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FOREWORD

Nitrogen, which is an essential element in our life and the world around us, has become an

important raw material for agriculture and industry. Almost all industrial nitrogen products are derived

from ammonia, of which about 85 percent goes to fertilizer use. Thus, a good knowledge of the nitrogen

sector, particularly of supply and demand, trading pattems, operational parameters and environmental

aspects, is a critical input for a wide range of planning and decision making activities. These include not

only considerations at macro-economic levels, such as policy reform and structural adjustment, but also

at the micro-economic level, where issues must be addressed such as the need for capacity expansion,

production and marketing planning as well as enterprise restructuring and reform.

This paper aims at providing a comprehensive coverage of the global nitrogen sector, including

supply and demand balances, as well as the impact of such factors as the current world food supply

situation, fertilizer and grain inventories, and projected population growth, on supply and demand

projections. The Guff War, recent developments in Eastem Europe, Africa, Asia and the former Soviet

Union, environmental legislation relating to the manufacture and application of mineral fertilizers, energy

and fertilizer pricing policies, and typical investment and operating costs of nitrogen fertilizer projects

have also been taken into account.

We hope that this publication may become a useful reference for a wide audience, including

international development and financing institutions, banks, govemment agencies, and other

organizations in industry, trade, and academics.

Daniel Ritchie

Director

Asia Technical Department
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ABBREVIATIONS AND ACRONYMS
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USSR

All data used in this report with regard to consumption and production under the name of USSR,

Soviet Union and Russia, refer collectively to all of the members of the former Soviet Union (FSU), unless

otherwise stated.
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Time Reference

Most statistical data presented in this review use the FAO fertilizer year, 1 July - 30 June. For

countries that report their fertilizer statistics on a calendar year basis, data are shown under the fertilizer

year, the first part of which corresponds to the calendar year, i.e. 1990 data are under 1990/91.

Tables

Summary tables in the report may not add up precisely due to rounding.
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SUMMARY AND CONCLUSIONS

Overall Review

This report reviews the historical development of the international nitrogen fertilizer industry and

the outlook for the industry through 2000, including nitrogen supply and demand balances, as well as

the economics of production and transportation of ammonia and urea. The impact that new nitrogen

fertilizer demand will have on ammonia and urea trading pattems and economics of trade is assessed as

well as the need for growing nitrogen fertilizer consumption to meet increasing world food requirements

in relation to the environmental impacts on agriculture and the fertilizer industry. Recent nitrogen

fertilizer price information is presented together with price projections through 2000.

Based on information provided in this survey, matrixes have been developed as a tool in

assessing the competitiveness of potential new ammonia and urea projects required to meet future

nitrogen fertilizer needs.

The regional and world supply demand and balances presented in the report were prepared by

the World Bank/FAO/UNIDO/Industry Fertilizer Working Group in Vienna in May 1991 and are a major

basis of this publication. Country ammonia capacities have been derived from the Working Group's

updated plant lists. Regional demand is assessed by the Group on a "Delphi" principle, but other

contributions are based on a range of methodologies, including trend projections, econometric

modeling, agricultural programs and sales forecasts. It is important to note that at the time the supply

and demand balances were being prepared, many changes were occurring in the fertilizer industry in

Eastern Europe and particularly in the USSR; these changes are likely to have a major long term effect

on the intemational fertilizer sector. Although every endeavor has been made to allow for these changes

in both supply and in demand, it may take some time before their full impact is known. Allowance has

also been made for short and medium term changes in the nitrogen fertilizer supply resulting from the
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war in the Arab Gulf.

The Nitroaen Fertilizer Industry

Nitrogen in its many forms is an important element in both agriculture and the chemical industry.

Almost all nitrogen products are produced from the catalytic fixation of atmospheric nitrogen as

ammonia and almost 90% of the ammonia is used to manufacture nitrogen fertilizers. Nearly 80% of

ammonia is produced from natural gas and this percentage will increase even more in the future.

Before 1960, the nitrogen industry was located mainly in developed countries. Plants were

usually small and served local markets; there was little nitrogen trade. However, between 1960 and

1980, there was a rapid expansion in fertilizer consumption, production and trade; fertilizer consumption

increased on average by almost 10% each year - mainly as a result of the introduction of high yield

varieties (HYV) of cereals.

Ammonia plant capacity increiased substantially in all regions and following the introduction of

centrifugal compressors, ammonia plants became larger and more energy efficient; consequently the

cost of producing nitrogen fertilizers dropped significantly. Many developing countries with large

reserves of inexpensive natural gas built ammonia/urea complexes. Because urea can be produced

easily from ammonia, transported cheaply and safely and is a good fertilizer for wet paddy, the urea

market has grown rapidly and in 1990 contributed about 40% of all nitrogen fertilizer used.

During the 1970s, taking advantage of its large reserves of natural gas, the USSR built more

than 40 large nitrogen plants to beconme the world's leading exporters of nitrogen products. China also

had a rapidly increased its capacity, but mainly through small coal-based plants. Although it has built

many new large plants in the last decade or so, China still relies heavily on small size plants that

contribute about half of its domestic fertilizer production in terms of nitrogen.
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In recent history, the structure of the international nitrogen fertilizer industry has also changed

considerably. There has been a large increase in the production facilities in developing countries.

World-wide, there has been a move towards state ownership and about 65% of the intemational nitrogen

fertilizer industry is estimated to be state-controlled. In the developed countries, the fertilizer

manufacturing sector has become more and more dominated by a few large companies. This is due

mainly to the very large investments that are needed to obtain economies of scale in nitrogen fertilizer

production.

Future Nltroaien Fertilizer Demand

In 1989/90, world nitrogen fertilizer consumption declined slightly to 79.1 million tons N from 79.7

million tons in 1988/8; of which Asia used about 45%, Europe 19%, the Westem Hemisphere 19% and

the USSR 13%. A further fall in nitrogen fertilizer consumption to around 77.8 million tons is expected in

1990/91, because of the problems in Eastern Europe and the USSR. However, overall nitrogen fertilizer

demand is expected to increase by about 1.5% per year on average through 2000, amounting to a total

of about 13.7 million tons (>17%). Asia will increase its demand by about 13.4 million tons (>37%), but

in the USSR and Europe, there will be a decline in overall consumption.

Nitrogen is also used for industrial purposes, mainly in the highly developed countries, to

manufacture plastics, synthetic fibers, animal feeds etc. In 1990/91, industrial nitrogen accounted for

12% of total nitrogen consumption and is expected to grow on average at less than 1% per year through

the next five years.
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World Ammonia CaDacitv

The USSR is the largest producer of ammonia followed by China, USA and India. The USSR is

now also the largest exporter of nitrogen fertilizers and ammonia. Both China and India have developed

capacity to meet domestic demand but they still need to import. As ammonia production capacity in the

USA has declined in the last few years in the face of increasing competition from overseas, the country

has become a small net importer of nitrogen. Other major producers of ammonia and nitrogen fertilizers

include Canada, the Netherlands and Indonesia.

Due to the large Increase in ammnonia capacity that took place in the late 1970s and early 1980s,

there has been a large surplus of ammonia supply that was further enlarged by improvements in

ammonia plant utilization rates from about 75% in 1980 to 85% in 1990. With a decline in investments in

new capacity, the average age of ammonia plants has been increasing. About 40% of all ammonia

plants are now older than 15 years and 25% are older than 20 years. Many plants will be needed in the

1990s to replace old plants and also to cope with growing nitrogen needs. Most new ammonia and urea

plants will be built in Asia to meet increasing demand in the region. Few plants will be built elsewhere.

Nitroaen Supply and Demand Balances

The global nitrogen supply and demand situation is expected to remain tightly balanced over the

next year or two, but this will depend to a large extent on future developments in the USSR. Although as

result of the Gulf War, about 0.8 million tons of nitrogen were removed from the export market, reduced

consumption in East Europe and the IUSSR has increased the export potential of these regions. An

increase in the world nitrogen surplus rnay be expected in the next few years, when new capacity that is

currently under construction in Asia, comes on stream. Thereafter, i.e. in the late 1990s, the balance is

expected to narrow again.
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NKrogen Fertilizer Trade

There are basically two markets for nitrogen fertilizers - ammonia and finished nitrogen products.

In 1990, about 9.3 million tons of ammonia-N were intemationally traded. The main markets for

ammonia are the USA and Western Europe. Ammonia is used as an intermediate for the production of

ammonium nitrate and ammonium phosphate. In the USA, there is also a significant ammonia market

for direct application to the soil. The USSR is the largest exporter of ammonia with 30% of the world

market; other major exporters include Trinidad, the Arab Gulf countries and Canada. The other nitrogen

market involves finished nitrogen fertilizers; about 20 million tons of nitrogen fertilizers as N were

exported in fertilizer year 1989/90, accounting for almost 24% of total nitrogen fertilizer production. Urea

is the most widely used and traded nitrogen fertilizer, particularly in developing countries, as it is easy to

produce and is a very versatile fertilizer, if used with adequate care. It is a concentrated fertilizer and

offers savings in transport and handling costs compared to other nitrogen fertilizers. The USA and

USSR are the two most important exporters of nitrogen fertilizers. Most of the exports from the USA are

in the form of diammonium phosphate, partially based on imported ammonia. Exports from the USSR

are almost entirely as urea. Other major exporters of nitrogen fertilizers include Canada, the Netherlands

and Romania. The dominant importers of nitrogen fertilizers are China, followed by the USA, France and

Germany.

Most new fertilizer demand will develop in South Asia and East Asia and so trade to and within

the Asia region is expected to increase. About 70% of this nitrogen trade will be in the form of urea with

most of the remainder as diammonium phosphate. Ammonia trade to the USA and Western Europe will

depend basically on future feedstock prices. No significant increase in nitrogen demand is expected in

these countries, no new capacities are envisaged, but some plant closures are expected, particularly in

Western Europe. The extent of these closures will largely depend on future oil prices. Any aftemative

supplies required would be imported in the form of either ammonia or urea.
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The Economics of Nitroaen Fertilizer Production

The cost of energy as fuel and feedstock is usually the most important component of ammonia

and nitrogen fertilizer production costs. Natural gas is the preferred energy source, because less energy

is required and since investment and operating costs are lower. The cost of producing ammonia has

steadily declined as larger, more economic and energy efficient, plants have been developed.

Substantial new ammonia and urea capacities will be required to meet nitrogen fertilizer needs

through the second half of the 1990s. To appreciate more fully the factors which influence fertilizer costs

and enable more accurate projections of future fertilizer prices to be made, cost matrices have been

developed for a range of different scenarios involving plant location, gas prices, plant size etc. The

information obtained may be used to assess the competitive situation for potential ammonia and urea

projects on both new greenfield sites and existing fertilizer plant sites.

The assessment indicates that only projects with inexpensive gas, say less than US$1.0/MMBtu,

will be able to compete in overseas miarkets. Plants on new sites anywhere, incurring high costs of

infrastructure, are not likely to look attractive. In order to be viable, new plants should preferably be built

on sites with existing infrastructure.

Because the capital charges on new ammonia and urea plants are high, plants must be run at

high utilization rates to reduce unit production costs. For example and as a rough guide, every one-

percent reduction in operating rate increases the production cost by US$2/ton of ammonia. Provided

that market conditions permit, there is almost always an advantage in producing ammonia in larger-

sized plants. The total cost of producing ammonia in a 1,500 tpd plant would be about US$15/ton less

than in a 1,000 tpd plant. There maybe certain situations, however, where some of the improved-design

small plants may be appropriate, such as an expansion or replacement of capacity on existing sites.
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Freight costs are an important part of total delivered cost, particularly in the case of ammonia

and new plants will need to be situated near to existing markets to compete successfully. While urea

transportation follows the dry bulk trade, ammonia transportation is more complex . It depends

predominantly on a relatively small part of a fleet specially designed to carry liquified gases. Ammonia

freight prices have increased significantly, as existing ships age and need replacing. As new freight

capacity becomes available, ammonia freight costs are expected to decline for a few years and then

increase again through the second haltf of the 1990s.

Nitrogen Fertilizer Prices

Ammonia and urea prices have varied widely both in absolute and relative terms in the last two

decades. A large oversupply situation has persisted for many years following major investments in

ammonia and urea plants in Eastern Europe, the USSR and the Arab Gulf. As a result, prices have

remained low since the major exporters in Eastem Europe reduced prices to obtain markets and hard

currency. The capacity surplus has now diminished considerably and plants in many parts of the world

are generally working at high utilization rates. Prices had already started to increase in the spring of

1990, but following the removal of exports from Kuwait and Iraq as a result of the Arab Gulf crisis,

increased significantly through early 1991, fell after the Gulf War ended and then continued their trend

upwards in the second half of 1991.

In real terms, both ammonia and urea prices are expected to increase slowly through most of

the 1990s. At the end of the 1990s, however, prices are expected to decline slightly as new capacity

comes on stream.

Future nitrogen prices will depend largely on future oil prices. For example, if oil prices increase

significantly, say from their present levels of about US$20 to US$40/BBL, many ammonia plants with

feedstock prices that are related to oil prices, would no longer be competitive. Some plants would be
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forced to close and ammonia and urea prices would probably rise to around US$200/ton. A drop in oil

prices would normally reduce nitrogen prices, but this would be counter-balanced by a tightening global

nitrogen supply and demand situation and a resulting price escalation. Although an unknown factor at

this time, the export potental of the USSR will consequently have a major impact on future prices.

World Food Production and Fertilizer Use

FAO is concerned about the present low level of food stocks that are regarded as barely

sufficient to assure world food security, although 1990 produced a record cereal harvest. With a

projected drop by 4% in 1991 world cereal production, global world food security remains to be a major

issue.

There is also concem that the current low projections of fertilizer use through 2000 will not be

sufficient to maintain a satisfactory growth in agricultural production that is necessary to feed a

population growing at higher rates than previously encountered. The world population growth rate

through the next decade is forecast at nearly 1.7%h per year as compared with a nitrogen fertilizer growth

rate of 1.5% per year.

Another problem now being highlighted by FAO is the prospect of diminishing food production

growth in developing countries as a nrsult of nutrient depletion or n nutrient mining" from soils. If this

problem is not rectified, it could ultimiately result in serious damage to agriculture and the welfare of

many developing countries.

A statistical analysis has been made of cereal production and nitrogen fertilizer use over time.

Although the results are only indicatiive, they show that nitrogen fertilizer consumption will have to

increase at about 2.5% per year, rather than 1.5% in order to maintain per capita food production at the

1990 level until the year 2000, which implies the need for substantial additional production capacity.
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Fertilizer Use and the Environment

During the past few years, there has been considerable concem about the social and economic

aspects of environmental degradation; the use of chemical inputs in agriculture, including mineral

fertilizers, has accordingly become a subject of debate and some controversy. In particular, there is

concern about the run-off of nutrients causing eutrophication of lakes and rivers and contamination of

ground water and drinking water by nitrates. Legislation is being introduced in Western Europe and the

USA to limit the nitrate content in drinking water; such legislation may result in restricting the use of

fertilizers.

Concern about environmental issues has brought with it many proposals to use alternative

agricultural practices that would mean a return to natural farming conditions and a reduction in the use

of pesticides and chemical fertilizers. The most publicized of these proposals in the USA is a program of

"Low Sustainable Agriculture" known by the acronym of "USA". Although efforts should be made to use

mineral fertilizers in a more efficient and environmentally friendly manner, great care should be taken to

ensure that such programs do not jeopardize agricultural production over the next critical decade when

the world food supply and demand situation is expected to be finely balanced.

Future Outlook for the Nitroaen Fertilizer Industry

World Fertilizer demand is forecast to increase by about 14 million tons N thirough the next

decade. Since world ammonia capacity is now working at a high utilization rate, any significant increase

in supply must come from new plants. New capacity will be required after 1995 both to meet increasing

demand and to replace old plants. It is estimated that up to 10 new plants may be required each year.
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In order to assess the most economic projects to meet future nitrogen needs, several potential

ammonia and urea projects have been compared in this report. Because freight is an important

component in delivered costs, the comparison has been made on the basis of CIF marketplace. The

comparisons suggest that the most cornpetitive locations both for ammonia and urea to serve the

growing large Asian market would be in the Arab Gulf and in Indonesia. For the ammonia markets in the

Westem Hemisphere, a favorable location would be in the Caribbean, such as in Venezuela. In order to

ensure that a new plant is economically viable, it should preferably be built on a site with existing

infrastructure.

In considering new capacity requirements for future nitrogen demand, it is important to point out

that the projected effective nitrogen demand is likely to fall short of the actual requirements needed to

provide adequate per capita food supplies at their current levels. For the first time in many decades,

estimated nitrogen fertilizer growth rates will be lower than population growth rates. Based on food

production and nitrogen fertilizer time series, this appears an unsustainable and dangerous situation, if

the world is to maintain adequate food security.
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I. INTRODUCTION

A. General

In April 1987, the World Bank published for the first time its World Nitrogen Survey (Technical

Paper No. 59 in the World Bank Industry and Finance Series), which aimed at providing a

comprehensive review of the nitrogen industry, with particular focus on nitrogen fertilizers.

The past four years have seen many major changes in the world, with long-lasting current and

prospective impacts on the global fertilizer supply and demand situation that have to be taken into

account in assessing the future outlook of the nitrogen sector. Events of particular importance are the

1989 developments in China, the Gulf War in early 1991 and the ongoing political and economic

changes in Eastern Europe and the USSR. Furthermore, recent projections that world population will

increase to more than 6,000 million by the year 2000 stress the need for a global increase in agricultural

output, improved farm management and distribution practices, as well as increased and more efficient

application of fertilizers.

Nitrogen is an important element both in agriculture and the chemical industry. It is usually

regarded as the most important of the three primary nutrients. About 970/o of all nitrogen products are

derived from ammonia that is produced by catalytic fixation of nitrogen obtained from the atmosphere.

About 88% of all ammonia produced in 1990 was used to manufacture nitrogenous fertilizers and the

remainder was used in the chemical industry and processed into a wide range of different products such

as textiles, explosives, plastics, animal feeds etc.

Global food production in absolute terms will have to increase at a higher rate than ever before if

it is to meet the demand of the fast growing world population. A significant part of growth in agricultural

production will have to come from increased and efficient use of nitrogen fertilizer considering

constraints on arable land. Therefore, the availability, cost and source of new world ammonia capacity

will be vitally important to the global agricultural production.

Besides a very small amount of ammonia that is produced from electrolytic hydrogen, the main

feedstocks for ammonia, both as fuel and for process use, are various forms of hydrocarbons,

predominantly natural gas. Both the availability and cost of energy are therefore important factors for

determining the economics of ammonia production.



This updated survey is designed to provide a comprehensive overview of the nitrogen sector

with particular consideration of the impact of the recent major world developments referred to above.

The regional and world nKtrogen supply and demand balances are based on the conclusions of the

World Bank/FAO/UNIDO/lndustry Fertilizer Working Group's Annual Meeting in Vienna, Austria, in May

1991. Some background information on the Fertilizer Working Group and its work is given in Annex 1.

Until early 1991, the Fertilizer Working Group followed the FAO economic classification of

countries. In 1991, subsequent to major political and economic changes in many centrally planned

economies, FAO revised its fertilizer country classification; the Fertilizer Working Group also decided

shortly afterwards to adopt the same revised classification. This new grouping is not only compatible

with the FAO geographic classificationl, but also with geographic classifications maintained by other

major international fertilizer agencies.

The structure of this report is systematic and attempts to make each chapter self contained.

Extensive annex material on supply, demand, production and investment costs is given to support the

global view.

B. Historical Aspects of the Nitrogen Fertilizer Industry

Although nitrogen is a principal constituent of the earth's atmosphere comprising 78% of its

volume, it is not readily available as a fertilizer. Before it can be used as a plant nutrient, it has to be fixed

in the form of chemical compounds with other elements. Until the beginning of this century, the supplies

of nitrogen were obtained mainly from fixed nitrogen in rain water, atmospheric nitrogen fixed by certain

leguminous crops, and other natural supplies available through a system of crop rotation, which were

adequate at that time to meet crop needs.

However, around the beginning of the twentieth century a faster growing population placed

additional demands on agricultural production, which was expanded, to a great extent, by increasing

nitrogen fertilizer use. This initiated considerable research into the development of new processes for

the fixation of atmospheric nitrogen into forms that could be used for the manufacture of nitrogen

fertilizers.

Three major new processes to fix atmospheric nitrogen were developed and used commercially:

(i) In 1903, the ARC-Process was commissioned in Norway. In this process, nitrogen and
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oxygen were combined at the high temperature of an electric arc to form nitric oxide

which was then further reacted to form nitric acid and hence to the final fertilizer product,

calcium nitrate (CaNO3).

(ii) Another process was developed about the same time to produce calcium cyanamide

(CaCN2). Calcium carbide produced by a primary reaction of lime with coke in an

electric furnace was subsequently converted to calcium cyanamide by reacting it with

nitrogen from the air.

(iii) The most important development in nitrogen fixation, however, was the Haber-Bosch

process that was introduced on a commercial scale in Germany in 1913. This process is

based on the catalytic reaction of hydrogen and nitrogen at high temperature and

pressure and in its basic concept is still extensively used today.

Until about 1960, most of the world's ammonia manufacturing capacity was located in

developed countries, where plants were relatively small, used a variety of feedstock andl served local

markets. There were very few ammonia plants in developing countries and only a small amount of

nitrogen fertilizer was imported by these countries.

Starting in the 1960s, several major changes took place in the industry. Although the price of

naphtha and fuel oil - two major feedstocks for ammonia production, rose sharply, the availability of

cheap natural gas improved, particularly for new plants in developing countries. At the same time,

advances in technology resulted in larger scale plants that could use centrifugal compressors, which in
turn provided lower unit costs through of economies of scale and energy savings.

The nitrogen industry expanded rapidly in the 1960s and 1970s as the demand for fertilizers and

industrial nitrogen increased. Simultaneously, the structure of the industry changed with growing

production and consumption of fertilizers in all regions. By 1990, the four largest producers and

consumers of nitrogenous fertilizers were the USSR, China, USA and India. About 12% of the global

ammonia production was used for industrial purposes, mainly in the developed market economies.

Figure 1 shows how the production of nitrogen has developed since the beginning of the

century and how it has increased sharply in recent years. Until about 1950, the nitrogen production

capacity grew relatively slowly and the main nitrogen fertilizer was ammonium sulfate, mainly produced

by reacting sulfuric acid with ammonia synthesized or recovered from coke oven gases, or from the

ammono-carbonation of gypsum (i.e. in the Merseburg Process by reacting natural or by-product

gypsum with carbon dioxide and ammonia).



-4-

Fhur. 1
WORLD NITROGEN PRODUCTION

Million Tons N
100

90

80

70

60

50

40 

30 _ _ _

20 _

10

0

1920 1930 1940 1950 1960 1968 1970 1975 1980 1985 19

Subsequently, ammonium nitrate supplemented and partially replaced ammonium sulfate as the

sole straight nitrogen fertilizer, particularly in Europe, either manufactured directly or also as a major

component in the production of nitrophosphate fertilizers. Other fertilizers included sodium nftrate,

calcium cyanamide and urea. In 1950, world nitrogen fertilizer production was just over four million tons

N of which 75-80% were used in the developed market economies. Trade in nftrogen fertilizers was

relatively small.

In the 1960s and 1970s, there was a rapid increase in fertilizer use, particularly in developing

countries. The "green revolution" with the introduction and increasing use of high yield varieties of

cereals and extensive irrigation schemes, accelerated the demand for nitrogen fertilizers, particularly

urea. Average annual growth rates foir nitrogen fertilizer reached almost 10% between 1960 and 1980.

At the same time as nitrogen production and use were increasing more rapidly, major changes were

taking place in the structure of the industry. One of these was the addition of new ammonia and urea

production capacities in several major developing countries that had given high priority to the
establishment of their domestic fertilizer industry in support of their agricultural programs. Urea

manufacture, which is usually conveniently integrated wfth ammonia production, today frequently

represents the most economic method for large scale production of nitrogen fertilizers in countries with

cheap natural gas.

As a resuft of these developments, the production of urea has increased rapidly over the last 25

years to make it the most important nitrogen fertilizer. In 1950, world urea production was less than
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100,000 tons per year and by 1960 was still only about 550,000 tpy. At that time, urea represented only

about 5% of total fertilizer use. By 1990, however, more than 40% of the nearly 80 million tons of fertilizer

nitrogen applied was used in the form of urea. The growth of urea production as a percentage of total

nitrogen fertilizer production is shown in Figure 2.

Figure 2
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In China, the growth of the nitrogen fertilizer industry was spectacular; nitrogen fertilizer use

increased at an incredible rate of 30% per year on average through the 1960s and 1970s, based mainly

on increased domestic production. This was achieved by the construction of about 1200 small ammonia

plants using mainly local anthracite as a feedstock; some plants were based on coke, fuel oil or natural

gas. The main products were crystallized ammonium bicarbonate with about 17% nitrogen content and,

to a lesser extent, some ammonia liquor. About 19 large ammonia and urea plants have now been built

in China and some 7-8 are under construction or in an advanced state of planning. Small plants,

however, still account for about half of the local nitrogen production.

Country nitrogen fertilizer consumptions over the last decade are given in Annex 2 and are

summarized on a world and regional basis in Table 1. In most of the developed countries, there was

little growth and about 80% of increased demand evolved in the developing countries of Asia where

consumption growth averaged more than 6% per year. Nitrogen fertilizer consumption in the USSR

increased by 3% per annum, probably due to the large increase in the supply of nitrogen fertilizers

during this period.
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Table 1:

NITROGEN FERTILIZER CONSUMPTION AND GROWTH RATES

1979/80 - 1989/90

CONSUMPTION (Mililon TonN AVERAGE GROWTH RATE (% TOTAL GROWTH

19790 1989190 197WS/0- 1989190 Mlillion Tons N

WORLD TOTAL 57.1 ZL GI Z. J0

AFRICA 1.50 2.15 3.67 0.65

AMERICA 13.84 15.12 A.9 1.29
North America 11.18 1124 0.08 0.06
Central America 1.38 2.08 4.38 0.73
South America 1.30 1.80 328 0.50

ASIA 19.53 35.93 29 16.40
West Asia 1.21 2.53 7.87 1.32
South Asia 4.57 9.80 7.88 5.02
East Asia 13.74 23.80 .6A8 10.06

EUROPE 14.56 15.36 0.54 OAO
East Europe 4.23 4.38 0.38 0.15
West Europe 10.33 10.97 0.60 0.64

USSR 7.47 10.04 3.01 2.58

OCEANIA 0.28 0.47 5.16 0.19

C. The Structure of the Internatloinal Fertilizer Industry

The structure of the intemational fertilizer industry has changed considerably over the past two

decades. In 1970, out of a total production of about 32 million tons of nitrogen fertilizer, more than 60%

originated in the developed market economies and only about 8% in the developing market economies.

The remaining 32% was in the centrallyr planned economies of China, the USSR and Eastern Europe.

For the same period, the relative consumptions recorded for the three economic groupings were 50%,

17% and 33%, respectively. By 1990, nitrogen fertilizer production had increased almost threefold with a

simultaneous major change in both production and consumption pattems. The relative shares of

production for the developed, developing and centrally planned economies were 34%, 23% and 43%,

respectively, and of consumption 35%, 20% and 45%.

In parallel to this shift in production and consumption, there was a major change in ownership

patterns in the nitrogen subsector from private to state control over the last 20 years. In Eastern Europe,

the Soviet Union, China and other centrally planned economies, fertilizer production was controlled

wholly by the state. In many major anmmonia producing countries such as India, Indonesia, Mexico,

Brazil, Venezuela, etc. there is a major state involement in the fertilizer sector. State ownership of the
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nitrogen fertilizer industry also plays a major role in Westem Europe1 . It is estimated that imore than two

thirds of the world's nitrogen industry is currently state controlled.

In many developing and centrally planned economies, the economics of fertilizer production has

become very complex due to specific national interests such as subsidies on food production,

employment policies and foreign exchange considerations. This has sometimes resulted in continuing

operation of state owned uneconomic plants over extended periods. This situation also exists in some

developed countries, (e.g. Japan), where domestic fertilizer production is controlled by state planning or

e.g. several West European countries, where state ownership, and sometimes legislation on

employment can have a major impact on operating policies.

The strong influence of the public sector in the nitrogen fertilizer industry has had a major impact

on fertilizer prices, in both domestic and international markets, and plant operations. In numerous

countries fertilizer manufacture is govemment subsidized as production costs are well above

international levels. Furthermore, international prices have been greatly influenced by low-priced

products, particularly from East Europe, that have frequently been below cash production costs in order

to secure markets and earn hard currency. Thus, international fertilizer trade has been far from perfect

in the last decade or so which has lead to a large number of ownership changes in the industry as well

as plant closures.

Nitrogen fertilizer companies are becoming larger in size and fewer in number. The main

reasons relate basically to the economics of large scale ammonia production from cheap feedstock and

the ability to compete in international markets. Typically, large ammonia plants have a major economic

advantage over small plants and, as natural gas is usually the most economic feedstock, it is important

to build new plants near gas reserves. Due to policies that have not encouraged private sector

participation in certain developing countries, and investment costs in new projects are high with only low

return, it is often only the government that has been in a position to establish nitrogen fertilizer projects.

However, this situation has recently been changing and public sector restructuring and privatization are

either already under implementation (e.g. Mexico) or in the planning stage in several countries, as

governments recognize the vital role of the private sector in the economy, including the fertilizer industry.

As a resuft of past political and economic developments, a substantial share of the world

nitrogen industry has been taken over by a few large companies, which are often state-owned. For

1 For more details on the current situation in Western Europe please refer to the first paragraph on this

following page.
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example, in Western Europe, four companies - Norsk Hydro (Norway), Kemira (Finland), BASF

(Germany) and ENI (Italy), own more than 60% of the region's ammonia capacity and only one of these

three companies is solely privately owned. Kemira and Norsk Hydro also have considerable fertilizer

activities outside Europe.

II. CURRENT NITROGEN FERTIILIZER SITUATION

A General

Between 1979/80 and 1989/90, world nitrogen fertilizer consumption increased on average by

3.3% per annum. As can be seen from Figure 3, most of this growth resulted from increased

consumption in Asia. Elsewhere, geographically as well as in absolute terms, there has been little

growth. Apparent world consumption of nitrogen fertilizers declined by 1.7% from 79.1 million tons in

1989/90 to 77.8 million tons in 1990/91. A growth of about 1% is expected in 1991/92.

Fiqure 3
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Fertilizer consumption in Eastiern Europe and the USSR in 1989 and 1990 is estimated to have

declined by about 15% and 20%, respectively. Some sources feel that the drop in consumption may be

even higher. Asia is the only geographic region to show any significant increase in fertilizer consumption



- in 1989/90, nitrogen fertilizer consumption increased by about 2.6% and estimates for 1990/91 indicate

a further growth of 3.8%.

B. Africa

Considering the size of the continent and the need for fertilizers, consumption in Africa is very

low. With about 12% of the world population, it accounts for only about 3% of world fertilizer use. For

agricultural and fertilizer statistics, Africa is often classified into three different regions, namely North

Africa, Sub-Saharan Africa and the Republic of South Africa. Nitrogen fertilizer use in the sub-regions

and in major countries is given in Table 2.

Table 2:

FERTIUZER NITROGEN USE IN AFRICA

1989/90

REGION/COUNTRY CONSUMPTION SHARE IN REGION APPUCATION
(Coos Tons NM M% (ka/hal

AFRIA 211

North Africa 1,114 100
Egypt 600 72 309
Morocco 151 13 16
Others 163 15

Sub Saharan Africa 660 100
Nigeria 197 30 5
Zimbabwe 89 13 29
Kenya 45 7 28
Others 329 50

South Africa 372 100
Republic of South AfrIca 372 100 29

The North African region is dominated by Egypt, where fertilizer application rates are very high

on limited land resources along the Nile. The lowest use of nitrogen fertilizer is in Sub-Saharan Africa,

which consumes only 1% of world fertilizer use but covers more than 40 countries with about 9% of the

world's population. Although much attention has been given by the intemational agencies to boost

fertilizer consumption and despite optimistic projections of future growth, fertilizer consumption has not

taken off in this area as it has done in most other developing parts of the world. The main problems

include poverty, lack of political stability, and inadequate infrastructure resulting in excessive distribution

costs.
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The only country in the Sub-Saharan area that seems to have any real prospects of meeting its

nitrogen fertilizer needs from domestic sources is Nigeria. The country has a high demand for increased

application of nitrogen fertilizers to meet the food requirements of its growing population and restore a

once prosperous agricultural export business. Nigeria has now become an important producer of

nitrogen fertilizers based on large domestic resources of natural gas and its capacity is being increased

for both domestic needs and export markets. In 1989/90, nitrogen fertilizer consumption increased by

about 12% and a similar improvement is. expected in 1990/91.

After Egypt, South Africa is the largest nitrogen market in continental Africa. Consumption

increased rapidly during the 1970s and declined during most of the 1980s due to drought, depressed

agricultural markets and political problems. Consumption fell slightly in 1989/90 and no significant

change is expected in 1990/91.
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Nitrogen fertilizer consumption in Africa over the last decade is shown in Figure 4. During most

of the 1980s, fertilizer consumption in Africa stagnated, but in the last two years has shown signs of

growth. In 1989/90 nitrogen fertilizer consumption increased by about 2.4% to 2.15 million tons. In

1990/91 an increase of about 5% is expected afthough from a low base.



Most African countries rely, in part or total, on imports to meet their nitrogen needs. However,

Nigeria, Libya and Algeria are net exporters of nitrogen.

C. America

The geographic region of America comprises three sub-regions, North America, Central America

and South America. As can be seen in Figure 5, consumption in the region is dominated by North

America, essentially the USA. Major country consumption is shown in Table 3.

Fiqure 5

AMERICA FERTILIZER NITROGEN CONSUMPTION
1979/80 - 1989/90

Millon Tons N

16

.2E' E wl E-E III 11E 1l--l E l ElX

E2 E l El EIIIEE E 1el i l Erl 

1980 1981 1982 1983 1984 1986 1966 1987 1988 1989 1990

|U AMiERICA * N. America l Cent America * S. AmnerIca



-12 -

Table 3:

FERTIUZER NITROGEN USE IN AMERICA

1989/90

REGION/COUNTRY PtONSUUMPTION SHARE IN REGION APPUCATION
(000s Tons N) ^), (k/h)

AMERICA 15.124

North America 11,244 100
USA 10,048 so 51
Canada 1,196 11 26

Central Amwica 2,083 100
Mexdco 1,335 64 51
Cuba 368 18 91

South America 1,797 100
Brazil 823 48 10
Columbia 234 13 49
Venezuela 241 13 78

NORTH AMERICA

Nitrogen fertilizer consumption increased rapidly in the 1970s, peaked in the early 1980s and

has since stagnated as shown in Figure 6. This region comprises only two countries, the USA and

Canada, where the USA contributes almost 90% of total demand. Generally, under prevailing local and

international trade requirements, the North American market can be regarded as mature, although it has

the potential for growing significantly slhould the demand for American grain exports increase. This

could happen, if a GATT agreement resulted in agricultural trade liberalization. Currently, yearly fertilizer

demand depends mainly on govemment policy and farm programs apart from climatic considerations.

In 1988/89, a large increase in nitrogen fertilizer demand had been forecast due to an increase

in USA crop plantings of about 30 million acres. However, there was very little increase in consumption

and although plantings increased, applic:ation rates fell. Analysts blamed the poor spring weather and

nutrient carry over from the drought in the previous year for the disappointing season. Subsequently in

1898/90, nitrogen fertilizer consumption increased by about 4%. Although original projections for

1990/91 indicated a small fall in consumption of around 1%, preliminary results suggest that there may in

fact have been a small gain. The rather flat nitrogen use in the USA over the last decade combined with

increased specific yields indicates a 'dynamism' in nutrient usage, which is frequently not fully

recognized as statistical data are usually based on static key parameters.
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Figure 6
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Most fertilizer use in North America is in the USA, where agricultural production and hence

fertilizer application has shown an increasing relationship to government policies; overall plantings may

therefore be affected by such programs as 'Acreage Reduction', 'Environmental Reserve",

"Conservation Reserve' and 'Export Subsidy'. These programs vary from year to year. For example,

current projections expect that both plantings and fertilizer use will increase as the wheat acreage

reduction program for 1991/92 was cut from 15% in the previous year to 5% in the current year.

However, nitrogen demand in the USA has generally matured at around 10 million tons of N and its

fluctuations from year to year will mainly depend on the weather and crop prices.

CENTRAL AMERICA

Regional nitrogen fertilizer consumption has increased on the average by about 4% per year

over the last decade although adverse economic conditions in the last several years have caused some

stagnation and even declines in several countries as indicated in Figure 7. The region is dominated by

Mexico, which accounts for about 60% of all consumption, followed by Cuba with almost 20%. The 20%

balance is shared among the remaining 20 countries in the region. The nitrogen nutrient application rate

averages about 50 kg per hectare of arable land, which is a relatively high compared with many other

developing countries. Nitrogen fertilizer consumption has been encouraged by the availability of ample
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supplies of nitrogen fertilizers in the region from plants in Mexico, Venezuela, and Trinidad; subsidized

fertilizer prices have also been a factor.

Fiaure 7
CENTRAL AMERICA FERTILIZER NITROGEN CONSUMPTION

1979/80 - 1989/90

Million Tons N
2.5

2

0.5

0
1980 1s98 1982 1983 1984 1985 198 1987 1988 1989 1990

U cent. imerica * Mexico ED Cuba

With a population growth of more than 2% per year and a significant part of GNP contributed by

the agricultural sector, there is a further need for increased agricultural production. In 1988/89, nitrogen

fertilizer consumption in the region fell by nearly 4%. This was caused mainly by a fall of 5.5% in

consumption in Mexico, where removal of subsidies and restructuring of the industry resulted in

increased fertilizer prices that are more in line with actual production costs and the international market.

Although the immediate effect of the higher prices was a fall in demand, the situation should improve as

agricultural product prices are liberalized.

In 1989/90, fertilizer demand in Central America improved slightly and a further small gain is

expected in 1990/91, but depends largely on developments in the Mexican agricultural and fertilizer

sectors. Overall, due mainly to exports of ammonia from Trinidad, Mexico and Trinidad, the region is a

net exporter of nitrogen products.

SOUTH AMERICA

Over the last decade, fertilizer consumption in South America has increased on average by 3.3%

per year. Until 1987/88, when consumption peaked, the average growth rate was much higher, but due



to economic problems and reductions in fertilizer subsidies it has since declined. Brazil accounts for

almost half the nitrogen fertilizer consumption in the region although its share has been cleclining. The

economic problems of Brazil had a strong impact cai its agricultural and fertilizer sectors within the last

few years. Fertilizer consumption in Brazil has generally declined although there was a slight

improvement in 1989/90, when nitrogen consumpthi-r improved by about 1% after a fall of 15% in the

preceding year.

Venezuela, the second largest consumer of nitrogen fertilizers in the region, has also seen a

significant fall in consumption during the last year or two, following the reduction of subsidies.

Consumption in Colombia, the third largest consumer, has also declined. Fertilizer consumption in the

region and by major producers over the last 10 years is shown in Figure 8.
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The prospects for improved economic conditions and increased agricultural production and

hence in fertilizer use look brighter fbr the next few years and a slight increase in nitrogen fertilizer

consumption is expected for the period from 1990/91 through 1995/96.

Nitrogen fertilizer application rates in South America are very low at an average of only 13 kg per

ha. It is the only region listed, where nitrogen use is less thgn that of the other two main nutrients P205

and K20. This is mainly a result of unique nutrient vppilcation ratios in Brazil, where climatic, soil and

crop needs require a high use of potash and phosphate$. However, in addition there are also other
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countries, e.g. Argentina, - a major producer of wheat, which use low levels of nitrogen fertilizers.

D. Asia

Asia comprises more than 35 countries that vary widely in agricultural practices and fertilizer

use. In 1988/89 fertilizer consumption in Asia increased by 10% and by a further 2.6% in 1989/90. In

1990/91 fertilizer consumption is expected to increase by 3.8%. Expansion of nitrogen fertilizer

consumption in Asia has dominated world growth in recent years and seems likely to do so over the next

decade. Overall, average yearly growth has exceeded 6% since 1979/80 and was high in all of the three

Asia regions although from different bases, as indicated in Figure 9.

Fiaure 9
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Nitrogen fertilizer consumption in the region has been strongly influenced by long term

government policies to the agriculture sector; particularly the maintenance of stable and favorable farm

gate pricing policies. The introduction of high yield varieties of cereal and irrigation facilities further

promoted higher fertilizer use. In many, countries in Asia, the availability of cheap natural gas made

economic development of a domestic supply of nitrogen fertilizers feasible.
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Table 4

FERTILIZER NITROGEN USE IN ASIA Between 1980 and
1988/89 1990, Asia's share in world

REGIONICOUNTRY CONSUMPnION SHARE IN REGION APPUCIOtN nitrogen consumption
OHM TonsI Do"increased from 34% to 45%. In

ASIA 35.9 the West Asia region,

WestiAla 2,529 100
Turkey 1,140 4c 39 consumption is dominated by
Iran 689 26 34
Saudi Arabia 265 e 216 Turkey and Iran, in South Asia

South Asia 9,596 100
India 7,596 100 by India and Pakistan, and in
Paldstan 1,422 15 63 East Asia by China and

East Asia 23,804 100
China 183855 79 192 Indonesia. Application rates
Indonesta 1,55 70
Japan 641,5 134 fbr nitrogen fertilizers in Asia

vary significantly, even among

the larger consumers, as illustrated in Table 4. China has a high nitrogen application rate similar to

developed countries in the region such as Japan and South Korea. In other countries like India,

Indonesia and Turkey, application rates are at a much lower level.

WEST ASIA

In nitrogen fertilizer consumption, West Asia showed, with a rate of 7.7%, one of the highest

average annual growth rates in the world in the decade between 1980 and 1990, although from a

relatively low base. In 1989/90, consumption increased by 7.6%, but is estimated to be lower in 1990/91

as result of the Gulf War and other factors. Turkey and Iran are the major nitrogen fertilizer users in this

sub-region as shown in Figure 10.
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Figure 10
WEST ASIA FERTILIZER NITROGEN CONSUMPTION

1979/80 - 1989/90

Million Tons N
3

2.5

0.5

0
1980 1981 1982 19113 1984 1985 1986 1987 1988 1989 1990

| West Asia Turkey Em Iran * Saudi Arabia

In 1988/89, Turkey's nitrogen fertilizer application declined by 2.5% as a resuit of drought,

followed by an increase of 5.4% when weather conditions turned more favorable for cereal production.

However, another decline may be expected for the year 1990/91 as conditions will be less favorable with

increased fertilizer prices and poorer credit terms.

Nitrogen fertilizer consumption in Iran, which had fallen as a result of the war with Iraq, has been

recovering and in 1989/90 increased by more than 20%. A further increase in consumption is expected

in 1990/91. Saudi Arabia has experienced a major increase in nitrogen fertilizer use with a favorable

domestic supply situation and government policies encouraging domestic agricultural production. In

Jordan and Iraq, however, consumption is believed to have declined as result of the war.

SOUTH ASIA

With an average annual growth of 7.7%, South Asia has been one of the fastest growing areas

for nitrogen fertilizer consumption in the past decade, both in absolute and relative terms. As shown in

Figure 11, India accounts for nearly 80% of the consumption. Nitrogen fertilizer use in India has

doubled during the last decade and food grain production rose by more than 30%, while cultivated area

increased only by about 2.5%. Other countries in the region, such as Pakistan and Bangladesh, have

alsousignificantly increased food production in parallel with higher fertilizer application rates.
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Flaure 11
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Fertilizer consumption in South Asia increased by nearly 4% in 1989/90 after a substantial

expansion of nearly 20% in the preceding year. In 1990/91, a growth in nitrogen consumption of around

5% is expected.

EAST ASIA

East Asia has been the major growth area over the last decade in absolute terms and now

accounts for about 30% of total world consumption of nitrogen fertilizer. China's consumption including

that of Taiwan (China) amounts to almost 80% of the whole of East Asia. Annual growth in the region

has averaged about 5.6% over the last 10 years and represents about one half of the increase in total

world nitrogen fertilizer consumption. China is well on its way to its target annual consumption of 20

million tons of N by the year 2000.

As can be seen in Figure 12, nitrogen fertilizer use in China dropped in the mid 1980s as a result

of a change in grain pricing policies; but consumption has since resumed its upward trend. About one

quarter of Chinese nitrogen supply is imported, predominantly as urea.
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Indonesia, the Philippines and Thailand have all seen a rapid growth in fertilizer consumption in

the last few years, but consumption in 1990/91 may have been depressed by low agricultural prices and,

in some cases, by adverse weather conditions.

