and optimization 
of the system to 
prepare an export 
oriented potash 
project in Ethiopia. 

Construction of a 
small-scale 
bulk-blending unit to 
match specific needs 
of agriculture and 
horticulture in 
Ethiopia. 

Development of 
industrial schemes for 
the application of 
secondary nutrients 
and micronutrients in 
agriculture. 

- -- - ~ 

\ 

• 
1 

• 

• 1 



'* •.. 

- 84 -

Table 25. cont. 

OBJECTIVE PHASE TIME-FRAME LOCATION 

ENGINEERING 
VI A 1995-2005 Ethiopia 

ENERGY 
VII A 1995-2005 Ethiopia 
VII B 

- VII C 

TRANSPORT 
VIII A 1995-1997 Go jam, Shew a 

VIII B 1996-1998 Ethiopia 

VIII C 1995-2005 Ethiopia 

:~ 
\ 

~ VIII D 1998-2005 Ethiopia 

DESCRIPTION 

Implementation of 
programmes aimed 
at supplying 
simple equipment and 
spare parts to FERTIS 
facilities. 

Development of 
industrial schemes for 
utilization of 
hydroelectric, 
geothermal 
and solar energy for 
the FERTIS in 
Ethiopia. 

Construction of two 
FERTIS stores at Debre 
Markos and at Debre 
Birhan for AISCO. 
Expansion of the 
packaging industry 
(Assab) to match 
for bagged fertilizers. 
Transportation of 
critical equipment by 
air to FERTIS 
construction sites. 
Technical programmes 
aimed at timely 
spreading of 
granulated fertilizers 
to remote rural areas 
and villages. 
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3. THE INTEGRATED DEVELOPMENT PROGRAMME 

3.1 rrngr.uDme Objectives 

Thi- Integrated De\·elc.pment P1·ohramme for the FERTIS in Ethiopia aims •it: 

Defining long-term objectin's and ~trategil's for the creation of~• 
domestic fertilizer industry in Ethiopia. 

Defining major agricultural targets fo1· appropriatl' planning of FERTIS 
development so as to improve national food self-sufficiency. 

Strengthening the Government's capability in planning. policy dl•sign and 
coordination of development in the fertilizer industrv. 

Assisting rational utilization of FERTIS related natural resouret•s and 
national energy potential. 

Assisting Ethiopia to begin a process of fertili=er import substitution 
based on domestic raw materials. primarily invoh·ing production of 
nitrogen, but also including potash fertil i:::er. 

Assisting El.HICO in promoting a potash export oriented projl'Ct. <·special lv 
in relation to pilot-scale ir~ustrial facilities. 

Assisting environmental protect ion in relation to the fertilizer 
industrial system. 

Strengthening capabil ir ies of the Ministry of Industry and the National 
Chemical Corporation in planning investment, selecting technological 
processes arid economic options in FERTIS development. 

Strengthening the capabilities of AISCO in procurement. trading and 
logistics. 

Defining a package of training programmes aimed at preparing l'nginl'ering 
staff for investment in, operation and maintenanc€ of FERTIS plants and 
faciiities . 

Assisting the Government to attract finance from international agencies 
and donor organizations for the implementation of the technical assistance 
component of this Integrated Programme. 

Table 26 outlines the system components, the main system constraints, 
onsgoing actions, and the proposals of this Integrated Development Programme 
to ameliorate these constraints. 
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Table 26 System Components Constraints an<i Proposals of the Inte&rated Developgent 
Pro&ranpe 

Coaponent 

A. Natural 
Resources 

Natural gas 
utilization 

W a t e r . 
hydroelectricity 

Phosphate and 
sulphur R.H. 

S e c o n d a r y 
nutrients and 
micronutrients 

B. Processin& to 
Intermediates 

C. Processin& of 
NPK fertilizers 

D. Other 
operations 

E. Ener&Y selfs 
sufficiency and 
per ca pi ta enern 
consumption 

Constraint Programme Proposals 

Natural gas field located in 
remote area. Lack of funding 
for NG development. 

High cost of water 
electrolysis to ammonia 

Limited development of mining 
sector. Lack of finance for 
feasibility studies. 

Limited development of mining 
sector and low awareness of 
the benefits of secondary and 
micronutrients. 

Allllllonia, 
nitric 

phosphoric 
acids not 

manufactured. 

and 
yet 

Not yet developed, despite 
many previous plans. 

There is no bulk blending 
unit in Ethiopia. Only 
bagged fertilizer is 
imported. 

Despite abundant energy 
potential (hydro and 
geothermal) and huge gas 
deposits, limited development 
of the energy sector causes 
deforestation (fuel 
gathering), aggravating soil 
erosion. 

Implementation of NG 
development schemes through 
pipelining NG to A/U complexes 
located in cropping areas s TA 
8 and 9. 

Location of ammonia plant 
proposed near the hydropower 
plant at Finchaa. 

Feasibility studies on raw 
materials 5 TA 11 10, 14 and 
15. 

Survey of limestone/dolomite 
for liming soils; survey of 
micronutrients - TA 11 

Ammonia plants planned at Gode, 
Yirga Alem, Mojo, and Finchaa s 
TA 7 ,8 and 9. Nitric acid 
plant at Finchaa. Phosphoric 
acid plant depends on 
development of phosphates - TA 
11 

Food self -sufficiency strategy 
supports construction of urea, 
CAN, HOP/SOP plants at Yirga 
Ale'D, Hojo, Finchaa, Dallol s 
TA ~. 14 

Plans for construction of a 
smallsscale bulk blending unit 
in Assab s TA 17. Expansion of 
the domestic packaging industry 
- TA 18. 

