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Preface

Concerned by the low use of fertilizer in Sub-Saharan Africa compared to other
developing regions, in 2004 the World Bank and the UK Department for
International Development (DFID) jointly undertook an Africa Fertilizer Strategy
Assessment, the objectives of which included:

* Identifying factors that have undermined demand for fertilizer in Sub-
Saharan Africa;

* Identifying factors that have restricted the supply of fertilizer in Sub-Saharan
Africa;

* Assessing lessons learned from past attempts to promote increased use of
fertilizer in Sub-Saharan Africa; and

* Identifying entry points for supporting successful uptake of fertilizer by
African farmers, particularly smallholders.

The Assessment generated a number of outputs. In addition to the “Africa
Fertilizer Policy Toolkit,” a CD-based resource designed for use by policy makers
and development agency staff, these included four ARD Discussion Papers—
three that address specific fertilizer-related themes and one that summarizes the
contributions made by participants in an e-forum about increasing fertilizer use
in Africa that was conducted as part of the Assessment. The four ARD
Discussion Papers include:

1. Alternative Approaches for Promoting Fertilizer Use in Africa
Eric W. Crawford, T. S. Jayne, and Valerie A. Kelly

This paper examines a number of financial, economic, social, and political
arguments that have been made in favor of promoting increased fertilizer use in
Africa. The cases for and against fertilizer subsidies are discussed in some detail.

2. Factors Affecting Demand for Fertilizer in Sub-Saharan Africa
Valerie A. Kelly

This paper provides a comprehensive overview of the current state of knowledge
about the factors affecting farm-level demand for fertilizer in Sub-Saharan Africa.
Technical, economic, and policy options for strengthening demand are reviewed.

3. Factors Affecting Supply of Fertilizer in Sub-Saharan Africa
D. 1. Gregory and B. L. Bumb

This paper evaluates different strategies to make significant improvements in
fertilizer supply to smallholder farmers in Sub-Saharan African. Use of supply
chain analysis is advocated as a means of identifying entry points where targeted
interventions can shift the fertilizer supply curve to the right.

Vii
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4. Increasing Fertilizer Use in Africa: What Have We Learned?
Colin Poulton, Jonathan Kydd, and Andrew Dorward

This paper summarizes the proceedings of an e-forum organized by Imperial
College London and NR International on behalf of The World Bank and DFID as
part of a wider Africa Fertilizer Strategy Assessment Exercise. The e-forum took
place from February 15th to March 8th 2005.

viii
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Executive Summary

In Sub-Saharan Africa, fertilizer use is low (8 kg/ha) and inadequate to replace
the nutrients removed in harvested crops. In the global context, SSA accounts for
less than one percent of global fertilizer use and a much smaller proportion in
production. During the 1990s, fertilizer use was static. This stagnation at low
levels does not augur well for confronting food insecurity and environmental
degradation problems. Several measures will be needed to improve fertilizer
use in SSA, but improved access to fertilizers at the village level will be the
critical one.

Policy reforms are necessary but not sufficient to create well-functioning
fertilizer markets in Africa. A pro-active approach is needed to build the private
sector capacity (input dealers) for input supply in the rural areas. A holistic
approach focusing on the five pillars of market development and supporting
conditions is essential for creating well-functioning fertilizer markets. The five
pillars refer to (a) policy, (b) human capital, (c) finance, (d) market information,
and (e) regulation.

In spite of liberalization and deregulation, many distortions exist in various
countries. There is a “mindset” problem; policy makers do not trust the private
sector and use it as an excuse to introduce more distortions. Policy distortions or
interventions by the government or donors need to be removed. To improve
communication between policy makers and the private sector, public-private
agribusiness forums could be created and public-private partnership promoted.

Liberalization and deregulation have encouraged the entry of the private sector
in the fertilizer market, but many factors still constrain the private sector from
realizing its full potential. The fact that there are many input dealers involved in
the input business shows that the private sector can effectively supply inputs,
provided the constraints affecting its involvement are removed. Rather than
following the subsidy route, shifting the supply curve to the right (SSCR)
approach could be used to reduce transaction costs by focusing efforts on the five
pillars of market development and the supporting conditions. To improve
fertilizer supply in rural areas, human capital needs to be developed and access
to finance and market information be strengthened. Effective enforcement of
regulatory frameworks is essential so that honest dealers are not “crowded out”
by unscrupulous traders. Improvements are also needed in the procurement,
marketing, and transportation of fertilizers through multi-country trade. Better
business linkages among importers in landlocked countries and coastal countries
can yield significant cost savings.

Until the size of the fertilizer market is large enough to realize the economies of
scale in production, SSA countries can rely on imported fertilizers without
compromising their sovereignty or security. Steps could be taken to reduce
procurement costs through various measures including better access to foreign

xiii
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exchange. Retail networks need to be established in rural areas, and market-
friendly safety nets are required to bring non-market participants—usually the
resource-poor subsistence food crop farmers—into the market process through
linkages to input suppliers and technology transfer efforts. If implemented
effectively, the proposed measures have a promise of making significant
improvements in fertilizer supply to smallholder farmers in Sub-Saharan Africa.
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1. Introduction

The agriculture sector is the dominant sector in most countries of Africa,
especially in Sub-Saharan Africa. It provides employment to most of the people
in rural areas and makes significant contributions to the gross domestic product
(GDP) and foreign exchange earnings. Because of its dominant role in the
economy and society of African countries, agriculture has been called the engine
of economic growth. In spite of its dominant role, agricultural productivity is low
and the people depending on agriculture are generally poor. Increased
productivity in the agriculture sector mandates that African farmers move from
the traditional mode of agricultural production to one based on science and
technology. Science-based agriculture is embodied in the use of modern inputs
such as improved seed, fertilizers, crop protection products (CPPs), and other
improved agronomic practices. Although other inputs are necessary, this paper’s
main focus is on fertilizers because fertilizer use is low and nutrient depletion
from the soils is causing serious soil degradation. Although factors affecting both
demand and supply of fertilizers require analysis and assessment, the issues
related to the supply side of the fertilizer market equation are discussed here
because inadequate and untimely supply of fertilizers at the farm gate itself is a
primary cause of low fertilizer use in Sub-Saharan Africa (SSA). In a continent
where farmers must travel 20-30 kilometers (km) to buy a bag of fertilizer, one
cannot expect poor farmers to use fertilizer. The underdeveloped and
fragmented nature of the fertilizer market in rural areas is caused by many
factors including policy, institutional, infrastructural, political, and economic.
Improving the supply of fertilizers requires alleviating all those constraints that
affect the fertilizer supply chain at both national and regional levels in Africa.

This paper provides a comprehensive overview of the factors that determine the
availability and cost of fertilizer at the farm level including technical, economic,
institutional, and other factors. It includes empirical data, especially with regard
to the various costs associated with manufacturing, procurement, transportation,
storage, packaging, and distribution, and provides an analysis of policy and
other factors affecting the performance of the fertilizer market. Emphasis is
placed on the countries of SSA although statistical data are provided for North
Africa and the Republic of South Africa.

A well-functioning fertilizer market requires that the policy environment is
conducive, human capital is adequate (in both quantity and quality), access to
finance and market information is easy, and regulatory frameworks are
effectively enforced. Additionally, infrastructures linking the various segments
of the market are in working order, physical property is protected, and farmers
are fully informed about the benefits of various technologies.

To understand the functioning of the fertilizer market in various countries and
SSA as a whole, the remaining paper is divided into eight sections. The next
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section provides a brief background on agriculture and fertilizer use in SSA.
Sections 3 and 4 deal with the structure of the fertilizer industry and emerging
trends at the global and regional levels; and places SSA in the global context.
Trends in fertilizer consumption, production, trade, and technologies are
described. These two sections underscore the idea that trade has become an
important source of fertilizer supply in many regions of the world and therefore
SSA’s dependence on fertilizer trade should not be considered an “alarming”
disadvantage. This is not to suggest that where viable, SSA cannot produce
fertilizers. Rather, SSA need not become a victim of the “fertilizer self-
sufficiency” syndrome per se. Factors affecting fertilizer supply are elaborated in
Section 5. These factors are broadly divided into three groups: (a) market
development-related, (b) technical, and (c) infrastructural. The conceptual
framework, based on shifting the supply curve to the right (SSCR), is developed
in Section 6. The SSCR approach defines the logic of reducing fertilizer prices
without introducing subsidies and assumes that if the factors constraining the
functioning and performance of fertilizer markets are alleviated, fertilizer supply
will improve at cost-effective prices in rural areas. The next section deals with the
various components of supply chain in a generic sense and contrasts them with
the situation in SSA. This explanation is followed by examples from four settings:
large and small coastal markets and medium and small landlocked markets, and
identifies areas where the inefficiencies occur. Section8 is devoted to the
measures needed to strengthen the functioning of the fertilizer market; these
measures are divided into two groups, namely, the five pillars of market
development and supporting measures. Options for fertilizer production and
market-friendly safety nets are also analyzed here, with the recognition that even
the most efficient fertilizer markets may not reach all the farmers, especially
those who are too poor to participate in the market process. Market-friendly
safety nets are proposed to help such groups. The last section provides the
summary and conclusions of the paper.

Although not clearly clustered as such, the issues covered and the measures
proposed in the paper touch on two broad themes: (a) strengthening the
functioning of the fertilizer market and (b) empowering the stakeholders in the
marketplace so that they can derive maximum benefits from well-functioning
fertilizer markets at all levels (i.e., local, national, regional, and global).
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2. An Overview of Agriculture and Fertilizer Use
in Sub-Saharan Africa

Historical Context with Comparison to Asia

Sub-Saharan African agriculture has a unique set of characteristics that make it
very different from Asia, and these characteristics have impeded development for
most of the continent of a similar “Green Revolution” (IAC 2004). These include:

* Lack of a dominant farming system.

* Predominance of rainfed agriculture.

* Diversity in farming systems and importance of livestock.

* Dominance of soils of inherent poor fertility.

* Key roles of women in farm production.

* Lack of functioning competitive markets.

* Lack of a conducive economic and political enabling environment.
* Predominance of customary land tenure.

* Low and stagnant labor productivity.

* Under-investment in agricultural R&D and infrastructure.

* Alarge and growing negative impact of poor human health on agriculture.

As a result of the combination of these factors such as low inherent soil fertility,
uncertain water availability during the growing seasons, poverty, inappropriate
land management practices of extensification, and inappropriate policies that are
not supportive of agriculture; depletion of soil fertility is a significant and growing
cause of low agricultural productivity and per capita food production. The future
of extensification in farming practices is limited and environmentally unsound.

Nutrient Mining

Depletion of soil fertility is a primary cause of low per capita food production in
SSA (Bremen et al. 2001; Pieri 1989; Rabbinge 1995; Sanchez 2002). Smallholders
have removed large quantities of nutrients resulting in a high annual depletion
rate—22 kilograms (kg) of nitrogen, 2.5kg of phosphorus (P), and 15 kg of
potassium per hectare (ha) of cultivated land over the past 30 years in 37 African
countries—an annual loss equivalent to $4billion in inorganic fertilizer
(InterAcademy Council 2004). These regional averages mask variations in
nutrient depletion at the country level. In some countries, annual depletion of
nutrients exceeded 60 kg/ha during the 1993-95 period (See figure 2. 1).
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Figure 2.1 Average Annual Rates of Nutrient (NPK) Depletion in Africa
(Years 1993-1995)

Annual Depletion
(N +P,O, + K,0) kg/ha

-
B 30-60
<30

Il "o Depletion
No Data

Source: Henao and Baanante 1999.

Fertilizers have been applied to counteract loss of nutrients most consistently in
the commercial and irrigated farming systems. In the more widespread rain-fed
farming systems, there has only been limited use. At the very low soil fertility
levels, the efficiency of fertilizer use is extremely low and, with the often-poor
input-output price ratios and difficulties of market access, effective demand is
very low. Fertilizer nutrient use per hectare in SSA in 2002/03 was only 8 kg and
for Africa as a whole, including the irrigated markets of North Africa, was 20 kg.
Figure 2.2 illustrates how abysmally low this use is compared with that of all
other regions of the world except Eurasia where the adjustments to the previous
centrally planned economies have been slow to materialize.

Global fertilizer nutrient consumption was 141.6 million tons' in 2002/03 of
which Africa accounted for only 3% or 4.2 million tons (See table 2.1). North
Africa consumed 1.9 million nutrient tons in 2002/03, SSA 1.4 million tons, and
South Africa (RSA) less than 1 million tons. SSA nutrient consumption was less
than 1% of the global total (See table 2.2). For the past decade total nutrient
consumption in SSA has been static (See figure 2.3). At the country level, the size
of the fertilizer market is even smaller’ (See table 2.3). Of the 44 countries, only
7 countries used more than 50,000 nutrient tons, whereas 25 countries used less
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than 10,000 nutrient tons. The implications of “thin” markets translate into
higher procurement and marketing costs and poor outreach.

Table 2.1 World: Fertilizer Consumption by Regions, 2002/2003

2002/2003
Region
N P,O, K,O Total
('000 nutrient tons)

North. 12,508 4,513 4,891 21,912
America

Western 9,061 2,886 3,195 15,142
Europe

Oceania 1,296 1,493 373 3,162
Eastern 2,407 609 622 3,638
Europe

Eurasia 2,690 626 770 4,086
Africa 2,749 991 538 4,278
Latin America 5,044 4,184 4,002 13,230
Asia 48,989 18,252 8,881 76,122
World 84,746 33,552 23,273 141,571

Source: Derived from FAO data.

Note: See Annex B for regional and sub-regional classification.

Table 2.2 Fertilizer Consumption in Africa by Sub-Regions,
2002/2003
2002/2003
Subregion
N P,O, K,O Total
(‘000 nutrient tons)
North Africa 1,440 350 140 1,930
Sub-Saharan
Africa 739 409 235 1,384
South Africa 571 231 163 965
Total Africa 2,749 991 538 4,278
Source: Derived from FAO data.
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Table 2.3 Sub-Saharan Africa: Distribution of Countries by the Level
of Fertilizer Use, 2000-2002 Annual Average

Fertilizer Use Number of Countries

(nutrient tons) (product tons)*
Less than 10,000 Less than 25,000 25
10,000-30,000 25,000-75,000 6
30,000-50,000 75,000-125,000 6
50,000-100,000 125,000-250,000 3
100,000-150,000 250,000-375,000 3
Over 150,000 Over 375,000 1

Total 44

*Product tons are estimated based on 40% nutrient concentration.

Source: Derived from FAO data.