In the case of Korea and Japan, where fertilizer use is traditionally high, there has been little

growth in the last decade and in the case of Japan there has been a decline. No increase in nitrogen

fertilizer consumption is expected in these countries in 1990/91.

E. Europe

Both West and East Europe use high application rates of nitrogen fertilizers and are regarded as

mature markets. Over the last decade, consumption increased at only 0.5% per year, on average.

Within the last two yearm, there has been a sharp downwards tum in nitrogen fertilizer consumption in

both West and East Europe. Major country details are given in Table 5 and consumption trends in

Figure 13.
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Table 5:

FERTILIZER NITROGEN USE IN EUROPE 1988/89

REGIONICOUNTRY CONSUMPTiON SHARE IN REGION APPUCATiON
(00ms Tons N) I90 (ka/ha)

EUROPE 14.922 113

West Europe 10,973 100
France 2,660 24 135
Germany (United) 2,254 21 190
United Kingdom 1,421 13 209

East Europe 3,949 100
Poland 1,274 32 103
Romania 778 20 67
Czechoslovakia 704 18 125
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WEST EUROPE

In 1990/91 France accounted for about 29% of the fertilizer consumption in West Europe,

Germany (United) for about 19%, the UK for 12%, Spain for 10% and Italy for 9%. Nitrogen fertilizer

consumption decreased by about 3% in 1989/90 and a further decrease of 5.5% is estimated for

1990/91. These falls are related to efforts to raduce agricultural surpluses, declining prices of

agricuitural products and unfavorable weather conditions. Although the prospects for some growth



exists in some South European countriaes, the overall downward trend in consumption is expected to

continue.

Fertilizer consumption rates are high in AYest Europe with no single country dominating, as

indicated in Figure 14.
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EAST EUROPE

Figure 15 shows that fe-rtilizer ieonsunnption in East Europe has remnained relatively stable! over

the last 10 years. However, the recent drakaatic political arnd economic changes in East Europe have

now created a major impact on the agricultural and fertilizer sectors. In 1989/90 fertilizer consumrption

fell by about 6% and in the following yeear the drop has been much greater. The Fertilizer Working Group

estimates a decrease of 20% in 1990(91 and a further decline of 15% in 1991/92. Some analysts

suggest an even greater drop.
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Major structural changes in the agricultural sector, such as the reduction of subsidies, have

resulted in a negative growth in fertilizer use that was further aggravated by increased production costs

of nitrogen fertilizers as result of higher priced natural gas from the Soviet Union. Poland, the largest

consumer of fertilizers in the region, suffered a major setback in nitrogen fertilizer use in 1990, when

consumption fell by more than 50%; this was mainly due to the collapse of the distribution and credit

system, and the price increase of natural gas in early 1991.

F. USSR

As indicated in Figure 16, fertilizer consumption in the USSR increased steadily through the

1990s and averaged a yearly growth rate of about 3%. However, following the initiation of major political

and economic changes in the country, nitrogen fertilizer consumption fell in 1989/90 and 1990/91 by

13% and 14%, respectively. With higher priced fertilizers and drastic changes in the distribution and

procurement system, a further decline in consumption is expected in 1991/92. Nitrogen fertilizer

consumption in the USSR is on average about 50 kg per ha of arable land, which is significantly lower

than in most countries in East Europe. In view of a good domestic supply capability for nitrogen

fertilizers and an urgent need for food production, nitrogen consumption is expected to recover in a few

years time.
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Fiure 16
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G. OCEANIA

This region comprises essentially Australia and New Zealand, where consumption of nitrogen

has traditionally been relatively low clue to nitrogen inputs through clover and other legume-based

pastures. However, the situation has recently started to change and, as shown in Figure 17, the second

half of the 1980s has seen a sharp increase in nitrogen fertilizer consumption as transformation in

farming practices has resulted in a marked expansion in production of cereals and other crops with

more dependence on chemical fertilizears. Although agriculture has remained depressed in the region

due to poor crop prices, nitrogen consumption increased by 5% in 1988/89 and by 3.8% in 1989/90. An

increase of 5-6% is expected in 1990/91.
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III. FUTURE NITROGEN DEMAND

A. Fertilizer Nitrogen Demand

Regional and world nitrogen fertilizer demand and growth rates through 2000/01 as projected by

the Fertilizer Working Group in May 1991 are given in Annex 1. Because of the recent major

international events such as the Gulf War as well as major economic and political changes in the USSR

and Eastern Europe, current forecasts are significantly different from the projections made by the

Fertilizer Working Group in 1990. Although the drop in the supply capability resulting from the Gulf War

may be regained in a few years, the changes in the USSR and Eastern Europe are likely to have a long

term impact on both nitrogen fertilizer supply and demand.

A summary of future regional and world nitrogen fertilizer demand and growth rates is given in

Table 6 that indicates an average yearly growth in world consumption of 1.3% through 1995/96 and of

1.5% through the year 2000/01, respectively. These figures are lower than those estimated by the Group

in May 1990, when the corresponding growth rates were 1.9% and 1.8%.

Almost all new nitrogen fertilizer demand will develop in Asia where growth is estimated to be

about 3.3% per year over the next five years and 2.9% over the next 10 years. The highest growth rate,

in relative terms, may be expected in South Asia, as India, Bangladesh and Pakistan target for increased
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food production.

The major increases in absolute terms are expected in East Asia, mainly in China, and, to a

much lesser extent, in Thailand, Vietnam and Indonesia. In order to meet its food targets by the year

2000, China will have to increase its nitrogen fertilizer consumption by at least 2% per year. Japan and

South Korea already have a mature fertilizer market and will show little growth.

In West Asia, the major growth is expected to occur in Turkey and Iran.

Table 6

NITROGEN FERTIUIZER AVERAGE YEARLY GROWTH RATES

Actual and Projected

Consumption Avsng. Growth Rabt Total Gwwh
(Million Tons N (PenO Mtolhn Tons Nl

19t9/90 INS/So 2000/01 rS0-I 8/S0-2000/01 8SS0- iliS/S0-2000/o0

WORLD TOTAL ZL90 85.37 2L0 La LiZ . 1S.72

AFRICA 2.15 2.61 04.00 3.28 3.07 0.4f 0.5

AMERICA 15.12 15.97 1 6.80 0.91 0m 0.85 1.68
North America 11.24 11.25 11.50 0.01 0.21 0.01 0.2S
Central America Zo08 246 2.70 2.84 240 0.38 0.62
SouthAmerica 1.80 2.26 2.60 3.87 3.40 0.48 0.80

ASIA 35.S3 43.61 4S.30 328 2.92 7.6 13.37
West Asia 2.53 3.05 3.30 3.18 244 0.52 0.77
South Asla 9.80 12.31 1400 4.23 3.49 2.71 4.40
East Asia 23.80 28.25 32.00 2.90 Z73 4.45 820

EUROPE 158i 13.S0 13.50 4.13 -1.17 -1.18 -1.38
East Europe 4.39 4.00 4.50 -1.54 0.23 40.39 0.11
West Europe 10.97 9.50 9.00 -Z37 -1.78 -1.47 -1.97

USSR 10.05 9.00 Sl.50 1.82 4.52 -1.05 40.55

OCEANIA 0.47 0.68 tl.70 6.35 3.9 021 0.2

In Central America, a growth rate of about 2.4% per year is expected over the next decade

sustained mainly by Mexico and in South America, a growth of 3.4% will depend on the expected upturn

in Brazilian agriculture in the next few years.

In North America, little overall change is expected, although there will be some variation from

year to year depending on government policies, as mentioned earlier.

In both East and West Europe, forecasts indicate a steady downward trend in the next five

years. In many East European countries, the removal of fertilizer subsidies and increases in fertilizer
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prices have caused a dramatic fall in fertilizer use in the last year. So also has the change in the

distribution and planning systems. Afthough the situation is expected to improve through the second

half of the 1990s, lIttle overall growth is expected. In West Europe nitrogen fertilizer consumption will

diminish steadily by about 2.0 million tons from 11 million tons in 1989/90 to around 9 million tons in

2000/01. Increasing pressures to reform the Common Agricultural Policy by reducing the subsidies on

cereal production and new environmental legislation could bring about a further reduction in fertilizer

use.

For Africa and Oceania, average annual growth rates of more than 3% are forecast for the

regions , however, these are both from a small base and will not significantly influence overall new

fertilizer demand.

The changes in regional percentage shares of world fertilizer demand through 2000/01 are

shown in Figure 18. Asia will increase its share from 45% to 53%, Europe and the USSR will decline,

while overall, there will be little change in America.

Figum 18
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Figure 19 illustrates the absolute change in nitrogen fertilizer demand in each sub-region. There

will be little overall movement in most sub-regions, except in South Asia and East Asia, where a

significant increase in demand is forecast.
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B. Industrial Nitrogen Demand

Industrial nitrogen demand is expected to grow only slowly, at 1% per year or less, through the

next decade; details are given in Annex 1. Industrial nitrogen includes all non-fertilizer nitrogen

compounds, such as plastics, synthetic fibers, explosives, livestock feeds and a host of other products.

Some ammonia is used to produce nylon and acrylics, but in most developed countries, the

market for these products is mature andl little growth is expected. The industry recovers part of the

ammonia used in the process as ammonium sulfate which is usually used as fertilizer material. The

nitrogen that comes from non-fertilizer operations, but is eventually used in agriculture, is accounted for

in the fertilizer nitrogen consumption forecasts by applying the net industrial nitrogen consumption (i.e.

total nitrogen input minus fertilizer nitrogen output). The share of industrial nitrogen demand as a

percentage of total nitrogen consumed has been declining slowly. In 1989/90, it accounted for about

12% of total nitrogen use, predominantly in the industrialized countries.

Apart from the USA and Japan, little information is available on the break-down of industrial

nitrogen use. It is estimated that about 50% of industrial N is processed into fibers and plastics, about

15% into explosives, 10% into livestock feed and about 25% into other uses. One of the main nitrogen

intermediates in industry is nitric acid, which is used to manufac"_ amaaonium nitrate (partially used as
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an explosive), adipic acid (used in the manufacture of nylon and engineering plastics) and many other

significant chemical intermediates, such as isocyanates and nitrobenzene. Urea is also used in the

production of urea-formaldehyde resins, melamine and animal feeds. Some ammonia is utilized in the

manufacture of industrial chemicals, such as acrylonitrile and hexamethylene diamine, and also for

ammonium phosphates that are used as animal feed and in fire-control products.

IV. WORLD AMMONIA CAPACITY AND SUPPLY CAPABIUTY

A. General

The development of world ammonia capacity over the last three decades is shown in Figure 20.

There was a major increase in ammonia capacity in the period 1975 to 1980 when about 28 million tons

of new capacity came on stream of which almost half was established in the centrally planned

economies of East Europe, the USSR and China. With the exception of a few countries in the Asia

region, construction has slowed down considerably. Estimates of new ammonia plants, either under

construction or planned to come-on stream in the period 1990-95, indicate that addition of new capacity

will be lower than during any period since 1960-65.

FIgure 20
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Country ammonia capacity for the last 10 years is given in Annex 3 and summarized in Table 7.

This information shows that most development has taken place in Asia, Eastern Europe and the USSR.
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In North America and Western Europe ammonia capacity has been declining steadily over the last

decade. In 1990/91 world ammonia capacity declined by about 1 million tons, mainly due to capacity

losses in the Middle East, but there was also a drop in capacity in the USSR and Western Europe as

result of plant closures.

Table 7:

WORLD AND REGIONAL AMMONIA CAPACITY

(Million Tons N)

7980 8/I 81/82 NM 83/84 84/85 MM AM8 878 8 8 90/9

WORLDTOTAL 94.28 95.03 9.53 1100.63 104 96.56 109. 112.28 114.25 114.64 113.68

AFRJCA 1.70 2.11 2.38 2.71 2.62 2.62 2.62 2.91 3.23 3.40 3.35 3.42

AMERICA 22.05 21.78 21.73 21.79 22.27 22.13 2239 22.13 22.45 21.91 21.78 21.73
North America 18.12 17.82 16.76 16.50 16.73 16.59 16.90 16.37 16.32 15.78 15.65 15.51
Central America 2.53 2.53 3.54 3.54 3.54 3.54 3.49 3.76 4.13 4.13 4.13 4.13
South America 1.40 1.43 1.43 1.75 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.09

ASIA 29.71 30.28 31.47 32.05 32.76 33.62 35.99 36.56 38.54 41.01 41.83 41.30
West Asia 3.10 1.74 2.01 2.32 2.59 2.90 3.17 3.49 4.41 4.95 5.69 4.87
South Asia 5.08 6.19 6.75 7.39 7.46 7.59 9.14 9.14 9.58 10.68 10.72 10.72
East Asia 21.53 22.35 22.71 22.34 22.71 23.13 23.68 23.93 24.55 25.38 25.42 25.71

EUROPE 24.27 24.02 23.63 23.79 24.68 14.72 25.01 24.85 24.56 24.34 24.W 23.78
East Europe 8.24 8.16 8.16 8.44 9.06 9.44 9.58 9.79 9.99 9.99 10.16 10.15
West Europe 16.03 15.86 15.47 15.35 15.62 5.28 15.43 15.06 14.57 14.35 13.84 13.63

USSR 16.10 16.39 17.87 19.77 21.91 22.95 22.72 22.86 22.90 22.98 23.07 22.84

OCEANIA 0.45 0.45 0.45 0.52 0.52 0.52 0.52 0.62 0.60 0.61 0.61 0.61

B. Profile of Major Ammonia Producer Countries

World ammonia production is clominated by several major producing countries as shown in

Table 8. In view of the importance of these countries as potential nitrogen exporters, a short profile of

the nitrogen industry in each of these countries is given below.
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Table 8:

MAJOR COUNTRY AMMONIA CAPACITIES

(Mlllon Tons per Yea__
Courntry 1973/7 1980/81 | 1990/91|199/6

~uf~197 1 1 1~~i 1 1
USSR 10 16.4 22.7 22.0 23.X
China 6. 16 17.2 19. 21.2
USA 12.1 15.7 13.7 12.1 12.
India 2.2 4 7.2 8. 10._

C. Major Ammonia Producer Countries

USSR

In 1987 the USSR overtook the USA and became the world's largest ammonia producer. It is

estimated that the capacity of the USSR will be almost twice that of the USA by 1996. As part of a

scheme to earn hard currency with nitrogen exports based on its large natural gas resources, the USSR

has increased its capacity significantly in the last decade, whereas USA capacity has declined. During

the 1970s, the Soviet Union ordered a total of more than 40 large ammonia plants, which came on

stream in the early 1980s, making the USSR the largest producer and exporter of nitrogen fertilizers and

ammonia. The construction policy has been to develop very large chemical complexes and there are

now several sites - Cherkassy, Gorlovka, Grodno, Nevinnomyssk, Novomoskovsk, and Toglatti, that

each have a capacity of more than one million tons N as ammonia. At Togliatti, the capacity is more

than two million tons N. More than 90% of the Soviet Union's ammonia production is based on natural

gas. In 1990 the USSR exported more than 2.3 million tons of nitrogen as urea and about 3.3 million

tons N as ammonia.

Soviet ammonia export commitments grew as a result of barter and buy-back deals with West

Europe and the USA. Facilities were constructed for exporting ammonia at Ventspils in the Baltic and at

Odessa in the Black Sea. The main facility at Odessa receives ammonia by pipeline from plants at

Togliatti and Gorlovka. The USSR gas deposits are estimated to exceed 36,000 billion cubic meters and

represent the largest natural gas resources in the world. About 75% of Russian explored gas reserves

are located in Westem Siberia and a major pipeline has been built to bring this gas to the West. Other

gas developments are taking place in Turkmenia and Astrakhan. The USSR has considerable potential

to increase its ammonia production significantly and is expected to remain the world's leading nitrogen

products exporter through the year 2000, at least.
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The nitrogen industry of the USSR has, however, received a significant set back as a result of

the political and economic changes taking place in the country. The large fall in fertilizer demand

combined with increased feedstock cosIts and general unrest in 1990/91, seriously affected production,

which is estimated to have fallen by about 8% or 1.5 million tons.

CHINA

In 1949, China's only fertilizer capacity was about 6,000 tpy of N as ammonium sulfate. By 1960,

domestic N production was still less than 0.2 million tons. In 1962 the Nanjing Chemical Fertilizer

Company introduced a process to produce ammonia and ammonium bicarbonate from coal. Although

ammonium bicarbonate is a low grade and inefficient nitrogen fertilizer, it satisfied a need that China was

at the time not otherwise able to meet. By 1965, 40 of these small plants were operating, by 1972 about

700, and in 1979 the number peaked at almost 1,200. Today, about 1,000 of these plants are in

operation and provide about half of China's nitrogen production, as indicated in Table 9. The plants

which produce typically between 5,000 - 20,000 tpy of N as ammonia and convert it predominantly into

ammonium bicarbonate, some ammonia liquor and, more recently in a few cases, ammonium nitrate or

urea. During the 1970s, China purchased thirteen large scale ammonia plants based on a variety of

feedstocks, but mainly natural gas. In aiddition, about 54 medium-size plants were designed and built

using domestic know-how during the last two decades or so.

Table 9:

AMMOINIA PRODUCTION IN CHINA

(:000s Tons Ammonla)
Year 1988 1989 1990 1989-1990

Increase (%)

All Plants 19,794 20,691 21,289 2.9
Large Plants 4,144 4,643 4,820 3.9
Medium Plants 4,379 4,433 4,804 8.3
Small Plants 11,271 11,616 11,664 0.4

Source: Shanghai Chemical and Fertilizer Research Institute

Ammonia production in China is based on a wide range of feedstocks. China has abundant

resources of coal, but is restrained as regards the availability of oil and natural gas. The choice of

feedstock for future ammonia production will depend on the plant location and may be any of the three.
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Currently, four large size plants are under construction and about 6-8 are in the planning phase.

Original plans included the addition of around four million tons of new ammonia capacity during the

1990s, but project funding and construction have been seriously delayed due to shortage of local and

foreign funds and other constraints that followed the political developments in 1989. However, even if

these original plans had been realized on time, local capacities would still not be sufficient to keep up

with domestic consumption needs.

USA

The production of ammonia grew rapidly in the USA during the 1960s and 1970s. The

availability of very cheap natural gas, and relatively low investment costs resulted in low production

costs. The introduction of high yield varieties of com together with an export boom in agricultural

products during the 1970s stimulated the growth of the USA nitrogen fertilizer industry. Between 1960

and 1980 ammonia capacity increased from four million tons to almost 16 million tons N per year.

Since 1980, several factors have adversely affected further growth of the USA nitrogen industry.

A world recession during the first half of the 1980s reduced the demand for agricultural products, while,

at the same time increasing production costs, due to rising gas prices, made it difficult to compete with

ammonia imports. The very low prices and intense competition from the USSR and East European

producers led to idling of nearly five million tons N of USA ammonia capacity in the early 1980s and

subsequently, more than 3 million tons remained permanently closed. Within this period, the USA

changed from a net exporter to a net importer of nitrogen.

The USA has been a net importer of ammonia for several years, but most of this ammonia is

processed and exported as diammonium phosphate. Main sources of imported ammonia are Canada,

the Caribbean countries, Mexico and the USSR. It seems likely that the USA will continue to cover

increasing needs for ammonia mainly by importing, rather than building new capacity, although some

existing plants will be refurbished to conserve energy and expand capacity. In 1991, there were forty

producers of ammonia with a total name plate capacity of about 12.6 million tons N. Over 50% of this

capacity is now owned by four major companies:

Agricultural Mlnorals Corporation 0.94 mIlilon tons N

Arcadlan 1.57 million tons N

Farmland Industries 1.81 million tons N

International Minerals and Chemicals 1.57 millon tons N
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INDIA

India has made significant progress in developing nitrogen fertilizer production and, with nearly

forty plants in operation, ranks as the world's fourth largest nitrogen producer. In 1990, Indian ammonia

capacity was 8.4 million tons; with several more plants planned to come on stream, this capacity should

reach 10.8 million tons by 1995. Currently about 50% of the nitrogen fertilizer industry in India is in the

public sector, 30% is in the private and 20% in the cooperative sector.

Before 1960, India had only a small nitrogen fertilizer industry with a capacity of about 100,000

tpy N. The 1960s saw a rapid development, when almost one million tons of new capacity was buiit.

Initially, coke oven gas was the main feedstock, however, by 1970 naphtha had become the most widely

used raw material. With the emergence of substantial amounts of natural gas associated with off-shore

oil fields near the coast of Bombay (Bombay High and Bassein), a chain of large gas-based

ammonia/urea plants was established near Bombay - Surat and inland, along the Hazira - Bijaipur -

Jagdishpur (HBJ) pipeline.

A wide range of feedstocks is still used in India, but gas holds the largest share by now. Most of

the older capacity is still based on nalphtha; in 1983, about 46% of total ammonia capacity was using

naphtha and about 14% natural gas. Following the development of the Bombay High associated gas

field, most new plants were gas-based. By 1991, the percentage of gas-based ammonia capacity

reached 50%, naphtha contributed 27%, oil 13%, and coal including other feedstocks 10%. Of the 11

new plants either recently commissioned, under construction or in the planning stage, 10 are based on

natural gas from the Bombay High fielcl.

Because India's fertilizer consumption has steadily out-paced its local supplies, the country has

imported large amounts of ammonia and urea and will continue to do so until addition of new capacities

will catch up with demand. However, with current trends, this may take some time and India is therefore

expected to remain one of the major importers of nitrogen fertilizers in the foreseeable future.

OTHER COUNTRIES

Other countries with a major nitrogen fertilizer industry include Canada, the Netherlands,

Indonesia and Romania.
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Canada is a principal producer and exporter of ammonia and urea. There are twelve companies

in Canada producing about 3 million tons N as ammonia with gas supplied mainly from the large gas

reserves in British Columbia and Alberta. Nearly 90% of Canadian ammonia and 95% of its urea

capacity is in Western Canada with 10% in Eastern Canada. A newly established company,

SASKFERCO, is building a plant at Belle Plain, Saskatchewan, with a capacity of 0.4 million tons per year

N as urea; this plant is expected to come on-stream in 1992.

The Netherlands has large reserves of natural gas and the Dutch nitrogen fertilizer industry has

developed into the major nitrogen fertilizer producer and exporter in West Europe. The country has a

capacity of more than 3 million tpy N of ammonia and much of this production is exported either as

ammonia or as down-stream products. In 1990, about 0.9 million tons N of ammonia were exported,

mainly to other Westem European countries. As a result of a major restructuring of the Dutch nitrogen

industry in recent years involving several large takeovers, the industry is now dominated by Norsk

Hydro, Kemira and DSM.

Romania, with 3.5 million tons of N annual output, has the largest installed ammonia capacity in

Eastem Europe after the USSR. Thus Romania has, until recently, been one of the world's largest

exporters of nitrogen fertilizers. Originally based on domestic natural gas, Romania now imports natural

gas from the USSR to meet its needs. As result of political developments and increasing economic

difficulties, the beginning of 1990 saw a significant drop in ammonia production and the country was

forced to declare Force Majeure on many of its overseas contracts. Although ammonia output is

expected to recover somewhat in the future, the increase in USSR gas prices is unlikely to encourage

recovery to its former production and export levels.

Indonesia has developed a large nitrogen fertilizer industry based on domestic natural gas

resources. At present, the Indonesian nitrogen fertilizer industry comprises six government-owned

companies with a total installed capacity of about 2.8 million tpy N mainly as urea. Most of the

production is used in the domestic market, although Indonesia is also a significant exporter of ammonia

and urea. Indonesia has three large plants under construction and will increase its capacity by nearly

one million tons N within the next five years or so.
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D. Future World and Regional Ammonia Capacity

Projected ammonia capacity ithrough 1995/96 is shown in Annex 1. and summarized in Table

10. Regional incremental capacity over the next five years is shown in Figure 21. The data are

aggregated on a company and country basis and include all plants under contract and potential

projects that are likely to be realized in the near future and take account of the following factors:

(i) The recent political problems in China that have resulted in a delay of several major

nitrogen projects in China, particularly those under the deferred Japanese Third Yen

Credit.

(ii) Revised information from USSR sources on existing plants and anticipated capacity

changes in the next five years.

(iii) It was assumed that ammonia plants in Kuwait would not be rehabilitated in the

foreseeable future; however, most recent reports indicate that the ammonia plants in

Kuwait survived the war with relatively little damage and one plant was re-commissioned

in January 1992; the overall capacity is still severely constrained by shortage of gas.

Plants in Iraq are likely to operate at reduced capacity in the next few years, and a new

ammonia/urea project under construction in Iraq will be delayed two years.
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Table 10:

ACTUAL AND PROJECTED WORLD AND REGIONAL AMMONIA CAPACITY

(Mlillon Tons N Par Year)

1989190 1990/91 1991/92 1992/93 1993/94 1994195 1995/9f

WORLD TOTAL 114.64 113.68 114.70 116.84 120.05 122.34 123.64

AFRICA 3.35 3.42 3.42 3.69 3.80 4.07 4.07

AMERICA 21.78 21.73 21.89 22.36 22.49 22.49 22.97
North America 15.65 15.51 15.56 15.97 16.02 16.02 16.02
Central America 4.13 4.13 4.24 4.24 4.24 4.24 4.24
South Americar 2.00 2.09 2.09 2.15 2.23 2.23 2.71

ASIA 41.83 41.30 42.02 43.32 45.92 47.66 48.30
West Asia 5.69 4.87 5.14 5.55 5.55 5.55 5.55
South Asia 10.72 10.72 10.97 11.50 13.07 13.82 14.19
East Asia 25.42 25.71 25.91 26.27 27.30 28.29 28.56

EUROPE 24.00 23.78 23.84 23.75 23.88 23.94 23.94
East Europe 10.16 10.15 10.21 10.20 10.43 10.43 10.43
West Europe 13.84 13.63 13.63 13.55 13.45 13.51 13.51

USSR 23.07 22.84 22.92 23.11 23.35 23.57 23.75

OCEANIA 0.61 0.61 0.61 0.61 0.61 0.61 0.61

Fiaure 21
GLOBAL AND REGIONAL INCREASE IN AMMONIA CAPACITY

1989/90 .1995/96
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AFRICA

In Egypt, a small ammonia plant has been constructed to replace the existing plant at Suez. A

large nitrogen complex is being constructed at Abur Kir and will come on stream in 1992/93. Although

there are plans to close the ammonia/ammonium nitrate plant at Kima which is based on electrolytic

hydrogen, no decision has been taken as regards location and feedstock supply for a replacement

capacity.

The Nigerian Govemment in colilaboration with the M.W.Kellogg Company is planning NAFCON

11 in the form of a duplication of the NAFOON I plant at Port Hartcourt. NAFCON II may be commissioned

in the mid 1 990s. In addition, a NAFCON IlIl project is under consideration.

In Tanzania, Mozambique and Ubya, plans for new nitrogen fertilizer plants based on

indigenous natural gas resources have lbeen discussed for some time, but there are no firm plans at this

stage to implement any of these project3.

The South African company Sasol Ltd. is replacing its existing ammonia plant at Sasolburg

which processes hydrogen and nitrogen from its coal-based Sasol-1 operations. The annual capacity of

the new plant will be 240,000 tons of ammonia and after its planned start-up in 1993/94, the old plant at

Sasolburg will be closed.

AMERICA

North America

There are currently eleven amimonia producers in Canada and a large plant is now under

construction at Belle Plaine, Saskatchewan, that will be operated by the Saskatchewan Fertilizer

Company (SASKFERCO); owned jointly by Cargill and the Saskatchewan provincial government. In

December 1989, CIL closed its 270,000 tpy N ammonia plant at Courtright, Ontario.

After considerable restructuring of the USA nitrogen industry, no new plants are currently

planned. As no major closures are expected, ammonia capacity is expected to remain steady in the

next five years or so. In total, there are about 40 sites for producing ammonia in the USA with individual

capacities ranging from 1.6 million tons/year (Arcadian) down to several sites with an annual output of

only about 50,000 tons. All USA ammonia capacity is owned by the private sector.
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Central America

Since 1981, when its last new capacity was added, Mexico has remained the largest ammonia

producer in the region with 2.4 million tpy N. Construction work on a large plant at Lazaro Cardenas

commenced several years ago, but seems unlikely to be completed within the next five years as result of

insufficient funding. Another large plant planned for Camargo is also considerably delayed. Currently,

many uncertainties affect the Mexican fertilizer industry, which may delay further investment in the near

future. These include insecure future gas supplies and the difficult consolidation of the nitrogen fertilizer

activities of PEMEX and FERTIMEX. A major restructuring of the industry, including privatization, is

under implementation.

The proposed increase in ammonia production at Point Usas in Trinidad is unlikely to materialize

before 1995.

South America

The only project assumed to go forward in the region is the export-oriented Nitroriente project at

Puerto Cruz, Venezuela, that would have an ammonia capacity of 1500 tpd and may involve international

partners.

Although other projects in Argentina, Chile, Colombia, Ecuador and Brazil have been under

discussion, none are developing in a way that indicates any firm commitments.

ASIA

West Asia

West Asia is one of the regions with the highest potential for future development of new

ammonia/urea capacities due to its large resources of inexpensive natural gas and a favorable location

in respect to the growing markets in Asia. Afthough several projects are planned or already under

construction in countries such as Saudi Arabia and Qatar, it is difficult at this stage to ascertain the

impacts of the Gulf War on these projects, but one large ammonia/urea complex now under construction

in Qatar, may come on stream in 1993. However, in the case of Iraq, a major delay in the execution of
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nitrogen projects is very likely. Latest reports indicate that one of the four ammonia plants in Kuwait was

re-commissioned in January 1992, but there is no information on the status of the other plants.

South Asia

As result of current and further increasing demand, South Asia shows potential for considerable

growth in new ammonia/urea capacities, particularly in India, Pakistan and Bangladesh and mainly in

the private sector.

In India, completion of three projects based on gas from Bombay High is expected for,

respectively, 1993 Bindal Agro (Shajalhpur); 1993 Chamal Fertilizers and Chemicals (Kota, Rajasthan);

and 1994 Tata Chemicals (Babrala, Uttar Pradesh). Nagarjuna Fertilizers and Chemicals is building an

ammonia and urea complex at Kakinada based on gas from the Godavari Basin that may be completed

in 1992. The Gujarat State Fertilizer Company intends to replace its two small plants at Baroda, Gujarat,

by one large plant in 1995. India plans to increase its ammonia capacity by 3.6 million tons within the

next five years and add several more million tons before the end of the decade.

In Bangladesh, the ammonia/urea plant of the Bangladesh Chemical and Fertilizer Company at

Jamalapur is scheduled for commissioning in 1992 and the ammonia/urea plants of the Karnaphuli

Fertilizer Company at Chittagong in 1993, at the earliest.

Two new plants are proposedl to be established within the next five years in Pakistan, one at

Goth Machi (Fauji) and the other at Daudkhel (National Fertilizer Company). ENGRO Chemicals

(formerly EXXON) plans to increase its existing urea capacity from 270,000 tpy to 600,000 tpy by

relocating an ammonia plant from the USA and a urea plant from the United Kingdom.

East Asia

China is the dominant country in this region and has been promoting a major investment

program to increase its indigenous fertilizer capacities based on a variety of feedstocks. As this program

requires substantial foreign aid, it heavily relies on the support from the intemational communities and

has lately suffered from major delays. Despite the establishment of large scale operations, China

currently still depends on small plants for almost half of itb domestic nitrogen production. Although

ambitious plans exist for the revamping of a large number of these smalt ptants fosusing "ainly on
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upgrading production (substitution of ammonium bicarbonate, ABC, by high grade products such as

urea or ammonium phosphates), conserving energy and controlling pollution, the major portion of

additional production capacity required is expected to come from new large plants. After the installation

of 16 ammonia/urea plants, each with a nominal capacity of 1,000 tpd ammonia, during the 1970s and

earlier 1980s, a coal-based ammonia plant designed by Lurgi and integrated with a 900 tpd ODDA

nitrophosphate (26-13-0) complex at Lucheng, Shanxi, was commissioned in 1988/89. This plant was

followed in 1990 by another standard size oil-based complex at Puyang, Henan, built by Uhde. A

200,000 tpy ammonia plant that was jointly designed by China and Kellogg and built at Chengdu,

Sichuan, has reached the commissioning stage. Two more plants at Fuling, Sichuan, and Jinxi,

Liaoning, engineered by Tecnip, are under construction with project completion expected for 1992/93.

An ADB-financed oil-based ammonia/urea plant was recently announced for Jilin and may be completed

before 1995. A project that has been planned for some time at Heijiang, Sichuan, has still not obtained

the required bilateral funding and its implementation has therefore been stalled. Three further plants to

be financed by OECF have been confirmed, but are unlikely to be completed within the review period.

Three to five more ammonia/urea projects are in the planning stage and may be realized in the late

1990s provided funds timely become available.

Indonesia will increase capacity by more than one million tons in the next five years based on

current plans. These include a new ammonia/urea plant for Petrokemia at Gresik (Java), and

optimization projects at Kujang (Java), Pusri, PIM, ACE (Sumatra) and Kaltim (Kalimantan).

In Japan, where a major part of ammonia is used for industrial purposes, no significant changes

in ammonia capacities are anticipated. However, several small plants will be closed in accordance with

a fertilizer restructuring law.

EUROPE

Eastern Europe

The fertilizer situation in Eastem Europe has recently been changing dramatically; therefore it is

currently very difficult to forecast future capacity trends in the region. The reduction in subsidies and the

increase in fertilizer prices have caused a significant fall in the regional demand for fertilizers which has

also affected production. An increase in Soviet natural gas prices pushed up production costs and has

made ammonia manufacture for export uneconomic in many plants. Since a substantial part of the East

European capacity is old and technically inefficient, it seems likely that some plants will be closed down
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in the next few years. Only one new plant in the region at Slobozia in Romania was scheduled to come

on stream in 1993, but is likely to be delayed.

Western Europe

Over the last decade, there have also been many changes in the West European fertilizer

industry, including several major take-overs and company rationalizations that have led to the closure of

several plants. Two companies, Norsk IHIydro of Norway and Kemira of Finland, have played a major role

in these take-overs and have acquired substantial production and marketing facilities in Holland,

Germany, France, Belgium, the UK and elsewhere. As both these companies are predominantly state

owned (as is the French nitrogen sector), a major part of the European fertilizer industry is today either

directly or indirectly govemment controlled.

The only new plant under construction in Westem Europe is being built by Uhde for BASF at

Antwerp, Belgium. Several plant closures either have already been effected or are planned for the near

future. In the UK, following its decision to quit the fertilizer industry, ICI will close one of the two plants

operating at Billingham. The remaining plant will produce ammonia for industrial use. At one time, it

looked as if ICI's plants at Sevenside would be taken over by Kemira, but the British Monopolies and

Mergers Commission vetoed the acquisition. In Italy, Enimont will close two plants with a total capacity

of 240,000 tons N per year.

The next five years will see a clecline in West European ammonia capacity. West European

ammonia producers find it increasingly cifficult to compete with imported ammonia because of relatively

high gas prices that are linked to oil prices. Any escalation of oil prices is likely to lead to more closures

of ammonia plants. It is thus unlikely that any new plants will be built other than that referred to above

and a reduction of regional ammonia capacity by about 1-2 million tpy N may be expected during the

second half of the 1990s.

USSR

Reliable data on Soviet ammonia capacity and production have in the past been very difficult to

obtain and have been limited to figures; published in Comecon handbooks and information obtained

from international engineering firms involved in the construction of new plants.

Fortunately, the recent participation of USSR representatives in meetings of the Fertilizer
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Working Group has made more reliable and comprehensive information available. Although actual

production figures estimated by the Group compared favorably with the Soviet records, the revised plant

lists indicate that nominal ammonia capacity is about 10% lower than assumed, thus implying higher

utilization rates than expected. As a significant part of the older capacity has recently been closed

down, existing capacity, built predominantly by overseas companies, can be regarded as modem and

technically efficient. In its attempt to enlarge the capacity of many of its plants, the USSR has contracted

Toyo Engineering Company of Japan for the revamping of four large plants to conserve energy and

increase capacity by 20%. In addition, the USSR had planned to revamp another twelve plants by itself,

but at least some of these revamps may now be delayed. Forecasts indicating a capacity increase in the

USSR by about 0.9 million tons N (about 4%) over the next five years may now be considered optimistic,

as the increase largely depends on the addition of several new plants that originally were scheduled to

come on stream towards the end of the review period, but which are now likely to be either delayed or

even canceled.

OCEANIA

No change in ammonia capacity is expected within the forecast period, although several

ammonia plants have been under consideration in Australia over the last few years based on domestic

natural gas; however, unfavorable nitrogen fertilizer prices have delayed indefinitely further consideration

of these projects. At one time, it looked likely that CSBP of Perth in partnership with Norsk Hydro would

build a large nitrogen complex at Kwinana in Westem Australia utilizing off-shore gas, but it now appears

unlikely that this project will materialize.

E. Ammonia Plant Supply Capability

Future supply capability as a percentage of the nominal or name plate capacity denotes the

production available without any market constraints. Historical plant utilization rates are based on actual

production as a percentage of nominal capacity. In calculating future supply capability, consideration is

given to the historical perlbrmance of plants and specffic market conditions during the period. Supply

capability is assessed on a country basis and is aggregated to obtain regional and global totals.

A major increase in ammonia capacity in the period 1975 to 1980 - when about 28 million tons N

of new capacity were commissioned, resulted in a large surplus capacity prevailing over many years.
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The decline of this surplus was fairly slow in spite of increased nitrogen consumption, due mainly to a

steady improvement, particularly in developing countries, of average plant utilization, that has increased

from about 73% in 1974 to about 85% in 1988/89 as shown in Figure 22. For example, the Indian

1980/81 utilization of the nitrogen industry capacity of 4.6 million tons was only about 53%, whereas by

1988/89, a capacity of 8.1 million tons operated at 83% utilization. Based on country by country

estimates for 1989/90, a world ammonia supply capability at about 85% was derived, which, however, is

predicted to decline to 83% for the next two or three years due to the decline in production in the USSR

and East Europe. Significant further increases in world utilization rates will mainly depend on plant

performances in China, USSR and Eastem Europe which seem unlikely to improve on a short to

medium term under present conditions. It may therefore be expected that most contributions toward the

increase of future supply capabilities will come from new plants. Regional plant utilization rates that

were assumed for calculating ammonia supply capabilities over the next five years are given in Table 11.

Flgure 22
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Table 11:

ACTUAL AND PROJECTED WORLD AND REGIONAL

AMMONIA CAPACITY UTIUZATION

Percent Of Nominal Capacity

1989/90 1990/91 1991L92 1992/93 1993/94 1994/95 1995/96

WORLD TOTAL es 83 83 3 8 PA 84

AFRICA 64 68 69 67 68 68 72

AMERICA 93 95 95 95 95 96 94
North America 96 99 98 98 99 99 99
Central America 89 89 88 90 90 90 90
South America 82 81 83 81 81 82 73

ASIA 84 83 83 84 82 63 65
West Asia 80 78 75 83 89 91 93
South Asia 81 83 81 81 77 79 81
East Asia 85 85 85 85 84 83 85

EUROPE 83 76 78 79 78 78 79
East Europe 70 60 61 63 62 63 64
West Europe 93 88 90 91 91 90 91

USSR 83 s0 80 79 79 79 79

OCEANIA 91 9 91 91 91 91 91

It should be noted that discontinuity in utilization rates through a time period is usually caused

by a capacity that idled for a year or so for technical reasons. Altematively, i may also be due to

allowances made for the phasing-in of new plant capacities in the first years of operation. Based on past

experience, developed countries usually operate established and new ammonia plants at high utilization

rates expected to be in the order of 94%, if oil prices remain relatively low and without market

constraints. In the USA utilization may be even close to 100%.

In Africa, the operating rate is expected to be low due to poor plant performances in Algeria,

Zambia and Libya. The plant in Nigeria is expected to operate at design capacity.

Anticipated operating rates in Latin America are depressed by expected low performances in

Cuba, Colombia and Peru. Based on past performance, Trinidad is expected to achieve production of

more than 100% of design capacity.

Plants in West Asia have usually operated at high utilization rates, but allowance has been made

for reduced capacity in Kuwait and reduced operating rates in Iraq in the next few years. A speedy
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reconstruction would naturally result in a faster increase in supply capability, but currently this seems

doubtful. Regional figures are also depressed by the Syrian plants, which historically have shown a poor

performance.

The utilization of plants in South Asia has improved steadily to more than 80% due to continued

good performance in Pakistan and improved performance in India. However, a drop in plant utilization is

projected for the mid 1990s which is due mainly to the phasing-in of a large number of new plants in the

region that are scheduled to start commercial production during that period.

The figures for East Asia mainly reflect the situation in China. In recent years, based on

published production data and Working Group estimates of ammonia plant capacity, an average

utilization of 86% has been achieved and is assumed to be maintained through the next few years.

Currently, it is difficult to forecast future performance of ammonia plants in Eastern Europe

although a major decline has already taken place and is expected to continue. In Romania, for example,

production rates have fallen sharply and the country has had to declare ¶Force Majeure" on overseas

contracts. A conservative allowance has also been made for reduced output in the Soviet Union, that

may, however, require further downwards adjustment. It is appreciated that these regions represent the

highest degree of uncertainty in the projections.

Westem Europe is forecast to operate on average above 90% utilization. Many large producers

such as the Netherlands will produce close to design capacity, but the average for the region will be

reduced by lower performers such as Portugal, Yugoslavia, and Germany following the reunification.

F. Ammonia Plant Age by Region

A survey that is summarized in Table 12 has been made to assess the world and regional age

distribution of ammonia plants utilizing the data base and the ammonia plant list maintained by the

Fertilizer Working Group. The results do not account for about 12 million tons N of small and medium

ammonia plant capacity in China. No accurate data on commissioning dates, design capacities and

expansions are available for these plants, but it is known that most of them were erected during the

1970s and 1980s.
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Table 12:

PERCENTAGE OF CURRENT AMMONIA CAPACITY

IN OPERATION BEFORE 1990

WORLD TOTAL 0 Da XI a A

AFRICA 4 7 19 48 83 100

AMERICA 5 35 45 79 93 100
North America 5 42 53 86 93 100
Central America 1 16 26 58 91 100
South America 8 19 22 72 100 100

ASIA 3 13 22 51 72 100
WestAsia 1 7 22 32 50 100
SouthAsia 1 16 24 47 70 100
EastAsia 5 14 18 67 85 100

EUROPE 7 29 59 77 87 100
East Europe 15 37 59 77 86 100
West Europe 2 24 60 77 86 100

USSR 7 17 31 64 90 100

OCEANIA 4 81 81 88 100 100

About 25% of the world ammonia capacity is now twenty years old and almost 40% has reached

an age of fifteen years. Plants in the developed industrialized countries are generally older on average

than those in the developing countries. It is of interest to note the high degree of old plants in Eastem

Europe. Generally, these plants have not been well maintained or revamped to make them more energy

efficient. Their economic viability and export potential has depended on receiving cheap natural gas

from the Soviet Union; with upward adjustments of the gas price, some of these plants may have to

close.

It is difficult to obtain precise statistical information on the average life of ammonia plants, as

some plants have been in operation for 30 year or more, while others have closed down after 15 years

of operation. Sometimes, ammonia plants close for economic reasons such as uncompetitive feedstock

costs or unfavorable market conditions or because of technical obsolescence. Although a plant life can

be significantly extended by thorough maintenance and high operating standards, technical

obsolescence would normally require a major refurbishing after about 25 years. Such a life extension

would, however, depend to a large extent on the advances in technological developments affecting
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energy consumption and investment cost. Annex 16 provides an assessment of ammonia plant viability

in relationship to expected project life time.

G. Ammonia Plant Closures

After its peak around 1980, ammonia plant construction has declined and a further drop is

expected over the next five years. However, with increasing average age of ammonia plants, the need for

replacement of these plants is growing. Before 1960, ammonia capacity was relatively small, while

between 1960 and 1980 plant construction grew steadily from about 1 million tons per year to five million

tons per year. As a rough indication olf replacement needs, an average plant life of 25 years may be

assumed, implying that replacement capacities would increase from about 1 million tons per year in

1985, peak to about five million tons per year around 2005 and then decline somewhat after that. With

nitrogen fertilizer consumption increasing at only 1.5 % per year (equivalent to about 1.2 million tons of

N), the main need for new ammonia calpacity will be for replacement of old plants rather than for the

growing nitrogen demand.