FERTIS will substantially 
contribute to the development 
of NG utilization schemes and 
networks of hydroelectricity 
and geothermal energy s TA 8.9. 
14 and 15 
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Table 26 (contd. ) 

Coeponent 

F. Stora&e. 
transport and 
distribution 

G. Fertilizer 
consumption 

H. Pemand for 
fertilizer in the 
year 2005 

I. Fertilizer 
application 

- 87 -

Constraint: 

Limited access to the Red Sea 
ports. lnsufficien~ ~odern 

storage facilities at Assab 
port and elsewhere. Poor 
quality of roads and 
insufficient road network 
cause delays in fertilizer 
supply and damage to product 
during distribution. 

Consumption of fertilizer is 
limited because of an 
inappropriate crop/nutrient 
ratio, low rate ~f fertilizer 
adoption by farmers, 
inadequate extension services 
and limited distribution 
capacities. Only DAP and 
urea are used. No secondary 
or micronutri.ents are used. 

There arc several different 
estimates on optimum 
fertilizer demand and the 
N:P:K ratio by the year 2005. 
Fertilizer demand is expected 
to grow sixfold. This volume 
will be severely constrained 
by access to Red Sea ports 
and their unloading/reloading 
capacities. 

Only DAP and urea are used at 
present. Complex NPK 
fertilizers, secondary 
nutrients and micronutrients 
will have to be applied if 
yields are to grow 
substantially by 2005 

Progra1119e Proposals 

Creation of a domestic 
fertilizer industry will 
substantially reduce fertilizer 
traffic in the ports of Assab 
ar.d Djibouti. Imports and 
grants of grain wil 1 also 
diminish. Selection of proper 
locations for FERTIS complexes 
will improve distribution and 
reduce fertilizer delivery 
times. New fertilizer stores in 
Shewa and Go jam will improve 
the situation - TA 5 and 19 

TA 4 addresses policy in 
FERTIS. TA 5 aims at expansion 
of FERTIS stores. TA 6 aims at 
defining optimum fertilizer 
types and grades. TA 11 aims at 
development of secondary 
nutrients and micronutrients. 
TA 17 aims at supplying various 
fertilizer blends with 
micronutrients 
uses. 

for specific 

A joint UNIDO/FAO seminar, TA 
6, addresses issues of NPK 
demand. the N:P:K ratio and 
fertilizer types/grades. 
Creation of a domestic FERTIS 
will relieve traffic in Red Sea 
ports. TA 5 aims at storage 
expansion. 

TA 6 concerns the affinity of 
local soils and crops to 
fertilizers used. TA 17 will 
furt.her this work. TA 15 aims 
at combined production of 
MOP/SOP and KMgS to be tested 
in Ethiopian soils. 
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Table 26 (contd.) 

Component 

J. Fertilizer 
impact on 
a'ricultural 
production 

K. The incentive 
to farmers to use 
fertilizers 

L. Government 
priority in 
FERTIS 

- 88 -

Constraint 

Limited FER.TIS development is 
a severe constraint on 
increases in crop yields and 
agricultural production. 
Limited inputs to 
agriculture. and soil 
erosion. threaten the food 
base of future generations in 
Ethiopia. 

Inadequate crop to fertilizer 
price ratio. Lack of subsidy 
on fertilizers and risk in 
applying fertilizers by 
farmers. Insufficient 
awareness of benefits from 
proper use of fertilizers. 
Misuse of fertilizers. 

Insufficient information for 
appropriate policy 
formulation in FERTIS 
development. 

,, -~· 

Progr81119e Proposal 

The whole TA package aims at 
accelerating development of the 
FER.TIS. FER.TIS is to contribute 
to production of about 4 
mill ion tpy of grain by 2005 
and to increased exports of 
cash crops (coffee) 

Policy design in FER.TIS. TA 4. 
addresses these constraints. 
The more competitive FERTIS 
will be on world markets the 
more incentives can be offered 
to farmers: TA 1 addresses 
overall coordination of FER.TIS 
with national plans and goals. 

TA 1 addresses overall 
coordination of FERTIS 
development with national plans 
and goals. Management of 
industrial planning is 
addressed by TA 3. 
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3.2 Technical Assistance Projects 

Twenty technical assistance and investment projects are proposed to 
implement this Integrated Development Programme. These projects are listed 
and briefly described belo~ and their foreign exchange costs given. 

TA l. Overall Coordination of the FERTIS Development Programme with National 
Plans and Goals (US $ 40,000). 

The implementation of an integrated development programme for FERTIS 
requires coordination with national plans and goals. To this end, the project 
aims to establish a FERTIS coordinating office within the Ministry of Industry 
(HOI). A FERTIS Steering ~ommitee, located in the MOI under the Vic~ Minister 
of Industry would be supported from the coordinating offic~. The Steering 
Commitee would be organised at the national level to promote FERTIS 
development, secure sufficient investment allocation in Government plans, 
mobilize external assistance for the programme, and provide relevant 
institutional and policy support. The project would be on-going throughout 
the implementation of this Integrated Development Programme. 

TA 2. A Donors and International Agencies Conference on Technical As5istance 
Projects for the FERTIS Development Progra111111e in Ethiopia (US $ 70,000) 

Timely and successful implementation of the FERTIS technical assistance 
projects depends on the availability of finance. This project aims to invite 
donor organizations. international agencies and financial institutions to a 
presentation of the major objectives, targets and strategies contained in the 
Integrated Programme. These agencies would include the EEC, donor country 
organizations, the African Development Bank, the World Bank and UNDP. The 
Conference would aim to secure a commitment to finance the FERTIS technical 
assistance projects. A programme abstract and action plan will be sent in 
advance to all invited organizations. The Ministry of Industry, representing 
the Government of Ethiopia, and UNIDO, representing the UN system, would 
organize this Conference at the earliest aate possible. The Conference would 
be held in Addis Ababa. 