Figure 2.2 Per Hectare Fertilizer Use by Markets, 2002/2003 (kg/ha)
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Figure 2.3 Sub-Saharan Africa Nitrogen, Phosphate, Potash, and Total NPK
Consumption, 1990/1991 - 2002/2003
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3. Fertilizer Raw Material, Production, and
Supply-Side Constraints

The supply side of the fertilizer market equation also represents unique
challenges in SSA. The supply of fertilizer nutrients for agriculture requires raw
materials—natural gas, phosphate rock (PR), sulfur, and potassium salts—for
fertilizer production. SSA is deficient in raw material resources. SSA is essentially
deficient in supplies of natural gas; exceptions are Nigeria, Angola, Equatorial
Guinea, Ethiopia, Mozambique, Namibia, Democratic Republic of Congo,
Madagascar, and Tanzania. Substantial commercial PR deposits exist in Togo
and Senegal although there are numerous smaller deposits throughout SSA.
There are no commercial reserves of potash. Reserves in the Congo exist, but
they are no longer commercially attractive. The situation is far different in North
Africa and the Republic of South Africa (RSA). Morocco is the largest producer of
phosphatic fertilizers in Africa and ranks at number six in world production, and
Tunisia, Algeria, and Egypt are producers of both phosphates and nitrogen
fertilizers. In South Africa there are significant PR deposits and production of
phosphate fertilizers. Nitrogen production in RSA is based on coal as the
hydrocarbon source rather than natural gas.

Global fertilizer production in 2002/03 was 146.9 million tons of nutrients of
which 5.8 million tons (3.9%) were produced in Africa (See table 3.1). North
Africa accounted for 5.0 million tons and South Africa 0.6 million tons while
production in SSA was only 177,000 tons of nutrients (See table 3.2). This
represented 3.0% of Africa’s total and just 0.1% of global production. Fertilizer
production in SSA peaked at 572,967 nutrient tons in 1992/93, comprising
407,111 tons of nitrogen and 165,856 tons of phosphate. The steady decline in
production since then has been due to the closure of the National Fertilizer
Company of Nigeria, Ltd. (NAFCON) ammonia/urea plant in Nigeria in 1997 for
political reasons and the declining production in Tanzania, Zambia, and
Zimbabwe. The decline in fertilizer production in SSA is illustrated in Figure 3.1.

Global Trends in Fertilizer Production

Fertilizers are commodity products, and fertilizer production is a capital-
intensive industry that has economic benefits from economies of scale and low
raw material costs. The two main costs in fertilizer production are the cost of raw
materials (in the short run) and the cost of capital (in the long run). The first
variable and the price of fertilizer determine the operating rate of the firm in the
short run (i.e., operating capacity utilization). The cost of capital and the
production technology efficiency determine the long-run cost structure and
capacity of individual firms and the industry. The worldwide rationalization of
the fertilizer industry has increased the concentration of production within the
main producing countries and the level of concentration among producers
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within countries. The current productive capacity of the world fertilizer industry
for significant nitrogen, phosphate, and potash products is illustrated in
Table 3.3. The 13 countries listed in Table 3.3 control most of the production
capacity of the world’s nitrogen, phosphate, and potash products. Individually,
nine countries control more than 50% of the straight nitrogen and DAP/MAP
material capacity whereas five countries control 79% of the potash capacity.

Table 3.1 World: Fertilizer Production by Regions, 2002/2003

2002/2003
Region
N P,O, K,O Total
(‘000 nutrient tons)
North
America 13,279 8,264 8,724 30,266
Western
Europe 7,486 1,414 4528 13,428
Oceania 439 1,013 0 1,452
Eastern
Europe 3,309 713 11 4,033
Eurasia 10,388 3,215 8,244 21,847
Africa 3,057 2,734 0 5,791
Latin America 2,666 1,635 785 5,086
Asia 46,583 14,922 3,561 65,065
World 87,206 33,910 25,853 146,969

Source: Derived from FAO data.

Table 3.2 Fertilizer Production in Africa by Sub-Regions,

2002/2003
2002/2003
Sub-Region
N P,O, K,O Total
(‘000 nutrient tons)

North Africa 2,648 2,387 0 5,036
Sub-Saharan Africa 110 67 0 177
South Africa 298 280 0 578
Total Africa 3,057 2,734 0 5,791

Source: Derived from FAO data.
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Table 3.3 Concentration of World Fertilizer Production
. . % of
Product Countries Capacity World
(1,000
tons)
Ammonia China, U.S., India, Russia, Ukraine 70,740 51%
Urea China, India, U.S., Indonesia 64,091 53%
U.S., Russia, China, France,
AN/CAN Romania, Poland 30,749 52%
DAP/MAP U.S., Russia, India, China 14,860 57%
Canada, Russia, Belarus, Germany,
Potash Israel 29,601 79%
Source: IFDC Worldwide Fertilizer Capacity Listings by Plant.

Figure 3.1 Sub-Saharan Africa: Nitrogen, Phosphate, Potash, and Total NPK
Production, 1990/1991 - 2002/2003
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Source: Derived from FAO data.

Nitrogen Fertilizers

Worldwide trends are for ammonia and nitrogen fertilizer production to become
more concentrated in those regions with abundant supplies of relatively low cost
natural gas such as that found in Russia, the Middle East, the Caribbean,
Australia, and Indonesia. This has led to an increase in trade for both ammonia
and nitrogen fertilizers with transportation economies benefiting high-analysis
solid fertilizers such as urea and increased investment in joint ventures by
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fertilizer companies located in countries with no access to low-cost natural gas
feedstock.

A modern ammonia/urea production facility with associated infrastructure
requires an investment of $500-$700 million and a construction lead time of up to
5 years in a new location with poor infrastructure availability.” Production rates
from these plants are 1,500-3,500 tons/day (tpd). The capital investment cost per
ton of urea production illustrates considerable economies of scale as shown in
Table 3.4.

Table 3.4 Investment Cost for Ammonia-Urea Plants of Different Capacities

NAFCON

Option 1 2 3 4 5 6 Refurbishment

Urea plant
nameplate 3,500 | 2,750 | 2,000 | 1,500 | 1,000 500 1,500
capacity, tpd

Total
investment cost, 549 477 397 343 276 169 150
US $ million

Investment cost,
thousands of
US $/daily

ton of urea
nameplate
capacity

157 173 199 229 276 339 100

Source: IFDC 2004a.

Apart from air (as a source of nitrogen), the raw material input of an
ammonia/urea production facility consists of one main item, a source of energy
(hydrocarbons). Presently, this is usually natural gas, although in some cases it
can also be fuel oil, naphtha, or coal. Feedstock for ammonia production accounts
for approximately 70% of process costs. The price of natural gas varies
considerably from a low value of less than $0.25/MBtu to $5-$6/MBtu.
Abundant supplies in Russia and non-market pricing provide Russian ammonia
producers with very low natural gas prices. In the Middle East the opportunity
cost of natural gas associated with oil production is the very low cost of flaring
surplus gas. In the United States, the average cost of natural gas for ammonia
production was fairly constant at about $1.90/MBtu during the 1990s. Today the
average price is about $5/MBtu, and in recent years spot prices reached
$10/MBtu due to shortages in supply and lack of exploration for new reserves.
At these higher natural gas prices, U.S. ammonia production has declined, and
imports of ammonia and nitrogen fertilizers have increased.

Phosphate Fertilizers

A similar trend has occurred with phosphate fertilizers. Domestic production of
phosphate fertilizers was common throughout the world in the 1960s and 1970s
based on importation of phosphate rock and sulfur or sulfuric acid for the
manufacture of low-analysis single superphosphate fertilizer. The technology
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developed to produce phosphoric acid and high-analysis phosphate fertilizers
such as triple superphosphate and ammonium phosphate fertilizers, containing
both nitrogen and P, led to the design of large-scale plants with high daily
production rates and products that could be shipped economically around the
world. The U.S. phosphate industry stopped exporting phosphate rock in the
early 1990s and concentrated instead on value addition by producing and
exporting high-analysis phosphate fertilizers. The raw material costs constitute
90% of the production costs of DAP in the United States.

In Europe all production of phosphoric acid for fertilizer production ceased in
the early 1990s because production costs became uncompetitive with imports of
ammonium phosphates from low-cost producers. This was partially due to the
environmental compliance costs associated with the disposal of
phosphogypsum, a byproduct of phosphoric acid manufacture.

Potash Fertilizers

Approximately 80% of potash fertilizer production is concentrated in five
countries: Canada, Russia, Belarus, Germany, and Israel. There was potash
fertilizer production in the Congo from 1969 to 1977, but annual production
never exceeded 285,000 nutrient tons compared with the world production of
25.8 million nutrient tons. In 1977 the mine flooded and production was
abandoned. There are potash reserves in Ethiopia, but because they are poorly
located in relation to domestic and export markets, it is unlikely that these will be
commercially developed in the foreseeable future.

Blended Fertilizers

Blended fertilizers developed in the North American market and production has
spread around the world, but these are not a primary production sources. These
products use solid finished fertilizer materials such as urea, diammonium
phosphate, and muriate of potash blended to form various grades of NP, PK, and
NPK fertilizers. Blending plants have been established in SSA notably in Nigeria,
Malawi, Kenya, and Zambia. Blending is basically a marketing operation. In the
United States, bulk blending developed in response to two factors: (a) market
demand location and (b) soil testing. The main Midwest market is located away
from the main manufacturing sources; nitrogen on the Gulf Coast, phosphate in
Florida, and potash in New Mexico and Canada. Medium-sized regional
granulation plants (100,000 to 200,000 tons annual capacity), which have declined
from more than 130 to less than 20, had to bring raw materials to a central
location, process them, and then distribute the finished NPK fertilizers over
fairly large regional market areas. Small bulk blending plants allowed retailers to
bring in finished products in bulk and distribute prescription bulk blends in local
market areas. These bulk-blending plants average about 5,000 tons in annual
sales and distribute and apply the bulk-blended product directly to farms within
a 50-km radius. By using soil testing, retailers are able to blend fertilizers to suit
the requirements of individual fields and crops. With the advent of information
and communications technology and global positioning technology, this
approach has been further refined to “precision farming” where variable

12




Factors Affecting Supply of Fertilizer in Sub-Saharan Africa

application rates of N, P, and K can be matched to variable soil fertility levels and
crop yield potentials within large fields.

Blended fertilizer use in SSA is simply an alternative to providing complex NPK
fertilizers. The products have to be bagged for distribution and use, and there
may be a cost saving in sourcing raw materials, compared with complex
fertilizers, and blending them at the country level. The quality of blended
fertilizers is highly dependent on the quality and size matching of the component
materials and on the operation and maintenance of blending equipment. Without
adequate regulations and enforcement, the risk of under-analysis or incorrect
analysis may be prevalent.

NP and NPK Complex Fertilizers

Europe developed a large nitro-phosphate production capability based on PR
and nitric acid derived from ammonia. This production process eliminates the
need for both sulfuric and phosphoric acid and enables production of complex
fertilizers that contain nitrogen and P or nitrogen, P, and potassium. World-scale
plants in Europe are the source of much of the complex fertilizers containing
NPK and micronutrients that are imported into Africa.

Fluid Fertilizers

Fluid fertilizers offer some advantages over solid fertilizers but require
significant investment in storage, distribution, and application equipment. Use in
SSA is confined to specialized drip irrigation for very high-value crops.

Direct Application of Phosphate Rock

Numerous studies have been conducted to determine if indigenous PR deposits
in SSA can be used as sources of P to improve soil fertility and crop production.
The key to successful use of direct application PR is high reactivity of the PR,
high soil acidity, and the location of the mine near the market. Without these
characteristics its use is ineffective or uneconomic as a phosphate source. It is
most efficiently used on long-term tree crops. Due to the low analysis and bulky
nature, economic use is restricted to within a relatively small radius of the
source.

In Mali, a medium-reactive Tilemsi Valley PR has been found to be suitable for
direct application to acid soils for cotton, maize, rice, millet, and sorghum. The
entire production of PR is used within the country and increased from 4,529 tons
in 1981 to 9,835 tons in 1990. The mine operated sporadically in the early 1990s as
a result of political unrest in the mining area. Although production was
revamped starting in 1994, national production has never exceeded
7,000 tons/year (tpy). The estimated potential production capacity is 36,000 tpy.

A large reserve of PR with a low-to-medium reactivity is located in Sokoto State
in northern Nigeria. Studies have shown it to be relatively agronomically
effective. However, production is currently only about 3,000 tpy using manual
mining techniques.

In 1983 a highly reactive Minjingu PR deposit in Tanzania was developed with
an initial production of about 20,000 tpy for acidulation in Kenya to single
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superphosphate, and about 700 tpy was used for direct application. Current
production is about 10,000 tpy with most used in Kenya for fertilizer production.

A low-reactive PR from Busumbu in Uganda has been tested for various crops
including agroforestry, but commercial use is minor. Togo exports all of its PR
production estimated at about 1.7 million tons in 1999. Senegal transforms the
indigenous raw material to produce DAP for its local markets and phosphoric
acid for export markets.

In Burkina Faso, there is a strong government interest in promoting the use of PR
and revamping domestic production. With more than 63 million tons of PR
deposits at Kodjari, the government is looking for ways to revamp the Kodjari
plant by increasing its production capacity from the current 2,500 tpy to a
minimum of 15,000 tpy. This is aimed at supporting the ambitious campaign that
the government launched to promote the production and use of PR-based
compost. The program that encourages and challenges farmers to achieve the
objective of setting up compost pits started with the objective of 50,000 pits in
2001. It has now reached a total 200,000 pits.
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4. Global and African Fertilizer Trade

Table 4.1 summarizes net trade (imports minus exports) by global regions and
illustrates the dependence of Asia, Latin America, Oceania, and western Europe
on fertilizer imports from North America for phosphate and potash, and from
Eurasia for all three primary plant nutrients. Africa has a substantial net export
of phosphate and a small net export of nitrogen, but this reflects the export
situation in North Africa as shown in Table 4.2. The trend in exports from SSA is
depicted in Figure 4.1. The closure of the NAFCON 1 ammonia/urea plant in
1997 reduced fertilizer exports by 100,000 tons, and other exports from Tanzania,
Zambia, and Zimbabwe are negligible amounts. Senegal exports phosphoric acid
for fertilizer manufacture and Togo exports phosphate rock with little or no
value addition. Recent studies (IFDC 2004a) provide a compelling case for
reopening the NAFCON plant in Nigeria, but output is expected to be used
domestically. There is interest in building an ammonia/urea plant in Angola and
if they proceed, it will be export-oriented due to the completely under-developed
Angolan market.’