The current and historical ammonia plant closure rates have been extracted from the Fertilizer

Working Group plant lists and are given in Annex 4 and summarized in Figure 23; they seem to correlate

satisfactorily with the assumptions made above.

Fiqure 23
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V. WORLD AND REGIONAL NITROGEN SUPPLY AND DEMAND BALANCES

A. General

The methodology used for calculating the regional balances is explained in Annex 1, which also

shows the world and regional nitrogen supply demand balances that are summarized in Table 13 and

Figure 24 and indicate a fairly tight world nitrogen balnce over the next few years. The evolution of a

more balanced situation had already been expected for this period, even before the recent unexpected

developments in the Middle East, Eastem Europe and the USSR. To some extent, the changes in

Eastem Europe and the USSR may lead to an increase in global nitrogen supplies, at least in the near

future, as the drop in local consumption is expected to be larger than the decline in supply capability.

However, potential further major plant closures in Eastem Europe or production problems in the USSR

may call for a revision of this assumption.

As result of the Arab Gulf crisis, exports from the reglon were reduced by about 0.8 million tpy of

urea and ammonia; it appears that exports will not recover thmoughout the review period.

Escalation of oil prices during the Arab Gulf crisis could have seriously affected the viability of

ammonia production from oil or on gas priced relative to oil. This would in particular have affected the

nftrogen industry in West Europe. As oil prices dropped again and since then have remained reasonably

stable, while nitrogen fertilizer prices increased, the prospects for the nitrogen industry have somewhat

improved.

The balances as shown in Table 13 indicate a particularly tight nitrogen supply situation

between 1991 -1993, which is expected to improve thereafter, as several large plants are scheduled to

come on stream in India, the Arab Gulf, Indonesia and China. However, based on currently known plans

for new capacity, the supply situation may tighten again aftr 1995.
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Table 13

ACTUAL AND IPROJECTED WORLD AND REGIONAL

NITROGEN SUPPLY AND DEMAND BALANCES

(Million Tons N Per Year

1U69190 1990/91 1991192 1992/93 199Ja94 1994/95 1998/06

WORLD TOTAL t32 0.23 06 gm Q a 1.0

AFRICA -0.41 -0.36 *0.41 -0.41 -0.28 -0.24 *0.16

AMERICA 0.24 0.52 0.42 0.59 O." 0.63 0.61
North America -0.586 -0.14 -0.16 0.08 023 0.28 025
C.ntr-Arnerica 1.21 1.15 1.11 1.12 1.06 0.99 0.93
South America -0.42 -0.49 -0.53 -o.58 -0.61 -0.65 -0.57

ASIA -8.43 -7.30 8.22 4.27 -7.99 -7.61 *7.79
WestAsia 1.56 0.62 0.63 1.15 1.47 1.55 1.61
South Asia -1.67 -2.08 -2.49 -2.53 -229 -1.89 -1.87
East Asia -5.32 -5.83 -0.38 -6.89 -7.18 -7.27 -7.53

EUROPE 0.26 0.12 1.08 1.20 1.15 1.10 1.24
East Europe 1.63 1.63 228 2.19 1.9W 1.77 1.69
West Europe -1.37 -1.52 -1.21 -0.99 -0.84 -0.67 -0.45

USSR .74 7.38 7.76 7.69 7.60 7.58 7.46

OCEANIA -0.07 -0.10 -0.13 -0.17 -0.20 -0.24 -0.28

The global situation is still very dependent on the situation in Eastern Europe and the USSR,

where a major nitrogen surplus remains. However, the problems of gas availability and transport

problems in the Soviet Union could deteriorate further in the next few years and reduce export potential.

In East Europe, the export potential may decline as plants are forced to close down for economic and

environmental reasons.
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Flgure 24
GLOBAL NITROGEN SUPPLY AND DEMAND BALANCES
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B. Africa

Overall, Africa will remain a region with a nitrogen deficit, even though several countries, such as

Nigeria, Algeria and Ubya export ammonia and urea overseas. With new capacity planned in Egypt,

Nigeria and South Africa, the regional deficiency may somewhat decline.

C. America

Due mainly to the dominating influence of North America, the combined Americas will remain

more or less in balance. North American net nitrogen import needs will be relatively small, with very little

increase in new demand or capacity planned other than the new plant of SASKFERCO in Canada.

However, nitrogen trade is expected to be high because large quantities of ammonia will be imported to

produce DAP for exports. Urea will be exported from Alaska to the Far East, while, at the same time,

urea will be imported into the continental USA from other sources, such as Canada and Central America.

Aithough the balance and overall import needs may fluctuate slightly from year to year depending on the

weather and incentive programs, no major changes are expected.

Central America will continue to maintain a surplus of about one million tons N and continue its

exports from Trinidad and Mexico. The surplus will slowly diminish in the absence of new capacity

additions.
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Overall, South America will maintain a deficit, although new capacity is expected to come on

stream in Venezuela.

D. Asia

The major deficit that has prevailed in this region over many years will continue to dominate

world nitrogen trade. The overall deficit in 1989190, estimated at about 5.4 million tons N, is expected to

increase to about 7.8 million tons by 1995/96.

The only part of this region with a surplus is West Asia, where the large nitrogen import needs of

Turkey and Iran are far outweighed by the large supply capability of the plants in the Arab Gulf.

Although supply capability in the Gulf was seriously reduced by the Gulf War and will remain so for some

time, new plants may come on stream during the period under review and will help restore exports to

former levels.

South Asia which basically represents the countries on the Indian sub-continent will remain a

deficit area. Much will depend on the situation in India itself. Recent studies by the working group of the

Department of Fertilizers in India indicate that the nitrogen deficit will increase to 1.4 million tons by

1994/95. Without additional new capacity, this would rise to 3.8 million tons by the year 2000.

East Asia has the world's largest deficit, mainly because China cannot meet its vast nitrogen

needs by domestic production. The net import needs in East Asia are just over five million tons N per

year (of which about 90% goes to China) and are expected to increase to about 7.5 million tons by

1995/96. Most of the growth, in absolute terms, will be in China, although Thailand, Vietnam and the

Philippines will also increase their imports of nitrogen, however, on a much smaller scale.

Though China has a long term plan for becoming self-sufficient in nitrogen, delays in its

investment program mean that China Is likely to increase its imports in the short to medium term and

remain a major importer through the year 2000 and probably beyond.
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E. Europe

Currently, Europe's nitrogen situation is more or less balanced, with East Europe in surplus and

West Europe in deficit. As consumption is declining in both East and West Europe, an overall surplus

situation may develop. However, this situation will change with the closing down of capacity in the

region due to relatively high feedstock costs and environmental constraints. Therefore, East Europe's

role as a major exporter of nitrogen fertilizers will decline steadily, although its short term export potential

may increase.

F. USSR

Afthough there are likely to be many changes in the nitrogen fertilizer industry in the USSR, it will

undoubtedly remain the world's largest producer and exporter of ammonia and urea. With a finely

balanced world nitrogen situation, it only needs relatively small changes in the Soviet Union to upset this

balance. The data shown in Table 23 assume that in the next few years consumption in the USSR will

decline at a higher absolute rate than supply capability, some small increase in capacity over the next

five years will occur and plants continue to operate around the 80% utilization level. With the prospect of

gas shortages, transportation and environmental problems, as well as further major political changes,

the projected supply situation may represent an optimistic scenario. On the other hand, it seems likely

that the USSR will continue to promote nitrogen fertilizer exports as a priority for earning foreign

exchange. The developments in the USSR will need to be monitored very carefully as the main factor in

assessing the prospects for the world nitrogen industry in the next decade.

VI. OUTLOOK FOR UREA

A. General

Urea has become the most widely used and traded nitrogen fertilizer and the rapid development

of its use during the 1970s was a major factor in the "green revolution". Two decades ago, urea

production and trade were dominated by the industrialized countries in Europe and Japan, but since

then, most investments have been in the developing counties of the Far East, in Eastern Europe, the

USSR and in China.
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Although urea was already synthesized in the early 19th century, its development as a fertilizer

took off slowly and comparably late. Early urea technology was expensive and urea was originally not

considered the most economic nitrogen fertilizer under the agricultural and climatic conditions prevailing

in the industrialized countries, where nitrogen fertilizers were first used in larger quantities.

Major agricultural developments in the developing countries after 1960 led to a substantial

increase in both the production of urea and its use as a fertilizer. There were several good reasons for

this:

(i) The development of new large scale process technologies based on cheap natural gas

for producing ammonia at low cost and integration with urea manufacture to improve

process economics, reduce energy consumption and use by-product carbon dioxide

from ammonia manufacture as a feedstock.

(ii) Agronomically, urea is a good fertilizer for rice and considered to be more efficient than

ammonium nitrate for paddy rice. As the major demand for fertilizers in developing

areas mainly evolved in the rice growing countries of the Far East, production and

consumption of urea increased sharply. A revived interest in urea in those areas that

were previously regarded as unsuitable for its use, indicated that urea is a competitive

fertilizer in almost all conditions, if properly applied.

(iii) Urea is a highly concentrated fertilizer, containing 46% of nitrogen, as compared with

ammonium ntrate (typically around 34% N) and calcium ammonium nitrate (nitrogen

content usually 26 - 29% dependent on legislation and diluent/additive content). This

facilitates significant savings in transport, handling and application costs -a factor of

particular importance in those countries that have to import their nitrogen fertilizers.

Furthermore, the strict safety regulations on the storage and transport of ammonium

nitrate, including bulk handling, do not apply to urea. With most developing countries

depending on imports to meet their needs, it is not surprising that urea rapidly became

the most popular nitrogen fertilizer.

(iv) Interest in urea as a non-fertilizer material has also grown steadily. Besides its use as a

cattle feed supplement, the major industrial use is in the manufacture of plastics and

resins. In 1988, out of a total production of about 33 million tons of urea, 2.8 million tons

(approximately 8.5%) were processed as non-fertilizer.
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B. World Urea CapacIty

As accurate data on nominal urea capacities prior to 1976 are not readily available, ammonia

and urea production figures were used to estimate 1961 urea capacity at about 1 million tons; most of it

was located in the industrialized countries of Westem Europe, the USA and Japan. By 1970, world urea

capacity had risen to about 7 million tons with a significant increase in capacity in all economic regions.

In the developing countries, the main developments were taking place in India, where in 1970 urea

production exceeded 1 million tons of product. World and regional urea capacities from 1976 onwards

and projections through 1995/96 are given in Annex 5 and are summarized on a regional basis in Table

14.

Table 14:

REGIONAL INSTALLED UREA CAPACITY 1976f77 - 1995/96

(Million Tons N)

1976/77 1960/81 1985/86 1990/91 1995/96

WORLD TOTAL 25 31.27 39.14 44.40 51.87

AFRICA 0.27 0.64 1.19 1.34 1.54

AMERICA 4.17 5.27 6.67 6.72 7.22
North Amenca 3.14 4.05 4.37 4.40 4.80
Central America 0.32 0.47 1.14 1.09 1.09
South America 0.71 0.75 1.16 1.23 1.33

ASIA 7.87 14.78 18.33 22.17 28.64
West Asia 1.09 2.18 2.54 3.05 3.95
South Asia 2.55 4.40 6.92 8.55 11.97
East Asia 4.23 8.20 887 10.57 12.72

EUROPE 5.99 6.63 7.60 7.93 8.00
East Europe 2.24 2.43 3.52 4.41 4.41
West Europe 3.75 4.20 4.08 3.52 3.59

USSR 2.55 3.84 5.17 6.01 6.24

About half of the world urea capacity has been established in Asia, mainly in China and India;

however, other countris, such as Indonesia, Pakistan and Bangladesh, have also developed significant
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capacities. There was a major growth in urea capacity in the second half of the 1970s, mainly in the

developing countries of Asia, to supply growing domestic demand. Almost all urea produced in Asia is

consumed there, but as there is still a deficiency, the region is also a major importer of urea.

Significant investments in urea capacity were also made in Eastem Europe and the USSR;

however, much of this capacity was export oriented.

There has been very little increase in capacity in West Europe, reflecting the fact that urea was

not in high demand in the region and a good part of production went to the export market.

In Latin America, urea capacity has been growing steadily in Brazil, Mexico and Trinidad.

The development of global and regional urea capacities since 1977 is shown in Figure 25.

Flaur. 25
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C. World Urea Demand

Based on information available on nitrogen demand, urea production and trade, some estimates

have been made of urea consumption in 1989/90. According to future demand estimates for the

different regions and considering individual fertilizer preferences as well as the fact that some nutrients

will be supplied as compound fertilizers and diammonium phosphate, projections have been made of

regional and world urea demand through the year 2000. The results are given in Annex 6 and

summarized in Figure 26. The data show that more than half of the current world urea fertilizer
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consumption of 32 million tons is in Asia, representing nearly 40% of all nitrogen fertilizer consumption.

Flaure 26
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During the next decade, nitrogen fertilizer consumption is expected to continue growing

significantly in Asia, both in absolute and relative terms, as the developing countries of the Far East

strive to feed their growing populations. About 85% of all incremental nitrogen fertilizer use is expected

to develop in the region, predominantly in South and East Asia. This increase in urea consumption in

Asia will obviously have a major impact on both urea trade and investment patterns. By the year

1995/96, Asia is expected to consume about 27.3 million tons or 67% of an estimated world urea fertilizer

consumption of 40.5 million tons.

Although no increase in nitrogen fertilizer consumption is expected in North America and in

Europe, urea is likely to become more popular in these regions which should lead to a slight increase in

urea consumption pattems.

D. The Future Structure of the World Urea Market

The last two decades have seen some major changes in the urea export market; the most

important have been (i) the relative decline in the near-monopoly that prevailed on exports from the
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developed countries, and (ii) the ascendancy of the USSR as the world's major exporter. It is forecast

that the USSR will maintain its position as the leading exporter of urea throughout the 1990s and that

exports of urea from East European countries will decline during the same period, as they will find it

increasingly difficult to compete under free market conditions, particularly in view of the escalating gas

prices from the USSR. The Soviet Union has sufficient supply surplus to remain the largest exporter for

many years to come and the world will become increasingly dependent on these exports as the export

potential of Eastern Europe diminishes.

The Chinese market for imports will remain strong through the next five years and possibly the

next decade. With delays in its investment plans for new urea plants, it now appears unlikely that China

will achieve its objective of self-sufficiency in nitrogen by the year 2000. With increasing popularity of

urea as a fertilizer, most new nitrogen fertilizer capacity will be as urea. Plans for converting a

substantial part of the existing small ammonium bicarbonate plants to urea are under consideration and

may lead to the phasing-out of ammonium bicarbonate as a fertilizer. The establishment of small-size

urea plants is, however, not expected to significantly increase China's nitrogen output, as some existing

ammonia capacity in small size plants will be phased out where revamping is unviable.

The steadily increasing demand for urea in developing countries of the Far East will probably be

met by producers in the Near East who have comparative advantages of inexpensive gas, an

established infrastructure in many countries and a freight advantage compared to East and West

European producers. In future, much will depend on Chinese purchasing policies and the ability of the

major export regions to come to long-tern trading arrangements with China.

E. Granular vs. Prilled Urea

One of the major considerations facing investors in new urea plants is whether or not to

incorporate facilities to granulate urea or to produce as prills in the conventional process. The main

advantage of granular urea is that it may be sized to be compatible with other fertilizers and thus is well

suited for bulk blending. It is also a much stronger product and stores and handles well. Investment

costs to granulate urea in a large nitrogen complex may increase the total project cost by up to US$20

million and there are additional operating costs. However, the additional costs may be offset by

agronomical advantages of granular product and increasingly stringent requirements for pollution

abatement in prilling plants. In the USAt, the current premium for granular urea Is about US$10/ton.

Generally, the decision on the urea lRnishing process will depend on market requirements and
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destination. The best markets for granular urea are the major bulk blending areas such as the USA,

Latin America and, to an increasing extent, West Europe. At this stage, bulk blending has not been

developed significantly in Asia and therefore prils are usually most common in the region. If urea is

used for the manufacture of liquid and suspension fertilizers, such as UAN, or as an ingredient for a

rotary granulation process, non-granular urea will normally be preferred.

F. Recent Developments In the Global Urea Market

International developments over the last one or two years had and will continue to have a major

impact on the world urea market, both in the short and long term. However, it is difficult to predict the

overall effect quantitatively, as some of the changes are likely to counter-act with others.

In the very short term, the most important factor in the international urea market was the removal

of Iraq's and Kuwaits nitrogen exports (about 1.6 million tons product) from the world market.

Particularly for urea, the supplies have tightened and prices increased. If China and India had not

carefully controlled their imports, the situation would be considerably worse. Until recently, India has

had very large inventories of urea amounting to about 30% of annual consumption and, with pressure to

reduce stocks, ft has had no great need for major imports in 1990 and 1991. However, this situation is

now expected to change and imports of urea to India are likely to increase to two million tpy in the next

two or three years.

Although the Chinese demand for urea is still high, purchases in 1990 and 1991 have been

lower than in the two preceding years. China has reportedly accumulated a large fertilizer inventory and,

with a possible stagnation in demand due to a bumper harvest and low agricultural prices, does not

require to make large purchases of fertilizers in 199;, this will have a restraining effect on international

urea prices.

The major unknown factor in intemational nitrogen trade is the supply situation in Eastem

Europe. With increased gas prices and technical problems, production in the region is known to have

deteriorated. At present, diminishing supply appears to match reduced domestic consumption with little

change in exports. Significant increases in intemational urea prices may generate a marked incentive for

increasing exports from Eastem Europe despite higher energy costs.

Overall, it appears that the Gulf War has not had an overriding impact on intemational urea
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prices due to a relatively small overall increase in urea demand in 1991, particularly in the USSR, where

local demand is forecast to deteriorate further for several years. On the other hand, supplies from the

region may recover, probably resulting in an increased export potential. This may help to moderate the

escalation of urea export prices as demand increases.

G. World Urea Supply and Demand Balances

Urea has become the most important fertilizer in the world with an estimated share in 1989/90 of

40% of about 79 million tons of nitrogen produced in total, i.e. more than 32 million tons. Urea also

constituted nearly half of the 20 million tons nitrogen traded in the intemational fertilizer market. Recent

world events and likely changes in the structure of the urea market require a careful review of the longer

term prospects for urea supply and dernand. However, such a review is not easy to conduct for the

following reasons:

(i) Afthough the most important commodity, urea is only one of several major nitrogen

fertilizers. The markets for different nitrogen fertilizers vary considerably and in many

cases products are not always regarded as comparable for agronomic and other

reasons. Although ammronia is almost always the main nitrogen source for fertilizers,

there is a variety of processing altematives and capacities down-stream. This means

that a situation may develop, where there is a surplus of one type of nitrogen fertilizer

and a shortage of another one.

(ii) The process for making urea is unique in that it is almost always integrated with

ammonia production to use byproduct carbon dioxide. Other down-stream processes

are not necessarily integrated and can use ammonia either produced locally or

imported. This makes 'urea production normally independent of the ammonia market

and the relative prices of the two materials may vary considerably.

The projections of urea demand given in Annex 6 take into account regional preferences and

also future changes in the structure of the market. Urea supply capability has been derived from urea

plant capacities. As urea plant utilization to a large extent depends on the performance of the upstream

ammonia plant, the same regional utilization rates have been used for urea and ammonia capacity.

Capacity utilization is shown in Table 11 and regional supply capabilities are given in Annex 7.
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Industrial urea requirements have been subtracted from the available supply to derive the urea

available for fertilizer use. Consistent wth the main nitrogen balances calculated by the Fertilizer

Working Group as described in Annex 1, urea available at farm level is assumed to be 95.5% of fertilizer

urea supply capability, to account for transport and distribution losses and stock changes. The urea

balances are presented in Table 15.

Table 15:

WORLD UREA BALANCE

(Million Tons N)

Yh I t990/ t99t/9 t2/9 1993194 1994195 t995196

Urea Capacity 43.916 44.382 45.554 46.977 49.758 51.487 51.870
Urea Supply CapabW 36.588 38.538 37590 39.143 41.511 42.781 43.835
Urea Industrial Use 2.800 2.620 2.830 2.640 2.850 2.660 2.670
Urea Available As Fertltez 33.986 33.918 34.960 38.503 38.861 40.121 41.165
Urea Ferilzer Demard 31.950 32.832 33.969 35.784 37.369 39.141 40.484
Urea Balance Before Lossa 2.038 1.286 0.991 0.739 1.492 0.980 0.881
Losses 1.529 1.528 1 573 1.643 1.749 1.805 1.852

Urea Balarnce 507 -0240 0582 -Q904 -0257 0825 -t.t71

The balances in Table 15 show that world urea supply/demand balances have moved from a

surplus of about 0.5 million tons in 1989/90 to a deficit of 0.24 million tons in 1990/91. The deficit is

projected to increase through 1995/96 and possibly beyond. In the short term, the reason for the deficit

is mainly the halt of urea production in Kuwait and Iraq. The regional supply deficiency is somewhat

counterbalanced by the export potential of East Europe and the USSR, which is expected to increase in

the short term.

However, even before the Gulf War, the industry was moving to a tighter urea supply situation.

The main and overriding reason is the growth in world nitrogen fertilizer demand, particularly in Asia but

also in Latin America, although to a much lesser extent. This demand is mainly for urea and expected to

increase faster than new urea production capacity.

In some areas of the world, such as Europe and the USSR, where nitrogen fertilizer demand is

decreasing, downstream surplus capacity is mainly ammonium nitrate-based, which often is

inappropriate for meeting growing nitrogen demands elsewhere, as ammonium nitrate-based materials

are usually expensive to transport over long distances due to safety and concentration considerations.

This means that surplus nitrogen fertilizer that might become available in Europe would not necessarily
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be suitable for export to deficit areas like Asia.

The total incremental increase in world urea demand will be about 8.5 million tons between

1989/90 and 1995/96, and more than 85% of this will evolve in Asia. Only about 7 million tons of new

capacity will come on stream in the same period. Plans for new ammonia and urea production capacity

through the next five years indicate that Asia will meet most of its increasing demand for urea through

production in the region and this pattern is likely to continue also through the remainder of the decade.

Through 1995/96, up to about 6.5 milliion tons of new capacity is anticipated in Asia, but imports will still

need to increase. About 20 new urea plants have been proposed in Asia after 1995/96, including four in

China, four in India, five in the Near East and two in Indonesia. Not all of these plants are likely to be

buift, but even if they were, Asia would still continue to be a major importer of urea throughout this

decade and probably thereafter.

H. Non-Urea Nitrogen Fertilizer Supply and Demand Balances

Non-urea fertilizers amount to about 60% of all nitrogen fertilizers and comprise ammonium

phosphates (mainly DAP and some MIAP), ammonium sulfate, ammonium nitrate, nitrophosphates and

anhydrous ammonia, and most of these are produced and used in North America, the USSR and

Eastern Europe. In many cases, the lproduction of these materials depends on imported ammonia, so

the balance for non-urea fertilizer to some extent reflects the balance for ammonia.

The demand for non-urea nitrogen fertilizers is derived from subtracting urea demand from the

total demand for nitrogen fertilizers. The supply potential for non-urea based nitrogen fertilizers is

calculated by subtracting the nitrogen required for urea manufacture from the total nitrogen fertilizer

supply potential. This has been cak:ulated in Annex 1 and accounts for losses and industrial uses.

Normally, the nitrogen to meet urea demand is assumed to be the nitrogen supply need for urea

demand, but when urea supply capability is less than urea demand, the former is used. The balances

are given in Table 16.
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Table 16:

WORLD NON-UREA FERTIUZER NITROGEN BALANCE

(Million Tons N)

YIK 1989/90 1990M 1991192 1992183 1993/94 1994/95 1995/f6

N Fwrt Supply PotentW 80.40 77.99 78.77 80.76 82.60 64.75 86.48
Urea-N Demand 32.46 32.39 33.38 34.66 37.11 38.32 39.32
Non-Urea Frt N Supply PotentWa 47.94 45.80 45.39 45.90 45.55 46.43 47.13
Non-Urea ForL N Demand 47.13 45.13 44.30 44.38 44.32 44.15 44.89

B3alance .81 M L LM L04 UR z.

The balances indicate that there will be a surplus of non-urea fertilizers, or ammonia designated

for non-urea fertilizers, respectively, through the next live years. Thk is in contrast to a urea deficit that

will prevail through the same period.

VIl. INTERNATIONAL TRADE IN NITROGEN FERTIUZERS

A. Goneral

The Food and Agricultural Division of the United Nations (FAO) regularly publishes detailed

information on intemational fertilizer trade (FAO Fertilizer Yearbook) and Table 17 quotes some summary

information on the major exporters and importers from the most recent Yearbook. In 1989/90, about

52% of the intemational nitrogen trade was in the form of urea, about 10% as diammonium phosphate,

and the remainder as ammonium sulfate, ammonium nitrate or ammonium nitrae based products, such

as calcium ammonium nitrate and ammonium sulfate nitrate. Ammonium nitrate is produced and traded

mainly in Europe. So also is calcium ammonium nitrate, which is usually also associated with

nitrophosphate manufacture.

In 1989/90, the USA was the largest exporter of nitrogen fertilizers in the form of very large

quantities of diammonium phosphate and most of the urea from the large plant in Alaska. The USSR

was the second largest exporter of nitrogen fertilizers, mainly as urea. At the same time, the USA

imported urea and also large quantities of ammonia both for fertilizer use and processing. China was

the largest net importer of nitrogen and the USSR the largest net exporter.
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Table 17:

INTERNATIONAL FERTIUZER NITROGEN TRADE 1989/90

(Million Tons N)

Country fwMas Countly Imports

USA 2.83 14.0% China 4.36 21.6%
USSR 2.77 13.7% USA 3.51 17.4%
Canada 1.70 8.4% France 1.50 7.4%
Netherlands 1.59 7.9% Germany (FR) 0.95 4.70/e
Romania 1.20 6.0% India 0.52 2.6%
Others 10.07 50.0% Others 9.38 46.4%

Total 2016 1°°.°% Total 22Z 100.0%

Source: FAO Fertilizer Yearbook

B. Internatlonal Ammonia Trade

Preliminary world anhydrous ammonia trade figures for 1990 are presented in Annex 8 and

summarized in Table 18. As a result of the massive investments at the end of the 1970s to exploit its rich

natural gas reserves, the USSR now domrinates the anhydrous ammonia export market and seems likely

to do so for many years. The USSR has currently about 30% of the market with a wide range of

Table 18:

INTERNATIONAL AMMONIA TRADE 1990

(MillIon Tons N)

Countlry gorts Country Imports

USSR 3.28 32.9% USA 3.01 30.2%
Trinidad 1.32 13.2% Belgium 0.e2 6.2%
Arab Gulf 0.98 9.8% Turkey 0.59 5.9%
Netherlands 0.96 9.6% Spain 0.50 5.0%
Canada 0.93 9.3% France 0.40 4.0%
Others 2.50 25.1% Others 4.85 48.6%

Toa P 100.0% Total 9 7 100.0%

Source: IFA

customers. As might be expected, Eastem and Western Europe are large customers and the USA also

imports large quantities of ammonia from the region. The main use of imported ammonia is to produce

ammonium nitrate or diammonium phosphate. In addition to the USA, other large importers of ammonia

include phosphate producers in Morocco, Tunisia and Jordan. The Arab Gulf states are also large
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exporters, mainly to India, Turkey and countries in the Far East.

The regional distribution of ammonia trade is shown in Figure 27. About 65% of all ammonia

imports are into North America and Westem Europe. About 40% of trade in Westem Europe is inter-

regional. A significant part of imports, particularly in the case of the USA, is re-exported as finished

product. The USA is also a large Flgure 27

consumer of ammonia for direct REGIOAL SHAREOFWORLD AMMONIAlTADE 190

application. Africa is also a major

importer of ammonia to countries

such as Morocco, Tunisia, and South

Africa. Much of this is re-exported in =.71%

the form of ammonium phosphates.

The prospects for future ammonia

trade will depend to a large extent on 1 I 0 W T

natural gas prices in the USA and in ima 7.3 7%1%

Europe. In the USA, gas prices have

been relatively low in the last few . .

years and well below equivalent oil

prices, allowing domestic

consumption to compete with imports. In Europe, gas prices are linked to oil prices and so the industry

has had a harder time to compete with low-priced ammonia imports. With the nitrogen fertilizer market

expected to decline in Europe, ammonia trade is not expected to increase much in the next few years

unless oil prices increase significantly. If energy prices escalate substantially, more nitrogen capacity in

West Europe will be forced to close and more ammonia will need to be imported. Outside the

phosphate fertilizer producing countries of North Africa and the Near East, ammonia trade is expected to

grow only slowly, as most nitrogen imports will be in the form of urea or ammonium phosphates.

C. International Urea Trade

Preliminary results of world urea trade for 1990 are given in Annex 9 and summarized In Table

19. The growth of urea trade since 1980 is given in Annex 10.
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Table 19

INTERNATIONAL UREA TRADE 1990

(Mllilon Tons N)
country bExorts Share CountU Imports Shar

USSR 2.31 30.7% chlna 2.47 32.8%
Arab Gulf* 0.91 12.1% USA 0.82 10.9%
Indonesia 0.72 9.6% Vistnam 0.26 3.5%
Canada 0.67 8.9% UK 0.26 3.5%
Netherlands 0.46 6.1% Philippines 0.25 3.3%
USA 0.39 5.2% Thaiuand 0.21 2.8%
Others 2.07 27.5% Othrs 3.26 43.3%

Tota 7.53 1eR0.0% Tobl 7.5 100.0%

* Excludes expots from lmq ard Kuwait

Source: IFA

_hLeo_ 28 The USSR is the

largest exporter of urea
REGIONAL SHARE OFWORLD UREA TRADE 190 

and China is the major

1222% importer. The Arab Gulf

area is the second

largest exporter.

*.~~~f If '"'~~~~ Afthough the 1990

13.64% ~~~~~~~~~~~~export figures for Kuwait

and lrac are not

dIl1jw!I~jif
1 tavailable. In 1989,

7mu..WddaT.d. Ni ur2 these two countries

exported 0.73 million
IE*NOrhAiuwa G*Southhm.rl1;! EJuAhaAum W Ewgo. * OUwr

tons. World urea

exports dropped during

1990 due mainly to a

decline of Chinese imports by more than 25%. In the same year, urea exports to Europe decreased by

0.46 million tons, or 26% compared with 1989. The regional distribution of urea imports in 1990 is shown

in Figure 28.
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VIII. ECONOMICS OF AMMONIA AND NITROGEN FERTIUZER PRODUCTION

A. General

The two main factors determining the cost of ammonia and nitrogen fertilizer production are

feedstock and investment costs (capital charges) and these can vary signfficantly for different locations.

Together, these two components normally make up about 90 - 95% of the total cost of production.

Sometimes, raw materials are available at very low cost, but this advantage may be offset by higher

investment costs, if plants have to be built In remote locations and bear the cost of expensive

infrastructure.

B. Ammonia and Urea Technology

There have been considerable improvements in ammonia manufacturing technology in recent

years, mainly in enhanced energy recovery, higher conversion efficiencies and advanced materials of

construction.

There are now five major companies that offer ammonia process technology: C.F. Braun, M.W.

Kellogg Co., Haldor Topsoe A/S, Imperial Chemical Industries (ICI) and Uhde GmbH. All these

companies have many years of experience in the field and can offer reliable large scale plants. It would

be difficult to demonstrate that any one process is significantly better than the others. Each one now

claims low overall energy usage, in practice in the range 6.6-72 Gcal, (26-29 MMBtu)/ton of ammonia.

The processes are basically very similar, with differences mainly in the configuration and design of

vessels, energy recovery systems and drives.

Recently, however, ICI have developed a process which offers some novel features including a

major simplification of the steam and power cycle. This process is operating on a relatively small scale

(2 plants @ 450 tpd each at Billingham, UK), but in principle there is no reason why the same

improvements could not be incorporated into plants with different capacities.

It seems unlikely that there will be any further major breakthrough in ammonia technology in the

near future, but rather that there will be a steady progress in improving catalyst performance and design

to reduce investment costs, as energy use is already approaching theoretical requirements and no
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major advance is possible in this area. Reductions in investment will be obtained by more integrated

process units that will also reduce instrumentation and interconnecting piping. In particular, improved

equipment and processes will be developed for waste heat recovery.

New ammonia plants are usually very reliable and in many cases a 16 - 18 months operating

period between scheduled tumarounds is guaranteed; improved instrumentation and catalysts may

facilitate further extension of this operating period. Although ammonia plants are normally not causing

environmental concem, further attention is being given to improving the quality of discharges, such as

the use of low sulfur fuels or removal olF sulfur from fuels and oxidation of NOx gases.

Recent technical developments are summarized in Annex 11.

C. Foodstock for Ammonia ProductIon

Before World War II, coal and coke accounted for more than 90% of the 3 million tpy of nitrogen

produced as ammonia. By 1960,
-Flgure 29 world ammonia capacity had

MAJOR FEEDSTOCKS FOR GLOBAL AMMONIA PRODUCTION
increased to about 10 million tpy N and

5z44% &t24 natural gas had overtaken coal and

coke as the main feedstock due mainly
10.86%

to the availability of cheap gas in the

USA. In many other developed

countries, some new capacity was

based on fuel oil, but naphtha was

Wooid Cipacky 19M usually the most preferred feedstock,
114 M;o T;I -7 as it represented the cheapest

available oil fraction. The development
Gas Cod&Colo N.p:m olu of the ICI steam reforming process for

naphtha led to the establishment of

many new plants around the world, not only for ammonia, but also for methanol and town gas.

However, the resulting growth in naphtha demand combined with the 1973 oil crisis increased the

relative price of naphtha compared with other feedstocks, making it economically less competitive.

Many plants idled or were closed permanently. Since 1975, most new plants have been based on

natural gas, apart from the special situation in China, where coal still continues to be a major feedstock.
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About 73% of the world ammonia capacity is based on natural gas as shown in Figure 29. When using

natural gas, total energy needs and investment costs are usually much lower than for other feedstocks.

Based on the present projections for reserves and opportunity costs for gas, particularly in developing

countries, it seems highly likely that natural gas will continue to increase its position as the preferred

feedstock for ammonia production.

D. Energy Requiroments for and Costs of Ammonia Productlon

The cost of energy in the form of fuel and feedstock is usually the most important component of

ammonia and nitrogen fertilizer production costs. This is clearly indicated by information obtained from

surveys carried out periodically by the Fertilizer Institute (TFI) of the USA. Some information from the

1988 survey that covered more than 30 USA and Canadian plants is given in Table 20. The TFI study is

useful, as it relates to actual operating experience rather than engineering company estimates on

"battery limits consumption obtained under optimal conditions. Furthermore, it aggregates all types of

units and energy into equivalent units for comparison.

Unfortunately, energy needs in other cases are not always presented on a consistent basis,

often because of difficulties in defining the boundaries for energy use in systems where energy imports

and exports exist. Sometimes, emphasis and comparisons are made only of process energy needs and

often total energy needs are expressed as a mixture of different units which makes comparisons difficult.

Under normal operating conditions, total average energy needs, including energy for operating offsites

and handling facilities, for shutdowns, startups and due to maloperation, may exceed the guaranteed

battery limit figures by 10 - 15%.

The TFI figures for total energy use may appear high compared with consumptions quoted for

new plants, because about 70% of USA plants operating today were constructed before 1975, using

technology with specific energy consumption exceeding 40 MMBtu/ton ammonia. A further 25% of

existing USA capacity was constructed between 1975 and 1980, when energy consumption averaged

about 35 MMBtu/ton of ammonia. A few plants have recently been refurbished to expand capacity and

conserve energy, but, as a result of the relatively low gas prices in the USA in the last few years, these

upgrades have not been widespread.
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Table 20:

AVERAGE SPECIFIC ENERGY CONSUMPTION FOR

USA AMMONIA PRODUCTION IN 1988

(000s Btu Per Metric Ton Of Ammonla)

l. RECIPROCATING PLANTS

Natural Gas Elctrictv Sham Tob

Feedstock Energy 24,074 24,074
Retormer Process Energy 8,272 419 8,691
Other Process Energy 5,070 3,631 -3 8,305

Total Enwav Consumptlon ;lLm 4 . 050 41.070

II. CENTRIFUGAL PLANTS

Natural Gas Electrlcftv Steam Total

Feedstock Energy 23,929 23,929
Reforner Process Energy 12,672 4 12,676
Other Process Energy 2,373 712 -30 2,725

Total Enerav Consumption -,.974 Za 4 3930

Source: TFI

With increasing energy prices, a great deal of attention has been focused on reducing the

energy needs of ammonia plants. The overall effect of process developments on reducing energy

consumption is shown in Figure 30. Specific energy consumption per metric ton of ammonia has fallen

from about 75 MMBtu in the early 1940s to less than 30 MMBtu for plants built after 1985. Most of the

major ammonia process designers now offer low energy designs that are likely to result in energy

consumptions in practice within the range 28 - 32 MMBtu/metric ton or even less.

Such designs are not the result of technical nbreak-throughs', but rather of an integration of a

number of energy conservation features. The introduction of most of these new features does, however,

increase the plant costs and also makes the plant more complex to operate. Where gas price are low,

e.g. less than US$1.0/MMBtu and likely to stay so, the benefits of some of the new energy saving

design features become marginal. Further major decreases in energy consumption may no longer be

achievable since energy consumption lor the most recent process schemes are approaching the
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Flouro 30
SPECIFIC ENERGY CONSUMPTION FOR AMMONIA PRODUCTION
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theoretical and practical levels.

E. Production Costs for Ammonia and Urea

In order to compare the economics of building and operating ammonia and urea plants under a

variety of conditions, some cost models have been developed. These models are in principle the same

as the IRR model that is used to appraise nitrogen fertilizer projects by the World Bank and other

financial agencies. However, the models are adapted to simplify sensitity analysis of the main process

parameters. Their main purpose is to assess the total cost of production or realization price for a range

of energy prices, investment costs, plant sizes and plant operating rates. The 'Realization Price' is the

selling price that would have to be obtained to justify a certain rate of return on investment. In this case,

an IRR is assumed to be based on total investment cost containing all infrastructure needed to operate

the project, including all townships, ports, railways etc. that have to be provided specially for the project.

It is assumed that natural gas is used to generate other forms of energy such as steam and electricity

needed to operate the process and facilities are provided to provide these utilities for grassroot projects.

It is further assumed that there is an economic advantage in establishing the largest plant possible

commensurate with technical and market considerations. An ammonia plant with capacity of 1,500

metric tons per day is assumed with urea capacity of 2,500 tpd to match. If required, it is also possible

to use the models to examine scenarios with ammonia and urea as joint products. Conceptually, the

model considers four different scenarios:
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(i) Existing Site - Developed Location

A plant on an existing site in a developed location, where all infrastructure exists. When

an additional plant is built on an existing site, significant savings may be realized, not

only in infrastructure, but also in offsites. In the model it is assumed that cost of a plant

on an existing site would be about 20% lower than a plant on a new site in a developed

location.

(i) New Sit. - DeveloDed Location

It is assumed that supporting facilities such as roads, a port, railroad etc. and social

structure exist. People will be available to work in the plant. Equipment can often be

provided from local sources and maintained using local facilities.

(li New Site - Developlng Location

Some infrastructure is established, but not as much as for (ii). It is necessary to expand

port or rail facilities to meet the needs of the project. Local specialized engineering

facilities will not be available.

(lv) DeveloDina Sit.- Remote Location

There is no supporting infrastructure available. All roads, ports, railroad etc. and social

amenities have to be provided as part of the project cost. All equipment has to be

imported. Most of thea labor to build and operate the plant will have to be brought in

from outside. There is no supporting technical infrastructure available before the

project. Costs for establishing the required infrastructure will be very high.

Investment costs vary a great deal depending on the basis for estimation, often on the bidding

location and on the relative strengths of intemational currencies. It will also depend on the market

situation for the construction of chemical plants.

The investment cost data used in the model are summarized in Table 21 and represent typical

figures based on the investment costs; of numerous ammonia/urea projects surveyed. They have been

used as typical scenarios in order to develop cost and realization price figures over a wide range of

conditions that may be subsequently used for comparing specific project economics within a particular

cost envelope.
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Table 21:

INVESTMENT COSTS FOR AMMONIA AND UREA PROJECTS

(US$ Million)

Edsting Sit New Site New site New Sie
Developed Locatlon Develoned Loeaion Develoeina Location Remote Location

Ammonia Prolect ) 1.500 ted NH3

Battery Umits ndc. Offsites 170 210 230 250
Infrastructure 50 100

Total Prolect coat 17 280 350

Urea Prolect 6 2.200 tod Urea

Battery Umits ndc. Offsites 230 285 315 340
Infrastructure 75 150

Total Prolect cost 230 285 390 490

ENERGY REQUIREMENTS FOR AMMONIA AND UREA PRODUCTION

The cost of energy, both in the form of fuel and feedstock, is the most important component in

both ammonia and urea production. In the USA for example, energy costs average about 70% of

production costs. Although total energy costs for ammonia and urea manufacture in the USA currently

average about 37 MMBtu/ton and 32 MMBtu/ton, respectively, as many of the plants are old , but much

lower averages would be obtained from new plants.

The new low-energy ammonia plants usually operate at a total specific energy consumption

equivalent to about 7.0 Gcal "High Heating Value" (HHV), i.e. about 28 million Btu per ton of ammonia.

These figures would apply to battery limit consumptions under steady state conditions. In practice,

average consumption would be a little higher to allow for miscellaneous energy costs outside battery

limits and also for periods of non-optimal operation. In some cases where gas is very cheap, say less

than $1 .0/MMBtu, the use of very low-energy technologies may not be justified, as the additional energy

savings may not warrant excessive investment costs.

Besides using natural gas as feedstock, some ammonia plants import several other types of

energy as a fuel or for power. In a fully integrated low-energy ammonia/urea plant, gas is used to

generate all requirements for additional steam and electricity and all required facilities are accounted for
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in the capital cost estimates.

In order to calculate total energy equivalents, the following conversions can be used:

1 US gal. residual fuel oil = 149,690 Btu

1 lb steam = 1,000 Btu

1 kWh 10,000 Btu

In the model, an average total energy consumption of 30 MMBtu per ton of ammonia has been

assumed.

About 0.58 tons of ammonia are required to produce one ton of urea. Although in theory about

four million Btu are required to produce one ton of urea from ammonia; in practice the figure is much

higher and the TFI surveys indicate an average of around 7 million Btu/t of prilled urea: about 3.7 MMBtu

is required to produce the solution and about 3.3 MMBtu for the prilling process.

Sometimes, more energy is consumed because of the need for operating scrubbing processes

to comply with environmental regulations. Allowance must also may made for the handling and storage

of urea. In many loations, particularly in humid climates, bulk urea must be stored in air-conditioned

silos. A total energy consumption of 24 MMBtu per ton of urea (incl. ammonia production) has been

used in the model.

OTHER VARIABLE COSTS

Variable costs other than feedstock and fuel, are relatively low in ammonia and urea production.

Catalyst costs are usually treated as pait of the raw material cost and average about US$1.0/t ammonia.

Other variable costs include miscellaneous chemicals, cooling and boiler feed water and for ammonia

these are assumed to average US$4.0/ton and for urea US$4.4/ton.

FIXED COSTS

The estimates for labor and supervision costs are based on information available on large

ammonia and urea plants in the USA and Westem Europe. In developing countries, labor rates are

lower, but more people are employed so that normally labor and supervision rates do not vary widely.

Annual maintenance materials are assumed to be 2% of battery limit investment costs and 1% of
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infrastructure costs. Management and administration costs are based on experience in the USA and

West Europe.

THE IRR MODEL

The basic assumptions made in the model are as follows:

(i) Plant construction and investment will take place over 3 years.

(iq Working capital will be built-up over 3 years. Working capital is assumed to be one

month's production cost plus one month's accounts receivable.

(iiq) The economic life of the plant will be 17 years (although the variation of IRR with

different assumed lives is examined).

(iv) In the final year of the planrs life, a salvage value of 100% of working capital and 10% of

investment cost is assumed.