TA 3. Management of Industrial Planning for FERTIS (US $ 30,000) 

The aim of this project is to train staff from the Ministry of Industry 
in issues of FERTIS planning and monitoring techniques. This training is of 
particular importance given the current limited experience in FERTIS 
development as well as the new manc:.gerial demands imposed by implementation of 
this Integrated D~velopment ProgralDllle. 

TA 4. Policy Design in FERTIS (US $ 45,000) 

A clear definition of the policies requi~ed to implement long-term 
strategics and objectives for FEP.TIS development is of key importance. This 
project aims to assess ongoing-policies and propose a policy framework to 
support the Integrated Development Programme. Policies i~ key areas will be 
analyzed and optimal policies suggested The Steering Commitee, a 
multi-ministerial body located in the MOI, would be responsible for designing 
and proposing policies aimed at sustainable development of the FERTIS. 
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TA 5. Fertilizer Storage and Transport Development with Improvements to the 
Djibouti Port Facilities and the Hojo-Nazreth-Addis Ababa Railway 
System (US $ 1,351,000) 

This project is of great importance to the FERTIS given the expected 
six fold increase in fertilizer demand over the next 15 years. With succesful 
implementation of this Integrated Development Programme up to 60 per cent of 
this demand may be met by the domestic fertilizer industry. However, limited 
access to the Red Sea ports at Assab and Hassawa, and inadequate unloading and 
storage capacities in those ports, require that consideration be given to 
using the Djibouti-Addis Ababa railway system for complementary transportation 
of imported fertilizers. Two FERTIS stores in Gojam and Shewa are to be 
designed by AISCO during the first phase of implementation of this project. 
The second phase of the project, concerning the railway system, will depend on 
progress made in the establishment of a domestic fertilizer industry. 

TA 6. Joint FAOjUNIDO Seminar on Fertilizer Demand Forecasts, Optimum N:P:K 
Ratios, and Optimum Types and Grades of Fertilizers (US $ 50,000) 

This project provides a basis for designing long-term strategies of 
FERTIS development in Ethiopia. Th£ project aims to co-ordinate the 
identification of FERTIS planning objectives and fertilizer demand levels. A 
joint UNIDO,FAO and IAR study may follow at a later stage. The Seminar shot'.l.d 
be one of the first activities of the Integrated Development Programme, 
providing inve;tment and planning parameters for the remaining activities. 

TA 7. Consultancy Services on an Ammonia-Urea Fertilizer Comple~ at Gode 
(US $ 400,000) 

If the location of an A/U !lant at Gode is chosen then the complex 
would be fully incorporated in this Integrated Development Programme. 
Continuous assistance will be provided from inquiry and bid eva1uation to 
technical assistance for plant operation for one year after commissioning and 
start-up. The assistance will include assessment of contractors, preparation 
of technical appendixes to contracts, evaluation of contract technical 
documents, and the training of staff in the management, operation and 
maintenance of ammonia/urea plants. 

TA 8. A Natural Gas Development Scheme for the FERTIS in Ethiopia 
(US $ 2,500,000) 

This project is of great importance if a nitrogen fertilizer industry 
is to supply urea to the Ethiopian highlands on terms competitive with 
imports. An optimum route will be identified for a natural gas pipeline 
connecting the gas field at Calub with the highlands. An optimum capacity of 
the pipeline, including pipe diameter, gas pressure and necessary compression 
stages will be defined for the FERTIS and other industri~l and non-industrial 
consumers. Suggestions relating to the price level of natural gas for the 
nitrogen fertilizer industry will be prepared. This project is directly 
related to projects 7 and 9. 
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TA 9. Techno-Economic Appraisal of an Ammonia-Urea Complex Located in a 
Cropping Area and Using Pipelined Natural Gas (US $ 100,000) 

The project will determine the viability of locations for ammonia-urea 
complexes alternative to that at Gode. This assessment will take into 
consideration investment and operational costs, as well as the costs of 
distributing urea in main cropping areas. Technical assistance project 8 is 
complementary to this project, and successful implementation of both projects 
is a pre-condition for development of the nitrogen fertilizer industry. 

TA 10. FERTIS Development, Environment Protection and Balanced Utilization of 
Natural Resources (US $ 155,000) 

Growing consumption of fertilizers in Ethiopia requires pollution 
monitoring (especially for water contamination). Land degradation associated 
with mining of phosphate rock, pyrites, potash, dolomites and limestone may 
also pose environmental problems. The project aims at incorporating health 
and environmental safety measures in planning, implementation and operational 
aspects of FERTIS development. Through this project The Ethiopian Valleys 
Development Studies Authority will aim to support environmental protection 
through acceptance at the project level of sound, pollution-free technologies, 
through proper use of fertilizers and regular monitoring of risks to the 
population and ecology. The project includes a training component and will 
establish laboratory facilities for sampling and an..ilysis of industrial 
effluents. Environmental impact assessment and awareness building on the 
proper use of fertilizers will also be undertaken through mass media. 

TA 11. Feasibility Studies on Raw Materials for FERTIS Development 
(US $ 2,600,000) 

The project involves surveying, mapping and exploration of apatite, 
phosphate rock, pyrites, limestone, dolomite and micronutrients (Zn, Cu, Fe. 
Mn, Mo, Bo, and Co) required to supply a fertilizer industry with raw 
materials. The most important investigations concern the phosphorous raw 
material base, as Ethiopia ~s dependent on imports and grants of phosphate 
fertilizers (DAP). Exploration of phosphate rock would lead in the· long run 
to the establishment of a phosphate mine. A similar project is being 
considered for financing by the African Development Bank (ADB) for the period 
1992-94. At the time of writing this project had not been accepted by the 
ADB. Exploration of secondary nutrients and micr~nutrients is expected to 
become increasingly important in the future. 