Table 4.1 World: Fertilizer Net Imports by Regions, 2002/2003
2002/2003
Region
N PO, K,0 Total
(‘000 nutrient tons)
North America 4,231 -3,649 -3,982 -3,401
Western Europe 1,544 1,454 -135 2,864
Oceania 788 602 463 1,853
Eastern Europe -578 -110 667 -22
Eurasia -6,722 -2,381 -6,922 -16,026
Africa -88 -1,5655 568 -1,074
Latin America 2,577 2,367 3,235 8,179
Asia 2,126 3,712 4,699 10,537
World 3,876 440 -1,407 2,910
Source: Derived from FAO data.
Note: Net Imports = Imports — Exports.
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Table 4.2 Fertilizer Trade in Africa by Sub-Regions, 2002/2003

Imports Exports Net Imports

Sub-

Region N ons KZO Total N ons KZO Total N ons KZO Total

(‘000 nutrient tons)

North Africa 301 66 156 522 | 1,399 | 2,000 0| 3,399 | -1,098 | -1,935 156 | -2,877
Sub-

Saharan 709 411 288 | 1,408 43 18 35 96 666 393 253 | 1,312
Africa

South Africa 395 74 188 658 51 87 29 167 344 -13 159 491
Total Africa | 1,405 551 633 | 2,589 | 1,493 | 2,105 64 | 3,663 -88 | -1,555 568 | -1,074

Source: Derived from FAO data.

Figure 4.1 Sub-Saharan Africa: Nitrogen, Phosphate, Potash, and Total NPK
Exports, 1990/1991-2002/2003
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Imports of fertilizer nutrients in SSA show an increasing trend from 1995/96 (See
figure 4.2). However, this reflects the increased imports of urea to Nigeria to
replace the lost domestic production from the NAFCON plant. There has been no
significant change in phosphate and potash imports during the past decade.

SSA essentially relies on imported fertilizers for supply. This is not inherently a
disadvantage because there are ample supplies of fertilizers in an increasingly
internationally traded market. The increased trade in nitrogen and phosphate
fertilizers is depicted in Figure 4.3. Nitrogen fertilizers traded as a percentage of
global production increased by 50%—from 20% to almost 30% during the past
two decades—and phosphate fertilizer trade doubled to 40% of global

production.
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Figure 4.2 Sub-Saharan Africa: Nitrogen, Phosphate, Potash, and Total NPK
Imports, 1990/1991-2002/2003
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Figure 4.3 World: N and P,O, Exports as a Percentage of Production, 1980/1981
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The disadvantage of countries relying on imported fertilizer is not access to
supply but the variability in international prices and price instability caused by
devaluation of local currencies. The cyclical nature of international nitrogen and
phosphate prices is illustrated in Figure 4.4. The concentration of the potash
industry in a very few firms and over capacity in mining has helped avoid
cyclical movement in potash prices. Fertilizer prices rather than quantities
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Figure 4.4 Yearly Averages of Fertilizer Prices, 1990-2004
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assume the primary burden of adjustment toward market equilibrium and the
industry suffers from relatively large price fluctuations over time. Furthermore,
because of the limited scope for adjusting supply capacity in the short term, the
rate of capacity utilization in existing facilities assumes part of the burden for
output adjustment. Investment in both nitrogen and phosphate plants is
“lumpy” (Gregory 2002) due to the large investments required; the large
increases in capacity that are generated from the investments in competitive
world-scale plants; and the time lag between investment decisions and operation
of new facilities. These investment decisions are made in response to increasing
global demands that outstrip installed capacity resulting in increased
international prices and attractive returns for new investments. When several
independent investment decisions occur, the new capacity outstrips demand and
international prices fall.
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5. Factors Affecting Fertilizer Supply in Africa

African countries have made substantial progress in liberalizing and
deregulating their fertilizer markets although pockets of interventions and
unpredictable involvement by government or donor agencies still exist. For
example, in Nigeria, the Federal Government continues to provide a subsidy to a
small segment of the farming population, and the Government of Zambia plays a
key role in distributing fertilizers to targeted farmers. In Malawi both
government and donors become involved in the free or subsidized distribution
of inputs—seeds and fertilizers. Nevertheless, the role of crop marketing boards
and other state-owned entities in the marketing and distribution of fertilizers has
been eliminated or reduced, and the private sector has been allowed to import
and market fertilizers at all levels of the supply chain—import, wholesale, and
retail. It was anticipated that these policy reforms would encourage the
development of well-functioning fertilizer markets and increase agricultural
intensification, particularly among smallholder farmers growing food crops.
Although there has been a marked increase in the number of private firms
involved in the marketing of agricultural inputs, these emerging input markets
remain underdeveloped and fragmented, and access to inputs is a challenge for
smallholder farmers in rural areas.

Constraints Affecting the Performance of Fertilizer Markets’

Constraints affecting the performance of fertilizer markets could be broadly
divided into three groups:

1. Market Development.
2. Technical.
3. Infrastructural.

Market Development Constraints

Well-functioning markets need an enabling policy environment, adequate
human capital (embodied in marketing, financial, and technical skills), easy access
to finance and market information, and effective enforcement of regulatory
systems. In contrast, in spite of policy reforms, the policy environment remains
uncertain, human capital is inadequate, access to finance and market information
is limited, and the enforcement of regulations is ineffective in many countries,
including Madagascar, Malawi, Zambia, Nigeria, and Mali. As a result, fertilizer
markets are constrained and operate at sub-optimal levels.

Uncertain Policy Environment

Through liberalization and privatization efforts, many countries have removed
price and marketing controls and the private sector has made significant inroads.
However, there is a lingering fear in the minds of policy makers that the private
sector is not capable of supplying inputs in a cost-effective manner, and
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therefore, the government should intervene directly in the marketplace. In
Zambia in 2003, the government bought 48,000 tons of fertilizers (out of
120,000 tons of total use in the country) and distributed that to targeted farmers at
one-half price. Similarly, the government in Malawi, with support from donors,
distributed free inputs to selected poor farmers. In 2003, the Government of
Tanzania announced that it would supply subsidized fertilizers to selected areas in
the country. In 1999, the Government of Nigeria announced a 25% subsidy on all
fertilizers and forced the private sector to deliver fertilizers at the local government
depot. Payments for such deliveries were not made promptly, and as a result, the
private sector reduced imports for the next year. Once the farmers know that there
is a subsidy, they justifiably refuse to buy fertilizers at the full price, and the
fertilizer dealer has to incur losses in carryover stocks for a year because fertilizer
use is seasonal. Such pronouncements not only produce an adverse impact at the
micro level (dealers) but also affect import planning at the macro level. The 2003
situation in Tanzania illustrates this point well. Because the local dealers were not
able to sell their product in late 2003 and early 2004, they did not order supplies
from the wholesalers and importers, and importers did not import adequate
fertilizers needed for topdressing of the spring crop. By the time the government
finalized its plan, it was too late to get an adequate and timely supply of fertilizers
in the country. Likewise, the Government of Madagascar announced in 2004 that it
would import fertilizers for direct distribution. Naturally, the private sector did
not import sufficient fertilizers, and the government could not get funding to
import fertilizers, thus farmers suffered from the fertilizer shortages. Not only
did the governments send wrong signals but also the donors and non-
governmental organizations (NGOs) contributed to the uncertain policy
environment by distributing free inputs. Fertilizers received under Kennedy
Round 2 (KRII) have also created problems for the private sector in Uganda,
Tanzania, Mozambique, and Madagascar. Fertilizers under KRII are required to
be sold at one-half free on board (f.o.b.) price, which is significantly lower than the
price charged for commercial imports. Any dealer who can obtain KRII fertilizers
can easily out bid the other dealers who are selling fertilizers at full prices. KRII
fertilizers should be properly integrated with commercial imports. Thus, the policy
environment faced by the private sector remains uncertain in many countries.

Inadequate Human Capital

The quantity and the quality of human capital involved in the fertilizer business
are limited. Quantity refers to the number of input dealers available in the
country, especially in the rural areas, and the quality refers to the marketing and
technical skills of the people involved in the input business. The limited number
of qualified input dealers in the countryside is reflected in the fact that it is easier
to find “Coca Cola” than seed or fertilizer in an African village.

A developed input marketing system is served by an extensive dealer network
into the rural interior, which makes inputs available to farmers at affordable
prices and in a timely manner. Although in some countries, such as Kenya, there
are more than 3,000 input dealers, in many other countries (Malawi, Zambia,
Nigeria, Uganda, Ethiopia, and Madagascar), the number of dealers serving the
farming population is limited. In Uganda, there were less than 100 input dealers
in the country and few in the rural areas in 2001. Even in Tanzania, there were
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only 500 input dealers in 2003. Moreover, many of these dealers are concentrated
in urban or semi-urban areas. Therefore, there is a scarcity of dealers in the rural
interior near smallholder farms. As a result, farmers must travel 20-30 km to
purchase fertilizer, seeds, and other inputs. This raises the cost of inputs to
farmers, either limiting the quantities they can afford to purchase or rendering
them unable to purchase any inputs at all.

Not only is there a paucity of dealer networks in the countryside but also the
marketing and technical skills of input dealers involved in the input business are
limited, and their linkages with wholesalers and importers are restricted. Many
dealers lack proper knowledge about fertilizer products, their proper use, and
storage. It is not uncommon to find retail shops where the dealers have stocked
seed, fertilizer, sugar, pesticides, and flour on the same shelf. Because fertilizer is
a knowledge-intensive commodity, the lack of technical knowledge on the part
of dealers restricts the development of the input business, and not separating
pesticides from food items poses serious health risks.

Limited Access to Finance

The fertilizer business is capital intensive, and access to finance is an important
determinant of the importers” and dealers’ ability to conduct their business
activities. The banking sector in African countries has limited outreach in rural
areas. High interest rates and stringent collateral requirements make it difficult
to access finance for business development. Many commercial banks consider the
input business as agriculture and are reluctant to lend for the input business.
Generally, they are risk-averse because many of these banks have lost large sums
of money in agricultural lending in the past. Poor loan recovery and the lack of
mechanisms for contract enforcement in rural areas also discourage the
commercial banks from venturing into input business lending. Importers and
dealers find the collateral and other lending terms unattractive given the
seasonality of agriculture, the relatively low returns from the inputs business,
and the high level of risk due to the vagaries of the weather. Loans provided by
microfinance banks are inadequate for business development. For example, in
Tanzania, microfinance banks lend $50 to $500, which is adequate for only 3-30
bags (of 50 kg each). A dealer selling approximately 1,000 tons of fertilizer
products may need $300,000 or more. It must be stressed that many commercial
banks in African countries have liquidity with them but are reluctant to advance
loans to input dealers. Innovative mechanisms are needed to induce banks to
lend for agribusiness development.

Lack of Market Information

Market information is important for market development because it creates
market transparency and information flows. This enables planning and reduces
transaction costs, which facilitates long-distance trade. Although some countries
have started developing market information systems, their coverage is
inadequate on prices and availability in different market segments; and due to
limited resources, dissemination is weak. In many countries, the information
about regional and global fertilizer markets with importers and wholesalers is
limited. The lack of an effective market information system poses a hindrance to
the development of well-functioning input markets. Inadequate information
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makes it difficult (a) for the government and the private sector to plan ahead to
address shortfalls or carryover stocks in the next season; (b) for the private sector
to keep abreast of market requirements and shortages in different parts of the
country and plan their marketing strategy accordingly to meet farmers’ needs
and maximize their returns; and (c) for market participants to be aware of the
current market situation beyond their immediate geographic area.

Weak Regulatory Systems

In a private sector-led input marketing system, one of the critical roles of
government is to protect the interests of consumers and the general public by
formulating and enforcing a legal and regulatory framework regarding quality,
standards and measures, safety in use and disposal of inputs, and business
ethics. In Tanzania, no regulatory framework exists for fertilizers.” In other
countries, where fertilizer laws exist, the enforcement of those laws is
inadequate. In 2000, Nigeria faced a serious problem of adulteration and
mislabeling of products. Mixtures of sand and urea were sold in NAFCON bags
(IFDC et al., 2001). In that same year, in Malawi, more than 1 million liters (L) of
outdated pesticides were available for sale in retail shops. Many retailers sell
fertilizers from open bags in small quantities of 1, 2, or 5 kg. Because fertilizers
are hygroscopic, such practice can lead to caking and reduced usefulness of
fertilizers. Although there is no quality problem with straight products in
Tanzania, Zambia, or Malawi, there is a danger of poor quality with NPK
mixtures or blended products. Proper checking and regulation is needed to
ensure truth-in-labeling and quality at the point of sale. A comprehensive
regulatory system is required at the country level.

Size of the Market

It was mentioned earlier that SSA accounts for less than 1% of the global fertilizer
market, and at the country level, the size of the market is even smaller. More
than one-half of the countries use less than 10,000 nutrient tons and more than
80% use less than 50,000 nutrient tons (See table 1.3). Additionally, these
countries use several different products: urea, ammonium sulfate, CAN, TSP,
DAP, MOP, NPKs, (15-15-15, 14-28-14, 20-20-0, 25-5-5, and others), Compound D
(in southern Africa), cotton formula (western Africa), and a large number of
other compounds. Most of these products are imported. Because of economies of
scale in production and procurement, countries using small quantities of these
products pay higher prices for both product and shipping. In 1999, importers in
Uganda were importing in small parcels of 500-1,000 tons each of various
products at high prices, and farmers were paying more than $600/ton for urea
when urea was sold for less than $100/ton on the global market. Such a high
price was the result of both an underdeveloped fertilizer market and small
quantities procured in the global market. When Ugandan importers were
advised to piggyback their import orders with large importers in Kenya, the
retail price of urea dropped to more than $300/ton.

Unnecessary Product Differentiation

Not only is the size of the fertilizer market small at the country level, but even
that small size market has been fragmented into many products. For example, in
2000, Malawi was using more than 20 products for a market size of more than
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200,000 product tons (See table 5.1). Many of these special compounds must be
produced for a country-specific market at a high cost. From an agronomic point
of view, such fine differentiation between compounds B and C (2% N difference)
is unnecessary because plants do not need such specific N applications. Plants
need nutrients, not the “freedom of products.” Another example comes from West
Africa where different countries procure tailor-made cotton formulas, artificially
differentiated in nutrient contents (See table 5.2). Because these products are not
traded globally, production costs of such products are high. It should be noted
from Table 5.2 that all countries except Togo and Cote d'Ivoire use the cotton
formula containing 14%-15% N, 20%-24% P,0,, 12%-15% K,O, 5%-7% sulfur, and
1% boron. By harmonizing their cotton formula, these countries can create a large
market for this product and benefit from economies of scale in production and
procurement, without compromising the nutrient needs of plants.

Table 5.1 Fertilizer Products Marketed (% Nutrient)
Products N P,O, K,O S B
(%)
Urea 46 0 0 0 0
CAN 27 0] 0 0 0
AS 21 0 0 24 0
AN 34 0 0 0 0
DAP 18 46 0 0 0]
SSP 0 18 0] 0 0
TSP 0 46 0] 0 0]
MOP 0 0 60 0 0]
SOP 0 0 50 0 0
23-21-0+4S 23 21 0 4 0
Compound B 4 15 18 0 0
Compound C 6 15 18 0 0
Compound D 8 18 15 6 0
Compound J 15 5 20 3 0.1
Compound S 6 17 6 3 0.1
Compound 3D 20 10 5 3 0
Compound 321 12 19 5 3 0
Compound Super B 5.4 20 24 6 0.1
Compound Super C 8 20 24 6 0.1
Compound Super D 10.5 20 24 6 0.1
Source: IFDC et al. (2002a).
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Table 5.2 Dominant Cotton Formulas Used in West Africa
Country Company N-le:é):T(:I(l)a-S-B Year Use
(tons)
Mali CMDT 14-22-12-7-1 1999 63,900
Benin SONAPRA 14-23-14-5-1 1998 22,700
Niger 14-24-14-5-1 1998 4,000
Burkina Faso SOFITEX 14-23-14-6-1 1996 30,000
Togo SOTOCO 12-20-18-5-1 1999 20,000
Cameroon SODECOTON 15-20-15-6-1 1999 13,800
Cote d'lvoire | CIDT 15-15-15-6-1
Source: Compiled from different sources in 2000. See IFDC 2001.