Flu 31 -3rypical IRR
AMMONIA REALuZAnION PRICE IN RELAllON TO

IRR AND UTIUZATION RATES modek ibr ammonia
IRR(%) and urea are given in

26 _ _ _ Annexes 12 and 14,

20___ - respectively. Tables

I5 ......... showing the variation of

0___ ____ .... .. . _. .___ realization prices with
s , < - _ _ gas costs, investment

0 , - - -, ..., ,, costs, plant size and
100 110 120 130 140 150 16O 170 160 10 200 utilization rates are

Reat0iIhn Prlr USOrron O WUUIe.n RaP el:

|-noox--9e% *-- 50% -- 70% | given in Annexes 13
and 15. Summary data

on realization prices are given for ammonia in Figures 31 - 34 and fbr urea in Figures 35 - 36. The most

important parameters affecting realization price and return on investment are discussed below.
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GAS PRICE

The cost of natural gas normally accounts for about 50% - 75% of total cash production costs

and is an important consideration for export-based plants. The export price of ammonia and urea tends

to fluctuate considerably and may occasionally reach very low levels. Under such conditions, only those

with low cash costs and low energy prices can stay in business. In some cases, however, such as in

Eastern Europe, plants have continued to operate despite prices lower than cash costs as part of state

policies to obtain foreign exchange. In order to compete successfully in the export business, gas prices

would normally have to be below US$1.0/MMBtu.

INVESTMENT COSTS

For ammonia and urea plants, the most expensive component of total cost is usually the capital

charge i.e. the cost of recovering capital. If a project needs a high investment cost, particularly in those

cases where considerable infrastructure is needed, the additional capital charge will far outweigh any

benefits of cheap gas. For example, an increase in investment cost of US$10 million, may increase the

total production cost of ammonia by UlS$5/ton. Considerable benefit can be gained by building an

ammonia plant on an existing site, where for a large plant, such as 1,500 tpd, the benefits could be

equivalent to about US$20/ton. On the other hand, a project in a remote location that requires an

additional US$50 million to provide essential infrastructure would incur a penalty of about US$25/ton.

The results of the analyses indicate that projects on new sites, particularly those with high infrastructure

costs, are unlikely to compete successfully in the future nitrogen market.

UTILIZATION

Capacity utilization rate affects the capital charge component of total production cost and is

therefore much more important in those cases where investment costs are high. For example, in a new

plant in a developing location, a drop in utilization from 90% to 80% would increase the cost of capital

recovery by about US$20/ton of ammonia. In a developed location, where the investment cost would be

lower, the increase in cost would be correspondingly lower. Although projects are normally evaluated

on the basis of operating at 90% of norninal capacity or sometimes even higher, in practice operating

rates are often lower.
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Flaure 32

AMMONIA REAUZATION PRICE IN RELATION TO
INVESTMENT COSTS AND GAS PRICE
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PLANT SIZE

The relationship between investment cost and plant size is not linear and there is almost always

an economic advantage in larger scale plants, assuming that there is a market for the product. The

disadvantage is even greater in developing locations as investment cost increases. A new ammonia

plant producing at 1,500 tpd in a developing location will have a cost advantage of about US$15-20/ton

compared with a plant operating at 1,000 tpd. In a developing location, the benefit should be

considerably higher.

The penalties of reduced size apply mainly to a situation of a single plant on one site. Two

smaller plants sharing the same offsites and management would not incur the same penalty and there

may be some benefit in increased flexibility. There may be some situations in which smaller plants may

have an advantage, where e.g. a market is developing slowly and production has to be phased-in

gradually. However, such situations are likely to occur only rarely and it seems that the trend to large

plants to achieve economies of scale will continue.
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Eguro 33

AMMONIA PLANT SIZE AND PRODUCTION COST
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As discussed earlier, ammonia plants should operate for 20 years or more, provided they are

properly operated and maintained. However, many of the older plants have been assessed on the basis

of a much shorter life. Figure 34 showes how IRR varies with assumed project life. A project life of 17

years was assumed in the model. Generally, assumptions of a project life above about 15 years do not

significantly affect the IRR.

Fiaure 34: One important aspect
EFFECT OF AMMONIA PROJECT UFE ON IRR of project life is the project

17 IRR (%) implementation time. A delay

1- _ , of one year in the

commissioning of a plant can
14

have a major impact on the
13

12 viability of the project. In the
t1 . _ _ model, it is assumed that a

10- , | _ , well engineered project can
10 12 14 10 17 1S 20 25

Project L11e (Yeare) be brought on-stream within 3
Now Sit., Developed Locaton years. For a new plant on an

existing site, a delay of one year may increase the total production cost by more than US$10/ton and of

two years by more than US$20/ton.
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On a developing site, the penalty would be correspondingly higher. Therefore, it is usually very

important to avoid situations that may lead to implementation delays, such as design changes at an

advanced project stage.

F. Production Costs for Ammonia wlth Different Feedstocks

Although natural gas is currently the most commonly used feedstock for ammonia production

and is expected to remain so, there may be occasions when other feedstocks may be competitive,

depending on relative energy pricing. The most important factors in determining the production costs

are the relative investment and energy needs; they are shown in Table 22 and refer to a developed site.

Table 22:

RELATIVE INVESTMENT COSTS AND ENERGY CONSUMPTION

FOR DIFFERENT FEEDSTOCKS IN AMMONIA PRODUCTION

PLANT FEEDSTOCK Ratio of kvwstment Costs Ratbo of Energy Consumetion

Natural Gas 1.00 1.00
Naphtha 1.15 1.08
Fuel Oil 1.60 1.15

Coal 2.00 1.40

Although there is much information available on the investment and production costs of gas-

based processes, information on comparable up-to-date processes for different feedstocks is not so

readily available, because very few other types of processes have been built in recent years. It has been

assumed that certain improvements in energy conservation have taken place relative to what has been

achieved in gas-based plants. Equivalent energy prices which have been used in the comparison are

given in Table 23.
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Table 23:

EQUIVALENT ENERGY PRICES FOR DIFFERENT FUELS

Natural Gas NaDhtha. Fuel Oil No. 6 Coal Crude Oil

USS/MMBtu US$/TorL USS/Ton USS$Ton US$/BBL

1.0 44.8 41.9 25.1 7.1
2.0 89.6 83.8 50.2 14.2
3.0 134.4 125.7 75.3 21.4
4.0 179.2 167.6 100.4 28.5
5.0 224.0 209.5 125.5 35.6
6.0 268.8 251.4 150.6 42.6

The advantage of natural gas as a feedstock is apparent from Tables 23 and 26, which indicate

the comparatively low energy and investment costs.

Fhure 35
UREA REALZATION PRICE IN RELATION TO
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FhLure 36:
UREA REALIATION ROE N RELATION TO

INVESTMENT COSTS AND GAB PRICE

Smh. PMo USffI.

zoo -- __ -'- _ - 2 -| -- ,_ -

IC* a-I-- 

° 2- ep ' 31o'4' Z'

100~ ~~ - * -- M- O

|u Raon -'W, -Codr 0- . Mo. 0*

I. ECONOMICS OF INTERNATIONAL FERTIUZER TRADE

A. Natural Gas Prices

Besides being dependent on nitrogen fertilizer demand, the intemational fertilizer trade also

relies on the relative economics of producing fertilizers in different regions and this in tum depends to a

large extent on the cost of natural gas. Natural gas reserves are widespread throughout the world but,

with the main deposits in the USSR, West Asia and North America. There are probably more than fifty

countries that have potential reserves to develop an ammonia industry and about half of these are

already producing ammonia.

One of the most important factors determining the feasibility of ammonia production in any

country is the economic (opportunity) value of natural gas. This can vary significantly from location to

location depending on the size of the resource and the opportunity for altemative uses. If gas can be

used as a substitute for oil, its economic value should be linked to fuel oil. However, in many cases,

particularly energy-rich developing countries, oil substitution is not available and the value of gas,

particularly gas that is being flared, is often very low. The price of natural gas for the major producing

companies in the world is reviewed below.
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AFRICA

The ammonia producers from natural gas in Africa are Egypt, Algeria, Nigeria and Ubya. Only

limited information is available on gas prices in these countries, but prices are believed to be low.

Ammonia production in South Africa is based mainly on coal and so the equivalent energy cost is

relatively high. There are several countries with reserves of natural gas that have considered ammonia

production. Although gas for these projects has been offered at very low prices, i.e. below

US$0.5/MMBtu, the very high investment costs required to finance the projects have so far prevented

further developments in countries including Tanzania, Mozambique, Cameroon and Angola.

NORTH AMERICA

Ammonia is produced mainly in two regions in North America, both based on the availability of

relatively cheap natural gas. In the USA, ammonia is produced in large quantities in Louisiana,

Oklahoma and Texas. In Canada, a major nitrogen industry has developed that is based on cheap

natural gas in the Western Provinces.

The natural gas market in the USA operates more or less independently of the oil market and,

over the last ten years, has been able to offer its customers a cheaper source of energy than fuel oil.

This is due to an ample supply (often referred to as the "gas bubble"), aggressive competition between

gas suppliers and a large interregional pipeline network. Average natural gas prices based on the TFI

Annual Survey are shown in Table 24.

Table 24:

NATURAL GAS PRICES FOR USA AMMONIA PRODUCTION

(US$/MMBtu)

ar 1977 1978 1979 1 9§2 1981 1982 1983 1984M 1I9 1 t987 t8 1989 J199

Ga Price 1.14 1.34 1.62 1.96 2.33 2.4 2.34 2.68 2.65 1.83 1.65 1.85 1.87 1.81

During the Middle East crisis and the resulting rise in oil prices, natural gas prices in the USA

remained below the levels of the preceding year and it looks as if the average price for 1991 will be even

lower than 1990 as prices in February-May 1991 were in the range US$1.25-1.30/MMBtu. USA ammonia

producers buy gas on a spot price basis or contracts tied to spot prices. Delivered prices include

distribution costs that have to be added to spot prices. Gas is distributed to other regions in the USA



-83-

from the Gulf Coast, Texas and Oklahoma. Distribution costs can add up to US$0.5/MMBtu. The USA

also receives some gas for ammonia production from Canada.

In Westem Canada, natural gas is available in Alberta, British Columbia and Saskatchewan. The

largest resources are in Alberta, where gas prices are lowest and most ammonia capacity is situated.

Eastern Canada receives gas from the western parts by the Trans-Canada pipeline and prices are

therefore higher, as indicated in Table 25.

Table 25:

NATURAL GAS PRICES FOR CANADIAN AMMONIA PRODUCTION

(US$/MMBtu)

Year 1987 1988 1989 190

Gas Price
Western Canada 1.16 1.21 1.35 1.32
Eastern Canada 2.08 2.06 2.17 2.13

Natural gas prices have remained low during 1991 and average prices are likely to be lower than

those in the preceding year.

CENTRAL AMERICA

Mexico is the largest producer of ammonia and urea in the region, although plans to add new

capacity were shelved due to the country's economic problems. Ammonia is made by PEMEX, the

national oil company and sold to FERTIMEX, the national fertilizer company that converts it into urea. In

some cases, ammonia and carbon dioxide required for urea production have to be pumped over several

miles and this makes integration of plants difficult and expensive. There is some doubt in Mexico about

the future availability of both associated and non-associated gas and prices of natural gas are reported

to have moved up to more than US$2.0/MMBtu. However, the cost of gas to PEMEX's ammonia plant is

only about US$0.5/MMBtu and this is reflected in the transfer price of ammonia to FERTIMEX. With

assistance from the World Bank, the Mexican Govemment is planning to restructure and privatize the

domestic fertilizer industry and as part of this program, the price of gas for ammonia manufacture is

expected to increase to a level commensurate with market prices of gas elsewhere in the country.

The second largest producer and the largest exporter of ammonia in the area Is Trinidad, where
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ample supplies of gas are available foir ammonia production following the commissioning of the Pelican

Field. Several companies are examining the possibility of new plants, but most are deterred by rising

gas costs and tough contractual terms set by the govemment. Natural gas for Trinidad's ammonia

plants is purchased from the natural gas producers by the National Gas Company (GASCO) and re-sold

to ammonia producers on a negotiated delivered price. Prices In 1991 are reported to be in the range

US$1.1-1.4/MMBtu. At this level and after taking Into account ammonia transport costs, producers in

Trinidad feel they have little or no advantage over producers in the USA. Discussions on easing the

pricing formulae are in progress, but no indication on their likely outcome could be obtained.

SOUTH AMERICA

Significant reserves of natural gas are known in several countries of Latin America, such as

Argentina, Bolivia, Brazil, and others. Several export-based projects have been examined in these

countries, but the large investment and transport costs for the products have halted project

developments, even though in some c,ases gas prices below US$O.5/MMBtu were indicated. The only

country that is developing a nitrogen export business is Venezuela. In 1991, the Venezuelan company

Nitroriente and the Norwegian company Norsk Hydro were examining a joint venture for an export-

based 1,500 tpd ammonia plant with a gas price in the order of US$0.5/MMBtu. Recent information

indicates, however, that this project is unlikely to proceed.

WEST ASIA

All export-based plants in the Arab Gulf area are believed to be paying US$0.5/MMBtu or less.

With ample supplies of gas in the region and few altemative opportunities for use, the various

governments in the region have set attractive prices to encourage investors. In the past, prices have

generally been fixed at low levels without escalation.

SOUTH ASIA

India is the largest producer of ammonia in this region and about half of the feedstock used is

natural gas. It is difficult to assess the true cost of producing ammonia and the price of gas, as a result

of the pricing and production cost structure applied under the 'Retention Price Scheme'. Under this

scheme, producers have to pay a high cost for gas, around US$3-4/MMBtu at December 1991
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exchange rates, while receiving several cost benefits from the government. The benefit of the high gas

cost is realized by the gas producers. For this reason, the use of fuel oil or naphtha for ammonia

production may sometimes appear more favorable in India than elsewhere. Ammonia producers in

Bangladesh and Pakistan are believed to be paying about US$1 .0/MMBtu for gas.

EAST ASIA

Afthough halt of China's ammonia production is based on coal, the portion based on natural gas

is increasing and will continue to do so in the future. There are no standard prices for natural gas as

they tend to vary by province and allocation criteria, but are normally in the range US$1.5 - 2.0/MMBtu.

The second largest producer in the region is Indonesia, where ample supply and favorable gas

pricing have helped develop a major industry supplying both domestic and export markets. The existing

plants were based mainly on a gas price of about US$0.6/MMBtu, but the Indonesian Government has

indicated that prices for new plants will be higher, probably in the order of US$1.5 -2.0/MMBtu.

Malaysia operates a major plant at Bintulu, which, in line with other ASEAN plants, pays a gas

price of US$0.6/MMBtu. Japan has no natural gas reserves and depends on naphtha, LPG and coal for

feedstocks which are obtained at prevailing world market prices.

WESTERN EUROPE

Gas pricing for ammonia production is determined mainly by the Dutch *F` tariff, which refers to

the price charged by Nederlands Gasunie, the Dutch state monopoly, to large industrial customers in

Holland, who use it mainly for ammonia and methanol production. Since 1983, the Gasunie has used a

system in which gas prices are determined quarterly and are related by a formula to the average price of

fuel oil in Rotterdam. Figure 37 shows the Dutch TP tariff since 1984.

Other European countries are closely aligned with the Dutch OFT tariff for natural gas. French

and Belgium pay Dutch 'P tariff prices plus the cost of transport from the border to the factory.

In Germany, there is no state gas monopoly and the main gas supplier is Ruhrgas. The largest

customer is BASF, Ludwigshafen, and in order to improve its position, BASF, through its subsidiary

Wintershall, will build a pipeline to bring gas from Emden at the North Sea to Ludwigshafen. This has
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about half of the natural gas supply camne from the Soviet Union. Currently, supply sources are being

augmented to include gas from the new Wintershall pipeline.

Ammonia producers in the UK are supplied by British Gas and although this is no longer a state

monopoly, it still retains its dominant position as British ammonia producers have no other source of

feedstock. Gas prices are not so closely tied to oil prices as in continental Europe and, on average,

prices tend to be a little higher than the Dutch *P tariff.

Until recently, natural gas prices in Ireland were the lowest in Europe and determined by a basic

price related to Inflation, but have been adjusted and are now In line with prices elsewhere in Europe.

In Italy, gas prices are also related to fuel prices although by a rather different formulae based on

lower grade oil and much shorter lag between oil and gas prices.

None of the four Scandinavian countries uses natural gas for the production of ammonia.

Although Norway has the largest reserves of natural gas in Europe, all gas produced in the North Sea is

piped to the UK and mainland Europe.

Gas prices prevailing at the beginning of 1991 in West Europe are given on the next page.
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COUNTRY US$/MMBtu

Netherlands 3.30

Belgium 3.40

France 3.50

Germany 3.60

UK 3.40

Italy 3.85

Lower gas prices were reported for the second and third quarter of 1991 due to a fall in oil

prices.

EAST EUROPE

In recent years, the countries of East Europe have depended heavily on imports of natural gas

from the USSR. The eight countries formally comprising East Europe, imported more than 50 billion m3 ,

comprising more than half their consumption, from the USSR. The political and economic changes in

the region have had a major impact on gas trade as gas prices have increased in all these countries.

Since January 1991, the USSR has required payment in hard currency for gas exports although reported

settlements in the various countries vary somewhat.

Hungary appears to be the hardest hit, with producers facing a 75% price increase from US$2.2

up to US$3.9/MMBtu. Arrangements in other countries are lower. Bulgarian producers are paying as

little as US$2.0/MMBtu and prices in Romania are believed to be at levels between US$2.0 - 2.5/MMBtu.

Producers in Yugoslavia and Poland have been paying around US$3.5/MMBtu since the beginning of

1991.

USSR

No firm data are available on gas prices in the USSR. It is known, however, that gas prices were

increased in both 1990 and 1991. Analysts have generally assumed a national cost of gas in the USSR

of around US$0.5/MMBtu. In late December 1991, the Russian govemment announced that under its

price liberalization policy, gas price increases would be limited to 500%. A gas price of US$2.0/MMBtu

might now seem more appropriate.
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Generally, the most serious problem for the USSR, and hence for East Europe, will be to

maintain an adequate gas supply despite serious labor problems in Siberia and elsewhere in the

country. GasProm, the Soviet state gas producer, expects that, compared with 1990, gas supply will fall

by about 12-15% in 1991. Soviet as wall as East European gas users have been advised that deliveries

at previous levels cannot be guaranteed any longer.

B. Outlook for Fertilizer Freight Rates

FREIGHT RATES FOR UREA

The freight rates used in this report are based on prices prevailing in late 1991. Generally, as

freight costs for urea fall under the dry bulk heading, they are expected to follow that market. However,

other factors will also have an influence, such as the demand for ships for grain and coal transport, fuel

oil prices and the addition of new capacity. In estimating the freight costs for urea, consideration has to

be given to the specific markets, their ability to handle different size ships and whether or not ships can

have multiple destinations or carry multi-cargoes. Although freight rates will fluctuate over the next

decade or so, in real terms they are expected to average those assumed in Annex 17.

FREIGHT RATES FOR AMMONIA

The evaluation and projection of ammonia freight rates is much more complicated than for urea

as it depends on a very specific part of the shipping fleet - the gas carriers, which are a relatively small

portion of shipping, specifically designed to carry chemical gases, such as LPG and ammonia. In total,

the ammonia/LPG fleet comprises about 150 semi- and fully refrigerated vessels, but there are only

about 75 vessels dedicated to the deep sea transportation of ammonia. As ammonia world trade

reached more than 11.5 million tons in 1990 with only 75 vessels available, the market may become very

volatile, particularly as there is also competition from the LPG market for these vessels. As demand for

vessels increased, freight rates on a typical run from the USSR to the USA Gulf in a 35,000 ton vessel

have increased from US$25/ton in 1986 to US$73/ton in early 1989 and dropped to about US$60/ton by

mid-1991.

As the LPG fleet is relatively old and in need of some replacements, there is currently a
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significant increase in the construction of new gas carers. The most important question for the future

outlook on freight is whether the new capacity will be balanced with the increase in trade of ammonia

and LPG. Recent studies by the shipping analysts Purvis and Getz aimed primarily at the LPG market,

suggest that the current shortage of shipping capacity is impeding trade and will continue to do so in the

1990s, but probably at a lower rate. Drewry Shipping Consultants also share this view and feel that

although the peak for LPG rates has passed, the freight market is unlikely to exhibit a strong down-turn.

On the other hand, according to wWorld Trade in Liquefied Petroleum Gases 1980-20000 - a study

published recently by Poten & Partners, over-tonnaging could adversely affect the charter market for

medium and large LPG carriers in the first half of the 1990s. Ship owners may have been over-optimistic

in their assessment of demand, resulting in excessive addition of new vessels.

Growth in ammonia trade is expected to decline slightly over the next few years and then

increase again after 1995. The decline in nitrogen demand in Europe could mean less exports into that

region. This assumes that oil prices remain stable and European capacity can compete with imports. It

is likely that the USSR, the worlds largest exporter, may have to limit ammonia exports because of

problems with the supply of natural gas.

Freights rates are not expected to rise until the second half of the decade as demand expands

and older vessels are scrapped. Taking these various views into account, it is assumed that freight rates

overall will decline slowly in real terms over the next few years and then recover to current levels during

the second half the 1990s. This projection been taken into account in the figures for ammonia freight

shown in the Odelivered cost matrixb in Annex 16.

C. Trade Practices for NItrogen FertIlIZers

As the intemational nitrogen fertilizer market has expanded, there has been tremendous growth

in the number of traders. For most of the existing or former centrally planned countries, nitrogen

fertilizers are bought or sold through central agencies such as shown on the next page.
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Bulgaria _ Chimimport

Czochoslovakia _ Petrlmex Foreign Trade Co.

Hungary _ Chemolimpox

Poland CIECH Import and Export

USSR _ SOYUZ

China _ SINOCHEM

It seems likely that with the economic reforms taking place in Eastem Europe and China and the

break-up of the Soviet Union, the arrangements for importing and exporting will be widened.

As part of perestroika", those ammonia factories in the USSR that had fulfilled their quotas were

allowed to sell their surplus production independently of SOYUZ. In 1989, considerable exports through

this route, often in the form of counter trade through western traders, contributed to a major decline in

prices and an attempt by SOYUZ to limit these sales. In September 1991, Soyuzagrochimexport was

transformed into a joint stock company under the name Agrochimexport representing 40 fertilizer

companies with export potential, mainly in the Russian Republic and the Ukraine. At the end of 1991,

these two countries announced the setting up of two additional agencies, called Russagrochim and

Ukrainagrochim, to handle fertilizer exports from the two republics. Their relationship with

Agrochimexport is not yet clear, but it is believed that Agrochimexport will be mainly concemed with

govemment to govemment contracts.

A growing tendency in China for its provinces to purchase independently has led to some

overlapping of urea purchases.

Elsewhere, there are two major trade associations in the nitrogen field. In West Europe, most

offshore sales of nitrogen are made by NITREX representing West European producers. In India,

purchases of ammonia and urea are made through the Minerals and Metals Trading Corporation of India

Ltd (MMTC). Although there are seveiral trade associations selling phosphates, potash and sulfur in

North America, there are none for nitrogen.
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There are certain import tariffs on fertilizer intermediates and products into the EEC:

Product Percent ad Valorem on CIF

Ammonia 11

Urea 11

AN/CAN 8

However, certain key suppliers of imports to Europe have tariff exemptions under the Lome

Convention, notably Trinidad in nitrogen. In addition, following claims of dumping of nitrogen products a

few years ago, import quotas were imposed on East European exporters. The EEC commission has

recently agreed to suspend quantitative restrictions on fertilizer imports from Bulgaria, Czechoslovakia

and Romania through 1991. The earlier suspension of quota restrictions for Poland and Hungary has

also been extended to the end of 1991.

D. Comparison of Delivered Costs for Nitrogen Fortilizer Projects

In order to assess the competitiveness of new ammonia and urea projects in the future, some

matrixes have been set-up that estimate the delivered cost of product from new plants into the major

markets word urea markets. These are East Asia (mainly China), South Asia (mainly India), West

Europe and the USA. Several locations, where natural gas is available, have been assumed as potential

locations for new ammonia and urea projects. Where plants are already operating, costs are estimated

on the basis of an existing site.

The total cost of producing ammonia and urea has been estimated from the models given in

Annexes 12 and 14 and includes a capital charge equivalent to 10% IRR in one case and in the other

case 15% IRR, based on the total investment cost. Freight and handling costs are added to obtain the

delivered cost in each market place. The detailed matrixes for urea and ammonia are given in Annexes

16 and 17 and are summarized in Tables 26 and 27.
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Table 26:

DEUVERED COST COMPARISON OF POTENTIAL EXPORT-BASED

AMMONIA PROJECTS

(US$/Ton Ammonia)
New Plant Built on Existina Site

Location Y§A Netherlands USSR Venezuela Saudi Arabla Indonesia

Total Deliverd Cost @ 15% IRR
USA Gulf Port 167 235 208 157 204 235
N.W. Europe 194 208 183 154 194 225
India 232 268 223 202 184 195
China 237 288 238 207 214 195

New Plant Bulit on New Slte

Location USA Netherlands USSR Venezuela Saudi Arabla Indonesla

Total Delivered Cost 0115% IRR
USA Gulf Port 186 255 247 197 246 275
N.W. Europe 213 228 222 204 236 265
India 251 288 262 242 226 235
China 256 308 277 247 256 235

Table 27:

DEUVERED COST COMPARISON OF POTENTIAL EXPORT-BASED

UREA PROJECTS

(US$/Ton Urea)

New Plant Built on ExIstina Sit.

Location UA Netherlands lSSR Venezuela SaudiArabia Indonesia

Total Delivered Cost 0 15% IRR
USA Gulf Port 132 180 155 124 153 175
N.W. Europe 148 164 140 130 137 177
India 174 200 156 156 135 147
China 166i 210 166 148 143 145

New Plant Bullt on New Site

Locaton NA tiadands USSR Venezuel Saudl Arabia Indoneia

Total Delivered Cost a 15% IRR
USA Gulf Port 149 199 190 160 194 215
N.W. Europe 165 183 175 166 178 217
India 191 219 191 192 176 187
China 183 229 201 184 184 185
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Updated estimates of delivered costs show in this survey that in real terms the total costs have

declined, when compared with the estimates presented in World Bank Technical Paper No. 59. The

main reasons for the decline are:

(i) There has been a significant reduction in energy needs for new ammonia and urea

plants.

(ii) World energy costs in real terms are lower than live years ago.

(iii) Much larger plants are now available that show considerable economies of scale.

(iv) Plant construction times have been reduced.

(v) Longer plant life is expected.

(vi) In real terms, engineering costs for plants have declined.

The total production costs listed in Annexes 16 and 17 and integrated into the data shown in

Tables 26 and 27, are for new projects built and operated under optimal conditions. Nevertheless, these

conditions must be achieved if plants are to compete successfully in the future.

The comparisons show that a plant in the Caribbean area with cheap gas would be in a very

good position to compete in various regions of America and also in Europe. The USSR is also well

placed to compete in these markets on the basis of a gas price of US$1.0/MMBtu. Although Arab Guif

countries, such as Saudi Arabia, would be relatively low cost producers on an FOB basis, the relatively

high cost of shipping ammonia over long distances would put them at some disadvantage in the USA

and European markets.

With natural gas in the USA at its current relatively low level of less than US$2.0/MMBtu, the USA

is competitive with most imports other than those based on low-cost gas in Central America. Afthough

not included in the detailed comparisons, it is appreciated that Canada is also in a good position to

compete in certain parts of the USA market, particularly from plants in Alberta and Saskatchewan based

on low-cost gas. Although the relatively high cost of transportation would make Canadian products

expensive in the USA Gulf area, they can compete successfully in many northem USA states.

In the South Asian market, the Arab Gulf producers are the most competitive due to

comparatively low freights, although Indonesia is also well placed. It should be noted that new

Indonesian projects are based on a relatively high cost gas of US$1.5/MMBtu or more as proposed by

the Indonesian Govemment for new projects. AJthough Indonesia should still be able to compete well in

countries like China and India at this gas price, a lower price would make Indonesia the most

competitive ammonia supplier to the whole East Asian region.
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In the case of urea, freight costs are not as important as for ammonia as the market is much

wider, because of the lower requirement for special terminals. The Arab Gulf producers become

relatively more competitive in Western Europe and the USA and are among the most competitive

suppliers to China.

X. NITROGEN FERTIUZER PRICES

A. General

Ammonia and urea prices have fluctuated widely over the last several decades. Many analysts

have tried to relate these fluctuations to several factors, such as supply and demand balances, grain

prices, energy prices etc. in the hopea of understanding the structure of the market and developing

analytical tools that allow the prediction of future prices. However, no one single parameter has shown

any signfficant correlation over an extended period of time, although more promising results have been

obtained using econometric models involving a large variety of factors. One example of such an

econometric approach is the World Bank's 'Integrated Agricultural Fertilizer Model'.

In a perfect market, prices will be determined by the forces of supply and demand. However,

the international fertilizer market is far from a perfect market and, in general, the major factors distorting

the market are:

(i) The limited number of buyers and sellers.

(ii) Umited entry or exit of producers to and from the industry.

(iii) Long term lags in adjustment to equilibrium.

(iv) Imperfect knowledge of market conditions.

(v) Effect of counter trade and barter deals.

The world fertilizer markets have always been dominated by a small number of buyers and

sellers, although the various players have changed over time. At the present time, nitrogen exports are

dominated by the USSR and imports by China.

As it may be excessively expensive for a new investor to enter the nitrogen fertilizer industry and

in view of the high capital charges on new production capacity, there is always a wish to operate existing
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plants at high rates. Furthermore, since it is also very costly to close plants or maintain them in an idle

condition, there is a reluctance to do this.

There is always a long time lag in adjusting to a market equilibrium In the fertilizer industry. The

lead time to plan and implement a new fertilizer plant in a developing country can take five to seven

years, so that indigenous supply can only reply to market signals after a considerable delay. The

industry is characterized by a major price cycle of about 6-8 years, which, to some extent, follows the

investment cycle.

Imperfect knowledge at the trading level can have a major impact on fertilizer prices. With a

market that has become increasingly competitive among fertilizer traders, it is the perception of market

conditions rather than actual conditions which determine the buying and selling pattems of fertilizers. If

buyers perceive a shortage in the market and react in a panic manner to cover themselves, prices will

increase much more rapidly than economic conditions would dictate. Ukewise, if suppliers also react in

a hasty manner to unload stocks, because they perceive a weakening of the market, this can aiso bring

prices down quickly. It was mainly the psychological reaction to a perceived food and fertilizer shortage

that made fertilizer prices double in price in 1974. There would have been no major shortage of

fertilizers at that time, if off-take had been in a reasonable and regular manner.

Fertilizer prices are also exposed to other factors including counter-trade and bartering

arrangements, tariffs and quotas maintained on particular products in some markets, and exchange rate

variations. As intemational fertilizer prices are quoted In USA doliars and the dollar has been fluctuating

widely in recent years against many currencies, the abilities of countries and farmers to buy fertilizers or

raw materials have also varied, leading to further price instability in the market.

B. Historical Ammonia and Urea Prices

The prices of ammonia and urea, the two main nitrogen products traded intemationally, have

varied widely both in absolute and also in relative terms over the last two decades. Following the major

investments in the late 1970s, there has been a large surplus supply situation that has depressed prices.

Large exports of both ammonia and urea from Eastem Europe, at very low prices to gain hard currency

and increase market share, resulted in a steady decline in fertilizer prices through the early years of the

1 980s.



-96-

In 1984, it appeared that the boittom of the price cycle had been reached and prices started to

rise again after a revival of demand in 1984/85, but prices declined again In 1987 with urea reaching a

new low in real terms. A significant improvement in nitrogen prices followed during 1988 and

expectations for 1989 also looked good with prospects of a major increase in USA demand due to

increased plantings. However, poor weather constrained fertilizer use and prices tumbled as traders

and producers unloaded high stocks. A new record low in constant dollar terms for urea was reached in

August 1989, when Arab Gulf prices fell to less than US$60/ton. Ammonia prices also fell to a similar

level. Subsequently, ammonia and urea prices increased steadily through the first haHf of 1990 as a

strong demand developed for both urea and DAP in China and for urea also in other Asian countries. By

mid 1990, urea FOB prices in the Near East had increased to US$135/ton and ammonia prices to about

US$98/ton. At the end of 1990, following the crisis in the Arab Gulf, urea prices from East Europe had

increased to about US$145/ton and ammonia to US$120/ton FOB US Gulf. However, there were

indications that some of the tightness in the ammonia market was slackening. Long-term historical price

patterns for urea and ammonia are shown in Figure 38.
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As 1991 progressed, ammonia- prices softened initially, as producers in the Arab Gulf unloaded

stocks, but then increased again as buyers looked for other sources to meet their needs. In other

regions, the impact on ammonia prices wvas not so great. In the USA, relatively low gas prices favored

ammonia production and in Western Euirope, a return to stable oil prices made ammonia production
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more attractive.

Following the cease fire in the Gulf War, both urea and ammonia prices fell, but in the second

half of 1990, with increased purchases from China and India, prices increased steadily. During the

second half of 1991, as Chinese purchases slowed down, urea prices declined. Ammonia prices also

fell, but stabilized towards the end of the year.

C. Future Ammonia and Urea Prices

In order to examine the longer term demand for fertilizers in a more systematic way, the

International Commodity Markets Division of the World Bank has developed an integrated

agricultural/fertilizer model that derives fertilizer demand explicitly from that of grain production. Long

term prices are projected on the basis of a long term supply/demand equilibrium assumption in the

fertilizer model. The price projections take into account the industry's investment and production

behavior in response to fertilizer prices, the crop prices and production projections and expected

movements in exchange rates and interest rates. Using the model, price projections have been made

for the main fertilizer materials through the year 2000.

World Bank projections are only prepared for urea and expressed in 1985 constant US$, which

makes comparison with other forecasts difficult. Historically, the Bank's projections have been based on

bagged urea FOB West Europe, whereas the real yardstick today for prices is bulk urea East Europe.

Table 28:

UREA FERTIUZER PRICE FORECASTS

YerL im im 1993 1i99 12k 2Q 20

Urea (1) 170 180 190 200 210 243 273
Urea (2) 121 125 126 127 127 120 112
Urea (3) 140 154 163 177 186 201 240
Urea (4) 140 151 157 164 165 145 163

(1) Source: World Bamk, current US$, bagged FOB Wet Europe
(2) Source: Woeld Bank, contwant IW US$, bagged FOB Wet Europe.

(3) Source: World Bank, current US, adjusted bulk FOB Ead Europe.
(4) Source: World Blnk, consnt IMI US$, adjustd bulk FOB Eat Europe.

Some new price projections have been made in this report with adjusted World Bank forecasts on a
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1991 constant US$ basis and are given in Table 28.

Some other price forecasts have been developed, based on the assessment of the nitrogen

outlook outlined in this report. Three scenarios are investigated and it is assumed in all scenarios that

nitrogen fertilizer prices will depend mainly on developments in the USSR, the world's largest exporter of

ammonia and urea. Generally, the view is taken that the relative impact of both fertilizer supply and

domestic demand will not result in any constraint on export supply, although the break-up of the Soviet

Union will result in many problems for the region in terms of gas supply and distribution. The scenarios

chosen refer to the impact of oil prices on prices of nitrogen fertilizers.

OIL PRICE SCENARIOS

The major cost component of ammonia production is the cost of energy, both as a fuel and a

feedstock. Generally, analysts expect tlhat stable oil prices will prevail and the stabilization of oil prices

after the recent Gulf War supports this view. Nevertheless, the prospect of an increase in oil prices could

occur and it is important to assess what impact this would have on the nitrogen fertilizer industry.

An escalation of oil prices may not affect ammonia feedstock prices in the same way. In some

cases, where the feedstock costs are dir,ectly related to oil prices, the impact would be proportional. The

main case, where feedstock costs would be directly related to oil prices would be for oil-based and

naphtha-based plants. This would affect about 10% of world ammonia production. Additionally, it would

also involve those plants, where gas prices are directly related to oil prices, such as Western Europe,

India, etc. and , to an increasing extent, Eastern Europe. It is estimated that, in total, about 30% of world

ammonia production would be affected.

In some cases, such as the UESA, where gas is the main feedstock, the natural gas and oil

markets operate more or less independently and this relationship is expected to continue for some time.
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About 45% of world ammonia capacity, mainly that in West Asia and South Asia, the former

USSR and Latin America, is based on gas with an opportunity cost basically equal to the cost of

collection, sweetening and distribution. In these cases, the cost of gas is cheap and will remain cheap.

Most of the world nitrogen export market is based on this type of gas. World reserves of natural are very

large and in particular there are many developing countries throughout the world that are in a position to

provide cheap natural gas. Many new large plants will be built on existing sites to benefit from cheap

gas and economies of scale and will be able to produce nitrogen fertilizers cheaply. Therefore, long

term nitrogen fertilizer prices are not expected to rise significantly.

Effect of High Oil Prices on Nitrogen Fertilizer Prices

To a large extent, nitrogen fertilizer prices depend on the cash costs of the high cost producers.

The most important region to be affected by high oil prices would be Europe, where feedstock costs are

almost always related to oil prices. With Brent crude oil prices of US$20/BBL, the average cash cost of

ammonia produced in Europe is about US$130/ton. If current oil prices doubled based on recent gas

pricing policies, the cash cost of ammonia would increase to about US$230/ton. If oil prices did rise

significantly, the European industry would no longer be competitive and plants would be forced to close;

ammonia prices would further increase with reduced ammonia availability.

In the USA, a major increase in oil prices would force gas prices upwards, but not to the same

extent. If it is assumed that gas prices double as a result of a doubling of oil prices, the total cash cost of

ammonia production would increase from about US$90/ton to about US$160/ton.

Low Oil Price Scenario

Some analysts believe that, with large oil stocks and increased capacity in Saudi Arabia, oil
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prices may fall in the future even perhaps to a level of US$10/ton. Although such a scenario may not be

very likely, it is interesting to examine its Implications. The impact of such a low oil price would be felt

mainly in Europe, where the equivalent gas price would drop to US$1.5/MMBTU and the average cash

cost of ammonia production would fall to about US$80/ton On such a basis, existing ammonia capacity

in Europe would be able to compete in the domestic market with any new or existing ammonia plants

overseas. As a result, the closure rate of ammonia plants in Europe would slow down. Overall on an

international basis, there would be a stabilization of both ammonia and nitrogen fertilizer prices.

However, with the development of a much tighter nitrogen supply and demand balance,

international ammonia and urea prices are becoming more dependent on availability of supplies rather

than cash costs. Although lower oil prices will delay price increases, the market has now approached a

balanced situation, in which prices are likely to rise - even with low oil prices, until new capacity can be

justified. In 1991 an FOB urea price of about US$ 150/ton would be sufficient to entice new production

in certain favorable oations. A fbrecast of nitrogen fertilizer prices in relation to various oil price

scenarios Is shown in Table 29.
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Table 29:

NITROGEN FERTIUZER PRICE FORECASTS

FOR DIFFERENT OIL PRICE SCENARIOS

Yea 1M 1994 199M 200
Low Oil Prce
Urea (1) 135 138 137 138 140 145
Ammonia (2) 117 120 123 127 130 140

Stable Oil Prce
Urea (1) 135 140 143 147 150 150
Ammonia (2) 117 120 125 130 145 155

High o01 Pric
Urea (1) 135 150 160 185 170 170
Ammonia (2) 117 130 140 150 160 175

Low Oil Prie: Oil pdrc decikirS to USS10BBL throuh 1995 -2000
Stabl Oa ProIc Oil prce of U6S20/BBL through 2000
High Oil Prde: Oil pike er_sa to lU$4ton through 1995 - 2000

(1) Source: This Report, urrent US$, bulk FOB Eat Europe
(2) Sour: Thi Report, current US$, FOB US Gulf.

Basically, these forocasts assume that, in the next year or two, the shortage caused by the Arab

Guff crisis will be moderated by additional exports from the USSR, which will be available because of a

fall in domestic demand. The shortage will further be alleviated by new capacity coming on stream after

1991. By 1995, the suppty demand balance will tighten again as new demand takes up the new

capacity, but further investments should ease the situation again by 2000. Ammonia and urea prices will

probably peak between 1995 and 2000. Historical prices and price projections covering the period 1984

to 2000 and assuming stable oil prices are shown in Figure 39.
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Fhure39
HISTORUCAL AND PROJECTED AMMONIA AND UREA PRICES
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The Relationship Between Ammonia and Urea Prices

Based on total production costs, the price of ammonia should theoretically be a little higher than

urea. However, in practice the ratio of the two prices has varied considerably over the past two

decades, as the relative demand In the markets for the two products has changed. Over the last two

years, urea prices have been considerably higher than ammonia prices due to the stronger urea market.

This situation is expected to remain through the next few years, but as more urea capacity comes on

stream in the second half of the 1990s, the relative price of ammonia is expected to increase.
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Xi. WORLD CEREAL PRODUCTION AND NITROGEN FERTILIZER CONSUMPTION

A. Current Food Situation

Under its Global Information and Early Waming System on Food and Agriculture, the Food and

Agriculture Organization of the United Nations (FAO) regularly issues its publication "Food Outlook'. In

the first half of the 1980s, the global food outlook was in general satisfactory, with good harvests and an

adequate stocks. Recently, however, the *Food Outlook has been waming about a serious decline in

food stocks as food consumption has been outstripping food production for several years. Fortunately,

the situation improved in 1990 as a result of a world record cereal harvest. Global cereal stocks

recovered somewhat after having been drawn down for three successive years. In late 1991, the 'Food

Outlook" reported on a deterioration of global cereal harvests and FAO forecast a reduction in cereal

output for 1991 to about 1,880 million tons, i.e. around 4% lower than in the preceding year. For the

same period, in the USA, the harvest of wheat is expected to drop by 26% and of coarse cereals by 7%/o,

and in the USSR, overall cereal production may decline by about 25% compared with the bumper crop

of 1990, due to a reduction in the total area planted by around 2% compared with the previous year and

damage to large amounts of both wheat and coarse grain crops.

The cereal supply and demand situation is likely to tighten in 1991/92 and world cereal inventory

to diminish sharply, probably resulting in the lowest stock levels in the major grain exporting countries

over the last 16 years. Some regional food supply problems are becoming particularly distressing. In

Africa, food emergencies are expected to worsen in Ethiopia, Sudan, and Angola and remain serious in

Mozambique and Uberia. In South America, cereal output has fallen for three consecutive years and per

capita consumption is declining despite increasing imports.

B. Future Food and Fertilizer Needs

The world population is expected to increase from about 5,290 millions in 1990 to 6,260 millions

in the year 2000 at an annual average growth rate between 1.65% and 1.70%h. More than 90% of this

growth and henceforth the greatest need for increased food production will occur in the developing

countries and according to FAO's report *Agriculture Through The Year 2000' (AT2000), demand for

agricultural products, both for food and non-food uses, will have to increase at an annual rate in excess

of 3%.
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Assuming an unchanged pattem of agricultural development, increased production must come

from improved farming practices and augmented inputs. It seems highly unlikely that there will be any

major breakthrough in genetic engineering that could significantly affect food production through the

year 2000. Few countries have significant quantities of good quality land left to bring into cultivation.

Hence the bulk of future incremental production will have to come from increased cropping intensity and

higher yields. According to the views of the FAO Fertilizer Commission which met in Rome April 1990,

nearly two thirds of the increased crop production will have to come from raising average yields. The

Fertilizer Commission debated at that meeting whether or not the projected increase in fertilizer

consumption would be sufficient to provide the nutrient levels necessary for the required agricultural

production and concluded that, following current trends, it would not, as forecasts of effective fertilizer

demand were falling short of the projections made of fertilizer needs in the revised version of MAT2000m.

In the developing countries, fertilizer growth through the year 2000 is expected to average about

3.5 % as compared with the AT2000" lForecast of 4.7% necessary to meet food production needs. Apart

from a significant decline in projections of fertilizer use in developing countries, forecasts of fertilizer

demand in developed countries have also been declining, mainly as a resuit of environmental

considerations and major policy shifts to limit agricultural surpluses. Nitrogen fertilizer consumption is

forecast to grow from 78 million tons N in 1990/91 to 91 million tons in 2000/01, i.e. at a growth rate of

only 1.5%. Thus the projected increase in world fertilizer consumption falls below the expected growth

in world population.

C. Cereal Production and Nitrogen Fertilizer Consumption

Based on the above mentioned trend, some doubts have been raised as to whether future

nitrogen fertilizer consumption will be adequate to meet food needs; according to the FAO mAT2000"

model, they will not. The World Bank Trechnical Paper No. 59 (World Nitrogen Survey, 1987), attempted

to establish some relationships between nitrogen fertilizer consumption and food production using FAO

statistical data for cereal production and nitrogen fertilizer consumption. The data have now been

updated and are summarized in Annex-18, including information on population growth, cereal

production and nitrogen consumption.. Figures 40 and 41 illustrate the historical development of world

total cereal production and world fertilizer nitrogen consumption.
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Figure 40
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Cereal production and world food production show a high degree of correlation, as cereals are

by far the most important component of the world's food supply chain, receMng more than half of all

fertilizers applied.