TA 12. Development of University Programmes and Curricula to Prepare Engineers 
for the FERTIS (US S 106,000) 

This project will be co-ordinated by the Chemical Engineering 
Department of Addis Ababa Univer~ity, although training will also include 
students of the Mechanical and Electrical Engineering Departments. The aim of 
the project is to assure proper training of graduat~s to staff fertilizer 
factories and companies in energy and mining sectors, domestic suppliers of 
equipment, design offices, laboratories and the fertilizer industry 
institute. The project will assure provision of necessary teaching materials, 
including flowsheEts and models of principal unit operations and fertilizer 
processes, as well as computing and laboratory equipment to meet deficiences 
in the engineering courses. At least one training course in foreign 
fertilizer facilities is foreseen for selected students. 
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TA 13 _ Training for Engineers ar.d Technicians at the Egyptian FertiEzer 
Center (US $ 60,000) 

A future fertilizer industry in Ethiopia needs a pool of chemical, 
e_ectrical, instru.mt:ntation, mechanical, and civil engineers and technicians. 
Training is required to assure efficient preparation of investments, 
construction and operation of fertilizer plants. At present there are no 
fertilizer plants in Ethiopia. Therefore, training programmes should be 
arranged in fertilizer f~ctories outside Ethiopia, preferably in the Egyptian 
Fertilizer Center_ This training will enable Ethiopia to increase the 
participation of the national workforce in the running of a fertilizer 
industry. a fact which will assume particular importance after expatriates are 
~ithdrawn following co11111issioning of FERTIS plants and facilities. 

TA 14. Potash Exploration in Dallol, Ethiopia (Preparatory Phase) 
(US $ 3,000,000) 

This project will result in a complete feasibility and domestic market 
study, supported by agricultural research, as well as assumptions for basic 
engineering and an investment plan for a 150 TPD HOP/SOP plant. The project 
will also complEte feasibility work on establishing a 1.5 million HTPY open 
pit/solution mine and beneficiation facilities yielding muriate of potash, 
sulphate of potash and other salts. 

Given the large investment requirement and limited export market for 
potash, a preparatory phase for this investment is required. This preparatory 
phase aims at the establishment of pilotsscale industrial facilities (150 TPD) 
in order to worksout a diversified production programme for various potash and 
magnesium compounds for export. By the year 2000 a pilot-scale plant would 
supply domestic demand for potash and would be optimal in terms of investment 
and energy-saving (hydroelectricity, geothermal and solar energy). Before the 
second phase of the progra111111e, a market study should compare the landed cost 
of Ethiopian potash in India, East Africa and elswhere with potash delivered 
from Europe, Canada and Jordan. Likewise, a detailed techno-economic analysis 
of project viability must precede the final investment decisions. This 
project is directly related to projects 6, 15 and 16. 

TA.15. Geothermal Energy Utilization for FERTIS Development in Ethiooia 
(US $ 3,500,000) 

Exploitation of Ethiopia's massive geothermal energy potential may 
substantially increase the competitiveness of a domestic fertilizer industry 
in international markets. Geothermal energy may be utilized for FF.RTIS as a 
power source and as direct heat (steam, hot water), especially for potash 
production (potash ores and geothermal potential are located in the Rift 
Valley in the Danakill Depression). This project will result in a 
presfeasibility study on geothermal energy utilization for FERTIS development 
in Ethiopia. In addition to training national specialists in the use of 
geothermal energy, the project ~nvisages selection of a pilot well-head 
turbine (4HW) to utilize steam from wells already drilled in AlutosLangano. 

TA.16. Technical Assistance to Firms Supplying Equipment to the Domestic 
F~rtilizer Industry (US $ 242,000) 

The capacities of some private and National Metal Works Corporation 
engineering workshops are not fully utilized. These capacities might be used 
t.o manufacture simple equipment and spare parts for the FERTIS (generally 
excluding those rarts responsible for process performance). In this ~ay 
prcss11re on resources of foreign exchange could be reduced and the fertilizer 
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industry could become more efficient. The project includes the following 
activities: assessment of existing facilities and skills and equipment ,eeds 
of fertilizer plants; information collection from foreign manufacturers of 
equipment on manufacturing processes, licensing arrangements, design criteria, 
testing and certification; identification of fertilizer plant equipment 
suitable for local manufacture; upgrading local skills in design, manufacture 
and quality control; pre~ration of a project document on the 
rehabilitation/expansion of engineering workshops for the local manufacture of 
equipment for the FERTIS. 

TA. 17. Feasibility Study on a Small-Scale Bulk-Blending Unit in Assab 
(US $ 150,000) 

Ethiopia Amalgamated Co. (a private company which dominated the 
procurement and handling of fertilizers in Ethiopia prior to the 1980's) owns 
a number of stores in Assab for bagged and bulk fertilizers. With the new 
market orientation of the Ethiopian economy. Ethiopia Amalgamated Co. is 
expected to re-enter fertilizer related activities (procurement, handling, 
bulk-blending and bagging of fertilizers). This project will prepare an 
action plan for the establishment of a small-scale bulk-blending unit in Assab 
with a capacity of 20,000 tpy. The plant will blend fertilizer nutrients and 
micronutrients according to the specific requirements of Ethiopian 
horticulture and agriculture. Assab may be the only practical location for 
the bulk-blending unit (adjacent to fertilizer stores), especially as the 
transportation of straight fertilizers and their blending in other locations 
would be costly. This project will result in a complete feasibility and 
domestic market study for producing blends with micronutrients. This project 
is directly related to projects 5, 6 and 20. 