Technical Constraints

Sound technical knowledge of fertilizer products on the part of farmers is
essential to promote the adequate and timely supply of fertilizers in the
countryside. Poor farmer knowledge regarding the correct use of agricultural
inputs is a serious problem. Smallholder farmers growing food crops in Tanzania
primarily use topdressing fertilizer; very few use basal fertilizers due to
knowledge and economic constraints. Some farmers use a mixture of DAP and
CAN for topdressing crops in Tanzania, but such a practice leads to a waste of
resources because topdressed DAP provides little benefit. There is a need to
update the fertilizer recommendations and make them more appropriate to the
different agro-ecological zones and input and output market realities faced by
farmers. In Zambia, there is a need to develop proper lime and fertilizer
recommendations for acidic soils. In many countries, fertilizer recommendations
are based on the fertilizer trials conducted in the 1970s or early 1980s. With
changes in cropping patterns, crop mixtures, and continuous cropping, there is a
need to develop better fertilizer recommendations.

The continuous cultivation without proper and adequate use of fertilizers or the
use of N for topdressing without basal application of NPK fertilizers is leading to
soil infertility and degradation problems. As a result, in some areas P deficiency
is so acute that a small dose of phosphate fertilizers or Minjingu PR (in East
Africa) can lead to increased crop yields. This lack of P has been confused with
soil acidity and lime application. New soil tests and fertilizer trials are needed to
establish proper recommendations for fertilizers and lime, if necessary.

Infrastructural Constraints

In many countries, such as Zambia, Tanzania, Ghana, and Nigeria, main
highways and inter-city roads are well maintained, but feeder roads linking main
cities to other areas are in poor condition, and add to transportation costs and
make inputs costly. Improvement in rural road networks is essential to promote
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social and agricultural development and reduce transaction costs. Only through
well-maintained roads can the isolation of rural areas be eliminated. In this
context, the work done by the USAID-funded Rural Road Project (1998-2003) in
Tanzania on building gravel roads in the Big Four regions (Iringa, Mbeya,
Rukwa, and Ruvuma) is noteworthy. Under this program, 1,175 km of roads
have been built in 18 districts at an average cost of Tsh 8.4 million per kilometer
(IFDC 2004). These road networks seem to have helped in linking rural
communities to towns and market centers and have generated significant
benefits for the communities in terms of increased production and incomes.
However, in other parts of the country, especially western Tanzania, rural roads
are in very poor condition. Improvement of rural roads, though a long-term
activity, is essential for socioeconomic development.

Physical insecurity in rural areas also discourages the development of input
business. Many input dealers, especially those operating input businesses in
cities and district towns in Nigeria, Malawi, and Zambia reported that they were
afraid to open a store in the village because leaving fertilizer stocks there was not
safe. The lack of covered railway wagons on the Tanzania-Zambia Railway
Authority (TAZARA) railway line forces dealers to use costly road transport
rather than rail routes in Tanzania and Zambia. The lack of banking facilities in
the rural areas also discourage the development of fertilizer business because the
sale of even 500 tons of fertilizer could generate billions of kwacha or cedis or
local shillings in cash and invite the risk of robbery or physical assault.

Landlocked Countries: Not all countries in SSA have access to the coastline.
Many countries (such as Mali, Burkina Faso, Uganda, Zambia, Malawi, Congo,
Rwanda, and Burundi) are landlocked countries. These countries incur $50/ton
to $100/ton for transporting goods from the ports to their borders. The mere
geographic location of these countries acts against their farmers because farmers
in these countries have to pay higher prices for imported fertilizers and receive
lower prices for crop products.

Nothing much can be done to overcome the landlocked nature of these countries.
But by developing business linkages with importers in coastal countries, by
developing multi-country fertilizer markets, by improving transportation links
(especially railways), and by exploring other innovative means, significant
improvements could be made in prices and availability of fertilizers. Some of
these options are elaborated in Section 8.
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6. Conceptual Framework

For most of SSA, there will continue to be reliance on imported mineral fertilizer
as a component of the needed productivity inputs required for intensification.
Because the supply of products is readily available on the international market,
the problem of supply is essentially one of efficiency in procurement,
distribution, and marketing. Inefficiencies in these areas and high internal
transportation costs, lead to farm-gate prices that are often two to three times
international price levels. This often makes the use of mineral fertilizers by
smallholder farmers in SSA uneconomic. Investment in transportation
infrastructure is a long-term solution to lowering internal transportation costs
but cannot completely overcome the costs that are involved in transporting
fertilizer vast distances to landlocked countries. However, the removal of
constraints and improvements in efficiency can lower costs and improve the
effectiveness of the supply systems.

During the 2000-2006 period, IFDC prepared action plans for developing
agricultural input markets (AIMs) in Malawi, Nigeria, Ghana, Uganda, Zambia,
and Tanzania. These action plans focused on four broad themes:

1. Functioning and performance of AIMs (seed, fertilizer, and crop production
products [CPPs]).

2. Constraints affecting the performance of AIMS.

3. DPotential of the private sector to supply inputs in a cost-effective and timely
manner.

4. Measures needed to strengthen the functioning of private sector-based AIMs.

During this work, it was realized that the concept of SSCR is relatively more
suitable for the conditions prevailing in SSA. It is comprehensive and pragmatic
and can accommodate conditions prevailing in export and food crop sectors and
large and smallholder sectors. Associated with this concept are the five pillars of
market development, which are elaborated in Section 8.

Historical Perspective

The agricultural lending experience of the World Bank and other donors in
Africa during the 1960s indicated that there was no active private sector to
assume responsibility for marketing and investment in the agricultural sector.
This experience induced donors to create and support activities of state-owned
enterprises (SOEs) in many developing countries. Additionally, when SOEs were
created, they were given monopolistic power over marketing and investment in
the agricultural sector, and the private sector was barred from marketing
agricultural products, especially inputs. However, by the early 1980s, it became
clear that many SOEs were not operating efficiently and had become a burden on
the national budget. Unsustainable fiscal imbalances and inefficient use of
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resources by SOEs forced several developing-country governments to move
toward privatization of the SOEs. By the early to mid 1990s, many SOEs in the
agricultural sector in Africa withdrew from marketing and investment activities
or were no longer in a monopolistic position. The private sector was allowed to
participate in the marketing of inputs and outputs. However, due to structural
constraints, the response from the private sector was slow. Macroeconomic
instability leading to devaluation and high interest rate, lack of marketing skills
and finance, and inadequate regulatory systems and market transparency
continued to limit the active involvement of the private sector in the input
business.

This slow response from the private sector may wrongly convince policy makers
and donors to move back to the public sector monopoly in input distribution.
Such a move would be premature because it would divert the attention away
from removing structural constraints to the private-sector participation.
Macroeconomic stability, access to finance, business skills, market information,
and regulatory frameworks are still not in place. Many of these constraints have
prevented the development of well-functioning input markets in Sub-Saharan
Africa in general. Deregulation and liberalization are necessary but not sufficient
to encourage the private-sector participation in agricultural markets (IFDC et al.
2002). Years of discrimination and neglect have left the private sector
underdeveloped and the input markets fragmented. Rather than returning to the
old SOE system, African countries and donors need to invest resources in
building the capacity of the private sector and supporting infrastructure.

Shifting the Supply Curve

Figure 6.1 illustrates the typical supply and demand curves used by economists
in explaining the behavior of prices in a free (competitive) market situation. On
the horizontal axis, quantity of input, for example, fertilizer is measured and on
the vertical axis, the price of the same input is measured. The demand curve D
slopes downward from left to right indicating that the quantity of fertilizer
demanded by farmers’ increases as the price of the fertilizer decreases and vice-
versa. The supply curve S1 slopes upward from left to right indicating that as the
price increases, the quantity of fertilizer supplied increases. At price OP1,
quantity demanded equals quantity supplied (OQ1l) and therefore, OP1 is
referred to as an equilibrium price and point A as an equilibrium point. The price
OP1 is very high (e.g., $300/ton of urea) and therefore the quantity traded is low
(e.g., 50,000 tons of urea). Since the resource-poor farmers in developing
countries cannot afford to purchase fertilizers at such a high price, one possible
solution is to provide a subsidy of, for example, $100/ton and reduce the price to
$200/ton of urea. Now at this price, the demand outstrips the supply and
therefore some mechanism for rationing is required to allocate this limited
quantity among all farmers. Such a solution was tried by many African countries
but could not be sustained. Also, it introduced distortions in the market and led
to an inefficient use of resources.’

The position of the supply curve S1 on the vertical axis indicates that the
minimum price at which the suppliers are willing to offer any quantity is very
high. This is so because the size of the market is small and suppliers incur high
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Figure 6.1 Reducing Fertilizer Price by Shifting the Supply Curve
to the Right (SSCR)

Price 4
($/ton)

'
Quantity (tons)

Source: IFDC et al. (2002).

costs in procuring and shipping small quantities, thereby not benefiting from the
economies of scale in procurement and transportation. Also, the suppliers are not
procuring their product from the cheapest source in the global market due to
various constraints faced in accessing information and finance. Because of these
constraints, supply price is generally high. Rather than following the subsidy
route, the price of fertilizers could be reduced by shifting the supply curve to the
right—from S1 to S2. Such a shift in the supply curve is possible if the economies
of scale in procurement and shipping could be realized, the fertilizers could be
procured from cheaper sources through better access to information and finance
and through improvements in policy environment, human capital, and
marketing infrastructure. By shifting the supply curve to the right (point B), the
price could be reduced and the quantity of fertilizer used by farmers could be
increased, thereby promoting food security at both the household and national
levels. Such a move also reduces the need for subsidies and ensures a higher
return on the capital invested in business (because under the S2 supply situation,
the fixed cost per unit sold is lower). Thus, by shifting the supply curve to the
right, benefits could be created for all stakeholders (i.e., farmers, traders, and the
country at large).

Can the supply curve for agricultural inputs in general and fertilizers in
particular be shifted to the right in SSA countries? Various constraints,
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mentioned in Section 5, have kept the supply curve at S1 position in SSA
countries. The removal of these constraints could help in shifting the supply
curve to the right. The activities proposed in the areas of policy reform, human
capital development, improved financial services, market information systems,
and regulatory frameworks are all geared to shifting the supply curve to the
right, thereby helping in reducing transaction costs. These and other measures
are elaborated in Section 8.
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7. The Fertilizer Supply Chain
Components of the Supply Chain

Various components of the supply chain are described below. The basic
functions include production, procurement, distribution, and retailing. In mature
supply chains and government-owned systems, there is often vertical integration
of these functions although this is not necessary and function differentiation is
also common. Within countries, mixed supply chains often exist.

Production Function

The global supply/demand balance for fertilizer is characterized by fluctuating
annual demand and long-time lags in supply adjustment that drives the basic
economic status of the fertilizer manufacturing industry. This results in periodic
significant price adjustments in international prices. The industry has to be
considered as a global industry with increasing trade derived from production in
regions of least-cost raw materials. Raw materials constitute 70%-90% of cash
production costs, and the efficiency with which they are processed is crucial to
the operating profitability of firms. Consolidation and concentration of the global
production industry continues to occur to optimize the use of least-cost raw
materials and offset capital investment costs. The two main costs in fertilizer
production are (a) the cost of raw materials (in the short run) and (b) the cost of
capital (in the long run). The first variable and the price of fertilizer determine
the operating rate of the firm in the short run (i.e., operating capacity utilization).
The cost of capital and the production technology efficiency determine the long-
run cost structure and capacity of individual firms and the industry.

Most countries in SSA will remain dependent on imported fertilizers for
agricultural intensification due to the lack of low-cost raw materials for
production, low domestic demand, and therefore capacity utilization, and high
capital requirements for investment in world-scale production facilities.
Exceptions to this situation include Nigeria, and possibly Angola and
Mozambique where there are ample supplies of low-cost natural gas in coastal
locations that enable production surplus to domestic market demand to be sold
competitively to regional and international markets. Countries in North Africa
will continue to expand production of both high-analysis phosphate fertilizers
and ammonia/urea/ammonium nitrate directed to international export markets.
The Republic of South Africa will continue to produce both phosphate and
nitrogen and NPK fertilizers based on ample supplies of PR and coal-based
ammonia production and may switch from coal to imported natural gas from
Mozambique in the long run.

Procurement and Distribution Chains

In well-functioning fertilizer markets an integrated chain of suppliers at all
levels—import, wholesale, and retail—serves farmers. However, in many
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countries in Africa, distribution networks are underdeveloped or non-existent in
rural areas. As a result, it is difficult for farmers to access good quality inputs. In
many instances, farmers have to travel 30-50 km to buy inputs. Such distances
not only add to the cost but also create a psychological barrier against the use of
inputs. Development of input dealers in rural areas is essential to improve the
access to inputs.

Procurement and distribution/marketing chains can be measured by their
effectiveness and efficiency. Effectiveness is the ability of the system to
conveniently provide quality and appropriate fertilizers in sufficient quantities to
meet market demand. Efficiency is the ability of the systems to be effective at the
lowest possible cost.

Supply chain systems in SSA are not usually vertically integrated except where
there are still vestiges of public sector systems and for the export cash crop
sector. Figure 7.1 illustrates the six main systems found. However, in Ghana,
Tanzania, Uganda, Nigeria, Zambia, and Malawi, there are firms that import and

distribute to their own retail outlets.

Figure 7.1 Fertilizer Supply Systems in SSA

1 2 3
Domestic Production Imported Supply Imported Integrated
|
Manufacturers Manufacturers Manufacturers
| I
Wholesalers Importers Export Crop
Processors I |
I
Retailers Wholesalers Farmer
Groups I
| |
Famers Retailers Farmers
I
Farmers
4 5 6
Farmer Groups Cooperatives Government
Agencies | |
|
Importers Importers Procurement
Agency
| I
|
NGOs Cooperatives Distribution
Agency | |
|
Farmer Groups Members Extension or
Services | Cooperatives
| |
Farmers (Farmers) Farmers

Source: IFDC various market studies.
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Systems 1 and 2 in Figure 7.1 represent mature competitive organizations with
differentiation of the main functions, extensive retail market networks, and
convenient farmer access to inputs including fertilizer. There are few such
systems in SSA.