E Lur 41
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CEREAL PRODUCTION PER UNIT OF NITROGEN (G/N) AGAINST TIME (1)

The time series developed for cereal production and nitrogen fertilizer use have been combined

to give a correlated time series of cereal production per unit of nitrogen fertilizer used and are shown In

Figure 42. In Annex 18, the G/N was calculated both for the same year and for two years, based on the

lagging of fertilizer consumption by one year. This seems appropriate as there is often a different

phasing between crop production and fertilizer consumption, which is frequently recorded in terms of

fertilizer deliveries. As the concept of production phasing gives usually a better correlation, this method

has been used in Figure 42. Although future grain production will to a large extent depend on increased

fertilizer use, it will also relate to many other factors, such as farm management practices, land area

under cultivation, high yielding and hybrid varieties, other fertilizer use etc., that should directly or

indirectly boost nitrogen fertilizer demand. Nevertheless, the G/N trend is downward, as fertilizer use

increases and overall average global application rates move to the less responsive, flatter part of the

nutrient application/yield-curve. The decline of G/N is projected to continue slowly unless some major

breakthroughs can be achieved in biological and genetic engineering.

Fiaure 42
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Information on nutrient application rates and agricultural production are summarized in Figure

42 and can be extrapolated to predict future cereal yields in terms of nitrogen fertilizer consumption,

which has been attempted in Table 30.
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Table 30:

CEREAL PRODUCTION AND FERTIUZER APPUCATION RATES

Cwe Production Fertilizer Nirogen Grain Production Nitrogen
Consumption Application afte

(G) (N )G/
(Million Tons} (Million Tons) (rons Per Ton N) I/h

iREGION

WORtD t.879 90 79.66 23.60 53.90

Africa 94.40 2.09 45.10 11.30
America 435.80 14.57 29.90 35.20
Asia 833.60 35.02 23.80 77.30
Europe 290.70 15.94 18.20 112.70
USSR 201.30 11.59 17.40 49.90
Oceania 23.10 0.45 51.20 9.10

CEREAL PRODUCTION PER UNIT OF NITROGEN (G/N) AGAINST TIME (T) AND NITROGEN

FERTIUZER APPUCATION RATE (R)

In order to check the relationship between G/N and nitrogen fertilizer application rates, the G/N

prevailing in different regions of the world where application rates vary widely against application rates,

was analyzed and the data are shown in Table 31 and in Figure 43. The most recent and consistent

data available for 1988/89 were derived from the FAO Fertilizer and Food Handbooks.

Generally, the data show a good correlation between cereal production and nitrogen fertilizer

application rates. An exception is the USSR, where cereal production per unit of nitrogen is well below

the general norms due to a variety of reasons, such as climate, inefficient farming practices and very

large losses of both fertilizers and crops.

The overall trend indicates that cereal production per unit of nitrogen decreases, as application

rates increase to high levels. At high application rates, such as prevailing in Europe, the ratio falls below

20.
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Assuming an increase in fertilizer consumption of about 15% over the next decade with

unavailability of additional land for cultivation, the world average fertilizer application rate will grow

correspondingly. Based on the relationships illustrated in Figures 42 and 43, the global G/N value for

Flgure 43 the year 2000 is

estimated to decline
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production per capita remains constant. As indicated in Annex 18, yearly per capita cereal production

over the last decade has remained reasonably stable at around 0.36 tons. Table 31 compares these

estimated values of nitrogen fertilizer consumption and cereal production needs with current nitrogen

projections of the Fertilizer Working Group.

Table 31:

PROJECTIONS OF FERTIUZER NITROGEN CONSUMPTION

Year Projeced World Cal Harvea Nrgen Apication Nitrogen Demand Grain Production
Population Required To Maintin Requirod To Maintain Foreasts By The Based On N-Forecsts

1990 Food Per Capta 1990 Food Per Capia Worldng Group By the Worldng Group
Producdon Produlon

(Million) AIlIlonam Tond ilion Tons N (Million Tons N (MIion Tong)

1991 5,381 1,937 81.39 77.76 1,850
1992 5,472 1,970 83.47 78.27 1,883
1993 5,565 2,003 85.61 80.12 1,828
1994 5,659 2,037 87.81 81.69 1,895
1995 5,757 2,073 90.11 83.58 1,922
1996 5,854 2,107 92.43 85.37 1,946
1997 5,953 2,143 94.82 87.23 1,971
1998 6,054 2,179 97.30 89.09 1,996
1999 6,157 2,217 99.84 90.95 2,019
2000 6,261 2,254 102.45 92.80 2,042
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The comparison suggests that based on recent forecasts of future effective nitrogen

consumption, food production will not be sufficient to maintain current levels of subsistence. It should

be noted that current expectations of nitrogen fertilizer use are rather pessimistic and predominantly

influenced by the on-going changes in Eastem Europe and the USSR and also by increasing

environmental constraints on fertilizer use.

In the event however that the food situation does deteriorate in the next decade as projected,

both the world agricultural industry and the world fertilizer industry have the ability to respond to ensure

adequate supplies, although probably not without some sharp price fluctuations in the process.

XII. FERTILIZER USE AND THE ENVIRONMENT

A. General

An increasing number of nations, in particular from the developed regions, are becoming very

concemed about the social and economic aspects of environmental degradation. In particular, the use

of agrochemicals inputs and mineral fertilizers in agriculture has become a subject of much debate.

Although the manufacture, transportation and use of fertilizers involves many operations, it is

mainly on the application side where controversies arise on very complex environmental and agricutural

issues. Besides some emotional and unfounded criticism concerning the use of mineral fertilizers, there

are nevertheless several issues that do require further investigation and many agencies, institutions and

enterprises, including govemmental organizations and the fertilizer industry, are getting more involved in

assessing the impact of fertilizers on the environment as well as sustainable agriculture and investigate

better and more efficient ways of producing and using fertilizers.

At the same time as the debate continues, it is essential for all involved to accept the need for

applying mineral fertilizers as replenishment for the nutrients removed from the soil by growing crops, as

organic manure alone would be inadequate to meet current let alone and future agricuftural needs. For

the foreseeable future, there is therefore no alternative to an efficient and responsible use of mineral

fertilizers for achieving a food production commensurate with the needs of growing world population.
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Environmental issues regarding the manufacture and transportation of fertilizer materials are

usually better understood and dealt with than issues conceming actual fertilizer use. Legislation is

available in most countries to ensure that producers remove toxic or harmful materials from their

gaseous, solid or liquid effluent, even if economic considerations do not justify such treatment. Often

laws also regulate the storage and transportation of potentially dangerous materials. In the nitrogen

fertilizer industry, all facilities involved with the storage, processing and handling of materials such as

ammonia, nitric acid, ammonium nitrate, urea, and related compounds are usually subject to stringent

inspection and control by the legislators.

Environmental problems associated with the use of fertilizers are more difficuft to assess and

resolve and tend to be longer term in nature. Generally, they relate to large scale continued application,

willingly or unwillingly, of unbalanced and excessive quantities of mineral fertilizers, occasionally of an

inappropriate type, and the resulting potential harm to environment, ecology and human health.

Afthough current debates regarding the use of fertilizers cover several environmental issues, the

most serious one relates to the leaching of nutrients into the ground water, in particular of highly soluble

nitrogen compounds. However, the problem of nutrient leaching is not confined to mineral fertilizers, but

also applies, often to a much larger extent, to organic materials, such as Ogreen fertilizers3 and manure.

Several reports and studies on these topics have recently been published by local and intemational

agencies, independent institutions and members of the industry that cover the agronomical,

environmental and industrial aspects of agriculture and fertilizers.

B. Nitrogen Fertilizers

The two main environmental issues relating to nitrogen fertilizer use in agriculture concem the

loss of nitrogen to the atmosphere (denitrifkcation) and to ground water (nitrification and leaching).

When a nitrogen fertilizer is applied to tlhe soil, the proportion of nitrogen taken up by the plant will vary

according to crop type, climate, soil condition and availability of other nutrients, and will normally be in

the range 40 - 60%. Loss by denitrification and volatilization can be up to 30% and the loss by leaching

up to 10%. Denitrification is the reduction of nitrate-salts - also occurring in the soil, to gaseous

compounds such as nitrous oxides and nitrogen that are volatile and escape into the atmosphere.

Nitrous oxides belong to the group of gireen house gases' and are also considered to contribute toward

the breaking down of the ozone layer. IHighly cultivated land in temperate and tropical regions, tropical

forests and grasslands are regarded as the major source of nitrous oxides. Although a large part of the
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denitrification processes occurring in the soil originates from natural organic sources, It Is known that

denitritication of mineral nitrogen fertilizers also may take place, to a varying extend dependent on soil

and climatic conditions as well as nutrient application rates and techniques.

Ammonia emissions into the atmosphere come mainly from animal husbandry and from

maturing cereal crops. However, under certain conditions, the application of nitrogenous mineral

fertilizers may also contribute to ammonia loss to the atmosphere; for example, after application of

fertilizers in the form of top dressing with ammonia or urea, particularly on the surface of calcareous

soils. There is probably also a significant ammonia loss from the use of large quantities of ammonium

bicarbonate fertilizer almost exclusively manufactured and applied in China.

The most important environmental issue conceming the use of nitrogen fertilizers relates to the

leaching of nitrates into ground water and particularly into drinking water. Concem about nitrate-intake

is related mainly to a fear of infant methemogiobinemia (mblue babiess and the fact that nitrite formed

from nfrate in the stomach may react with fbod components to form carcinogenic compounds, e.g.

nitrosamines and others. Considerable controversy exists regarding safe levels of nitrate in drinking

water. The US Public Health Service suggests 45 mg nitrate per liter, a level which Is also supported by
the World Health Organization (WHO). Although the EEC regulates the limit at 50 mg per liter, several

European countries, where both application of mineral fertilizers and farmyard manure is high, have

nitrate levels, which at times exceed these limits. Currently, recommendations for reduced fertilizer use

together with improved farming practices are being implemented in several countries to reduce or

minimize nitrate leaching.

C. Low Input Sustainable Agriculture (USA)

The concern about environmental issues has brought with it a host of Ideas on altemative

agricultural practices and systems, that generally aim, with some variations, at limiting or even

eliminating the use of pesticides and mineral fertilizers. One of the most prevalent of these is the 'Low

Input Sustainable Agriculture, known better by the acronym USA, which is backed by the US

Department of Agriculture (USDA) and supported in its recent publication 'Altemative Agriculture by the

US National Research Council (NCR). This report recommends a return to natural farming practices and

a reduction in the use of pesticides and chemical fertilizers. It recommends that Congress and USDA

should change farm policies to encourage farmers to use less mineral fertilizers and that research on

natural farm methods should be increased significantly. The researchers conclude that, if farm
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subsidies were reduced, farmers would no longer produce surpluses marketable to the govemment and

would be encouraged to adopt natural farming techniques. This would bring supply in line with demand

thus raising prices and making up for the subsidies.

This idea has found support but also criticism, in particular from the fertilizer indust,y, the

Fertilizer Institute and the Potash and Phosphate Institute, who have queried the findings and expressed

their concem about the impact that a USA program would have on USA agricultural production.

On the other side, however, the concept of USA appeals to a wide range of organizations,

partially with strong political support, who are concemed with environmental matters and programs that

may greatly increase spending on USA that have been authorized by both the House and Senate

Agricultural Committees. The Senate Agricultural Committee has approved a large increase in both

research and extension service work. The controversy over USA and what it will mean to farmers and

the general public is likely to continue for some time, but barring legislation to limit fertilizer use, farmers

will develop their own levels of use to ensure maximum economic yields. While there are obviously

many attractive features in practices of altemative agriculture that might lead to better economies or

higher efficiencies in the use of mineral fertilizers, any major trend in this direction should be correlated

with world food production prospects over the next decade, a critical period with major population

growth. As the world relies heavily on USA exports of agricultural products, any major change in USA

agrcultural policy with adverse impacts on USA production and exports could have serious

consequences on an already finely balanced world food situation.

D. Environmental Legislation

Legislation regarding the use of nitrogen fertilizers is complex and varies significantly from

country to country, although in some areas, like the EEC, legislation is now being introduced on a

regional basis. In the USA, environmental laws vary widely from state to state. A report on

environmental legislation affecting the fertilizer industry was published by the Intemational Fertilizer

Industry Association (IFA) at the end of 1989.

The European community is probably the leader in the consideration of environmental issues

involving fertilizers, as fertilizer use in the region is high and environmental concem is a major political

issue with a strong 'Green Partyt in the European Parliament. Many individual countries have already

adopted policies to control the effect of run-off from manure and mineral fertilizers, but there is public
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pressure for stronger EEC legislation. Serious discussions began in 1987, when the European

Commission started on a directive on the control of nitrates In water. Iniially it was proposed that

nitrogen fertilizer use should be limited according to crop type. The proposal tailed, because of

opposition from farming lobbies that feared a cutback in incomes with reduced nitrogen fertilizer use.

One of the major problems in introducing new legislation in Europe is the difficulty in assessing

the levels of fertilizer application that may pose a problem and also the relative contribution of organic

manure as compared with mineral fertilizers. Some reports suggest that the levels of nitrat permissible

in drinking water will necessitate reduced nitrogen fertilizer application rates below that required for

maximum economic crop production.

In June 1991, after two years of debate, the EC environment ministers agreed on a draft directive

to reduce the nitrate levels in water to a maximum of 50 mg per liter by amending current agricultural

practices. Under the new draft directive, member states will have to establish 'nitrate vulnerable areas',

where nitrate levels in water exceed 50 mg per liter or where there is a risk of eutritication. No

mandatory levels of nitrogen use will be set by the EEC and it will be left to each state to set its national

levels by 1999. However, a mandatory level of organic manure application will be set by the EEC. About

10 million hectares in EEC countries are expected to be affected by this new legislation.

In North America, the problems of nitrate in drinking water is not as great as it is in Europe. A

recent geological survey showed that in 91 of the principal aquifers in 46 states, nitrate levels were below

3 mg per liter. The levels in the remaining aquifers ranged between 3 and 10 mg per liter. The

"maximum contaminant lever (MCL) is 10 mg per lIter. In 1990, a study by the Environmental Protection

Agency (EPA) indicated that about 2.4% of private drinking water wells are contaminated above the MCL

level. Most studies of well water contamination suggest organic pollution sources. Wih nitrogen

fertilizer use static in the USA for the last decade, the problem of water contamination by nitrates gives

no cause for alarm, although there are individual situations that need attention.

Although several individual states in the USA have Introduced legislation, which either limits or

taxes nitrogen fertilizer use in certain sHuations, lgislation is not wide-spread. The US congress has yet

to debate a proposal on the introduction of a national sales tax on agricultural chemicals, including

pesticides and fertilizers. Some form of regulation of fertilizer use seems likely in the pending 'Clean

Water Re-Authorization Bill now being debated. Among others, the Bill requires the industry to develop

fertilizer management programs in cases where customers buy more than 1,000 lbs of fertilizers over a

90 day period in a major water resource area. EPA will have the responsibility to define such areas. The

fertilizer industry maintains that further legislation is not required as the agriculture sector is well on its
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way to solving the problem of non-point pollution and points out that fertilizers are not the prime source

of water pollution by nitrates, which is caused mainly by animal wastes and legumes.

NUTRIENT DEPLETION IN THE SOIL

In some cases, particularly in the poor developing countries, there is a threat to the environment,

not because of too much fertilizer use, but because of too little.

One of the major issues discussed at Fertilizer Commission Meeting in April 1990, was the

problem of nutrient removal or unutrient mining" from soils. Plants require an essential supply of the

major plant nutrients nitrogen, phosphorus and potassium, as well as other macro nutrients such as

sulfur, calcium, magnesium and several micro-nutrients (such as for example Zn, B, Mo, Mn and others).

An average grain harvest will remove 1100 - 150 kg/ha of major plant nutrients by a normal yielding crop

and in order to ensure sustained procluctivity of the soil, it is imperative that an adequate level of these

nutrients be maintained in the soil.

Although average world plant nutrient consumption is of the order of 90 kg per hectare and, in

some regions, an equilibrium between nutrient removal and addition has been established, taking into

account also the application of organic fertilizers, nutrient-mining is very serious in many areas. For

example, Africa's annual maize harvest removes more than 3 million tons of plant nutrients from the soil

each year, but mineral fertilizer application is only 1.7 million tons and therefore inadequate to sustain

soil fertility. The situation is aggravated by increasing demands of a fast growing population that have

caused a widespread breakdown of the previously balanced system of natural replenishment.

For the 93 developing countries covered by the "AT 2000' study, mineral fertilizer use will need

to rise from around 40 kg/ha to about 80 kg/ha, an overall growth rate of some 5% per year. Because of

the serious nature of this problem, the FAO is seeking support for launching an expanded 'Program for

Sustainable Soil Development to overcome the problem of nutrient depletion in the soil.
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Xiii. THE FUTURE OUTLOOK FOR THE WORLD NITROGEN INDUSTRY

A. World Nitrogen Needs

World nitrogen demand for both fertilizers and industrial use is forecast to increase by more than

15 million tons through the year 2000. Taking into account nitrogen processing and distribution losses

of about 8%, and a plant utilization of 85% (equivalent to the current world average), nearly two million

tons N of new ammonia capacity will be required each year to meet new nitrogen demand. In addition,

new plants will be required to replace wom-out or obsolete units. It is difficult to estimate replacement

needs, but as world capacity increases this need is likely to folow. It is estimated that 25% of existing

ammonia capacity is now older than 20 years and 40% is older than 15 years. The closure rate of

ammonia plants is about 1.5 million tons per year and this will increase to two million tons per year or

more by the end of the decade. Very roughly, capacity requirements for meeting increased demand and

replacing old plants suggest a need for about 10 large new plants each year.

It should be noted, however, that these projections are stil based on rather conservative

projections of new nitrogen demand that may be insufficient to meet future food needs. In the event that

current nitrogen demand forecasts are increased in the future, new capacity needs would have to be

revised correspondingly.

B. Future Projects to Meet World Nitrogen Needs

In order to compare and assess the various potential nitrogen fertilizer projects, matrixes have

been developed for both ammonia and urea projects and these are presented in Annex 13 and 14. The

information on realization prices contained in Section Vill has been used as a basis for the specific

projects compared in the matrixes. Because the locations chosen do not always fit exactly the

conceptual scenarios examined in Section VIl, interpolation and judgment have been used to assess

investment costs for the specific projects. In some cases, the variable costs have been adjusted to take

into account local conditions.

Projects are compared on the basis of total delivered costs to various major markets.

Assessments have been made on the basis of a plant built on an existing site and a plant built on a new

site. Freight rates are based on estimated rates prevailing through the 1990s. Here again, judgment

has to be used on the size of vessel that can be used on certain routes and whether cost reductions can
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be obtained in the case of solid fertilizes joint cargoes. At this stage, no allowance is made for tariffs or

quotas, but these should be taken into account, particularly in trade to Westem Europe.

There are three clear conclusions that may be derived from the comparisons:

1. Plants on new green-field sites in remote locations, even with very cheap gas, will not be

competitive. The product selling price necessary to justify these projects will be much

higher than projected prices for ammonia and urea.

2. There is a major financial advantage in building plants on existing sites.

3. Freight costs are an important consideration in evaluating a project and can be as

important as gas prices.

The comparisons indicate that the two most competitive locations to build a nitrogen fertilizer

would be in the Arab Gulf area (suchl as Saudi Arabia), and in Southeast Asia (such as Indonesia) to

serve the main market in Asia. Central America (e.g. Venezuela) would also be a favorable location to

serve the markets of Latin America, the USA and Westem Europe.

Based on current price projections, it should be possible to justify a plant on certain existing

sites to produce urea and/or ammonia and get an acceptable return on investment. On a new site

where the investment cost would be much higher, it would be more difficult to justify a new project.

Theoretically, the price of ammonia to justify a new project should be a little higher than that of

urea. However, there are two different markets for urea and ammonia. This has occurred because

these are currently not in balance as there is a higher demand for urea than for ammonia, since the main

urea market is in the Far East and China, whereas the ammonia markets are those of the USA and

Western Europe, which are currently growing at a much slower rate. However, as more new urea

capacity comes on stream, the markets will become more balanced and ammonia prices should

strengthen relative to urea, thus reducing the current price-ap between ammonia and urea.
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WORLD BANK/FAO/UNIDO/INDUSTRY
NITROGEN SUPPLY AND DEMAND BALANCES

1989/90 - 1995/96

ANNEX-1

COUNTRY AMMONIA CAPACITY
(000 TONS N)

1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1295/96

WORLD 114.646 113.682 114.695 116.849 120.057 122.345 123.646

AFRICA 3.3S 3.416 3.416 3.688 3.803 4.075 4.075
Algeria 816 816 816 816 816 816 816
Egypt 966 977 977 1,249 1,249 1,249 1,249
Ubyan Amb Rep. 544 598 598 598 598 598 598
Malagasy Republic 0 0 0 0 0 0 0
Nigeria 272 272 272 272 272 544 544
Somalia 0 0 0 0 0 0 0
South Africa 608 608 608 608 723 723 723
Zambia 82 82 82 82 82 82 82
Zimbabwe 63 63 63 63 63 63 63

AMERICA 21.787 21734 21,f888 22.362 22.490 22.490 22.978

North America 15.8S3 1.5141 1555 .15969 16.023 16.023 16.023
Canada 3,116 2,930 2,956 3,363 3,417 3,417 3,417
U.S.A. 12,537 12,584 12,606 12,606 12,606 12,606 12,606

Central America 4.134 4134 4.240 4.2L 4.240 4.240 4.240
Cuba 321 321 321 321 321 321 321
Mexico 2,419 2,419 2,419 2,419 2,419 2,419 2,419
Trinidad 1,394 1,394 1,500 1,500 1,500 1,500 1,500

South America 2.000 2.086 2L086 2.153 2.227 2.227 2.715
Argentina 59 80 80 80 154 154 154
Brazil 1,024 1,074 1,074 1,141 1,141 1,141 1,141
Colombia 150 165 165 165 165 165 165
Peru 116 116 116 116 116 116 116
Venezuela 651 651 651 651 651 651 1,139
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COtJNTRY AMMONIA CAPACITY
(000 TONS N)

11989/90~ 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

AMA 41831 41.304 42.020 43.324 45.925 47.664 48.301

West Asia 567 42 L5A1 L 5.551 5.551 5.551
Abu Dhabi 272 272 272 272 272 272 272
Bahrain 326 326 326 326 326 326 326
Iran 908 908 908 908 908 908 908
Iraq 857 857 857 857 857 857 857
Israel 68 68 68 68 68 68 68
Kuwait 815 0 0 0 0 0 0
Qatar 488 488 488 895 895 895 895
Saudi Arabia 1,256 1,256 1,256 1,256 1,256 1,256 1,256
Syria Arab Rep. 272 272 272 272 272 272 272
Turkey 425 425 697 697 697 697 697

South Asa 10.723 10.723 10.967 11.498 13.075 13.824 14.191
Afghanistan 58 58 58 58 58 58 58
Bangladesh 826 826 826 1,098 1,098 1,370 1,370
Myanmar 213 213 213 213 213 213 213
India 8,416 8,416 8,660 8,660 9,924 10,401 10,768
Pakistan 1,210 1,210 1,210 1,469 1,782 1,782 1,782

Egst Asia 25.421 2L5709 25.909 26.275 27.299 28.289 26.559
China 18,769 19,244 19,444 19,444 19,984 20,974 21,244
Indonesia 2,772 2,777 2,777 3,143 3,627 3,627 3,627
Japan 1,636 1,636 1,636 1,636 1,636 1,636 1,636
Malaysia 272 322 322 322 322 322 322
Korea, D.P.R 879 879 879 879 879 879 879
KoreaRep. of 734 492 492 492 492 492 492
Taiwan 305 305 305 305 305 305 305
Vietnam, Dem. Rep. 54 54 54 54 54 54 54
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COUNTRY AMMONIA CAPACITY
(000 TONS N)

1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/98

EUROPE5 4000 27 2 3 23757 2878 23934 23934

Eastern EuroRe 10.160 10.210 10.2 10 10.426 10426 10.426
Albania 82 137 137 137 137 137 137
Bulgaria 1,721 1,721 1,721 1,721 1,721 1,721 1,721
Czechoslovakia 874 982 982 982 982 982 982
Hungary m 777 777 777 m 777 777
Poland 2,208 2,208 2,271 2,271 2,271 2,271 2,271
Romania 3,505 3,505 3,505 3,505 3,721 3,721 3,721
Yugoslavia 993 817 817 817 817 817 817

Western Europe 13.840 133.28 128 13547 13.452 13.508 13.508
Austria 410 410 410 410 410 410 410
Belgium-Lux. 309 803 803 803 803 803 803
Finland 65 65 65 65 65 65 65
France 1,812 1,812 1,812 1,812 1,812 1,812 1,812
Germany (United) 3,325 2,830 2,830 2,830 2,830 2,830 2,830
Greece 331 331 331 331 331 387 387
Iceland 12 12 12 12 12 12 12
Ireland 365 365 365 365 365 365 365
Italy 1,408 1,452 1,452 1,371 1,371 1,371 1,371
Netherlands 3,063 3,053 3,053 3,053 3,053 3,053 3,053
Norway 440 440 440 440 345 345 345
Portugal 244 244 244 244 244 244 244
Spain 688 688 688 688 688 688 688
Switzerland 37 37 37 37 37 37 37
United Kingdom 1,341 1,086 1,086 1,086 1,086 1,068 1,086

U.S.S.R. 2307 22.843 22923 23.108 23.351 23.572 23.748

OCEANIA 610 610 1 6 6 6
Australia 534 534 534 534 534 534 534
New Zealand 76 76 76 76 76 76 76
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COUNTRY AMMONIA SUPPLY CAPABIUTY
(000 TONS N)

1989/90 1990/91 1991/92 1992/3 1993/94 1994/95 1 995/96

WORLD 97.112 94.460 95.280 97.401 299545 101.839 103.733

AFRICA 2.144 2.339 2.355 2" 2,597 2.769 2,920
Algeria 281 286 286 286 286 286 286
Egypt 821 817 817 918 1,027 1,050 1,062
Ubyan Arab Rep. 163 343 359 359 359 359 359
Malagasy Republic 0 0 0 0 0 0 0
Nigeria 258 272 272 272 272 381 503
Somalia 0 0 0 0 0 0 0
South Africa 517 517 517 517 549 589 606
Zambia 41 41 41 41 41 41 41
Zimbabwe 63 63 63 63 63 63 63

AMERICA 20.302 20.712 2QA0129 11i 21426 21.529 21.710

North America 14.977 15.317 15.328 15.599 15.824 15.901 15.920
Canada 2,844 2,756 2,731 2,993 3,218 3,295 3,314
U.S.A. 12,133 12,561 12,595 12,606 12,606 12,606 12,606

Central America 3.7 3,97 I=A." Lf2I " 3.0 3.808 3.808
Cuba 177 177 177 177 177 177 177
Mexico 2,056 2,056 2,056 2,056 2,058 2,056 2,056
Trinidad 1,444 1,464 1,519 1,575 1,575 1,575 1,575

South America 1.648 1698 1.J73 1j.75 1.a9 1820 1.82
Argentina 47 56 64 64 88 114 120
Brazil 908 944 967 985 1,003 1,003 1,003
Colombia 102 107 112 112 112 112 112
Peru 70 70 70 70 70 70 70
Venezuela 521 521 521 521 521 521 677
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COUNTRY AMMONIA SUPPLY CAPABILITY
(000 TONS N)

1982/ 1990191 1991/92 1992/93 1993/94 1994/95 1995/96

ASA 34.970 34.437 34.79 36,194 37.762 39.591 40.825

West Asia 4.563 3.703 3.860 4.8 43 5.079 5
Abu Dhabi 305 305 305 305 305 305 305
Bahrain 314 342 342 342 342 342 342
Iran 528 640 671 681 681 681 681
Iraq 533 0 0 428 514 599 686
Israel 61 61 61 61 61 61 61
Kuwait 693 0 0 0 0 0 0
Qatar 586 586 586 781 1,001 1,050 1,074
Saudi Arabia 1,088 1,314 1,359 1,382 1,382 1,382 1,382
SyriaArabRep. 136 136 136 136 136 136 136
Turkey 319 319 400 492 513 523 523

South Asia 8.739 8.865 8.863 273 10.0Q9 10.935 11.477
Afghanistan 58 58 58 58 58 58 58
Bangladesh 691 702 578 795 899 1,014 1,130
Myanmar 170 170 170 170 170 170 170
India 6,599 6,689 6,811 6,899 7,323 7,920 8,300
Pakistan 1,221 1,246 1,246 1,351 1,559 1,773 1,819

East Asl 21.668 21869 22.073 22.313 22.818 2577 24.158
China 15,995 16,269 16,553 16,676 16,899 17,457 17,980
Indonesia 2,169 2,209 2,222 2,339 2,621 2,822 2,880
Japan 1,491 1,472 1,472 1,472 1,472 1,472 1,472
Malaysia 237 258 280 280 280 280 280
Korea, D.P.R 782 782 782 782 782 782 782
Korea Rep. of 697 582 467 467 467 467 467
Taiwan 275 275 275 275 275 275 275
Vietnam, Dem. Rep. 22 22 22 22 22 22 22
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COUNTRY AMMONIA SUPPLY CAPABILITY
(000 TONS N)

1989/90. 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

EUROPE 19.911 18.147 18.530 18.711 18.713 18.731 18.943

Eastern EuroRe 7.075 3.095 6249 6414 6A.7 lI51 6.71
Albania 71 89 111 115 118 118 118
Bulgaria 1,155 1,166 1,195 1,204 1,204 1,204 1,204
Czechoslovakia 699 630 659 677 687 687 687
Hungary 506 544 544 544 544 544 544
Poland 1,656 1,325 1,456 1,590 1,590 1,590 1,590
Romania 2,278 1,753 1,753 1,753 1,796 1,844 2,040
Yugoslavia 710 588 531 531 531 531 531

Western EuroRe 12.836 12.052 12.281 12.297 12.243 12.213 12.229
Austria 410 410 410 410 410 410 410
Belgium-Luc 308 456 656 700 723 723 723
Finland 55 55 55 55 55 55 55
France 1,685 1,685 1,685 1,685 1,685 1,685 1,685
Germany (UnitecQ 2,895 2,444 2,282 2,282 2,282 2,282 2,282
Greece 265 265 265 265 265 274 290
Iceland 10 10 10 10 10 10 10
Ireland 336 336 336 336 336 336 336
Italy 1,389 1,062 1,365 1,327 1,289 1,289 1,289
Netherlands 3,010 3,058 3,053 3,053 3,053 3,053 3,053
Norway 361 361 361 361 322 283 283
Portugal 178 146 148 146 146 146 146
Spain 550 550 550 550 550 550 550
Switzerland 38 31 31 31 31 31 31
United Kingdom 1,346 1,183 1,076 1,086 1,086 1,086 1,086

U.S.S.R. 19.232 18.272 18.234 18.328 18.494 18.666 18.782

OCEANIA S 5 S S 5 5 S
Australia 481 481 481 481 481 481 481
New Zealand 72 72 72 72 72 72 72



-123- ANNEX-1

REGIONAL AMMONIA CAPACITY
(000 TONS N)

1989190 1990t91 1991/92 1992/93 1993/94 1994/95 1995/96

WORLD 114.646 113.682 114.695 116.849 12 7 122.345 123.646

AFRICA 3.351 3.416 3.416 3.688 33 4.075 4.075

AMERICA 21.787 21.734 21.888 22.362 22.490 2249 22.978
North America 15,653 15,514 15,562 15,969 16,023 16,023 16,023
Central America 4,134 4,134 4,240 4,240 4,240 4,240 4,240
South America 2,000 2,066 2,086 2,153 2,227 2,227 2,715

MA 41.831 41.304 42.020 43.324 45.925 47.664 48.301
West Asia 5,687 4,872 5,144 5,551 5,551 5,551 5,551
South Asia 10,723 10,723 10,967 11,498 13,075 13,824 14,191
East Asia 25,421 25,709 25,909 26,275 27,299 28,289 28,559

EUROPE 24.000 23.775 23.838 23.757 23.878 23.934 23.934

Eastem Europe 10,160 10,147 10,210 10,210 10,426 10,426 10,426
Western Europe 13,840 13,628 13,628 13,547 13,452 13,508 13,508

U.S.S.R. 23.067 22.843 22.923 23.108 23.351 23152 23.748

OCEANIA a 0 60 M 0 a



-124- ANNEX-1

REGIONAL AMMONIA SUPPLY CAPABILITY
(000 TONS N)

1989/90, 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

WORLD 97.112 94.460 95.280 97.401 99.545 101.839 103.733

AFRICA 2.144 2.339 2.355 2.456 2.597 2.769 2.920

AMERICA 20302 20.712 20.812 21.426 21.529 21.710
North America 14,977 15,317 15,326 15,599 15,824 15,901 15,920
Central America 3,677 3,697 3,752 3,808 3,808 3,808 3,808
South America 1,648 1,698 1,734 1,752 1,794 1,820 1,982

AS IA 34.970 34.437 .34.796 36.194 37.762 39.591 40.825
West Asia 4,563 3,703 3,860 4,608 4,935 5,079 5,190
South Asia 8,739 8,865 8,863 9,273 10,009 10,935 11,477
East Asia 21,668 21,869 22,073 22,313 22,818 23,577 24,158

EUROPE 19.911 184 183 18.711 18.713 18.731 18.943
Eastem Europe 7,075 6,095 6,249 6,414 6,470 6,518 6,714
Westem Europe 12,836 12,052 12,281 12,297 12,243 12,213 12,229

U.S.S.R. 19.232 18.272 18.2 8328 18.494 18.666 18.782

OCEANIA 553 553 553 553 553 553 
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REGIONAL NON-AMMONIA NITROGEN SUPPLY
(000 TONS N)

1989m90 1890919 1991/92 1992/93 1993/94 1994/95 1995/96

WORLD 5 m m 1 5 59 

AFRICA 21 21 21 21 21 21 21

AMERICA 11 13 13 13 JU3 131 i
North America 128 128 128 128 128 128 128
Central America 0 0 0 0 0 0 0
South America 3 3 3 3 3 3 3

ASIA 144 ml 14 1 144 144 144
West Asia 0 0 0 0 0 0 0
South Asia 24 24 24 24 24 24 24
East Asia 120 120 120 120 120 120 120

EUROPE 14 144 14 144 144 144 144
Eastem Europe 48 48 48 48 48 48 48
Westem Europe 96 96 96 96 96 96 96

U.SA.S.R.N I 155 150 ISO

OCEANIA9 i99
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REGIONAL NITROGEN FERTILIZER DEMAND
(000 TONS N)

1989/90 219019j 1991/92 1992/93 ,1993/94 ,1994/95 1995/98 2000/01

WORLD 79.078 Z.760 78.272 80.124 81.692 83.556 85.369 92.800

AFRICA 2.146 j2.274 2,335 2.431 2.414 2.550 2.610 3.000

AMERICA 15.124 .1S.16 15.377 15.518 15.668 15.816 15.969 16.800
North America 11,244 11,127 11,152 11,177 11,202 11,227 11,252 11,500
Central America 2,083 2,150 2,238 2,287 2,344 2,400 2,460 2,700
South America 1,797 1,919 1,987 2,054 2,122 2,189 2,257 2,600

ASA 35.929 3j7.290 38.530 39.855 41.010 42Q30 43.610 49.300
West Asia 2,529 2,680 2,800 2,970 2,950 3,000 3,050 3,300
South Asia 9,596 10,120 10,530 10,950 11,380 11,840 12,310 14,000
East Asia 23,804 24,490 25,200 25,935 26,680 27,460 28,250 32,000

EUROPE 15.366 1,3.,900 13.300 13.350 13.400 13.450 13.500 ,13.500
Eastern Europe 4,393 3,500 3,000 3,250 3,500 3,750 4,000 4,500
Western Europe 10,973 10,400 10,300 10,100 9,900 9,700 9,500 9,000

U.S.S.R. 10.04S Si.600 8.200 .8400 8.600 8L800 9.000 9.500

OCEANIA 468 500 in3 50 60 640 60 700
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REGIONAL INDUSTRIAL AND FEED NITROGEN DEMAND
(000 TONS N)

1989/90 1990/91 1991192 1992/93 1993/94 1994/95 1995196

WORLD 10.370 10340 1030 10.270 10.350 10.370 10.420

AFRICA 21 212 2; 212 212 212 280

AMERICA 3.750 3.770 3.780 3.79 23 3.830
3,500 3,510 3,520 3,530 3,540 3,530 3,560

Central America 100 110 110 110 110 120 120
South America 150 150 150 150 150 150 150

ASIA 1980 1.990 2.010 2.020 2.030 2.040 2.050
WestAsia 120 120 130 130 130 130 130
South Asia 150 150 150 150 150 150 150
EastAsia 1,710 1,720 1,730 1,740 1,750 1,760 1,770

EUROPE 3Q08 3.070 3.060 3.050 3.060 3.070 3.080
Eastern Europe 580 570 560 550 560 570 580
Western Europe 2,500 2,500 2,500 2,500 2,500 2,500 2,500

U.S.S.R. 1.150 1.0 1.050 10 1.050 1.050 1.050

*3CEANIA LQ iQ 130 130 130 130
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WORLD AND REGIONAL SUPPLY AND DEMAND BALANCES
(000 TONS N)

WORLD TOTAL 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

NH3 Nominal Capacity 114,646 113,682 114,695 116,849 120,057 122,345 123,646
NH3 Supply Capability 97,112 94,460 95,280 97,401 99,545 101,839 103,733
NH3 Industrial Use 10,370 10,340 10,310 10,270 10,350 10,370 10,420
Losses 6,939 6,730 6,798 6,970 7,136 7,318 7,465
NH3 Available for Ferts. 79,803 77,390 78,172 80,161 82,059 84,151 85,848
Non-NH3 Nitrogen 599 599 599 599 599 599 599
N Ferts.Supply Potential 80,402 77,989 78,771 80,760 82,658 84,750 86,447
N Ferts. Consumption 79,078 77,760 78,272 80,124 81,692 83,556 85,369
Surplus (-Deficitl 1.324 2 499 636 M96 1.1 4 1.078

AFRICA 1989190 1990/91 1991192 1992193 1993/94 1994/95 1894/95

NH3 Nominal Capacity 3,351 3,416 3,416 3,688 3,803 4,075 4,075
NH3 Supply Capability 2,144 2,339 2,355 2,456 2,597 2,769 2,920
NH3 Industrial Use 280 280 280 280 280 280 280
Losses 149 165 166 174 185 199 211
NH3 Available for Ferts. 1,715 1,894 1,909 2,002 2,132 2,290 2,429
Non-NH3 Nitrogen 21 21 21 21 21 21 21
N Ferts.Supply Potential 1,736 1,915 1,930 2,023 2,153 2,311 2,450
N Ferts. Consumption 2,146 2,274 2,335 2,431 2,414 2,550 2,610
Surolus (-Deficit) OM10) M 135A L405) 148 a261). LZ39 L(16

AMERICA 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

NH3 Nominal Capacity 21,787 21,734 21,888 22,362 22,490 22,490 22,978
NH3 Supply Capability 20,302 20,712 20,812 21,159 21,426 21,529 21,710
NH3 Industrial Use 3,750 3,770 3,780 3,790 3,800 3,800 3,830
Losses 1,324 1,355 1,363 1,390 1,410 1,418 1,430
NH3 Available for Ferts. 15,228 15,587 15,669 15,979 16,216 16,311 16,450
Non-NH3 Nitrogen 131 131 131 131 131 131 131
N Ferts.Supply Potential 15,359 15,718 15,800 16,110 16,347 16,442 16,581
N Ferts. Consumption 15,124 15,196 15,377 15,518 15,668 15,816 15,969
SurRlus (-Deficit) 5 522 3 2 
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WORLD AND REGIONAL SUPPLY AND DEMAND BALANCES
(000 TONS N)

North America 1989190 1990/91 1991/92 1992/93 1993/94 1994195 199519B

NH3 Nominal Capacity 15,653 15,514 15,562 15,969 16,023 16,023 16,023
NH3 Supply Capability 14,977 15,317 15,326 15,599 15,824 15,901 15,920
NH3 Industrial Use 3,500 3,510 3,520 3,530 3,540 3,530 3,560
Losses 918 945 944 966 983 990 989
NH3Availablefor Ferts. 10,559 10,862 10,862 11,103 11,301 11,381 11,371
Non-NH3 Nitrogen 128 128 128 128 128 128 128
N Ferts.Supply Potential 10,687 10,990 10,990 11,231 11,429 11,509 11,499
N Ferts. Consumption 11,244 11,127 11,152 11,177 11,202 11,227 11,252
SurRlus f-Deficit) ( 5 am (l1i) 254 24Z

Central America 1989/90 1990/91 1991/92 1992/93 1993194 1994195 1995/96

NH3 Nominal Capacity 4,134 4,134 4,240 4,240 4,240 4,240 4,240
NH3 Supply Capability 3,677 3,697 3,752 3,808 3,808 3,808 3,808
NH3 Industrial Use 100 110 110 110 110 120 120
Losses 286 287 291 296 296 295 295
NH3 Available for Ferts. 3,291 3,300 3,351 3,402 3,402 3,393 3,393
Non-NH3 Nitrogen 0 0 0 0 0 0 0
N Ferts.Supply Potential 3,291 3,300 3,351 3,402 3,402 3,393 3,393
N Ferts. Consumption 2,063 2,150 2,238 2,287 2,344 2,400 2,460
SurRius (-Det1citi 1.208 1.15 J1.1 1.11 1.058 993 933

South America 1989190 1990191 1991192 1992193 1993194 1994195 1995196

NH3 Nominal Capacity 2,000 2,086 2,086 2,153 2,227 2,227 2,715
NH3SupplyCapability 1,648 1,698 1,734 1,752 1,794 1,820 1,982
NH3 Industrial Use 150 150 150 150 150 150 150
Losses 120 124 127 128 132 134 147
NH3 Available for Ferts. 1,378 1,424 1,457 1,474 1,512 1,536 1,685
Non-NH3 Nitrogen 3 3 3 3 3 3 3
N Ferts.Supply Potential 1,381 1,427 1,460 1,477 1,515 1,539 1,688
N Ferts. Consumption 1,797 1,919 1,987 2,054 2,122 2,189 2,257
Surplus (-Dealclt) (416) L(22 L(27) (577) L(607) (B50) L(59)
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WORLD AND REGiIONAL SUPPLY AND DEMAND BALANCES
(000 TONS N)

ASIA 1989/90 13290/91 1991/92 1992/93 1993/94 1994/95 1995/96

NH3 Nominal Capacity 41,831 41,304 42,020 43,324 45,925 47,664 48,301
NH3 Supply Capability 34,970 34,437 34,796 36,194 37,762 39,591 40,825
NH3 Industrial Use 1,980 1,990 2,010 2,020 2,030 2,040 2,050
Losses 2,639 2,596 2,623 2,734 2,859 3,004 3,102
NH3 Available for Ferts. 30,351 29,851 30,163 31,440 32,873 34,547 35,673
Non-NH3 Nitrogen 144 144 144 144 144 144 144
N Ferts.Supply Potential 30,495 29,995 30,307 31,584 33,017 34,691 35,817
N Ferts. Consumption 35,929 37,290 38,530 39,855 41,010 42,300 43,610
Surplus (-Deficit) (5,434) (7,295) (8,223) (8,271) (7,993) (7,609) (7,793)

West Asia 1989/90 1990/91 1991/92 1992/93 1993/94 1994195 1995/96

NH3 Nominal Capacity 5,687 4,872 5,144 5,551 5,551 5,551 5,551
NH3 Supply Capability 4,563 3,703 3,860 4,608 4,935 5,079 5,190
NH3 Industrial Use 120 120 130 130 130 130 130
Losses 355 287 298 358 384 396 405
NH3 Available for Ferts. 4,088 3,296 3,432 4,120 4,421 4,553 4,655
Non-NH3 Nitrogen 0 0 0 0 0 0 0
N Ferts.Supply Potential 4,088 3,296 3,432 4,120 4,421 4,553 4,655
N Ferts. Consumption 2,529 2,680 2,800 2,970 2,950 3,000 3,050
SurDlus (-Deficit) 1.559 616 63 1J1.Q 1 553 1.605