TA 18 A.Pre-feasibility Study on the Establishment of a PE/PP Fertilizer 
Packaging Unit in Assab (US $ 50,000) 

The project aims to decrease the cost of imported bagged fertilizers, 
OAP and urea, through production of PE/PP bags and bagging of fertilizers 
imported in bulk. Fertilizer demand in the year 2005 is expected to reach 
1.25 million tpy of product. Even after successful implementation of this 
Integrated Programme, imports of about 0.5 million tpy of fertilizer would be 
required. Depending on progress in FERTIS development, the capacity of the 
PE/PP fertilizer packaging unit in Assab may vary from 10 to 25 million bags 
per year, equivalent to about 2,700 to 6,800 tpy of processed PE/PP. This 
range of plant capacities will be analysed in the pre-feasibility study. 

TA.18 B.Training for Packaging Industry Development (US $ 134,000) 

Expansion of the packaging industry by 15 - 18 million bags may be 
justified. A complete techno-economic study to establish a PP bags factory 
was prepared for the National Textile Corporation in 1984 by P-E International 
Operations Ltd .. This investment was not realized due to lack of finance. 
The NTC aims to train its staff abroad in production of polypropylene bags and 
to secure transfer of technology and know how before investment in the PP 
factory takes place. 
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TA 19. Training Services for a OAP/TSP Complex in Assab (stand-by project) 
(US $ 50,000) 

Given a high demand for imports/grants of diammonium phosphate (DAP), 
estimated in the range of 450,000-820,000 tpy by 2005, and with limited 
possibilities of creating a domestic phcsphate industry. construction of a 
fertilizer complex in Assab based on imported ammonia and phosphoric acid is 
being considered. However, prices of ammonia and phosphoric acid do not 
favour this project at the present time. The question of access to the p..:>rt 
of Assab is expected to be clarified by 1994. Given these constraints this 
project is treated as a stand-by and would be implemented should the situation 
change in f~vour of this option. The project includes strengthening of NCC's 
management in negotiation of contracts and long-term agreements on purchasing 
and counter-trading ammonia, phosphoric acid and phosphate rock. 

TA 20. Training Programmes to Strengthen the Managerial and Operational 
Capability of the Agricultural Inputs Supplv Corporation (US $ 451.000) 

Marketing of fertilizers requires planning. technical and managerial 
skills to procure and deliver fertilizer of the proper quality and quantity at 
the right time, place and price. Depending on progress in FERTIS development, 
the Agricultural Inputs Supply Corporation (AISCO) may be responsible, by the 
year 2005, for annual procurement of fertilizer worth from US$ 150 million to 
US$ 375 million. The envisaged training would f0cus separately on the 
operation and maintenance of mobile fertilizer bagging units, 
procurement/contracting aLd trading of imported fertilizers, and the storage, 
transport and distribution of fertilizer. Training would be organized both 
in Ethiopia and abroad. 

Summary of Technical Assistance Projects 

The total cost of t.echnical assistance in this Integrated Development 
Programme is approximately US$ 15 million. Almost US$ 12 million would be 
employed on projects relating to development of raw material (P+S+K) and the 
energy base (projects 8, 11, 14 and 15). Project documents are included in 
the second volume of this Programme. 

The time schedule for implementation of this Integrated Programme is 
estimated at 48 months. Of the ~W£nty technical assistance project proposals, 
twelve are directly or indirectly related to potential investments. 

Project 1 relates to coordination of FERTIS development and would, through 
decisions of a Steering Com.mitee, govern the implementation of the whole 
package of twenty TA projects. Projects 2 and 6 are considered to be the most 
urgent as they relate to funding of the technical assistance package and a 
definition of optimum investment options and strategies, backed by proper 
policy measures. 

It is difficult to specify an implementation schedule for the stand-by 
project (19) due to uncertainties surrounding access to the port of Assab and 
changes in prices of ammonia and phosphoric acid relative to OAP. 

'fhe implementation schedulP for the technical assistance projects is seen 
in Table 27 below. 
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Annex 1 

UTILIZATION OF ETHIOPIA'S GEOTHERMAL POTENTIAL FOR FERTIS DEVELOPMENT 

1992 is expected to see further exploration of Ethiopia's considerable 
geothermal energy potential, following the success of preliminary drilling 
programmes begun in the early 1980s around Lake Langano and Tendaho (financed 
by UNDP. the EEC and Italy). 

Ethiopia's major geothermal energy resources are located in the Rift 
Valley area. A geothermal resource survey and further test drill ings are yet 
to be completed in order to estimate in more detail Ethiopia's overall 
potential in geothermal energy. Indications are that this potential is large 
and can be estimated, in terms of capacity for electric power generation, as 
follcws: 

LOCATION ELECTRIC POWER (MtlE) STUDY STATUS 

Lake District 300 Detailed scientific study 
Aluto Langano 30 Feasibility 
Langano-Tendaho 1500 Reconnaissance 
Tenda ho 300 Pre-feasibility 
Northern Afar 500 Reconnaissance 
Danakil Depression 500 Reconnaissance 

TOTAL ETHIOPIA 3130 MWE 

Despite the size of this potential it is doubtful if, in the long run, it 
can be competitive with large-scale hydropower systems. 

Geothermal energy may be considered for a number of options in FERTIS 
development, especially because of the proximity of geothermal energy to 
deposits of fertilizer raw materials such as potash ore in the Danakil 
Depressior.. It is, however, as direct heat (geothermal steam, steam 
condensate and hot water) and not power that geothermal energy might be 
utilized in a most efficient way ir. many fertilizer processes, plants, and 
off-site FERTIS facilities. 