System 3 is common in the export cash crop sectors of SSA such as cotton in West
African countries and Mozambique, tea and coffee in Kenya and Tanzania,
tobacco in Uganda and Malawi, and sugarcane in Uganda and Mauritius with
vertical and horizontal integration from the export-processing companies. These
companies in the absence of developed inputs market systems, procure fertilizer,
and other inputs for their contracted growers, supply these under seasonal crop
credit conditions, and buy back product for processing and marketing. These are
generally effective systems but suffer from the disadvantage that they are
generally closed systems that do not provide fertilizer for other market segments,
and may not be the most efficient due to lack of competition.

Systems 4 and 5 are common where NGOs are implementing development
projects usually in underdeveloped market settings for a relatively small number
of farmers, chosen either for reasons of improving food security or for
developing some crop commodity comparative advantage.

Several variations exist in these systems. Some NGOs simply procure fertilizer
from importers and provide these to the farmer groups either free or under crop
credit terms. There are examples of NGOs directly procuring fertilizer from
manufacturers for the producer (farmer) groups. Others encourage the formation
of producer groups that act as buying groups and some, for example,
Cooperative League of the United States of America (CLUSA) in Angola, have
established farm service centers that procure fertilizer and other inputs from
importers for sale to members and non-members, but members benefit from a
discount in prices. Work for fertilizer schemes has been implemented in Angola
and Malawi with and without links to private-sector retailers or importers. All of
these methods are employed to provide convenient access to fertilizer for farmers
targeted in the projects. A common misconception in many of these systems is
that producer groups, whether cooperatives or not, can circumvent the costs and
margins associated with wholesaling and retailing fertilizer. The main costs of
transport and inventory financing cannot be avoided. In the long run, producer
groups should concentrate on improving farm production and not divert
resources to input procurement and distribution. The most appropriate approach
has been to make these interventions market friendly by establishing alternative
institutional arrangements that link farmers to input suppliers, financial and
business development services, and targeted market outlets.

Cooperative systems may or may not be equivalent to private-sector channels in
terms of effectiveness or efficiency. In Ethiopia, membership of cooperatives is a
pre-requisite to access credit and input supply, and is hardly conducive to open
competitive markets. Throughout SSA government-backed cooperative
movements have been fraught with political interference and inefficiencies.

The final System 6 where government agencies take complete responsibility for
the supply of fertilizer and other inputs is rapidly disappearing as markets are
liberalized. However, vestiges of SOES still exist. In Ethiopia, the Department of
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Marketing and Cooperatives is responsible for coordination of imports although
it is no longer responsible for actual procurement. In many countries though,
government agencies or ministries are responsible for implementing national
fertilizer programs, (e.g., targeted input program (TIP) in Malawi and the
Fertilizer Support Program (FSP) in Zambia)." Implementation of these is still
frequently non-market friendly and disruptive to liberalized markets; for
example, in Angola and Nigeria where subsidy schemes and donor supply of
fertilizer undermines commercial activities. Prior to market liberalization these
vertically integrated systems were generally poorly implemented and were
neither effective nor efficient with the most frequent faults being pan-territorial
pricing and late arrival of fertilizer to meet market demand.

Determination of Demand

Fertilizer has to be conveniently available to farmers in rural areas in sufficient
quantities to meet needs at planting times. The time lapse between making a
decision to procure fertilizer from the international market and availability in
rural areas can be from 2 to 4 months, and even up to 6 months as in Ethiopia.
Prior to an import decision, a determination has to be made of the market
demand by product. The importance of market information systems to assist in
the determination of procurement amounts and types is especially important
when there is a lack of integration.

Procurement

Fertilizer procurement from the developed international fertilizer market is a
well-developed practice with good institutional arrangements including
suppliers, traders, inspection agencies, shipping, and specialized port facilities.
All fertilizer trade prices are nominated in U.S. dollars. There are two common
commercial procurement practices: (a) procurement by tender and
(b) procurement by direct negotiation with suppliers. Both procurement routes
are used by the public and the private sectors. Tenders are competitively bid for,
and there is adequate and timely information available on international price
formation from trade publications in traditional and electronic formats. Product
can be purchased in various ways; f.0.b.; cost and freight (c. & £.); cost, insurance,
and freight (c.i.f.); and on various other terms. Advantages and disadvantages
for these various sales contracts vary depending on the circumstances and the
skills and experience of the purchasers. Where there are established trading
relationships between buyers and sellers either as independent parties or
through joint ventures, there are usually advantages in obtaining very
competitive prices and/or some credit facility from the suppliers. There is some
evidence that direct negotiation results in a cost saving compared to tendering.
This may be as much as 5%, but such a saving is more likely to reflect the
volumes being traded.

In SSA countries, procurement is undertaken by both the private sector and
governments and often by both sectors within a country. This happens when
governments procure on behalf of donors or through government distribution
agencies and the private sector imports commercially. These combined efforts of
procurement are usually disadvantageous for the private sector due to
uncertainty over the level of government procurement; for example, private-
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sector importers in Madagascar and Tanzania curtail their level of importations
due to such uncertainty. Examples exist of government involvement in input
procurement through distribution agencies in countries such as Malawi,
Tanzania, and Kenya. These procurement procedures are often complex, time
consuming, and more significantly, market distorting.

Shipping and Port Handling

Fertilizers are bulky materials and vary in nutrient content. International freight
costs are an important consideration in keeping import prices down. Virtually all
fertilizer materials can be shipped in bulk at a considerable freight saving over
bagged cargo and volume shipped affords economies of scale. The lowest per-
unit freight costs are achieved using “panamax vessels,” which carry about
50,000 tons of bulk cargo. There are few ports in SSA that can accommodate these
large ships, and these are restricted to dedicated wharfs for exporting phosphate
rock or other bulk minerals. “Handy size vessels” of 20,000 to 25,000 tons are
used frequently for fertilizer shipments, but there are many ports in SSA that
cannot accommodate such vessels for bulk unloading. Exceptions include
Djibouti, Dar es Salaam, Beira, and Lagos. Smaller vessels of approximately
10,000 tons add to shipping costs by a premium of between 10% and 15% over
handy sized vessels. Because African markets require bagged product, a
considerable cost saving is realized by bagging bulk cargoes on port arrival.
Shipping contracts can be made specifying portable bagging equipment and bags
in addition to products. Dispatch rates of 1,000-1,500 tpd can be achieved,
discharging directly to portside bagging equipment. Usually it is the availability
of trucks for clearing bagged product from the dockside that is the main
constraint. It is far more expensive to ship bagged product than bulk, plus the
cost of dockside bagging. Bags and bagging costs average between $10 and
$15/ton for dockside bagging operations. However, for small markets, bagged
product shipments are often used in SSA countries, and the most expensive form
of delivery is by containers that hold 20-21 tons.

Other considerations affecting import costs include port charges, inspection fees,
discharge costs, agents’ fees, bank and finance charges, duties and taxes,
clearance fees, and demurrage/dispatch. In congested ports, such as Lagos,
Nigeria, it is often difficult to determine in the charter party contract a fair port
and discharge time because berthing delays are frequent. When delays occur,
demurrage costs can be high—$10,000 to $20,000/day for a 10,000-ton ship,
which can add $1-$2/ton for each day’s delay. A charter party contract can work
in the importers” favor when dispatch is earned for clearing a vessel in less time
than contracted usually at 50% of the demurrage rate.

Financing

Most credit programs in SSA have attempted to deal with the credit needs of
small farmers, and little attention has been paid to the needs of the importers,
wholesalers, and retailers. Three distinctive credit products should be
recognized: importer credit, wholesaler credit, and retailer credit.’

Imported fertilizer is financed through U.S. dollars—denominated irrevocable
letters of credit (LC). Access to foreign exchange is essential. Importers require
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short-term finance in large amounts. For example, the cost of 25,000 tons of urea
at $200/ton c.i.f. will amount to $5million and financing is required for 2-
3 months if the product is readily sold to wholesalers on arrival. Established
relations and direct negotiation with suppliers can provide access to some
supplier credit for short periods, but for the most part importers have to combine
self-finance with credit. In many SSA countries LCs may have to be covered by
150% collateral and LC charges can be as high as 2% of the c.i.f. values.
Innovative mechanisms are needed to overcome such constraints.

Wholesalers require finance for smaller amounts for shorter periods provided
there is access to finance at the retail level, in which case product sales can be
cashed in within 1 month. Retailers require even smaller loans but will often
require these for several months in order to provide crop production credit to
farmers.

Transport and Handling

Internal transport costs are high in SSA because of long transport distances and
very poor infrastructure. The poor condition of feeder roads in rural areas adds
significantly to the transportation cost of supplying inputs, especially fertilizers,
in rural areas. Investment in building and maintaining good roads in rural areas
should receive priority in development budgets. Also, in many countries, the
main road systems lack maintenance and are subject to many official and
unofficial restrictive practices for transportation firms. For example, in Nigeria,
truck transport at night is not advised, and there are frequent security check
points that delay and increase the cost of transport. To move fertilizer from
Lagos to Abuja adds $50/ton to the cost of fertilizer. The cost of truck transport
from Beira in Mozambique to Lilongwe in Malawi was $60/ton in 2003, adding
43% to the cost of urea ex-Beira. Lack of competition in the trucking sector is
often the cause of higher road transport costs and non-availability of trucks can
add significantly to transportation costs. The Nacala rail corridor from Nacala
port in Mozambique to Lilongwe in Malawi should be more cost efficient than
road transport, but current costs are approximately 15% higher than road
transport.

Where rail transport is available, attention should be given to strengthening the
capacity on its railway lines because, over long distances, railways should be
much cheaper than road transport. However, this is often not the case (See
table7.1). In Tanzania from Dar-es-Salaam, the railway line goes in both
north/east and south/west directions. However, on both routes the availability
of the “covered” wagons is a serious problem. Transporting fertilizers in an
“uncovered wagon” poses the risk of insecurity and losses by theft and pilferage.
Such risk discourages the dealers from using railways for shipping inputs and
forces them to rely on costly road transport.
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Table 7.1 Transport Costs in Madagascar, 2005

. Cost
Type of Road Time FMG/kg
Dirt Road
Tarmac (Difficult
All- Passage Dry
Distance | Weather | During Rainy Wet Season
Route (km) Road Season) Season th) Truck | Rail
Tana — Suburbs 10 Yes 100
Tana — Tamatave 360 Yes 12 hours 12 150 | 210
Tana — Antsirabe 168 Yes 4 hours 4 70 | 245
Tana — Mahajanga 600 Yes 750
Tamatave - Lac 400 Yes 2-3 days 24| 200 | 250
Alaotra
Tana — Fiarantsoa 400 Yes 1h0—1 2 10-12 125
ours

Source: IFDC (2005).

Note: Exchange rate: US$1=FMG 9,400.00.

Expensive transportation costs are a detriment to establishing retail market
networks because wholesalers are reluctant to transport product to rural retailers
where uncertain demand, due to poor seasonal conditions, or lack of purchasing
power can result in inventories being carried over to the next season with
possible product deterioration. As mentioned earlier, inventory security in rural
areas is another constraint to the establishment of retail market networks.

Bagging

There are standard bag specifications for fertilizers. The normal bag size is 50 kg,
and materials used are woven polyethylene with a polypropylene liner and
polypropylene. Factory bags and bagging costs, average between $10 and
$12/ton. Dockside bagging with portable bagging equipment and low labor costs
can be competitive with factory bagging; however, these costs can sometimes
outweigh the benefits of bulk ocean freight rates as seen in Nigeria where on-
shore bagging costs in 2003 were more than $15/ton.

Fifty-kilogram bags are suitable for most commercial and small farmers, but for
small gardens and very resource-poor farmers, small bags of 5-kg, 10-kg, or
25-kg are more suitable. In Zambia, Nigeria, and Malawi, retailers are charging a
14%-15% premium for these small packs. While providing value addition for the
retailers and convenience for small farmers, the practice adds to already high
retail prices.

Efficiency and Effectiveness of SSA Fertilizer Supply Systems

The regional and national environment variability in SSA means that it is not
possible to use a single template for measuring the efficiency of current market
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supply systems. A comparison is therefore presented of four different market
circumstances:

* Large markets in coastal countries (e.g., Nigeria - 600,000 tons).

* Small markets in coastal countries (e.g., Angola - 20,000 tons).

* Medium markets in land-locked countries (e.g., Malawi - 260,000 tons).
* Small markets in land-locked countries (e.g., Zambia - 120,000 tons).

These templates are developed by reference to Nigeria, Angola, Malawi, and
Zambia. They are derived from data collected by IFDC in 2003 and 2004.
Table 7.2 compares the importation, bagging, and delivery costs to retail outlets,
and provides a comparison to costs of importing bulk urea for markets in the
Midwestern states of the United States.

There is little difference in c.i.f. costs for urea between the United States and the
three SSA examples other than the difference in bagged versus bulk product
f.0.b. prices.” The supply of urea to the Midwestern states in the United States is
characterized by very low inland transport costs and low transaction costs in a
highly competitive market. It is also characterized by being a bulk product
market and a retail market where product is priced applied to farmers’ fields.
The retail markup of about 15% is due to the service cost element of the
application services.

In Nigeria the template refers to importing bulk urea to Lagos, bagging at the
port, transporting to central Nigeria by truck to wholesale warehouses, and
turther distribution by truck to retailers. Excessive port, discharge, bagging costs,
and warehousing costs at Lagos Port arise from many factors which include port
congestion, a plethora of official and unofficial dues and taxes, delivery to
warehouses, and high labor charges. In total these represent more than 11.6% of
the retail price. Nigeria has the largest market in SSA, currently about
600,000 tpy of which 60% is urea and shipments are ordered in lots of 15,000 to
25,000 tons. Inland transport in this large country is expensive—at $40-$50/ton
from Lagos to Abuja, a distance of 400 miles, and equivalent to $0.125/ton mile.
This represents almost 15% of the retail price.

Imports into Malawi and Zambia are based on entry of bagged urea from the
Middle East through Beira Port in Mozambique with truck transport to
Lilongwe, and rail and truck transport to Lusaka for 10,000-ton shipments. Port
costs in Beira are much lower than in Lagos; these costs average 4% of the retail
price for transshipment to trucks and 6.8% for transshipment to rail. Transport
costs to these inland markets are high and account for 18%-22% of the retail
price. Per ton-mile costs vary between $0.08 for main roads and $0.12 for local
roads. Discussions commenced in 2004 between the Governments of Malawi and
Mozambique to improve the operating efficiency and lower costs on the Nacala
rail line. This has the potential to lower overall railway freight rates to Lilongwe.