South Asia 1989/90 1990/91 1991192 1992193 1993/94 1994/95 1995/96

NH3 Nominal Capacity 10,723 10,723 10,967 11,498 13,075 13,824 14,191
NH3 Stlpply Capability 8,739 8,865 8,863 9,273 10,009 10,935 11,477
NH3 Industrial Use 150 150 150 150 150 150 150
Losses 687 697 697 730 789 863 906
NH3 Available lor Ferts. 7,902 8,018 8,016 8,393 9,070 9,922 10,421
Non-NH3 Nitrogen 24 24 24 24 24 24 24
N Ferts.Supply Potential 7,926 8,042 8,040 8,417 9,094 9,946 10,445
N Ferts. Consumption 9,596 10,120 10,530 10,950 11,380 11,840 12,310
Surplus (-Defloit) (1.670) {2.07U) (2,490) (253 L) (2.286) (1.894) (1.865)
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WORLD AND REGIONAL SUPPLY AND DEMAND BALANCES
(000 TONS N)

East Asia 1989190 1929/91 1991/92 1992L93 1993/94 1994/95 1995/96

NH3 Nominal Capacity 25,421 25,709 25,909 26,275 27,299 28,289 28,559
NH3 Supply Capability 21,668 21,869 22,073 22,313 22,818 23,577 24,158
NH3 Industrial Use 1,710 1,720 1,730 1,740 1,750 1,760 1,770
Losses 1,597 1,612 1,627 1,646 1,685 1,745 1,791
NH3 Available for Ferts. 18,361 18,537 18,716 18,927 19,383 20,072 20,597
Non-NH3 Nitrogen 120 120 120 120 120 120 120
N Ferts.Supply Potential 18,481 18,657 18,836 19,047 19,503 20,192 20,717
N Ferts. Consumption 23,804 24,490 25,200 25,935 26,680 27,460 28,250
SurR!us (-Deficit) (5.323) (5.833) (6.364) (6.888) (7.17Z) Z.268) (7.533)

EUROPE 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

NH3 Nominal Capacity 24,000 23,775 23,838 23,757 23,878 23,934 23,934
NH3SupplyCapability 19,911 18,147 18,530 18,711 18,713 18,731 18,943
NH3 Industrial Use 3,080 3,070 3,060 3,050 3,060 3,070 3,080
Losses 1,346 1,206 1,238 1,253 1,252 1,253 1,269
NH3 Available for Ferts. 15,485 13,871 14,232 14,408 14,401 14,408 14,594
Non-NH3 Nitrogen 144 144 144 144 144 144 144
N Ferts.Supply Potential 15,629 14,015 14,376 14,552 14,545 14,552 14,738
N Ferts. Consumption 15,366 13,900 13,300 13,350 13,400 13,450 13,500
Surplus (-Deficit) 263 115 1.076 1.202 1.145 1.102 1.238

East Europe 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

NH3 Nominal Capacity 10,160 10,147 10,210 10,210 10,426 10,426 10,426
NH3 Supply Capability 7,075 6,095 6,249 6,414 6,470 6,518 6,714
NH3 Industrial Use 580 570 560 550 560 570 580
Losses 520 442 455 469 473 476 491
NH3 Available for Ferts. 5,975 5,083 5,234 5,395 5,437 5,472 5,643
Non-NH3 Nitrogen 48 48 48 48 48 48 48
N Ferts.Supply Potential 6,023 5,131 5,282 5,443 5,485 5,520 5,691
N Ferts. Consumption 4,393 3,500 3,000 3,250 3,500 3,750 4,000
Surplus (-Deficit) 1.630 1.631 2.282 2.193 1.985 1.770 1.691
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WORLD AND REGIONAL SUPPLY AND DEMAND BALANCES
(000 TONS N)

West Europe 19899 1990/91 1991/92 1992/93 1993/94 1994/95 1925/96

NH3 Nominal Capacity 13,840 13,628 13,628 13,547 13,452 13,508 13,508
NH3 Supply Capability 12,836 12,052 12,281 12,297 12,243 12213 12,229
NH3 Industrial Use 2,500 2,500 2,500 2,500 2,500 2,500 2,500
Losses 827 764 782 784 779 777 778
NH3 Available for Ferts. 9,509 8,788 8,999 9,013 8,964 8,936 8,951
Non-NH3 Nitrogen 96 96 96 96 96 96 96
N Ferts.Supply Potential 9,605 8,884 9,095 9,109 9,060 9,032 9,047
N Ferts. Consumption 10,973 10,400 10,300 10,100 9,900 9,700 9,500
Surplus (-DeflcltO (1.3881 (1.516) (1,205 1 1) (840) (668 (453

USSR 1989/90 1990/91 1991/92 1992/93 1993194 1994/95 1995/96

NH3 Nominal Capacity 23,067 22,843 22,923 23,108 23,351 23,572 23,748
NH3 Supply Capability 19,232 18,272 18,234 18,328 18,494 18,666 18,782
NH3 Industrial Use 1,150 1,100 1,050 1,000 1,050 1,050 1,050
Losses 1,447 1,374 1,375 1,386 1,396 1,409 1,419
NH3 Available for Ferts. 16,635 15,798 15,809 15,942 16,048 16,207 16,313
Non-NH3 Nitrogen 150 150 150 150 150 150 150
N Ferts.Supply Potential 16,785 15,948 15,959 16,092 16,198 16,357 16,463
N Ferts. Consumption 10,045 8,600 8,200 8,400 8,600 8,800 9,000
Surplus L-Deflcit) &14A 7.4 7.75 7&2 7.598 Z 7.557 ZA74

OCEAWA 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

NH3 Nominal Capacity 610 610 610 610 610 610 610
NH3 Supply Capability 553 553 553 553 553 553 553
NH3 Industrial Use 130 130 130 130 130 130 130
Losses 34 34 34 34 34 34 34
NH3 Available for Ferts. 389 389 389 389 389 389 389
Non-NH3 Nitrogen 9 9 9 9 9 9 9
N Ferts.Supply Potential 398 398 398 398 398 398 398
N Ferts. Consumption 468 500 530 570 600 640 680
SurRlus (-Deflcit) LZ0) (102). Ll12 122 (202) (242) (282)
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NITROGEN FERTIUZER CONSUMPTION 1979/80 - 1989/90
(000 TONS N)

1979/80 198018 1981/2 1982183 1963184 119W841 1985186 198Wl87 1987/88 8low89 1989/90

WORLD E7L1Ot eo.725 10J30 01.019 07.117 70513 09,9e9 7102 7e.037 79.es8 79.078

AiFUCA 1O405. D 1B11.0 1,889.3 1B 1A9 12109 185I O Ja3 188A4 2.0053 2.14S.3

Algea 60.3 64.0 71.0 48.7 59.3 87.7 96.1 112.7 97.4 76.0 82.0
Angola 9.4 92 4. 2.8 3.8 3.7 12.8 5.0 4.0 5.2 9.2
Benin 0.Q9 0 0.5 1.1 3.0 3.6 3.8 4.4 3A 2E1 1.1
Btwana 0.5 0.6 0.6 0.6 0.5 0.4 0.1 0.2 0.3 0.3 0.3
Burkina Faso 2.0 1.2 3.1 3.7 4.1 4.2 4.7 8.4 7.4 8.0 8.2
Burundi 0.5 0.0 0.3 0.5 1.2 0.6 1.6 1.1 1.0 .0 2.0
Cameroon 142 18.1 22.7 24.2 22.0 26.0 26.9 20.7 24.6 22.0 18.2
Cwr. AicanRep. 0.1 1.4 1.2 0.7 0.3 1.1 2.5 0.6 0.8 0.8 0.7
Chad 0.0 0.5 1.6 1.7 2.5 3.0 3.2 2.6 2.0 2.2 2.0
Congo 0.1 0.2 0.2 0.9 0.8 0.9 1.3 0.1 0.5 0.2
Cote d1voire 160. 19.7 11.3 7.4 10.0 11.0 8.2 8.0 4.5 8.2 10.0
Egypt 500.0 554.0 585.0 67.8 722.2 492 640.3 55.4 677.0 799.1 800.0
Ethiopia 1.o 16.0 16.0 15.0 18.0 13.0 25.8 32.6 22.4 30.2 38.0
Gabon 0.1 0.1 0.8 0.2 0.8 0.5 0.5 0.6 1.0 0.3 0.4
Gambia 1.5 0.6 0.3 0.8 1.1 1.0 3.0 3.0 0.8 1.4 2.0
Ghana 8.4 5.0 13.0 12.5 11.0 5O 5.0 4.1 5.1 7.0 5.8
Guinea 1.1 0.1 0.5 0.7 0.1 0.2 0.3 0.3 0.3 0.4
Guinea aiau 0.1 0.1 1.2 02 0.3 0.3 0.3
Kenya 20.1 26.7 37.0 342 31.0 3.0 57.5 63.7 43.4 67.2 45.0
Lasotha 0.4 0.5 0.5 0.5 0.5 0.6 0.1 0.1 Q4 0.4 0.5
Ubera 4.2 2.1 2.0 0.7 0.9 0.4 1.0 0.8 1.6 1.8 1.4
Ubya 22.5 29.5 30.5 35.2 33.9 564 20.9 24.8 25.1 32.5 30.0
Madagascar 3.4 4.0 3.5 6.6 7.4 2.0 5.6 4.7 8.4 3.8 4.0
Malawi 14.4 22.8 25.7 24.2 23.1 23.6 15.9 17.5 29.8 27.2 30.3
Mai 4.0 7.8 5.7 2.4 8.6 15.0 13.0 16.5 23.0 9.0 8.7
Mauritania 1.2 Q4 0.4 0.4 1.9 0.9 0.9 2.0 1.7
Maurtiut 9.8 10.2 9.5 9.9 10.7 10.6 11.0 9.9 12.6 11.0 11.5
Morocco 100.8 122.6 81.1 92.4 111.5 103.6 136.5 153.3 132.9 142.5 150.7
Mozambique 10.8 162 20.1 20.0 75 1.7 1.7 2.0 3.0 1.1 1.7
Niger 0.8 1.2 2.4 1.3 1.4 1.5 2.1 2.0 1.5 1.1 1.8
Nigeria 62.4 922 96.7 102.0 123.5 131.0 159.0 160.0 148.0 160.0 197.0
Reunion 5.1 1.8 5.3 3.5 6.3 4.7 5.1 5.4 4.2 52 5.7
Rwanda 0.1 0.1 0.1 0.4 0.5 1.0 1.0 0.6 1.3 0.3 0.6
Senegal 8.0 O6 6. 3.4 .0 8.0 7.0 7.5 7.0 8.0 9.0
Sierra Lone 1.2 O 1.2 0.2 0.4 0.5 1.6 1.6 02 1.3 1.4
Somalia 0.1 1.2 1.3 0.8 1.6 2.6 32 0.9 3.0 1.3 1.4
South Africa 403.0 46&4 527.2 474.5 367.8 406.7 367.3 381.7 328.2 380.8 371.9
Sudan 33.8 80.4 74.5 54.0 36. 41.4 92.0 46.0 30.0 45.6 46.9
Swaziland 3.7 7.5 8.5 8.5 10.0 4.5 5.1 5.5 3.1 4.0 4.0
Tanzania 23.0 22.8 17.5 18.4 15.5 23.5 24.7 29.5 30.9 27.0 28.7
Togo 1.6 0.9 0.8 1.0 1.2 2.6 3.7 4.0 4.9 5.2 6.5
Tunisia 27.0 23.8 30.5 39.9 32.8 41.5 44.9 47.1 50.6 46.4 51.0
Uganda 0.7 0.5 Q4 0.2 A4 0.5 0.1 0.3
Zaire 5.1 3.7 2.5 2.1 4.1 45 3.6 0.1 1.8 1.9 4.0
Zambia 38.2 53.0 6.5 68.3 43.3 37.8 53.4 53.8 62.2 56.2 60.0
Zimbabwe 59.1 92.8 98.0 73.1 81.3 71.6 93.0 81.9 73.5 88.2 89.8
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NITROGEN FERTILJZER CONSUMPTION 1979/80 - 1989/90
(000 TONS N)

1979100 19mW1 1nLaz 1982/83 19i8a 4 19W5 19a86/ 1if87 18f7t88 na 8/89 1888/80

AMEBRI 135.7 14.xo 113I.711 12a247.5 1S897D 11481.4 14130.5 t4.: 141483.7 14.M.2 15123.7

North America t11178.9 11.731D0 MIMI 9m359a 112ts. I180. 10.e818 104o9 Mau 101722 12
Canada 631.0 914.0 9065.9 1,018.0 1,157.2 1255.1 1.225.0 1,145.0 1,185.5 1,100.2 1.196.3
U.SA. 10,347.9 10,817.0 9966.6 8,341.6 10,062.6 10,425A 9,456.6 9,1.9 9,503.0 9,09.0 10,047.0

1fntAmo 1.3558 t14252 LZL 1, 1 7 177 12 ta t L70 2L021t9 1.st4A 2082s
Bahamas 0.4 0.5 0.5 0.4 0.3 0.3 0.2 0.2 0.2 02 0.2
Barbados 1.7 1 8 2.0 2.0 1.6 1.6 1.3 1.4 1.5 1.5 .5
Belie 0.7 0.5 0.5 05 0.7 0.8 1.1 2.0 1.5 15 1.9
Bermuda 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Costa Rica 39.4 40.5 45.2 40.0 64.0 50.6 49.0 52.0 55.0 59.0 63.0
Cuba 280.4 267.4 S15.0 275.2 248.7 294.4 296.6 328.0 306.0 304.7 366.7
Dominioa 0.5 0a 1.0 1.0 0. 0.6 0.9 1.0 1.0 1.0 2.0
Dominician Rep. 34.3 282 31.A 30.7 25.0 31.3 33.0 37.0 44.0 25.1 32.8
El Sahoador 50.6 47.7 66.5 44.2 59.4 39.8 61.1 49.1 64.5 67.8 56.2
Guadeloupe 2.2 2.1 1.3 23 3.1 2.9 35 3.6 2.3 4.f 3.9
Guatemala 58.2 51.9 47.0 58.7 41.7 55.5 60.0 80.0 85.0 822 90.5
Halt 2.3 02 3.0 2.6 1.6 2.0 1.6 1.0 1.3 1.4 2.3
Honduras 10.4 16.0 14.1 12.8 19.0 23.0 14.1 20.3 23.4 21.5 20.3
Jamalca S.4 6.7 10.2 6.0 6.7 sA 5.9 6.6 12.0 16.0 18.0
Martdnique 3.6 5.4 4.3 4.4 5.4 3.0 5.0 8.0 7.0 6.4 6.4
Mexico 826.1 904.3 1,111.7 1,254.6 1,067.8 1,193.1 1262. 1,324.9 1,345.0 1,69.6 1,335.0
Nicaragua 17.8 30.0 39.0 14.2 51.4 38.0 44.9 55.1 44.1 55.0 60.0
Panama 11.9 11.4 13.9 13.9 11.0 122 14.0 20.6 20.3 21.1 18.7
St Chris Etc. 0.3 0.3 0.4 0.4 Q4 0.5 0.5 0.5 0.5 0.5 0.5
SaintLucia 1.4 0.7 0.8 0.6 1.2 1.5 1.7 1.5 1.5 1.5 1.5
St Vincent 2.4 2.4 2.4 2.4 2.4 2.5 2.5 2.6 2.6 2.5 1.5
Trinidad Etc. 4.7 3.0 2.8 3.4 3.9 5.0 5.5 3.5 3.1 1.3 1.5

South Amerdia 1D10 1438.8 1.115.5 11083 tosIt 1 434.8 1 JANA 1 973.3 1I55. 12797.0
Argentina 5.09 62.7 !512 53.2 64.6 90.0 104.6 93.0 94.5 99.1 102.0
Bolivia 1.6 1.4 2.7 1.3 3.1 2.5 2.7 2.8 4A 3.1 3.6
Brazil 778.7 905.5 657.8 642.3 553.1 813.8 652.3 981.1 957.8 815.0 823.3
Chile 50.7 51.4 48.2 48.3 64.9 86.3 106.1 136.0 150.0 160.0 187.0
Colombia 151.0 151.2 143.0 155.0 1s7A 180.9 164.9 211.5 248.9 238.0 233.5
Ecuador 43.3 40.7 34.8 33.2 47.0 43.0 43.2 62.6 45.0 40.0 53.4
French Guyarna 0.1 0.1 0.2 0.2 0.4 0.4 0.4 0.5 0.5 0.5 0.3
Guyana 6.5 4.3 9.3 7.2 9.6 9.7 7.3 12.4 8.0 10.6 12.0
Paraguay 1.1 1.4 2.3 2.0 1.7 1.3 35 36 1.9 2.2 3.5
Peru 6.4 84.8 1100.6 71.2 52.9 53.8 50.6 121.5 159.5 156.1 113.9
Suriname 1.9 12 5.4 7.1 7.1 10.5 7.5 6.0 7.4 1.6 1.3
Uraguay 21.6 21.1 20.4 16.5 16.7 19.5 17.1 15.0 15.5 30.9 22.1
Venezuala 97.0 113.0 B.e 70.6 73.4 123.1 2155 250.0 279.9 300.5 241.1
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NITROGEN FERTIUZER CONSUMPTION 1979/80 - 1989/90
(000 TONS N)

19711180 19MIM 1191112 1W83S 198SM4 IBMT6 1 /U IM/87 11067/W 19U/9 1896990

AWA 19ma52 z211,412. 21,.= 22218.7 254A 2713.89 2711e.1 27.740. 31 -4f.9 25019.0 35.9293

West Asb 120 t4 4 t48011 8 e 2.0432 194 2.1A 2a142 2289 2.349.7 2.528.7
Afghanistan 332 37.8 25. 31A 36.8 528 532 50.5 82.2 49.8 50.0
Bahrain 0.3 02 0.3 0.2 0.9 12 0.1 0.1
Cyprts 9.1 8.2 9.0 11. 10.6 10.1 10.1 11.3 11.6 12.1 12.5
Iran 237.0 274.8 3866 4028 56.6 489.5 485.3 529.0 524.1 548A 668.3
Iraq 74.2 64.5 63.6 621 61.3 73.0 120.0 131.5 148.5 146.5 138A
Israel 35.7 39.5 35.8 39.2 47.1 55.5 52.8 49.8 52.0 54.0 5.0
Jordan 62 6O 2.9 7.1 8.8 7.0 10.7 10.8 9.8 14.3 15.0
Kuwait 0.3 0.1 0.3 0.6 0.8 0.5 0.7 0.4 0.3 0.8 0.8
Lebanon 16.0 14.0 16.9 17.3 18.0 17.4 11.9 10.6 10.0 11.3 14.0

Oman 0.8 0.7 1.0 0.7 0.6 0.4 2.3 2.1 22 2.4 2A
Qat.ar 0.6 0.5 0. 0.7 0.6 0.6 0.5 0.7 0.7 O.6 1.1
SaudiArabia 16.0 252 41.5 59.0 113.3 138.6 169.0 181.8 219.0 2582 285.0
SyriaArab Rep. 78.9 798 83.1 95.9 109.5 126.7 137.0 143.6 116.6 160. 153.6
Turkey 685.5 807.5 7965 6 86.4 1,021.4 954.8 968.0 10561 1,110.7 1,081.J 1,140.4
United Amab EmIrates 2.1 2.3 2.3 29 2.5 3.0 2.8 1.0 2.0 2.0 2.0
Yemen 12.8 112 12.3 122 15.1 16. 17.3 14.1 82 9.0 9.1

SouthAsia 45729 44iA 50817 5.410.0 .009.1 784 7.s79.3 7A 77229 02437 0952
Bangladesh 20D2 287.0 251.6 3060 356.4 386.3 37.8 423.0 474.6 524.0 629.8
India 3.4442 3,52.0 3,81.7 4,043.0 4,627.3 5,333.3 5,750.0 5,772.7 5,835.6 7,246.1 7,396.0
Nepal 15.6 16.3 17.3 23.0 28.1 31.7 31.7 35.0 37.4 39.8 50.0
Pakistan 7758 843A 32.6 958.0 914.3 934.8 1,128.1 1,332.4 1,281.4 1,324.8 1,422A
Sri Lanka 772 916 78.5 79.4 83.0 100.3 101.7 99.3 103.9 109.0 98.0

EastAsia 13743. 13 8 14,934 1571 117572.3 19150h 7 17.788.0 172.880 2157 23425. 238044
Cambodia 72 10.5 7.3 1.6 0.5
China 10,641.0 12,112.1 11,526.3 12,210.0 13,676.9 15,075.0 13,650.0 13,470.0 16,994.0 18,514.0 18,855.3
Indonesia 620.4 8509 907.0 961.0 1,040.1 1,285.4 1,99.0 1,359.0 1,480.3 1,585.4 1,559.4
Japan 777.0 614.0 643.0 687.0 701.0 697.0 80.O 6187.0 660.0 640.0 541.0
Malaysha 137.7 139.3 127.9 138.0 235.0 216.0 243.0 247.0 262.0 273.0 267.0
Mongolia 4. 5.7 9.5 9.7 11.7 11.8 13.1 12.8 14.3 11.3 10.0
Myanmar 69.7 68J 92.9 114.7 115.0 127A 134.0 142.0 97.5 66.6 70.0
Korea, D.P.R. 540.0 550.0 564.1 591.6 58262 597.0 623.0 605.5 602.0 834.0 644.0
Korea Rep. of 443.9 4472 431.8 306.0 307.3 401.8 414.0 418.0 450.9 439.0 446.0
Laos 0.1 4.0 4.0 05 0.5 1 A 0. 0.1 0.1
Philippines 220.7 224.8 210.7 231.4 2402 177.9 205.3 300.6 372.3 371.0 375.9
Singapore 1.5 I 2.0 2.0 2.0 2.0 2.2 22 2.5 2.6 2.6
Thailand 160.0 159.0 1a2.0 180.0 236.2 248.9 238.0 319.9 342.8 439.7 498.0
Vietnam, Dem. Rep. 121.0 156.0 199.7 250.0 351.0 310.0 205.0 320.0 330.0 428.9 435.1
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NITROGEN FERTIUZER CONSUMPTION 1979/80 - 1989/90
(000 TONS N)

1979/80 1900/S1 1981/U2 11901/ 1984 " 198UK85 M 1988/87 1987/W 1988189 1989/90

EUROPE 14.S5.8 1321 4.41&5 147WA 15S4A4 1 15.S54.7 1S.717.5 15.054.8 15.90 15.355A

Eastbm Europe 4230.1 4.13I0a 4.340A 44842 4.572 4 4 4431 42948 4.40 42e3.3 46e882 4.393.0
Albania 70.9 67.7 72.5 73.0 73.0 75.0 75.0 75.0 66.1 69.3 79.9
Bulgaria 420.6 450.0 518.0 530.0 580.0 479.0 474.0 440.0 418.0 548.0 495.0
Czechoslovakia 630.0 675.0 615.0 646.0 50 09.7 670.8 646.2 589.0 642.0 704.8
Hungary 570.1 836.8 562.9 647.0 e25.4 025.9 558.4 593A4 63.8 646.3 61772
Pobnd 1,312.5 1,343.8 1213.0 1,23.2 1,321.5 128.5 136.6 1,370.0 1,335A 1,520.6 1,273.9
Romania 786.0 .3 882.0 880.0 m.0 857.0 703.0 716.0 720.0 739.0 778.2
Yugoslavia 440.0 417.0 477.0 463.0 443.0 409.0 477.0 506.0 521.0 503.0 444.0

WaestmEurope tO329.7 10.185S3 10.076.1 102.0 tO57a 1080Q5 t1. 11.S70.9 t1.39t.5 11 2e02 10.72.4
Ausia 158.0 159.7 161.5 146S 152.5 161.1 165.1 136.7 131.5 140.9 138.0

Begium-Lwc. 197.8 194.3 166.3 197.0 198.8 199.0 196.0 190.0 199.0 196.0 195.0
Daennwak 393.0 374.1 376.0 391.4 419.0 396.0 382.0 380.0 362.0 377.0 385.5

Finland 196.2 196.9 183.6 216.0 204.8 10.1 2022 218.0 214.3 199.4 231.6
France 2,134.8 2,146.5 2,193.0 2,196.4 2,320.0 2,336.8 2,408.0 258A.4 2,557.1 2,003.7 2,660.0

Germany D.R. 747.6 751.8 750.0 607.0 603.9 607.0 770.3 708.9 773.9 8732 7e6.2
Germany F.R. 1,477.5 1,550.8 1,323.0 1,484.5 1,377.8 1,451.7 1,515.7 1,578.3 1,601.4 1,39.9 1,4872

Greece 356.1 333.3 372.9 408.0 417.9 428.3 450.0 425.0 430.0 409.2 425.7

Iceland 15.7 14.9 15.2 14.0 14.8 13.5 12.9 12.6 11.4 11.5 11.0
Ireland 247.5 275.1 2752 290.0 331.4 329.7 313.7 325.0 340.0 349.0 348.5
Italy 1,106.8 1,006.0 968.0 957.8 0061 1=026.3 1,054.5 1,010.6 1,059.0 924.0 827.3

Malta 0.8 1.0 0.3 0.2 o. 0.5 0.5 0.5 0.5 OA 0.4
Netherlands 486.1 482.8 477.3 458.7 476.3 505.3 409.7 504.0 458.2 435.0 421.0

Norway 113.2 110.1 106.7 114.1 110.3 113.3 107.3 109.7 113.6 110.1 110.4
Portugal 155.0 136A. 142.8 1386 125.7 123.2 137.2 149.8 153.0 156.5 145A

Spain 9082 901.9 818.3 790.9 o80.5 916.8 960.0 1,063.5 1,147.8 1,168.4 1,109A
Sweden 250.3 243.9 248.1 240.3 257.8 253.2 248. 240.8 241.2 240.4 221.5

Switzerland 645 66.6 62.0 602 67A 70.7 71.0 71.1 72.6 71.6 69.7
United Kingdom 1,314.0 1,240.0 1,386.0 1,560.0 1,601.0 11,50.0 1,I56.0 1,671.0 1,525.0 1,462.0 1,421.0

IJ.S.S.R. 7467.0 2 83B30 90310 103020 102790 109500 114750 11t787I 0 111587.0 100450

OCEANIA 283 2821 22A MM4 S2 AM4. A0Ms 4011 42Z 4 4sto
Australia 245.0 248.0 250.0 248.0 269.0 330.0 340.0 360.0 372.1 393.9 409.0
New Zealand 22.3 20.3 21.7 21.0 31.4 40.0 32.0 27.0 36.8 40.0 36.5

Fij 12.1 10.8 12.8 10.3 7.5 10.1 7.8 12.0 10.6 10.1 13.2

Papua N. Guinea etc 3.8 3.8 8.1 4.1 4.6 4.5 6.0 7.3 8.1 7.0 7.1
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COUNTRY AMMONIA CAPACITY 1979/80 - 1990/91
(000 TONS N)

I - V mI1 l 2 19S 111 19W8S I 1W I7/ 19U8 19m 1990t91

WORLD 92m 24 109 109U1 1 6 5 MM 10 I M 11464S 1132

AFRICA 17 HL 21U1 2L2 2U7 2LB17 2Uf 22914 LiA W 337 WM L
AJgewk 0 0 272 272 272 272 272 544 544 816 616 616
Egypt 641 966 968 966 900 966 966 906 966 966 966 977
Libyan Arab Rep. 272 272 272 544 4 544 544 544 44 544 544 598
Maagay Republic 0 0 0 0 0 0 0 46 46 0
Nigwa 272 272 272 272
Sonuila 0 0 0 0 0 0 0 25 25
South AffrIa 701 783 783 763 690 O60 690 690 690 608 608 608
Zambia 25 25 25 82 82 82 82 82 82 82 82 82
Zffnbabwe 63 63 63 63 63 63 63 63 63 63 63 63

AMERICA 220 217 21m 21z7m X2K 22aS 2 == 2L4= 21n1 21.787 2ts

Norlth A rs 1825 117.824 &780 11.50IL72B f1 1LN m 71 IL39 15777 ILM 15.514
Canada 2.163 2.163 2,175 2,466 2,0 2.901 3S207 3448 339 3141 3116 2930
USA 1592 15,661 14,586 14,046 13,826 13,697 13,697 12923 12,950 12638 12537 12584

CoratmL Amria 3 WU LWI WI JS4 JI l J:78 4J4 LiAR .134M 4s41
Cuba 321 321 321 321 321 321 321 321 321 321 321 321
Mexico 1.730 1,730 2,468 2,466 2.488 2,4e8 2,419 2419 2,419 2419 2419 2419
Triniad 480 480 752 752 752 752 752 1024 1,394 1394 1394 1394

SotdhAmdta L 9 � 420 t 71 t 99 t 9L9 L Lt 99 L197 L2 L2 2
Argentina 59 59 59 59 59 5s 59 5o so 59 59 80
Brazil 450 450 450 775 1,021 1,021 1,021 1021 994 1024 1024 1074
Colombia 123 159 150 150 150 150 150 150 150 150 150 165
Peru 118 116 116 116 116 11e 11e 116 11e 11e 11e 116
Venezuela 651 651 651 651 661 651 651 651 851 651 651 651
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COUNTRY AMMONIA CAPACITY 1979/80 - 1990/91
(000 TONS N)

1 I 8 1112 m 1S4 11S8U185 11m11s11 19687 199191 19909

AS I A 29.713 30274 3IAl 326 2 E f68 a3sso 35M9f4 3fLA 38A41 41.010 L 1 4t.S04

West Asia Lm J. Om SM Lam LM iE zM Am &3. LM Lsi
Abu Dhabi 0 0 0 0 272 272 272 272 272 272 272 272
Bahia 0 0 0 0 0 272 272 272 272 272 320 326
Iln 582 36 36 38 38 38 38 364 364 630 908 908
Iraq 816 0 0 41 41 41 41 41 s8s 687 857 857
Israel 68 as 08 68 68 68 88 68 68 68 68 68
Kuwait 43 543 543 543 543 543 815 815 615 815 815 0
natar 488 488 488 488 48 488 488 488 488 488 488 488

SaudIaiha 163 163 163 435 435 435 435 435 846 845 1256 1256
SyriaArab Rep. 41 41 313 313 313 313 313 313 272 272 272 272
Turkey 397 397 397 397 397 425 425 425 425 425 425 425

SotAh Asia i LS LUE L EA Ls Z LII LJAA LI Ls 1o SU 10723 10723
AighwanIsan s5 se ss se s5 se s5 58 s5 58 se ss
Baigadesh 233 233 SO0 505 5s05 54 564 554 826 826 826 826
Myana 66 as as 68 ea 115 213 213 213 213 213 213
IndIa 4.181 4.913 5,026 5.621 5.695 5.695 7.163 7163 7.326 8427 8416 8416
Pakistan S47 919 1,091 1,138 1,136 1,138 1,152 1152 1,100 1160 1210 1210

East AsisIIA 2Li ssoI 22a& "Z713 23:n 1S27 23as7 Z=S3 24,552 2sA376 2sA421 25s709
China 16,376 1565 16,394 16,394 16,394 16,394 17,210 17510 18,130 18764 18769 19244
Indonesia 1,104 1,104 1.104 1,104 1.782 2,480 2,460 2460 2,480 2732 2772 2777
Japan 2,773 2,773 2.728 2,685 2,376 2.260 1,722 1677 1,677 1636 16o3 1636
Malaysia 41 41 41 41 41 41 313 313 313 272 272 322
Korea. O.P.R. 671 879 879 879 879 879 879 879 879 879 879 879
Korea Rep. of 1,068 1.058 1,058 734 734 734 734 734 734 734 734 492
Taiwan 453 453 453 453 463 305 305 305 305 305 305 305
V'ieam, Doem. Rep. 64 54 54 54 54 54 54 54 54 54 54 54
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COUNTRY AMMONIA CAPACITY 1979/80 - 1990/91
(000 TONS N)

1-7SBO 19mOMI 1m91AS2 19m283 1983m84 19US5 11151m1 19mfUz lS27/81 1 m2U59 lSSm IMM

EU"ROPaE 24a2 MM 2= 226Z9B 2B 24,715 2$D 24 S51 24am1 24ua3 24.000 23L775

EastmM 12M LM MM L9L 1981 S4 11 LZ3 U99 1 103110 10.147
A&Jbaria 82 82 82 82 82 82 82 82 82 82 82 137
Bulgaria 957 967 957 1,066 1,068 1,111 1,111 III 1,351 1361 1721 1721
Czechoslokvda 844 844 844 844 844 974 874 874 674 674 874 982
Hungary 817 817 817 817 817 817 817 817 777 777 777 777
Poland 1,800 180 1,800 1800 1800 2.004 2,04 2208 2,208 2206 2208 2208
Roanuia 3,165 3,065 3,0865 3,258 3.06 3805 3J56 3506 3506 360 3605 3506
Yugostavia 575 575 575 575 945 945 1,192 1192 1.192 1192 903 817

Wnbtem Eu1f f L03m MAN 15,173 1L354 15Ji23 15a277 15m4a7 15 0B2 14US72 14m349 13Jam 1a132
AstrIa 360 380 380 36o 360 380 410 410 410 410 410 410
BelgIum-a9L 573 573 573 573 573 573 370 376 378 378 309 803
Flnland 6a6 es 6s a6 66 8e as 66 6s a as 6s
France 2,786 2.705 2,765 2,765 2,854 2,467 2,541 2350 2,213 1612 1812 1812
Germany D.R. 1,319 1,319 1,319 1,319 1.319 1.319 1,319 1319 1319 1499 1499 1059
Germany FR. 2.426 2,420 28226 2,147 2,147 2,0a2 1,992 1192 1992 1992 1826 1771

Greece 286 2e6 266 286 286 266 378 331 331 331 331 331
Iceland 12 12 12 12 12 12 12 12 12 12 12 12
Irebmnd 403 365 365 366 3S5 Wse 36 8 3s5 365 366 365
Italy 1,e28 1,012 1 .568 11,682 1,582 1,682 1.e60 1808 1,608 1648 1408 1452
Nefterlands 2,312 2,189 2.189 2,189 2,596 2,719 2,764 2784 2,969 3017 3053 3063
Norway 847 647 647 647 847 647 u68 586 540 440 440 440
Portugal 263 263 283 263 206 150 394 350 350 360 244 244

Spain 1,079 1,038 892 892 892 611 704 704 633 es e688 em
Sweden 103 103 103 49 49 49 49 49 49
Swlzerland 53 53 53 53 53 53 53 53 53 53 37 37
United Kgdom 1,742 1,787 1,787 1,787 1,787 1,787 1,814 1720 1,297 1391 1341 1088

USSR 169 a37 17Am 19 774 21190 WS 22aZ1 22m aM 2L= a 2a

OCEANIA Mt mg Mt 11 12 12 121 11 g2 tn soD 1
Australia 440 449 449 449 449 449 448 440 528 534 534 634
New Zealnd 0 0 0 76 78 78 78 78 76 76 76 76
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REGIONAL AMMONIA PLANT CLOSURES 1979/80 - 1990/91
(000 TONS N)

IS/8 19""a ve2 I I I 19d@ 19 19 B 10 199(

WORD 07 8m4 t i m

AFRUCA Q Q Q 9 Q7 9 Q 197 4 9 

UVm Arab Rep
Vmay F 46

Ngs
Scnia 25
SoLh Mhca 175 8

manoo m

ANIERC 5S 39 1. 531 2H lff JOII MM04 S 150 24t

North Amrca M MMfl n ff o ffg m m 2o
Canach 51 377 Z 25 1#S
U.SA 5 39G 1,137 5 ZB 1' 2D 8 439 125 55

crtv Amwk Q Q Q a Q 

N4co 40

South Amwics Q 2 2 Q 2 2z 2 Q ZZ Q 

Bd 27

Peu
Vehida
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COUNTRY UREA CAPACITIES 1976/77 - 1995/96
(000 TONS N)

19761771977/78 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984185 1985/86

WORLD 20.930 23.468 25.851 28.211 31250 32.523 34.041 35.658 37.399 39.141

AFRICA 270270 j44 638 in 924 14151 I1'M
Algeria 0 0 0 0 0 0 0 67 67 67
Egypt 0 0 0 176 368 474 474 474 474 474
Ubyan Arab Rep. 0 0 0 0 0 75 152 152 418 418
Malagasy Republic 0 0 0 0 0 0 0 0 0 0
Nigeria 0 0 0 0 0 0 0 0 0 0
Somalia 0 0 0 0 0 0 0 0 0 0
South Africa 270 270 270 270 270 270 270 231 192 230
Zambia 0 0 0 0 0 0 0 0 0 0
Zimbabwe 0 0 0 0 0 0 0 0 0 0

AMERICA 4.170 4.319 4.8I0 9 265 5.586 5.918 6.386 6.763 6.675

North America 3.143 3.330 3.740 3.886 4.045 4.tS8 4.077 4.424 4.461 4.373
Canada 475 572 572 613 4 704 728 1,027 1,027 1,009
USA 2.668 2,758 3,168 3,273 3.396 3,434 3,349 3,397 3,434 3,364

Central America El m 318 EA RI 5Z 679 1.139 m139
Cuba 88 88 88 88 88 88 88 88 88 88
Mexico 199 199 199 199 351 465 578 578 805 805
Trinidad 31 31 31 31 31 31 31 133 246 246

South America 709 671 ml 750 Z 864 1.144 1.163 1.163 1.163
Argentina 29 29 29 29 29 29 29 48 48 48
Brazil 37 37 158 158 158 272 552 552 552 552
Colombia 88 50 8 8 8 8 8 8 8 8
Peru 77 77 77 77 77 77 77 77 77 77
Venezuela 478 478 478 478 478 478 478 478 478 478
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COUNTRY UIREA CAPACITIES 1976/77 - 1995/96
(000 TONS N)

1986/87 1987/U8 19811/89 1989190 1920W911 1991/92 1992/93 1993/94 1994195 1995/9S

WORLD 4 40.6 R231 43.9iS 44.382 465 54 46.977 49.768 51.487 51.870

AFRICA 1.189 t2 L1339 1.339 L.S J1.3 1.33 1.38 1.69 1.542
Algeria 67 67 67 67 67 67 67 67 67 0
Egypt 474 474 474 474 474 474 474 474 474 474
Ubyan Arab Rep. 418 418 418 418 418 418 418 418 418 418
Malagasy Repubiic 0 0 0 0 0 0 0 42 42 42
Nigeria 0 76 228 228 228 228 228 228 456 458
Somalia 0 0 0 0 0 0 0 0 0 0
SouthAfrica 230 191 152 152 152 152 152 152 152 152
Zambia 0 0 0 0 0 0 0 0 0 0
ZImbabwe 0 0 0 0 0 0 0 0 0 0

AMERICA 6.674 8.653 Lin 6.649 67 18 6.745 7_151 7Z220 7Z2 7

North America I7 4.3 77 1 AM 43 . 4.803 4.803 4I0 4.803
Canada 991 994 994 994 994 994 1,400 1,400 1,400 1,400
USA 3,381 3.383 3,357 3,368 3,403 3,403 3,403 3,403 3,403 3,403

Central America 1.13 L.1 . 1.089 1.089 1.089 10 L8 L.8 LI08
Cuba 88 88 88 88 88 88 88 88 88 88
Mexdco 805 779 755 755 755 755 755 755 755 755
Trinidad 248 246 248 246 248 248 248 24S 246 248

South AmdeIri 14.16 1.16 14.163 1.198 t232 Lt5 12 .l3J 1S328 1.328
Argentna 48 48 48 58 89 69 89 138 138 138
Brazil 552 552 552 577 8oo 627 627 627 627 627
Colombia 8 8 8 8 8 8 8 8 8 8
Peru 77 77 77 77 77 77 77 77 77 77
Venezuela 478 478 478 478 478 478 478 478 478 478
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COUNTRY UREA CAPACITIES 1976/77 - 1995/96

(000 TONS N)

1976177 1977l78 1978179 1979180 1980181 1981182 1982/83 1983/84 1984/86 1985186

ASIA 7.869 10.038 11.477 12.582 14.774 15067 12i 16.139 17.047 18.327

West Asia 1.094 1.311 11 19 2L 2.009 2L0 L23 .1 2.537
Abu Dhabi 0 0 0 0 0 0 0 114 228 228
Bahrain 0 0 0 0 0 0 0 0 0 0
Israel 4B 46 46 46 46 46 46 46 46 60
Iran 121 121 121 235 349 24 24 24 24 24
Iraq 122 221 221 583 705 705 705 705 705 705
Kuwait 381 381 381 381 381 381 381 381 381 381
Qatar 152 152 152 304 304 304 304 304 304 304
Saudi Arabia 155 155 155 155 155 155 215 397 397 410
SyriaArab Rep. 0 0 0 0 0 159 159 159 159 159
Turkey 117 235 235 235 235 235 235 266 268 286

South Asia 2.548 2.803 2L915 3.517 4.402 4.785 5.472 5.551 5.954 6.925
Afghanistan 48 48 48 48 48 48 48 48 48 48
Bangladesh 221 221 221 221 221 842 463 463 483 509
India 1,952 2207 2,288 2.880 3,511 3,773 4,014 4,093 4,435 5,277
Myanmar 82 62 82 82 82 82 82 82 123 192
Pakistan 265 265 296 296 560 560 885 885 885 899

East Asia 4227 5.924 7.251 7.16 8.197 8273 L88 8.192 L8. 8.86
China 1,446 2,770 3,872 4,740 4,790 4,790 4,790 4,790 4,790 4,918
Indonesia 378 635 902 1,028 1,028 1,028 1,023 1,284 1,727 1,901
Japan 1,361 1,282 1,240 121 1,017 1,017 1,017 945 846 755
Malaysia 0 0 0 0 0 0 0 0 0 171
Korea, D.P.R. 420 420 420 420 526 526 526 526 626 528
Korea Rep. of 421 573 573 573 592 68S 584 448 395 395
Taiwan 150 193 193 193 193 193 193 148 148 148
Vietnam, D.R. 51 51 51 51 51 51 51 51 51 51
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COUNTRY UREA CAPACITIES 1976/77 - 1995/96
(000 TONS N)

198s187 1987/88 198&8/9 1989/90 1990/91 1991/92 19m2/3 1993/94 11994/91 1995196

ASiA 19.062 19.584 21hJ71 22157 22.167 23.263 24.192 28.022 28.243 28.643

West Asia 2.590 2,652 Jso 3,43S 3.054 3.509 3.509 S.95 S.9 3,952
Abu Dhabi 228 256 258 256 256 256 256 256 256 256
Bahrain 0 0 0 0 0 0 0 0 0 0
Israel 60 e0 6o 60 60 60 60 60 6o 60
Iran 24 24 252 577 577 577 577 577 577 577

Iraq 705 739 739 739 739 739 739 739 730 739
Kuwait 381 381 381 381 0 0 0 0 0 0
Qatar 357 357 357 357 357 357 357 800 800 8o
Saudi Arabia 410 410 410 640 640 1,095 1,095 1,095 1,095 1,005
SyriaArab Rep. 159 159 159 159 159 159 159 159 159 159
Turkey 266 266 266 266 266 286 266 256 266 266

South Asia 7.t68 7.728 8.544 8.S45 8.545 8.992 9.399 11L230 11.871 11.971
Afghanistan 48 48 48 48 48 48 48 48 48 48
Bangladesh 509 e68 767 767 767 767 1,090 1,090 1,331 1,331

India 5,504 5,935 6,603 6,603 6,603 7,050 7,050 8,300 8,700 9,000
Myanmar 192 192 192 192 192 192 192 192 192 192
Pakistan 915 915 934 935 935 935 1,019 1,400 1.400 1,400

East Asia 9.304 9L204 Z 9647 10177 10 568 1027a2 1284 IJ0 E 122 2012720
China 5,277 5,277 5,580 5,967 6,400 6,600 6,860 7,100 7,900 8,000
Indonesia 2,009 2,009 2,140 2,292 2,292 2,292 2,554 2,850 2,850 2,850
Japan 670 570 570 570 570 530 530 530 530 530
Malaysia 228 228 228 228 262 296 296 296 296 296
Korea, D.P.R 526 526 526 526 450 450 450 450 450 450
Korea Rep. of 395 395 395 395 395 395 395 395 395 395
Taiwan 148 148 148 148 148 148 148 148 148 148
Vietnam, D.R 51 51 51 51 51 51 51 51 51 51
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COUNTRY UREA CAPACITIES 1976/77 - 1995/96
(000 TONS N)

1976m71977/78 1978/79 1979180 1981182 1982183 1983184 19U8485 1985I8f

EUROPE L591 L1U L3.7 L65 L8 LIAM 8L. L8.8 7M5 ,. 73

Eastern Eurone 2238 2i23 _735 3.31 2543 2 a WI L34 L0 3.520
Albania 36 36 36 36 36 36 36 36 36 36
Bulgaria 322 322 322 322 322 413 626 687 687 687
Czechoslovakia 307 307 307 307 307 307 307 307 307 3D7
Hungary 189 189 189 189 189 189 189 189 189 189
Poland 456 456 456 456 456 456 456 456 456 567
Romania 840 840 840 936 1,033 1,033 1,033 1,419 1,419 1,419
Yugoslavia 88 88 88 88 88 88 88 221 315 315