The information gathered ty the Geothermal Exploration Project from 8 
wells located in the Aluto Langano area showeu, &mong others, the following 
variability parameters: 

depth drilled 
maximum pressure 
maximum temperature 
enthalpy 
total discharge (steam+water) 

from 1300 to 2500 m; 
from 35 to 65 bars; 
from 83 to 335 oC; 
from 1000 to 1650 KJjkg; 
from 40 to 90 ton/hour. 

These parameters show that geothermal energy fluids are mixtures of hot 
watPr/steam condensate and steam with a relatively low content of specific 
enthalpy, with especially high well pressures and temperatures, and having a 
high discharge volume, in particular of hot water. 
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This is is an indication that geothermal energy. because of its discharge 
volume, may find be used as a source of direct heat in many plants, especially 
those which use processes characterized by llOderate and low temperature 
profiles. 

It is obvious at the same time that s.~veral high temperature processes. 
i.e.the a11111<>nia process, and heat exchange sections based on the condensation 
of high pressure steam will have to be excluded from the use of geothermal 
energy as a source of direct heat. 

Use of geothermal energy for FERTIS development in Ethiopia may contribute 
to substantial decreases of the manufacturing costs of fertilizers. 

TA project 15 directly adresses the issue of geothermal energy utilization 
forFERTIS develo~nt in Ethiopia. Several important questions relate to the 
utilization of geothermal energy in fertilizer plants and complexes, such as: 
the parameters of geothermal fluids in areas of geothermal potential, energy 
equivalents and values per unit of geothermal energy in those areas and the 
technical viability and economic effectiveness of connecting sources of 
geothermal energy to particular FERTIS plants. These and other questions 
should be answered by this Technical Assistance project. 

Likewise, the efficiency of developing geothermal energy for the 
generation of 
electricity will have to be compared with that of hydroenergy. 

Only if properly exploited to avoid depletion can geothermal potential 
considered as a renewable source of energy in which the underground system 
reservoir is recharged continuously. 
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Annex 2 

AIR TRANSPORT FOR THE FERTIS IN ETHIOPIA 

On Dec. 6th. 1991 the project team visited Ethiopian Airlines S.C. (EAL) 
in order to investigate possibilities of using air transport for: 

spreading granulated fertilizers from the air. which may be a very 
important option in remote regions where fertilizer cannot be delivered on 
time by road; 

transporting heavy and expensive equipment by air to FERTIS construction 
sites. an option for deliveries of key items of equip:aent. 

From discussions with Mr. Y. Cirma. Director of Cargo Marketing. the 
project team learned that: 

within two years EAL will have aircrafts capable of spreading fertilizer 
from the air (pesticides were spread in a similar way). The volume of 
fertilizer to be spread from the air, estimated at about 20.000 - 30,000 
ton per annum. could probably be accepted b} Ethiopian Airlines; 

EAL ca~ serve the Fertilizer Industrial System on a charter basis wherever 
there are airports (there are about 20 airports in Ethiopia). Five 
airports: Addis Ababa, Bahr Dar, Asmara, Dire Dawa and Code can accomodate 
large jet-fuel planes. EAL is equipped with Douglas, Hercules. and Boeing 
757 planes with a carrying capacity of 27, 28, and 38 tons respectively; 

a long air strip has already been built for a potential potash project in 
Dallol; 

Ethiopian Airlines does not need outside financial support for spreading 
fertilizers from the air or transporting critical items of FERTIS 
equipment by air. 

EAL works on a purely commercial basis. and is ready to participate in the 
above-mentioned FERTIS-relating activities, provided it is approached well in 
advance in order to prepare for the timely execution of new tasks EAL would 
charge its new customers on a commercial basis. 
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Annex 3 

VIABILITY OF MANUFACTURING NITROGEN FERTILIZERS FROM AMMONIA PRODUCED BY WATER 
ELECTROLYSIS 

A nitrogen fertilizer complex (A/NA/CAN) based on the electrolytical route 
to ammonia could be located in the vicinity of the hydropower plant at Finchaa 
in order to complement the Government programme relating to an A/l! fertilizer 
complex at Gode, without investing in a long natural gas pipeline from Calub 
to the highlands. Finchaa's competitiveness in terms of nitrogen produced.is 
to be assessed, as follows: 

A. AHMOSIA PLANT. Capacity 150 TPD. On-stream Factor 1.0. Annual Production 
50.000 t ammonia. Battery Limits cost US$50m. Total plant cost 
approximately US$55m. of which US$5m is for the hydroelectricity 
connection to Finchaa. Electricity costs of between US$20,IMTolh and 
US$10/HWh. 

MANUFACTURING COST: at 20 US$jMWh at 10 US$,/MTolh 

- Electricity 10 M"wb/t A 200 US$/t 100 US$/t 
- Personnel 6 6 
- Maintenance 10 20 
- Utilities 6 6 
- Capital related costs at 15% 165 US$/t 165 US$/t 

- Total Manufacturing cost 397 US$/t A 297 US$/t A 

A 150 TPD ammonia plant at Finchaa would not be competitive in terms of 
manufacturing costs with natural gas based 500 TPD ammonia plants at Gode 
(220 US$/t) or in the cropping areas (265 US$/t) (UNIDO option). If, 
howewer, two NG based ammonia plants were built in the highlands, the 
ammonia plant at Finchaa could be competitive at an electricity price of 
10 US$/HUh even assuming that no use is made of oxygen from the 
electrolytical route. 

B. NITRIC ACID PL\NT. Capacity 300 TPD. On-stream Factor 1.0. Annual 
Production 100,000 t of nitric acid. Battery Limits cost US$20m. 