As seen in Table 7.2, the ratio of wholesale price to the c.i.f. price varies from 1.2
in the United States to 1.75 in Nigeria, 1.65 in Zambia, and 1.55 in Malawi. For
land-locked countries, Malawi and Zambia, the true c.i.f. cost is approximately
the wholesale cost in Lilongwe and Lusaka. For comparative purposes the c.i.f. at
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the entry port is used for them. This ratio measures the efficiency of the import
and wholesale transaction costs. Due to the high transport costs in land-locked
markets and large SSA countries, there is no way to expect reductions down to
U.S. ratio levels. However, there is evidence that increased competition will
reduce these transaction costs. For example, in Malawi IFDC (2004b) has
reported that during the past 3 years the ratio of retail price to f.o.b. price
decreased from 2.7 in 2002 to 1.58 in 2003 and 1.53 in 2004 as a result of lower
importer and retail margins and improved efficiency in procurement,
distribution, retailing, and volumes.

The ratio of retail price to c.i.f. cost varies between 1.9 and 2.0 for Nigeria,
Malawi, and Zambia. This approximate doubling of the c.i.f. cost can be reduced
through increased volumes and competition in importing to reduce the
importer/wholesaler margins from between 10% and 15% down to 5% or less.
Retail margin targets should be in the order of 5% or less, depending on the level
of service provided.

Angola represents a very small undeveloped fertilizer market with no
established fertilizer retail network and uncertainty created by a lack of defined
government policies on subsidized donor fertilizer. There were five active
fertilizer importers in Angola in 2004—two in Lobito and three in Luanda,
importing 1,000-3,000 tons or more annually.

Importers mainly import NPKs (particularly 12-24-12), urea and AS, although in
2004 the first consignment of DAP was imported into Angola. Importers source
their fertilizers from the Republic of South Africa, Belgium, Portugal, and Brazil,
and they import fertilizer consignments that range in size from 100 to 1,000 tons.
However, the Ministry of Agriculture and Rural Development (MINADER)—a
government agency under the Japanese KRII program—which was suspended in
2001, imported a substantial quantity of the fertilizer that has been imported
since 1995.

Table 7.2 shows the excessive cost of importing fertilizer in small quantities by
container. Although some urea is imported, most imports are 12-24-12 NPK, and
this is the example used here. Excessive port charges for unloading and clearing
containers, high levels of taxes and duty, and high interest rates and container
hire charges add almost $150/ton to the cost of fertilizer. Both wholesale margins
and retail costs and margins are excessively high due in part to market
uncertainty and high interest rates. As a result, the ratio of retail price to c.i.f. cost
is 2.56, and the retail price in Angola in the Plano Alto region is almost four times
higher than the f.o.b. price.
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8. Holistic and Specific Solutions

The solutions proposed for improving fertilizer supply through market
development are divided into two groups, namely, (a) the five pillars of market
development and (b) supporting measures. These measures are followed by a
discussion of options for fertilizer production and market-friendly safety nets.

Five Pillars of Market Development

In a holistic approach to fertilizer market development in SSA, five pillars are
proposed as essential elements for sustainable market development to occur.
These pillars are the policy environment; human capital development; access to
finance; market information; and regulatory frameworks, as elaborated in the
following paragraphs. These generic suggestions need to be adapted in the
context of country-specific situations. The suggested improvements will help to
shift the supply curve to the right, and thereby reduce transaction costs and
improve accessibility to fertilizers in rural areas.

Policy Environment

A conducive and stable policy environment is essential for promoting the
development of private sector-based input markets. This will require the removal
of all price and non-price distortions introduced by the government, donors,
NGOs, or other stakeholders. A distorted policy environment sends the wrong
signals, discourages private-sector investments in market development, and
keeps transaction costs high. Additionally, the national government needs to
strive to ensure macroeconomic stability and develop infrastructures in rural
areas.

Human Capital Development

During the past quarter of a century, input supply systems were a public sector
monopoly in most African economies. Such monopolistic arrangements have
deprived the private sector of the opportunity to learn about input marketing
and risk-sharing arrangements. Therefore, the private sector is equally
underdeveloped and needs help in mastering business, marketing, and technical
skills to operate a successful inputs business. In this area, large-scale training and
technical assistance efforts will be needed to build the necessary human capital.

In well-functioning fertilizer markets, farmers are served by an integrated chain
of suppliers at all levels—import, wholesale, and retail. However, in many
countries in Africa, distribution networks are underdeveloped or non-existent in
rural areas. As a result, it is difficult for farmers to access good quality inputs. In
many instances, farmers must travel 30-50 km to buy inputs. Such distances not
only add to the cost but also create a psychological barrier against the use of
inputs. Development of input dealers in rural areas is essential to improve the
access to inputs.
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Access to Business Finance

Finance is the life blood of business development, but limited access to finance
resulting from high interest rates, underdeveloped financial infrastructures,
stringent collateral requirements, and the risk-averse attitude of commercial
banks toward agriculture and agribusiness make it difficult to obtain the
necessary funds for business development. Equally difficult is to get a letter of
credit (LC) for importing inputs. Innovative approaches are needed to alleviate
the financial constraint to business development. Two risk-sharing funds are
proposed to improve access to finance by importers and dealers.

The first fund is the Agricultural Input Import Fund (AIIF). This fund needs to be
maintained in foreign exchange at the Central Bank of the country. Any importer
interested in importing fertilizers or other inputs should have access to this fund
to get an LC from the commercial bank. The fund should be managed in such a
way that the importer provides 30% of the needed funds for an LC, and the
commercial bank provides 70% as a loan. However, the Central Bank provides a
guarantee for 30 percentage points of the 70% loan. This will help to reduce the
cost of imported fertilizers by lowering the funds needed to acquire an LC.

The second fund is called the Agricultural Inputs Business Development Fund
(AIBDF). This fund can be used to provide a financial guarantee for developing
retail networks in rural areas. Any dealer who is trained and knowledgeable
about the technical and commercial aspects of input business will be able to use a
guarantee from this fund to invest in retail or wholesale business. Like the
importer, the interested dealer provides 30% of the required capital; the
commercial bank provides 70%; but 30% is guaranteed by the AIBDF. The AIBDF
must be managed by a reputable commercial bank. By facilitating the availability
of business capital, the AIBDF will help small and medium dealers in developing
dealer networks in rural areas. In addition to these risk-sharing mechanisms, the
local banks need training in using a “bonded warehouse” as collateral for an
input business loan. Such an arrangement could reduce the working capital
needed to start or expand an input business. This would allow a retailer to bring
larger quantities of inputs from the town, store them in a bank-supervised
warehouse, and draw down small lots of inputs as his or her sales increase.
These two innovations could spur investment in business development, create
more competition in the marketplace, and thereby reduce transaction costs.

Another source is the third-party finance. The main potential source of third-
party finance is the fertilizer manufacturers who will often provide up to 50%
credit for 30 days from shipment arrival. Such arrangements usually develop
from established trading relationships and a history of prompt payment by way
of LC. The small market size of many countries precludes most direct negotiation
with overseas suppliers, and the reliance on importers who are general traders
also reduces the possibilities for supplier finance. Regional procurement
arrangements may offer opportunities for securing supplier credit on favorable
terms. The promotion of business linkages between importers, wholesalers, and
retailers could open the door for suppliers’ credit for business development.
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Market Information

For a well-functioning market, the flow of information needs to be smooth and
timely. Every player can have access to information about prices, stocks, and
deliveries in various segments of the national, regional, and global markets. Yet,
many dealers in Africa have little information about domestic markets. The
transparency in market transactions is necessary. Such market transparency is
promoted by establishing and operating a market information system (MIS) and
by disseminating information to dealers, farmers, and policy makers about
market conditions.

Regulatory Frameworks

The enactment and enforcement of regulations dealing with quality, quantity,
nutrient contents, and truth-in-labeling are critical for a free-market system. Yet
in many African countries, such regulatory systems are non-existent or
ineffective, and poor quality and outdated products are not uncommon. There
was little need for such regulation when the government was the supplier of
inputs. Now that the government is no longer a supplier of inputs, it has to
assume the responsibility of protecting consumers’ interests. This responsibility
is a public sector responsibility and could be discharged by the government by
building the necessary capacity in the country.

Improvements in all these five areas can go a long way in reducing input prices
in developing African economies, thereby making the need for subsidies
unnecessary. However, it should be stressed that efforts in these areas should be
planned and implemented in a holistic way (See figure 8.1) because fragmented
and piecemeal efforts will not create the synergy needed to improve supply
systems and reduce transaction costs. Within this framework, proper sequencing
and phasing-in of the proposed measures will be needed at the country level.

Figure 8.1 Holistic Approach

Holistic Approach

Policy
Regulatory Human
Mechanisms Capital
\ Finance

/

MIS

Source: IFDC 2002.
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Other Supporting Measures

Regional fertilizer trade cooperation and integration offer some opportunities to
achieve economies of scale for the small fertilizer markets common in Sub-
Saharan Africa. Together with improved market demand estimation through
Market Information Systems, access to affordable trade, distribution and retail
credit products, and improvements in transport efficiency there are opportunities
to reduce farm gate fertilizer costs.

Economies of Scale in Procurement/Sourcing through Multi-Country Trade

As mentioned earlier, the size of the fertilizer market is small in many countries.
As a result, the individual countries cannot realize the economies of scale in
procurement and transportation and end up paying higher prices for imported
fertilizers. To realize the economies of scale in procurement and shipping,
importers in these countries can form a multi-country trading block and import
inputs in bulk for the whole block. Two such examples include the MZM
(Malawi-Zambia-Mozambique) Development Triangle and the Tanzania-
Zambia-Malawi Block. The MZM Triangle is linked by the Beira port because
most of the imports and exports in this triangle pass through that port. Rather
than each country importing fertilizers in small quantities, these countries could
realize economies of scale in procurement if the fertilizer requirements are
pooled for all three countries. Likewise, Zambia and Tanzania are linked by the
TAZARA railway line, and Tanzania and Malawi are joined by good highways.
If the fertilizer requirements of southern Tanzania, northern Malawi, and
northern Zambia are pooled and procured in bulk, the fertilizer price could be
reduced by a significant margin. Such multi-country trading blocks will create a
win-win situation for all.” It must be stressed that such pooling of import
transactions needs to be private sector-based. Donors and the national
governments could help to facilitate business linkages among the traders of
various countries through training, technical assistance, policy workshops, and
study tours.

Balancing Supply and Demand over an Annual Application Cycle

The often poorly developed demand estimates of the old government-controlled
and vertically integrated supply systems at least provided some semblance of
total demand estimation or supply allocation. In emerging competitive market
systems, there is a need for coordination of supply response in a transparent
manner through MIS. Alternative arrangements can be either a continuation of
improved national MIS systems or private-sector trade association MIS systems.

Modes and Means of Mitigating Financial Risk for Each Link in the Chain

In many countries, access to finance for business development is difficult, if not
impossible. Not only are interest rates high but also the collateral requirements
are stringent. Many banks ask for 100-150% collateral. Because many input
dealers have little tangible assets, except a house, they must rely on their own
meager savings to develop input businesses. To alleviate this constraint, as
mentioned earlier, warehouse collateral and bonded warehouses could be
explored by the commercial banks. At the import and wholesale levels,
supplier’s credit can be encouraged through proper business linkages. Quick
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disposal of goods from the importer to the wholesaler and from the wholesaler to
the retailer can also help to reduce risks in fertilizer import and marketing.

Improvements in Transportation Arrangements

Improvements in rural roads and railway capacity (covered wagon) have been
stressed earlier. Additionally, by changing their procurement arrangements and
routes, landlocked countries such as Zambia, Malawi, and Uganda could
generate a saving in transportation costs. These improvements must be assessed
and implemented at the country level but are illustrated for Zambia in Table 8.1.
Currently, all Zambian importers are concentrated in Lusaka and mostly import
from South Africa. Given the vast size of the country, such a concentration adds
considerable cost to imported inputs. Promoting the development of importers in
Chipata (connected to Nacala Port) and Kasama (connected to Dar-es-Salam
Port) could significantly reduce the import cost of fertilizers in the eastern and
northern provinces. These towns have willing and able entrepreneurs who could
be trained to become fertilizer importers and wholesalers. This development
alone could reduce the cost of imported fertilizers by $70/ton to $90/ton (ZK17,
500/bags to ZK22,500/bags) in the eastern and northern provinces.

Table 8.1 Freight Charges through Alternative Routes in Zambia

Route US $/ton

l. Johannesburg—Lusaka 20
Lusaka—Kasama/Kapiri 50

la. Total 140

Ib. Dar-es-Salaam—Kapiri/Kasama 50

Ic. Net saving in transportation costs via DSM route 20
(la minus Ib)

1. Johannesburg—Lusaka 90
Lusaka—Chipata 40

lla. | Total 130

lIb. | Nacala to Chipata 60

llc. Net saving in transportation costs via Nacala route 70
(lla minus l1b)

Source: IFDC and FSRP/MSU 2004.

Note: For realizing a saving on the Nacala-Chipata route, it is assumed that a 21-km segment of

railway track between Mchiniji (at the Malawi border) and Chipata will be completed soon.

As mentioned earlier, if importers in Kasama, Zambia, link up with importers in
Mbeya, Tanzania, an additional saving could be realized through economies of
scale in procurement. A careful analysis of country-specific situations could open
similar opportunities for other countries.

Options for Fertilizer Production

It has been mentioned several times in this paper that fertilizer production is
capital intensive and involves substantial economies of scale. A typical
ammonia/urea complex produces more than 550,000 tons of urea. Similarly,
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DAP, TSP, or NPK plants offer economies of scale. Because every country needs
all macronutrients (N, P,0O,, and K,O) and some micronutrients, it cannot
economically justify investing in several plants. Because there is no shortage of
fertilizer products in the global market, individual countries can continue to
depend on imports and make improvements in procurement and marketing
systems to minimize costs, until the size of the market is large enough to justify
production investment.

Nevertheless, individual countries can consider other production options
suitable for their market. Figure 8.2 lists five steps in progression toward large-
scale production in the country. If the national demand is less than 50,000
product tons (20,000 nutrient tons), the country can import bagged products or
bulk with bagging at the port. This option requires a small capital investment.” If
the market size is more than 50,000 product tons but less than 100,000 product
tons, the country can consider importing in bulk with local bagging facilities, or
it can import different products and raw materials and produce blended
products. A few countries such as Malawi, Zambia, Nigeria, Zimbabwe, and
Cote d’Ivoire have invested in blending and bagging facilities. Countries are
cautioned to produce only a few selected blended products needed for different
crops or agroecological conditions. If the market size is 200,000 product tons or
more, the country can opt for granulation facilities. The differences between
blending and granulation are as follows.