Western Europe 3.753 3.973 A139 A254 4L. 9M 4L. 4L. A0L
Austria 136 182 152 152 152 152 152 152 152 152

Belgium-LLx. 105 105 105 105 105 105 105 105 105 105
Finland 45 45 45 45 60 60 60 60 60 60

France 331 331 313 313 313 381 359 359 359 359
Germany F.R. 1,141 1,141 1,225 1,204 1,188 1,188 1,184 1,184 1,000 1,000
Greece 0 0 0 0 0 0 0 0 0 0
Iceland 0 0 0 0 0 0 0 0 0 0
Ireland 0 0 0 114 152 152 152 152 152 152
Italy 689 863 993 1,015 860 880 880 880 880 867
Netherlands 709 709 709 709 740 740 740 740 739 743

Norway 110 110 110 110 110 110 110 110 110 110

Portugal 23 23 23 23 23 38 38 38 38 38
Spain 282 282 282 282 292 292 292 292 292 292

Sweden 30 30 30 30 30 30 30 30 30 30

Switzerland 0 0 0 0 0 0 0 0 0 0

United IGngdom 152 152 152 152 152 152 152 152 152 152

U.S.S.R. 2.57L 2L4 2 LII 3 L 38 L3 4 143 4.37 4.U1 till L5.7

OCEANIA 83 83 1 08 1 03 108 IS i I79
Australia 83 83 106 106 106 106 106 106 106 106
New Zealand 0 0 0 0 0 0 36 73 73 73



-146 - ANNEX-5

COUNTRY UREA CAPACITIES 1976/77 - 1995/96
(000 TONS N)

1986l87l 19878 198889 1989/90 1990/91 1991/92 1992/93 1993/94 1994/91 1935I to

EUROPE 8.401 L4K LAM1 L i 7,924 7L962 8Looo LII 8.000 L.000

Eastern EurORS 3ss1 L L EM111 4.16 4 406 A" 4406 i" 4,406 4.406
Albania 38 38 38 3 3 38 36 38 3 36
Bulgaria 687 e67 687 884 884 884 884 884 884 884
Czechoslovakia 307 307 307 307 307 307 307 307 307 307
Hungary 236 23 238 236 236 238 238 236 236 236
Poland 677 677 877 677 677 677 677 677 677 677
Romania 1,623 1,623 16,23 1,863 1,784 1,784 1,784 1,784 1,784 1,784
Yugoslavia 315 315 315 315 482 482 482 482 482 482

Western Europe 4.520 LII 3I4I4 L3.s 3.518 L 3594 L.ILI LIII LIII
Austria 152 152 152 152 152 152 152 152 152 152
Belglum-Lux 95 93 70 55 55 55 55 55 55 55
Finland 60 60 60 60 60 60 6o 60 60 60
France 359 319 319 319 319 319 319 319 319 319
Germany F.R. 1,000 919 818 975 975 975 975 975 975 975
Greece 0 0 0 0 0 38 76 76 76 76
Iceland 0 0 0 0 0 0 0 0 0 0
Ireland 167 167 167 167 167 167 167 167 167 167
Italy 811 733 733 733 733 733 733 733 733 733
Netherlands 709 709 709 709 709 709 709 709 709 709
Norway 55 0 0 0 0 0 0 0 0 0
Portugal 38 38 38 38 38 38 38 38 38 38
Spain 892 246 246 310 310 310 310 310 310 310
Sweden 30 15 0 0 0 0 0 0 0 0
Switzerland 0 0 0 0 0 0 0 0 0 0
United Klngdom 152 152 152 78 0 0 0 0 0 0

U.S.S.R. 5.s7 537 5i8 c.ss7 I009 L I 020 II070 L2 LL190 6L240

OCEANIA 179 179 : 2Q2 22 2 2 221 221 221
Australia 106 106 106 129 152 152 152 152 152 152
New Zealand 73 73 73 73 73 73 73 73 73 73



-147- ANNEX-6

REGIONAL UREA FERTIUZER DEMAND 1989/90 - 2000/01
(000 TONS N)

1989/90 1990/91 1991/92 1992/93 1993/94 1994195 1995/96 2000101

WORLD 31.950 32.632 33.969 35.764 37.369 39 40.484 45.159

AFRICA Boo 841 864 924 917 995 1.018 1.170

AMERICA 5.400 5.468 5.678 5.760 5.871 0 6.166 6.589
North America 3,700 3,672 3,79 3,800 3,809 3,929 3,938 4,025
Central Ameica 800 817 873 892 938 984 1,009 1,134
SouthAmerica 900 979 1,013 1,068 1,125 1,182 1,219 1,430

ASIA 19.850 21.050 22.307 23.713 25.019 26.151 27.283 31.034
WstAsia 850 938 1,008 1,069 1,092 1,140 1,159 1,254
South Asia 8,200 8,602 8,951 9,417 9,787 10,182 10,587 12180
EastAsia 10,800 11,510 12,348 13,227 14,140 14,828 15,538 17,600

EUROPE 3.500 3.166 3.007 3.190 3.240 3.425 3.475 3.690
Eastern Europe 1,500 1,190 1,050 1,170 1,260 1,388 1,480 1,710
Wastem Europe 2000 1,976 1,957 2,a20 1,980 2037 1,995 1,980

U.S.S.R 2.200 1.892 1.886 1.932 2.064 2,2 2 2.375

OCEANIA 200 215 228 245 258 275 292 301



-148- ANNEX-7

UREA SUPPLY CAPABIUTY 1989/90 - 1995/96
(000 TONS N)

1888/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

WORLD 36.585 36,538 37.590 39.142 41.511 42.781 43.834

AFRICA 857 911 924 897 939 1.094 1.110

AMERICA 139 6.309 6.334 6.707 6.811 6.824 6.837
North America 4,188 4,353 4,309 4,707 4,755 4,755 4,755
Central America 969 958 980 980 980 980 980
South America 982 998 1,045 1,020 1,076 1,089 1r102

ASIA 18.31% 18.587 19.423 20.492 22.711 23.758 24,662
West Asia 2,748 2,321 2,632 2,912 3,517 3,596 3,675
South Asia 6,921 7,263 7,643 7,989 9,265 9,687 10,175
East Asia 8,650 8,983 9,148 9,591 9,929 10,475 10,812

EUROPE 8.22 5,73 5 .888 6.046 6.002 6.010 6.090
Eastern Europe 2,883 2,644 2,688 2,776 2,732 2,776 2,820
Western Europe 3,342 3,096 3,200 3,271 3,271 3,235 3,271

U.S.S.R. 4J881 4.807 4.816 4.795 4.843 4,890 4.930

OCEANIA 184 205 205 205 205 205 205
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AMMONIA TRADE 1990
(000 TONS N)

to:
AFRIC Q Qm Qi QQ Q

Cto dh4h
Lbwh
FMbItha 5
vioo 47 U35 17 Ws

Smugi 7 6

Soi*h Mcaf 127

Tah1a 4
Tridza 173

Zmrtk

ofmm

ARK: 9 Q Eb1 gm6 I 4!Q 3! S

North nAeil 0 0 0 0 0 0 0 0 765 916 1 42 82B 57
1

U.S.A 765 le 46! 83 57

Owntral Ameica 0 0 0 0 0 0 0 0 s o 00 38 0 8
CosaFa 25 6

OA,a so 10

rdm Rep.
H S id,

G*urd 0

M.do

Tid.i BEc

South bn Q Q Q Q Q Q Q Le Q Q Q _ 3

.aIzi 16

CHIa 23

Cokoria 6 12

Venmha
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AMMONIA TRADE 1990
(000 TONS N)

from: lgeria Ubya Chwabl KMiLt ate nbla kdoria Mwam v&s 1Q 19S9 18
to:
AFRICA _ Q 14 Q _ Q Q Q .7 56 774 583
Aigena 0 8

cote dlvoire 0 1

Uberia 0 1 2

Maultlus 5 15 7

Morocoo 23 14 3 19 374 319 230

Moazarbiqus 0 17 22

Senegal 12 12 6

SoLth Afica 127 106 75

Tanzaria 4 3

Tulisia 173 251 220

Zambia 4 4

Zlnmbabwe 23 23 23 20

Others 10 10 19 0

AMERICA Q Q Q 13 Q Q 8 Q Q 3.14 3 8 2 906
Nbrth America 0 0 0 0 0 0 8 0 0 4 3.006 2973 2.767

Canada 13 2 7

USA 8 4 2993 2972 2760

Central America Q 2 Q Q 2 2 9 Q Q Q 113 40 8

Costa Rica 34 25 37

Ciba 79 10 18

Domiriacan Rep. 0 0

E Salvador 0 12

Guatemala 0 1

Meodco 0

Triridad Etc. 0 5

SoLith Arnerica Q Q Q 13 Q Q Q Q 5 75 69

Brazil 13 29 31 16

Clile 5 28 20 22

Colurbta 18 18 24

Veneajla 11
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AMMONIA TRADE 1990
(000 TONS N)

to:
ASIA Q Q 0 Q 0 Q Q Q m I0 2 0 Q 1

Wt Ads Q Q Q Q 0 Q Q Q 4 Q Q Q Q Q
km

bmd
Joid 2t
Tuzkey S

SouhMAa Q0 Q Q 0Q 0 Q t119 0Q Q Q Q
1ic 119

Ead ~ ~ IW Q Q0 Q Q 00 Q Qm 22 0 t
O*ia 13

Vhu

Ta.W an

mdaw
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AMMONIA TRADE 1990
(000 TONS N)

ftoff Algeo Iia n Du BEtn 1Lim tff &tbi ind k9~ th 1 19W i98
to:
ASIA Q Q 3 279 67 1.2 217 224 a Q 2X1,7 18

West Ada Q Q 2 S 2E 21 Q Q Q Q Z i 3 1
Iran 2 17 7 21 46 5
Iraq 0 2
Isqal 0 14 28
Jordan 72 29 123 81 85
Tukey 53 466 515

Sotth Asla Q Q 31 m 12 Q X Q Q 454 34 547
Irda 31 123 12 70 98 454 324 547

Ea- Asia Q Q 7 19 : iJ 22§4 Qa 819 ml X1
Clir
KomaPep. d 11 54 8 47 29 65 435 474 380
Malaysia 30 30 24 2
Pilippires 4 6 15 41 96 3 165 140 138
Srgapore 0 1 1 1

Taiun 25 7 10 28 5D 24 155 196 150
ThEilard 10 6 15 10 11
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AMMONIA TRADE 1990
(000 TONS N)

o- da Bd F W.nV d ***** MM EBmS Lj 9 W Md Hdd 
to:
EUROPE 14Qm s 9 S fl la I a a A U Q

EagtrA Eu Q Q Q 1 m Q Q 0 Q 0
Czioda_dda 74

En GuTV 0 9 255
HNN
POIdu 40

hmr 3

Wedbm Eump 0 Q 14 m Un mSl a Al I ml Q
Axtha 3 2
B dlghADL 2 9 251 120 47 8 192

Damuk 35 10 5D 15
Fhk*w 30 Z17
Fmnoo 89 7 79 U 7 135
Gmy F.R 4 115 23 5D
GRO 22 as
kIwbd 2

db 9
Itk 11 133 7
N*huuiI 1 8 12
Nmw 8 55 15 2e
Porud

spai 2 89 as 47 1as 19
SAeden 45 11 69 92

9dankm 4 2 11
Uited K(Vdom 0 93 u 25 19 12 7

OCElWA

OTHERS Q14

WORlD Q 14 Ml m la m 9X la am gm 4 m 4115 tS2
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AMMONIA TRADE 1990
(000 TONS N)

Qhl Saudi Vadous
from: Akrl LJbya Dabi Bahrn Iii ft ata Arabha indionha Malaa O ia 19 I8 1988

to:
EUROPE 144 Q Q 19 21 32 3Q Q Q 242 3 46 365

Eastemr EUnr OD Q Q Q Q Q Q Q 45 43 497
Czchoslovalkia 74 100
East Geirnany 264 300 324
Higary 4 4
Poland 46
Romania 3
Yugoelarla 41 48 83 83

WIVetemEurope 144 Q Q 19 21 22 tQ Q Q 197 3.0 3 542 245
Austda 18 23 19 35
BelgitlwUc 14 16 620 570 594
Cyprus 0 2
Denmark 267 313 303
Finland 72 309 255 233
France 16 5 5 14 395 399 211
Germany F.R. 16 8 215 328 193
Greece 12 10 14 114 133 137
Iceland 2 1 3
Ireland 9 28
Italy 35 3 5 25 219 135 189
Netherlands 1 22 37 8
Norway 106 262 239
Portugai 0 30 45
Spain 80 15 13 41 499 623 553
Sweden 220 42 184
SWtzedand 3 19 9 14
Urited Kingdom 471 364 303

OCEANIA 2 2 IQ Q
Australia 2 2 10

OTHERS 2 21 1 IQ 7_ 191 264

WORLD 167 Q Zi A Z7 21 2 221fl L 8 317 99 23 2294

Source: IFA Preliminary Data
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UREA TRADE 1990
(000 TONS N)

tong W.Fba W, b4 E hnak * 514" LMIW= do= B 1 a ID l IN" mo a
to:
AEBICA 2 Q Q b 9ill Q Q Q Q a Q Q Q Q Q

Algeda
BLWIdIFaD 3
cn
Ehiopia 12
CoDt dhoke 2

Ktya
Ma~qmcv 2

MaLw ~~~~~~~~~~7
Mi 9

Mali&9
Morcco
Mozntque I
Ngeia

Somalla
SoLth Maica 10
Sudm 
Taroaria 6 1
Togo
Tuisia
Zaire
Zantbia
Zinbabw
Othem 9

AMERICA Z a Q ;lQ 9i Km 1 in im lo

North Anirca Q 3 gQ. Q Q Q .W a iel 21
Carda 62 40
USA 7 31 20 li4 5E el 24

CnLtral Armrica Q 9 Q 9 2 Q Q 9 Q M i n 2a Q 
Cosa Rica 7 7

Cuba 83

DomDarimn Rep. 2
E Savador 1 2

Gtenula 2 14 0 20

Fbndura 3 7 8

Jamaica 3

Medco 0

MNagua 11 4

Prm
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UREA TRADE 1990
(000 TONS N)

tom Nt Il _ h_ -9t BhaM d M IIX=_ 1W W a 
to:
AMI&ii U f if a im Zs 2A
MlguI 0 2 4

Beatd Few 3 1

CTwUooA 2 2 a 3
BNopls 12 18
Cth dhok0 10 2 1

W 1 I 6 a

Madagac 2 1 1
M.al 1 8

MdN 9 
M.aiqm 0 2
L,bCcO 9 3 84 40
mnIqb4A 1 2 3 1

MNUIB 0 0 2
1mgi 1 2 3

SolnA 1 1 0 1

South Mia 10 23 30
San 35 8 0 5 49 a 78
Tumvza 1 7 17 4
Toga 0 0 1
Turda 0 0
Z7 0 29 2

z,yan 9 9 18 9 02
nmbtbm 7 0 a 4

of1w I 10 73 2

AMEA Q Q v a Q aa a 2 im iz Z 

North AdIa i a a Q u ;1 a Q Q m 
cana 6 114 ao 12S
USA 12 11 30 6 819 779 9S

mi aArra Q Q a Q Q Q Q Q Q a a n 
Cod& F5o 1S 25 19
Cut* as 161 113
oflddim PAp 1 0 20

B sMdor 4 5 1
Guxtenu 35 49 35
1hA I 1 8
Fbdm 4 22 16 11
Juy,am 8 4 2
mudc 0 0

Nlmagua a15 42 47
PanaM 0 2 6
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UREA TRADE 1990
(000 TONS N)

ftm Etmis WGnmwV I* t _ I ELaIII Bam Remmr UL 5;-A u1 MIDA o lHr i idad l

to:
oth A nmrka Q a Q I 1i a a Q Ad Q 0. to li K

Argu"ti 10 5

Bra a 3 10
Cde SDw
Colonbia 32 5 25 30
E:uoAbr 7 1 9 10

Pa,qtv
Peru 10 24 12

alkUEy 3
Venea 6
Othms 1 0 106 I

MAIA 2 Q 0 .4 2 a Q 8 0LZ Imza 212 1 12 D

W.ed sia Q 0 0 a a 0 0 1 Q 112 0 Q a Q a
Abu Dthi
Bahan
Iran
Irq
bral 3 3
Jordan
Syna
Turkey 112
Yemen

-- ih Asia 2 0 0 1 0 0 1 0 A 00 0 0 0

bia 10
Napal 2
Paldstan 10 15 45
SdLariQ

Eat Asia Q 1 5 0 0 a Q lQ 2l2 AR 12 Zl
Cirs 1 1,200 15 203 eD 70

bDrg Korg 0 17
Japn 5 5 2 10
Korea Rep. of 3 28
Maeyda 11
Ph npptiu 3
Srgapore 6
Taiwn
T7haid 6
Vldiuan 10
OUlsu 4 12



.158- ANNEX-9

UREA TRADE 1990
(000 TONS N)

*04= t ~ ~ ~KMaiammVW
to.
9wdh PAtM 9 Q9D9QQ91XS9

Argrbm 135 65 70
MAR 0 0 5 0

saz 1 4 20
ale 6 115 111
Chwus a101 *a 1l

E -uat 29 47 48
GW- 0 10

PFQw 0 eG
PeW 46 53 4
ULaW 10 13 10

vwmnm ~ ~ ~~~~~~~~~~~~~~~~~5 0
Cme 1W8 19 W

MD 1 l a 13 2 is n m AM I mmt

Wed 9 z Q2Q 2 a 9 9 1o 5 3 i A1
Abu DW1 0 0
Beiha 0 0 0 0
; I9 202 2 
inq 0 14 17
led a 5 0
Jorda 3 a a 5
SyulaI 11 12 74 48
Tulaq 112 144 117
emeni 4 6 la 1 18

Ofthm 3 3 3 0

Satoft- 0 2

ide 7 17 6 19S
P*A 16 18 3 29
Pekigu so 62 go¶ 10 1as a5 so
Sri Lat "9 0 U64 O 105

EhAa lD e Jo, i2 m iZ 1 AM s amm
C*hr 12 129 1n 15D a 2i5 10 2 2 9405 23, 2723
Fb9 1c1 18 12 12 a 74 51
Jiun 1 75 2 12 a 11e 1C6 84
ram.F'w d as 0 a9 64 16
Miha 21 is 127 Ill 134
R1*nhe 6 7 a 1J 140 9 7 249 251 324
el oi. 4 19 2U 0 3
Tlkw u 24 as U 1S
Tbibnd 4J 1J 4 47 1WD 214 217 129
Miduim 8 5 12 a5 2E5 m 332

co" 7 12 6 10 52 2
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UREA TRADE 1990
(000 TONS N)

frone WF ky hx 1* l g Bm EGaM iy UiSR C ars LI Meko T*d Yera
to:
EUROPE 4 a Q m m m 0 0 in am IV 0 25 Q

Eastam EUrO Q Q0 a 0 0 0 a la am Q Q a Q Q
AMbwia
Bigal 7
Czedhodowkda S3
E Genm 
H1,jaay 161
Polad
Yugs4a 16

WdmrnEurOp 46 Q IE 3 0 0 Q Q Q 3 S l a a 25 Q
ALEia 0 15
Be*gimn.Lm 3 8 35 7
Qy/pa
DrsmiIk a
Firwd 12
F.noe 25 11 40 25
Genwy F.RF 2 a 0 16 3 1
Greee 7
kldwd 3 19
iWaly 3 24 0
Nidmids 2 2 U3 11
Norby 13 a5
PoMaie 4 17
Span 14 3 31 35
-den 2 2 0
SAztad 2 7 12
lU*edX irgdom 18 0 37 as 8
Othem

OCEANA Q Q Q Q Q Q Q a a a a iz Q n Q
Aijula 61 17 13
NowGLimea

O1TERS 12 1z IQ 12

WORLD 3 N& 11 Mn M1 N9 N& 1 tN 23 Z Ma 215 217 1N
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UREA TRADE 1990
(000 TONS N)

NDo W km imgd Q-f Aftooom ***b MWos ohm

BJROPE 1g Q Q Q Q Q Q 12 Q z1 i1n I.

m 0 Q 0 Q Q Q Q Q Q Q 365 23 31 
Abka 0 9

Bigua 7 2
odtiA s 115 E2

EvCruny 11 12 as 0
HrOy I0 210 23
Riud 0 36

yiqoaia 23 3 36 5

mhd 14 Q 0 Q 0 0 Q 12 Q l 2 1m i. S
Asia 14 24 34 6
BdUT-kC 1 15 S 0 4S

ows 0 3 0
Dwffwk 1 7 21 23
Fiwlrd 5 17 21 20
FfamEp 17 4 17D 37 211

raTV F.R 9 56 9 101 1CS

GUMS 3 10 2a lS
Iiad 4 25 S 33
ldy 2 3S as as 111
Nst$1d 13 12 UR 5 as
N-Y O 390 1U 17

Ratud 1 22 31 19
Epdn 3 21 1C 159 143

Namden I 5 14 37
S9tId 1 0 22 14 2
UftWKnrW 29 10 as 234 1m
atm 12 1 13 1N 5

3 A .0 .0 Q 9l 0MR 1 7 2 1 . 12
A.rdmi 37 37 165 161 Q

bNom 1 1 0 0

OTHERS 2 2Q in aS

UD IU m tE NS 3 U is m iZ m zm am am

Soun FA PmInua mu*s



-161- ANNEX-10

NITROGEN FERTILIZER TRADE 1980 - 1989
(000 TONS N)

AMMONIA

EXPORTING COUNTRIES im im1 i im im 131 1 nu im 13

WORLD 5.61&5D63S4S &ffi4W &6MB &6. 76347? 30,3 7 414J1111 &NO9814 9 475.112 24

AFRICA 64E09 72DW0 243M0 376,ea7 22 207.75 194170 18St3 tS71 117.221
Algeria 46,128 93,790 71,597 62472 77,596 86,874 51,878 64,055 54,068
Ubya 63,294 26,880 139,740 280,266 133,988 112,14 90,896 42,792 38,215 6,598
Nigeria 68,312 43,155 33,888
Sotih Africa 1,315 9,700 24,824 24,988 17,542 16,400 20,057 16,712 2,687

AMERICA Z 10S7 2.00J t70 2-.CI 2557.917 Z1MS3 &JL911 e 2 4a23L 3,17J tlD a3247 47S &13.Sdg1

North Am.re 975,183 823,184 979,040 828,346 1,081.753 1,707,841 1,244,273 2014,975 1,720,210 1,433,009
Canada 357,300 363,571 427,029 554,829 6S4,290 791,321 762549 1,084,971 1,138,153 1,064,958
USA 617,883 459,613 $552011 273,517 397,483 918,520 481,424 930,004 582,057 368,051

Central Amedca 1 oe5.3at1 1105z83 1.34Z144 118061S29 t.415.4S t110111.74 11019.352 t e2.911s t57,033 t.-5St1.073
Mexico 593,017 S54,593 898,970 638,119 418,433 200,085 94,129 180,926 348,851 242,728
Trlnidad 412314 402,039 648,174 968,810 999,002 908,289 925,253 882,065 1,110,182 1,318,345

South Amoeda 12L241 183,354 212Z8 12N-42 17111705 2 S984 174.W8 14A67 7232W 109.487

Argentina 241
Brazil 110,723 34,925 27,787
Columbia 4,110 14,878 20.222 20,549 10,589 12,387 2409 18,440 15,618 4,345
Venezuela 121,131 168,476 192,759 102,093 188,116 176,731 137,274 101.446 54,373 105,142



-162- ANNEX-10

NITROGEN FERTILIZER TRADE 1980 - 1989
(000 TONS N)

AMMONIA

EXPORTING COUNTRIES i li 1 il im1 

WORLD DIe& s s87a48 L4e .D2 IL09.25 7.R3M477 L330.538 7L414S8I &E.SI& s.475s823 L438.2

AFRICA 84.609 72Z008 in=3 s7e6s67 22t.44e 207.7!i2 194.170 181.039 18Z137 1217.2

Aigeria 45,128 93,790 71,597 62,472 77,596 88,874 51,878 64,055 54,068

Ubya 63,294 26,880 139,740 280,266 133,988 112,614 90,896 42,792 38,215 6,598

Nigeria 66,312 43,155 33,888

South Africa 1,315 9,700 24,824 24,988 17,542 16,400 20,057 16,712 22,667

AMERICA Z-iO5.755 2JZ00 E 2Ls.65 Z6731 s3 31056 2z43826s 3.l73.638 3247475 3L105s63

North Anmdric 975,183 823,184 979,040 828,346 1,081,753 1,707,841 1,244,273 2,014,975 1,720,210 1,433,009

Canada 357,300 363,571 427,029 554,829 684,290 791,321 762,849 1,084,971 1,138,153 1,064,958

USA 617,883 459,613 552,011 273,517 397,463 916,520 481.424 930,004 582,057 368,051

Ceta fwla11 W5 s11 1.056.63 t34Z2144 1 o.s2s9 1,415,435 .101oa74 1 01s"382 1,012,991 1 AS7.053 1 se+1 073

Mexico 593,017 654.593 595,970 638.119 416.433 200,085 94.129 160,926 346,851 242,728

Trinidad 412,314 402,039 648,174 968,810 999,002 908,289 925,253 852,065 1,110,182 1,318,345

SoutJhAfimr98 125.241 1114 ZIZ.M1 122642 17.2 2EM4 1Z4.MA 145.L72 70.212 109Z487
Argentina 241

Brazil 110,723 34,925 27,787

Columbia 4,110 14,878 20,222 20,549 10,589 12,387 2,409 16,440 15,618 4,345

Venezuela 121,131 158,476 192,759 102,093 166,118 176,731 137,274 101,445 54,373 105,142

A2M 2 9 237.02 211.9 249.472 384M81l 5se. MsU025 1011 148.025 1,4781.1

WtAsa 2s.2 211.390 1E11 210.12 2302233 402.150 e37.335 1.211 1,1722912 1t208W841
Bahrain 78,115 294,307 281,124 303,348 259,209

Iran 117,381 20,550 20,550

Kuwah 68,418 132,929 89,459 91,147 54.171 85.1D 174,945 97,854 258,681

Qatar 113,026 83,481 120,055 139,180 165,303 163,907 182,718 240,350 223,584 201,739

Saudi Arabia 124,700 482,515 397,848

Turkey 2,452

Unhed Arab Emirates 64,930 105,957 75,212 65.142 45,111 38,362

Eavt Asia 2=s 20A:1W 21ZZ 1152 154,5u 19&.908 258.800 195 400 307,863 209,81 7

Indonesia 18,166 5,280 18,988 145,082 187,004 212,900 185,435 249,485 259.094

Japan 2,397 2,486 13,142 184 9,501 575 23 38,733 202

Malaysia 8,329 39,20o 9.942 19,645 1C,521

Taiwan 6,590



-163- ANNEX-10

NITROGEN FERTILIZER TRADE 1980 - 1989

(000 TONS N)

AMMONIA

EXPOiRTING COUNTRIES 19 19 1 1 1 19e5 19 E 1987 19 8 8 19

tB)WPE t308397 11fM3l 7 12a917 1t23Z4 1.780aS 2.173 607 t.6834 1t93ao59 1.812.137 t7899

E dern EUrOpe 13fl748 119.02S7 5 ?247 1.81 24729 274A650 212217 257512 249314 3121599
Bulgaria 1,355 38,232 10,773
Czechoslovakia 21,831 18,440 7,562 29,181 34,524 25,390 18,200 22501 49,320 37,887
Germany DR 21,044 21,454 68,143 91,325 141,324 92,722 59,420 48,197 25,157 4,066
Hungary 71,184 57,787 48,937 58,307 53,041 35,818 49,322 45,307 47,326 77,293
Poland 9,864 10,768 58,020 43,058 101,290 83,285 178,416
Romania 12,823 23,345 22,805 8,740 9,453 6,200 4,720 284
YugoslavIa 822 53,247 38,017 46,142 5,760 6,164

Wegthl EUrOpe 1.171.S51 1.15A371 1 S12370 11.S 3 t532819 S.5.047 Lt472h17 1.670!547 1.56Z73 1.477.397
Austria 59,184 69,952 94,036 70,363 87,481 67,648 28,487 31,589 32,072 32,692
Belgium / Lwc. 45,272 41,744 18,421 24,582 35,817 29,940 41,149 37,058 40,851 44,352
Denmark 4,686
Finland 7
France 130,943 200,524 85,157 149,999 204,774 117,379 158,795 213,041 75,443 32,948
Germany F.R. 195,145 203,011 181,868 134,444 291,898 259,547 157,778 351,647 360,298 248,122
Greece 13,316 10,522
Ireland 55,723 28,298 97,304 79,479 71,103 97,313 88,287 85,297 35,257 112,800
haly 36.267 29,198 28,417 38,331 74,738 128,042 152,813 67,695 64,777 115,424
Netherlands 497,783 331,847 329,273 324,891 538,688 893,059 755,558 819,690 917.962 819,545
Norway 21,865 50,308 42,189 36,005 65,783 32,464 4,088 250 9,651 82
Portugal 6,006 19,647 19,200 7,174 9,104
Spain 59
Swhzerland 1.374
United Kingdom 123,463 199,495 247,027 197,609 182,881 260,339 66,019 29,806 17,914 61,328

USSR 1837,580 2.03 1 2U214 2340 61174 21l 249 2743 29

OCEANIA 12330 74l082 4S9U7 6am22 S3.000 S1.318 7.51I7 13.152
Australia 12,330 74,062 43,977 68,226 53,000 61,318 27,517 13,152
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NITROGEN FERTILIZER TRADE 1980 - 1989
(000 TONS N)

UREA

XPSfORNGCOUNTIS iS IS IS IS 1 1M IS

WORLD ta n 5LES07 O MI5011151 11711,11 7Lfl73S917 75194 101 LIS 4 921132m 937

AFRICA 2ls La 117.073 2DI= 312.121t 253011 340i35 3SI78 25734
Egypt 920 1,056 417 55,200 123,424 9,200 13,6S4
Ivory Coast 480
Kenya 198
Ubya 110,860 130,564 309,580 276,000 242.512 303,399 166,118 112401
Maudlitn 8
NIgerla 22,400 189,229 134,049
Segal 3,082
Sotth Africa 24,660 2,727 6,796 3,038 37,591 26,921 10,499 14,546 7,831 7,820

AMERICA 112 11 1a 2 1 n111 t11 t1IL 111 i 1 077 1a74 i1Sn020 11 05

North Af cf l S1 740 ss s 76M41 11.4 U 7aSm3 n178746 1S1,15 tO09
Canada 323,997 298.087 267.212 305.918 471,148 416,921 670,672 88S,178 632385 478,891
USA 810,779 668,253 6S98,153 458,848 529,778 481,529 228,941 401,588 449,430 530,458

Central An r tea 2t.700 m a15. 7s745 93tm52 S30 27n105 273.494 31tS02 291t224
Cuba 17
Dom. Repub. 1,333 313
Martinique 54
Mexico 2,752 69,874 37,674 2,780 3A,319 59,548 73,580 67,044
TrinIdad 21.700 15,849 21,983 17,817 56,978 160,857 226,997 213,940 237,705 232,180
West Indies 15,792

South Anm 7Qa t 11Q11 O aIM71t 2m M12 7QS71 m5 1913a 9 2S7.5S2
Argentina 920 2,300 124 28
Brazil 419 269 584 53,689 7.384 3,257 877 18,203 63,042
Chile 118
Columbia 2
Venezuela 70,484 110,537 1105,862 148,994 137,788 85,321 115.358 192,133 184,672 224,370

AM 1t1a i nt.9tRt 1109042 1114t119 a159.124 a 2170Q42 2.17t.137 25S1115 Z s750.21#

n _I marb97&21t7 a6m57 11 i 4 tta tO7 i3s a130Z044 taI.Mn227
Iran 1
Iraq 302,816 14200 343,161
Iwael 92 6,132 6,470 27 23
Kuwalt 223,193 175,508 195,757 241,002 270,884 266,281 329,076 396,157 400,W8 386,729
Qatar 320,940 252,539 278,050 329,757 326,048 323.427 367,571 279,543 372,159 327,098
Saudi Arabia 131,338 132,610 134,126 168,708 325,638 314,487 373,788 250,821 243,215 237,234
Syria 5,382 11,688
Turkey 1,285 480 922 86481 104,447 33,54
United Arab Emirates 144,035 157,780 224,577 255,178 248,100 242,117

Sounh A b 47.724 2am14 am517 1m2a1a5 27m 3amS87 5Z519 JR= 22ma 120.832
Afghanltan 34,730 23,738 19,918 9,844 4.800 18.400 13,8W 15,640 11,040 2,3W
Bangladesh 12,994 S,778 12,827 28,263 12,098 9430 9.200 102,599 138,857 93,324
India 10
Myanwa 11,484 29,609 38,000 76,478 25,208
Pakistan 84,908 254.580 267,303
Sri Lanka 22,772

End Ais b 650m am La 2am 113 -S a SL979 744.470 an78 1 n4
Indonesia 74j24 17,894 43,792 145,484 91,540 338,032 695,820 483,204 477,800 782,965
Japan 387,918 350,212 211,839 70,883 117,747 71,481 35,844 27,288o 83,296 30,278
Malaysa 81,474 181,177 161,500 222,153
Norh Keroa 4,880 38,318 24,776 52,532 54,952 9,244 48,000 35,648 15,982
South iCorea 183,483 103,42i 25,185 2Z034 44,261 29,678 2,841 4,821 42,134 8,828
Taiwan 1,588
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NITROGEN FERTILIZER TRADE 1980 - 1989
(000 TONS N)

UREA

EUROPE 2.UI 211 111 2,0 9I L4309 2.87. ZO7 2,40417 2 50S IS 2 "040s 2.295.5s

n~~~~~~~~11 7 12L31 .M 1, 152110111 141L71 11111=31542Z433 1.409.i9 1.3D1.073

Albania 5.278 506

8Bigar 192.260 143,708 130,541 178,900 246.442 234,133 250,796 223,373 238,848 258,495

CzechosvakIa 115,12 71,318 89,942 69,235 118,926 116,783 109.110 73,879 49,789 47,311

Genmarn DR 113.730 187,300 252,390 319,278 219,128 279,979 285657 260,211 238,411 236,588

Hungary 68,486 122,700 157,480 154,560 163,374 180,050 170,648 160,394 95,507 131,282

Poland 48,479 3,700 18.242 42,338 20,516 28,011 30,286 27,619 63,995

Romranr 676,450 734.980 594,019 622,518 695,808 611,217 696,172 684,169 725,354 500,062

Yugoslavia 3.66 4,829 5,736 7,820 44,085 38,037 52828 110,121 94,467 68,340

wabnzm Io .72" SL6 1101031" JU 1L12L74 M14 MZSB 140410 994,493

AuuLta 99,249 55,914 65,807 156,835 78,149 103,190 57,103 55,992 38,e65 40,703

Belgium / LwB 65,855 71,278 34,186 25,365 19,801 51,26 51,432 78,638 80,072 58,973

Dwmark 7 694 4,079

Finland 6,544 13,165 6,063 10,166 25,464 8,131 29 22

France 80,274 93,906 55,968 64,120 84,873 48,199 19,356 7,921 74,953 47,809

Germany F.R. 166,771 167,64 122,876 75,947 178,894 145.862 78,741 128,923 175,695 136.229

Grescs 4,600 3,680 102

Ireland 21,400 68,770 90.528 34,658 107,197 56,331 69,199 72,917 84,168 53.837
ftaly 314,953 258,903 49,956 126,155 153,900 184,026 175,679 127,012 195,304 139,108

Netherlands 563,776 517,358 331,996 454,875 512,440 468,172 393136 458,994 484,185 452,368

Norway 53,088 63,782 39,882 69,735 87,620 33,083 10,035 13,776

Portugal 2,401 55 690 288 73 46

Spain 4,800 5,050 1.000 22,854 4,419 3,480 1,302 13.195

Sweden 4,800 1,702 53 25 1,934 1,494

Swftzerland 153 11 1S

UrI*d KIngdom 20,996 49,602 21,246 41,502 37,019 22,920 7,545 11,967 24,492 18.176

USSR 7S43 00S41 25C277 113,5 15124 1161LM I7.116 2.14.2 2e9,70 2,37&906

OCEANIA 10E700 LM AM as U 379s 4E 4190 M519S a4ss5 31IS2
Augralla 10,700 7,500 5,000 42 a 3,914
New Zealand 22,264 33,793 44,980 45,190 50,154 34,929 27,948
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AMMONIA PRODUCTION FROM NATURAL GAS

General

The conventional industrial way of synthesizing ammonia is by reacting nitrogen with hydrogen

at high pressure and temperature using a catalyst. The chemistry and thermodynamics of this reaction

have been studied intensively and an advanced level has been achieved in energy efficiency of modern

ammonia processes. The principles of the process for the production of ammonia have changed little

over the last 50 years and more recent improvements in the process are often related to the integration

of energy conservation features.

Basically the ammonia process comprises three main steps:

1. Synthesis gas preparation

2. Purification of the synthesis gas

3. Compression of the synthesis gas and ammonia synthesis

(1) The synthesis gas preparation involves the generation of hydrogen and the appropriate

introduction of nitrogen. (2) Purification of the synthesis gas involves the removal of carbon monoxide

(CO) and carbon dioxide (CO2), the removal of catalyst poisons, such as sulfur, and the preparation of

hydrogen and nitrogen in a stoichiometric ratio of 3H2:1N2. (3) The ammonia synthesis involves the

catalytic fixation of nitrogen and hycirogen at elevated temperature and high pressure and the

separation of ammonia product from the gas mixture.

A wide range of feedstocks can be used for the production of hydrogen, such as electrolysis,

refinery and coke oven gases, natural gas, light gasoline, crude and residual oil, and coal. As

electrolytic hydrogen is usually rather expensive, nearly all synthesis gas is produced directly from

gaseous fuels or by gasification of liquid or solid hydrocarbons. Synthesis gas containing carbon

requires oxidation with oxygen or steam in one of the following ways:
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C + 1/202 => CO (partial oxidation)

C + H20 => CO + H2 (water-gas reaction)

CH(2n+2 ) + (n/2)02 => nCO + (n+1)H2 (partial oxidation)

CH(2n+2 ) + (n/2)H20 => nCO + (2n+1)H2 (steam reforming)

CO + H2 0 => C02 + H2 (CO shift conversion)

Generally, as the molecular weight of the feedstock increases so does the complexKy and cost

of the process. The higher the H2:C ratio of the fuel, the more economic the process. The partial

oxidation process is used for the production of hydrogen from fuel oil and the steam reforming process

is used for processing naphtha and gaseous hydrocarbons, such as methane. As there is a lot of

excellent lIterature available that describes in detail the production of ammonia from different feedstocks,

the main objective of this section is to only highlight some of the major process features and

developments that have recently taken place, particularly in ammonia technology based on natural gas.

Basically, the production of ammonia comprises a succession of high temperature gaseous

reactions, both exothermic and endothermic, into which heat is introduced as fuel and from which waste

heat should be recovered in a usable form (i.e. steam, etc.). By careful process and plant design, taking

into account the thermodynamics and kinetics of the reactions involved, the heat balance of the plant

can be optimized. Progress along the last two decades following the major developments of large

plants using centrifugal compressors has been largely along the lines of improving the design of the

existing system, with the objective of reducing energy consumption and capital costs. The significant

progress that has been made in reducing energy needs can be seen in Figure 12 in the main body of

this report. Energy consumption has been almost halved since the end of 1963, when the first large

single-stream ammonia plant with centrifugal compressors was commissioned.
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The Technologv of the Natural Gas Steam-Reformina Process.

Although ammonia plants offered by major suppliers may vary considerably in their detailed

design and operating conditions, they basically contain the same operational process stages:

1. Desulfurization

2. Primary reforming

3. Secondary reforming

4. CO-shift conversion

5. Carbon dioxide removal

6. Methanation

7. Ammonia synthesis

(1) Desulfurization: Natural gas is compressed to reformer pressure and the residual sulfur

removed to prevent catalyst poisoningl later in the process. Removal of sulfur is usually achieved by

adsorption on activated carbon or by treatment with zinc oxide.

(2) Primary Reformer In the primary reformer, the bulk of the hydrocarbon gas, i.e. mainly

methane, is converted into hydrogen and carbon monoxide by reaction with steam. The reaction is

highly endothermic and heat has to be supplied to maintain the temperature at about 1,000 deg.C by

burning fuel. The preheated feedstock and high pressure steam are mixed and passed through tubes

containing a nickel-based catalyst in a primary reformer fumace at a pressure of 30 - 50 atm. The

reformed gas leaving the tubes passes to the secondary reformer.

(3) Secondary Reformer The purpose of the secondary reformer is to complete the conversion of

unreacted methane coming from the primary reformer and to supply the nitrogen (from air) required for

ammonia synthesis. Oxygen from the air reacts with part of the hydrogen, carbon monoxide and

methane, thereby raising the temperature and assisting the completion of the reaction.
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The process air compressor is a large energy consumer and conventionally has been driven by

a steam turbine. A relatively recent development in ammonia plant design is the use of a gas turbine to

drive the process air compressor and to use the turbine exhaust gas as combustion air in the primary

reformer. The use of a gas turbine is appropriate, if steam can be exported from the process to replace

steam that would otherwise need to be generated on site. A gas turbine is also normally used in those

plants which use more than stoichiometric quantities of air in the secondary reformer and remove the

excess nitrogen in a low temperature separation unit.

The use of high temperatures and pressures in the reforming section requires high grade

materials of construction and careful design to obtain good heat transfer and optimum flow distribution

to minimize equipment costs. The earlier development of ammonia plants concentrated on a high

degree of conversion in the primary reformer and the recovery of heat in the flue gas. One improvement

in this area is in the preheating of combustion air and the feedstock to the primary reformer to reduce

fuel requirements. The more modern plants also operate at a much lower steam to carbon ratio than the

traditional levels of 3.5 - 4.0. A reduction in process steam requirements results in considerable fuel

savings, but sufficient steam has to be added to ensure that all the natural gas is reacted and that the

correct hydrogen to nitrogen ratio is obtained in the synthesis gas. Sufficient steam should be added to

prevent carbon deposition in the catalyst tubes of the primary reformer, which can lead to hot spots and

reduce the life of catalyst and tubes. One area of development to achieve a lower steam to carbon ratio

has been the use of more active reforming catalysts, which can operate with steam to carbon ratios of

2.5 - 3.0: 1.0 without carbon formation.

Another method of energy conservation in the reforming section is to allow less extreme

operating conditions in the primary reformer and increasing the proportion of the reaction that is carried

out in the secondary reformer. In some new designs, the dry gas feed is divided so that only about half

the conversion takes place in the primary reformer thereby halving the overall steam to carbon ratio. A
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large excess of air is used in the secondary reformer to complete the reaction.

(4) Shift Conversion: Carbon monoxide is a poison for ammonia synthesis catalysts and must

therefore be removed from the synthesis gas coming from the reformer. This is done by converting it

into the more easily removable carbon dioxide and at the time producing more hydrogen using the

water-gas shift reaction. In the early plants, two stages of high temperature shift (HTS) were normally

used together with some intercooling and perhaps interstage carbon dioxide removal, but it was still

difficult to reduce the carbon dioxide concentration to an acceptably low level. The development of

effective low temperature shift reaction (LTS) catalysts in the 1960s meant that carbon monoxide could

be removed to a lower level and today almost all ammonia processes employ both HTS and LTS stages

to reduce the carbon monoxide content of the synthesis gas. The iron/chromium catalysts in the HTS

section are relatively insensitive to poisons afthough they have the major disadvantage that they must be

operated at high temperature. The LTS catalyst is much more sensitive to poisoning and most

developments in this section of the ammonia plant have been to increase the life and efficiency of the

LTS catalyst. One significant improvenment is the use of a guard converter - the LTS catalyst absorbs

poisons in a concentrated layer at the top of the catalyst bed, so a separate guard bed is inserted to act

as a poison trap and enable the operator to remove poisoned catalyst at any time so that the main bed

can be used for longer periods without changing the catalyst.