MANUFACTURING COST: at 397 US$/t A at 297 US$/t A 

- ammonia 0.28 t/t lll US$/t 83 US$/t 
- operati.onal costs 7 7 
- steam credit - 3 - 3 
- maintenance 4 4 
- capital related costs 30 30 

- Total manufacturing cost 149 US$/t NA 121 US$/t NA 
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C. CALCJUH AHMONIUH PLANT. Capacity 500 TPD. On-stream Factor 0.92. Annual 
Production 154.000 t CAN. Battery Limits cost US$ 20m. 

!iANUFACTURING COST: 

- ammonia 0.163 t/t 65 US$/t CAN 48 US$/t 
- nitric acid 0.587 t/t 87 US~/t CAN 71 US$/t 
- CaCOJ 0.26 t/t at 20 $/t ~ 5 
- operational costs 4 4 

maintenance ., 
3 .. 

- capital related costs 20 20 

- Total manufacturing cost 184 US$/t CAN 151 US$/t 

Depending on the price of electricity. the manufacturing cost of calcium 
ammonium nitrate at Finchaa would be in the range of 151 - 184 US$/t CAN. 
Adding some 10 US$/t CAN for local supplies, one can assume a delivery 
cost of 160 - 195 US$/t CAN in the highlands. 

CAN could be imported at a price of about 110 - 120 US$/t CIF Assab. This 
means that the landed cost of imported CAN in the Highlands would be about 210 
- 220 US$/t. Hence, CAN produced at Finchaa would be competitive with 
imports, even at an electricity price of US$20jMWh. 

However, of most importance is the calculation per ton of nitrogen 
supplied to the Highlands in CAN (261 N) and Urea (46% N), as follows: 

- CAN from imports 808 - 846 US$/t N; 
- CAN from Finchaa 615 - 750 US$/t N; 
- Urea from imports 652 ES$/t N; 
- Urea from A/U complex at Gode 707 l3S$/t N· . 
- Urea from 3 A/U complexes 548 ES$/t N. 
- Urea from 2 A/U complexes 610 t:S$/t N; 
- Urea from 1 A/U complex 767 ES$/t N; 

In terms of l ton of nitrogen delivered to the highlands, a fertilizer 
complex at Finchaa (A/NA/CAN) would be competitive with imports of urea and 
with urea delivered from an A/U complex at Gode only if the electricity price 
were between 10 - 12 US$jMWh. 

A nitrogen complex at Finchaa would not be competitive in comparison with 
three urea plants built in the highlands and connected with a 1000 km NG 
pipeline. However, at an electricity price of US$10/MWh, the effectiveness of 
the A/NA/CAN complex at Finchaa would be similar to that of two A/U complexes 
built in the highlands and connected by a 1000 km pipeline. At an electricity 
price of US$20jMWh a A/NA/CAN Finchaa complex will be competitive with a 
single A/U complex built in the highlands with a 1000 km NG pipeline. 

• 

' 4 

' 

• 



• • 

\ 
\. 

••ma 
, 

BIBLIOGRAPHY 

Africa Review 1989• (Ethiopia) 

A~ricultural and Industrial Deve1oment Bank. Annual Report 1987• (Addis Ababa. 
1987) 

British Sulphur Corporation Ltd., •Yorld Survey of Potash Resources• Third 
Edition, 1979 

British Sulphur Corporation Ltd., •Yorld Survey of Sulphur Resources• Second 
Edition, 1974 

British Sulphur Corporation Ltd. •Nitro~en•Nos. 156-194, 1985-91, •Phosphorus 
and Po~assiµg• Nos. 145-17f, 1986-91, •S!!l.Rhur•. Nos. 197-203, 1988-89 

Centre d'Etude de l'Azote: •Fertilizer Guide for the Tropics anci Subtropics• 
(Zurich, Switzerland, 1973) 

Economic Co11111ission for Africa, •Ethiopian Dallol Potash Project Pha.se lA Report 
Critigye•, Kilborn Engineering. (Canada, 1985) 

Economic Co11111ission for Africa, •Report on Fertilizer and Chemical In4ustries in 
East Africa•. FGU-Kronberg, Germany (Addis Ababa, 1973) 

Economist Intelligence Unit, •count[)' Profile: Ethiopia, Somalia. Djibouti,• 
1989-90 and 1991-92, (London) 

Economist Intelligence Unit, •coµpti:y Report No. 3: Uganda, Ethiopia, Somalia, 
Djibouti•, (London) 

Europa Publications Ltd., •A£rican South of the Sahara 1990• (1989) 

European Chemical News• (January 26, 1981) 

European Chemical News - Process Review Suppleipent• (November 21, 1983) 

Fertilizer Policies• National Fertilizer and Inputs Unit, 1991 

Fertilizer Society of London: •Economic Considerations in the Choice of 
Fertilizer Process Rpµtes• (1987); "Tyenty-Fiye \'ears in •s11111• Alwaonia 
Plant Iecbnolo&y• (1987); •Manufacturin& versys Importin&: A tecbno­
Economic Reyiey of the Outlook for the West European Pbosphate lndysti:y" 
(1983); "Paclic.a&in& and Handlin& Fertilizers• (1970); "Blendin& in Ireland" 
(1987) 

Food and Agriculture Organization of the United Nations, •FoosiJ)utlook No. 10" 
(Rome, October 1991) 

Food and Agriculture Organization of the United Nations, "A&riculture: Toward 
22QQ", (Rome, 1981) 

\ 

' 
' 

• 

' 4 
• 

' I 
I 

.~ 



..... 7. 
l .. 

-

... 