Under blending operations, various products such as urea, DAP, and MOP are
blended to create a mixture of NPK products; these mixtures contain various
granules of urea, DAP, MOP, and any other products like sulfur are included in
the mixture. With granulation, various products are dissolved into a
homogeneous slurry and then granulated so that each granule contains all
nutrients such as N, P,O,, and K,O. For example, each granule of NPK 15-15-15
granulated product contains 15% N, 15% P,O,, and 15% KO. Obviously,
granulation units are relatively more costly, but granulated NPK products yield
better agronomic efficiency and could be transported anywhere in the country. In
contrast, blended products are suitable for distribution to nearby markets. If
blended products are transported over long distances and country roads are
bumpy (not uncommon in Africa), NPK mixtures can segregate; heavier granules
of DAP, for example, will settle at the bottom and the lighter ones (i.e., prilled
urea) at the top. The disadvantage of such a product is that when the farmer is
broadcasting (spreading by hand) the product, some parts of the field will
receive only urea, another will receive DAP, and still another part may receive
filler (lime or sand). Many farmers in Malawi have noted this problem with
various compound mixtures. Consequently, the farmer is not obtaining the full
benefit of NPK products. When the market size reaches 300,000-500,000 product
tons of a single product, the country can consider investing in a large-scale
production unit.

Although it may be difficult to justify investing in large-scale production
facilities in individual countries, investment in a production facility could be
made for a regional market with potential for exports. For example, if Southern
African Development Community (SADC) countries can harmonize their policies
and practices, some private investor could invest in an ammonia/urea unit in
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Figure 8.2 Example of Stepwise Development of Fertilizer Production/
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Source: Schultz and Parish (1989).

Mozambique (using local natural gas), and supply the whole SADC market and
export surplus product to Asian countries. Likewise, in the Economic
Community of West African States (ECOWAS) and the East African Community
(ECA), it's possible to think of investment for regional markets. However,
because these units will be Greenfield projects (i.e., projects in a new location
with little infrastructure), their economic viability will need to be assessed
carefully because their product must compete with imported products produced
from the existing units. Because many fertilizer plants in the past became “white
elephants” (Madagascar, Somalia, Cameroon, and Zambia), great caution is
warranted about making investments in large-scale production facilities. Except
for Nigeria where prospects for rehabilitating old NAFCON are good, no other
SSA country can justify investment in a large-scale fertilizer plant for its domestic
market. Detailed feasibility studies are needed for investment in fertilizer
production for regional markets.

Product Rationalization: Unnecessary product differentiation such as cotton
formula in Western Africa or various compounds in Malawi adds to the cost of
production and creates confusion among the farmers. Countries can reduce costs
by rationalizing their product slate and by encouraging the use of internationally
traded products. Even if NPKs are required, the number of such products can be
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kept to a minimum. Most Asian markets relied and continue to rely heavily on
straight fertilizer products traded in the global market. SSA countries can also
benefit by switching from low-analysis products (SSP, AS) to high-analysis
products (urea, TSP, DAP, MOP, and NPK 15-15-15) so that transportation cost
per ton of nutrient is lower. The rationalization of the product slate must go
hand-in-hand with fertilizer recommendations and agronomic improvements.

Harmonization of cotton fertilizer formula in West Africa can yield a substantial
saving (See table 8.2). Data in the table were prepared in 2000 and reflect a saving
on the prices prevailing in that year in both global and national markets. Also,
these data should be taken as suggestive because an actual saving resulting from
proposed improvements requires a detailed feasibility study of establishing a
blending or granulation plant for producing a common cotton fertilizer for West
African countries (See IFDC 2001). Moving away from country-specific tailor-
made products could yield a saving of $30-$40 per ton in procurement costs
alone. When this saving is combined with that resulting from economies of scale
in production and transportation, $60-$70/ton could be saved. Local bagging
and blending and improvements in marketing could lead to a further saving of
$53-$67/ton. Thus, this example suggests a minimum saving of more than
$100/ton, resulting from both developing a multi-country market and
rationalizing fertilizer products. A technical feasibility study is needed to
estimate this saving more accurately.

Table 8.2 Potential Saving from Harmonization of Cotton Formula in
West Africa: Preliminary Estimates

Activity/Element Potential Saving
(US $/ton)

Non-specialty product effect 30-40

Scale effect

Production 20-25

Transportation 10-12

Local bagging (bulk imports) 8-12

Local blending®

(bulk import of raw materials) 30-35

Improvements in marketing 15-20

“Local blending of cotton formula should use boron-based material or use boron through
foliar application.

Source: IFDC 2001.

Poverty Alleviation and Market-Friendly Safety Nets

Many government interventions in input supply are guided by the need to help
resource-poor farmers who suffer from transitory or chronic food insecurity.
Likewise, donor and NGO programs for free distribution of inputs (i.e., seed
and/or fertilizers) are also guided by greater humanitarian goals of poverty
alleviation or helping poor people during an emergency caused by natural or
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manmade disasters. As long as one out of every three Africans suffer from
hunger and malnutrition and over one-half of the population suffers from
poverty (earning less than $1/day), it will be difficult to make a case that
programs focused on reducing hunger and malnutrition cannot be implemented
because they have a “distortionary” impact (e.g., resulting from free or
subsidized input distribution) on input markets. On the other hand, if poverty
alleviation programs are not implemented in a market-friendly manner, there is a
modest chance that SSA will have sustainable input supply systems in the short-
to-medium term. Thus, there is a need to develop a mechanism that can support
both poverty alleviation and market development.

The twin objectives of poverty alleviation and market development can be
achieved if the support programs are implemented by transferring the
purchasing power to the needy farmers, as done in the United States through
food stamps. Rather than giving free or subsidized seed or fertilizers, the
targeted farmer should be given a voucher that the farmer can exchange for
inputs from a dealer in the village. The voucher can have either the full or the
partial value of inputs. The dealer who sells inputs for vouchers should be
guaranteed to receive full payment from an authorized bank, which gets its
funds from the implementing agency (government, donor, or NGO). IFDC has
implemented such programs successfully in Afghanistan and Malawi. In
Tanzania some agencies such as the Coffee and Cashew Boards have used
vouchers for inputs, but because monitoring mechanisms were not well-designed
and executed for coffee vouchers, the program suffered from fraud and misuse.
Better monitoring mechanisms are needed to minimize misuse and fraud.
Therefore, national governments, donors, and NGOs can “marketize” their input
support programs through the use of vouchers.

The voucher system “kills two birds with one stone.” It empowers the food-
insecure farmers to produce more food for their families and facilitates their
“inclusion” in the marketplace, and strengthens the market development process
by injecting additional purchasing power into the system. There are different
variations of the voucher system that could be adapted to local conditions
depending on whether the farmer deserves full or partial support or seasonal
credit to buy inputs and repay it in kind or cash at harvesting or contribute labor
to public work programs in exchange of vouchers.

49




09

00l 00l 00l 00€ 00l 00L 00l 00€ uogen
- 008'G6 000'G6 008'061 - 6G9'CL €L€'1L 2€0'0GL eidoiyiq
- 049 GE8'T G0G'€ - 1G0'L G79't 9/9'¢€ 2313143
8€9'CSG €€9'LG L6t'79 794'991 000'9C 000'0€ 000'€S 000'601L 2II0A|,p 930D
074 ¥4 g6l 9€C 0z X4 g6l 9€T 40 21|qnday ‘03u0)
6CL'C 665"y G8/'c £16'0L 6C1'C 665V G8/'e €16°01 J0 d1|qnday waQ ‘oguo)d
00l 00l 00l 00€ 00l 00l 00l 00€ S0I0W0D
005"y 000'C 000'LL 005'/1 005" 000'C 000'LL 005'/1 peyd
002 002 002 009 002 002 002 009 dliqnday UedLYY [B1JUSD
- - 84T 81T - - 0ce 0Tz apsap aded
ZLL'EL 8€9'8 6vL'EL 668'7E ZLL'EL 8€9'8 6vL'EL 668'7E uoosaWeD
9/6 LLL zs8 6€5'C 9/6 LLL zs8 6€S'C Ipuning
r4:14 €9t 926 L/9'L 78t €9t 926 L£9'L ose{ euppng
00z 00€ 00L't 009’y 002 00€ 00L'y 009’y BUBMS}Og
000'0L 00€'TL LYG'GT L¥8' LY 000'0L 00€'TL LPG'GT Lv8' Lt uluag
(GUELITEND) [GUEIGLITENT) Anuno)
oM ‘O'd N [el0L oM ‘Od N [e3o0L
spoduw| uondwnsuod
€00¢/200¢ ‘Aauno) Aq spodw| pue uondwnsuo) 4azi|14a4 1edlyY UBIRYRS-qNS |-V d|qeL

saluno) Aq apeil pue ‘uondnpoid ‘uondwnsuo)) Jazijipa4 "y xipuaddy

juawdojaraq jeiny pue ainynoLsy




LG

- - - . / G G /L EENRLES
601'GT - z8€'TL L6b'LE 60L'9 000'9 z8¢e'Le L6v'ee [eFauds
002'L 005'L 00€'T 000'G 002'L 005'L 00€'C 000'G uongy
810'G £80'G voL's 667'GlL 810'G /80'G voL's 66C'GL EpUEMY
00%'0€ 00Y' L 00t'v6 007'991 00%'0€ 00t L 00t't6 007'991 BUSSIN
089 0L0'L 08¢€'s 0£0'G or9 046 09¢€'€ 0L6'v JRZIN
- 002 00l 00€ - 002 00l 00€ EIGILEN
006'9 000'T 00£'£L 009'9Z 006'9 000'T 00091 006'T anbiquiezowy
052'Gl G80'vL 005'C gee'ee 00L'0L 000'8 006'9 000'6Z sniunew
- - 006'C 006'C - - 006'C 006'C BluBInew
000'L 000'L 000'L 000'T 000'L 000'L 000'L 000'T ew
9/1'€€ 616'8T £62'0EL 800'€61 9/1'€€ 616'ST £6T'0€L 800'€61 IMEEW
896'C GL6'E z8L'e Gzl'6 896'C GL6'E 81T GTL'6 Jedsesepey
000'€ 00t'€ 006' 00€'LL 000'€ 00t'€ 006't 00€'LL OLosaT
v0G'G 180'£9 09€'79 Gr6'vEL 6vT's 8v6'8 196'9G 8g/'tylL eAUS))
00/ 00/ 000'L 00v'T 00/ 00£ 000'L 00v'T nessig-eaund
008 00v'L 000'L 002'S 008 00t'L 000'L 00T'E eaund
04T'8 064'8 0LL'vL 0€0'LE 0£T'8 065'8 0LL'PL 0€0'LE BUBYD
00l 00l 009 008 00l 00l 009 008 elqueD
(spuaLINU JW) [GUELITETIT) Anuno>
oM ‘0'd N [e30L oM ‘0'd N [e30L
suoduw| uondwnsuo)
€00¢/200¢ .bu:_._ou >n mtOn_E_ pue :O_yn_:._:m:OU 19Z]|I{94 ‘edll}y ueleyes-qns L-v 9|qel

BOLIJY UBIRYRS-QNS UI 13Z1[194 JO Ajddns Suipayy siope




4]

"B}ep OV :921n0S
LLb'88T ovL'0Ly SLE'60L 99%'80%' | 69€'SET 987'60% €v6'8€L 865'€8€E'L By uBleyes-qng
08€'61 Gev'L G€6'9 05.'LT 000'0Z 000'0€ 000'09 000'0L L SMmaequilz
6v€'9L £25'sl 86v've 0L€£'99 6vE'9L geg'sl 967'€€ 891'G9 ElquiEZ
8/T'T 869'C 0EE'y 90¢'6 81T'T 869'C 0gE'y 90€'6 epuBsn
956'y LT6'Y AN GG0'LL 956'y LT6'Y AN G50'/1 0goL
98¢ GLy'L LLE'L zL€'6 005 4% 907’9 AN Jo day pajun "eiuezue]
005'T 005'T 000'T 000'Z 005'T 005'T 000'T 000'Z PUE|IZEMS
008'€ 00L'LL 965'G 96v'69 008'€ 00L'LL 965'G 961'69 UEPNS
- - 005 005 - - 005 005 El[EWOS
00l 00l 00l 00€ 00l 00l 00l 00€ U037 BABIS
GUETLITE) [GUENLITETT) Anuno>

oM ‘O'd N [el0L oM ‘Od N [e30L

spoduw) uondwnsuo)

£002/200¢ ‘A1juno) Aq spodwj pue uondwnsuo) Jazi|iia4 ‘edlyy Ueleyes-qns L-y a|qel

juawdojaraq jeiny pue ainynoLsy




€9

008 008 008 002'L 005'T 00L'L G08 16 008 008 008 006 009 eiquen
00€ 00€ 00€ 00€ (334 002 00T (010]4 00t oov 009 009 L'y uogen
- - - - - - - - - - oolL'ss | o0oL'99 | ooL'zz ¥ad eidoiyyq
Z€0'05L | €L6'vEL | 08Y'2GL | ££8'29L | T90'V9L | TEL'LEL | 6VS'LLL | 00E'VEL | OOL'OLL | 006'GL | - - - eidoiyi3
9/9'¢ 89t'G 006'0L | 006'0L | 005'9 0009 €667 719l 00€'L 00 - - - ENRE
000'60L | 00£'89 | 00L'29 | 009'0Z | 000'06 | 000'OLL | 00G'0Z | 00099 | 000'G9 | 000'vG | 000'ZE | 00L'8€ | 000'LE JIOA|,P 919D
9gT GT9'ty 000'G 000'G 000's 000’ 000't 000'T 006'L 000'T 000'T 0ot'L GLG'L 30 u_~_mmm ww
, ) ) ) , ) , ) ) , }Jo d1gnday
€16'0L | 996'L 008 474 ¥56'C - 000'9 0006 vOr'oL | 00L'y 00€'C 002’8 002’9 waq ‘08uon
00€ 00€ 00€ 00€ 00€ 00€ 00€ 00€ 00€ 00l 0oL 00l - soJowo)
00s'/L | 00G'zL | 00g'zL | 00g'ZL | 0z8'9L | 0G8's 006'LL | 895'8 000'£ 76T's 9/0'0L | 009'8 008'G peyd
_ _ dliqnday
009 009 009 009 009 00€ 00€ 00€ 00€ 002'L 00L'L 006 ov6 UESLY [eXUaD
0ze €ve 6Cl /81 vl 2ol - - - - - - - apJiaA aded
668'v€ | T0g'ts | ¥80'9r | OlLG'6r | €€G'6€ | O6L'6E | 000'VE | 000'0€ | 000'0€ | ¥O€'zT | 006'0C | 0OL'8L | 008'LT uoosawe)
6€G'T 005'€ 005'€ 0L6'€ Glo'e 000'L 008'T 000'€ ooL'€ vr8'e L0T'G ooL'z 00L't lpuning
LL9'L L29'L ge'se | oov'sy | TeT'os | Li6'ty | 960'vT | 80€'vz | LG9'zz | 000tz | 9g€'Lz | 989'0C | 99L'LT ose4 eupling
009't 009't 009't 009't 8rT'y 008'€ LYE'E ¥8C'C 000'L 000'L 006 006 006 eueMs}og
L¥8'Z | 00L'LE | 00T'GE | 00£'9G | £0L't€ | 896'8€ | 189'0€ | 000'9€ | GG0'zL | 8€T'ZL | Gze'sl | £18LL | €00°'LL ujuag
- - oot'L oov's 00t'€ 000'T 000'9 000'8 000'0L | 000'8 ooL'6 006'9 009’6 eloguy
(O +°0°d + N W) Aiuno>