(B) Carbon Dioxide Removal: After leaving the shift conversion, the carbon dioxide has to be

removed from the synthesis gas after cooling. Most removal systems have been based on chemical

absorption, using compounds such as monoethanolamine (MEA) solution or a solution of potassium

carbonate, etc.. Carbon dioxide in the synthesis gas is removed in an absorption tower and the solution

is regenerated by heating at a lower prassure to remove C02 before being recirculated to the system.

This part of the process requires energy to regenerate the scrubbing solution that can be provided as

low pressure steam or more recently boy recovering heat from the process gas leaving the LT shift

section. In order to improve energy efficiency, systems have been developed to improve the absorption
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capaciy of the circulating solution by operating at higher concentrations. Unfortunately in the case of

MEA, higher concentrations means increased corrosion and this is being overcome by addition of

corrosion inhibitors. Other developments include the use of non-corrosive methyidiethanolamine

(MDEA) that can be regenerated more cheaply than MEA.

Hot potassium carbonate solutions also have a high capacity for removing CO2 but absorption

rates are lower than ethanol amine solutions. However, the properties for dissolving carbon dioxide

have been improved by the addition of diethanol amine and corrosion inhibitors. Two of the best known

potassium carbonate systems are the Benfield and the Giammarco-Vetrocoke processes. A recent

advance in the Benfield process is the LoHeat process, which claims significant savings in energy. The

low energy requirements of the system is the result of recovering sensible heat supplied to the solution

in the regenerator as flash steam by reducing the pressure of the solution after regeneration. This steam

is compressed and recirculated to the regenerator.

Carbon dioxide can also be removed from the synthesis gas by physical absorption and the

advantage of this process is that air rather than steam can be used for regeneration, which can result in

additional energy savings. A disadvantage is the high cost of the solution.

Carbon dioxide recovered from ammonia plants has a number of possible uses and often one of

the most convenient is together with ammonia as feedstock for the production of urea.

(6) Mothanatlon: The gas leaving the carbon dioxide removal section still contains small

quantities of carbon monoxide and carbon dioxide that must be removed before the ammonia synthesis,

because these impurities would decrease the activity of the ammonia synthesis catalyst and cause

depostion of corrosive ammonium carbamate in the system. The methanation reaction converts carbon

monoxide and carbon dioxide into methane and water and is basically the reversion of the reformer

reactions. Until the introduction of the LT - shift catalyst in the early 1960s, carbon monoxide was
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removed by using either a copper liquor wash or a liquid nitrogen wash and traces of carbon dioxide

were removed with an alkali wash. A traditional nickel catalyst is now used and most of the research

work on this stage has been directed to improving the selectivity and activity of the methanation catalyst.

(7) Ammonia Synthesis: Before passing to the synthesis loop, the outlet gas from the

methanation stage are cleaned by cooling and drying. The cooling is achieved by heat exchange and

finally by refrigeration. Condensed water in the cooled gas is separated and removed and the chilled

gas is fed to a drier containing a solid desiccant or molecular sieves to remove ammonia, residual

carbon dioxide and water. The dry gas; is now mixed with recycled gas and circulated to a preheater

after which it enters the ammonia synthesis reactor. The gases from the reactor are cooled by heat

exchange with the inlet gases and then refrigerated to separate liquid ammonia. Inerts gases like argon,

helium, and methane do not dissolve sufficiently in the product ammonia and are purged from the

system. The purge gas contains about 60% hydrogen and can be used as a fuel, when natural gas is

cheap. When natural gas is expensive, a hydrogen recovery system is usually installed. Hydrogen can

be recovered either by membrane separators (i.e. molecular sieved) or by low temperature (i.e.

cryogenic) separation. The hydrogen-rich stream is retumed to the ammonia synthesis loop and the

concentrated purge gas is available for use as a fuel.

The basic chemical reaction for the production of ammonia appears simple, but, in practice, it

requires high temperature and pressure, and acceleration by a catalyst.

3H2 + N2 => 2NH3

The equilibrium between the product ammonia and the reactants depends on temperature and

pressure. The reaction is exothermic and in order to prevent the temperature in the catalyst bed from

rising to a point where conversion would be unacceptably low, the reactor has to be cooled. The normal

optimum operating pressure range for ammonia synthesis using conventional iron-based catalysts is

between 150 and 300 atm, but catalysts have recently been developed that allow some of the new low
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energy processes to work with advantage at lower pressures, for example at 70-80 atm.

There are many different types of reactor designs available and the characteristic features are

the gas flows through the catalyst bed, the method of temperature control in the bed and the recovery of

the heat of reaction. Ammonia converters can be basically classified according to the method by which

the reacting synthesis gas is cooled - quench convertem, where cooling is achieved by injecting cool

fresh synthesis gas directly into the system and indirectly cooled converters, where the reacting gases

are cooled in a heat exchanger system. The new low energy ammonia plants usually use two bed

converters with intercoolem; one of the advantages of the system is that steam can be generated in the

synthesis loop.

New Enerqy Savlna Ammonia Processes

The production of ammonia comprises a succession of high temperature gas-phase reactions

from which a substantial amount of heat must be recovered. The major objective in recent ammonia

plant design has been to recover heat in the most efficient way to provide the power requirements for

the operation of the plant under normal conditions. The evolution of ammonia plant design by the major

engineering and operating companies has resulted in a variety of energy recovery and plant utilities

schemes.. Although the configuration of heat exchangem, drives, operating conditions etc. can vary

significantly from one design to another, the overall integrated effect in all leading designs has been to

produce a plant, reliable and capable of high utilization rates and with low energy consumption in the

range 25 - 28 MMBTU (6.3 - 7.1 Gcal per metric ton of ammonia.
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Future Trends In Ammonia Plant Desian

With energy consumption for ammonia production now approaching a practical limitation,

increased attention is being given to plant design to save investment costs by rationalization of the

utilities system and to save the cost of equipment by operating under less severe conditions. In time,

improved catalysts will probably permit the reduction of temperatures in the reforming, shift and

synthesis stages. There is already a trend to increase the flexibility of operation by moving from steam

turbines to more efficient electric motor idrives for small and medium size duties. In some cases, savings

can be achieved by using gas turbine drives. The increasing use of computers to simulate and control

the process will ensure more stable and efficient operating conditions.

Lately, the concept that larger plants must necessarily be the most economic is being

challenged by some designers who are developing plants on a smaller scale, which are claimed to be

competKitve with larger plants in terms of thermal efficiency and unK investment cost. Some of these

plants have been in successful commercial operation and the now design may not only prove attractive

for new small to medium size plants, but also for the revamping of existing units.
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IRR MODEL FOR AMMONIA PROJECTS

INVESTMENT INFORMATION

Plant and Eauiment US$

Battery Umits plus Offsites 230,000,000

Infrastructure 50,000,000

Total 280.000.000

Investment Pattern Incremental Percentaae

Year 1. 30

Year2. 50

Year 3. 20

Salvaae Value Percentaae of Total

Year 20. 10

Workina Capital This is taken as one month's total production costs

plus one month's accounts receivable

US$ 8,297,946

Build-up. % of Total Incremental Percentaae

Year 4. 70

Year5. 20

Year 6. 10

PRODUCTION DATA Actual Production = Design capacity x Utilization Rate

Nominal Deslan Catacitv Tons Product Near

Total 495,000

Utilization Rate Percentaae

Average Yearly 90

Production Rate Tons Product / Year

Average Yearly 445,500

Production Phasina-In Cumulative %

Year 4. 70

Year5. 90

Year6. 100
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AMMONIA REALIZATION PRICES

Variation of IRR (%) with Ammonia Roalizatlon Price and Gas Price

Case 1 - Existing Site, Developed Location
(Investment US$170 Million)

Gas Prico Ammonia Realization Price (US$/Ton)
(US$/MMBTU) 100 110 120 130 140 150 160 170 180 190 200

0.0 13.8 15.7 17.5 19.2 20.9 22.4 23.9 25.4 26.8 28.1 29.4
0.5 10.6 12.8 14.7 16.6 18.3 20.0 21.6 23.1 24.6 26.0 27.4
1.0 7.0 9.5 11.7 13.7 15.6 17.4 19.1 20.7 22.3 23.8 25.2
1.5 2.7 5.7 8.2 10.5 12.6 14.6 16.5 18.2 19.9 21.4 23.0
2.0 4.2 6.9 9.4 11.6 13.6 15.5 17.3 19.0 20.6
3.0 1.1 4.2 6.9 9.3 11.5 13.5 15.4
4.0 1.1 4.1 6.8 9.2

Case 2 - Now Sito, Developed Location
(Investment US$ 210 Million)

Gas Price Ammonia Roalizatlon Price (US$/Ton)
(US$/MMBTU) 100 110 120 130 140 150 160 170 180 190 200

0.0 10.5 12.3 13.9 15.5 16.9 18.4 19.7 21.0 22.3 23.5 24.7
0.5 7.6 9.6 11.4 13.1 14.7 16.2 17.6 19.0 20.3 21.6 22.9
1.0 4.3 6.5 8.16 10.4 12.2 13.8 15.4 16.8 18.3 19.6 20.9
1.5 3.0 5.4 7.5 9.5 11.3 13.0 14.6 16.1 17.5 18.9
2.0 4.2 6.5 8.5 10.3 12.1 13.7 15.3 16.7
3.0 1.7 4.2 6.4 8.4 10.3 12.0
4.0 1.6 4.1 6.3
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AMMONIA REALIZATION PRICES

Case 3 - Now Sito, Developing Location
(investment US$ 280 million)

Gas Price Ammonia Realizatlon Price (US$/Ton)
(US$/MMBTU) 100 110 120 130 140 150 160 170 180 190 200

0.0 6.6 8.2 9.6 11.0 12.3 13.5 14.7 15.9 17.0 18.0 19.1
0.5 4.0 5.7 7.4 8.9 10.3 11.6 12.9 14.1 15.3 16.4 17.5
1.0 4.9 6.5 8.1 9.6 10.9 12.2 13.5 14.6 15.8
1.5 4.0 5.7 7.3 8.8 10.2 11.6 12.8 14.0
2.0 3.0 4.8 6.5 8.0 9.5 10.9 12.2
3.0 3.0 4.8 6.5 8.0

Case 4 - Now Site, Remote Location
(investment USS 350 Million)

Gas Price Ammonia Realization Price (US$/Ton)
(US$/MMBTU) 100 110 120 130 140 150 160 170 180 190 200

0.0 3.8 5.3 6.6 7.9 9.1 10.2 11.3 12.3 13.3 14.3 15.2
0.5 1.4 3.0 4.5 5.9 7.2 8.4 9.6 10.7 11.8 12.8 13.8
1.0 2.2 3.8 5.2 6.6 7.8 9.0 10.1 11.2 12.3
1.5 3.0 4.5 5.9 7.2 8.4 9.6 10.7
2.0 2.2 3.8 5.2 6.5 7.8 9.0
3.0 2.2 3.8 5.2
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AMMONIA REALIZATION PRICES

Variation of Ammonla Realization Price and IRR with Utilization Rate
(Gas Price US$0.5/MMBTU)

Case 5 - Existing Site, Developed Location
(Investment US$170 Million)

Ammonia Realizatlon Price (US$/Ton)
Utilizatlon % 100 110 120 130 140 150 160 170 180 190 200

100 12.5 14.7 16.8 19.7 20.5 22.3 23.9 25.5 27.1 28.6 30.0
90 10.6 12.8 14.7 16.6 18.3 20.0 21.6 23.1 24.6 26.0 27.4
80 8.6 10.6 12.5 14.4 16.0 17.6 19.1 20.6 21.9 23.3 24.6
70 6.4 8.3 10.2 11.9 13.5 15.0 16.4 17.8 19.1 20.4 21.6
60 3.8 5.8 7.5 9.1 10.7 12.1 13.5 14.8 16.0 17.2 18.4

Variation of Ammonia Realizatlon Price and IRR wlth Utilization Rate
(Gas Prico US$O.5/MMBTU)

Case 6 - Now Sito, Developed Location
(Investment US$ 210 Million)

Ammonia Realization Price (US$/Ton)
Utiilzatlon % 100 110 120 130 140 150 160 170 180 190 200

100 9.3 11.4 13.2 15.0 16.6 18.2 19.7 21.2 22.6 23.9 25.2
90 7.6 9.6 11.4 13.1 14.7 16.2 17.6 19.0 20.3 21.6 22.9
80 5.7 7.6 9.3 11.0 12.5 14.0 15.3 16.7 17.9 19.2 20.3
70 3.6 5.5 7.1 8.7 10.2 11.6 12.9 14.1 15.3 16.5 17.6
60 1.2 3.0 4.7 6.2 7.6 8.9 10.2 11.4 12.5 13.6 14.7
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AMMONIA REALIZATION PRICES

Case 7 - Now Sit., Developing Location
(Investment US$ 280 Million)

Ammonla Realization Price (US$/Ton)
Utilization % 100 110 120 130 140 150 160 170 180 190 200

100 5.6 7.4 9.0 10.6 12.0 13.4 14.8 16.0 17.2 18.4 19.5
90 4.0 5.7 7.4 8.9 10.3 11.6 12.9 14.1 15.3 16.4 17.5
80 2.3 4.0 5.6 7.0 8.4 9.7 10.9 12.0 13.2 14.2 15.3
70 0.4 2.1 3.6 5.0 6.3 7.5 8.7 9.8 10.9 11.9 12.9
60 1.4 2.7 4.0 5.2 6.3 7.4 8.4 9.4 10.3

Variatlon of Ammonla Roalization Price and IRR with Utilization Rate
(Gas Price US$0.5/MMBTU)

Case 8 - Now Site, Remote Location
(investment US$ 350 Million)

Ammonia Realization Price (US$/Ton)
Utilization % 100 110 120 130 140 150 160 170 180 190 200

100 2.9 4.5 6.1 7.5 8.8 10.1 11.3 12.5 13.6 14.6 15.6
90 1.4 3.0 4.5 5.9 7.2 8.4 9.6 10.7 11.8 12.8 13.8
80 1.4 2.9 4.2 4.5 6.7 7.8 8.8 9.9 10.8 11.8
70 1.0 2.4 3.6 4.7 5.8 6.8 7.8 8.7 9.6
60 1.4 2.5 3.6 4.6 5.5 6.4 7.2
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AMMONIA REALIZATION PRICES

Case 9 - Variation of Ammonia Realization Price wlth Gas Price
and Investment Cost

(IRR =15%)

Investment Gas Price (US$/MMBTU)
US$ Million 0 0.5 1.0 1.5 2.0 3.0 4.0 5.0

100 70 85 100 116 131 162 192 223
200 122 137 152 168 183 214 244 275
300 173 188 203 219 239 265 295 326
400 223 238 254 269 384 315 346 376
500 273 288 304 319 334 365 396 426

Case 10 - Variation of Ammonla Realization Price with Plant Size
(New Site, Developed Location)

Plant Size TPD Ammonia 1,500 1,350 1,200 1,050 900 750 500
Investment Cost US$ Million 210 195 181 164 147 130 97
Realization Price US$/Ton 142 147 154 160 169 181 208

Case 11 - Variatlon of IRR with Prolect Life

Project Llf - Years 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0
IRR % 11.7 13.2 14.1 14.8 15.2 15.5 15.6 15.7 15.8
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IRR MODEL FOR UREA PROJECTS

INVESTMENT INFORMATION

Plant and EauiDm.nt USS

Battery Umits plus Offsites 285,000,000

Infrastructure

Total 285.000.000

Investmont Pattem Incremental Percentaae

Year 1. 30

Year 2. 50

Year 3. 20

Salvaao Value Percentage of Total

Year 20. 10

Workina CaDptal This is taken as one month's total production costs

plus one month's accounts receivable

8.986.104

Build-uD. % of Total Incremental Percentaae

Year 4. 70

Year5. 20

Year 6. 10

PRODUCTION DATA Actual Production = Design capacity x Utilization Rate

Nominal Deslan Capacitv TonsProduct Noar

Total 825,000

Utilization Rate Percentaao

Average Yearly 90

Production Rato Tons Product/Year

Average Yearly 742,500

Production Phasina-In Cumulative %

Year 4. 80

Year 5. 95

Year 6. 100
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UIREA REALIZATION PRICES

Variation of IRR with Urea Realization Price and Gas Price

Case I - Existing Site, Developed Location
(investment Arnmonia + Urea US$ 230 Million)

Gas Price Urea Realization Price (US$/Ton)
(US$/MMBTU) 90 100 110 120 130 140 150 160 170 180 190 200

0.0 16.71 19.0 21.1 23.1 25.0 26.8 28.5 30.2 31.9 33.5 35.0 36.5
0.5 13.75 16.2 18.5 20.6 22.6 24.5 26.4 28.1 29.8 31.5 33.1 34.6
1.0 10.49 13.2 15.7 17.9 20.1 22.1 24.1 25.9 27.7 29.4 31.1 32.7
1.5 6.8 9.9 12.6 15.1 17.4 19.6 21.7 23.6 25.5 27.3 29.0 30.7
2.0 2.43 6.1 9.2 12.0 14.6 16.9 19.1 21.2 23.2 25.0 26.8 28.6
3.0 0.7 4.7 8.0 10.8 13.5 15.9 18.1 20.2 22.2 24.2
4.0 3.1 6.6 9.6 12.3 14.8 17.1 19.3

Case 2 - New Slte, Developed Location
(Investment Ammonia + Urea US$ 285 Million)

Gas Price Urea Reimlization Price (US$/Ton)
(US$/MMBTU) 90 100 110 120 130 140 150 160 170 180 190 200

0.0 13.04 15.07 16.97 18.78 20.5 22.14 23.72 25.24 26.71 28.14 29.52 30.87
0.5 10.35 12.57 14.62 16.55 18.37 20.1 21.76 23.35 24.88 26.36 27.8 29.19
1.0 7.38 9.84 12.09 14.18 16.12 17.96 19.71 21.38 22.98 24.52 26.01 27.45
1.5 3.98 6.82 9.33 11.61 13.72 15.69 17.55 19.31 20.99 22.61 24.16 25.66
2.0 334 6.25 8.81 11.13 13.27 15.26 17.13 18.91 20.61 22.23 23.8
3.0 2.03 5.08 7.75 9.85 12.34 14.38 16.29 18.11 19.83
4.0 3.87 6.66 9.14 11.4 13.49 15.44
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UREA REALIZATION PRICES

Case 3 - New Site, Developing Location
(Investment Ammonia + Urea US$ 390 million)

Gas Price Urea Realization Price (US$/Ton)
(US$/MMBTU) 90 100 110 120 130 140 150 160 170 180 190 200

0.0 8.41 10.19 11.84 13.4 14.89 16.3 17.66 18.96 20.22 21.44 22.66 23.77
0.5 6.07 8.02 9.81 11.49 13.06 14.56 15.98 17.35 18.66 19.93 21.15 22.34
1.0 3.46 5.64 7.61 9.43 11.13 12.72 14.23 15.67 17.04 18.37 19.64 20.87
1.5 2.98 5.2 7.21 9.05 10.77 12.38 13.9 15.35 16.73 18.07 19.35
2.0 2.49 4.76 6.8 8.67 10.4 12.03 13.57 15.03 16.42 17.76
3.0 1.48 3.85 5.96 7.89 9.66 11.33 12.89 14.38

Case 4 - New Site, Remote Location
(Investment Ammonia + Urea US$ 490 Million)

Gas Price Urea Realizatlon Price (USS/Ton)
(US$/MMBTU) 90 100 110 120 130 140 150 160 170 180 190 200

0.0 5.41 7.02 8.53 9.95 11.29 12.56 13.78 14.95 16.08 17.17 18.23 19.26
0.5 3.27 5.05 6.69 8.21 9.65 11 12.28 13.51 14.69 15.83 16.93 17.99
1.0 2.88 4.69 6.35 7.9 9.34 10.71 12.01 13.25 14.43 15.58 16.68
1.5 2.49 4.33 6.02 7.58 9.04 10.42 11.73 12.97 14.17 15.32
2.0 2.09 3.96 5.67 7.25 8.73 10.12 11.44 12.7 13.91
3.0 3.21 4.98 6.6 8.11 9.53 10.87
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UREA REALIZATION PRICES

Variation of Urea Realization Price and IRR with Utilization Rate
(Gas Price US$0.5/MMBTU)

Case 5 - Exisding Site, Developed Location
(Investment Ammonia + Urea US$ 230 Million)

Urea Realization Price (US$/Ton)
Utilizatlon % 90 100 110 120 130 140 150 160 170 180 190 200

100 15.73 18.26 20.63 22.86 24.98 26.99 28.93 30.79 32.58 34.31 36 37.63
90 13.75 16.18 18.45 20.57 22.59 24.51 26.35 28.12 29.82 31.47 33.07 34.62
80 11.63 13.96 16.12 18.14 20.05 21.87 23.61 25.29 26.9 28.46 29.96 31.43
70 9.33 11.55 13.6 15.52 17.33 19.05 20.69 22.26 23.77 25.24 26.65 28.02
60 6.79 8.91 10.85 12.66 14.37 15.98 17.51 18.98 20.4 21.76 23.08 24.36

Variation of Urea Realization Price and IRR with Utilization Rate
(Gas Price US$0.5/MMBTU)

Case 6 - New Site, Developed Location
(Investment Arnmonia + Urea US$ 285 Million)

Urea Realization Price (US$/Ton)
Utilization % 90 100 110 120 130 140 150 160 170 180 190 200

100 12.16 14.46 16.6 18.62 20.53 22.34 24.08 25.75 27.36 28.92 30.42 31.89
90 10.35 12.57 14.62 16.55 18.37 20.1 21.76 23.35 24.88 26.3 27.8 29.19
80 8.41 10.54 12.5 14.34 16.08 17.72 19.29 20.8 22.25 23.65 25.05 26.32
70 6.29 8.33 10.21 1!1.96 13.61 15.16 16.65 18.07 19.44 20.76 22.03 23.26
60 3.93 5.89 7.69 9.35 10.91 12.38 13.77 15.11 16.39 17.62 18.81 19.96
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UREA REALIZATION PRICES

Variation of Urea Realization Price and IRR with Utilization Rate
(Gas Price US$0.5/MMBTU)

Case 7 - New Site, Developing Location
(investment Ammonia + Urea US$ 390 Million)

Urea Realization Price (US$/Ton)
Utilization % 90 100 110 120 130 140 150 160 170 180 190 200

100 7.66 9.67 11.54 13.28 14.92 16.49 17.98 19.41 20.78 22.11 23.4 24.65
90 6.07 8.02 9.81 11.49 13.06 14.56 15.98 17.35 18.66 19.93 21.15 22.34
80 4.35 6.23 7.96 9.56 11 12.5 13.86 15.16 16.41 17.61 18.77 19.89
70 2.47 4.28 5.94 7.48 8.92 10.28 11.57 12.8 13.98 15.12 16.21 17.27
60 0.4 2.11 3.71 5.18 6.55 7.84 9.06 10.23 11.34 12.41 13.44 14.43

Variation of Urea Realization Price and IRR with Utilization Rate
(Gas Price US$0.5/MMBTU)

Case 8 - New Site, Remote Location
(Investment US$ 490 Million)

Urea Realization Price (US$/Ton)
Utilization % 90 100 110 120 130 140 150 160 170 180 190 200

100 4.73 6.56 8.26 9.84 11.33 12.74 14.08 15.36 16.6 17.79 18.93 20.05
90 3.27 5.05 6.69 8.21 9.65 11 12.28 13.51 14.69 15.83 16.93 17.99
80 1.69 3.42 5 6.46 7.84 9.13 10.36 11.54 12.66 13.75 14.79 15.8
70 3.15 4.56 5.87 7.11 8.29 9.4 10.47 11.5 12.49 13.44
80 2.45 3.71 4.89 6 7.06 8.08 9.05 9.98 10.88
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UREA REALIZATION PRICES

Case 9 - Variation of Urea Realizatlon Price with Gas Price
and Investment Cost

(IRR =15%)

Gas Price (US$/MMBTU)
US$MIliIon 0 0.5 1 1.5 2 3 4 5

100 74 86 98 110 123 147 172 196
200 104 116 129 141 153 178 202 227
300 134 146 158 170 183 207 232 256
400 163 176 188 200 212 237 262 286
500 193 205 217 230 242 267 291 315

Case 10 - Variation of Ammonia Realization Price with Plant Size
(New Site, Developed Location)

Plant Size TPD Urea 2,500 2,250 2,000 1,750 1,500 1,250 830
investment Cost US$MilI. 285 265 245 222 200 177 131
Realization Price US$,Ton 112 116 120 125 131 140 160

Case 11 - Variation of IRR with Prolect Life

Project Life - Years 10 12 14 16 18 20 22 24 26
IRR % 11.7 13.2 14.1 14.77 15.19 15.5 15.7 15.8 15.9
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INVESTMENT AND REALIZATION PRICES FOR
POTENTIAL AMMONIA PROJECTS

EXISTING SITE

Cost Item USA Netherlands USSR Venezuela Saudi Arabia Indonesia

Investmert USS Mill. 170 180 200 190 195 185

Gas Price US$/MMBTU 1.8 3.0 1.0 0.5 0.5 1.5

Gas Cost US$/Ton 54 90 30 15 15 45

Other Cash Costs 26 26 27 27 31 27

Total Cash Cost oo 116 57 42 46 72

Realizatlon Price Ex-plant
(USS/Ton)

(1) @ 10% IRR 137 177 125 107 112 134
(2) @ 15% IRR 162 203 153 132 139 160

Terminal & Loadina (USS/Ton5 5 5

Freight Costs (USS/Ton)

(1) US Gulf Port 27 50 20 60 70
(2) NW Europe 27 25 27 50 60
(3) South Asiapndia) 65 60 65 65 40 30
(4) East Asia (China) 70 80 80 70 70 30

Landed Cost (Cash)

(1) USGulfPort 85 148 112 67 Ill 147
(2) NW Europe 112 121 87 74 101 137
(3) South Asiapndia) 150 181 127 112 91 107
(4) EastAsia (China) 155 201 142 117 121 107

Landed Cost (@ 10% IRRI

(1) US Gulf Port 142 209 180 132 177 209
(2) NW Europe 169 182 155 139 187 199
(3) South Asia(ndia) 207 242 195 177 157 169
(4) East Asia (China) 212 262 210 182 187 169

Landed Cost () 15% IRR)

(1) US Gulf Port 167 235 208 157 204 235
(2) NW Europe 194 208 183 164 194 225
(3) South Asla(ndia) 232 268 223 202 184 195
(4) East Asia (China) 237 288 238 207 214 195



-188- ANNEX-16

INVESTMENT AND REALIZATION PRICES FOR
POTENTIAL AMMONIA PROJECTS

NEW SItE

Cost Item USA etherlands USSR Venezue Saudl Arabia Indonesia Tanzania

Investment US$ Mill. 210 220 280 270 280 265 380

Gas Price US$/MMBTU 1.8 3.0 1.0 0.5 0.5 1.5 0.3

Gas Cost USS/Ton 54 90 30 15 15 45 9

Other Cash Costs 27 28 29 30 34 29 33

Total Cash Costs Al in i 41 41 zi AZ

Realizatlon Price Ex-plant

(1) @ 10% IRR 151 192 153 134 141 162 168
(2) @ 15% IRR 181 223 192 172 181 200 221

Tormlinal & loadina USS/Ton £. I .I £ 

Freiaht Costs (USSITon)

(1) US GLAf Pod 0 27 50 20 60 70 45
(2) NWEurope 27 0 25 27 50 60 60
(3) South Asia Ondia) 86 60 65 65 40 30 50
(4) EastAsia (CCkirn 70 80 80 70 70 30 65

Landed Cost (Casth

(1)USGulf Port 88 150 114 70 114 149 92
(2) NW Europe 113 123 89 77 104 139 107
(3)SouthAsia(lndia) 151 183 129 115 94 109 97
(4) East Asia (Chnra) 156 203 144 120 124 109 112

Landed Cost (2 10% IRRI

(1) US Gulf Port 156 224 208 159 208 237 218
(2) MN Europe 183 197 183 186 196 227 233
(3) SouthAsia Ondia) 221 257 223 204 188 197 223
(4) East Asia (CNna) 226 277 238 209 218 197 238

Landed Cost (D 15% IRR)

(1) US Gulf Port 186 255 247 197 248 275 271
(2) NN Europe 213 228 222 204 238 265 288
(3) South Asia Qndia) 251 288 262 242 226 235 276
(4) East Asia (China) 256 308 277 247 256 235 291
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INVESTMENT AND REALIZATION PRICES FOR
POTENTIAL UREA PROJECTS

EXISTING SITE

Cost Item USA Netherlands USSR Venezuela Saudi Arabia Indonesia

Investmert USS Mill. 230 240 285 270 280 285

Gas Price US$/MMBTU 1.8 3.0 1.0 0.5 0.5 1.5

Gas Cost US$STon 43 72 24 12 12 36

Other,Cash Costa 19 19 21 21 26 21

Total Cash Costs 62 91 45 33 38 57

Realization Prico Ex-plant
(US$/Ton)

(1) @10% IRR 108 139 100 85 88 108
(2) 61 15% IRR 127 159 123 107 110 130

Terminal & Loadina (USS/Ton) 5 5 S I 5

Frolaht Costs (USS/Ton)

(1) US GulfPort 16 27 12 38 40
(2) NW Europe 18 12 18 22 42
(3) South Asia Qndia) 42 36 28 44 20 12
(4)EastAsia(China) 34 46 38 36 28 10

Landed Cost (Cash)

(1) US Gulf Port 67 112 77 50 81 102
(2) NW Europe 83 96 62 58 65 104
(3) South Asia (ndia) 109 132 78 82 63 74
(4) East Asia (China) 101 142 88 74 71 72

Landed Cost (( 10% IRR)

(1) US Gulf Port 113 160 132 102 131 153
(2) NW Europe 129 144 117 108 115 155
(3) South Asia rndiad 155 180 133 134 113 125
(4) East Asia (China) 147 190 143 126 121 123

Landed Cost (@ 15% IRRI

(1) US Gulf Port 132 180 155 124 153 175
12) NW Europe 148 164 140 130 137 177
(3) South Asia Gndia) 174 200 156 156 135 147
(4) East Asia (Chna) 166 210 166 148 143 145
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INVESTMENT AND REALIZATION PRICES FOR
POTENTIAL UREA PROJECTS

NEW SIT

Cost Itern MA Nhedm ds ISSR YVeazuela Saudi Arabi Indonesia Tanzania

Investment US$ Mill. 28'i 300 400 390 400 380 500

GasPriceUS$/MMBTU 1.8 3.0 1.0 0.5 0.5 1.5 0.3

Gas Cost US$/Ton 43 72 24 12 12 36 7

Other Cash Costs 22 22 24 24 29 24 26

Total Cash Costs 4 31 

Realization Pric. Ex-olant
(USSlTon)

(1) @ 10% IRR 120 153 125 111 118 138 135

(2) @ 15% IRR 144 176 158 143 151 170 176

Ter4inal & Loadina (USStTon) A

Frelaht Costs (USSr/on)

(1) US Gulf Port 18 27 12 38 40 40

(2) NW Europe 16 12 18 22 42 40

(3) South Asia (India) 42 38 28 44 20 12 30

(4) East Asia (China) 34 48 38 3e 28 10 40

Landed Cost (Cash)

(1) USGulf Port 70 115 80 53 84 105 78

(2) NW Europe 86 99 65 59 68 107 78

(3) South Asia (rndia) 112 135 81 85 68 77 68

(4) East Asia (China) 104 145 91 77 74 75 78

Landed Cost (f 10% IRR)

(1) US Gulf Port 125 174 157 128 181 183 180

(2) NW Europe 141 158 142 134 145 185 180

(3) South Asia (India) 167 194 158 160 143 155 170

(4) East Asia (Chna) 159 204 168 152 151 153 180

Landed Cost (§D 15% IRR)

(1) US Gulf Port 149 199 190 160 194 215 221

(2) NW Europe 165 183 175 166 178 217 221

(3) SouthAsia (India) 191 219 191 192 176 187 211

(4) East Asia (China) 183 229 201 184 184 185 221



Distributors of World Bank Publications
ARCENTINA FINLAND KUWAIT 02-06 Ist Fi, Pei-Pu Industrial
Carlos Hind. SOL Akateeminen Xir4kauppa MeARB Info tratiorn Sevk Bldg.
Galeria Guemes PD. Box 128 P.O. Box 24 New Industri Road
Florida 165,4th Floor-Ofo. 453/463 Helinki t0 Singapore 1953
1333 BuencB Aires SF4tOM MALAYSIA

UntWrsty of Malaya Coopertie SOUTH AFRICA, BOTSWANA
AUSTR,ALiA PAPUA NEW GUINEA, Bookrhop, Lirmted Frsi1gig ks
FIJl, SOLOMON ISLANDS, FRANCE PO. bxk nl2,JalanPant1l BaU OxfordiUngwe sh y Pu
VANUATU,AND WESTERN SAMOA World Bank Pubaitions Kuala Lurtpur Southern Afi
D.A. Bookse &Jmals 66, avenue dcilna P.O. Box 1141
648 Whitehoone Road 75116 Pa MEiCO Gpe Town 8000
Mitcam 3132 iNZIBTEC
Vitoria GERMANY Apartado Posal 22460 Fors int radow

UNO-Veriag 14060 Talpan. Mexkio D.P International Sscription Servie
AUSTRi'A Poppeisdoder Alee SS P.O. Box 4109'
Ceomid and Co. D4300 Bonn 1 MOROCCO Crmighall
Orsaen 31 Soxt 4'Etudes MarEkdg Maroceli Johannasburg 2024
A-10l1 Wien CREECE 12 ue Mozr Bd. d'AnkA

KalE Cabblanca SPAIN
iAiRAfN 24, Ippodarns Stret Platla P bstls Mundi-PrFa Ubr.k SA.
Bahain ielbt and Corsultancy Ates11635a NETHERLANDS Catello 37

Asoat L td. De LndeboonVInOr-Publuttil 28001 Madrid
Esterad Building No. 42 GUATEMALA P.O. Box 202
DipmancArea ibeias Piedra Santa 74$OAEHmalbergen LibrerA ntemonl AEDOF
P.O. Bo 2750 Sa Cale 7SS ConseuideCeutr 391
Matazra Town 317 Zona I NEW ZEALAND 08009 Barcelona

Guatenala City HilsLibrry and Inlformin Ser*vce
BANGLADESH Prvate Bag SRI LANKA AND THE MALDIVES
Micco Induatri Developnnt HONG KONG, MACAO New Market Lake Ho Boiehop

Assistnce Sodty (MIDAS) Asia 2000 Ltd. Audkland P.O. Box 244
Ha. t, Road 16 44 Wyndhiam Steet 100 SirChittampalarnA.
Dhanmondl R/Ax WinningCentre NIGERiA CardinerMawatha
Dhaka 1209 2nd Floor Unvt-e5st Pres Limited Cooirnbo 2

Central Hong Kong Three CMRoS BuDding Jericho
gmwh rjyim Private Mail Bag 5095 SWEDEN
156,NurAhmedSiazk INDIA ibadan For, sikiti

htttgong 40 AlLied Publishers Private Ltd. Frrta Fackboksforeuget
751 Mount Road NORWAY Rgprinpagm 12 Box 16356

76,X.D.A. Avene Madras- 600002 Narvesent ohrmaon CerAer S-10327 Stodkolin
Xuina Book Depantent

Brds slWim P.O. Box 6125 Etterstad For s cc e r odm
BELGIUM 15J.N. Herdia Marg N.0602Olo06 Wennaergma-Wiliams AB
Jean DeLannoy BalardEstate Box 3004
Av. d Rzi 202 Bombay - 400 08 OMAN S-104 25 Stockholm
1060 Bauwse MEiB Information Servic

13/14 Asaf Al Road PO. Box 161.3 Seb Arpoxt SWiTZERLAND
CANADA New Delhi -110 002 Must For nle tIkls
iE Dlfumssr i'bttirie Payot
CP. SS, S01B mue Amnpre 17 Chittaranan Avenue PAiaSTAN 6, rue Grenus
Bouhrnvile Qudbec Calcutta -700 072 Mlra Book Agency Case posuta 381
J4BSE6 65, ShtahhI-eQuaid-e-Auzn CH 1211 Geneva 11

payadeva Hostel Building PD. Box No. 729
CHINA Sth Main Road Gandhinagr Lhore3 Forsk aimdw
China dal & Eoanmmic Bangalmo -3S60009 Librarie Payct

PublishingHouse PERU Servkice de Abon _erera
8,DaFoSt1DongJle 3-5-1129 KachigudaCre Road Editorial Desarrollo SA Cae potale 3312
Beiing Hyderabad -500 Apartado3824 CH 102 Tusinne

Lima
COLOUMBIA PrarthanA Flat* 2nd Floor TANZANIA
Inforenlace Ltds. Near Thakore Baug, Navranpura PHILIMNES Oxford Univertty Pes
Apartado Areo 342Z0 Ahrmdabad - 380 09 Intwadonal BookCetr P.O. Box 5299
Bogota D.E. Rfth Floor, Fllpins Life Buoiding Dar es Salsam

Patiala House Ayala Avenue, Makali
COTE D'IVOiRE 16-A Ashok Marg Metro Manila THAILAND
Centre d'Editlon * de Dffluso Lurcknow - 226 001 Central Departent Store

Afieirk iCEDA) 3065i1omRoad
0 BP. 541 INDONESIA PORTUGAL Bangkok
Abidjan 04 Plateu Pt indira Limited Lintaa Portugal

JLSa mRatuhan5i37 Rua Do Carmo 70-74 TRINIDAD s TOBAGO, ANTiGUA
CYPRUS. P.O. Box 181 1200LLsbon BARBUDA,BARBADOS,
MEMRB Information Savice Jakarta Pusat DOMINICA, GRENADA, GUYANA,
P.O. Box 2098 SAUDI ARABiA, QATAR JAMAICA, MONTSERRAT, ST
Nicoia ISRAEL jarirBookStore IKTTS ANEVIS, ST. LUCIA,

Yorrt Literte Ltd. PD. Box 3196 ST. VINCENT & GRENADINES
DENMARK P.O. Box 6055 R6dhIl471 Systeiutic StkudiesUnit
SamfundsLlttrtur Tel Aviv 61560 E9 Wat Sreet
Ro AiYerA ll £1 11 Israel MEMRS Information Sevis Curepe
DK.1970 FrederdikbergC BS amoor Trinidad, Wet IAdie

iTALY Al Alms Set
DOMiNICAN REPUC Licosa Corrmr onaita Sansd SPA Al Dhna Center UNITED ARAB EMIRATES
Editor TAUer, C. por A. VIa Dus Dt Caara, 1/1 First Floor MEMRB Gulf Co.
Reaurmddn e Isabel laCatiW 309 Caella Postale. SS2 P.O. Box 7188 P.O. Box 6097
Apartado Potal 2190 5012s Florence Riyadh 9h
Santo Doandno

JAPAN HaJi Ahdullah Allrezx Building UNITED IONGDOM
EGYPT, ARAB REPUBLIC OF Eastern Book Serve King Kbaied Street Microinfo Ltd.
AlAhram 37-3, Hongo 3-Chore, Bunkyo-ku 113 P.O. Box 3969 P.O. Box 3
Al Calm Staeet Tokyo Damwan Alton, Hampshire CU342PG

KENYA 33, Mohanud Hasen Awad Steet g
The Middle East Observer Africa Book Service EA.) Ltd. P.O. Box 597S VENEZUELA
41. Sheof Seet P.O. Box 45245 Jeddalh Librerla del Eat
Caim Nairobi Aptdo. 60.337

SINGAPORE,TAIWAN, Camcas 1060-A

EL SALVADOR KOREA, REPUBLIC OF MYANMAR,BRUNEI
Pusades Pan Korea Book Corporrtion Iafortmion Publications
Avenida Manuel Enrique Anaujo f3530 PD. Box 101, Kwangwhamun Private, LAd.
EdBldco SISA. Ien Pso Seoul
San Salvador





RECENT WORLD BANK TECHNICAL PAPERS (continued)

No. 142 Kiss and Meerman, Integrated Pest Management and African Agriculture

No. 143 Grut, Gray, and Egli, Forest Pricing and Concession Policies: Managing the High Forest of West
and Central Africa

No. 144 The World Bank/FAO/UNIDO/Industry Fertilizer Working Group, World and Regional Supply
and Demand Balances for Nitrogen, Phosphate, and Potash, 1989/90-1995196

No. 145 Ivanek, Nulty, and Holcer, Manufacturing Telecommunications Equipment in Newly Industrializing
Countries: The Effect of Technological Progress

No. 146 Dejene and Olivares, Integrating Environmental Issues into a Strategyfor Sustainable Agricultural
Development: The Case of Mozambique

No. 147 The World Bank/UNDP/CEC/FAO, Fisheries and Aquaculture Research Capabilities and Needs
in Asia: Studies of India, Thailand, Malaysia, Indonesia, the Philippines, and the ASEAN Region

No. 148 The World Bank/UNDP/CEC/FAO, Fisheries and Aquaculture Research Capabilities and Needs
in Latin America: Studies of Uruguay, Argentina, Chile, Ecuador, and Peru

No. 149 The World Bank/UNDP/CEC/FAO, Fisheries and Aquaculture Research Capabilities and Needs
in Africa: Studies of Kenya, Malawi, Mozambique, Zimbabwe, Mauritania, Morocco, and Senegal

No. 150 The World Bank/UTNDP/CEC/FAO, International Cooperation in Fisheries Research

No. 151 The World Bank/UNDP/CEC/FAO, Tropical Aquaculture Development: Research Needs

No. 152 The World Bank/UNDP/CEC/FAO, Small-Scale Fisheries: Research Needs

No. 153 The World Bank/UNDP/CEC/FAO, Small Pelagic Fish Utilization: Research Needs

No. 154 Environment Department, Environmental Assessment Sou rcebook, vol. III: Guidelines
for Environmental Assessment of Energy and Industry Projects

No. 155 Belot and Weigel, Programs in Industrial Countries to PromoteForeign Direct Investment in Developing
Countries

No. 156 De Geyndt, Managing Health Expenditures under National Health Insurance: The Case of Korea

No. 157 Critchley, Reij, and Seznec, Water Harvestingfor Plant Production, vol. II: Case Studies
and Conclusions for Sub-Saharan Africa

No. 158 Hay and Paul, Regulation and Taxation of Commercial Banks during the International Debt Crisis

No. 159 Liese, Sachdeva, and Cochrane, Organizing and Managing Tropical Disease Control Programs:
Lessons of Success

No. 160 Boner and Krueger, The Basics of Antitrust Policy: A Review of Ten Nations and the European
Communities

No. 161 Riverson and Carapetis, Intermediate Means of Transport in Sub-Saharan Africa: Its Potential
for Improving Rural Travel and Transport

No. 162 Replogle, Non-Motorized Vehicles in Asian Cities

No. 163 Shilling, editor, Beyond Syndicated Loans: Sources of Credit for Developing Countries

No. 164 Schwartz and Kampen, Agricultural Extension in East Africa

No. 165 Kellaghan and Greaney, Using Examinations to Improve Education: A Study in Fourteen African
Countries

No. 1 .6 Ahmad and Kutcher, Irrigation Planning with Environmental Considerations: A Case Study
of Pakistan's Indus Basin

.4o. 167 Liese, Sachdeva, and Cochrane, Organizing and Managing Tropical Disease Control Programs:
Case Studies

No. 168 Industry and Energy Department, An Introduction and Update on the Technology, Performance, Costs
and Economics

No. 169 Westoff, Age at Marriage, Age at First Birth, and Fertility in Africa

No. 170 Sung and Troia, Developments in Debt Conversion Programs and Conversion Activities

No. 171 Brown and Nooter, Successful Small-Scale Irrigation in the Sahel

No. 172 Thomas and Shaw, Issues in the Development of Multigrade Schools

No. 173 Bymes, Water Users Associations in World Bank-Assisted Irrigation Projects in Pakistan



The World Bank
Headquarters European Office Tokyo Office

1818 H Street, N.W. 66, avenue d'Iena Kokusai Building

Washington, D.C. 20433, U.S.A. 75116 Paris, France 1-1 Marunouchi 3-chome
Chiyoda-ku, Tokyo 100, Japan

Telephone: (202) 477-1234 Telephone: (1) 40.69.30.00

Facsimile: (202) 477-6391 Facsimile: (1) 40.69.30.66 Telephone: (3) 3214-5001

Telex: wu] 64145 WORLDBANK Tele>:: 640651 Facsimile: (3) 3214-3657

RCA 248423 WORLDBK Telex: 26838

Cable Address: INTBAFRAD

WASHINGTONDC

: .. ...... 1. .. :, .

Cover design by Walton Rosenquist ISBN 0-8213-2130-7