- -1-7 
" . •· 

Food and Agriculture Organization of the United Nations, •African A&riculture: 
the Next 25 Xears• including •atlas of A{rican A&riculture•, •Executive 
Summau• and •Annex v•. (Rome, 1986) 

Food and Agriculture Orgar.ization of the United Nations, "Ethiopian A&riculture 
7 Crop Yield Response and Fertilizer Policies•, (Rome. July 1989) 

Food and Agriculture Organization of the United Nations, •world Acriculture 
Toward 2000•. edited by N. Alexandratos, (London 1988) 

Food and Agriculture Organization of the United Nations, •Fertilizer Yearbook• 
1985, 1986, 1987, 1~88. (Rome) 

Food and Agriculture Organization of the United Nations, •ffediwa Term Fertilizer 
requirements of Ethior:ioft, FAO representative in Ethiopia, 25 October 1991 

Food and Agriculture Orga: _ z:ation of the United Nati ans, •Hicronutrients•, 
Fertilizer and Plant Nutrition Bulletin No. 7, (Rome 1983) 

Food and Agriculture Organization of the United Nations, •Fertilizer Strate&ies•, 
Land and Water Development Series No. 10 (Rome 1987) 

International Fertilizer Development Center; •conceptual Stud,y 7 Nitro&en 
Fertilizer factou in Ethiopia" (Muscle Shoals, Alabama, USA, July 1990) 

Hana&eaent of Nitro,en and Phosphorous Fertilizers in Sub 7 Saharan Africa•, 
Proceedings of a symposium held in Lome, Togo, 1985 (Kartinus Nijhoff 
Publishers, 1986) 

McGraw 7 Hill Sook Company, "l:rut.Cbe•ical Process Industries• (New York, 1945) 

Hinin& Annual Review 1985 throu&h 1988• (Ethiopia) 

National Chemical Corporation: •Market Study for fertilizer in Ethiopja•, 
Ministry of Industry {Addis Ababa, January 1991) 

National Chemical Corporation: •feasibility Study on a Nitrocen Fertilizer 
Factor;y at Gode• {Addis Ababa, December 1990) 

N-Ren Corporation, •Nitro&en-Resoyrces-Enercy•, {Cincinnati, Ohio, USA, 1974) 

Norsk Hydro Licensing Department, •rrocess Booklet•, (Oslo, Norway, 1982) 

PEC Engineering Division Kine, •ELKICO - Dallol Potash Project•, Phase lA 
Report, {France, 1984) 

Provisional Military Government of Socialist Ethiopia, "Ten Year Perspectiye 
Plan 1984-85 - 1993-94•, {Addis Ababa, 1984) 

S11mmery of the praft Transitional Econogic Policy for Ethiopia". {Addis Ababa, 
September 1991) 

United Nations Industrial Development Organization, "Mini-fertilizer Plant 
Projects•, IS/416 (Vienna, 1983) 

' 

• 

• 

' 4 
• 

I 

f 

I ,, .. . ..... 

4 
} 



------------~~~--~~~-
.,,;. 

• 

-f--, • 

~nited Nations Industrial Development Organization, •fertilizer Hanual•. 
Development and Transfer of Technology Series No. 13. (New York, 1980) 

Unit~d Nations Industrial Development Organization, •rrocess Iecbnolo&ies for 
~-~·. Development and Transfer of Technology Series No. 9, (New York, 
1978) 

Urii ted Nations Ir.dust rial Develo~nt Organization, •Industrie des Engrais•, 
Monographes de i•oNUDI sure le Developpement lndustriel No. 6, (New York. 
1969) 

United Nations Industrial Development Organization, Economic Comaission for 
Africa, Organization of African Unity. •A Pro&r' e for the lnd.ustrial 
Development Pecade for Africa•, ID/287 (New York, 1982) 

United Nations Industrial Development Organization, •Tecbnology Profjle on Kini 
Fertilizer Plants•, ID/WG.475/5 (SPEC.), (Vienna, 1988) 

United Nations Industrial Development Organization, •strate&ies for Fertilizer 
In<iustrjal Systems in Afrjca•, PPD.170 (Vienna 1990) 

United Nations Industrial Development Organization, •rr()kess Tecbnologjes tor 
Phosphate•, Development and Transfer cf Technology Series No. 8 (New York, 
1978) 

United Nations Industrial Development Organization, •sIDFA Yearly eountr.y Brjef 
on Ethiopia•. (Addis A'>aba, 1988) 

United Nations Industrial Development Organizarion, •fjgal Report DP/RAF/86/013 
- Stu4y on tbe lfanufacture of lo<lustrial Cbemjcals in the Kem'ber States of 
~·. TKP Consultants, Ltd. Poland, (Vienna, 1988) 

United Nations Industrial Development Organization, •The Effect of Ener&Y and 
Investment Costs on Total Fertilizer Prodµction Costs•, IDJWG.406/3 
(Vienna 1983~ 

World Bank, •Ethiopia - Public Investment Program Revi~·. Report 6859, ET irss. 
(Washington, 1988) 

World Bank, •Annual Report 1987•, (Washington 1987) 

World Bank, •World Sulphur Suryey. 1984•, Technical Paper No. 24, (Washington 
D.C. 1984 

World Bank, •World Nitrogen Suryey. 1987•, Technical Paper No. 59, (Washington 
D.C. 1987) 

World Bank, •sub-Saharan Africa 
(Washington, D.C. 1989~ 

From Crisis to Sustainable Growth• 

World Bank. "Monthly Operational Supgary of Proposed Projects. United Nations 
~R. Development Business No. 282, (Washington, 1989) 

World Bank. •tthiopia - Mineral Sector Review", Report 7111 
(Washington, 1988) 

ET 1988, 

• 
i 