£€0/200T | T0/L00Z | L0/000Z | 00/666l | 66/866L | 86/L661 | L6/966l | 96/566L | S6/v66l | ¥6/€66L | €6/T66L | T6/166L | L6/066L

€0/200C - 16/0661 ‘Anunod Aq uondwnsuo) 1azij1pa4 [€}0] €I}V UBIEYRS-QNS Z-Y J|qel

BOLIY URIRYRS-GNS UI 13Z1[194 JO Ajddns Suipayy siope




125

00¢€ 00¢€ 05l 06 00¢€ 000't | o0o00'c |ooo'e | o000t |oo00't |oOv'L | o009 00€'L U037 BUIBIS
Ly (114 4y 34 - - - - - - - - - sa|[oyahas
lev'se | 006'6Z | 00z'8€ | 008'z€ | 009'sz | 006'zz | 009'Lz | 00Z'9L | 006'ST | 000'vz | 000°zL | 0€9'9L | 0SL'LL [eSauag
000's | o000's |oos'v |009's |o009's |oo0'z |ool'e |oov'o |oov'z | oov'sl | zc0'st | 000'%L | oOL'TL uoiungy
667'GL | 00€ 00€ 00¢€ 00€ 00 00¢€ - - oov'L | 069 €8G'L | 686'C epuemy
002'99L | 0001z | 005'28L | 00£'£9L | 00T'€9L | 00L'£€L | 00G'ELL | 000'€E8L | 000'96 | 000'L9Y | 000'OPY | 00T'6ZH | 08E'00Y eURgIN
os6'v | z8er | vzs'v | ssl'v | 009 00£ 000'6 | 666 |Sil'9  |oos't |oor'L | o€g 662'C 198IN
00€ 00¢€ 00€ 00¢€ 00l - - - - - - - - eIqiweN
006'v¢ | 006'vz | oog€'vL | 000’8 | 000'8 | o00s'9 | ool's | o008’z |oog'9 |ooz’e | o006y |ool's | o009'C anbiquiezowy
000'sz | oss'sz | oog'ze | oog'se | Loi'ee | 9sv'ee | Lzz'ce | Le8'Le | 80z'6T | G00'9r | 8€9'9z | Grs'zT | €eL'se sniunew
006'c | ooe'c |- oov'c | o0o8'L |zTesL | ooo's | 000|000 | 809'v | €8z's |osi's | 006'€ elUBILINBW
000'zy | 000'zy | Lv8'6€ | 008'6r | 006'st | 008'zy | 0og'zz | 000'2z | 000'ST | 000'sz | 00€'£z | 000'SL | 00T'GL lew
800's6l | z8v'zz | LeL'sy | 00L'0G | 00T'0S | 008'96 | 00z'8S | 6LG'sr | €8T'Lz | 000'v. | 008'€L | 000'0Z | 000'8Y IMBRW
szi'e | 1g0'6 | LLL'e | vz8's | 1198 | 00s'6 | 699'9L | 9vg'Ti | 99T'LL | €80'LL | £69'. | Tut'e | gss'OL Tedsegepe
- - - - - - - - - - - - 00¢€ euaq
00e'Ll | LvE'LL |vee'z | e€0's | 000'9 | 909's | z80'9 | vo6's | o00g's | 000’9 | 00s's | 006's | 009'% 0305977
86/'trL | 066'6vL | Goz'syl | ooL'syl | 0oL'zzL | 0Ov'vEL | 008'09L | 0OY'8Z | 008'6ZL | 000'00L | 006'LOL | 00L'CLL | 00Z'90L eAuay
oov'c |oor'z |oor'z | 009 009 00¢€ 00¢€ 00¢€ 00¢€ 00€ o€t ] 985 nessig-eauinn
ooz’ |ooz'e |ooz’e |ooze |v8zT'e | 9esL  |evT'y | 9oL's | 000 | G/s'L | 90G ge6'l | L9L'L BaUIND
0€0'Le | czo'te |9s8'LL |9ov'sL | v8L'SL |o9le'lz |oov'zL | oos'e | ooss | 89g'. | ool'oL | 000'8 | 000'€l eUBYD

(O™ +°0°d + N w) Aiuno>
€0/200C | C0/L00C | LO/000C | 00/666L | 66/866lL | 86/L66l | L6/966L | 96/966l | 96/v66l | V6/€66L | €6/C66L | C6/L66L | L6/066L

£€0/200T - 1L6/0661 ‘Anunod Aq uondwnsuo) 1azijipa4 [€}0] €I}V UBIRYRS-QNS Z-Y J|qel

juawdojaraq jeiny pue ainynoLsy




1]

L/9'L L/9'L ovs'ee 005'ty c6'6y 066'EY LTT'LE L1T'vT €/l'€T 002'0¢ ¥€0'LT ¥8¥'LT L0s'8lL ose{ eubjing
009't 009't 009't 009't 8’y 008'€ Eva'e L06'c 000'L 000'L 006 006 006 euemslog
Ly8 Ly ooL'Le 00c'ge 00£'99 VAVYAVAS 896'8¢€ G€9'6C 000'9¢€ zo0'LL Ly9'LL /9€'91 LzL'zi v€L'0L ulueg
- - 0ov'L 00€'c 005'y 000'C 000'9 000'8 000'0l 000'8 00lL'6 006'9 005'9 w_om:<
(O™ +°0°d + N Jw) £1uno>

€0/200¢ 2¢0/100¢ 10/000¢C 00/6661 66/8661 86/L661 £6/9661 96/9661 G6/v661 v6/€661 €6/C661 ¢6/1661L L6/0661L
€0/2002C - 16/0661 ‘A13uno) Aq spodwy 1921|1434 |30 BILYY UBIRYRS-QNS £-Y d|qRL
"eJep OvA :92.n0§
s e s s o s s s o o s s s eIy
86G EBE'L | YO99EC L | 8ELGEC L | LLL V8T | Q9L 0€EC L | GOC ST L L/ v0E'L L8CELOL | 9P8LLCL | 89l LVEL | 8LELBT L 19699C'L | Cte6GC L ueseyes-qns
000'0LL | 00TZ'tcGl | 00€'G9L | 000'G8L | 000'G/ZL | 000'GZL | 000'89L | 000'GFL | 00L£'0ZL | 9L¥'6GL | 009'ELL | CTe'P9L | G89'/9L amqequiiz
891'G9 00t'9€ L6€e'LE zLo've 002'9€ 00£'99 00¥'LS 000'6S 000'6S 00%'G8 00G'8 L6t'c9 005'69 elquiez
90¢'6 008'G 6£9'9 6LY'Y Geg's 009 009 00€'L 006'L 00c'e 008 00c'L 6l epuedn
GG0'LL 00Z'6L 8€8'61 006'9L 00T'/L oL8'al zLo'sL €Ev'ol 7oL'LL G98'6 ogc'tl Ll 00G'LL ogo|
3 dA v/8't Yor'ze 086'0C 968'0€ 086'6€ vLT'LE 000'/T 006'G€E 00€'9¢ €C6'LY 6/9'6% 008'9 30 QWMEUMMF_\_MM
0002 000'Z 008'G 005's 008'G 002's vze'y G60'G 006't 009'LL oov'cl 005'LL L6E'EL puejizems
961'69 002'v8 00Z'0t 008'8¢ 002'LE oov'LL 0ot's6 00/'Lg 00¥'85 006'Cg 005’65 00£'65 006'L8 uepns
009 0049 009 009 009 009 009 - - - - - 004'C Bl[ewos
(O +°0°d + Nw) A13uno>

€0/200C | C0/L00C | LO/000C | 00/666L | 66/866L | 86/L66l | L6/966l | 96/966l | G6/V66l | v6/€66lL | €6/C66L | C6/L66L | L6/066L

€0/200T - 1L6/0661 ‘Anunod Aq uondwnsuo) 1azi|ipa4 [€}0] €I}V UBIRYRS-QNS Z-Y J|qel

BOLIY URIRYRS-GNS UI 13Z1[194 JO Ajddns Suipayy siope




99

are'veEL | £29'L9L | ££8'cslL | 0OL'6vL | 0OL'ZZL | 0OF'vEL | 008'09L | 00%'8Z 000'LEL | 000'00L | 006'LOL | 00Z'cLL | 00Z'90L m\?_ov_
. . : nessig
0oov'¢ 0or'¢ 0oov'¢ 009 009 00€ 00€ 00€ 00¢€ 00€ 9¢C 47%4% 98¢ —eauIND
ooc's 0oc's 00cz's 00cz's ¥8¢'€ 96/'L 6ve'y 90l's 000't G/G'L 209 8¢6'L LoL'L BauinD
0€0'LE L20'LE 988'L1L 20t'GlL 78L'GlL €9v'Ce oor'LL 00/'6 004'L 9gg'/ 00560l 000'8 0o’z eueyon
008 008 008 00Z'L 005'C ooL'L <G08 449 008 008 008 006 009 elquen
00€ 00€ 00€ 00€ 14 00¢ 00¢ 00t% (0]0]4 00t% 009 009 Lel'L uoqen
- - - - - - - - - - 009'0€L | o0t'L9 009'€lLL ddd m_ao_fm
008'06L | GL6'90C | 08%'/GL | £4£8'/9L | 00€'99L | 00G'C6 006'056C | 00£'8%L | OOt'GE ooL'sLL | - - - m_ao_fm
G0G'E G0L'E 006'0L 006'0L 005'9 000'9 099'G 006'L 009'L 000'L - - - Balllg
792'991 | 00G'68 00Z's0lL | 006901 | 0Og€'GgeEl | 00F'L8L | 000'GL 008'98 000'6L 002'TS 008'/9 008'0t 009'G€E 9JIOA[, P 910D
. . , _ , , , _ _ _ _ _ $0 dqnday
9¢C qeov 000 ¢ 000 ¢ 000G 000 v 000t 000 € 006 ¢ 000'¢ 000'¢ oot L G/G1 08U )
, , _ ] _ , , _ _ _ _ J0 dlqnday
€LgolL 96 L 008 (474 a6 ¢ 0009 0006 0 Ol 0oL ¥ 00€'¢C 00C'8 00C9 wag _om:ou
00€ 00¢€ 00€ 00€ 00¢€ 00€ 00¢g 00¢€ 00¢ ool 0oL 00l - S0J0WoD
00G'ZL 00G'ZL 00G'ZL 00G'ZL 0289l 0s8'L 006'€T 000'8 000'8 zat's 9/0'0l 009’8 008'G pey>d
dllqnday
009 009 009 009 009 00¢€ 00¢€ 00¢€ 00¢ 00c'L o0lL'L 006 or6 uedly
_m\_ucwu
1144 /T arl 861 cel €81l - - - - - - - SpIaA wn_mu
668'v€ 20s'es #80'9t oLG'6r €eg'6e 06l'6€ 000'v€E 00Z'LE oot'Ly 70€'ee 006'0C oolL'slL 00s'te uooJtawe)
6€G'C 00G's 00G's 0L6'E GlLo's 000°L 005'C 000'€ oolL's Gzo's 29€'9 0oL’z 0oL’z lpuning
(O +°0°d + N Jw) Anuno>

€0/200¢ ¢0/100¢ 10/000¢ 00/6661 66/8661 86/L661 L6/9661 96/9661 g6/v661 v6/€661 €6/C661 c6/1L661 1L6/0661

€0/2002 - 1L6/0661 ‘Anuno) Aq spodwy 1az1j1a4 [e}OL BILYY UBIRYRS-qNS £-V d]qEL

juawdojaraq jeiny pue ainynoLsy




LG

000’2 |o000'z |oos's |oog's |oos's | o00Z'S vez'y | vel's | oosy | 009'LL | oov'zL | o00g'LL | z6g'€L pue|izems
96’69 | 00z'v8 | viv'ze | 000'2G6 | 00z'z€ | oov'zz | oov'e | oos'6v | 0Ov'09 | 006'7G | 00S'65 | 00z'GS | 006'L8 uepns
00 005 00 005 00§ 005 005 - - - - - 00£'T ®l[PWOS
00€ 00€ 051 06 00¢ 000’ | 000't | o000's |o000'€ |o000'€ | o008'L 009 00€'L 3U037 BLIBIS
- LE o 4 - - - - - - - - - SEI[ETRIEN
l6v'.e | 006've | 009'0€ | o0g'oE | oov'oz | 00Z've | 00G'GL | 00T'8L | 006'EL | 006'vE | 000'zz | 068'0€ | 00€'6T [eSauas
000's | o000's | o008y |o009's |o009's |oo0'. |oot'6 |oov'o |oov'z |oov'st | cco'sL | ooo'vL | 0oLzl uolungy
662'GL | 00€ 00€ 00€ 00¢ 00V 00¢ - - 00t'L 069 £86'L or8 epuemy
00Z'99L | 000'Lzz | 005281 | 00s'z6 | 00z'zzL | 00G'L6 | 00Z'zs | 00Z'st | 0O€'06Z | 000'L8T | 000'0¥Z | 00L'0Z | 009'/8T eLadIN
0£0's | £90'G 790's z9g'v | 00G 00£ 005'8 zeo's | o'y | 00G'L 00v'L 0€G 662'C 198IN
00€ 00€ 00€ 00€ 00L - - - - - - - - eIqILUEN
009'9z | 009'9z | 0os'sl | o0oo's | o000's | oo0s'9 |ooL's |oos's |ooge |ooz'e | 006'v | o0OL'S 009'C anbiquezoyy
geeg'ze | oze'oe | 000'zz | 006'Tz | 00€'vT | vee'oe | 069'z€ | OLz'vz | oog'sz | 099'Lz | vog'sz | 690'sc | 8%6'8CT sniunew
006' | 006'z - 00’z | 008'L ey 000's | 000'v | 000'v | osg's z67'6 | 059'9 006't elUBIUNBWY
000’z | 000'zy | os'sy | 0os'6v | 006'St | 008's | 00€'zz | 000'zz | 000'Sz | 000'Sz | 00€'/z | 00S'TL | 000'6L Iew
800's6lL | z8¥'zz | Les'6y | 00L'0G | 00Z'0S | 008'9G | 00z'ss | 6lLG'sy | €8Z'Lz | 000'vZ | 00Z'89 | 009'G. | 000'8Y Imerew
GTL'6 150'6 LLL'e | ve8'c | 229'8 | o00g'e | 699'9L | ovs'zt | 99z'LL | €80'LL | £69'L wuv'e GG8'0l Jeosegepey
- - - - - - - - - - - - 00¢ BLIaqI]
00€'LL | LvE'LL | ve6'c | 0€8's | 000’9 | 909'G 6L5'9 zill'o | oog's | o000'9 | ooss | 006'G 009't 0y30s97

(O™ +°0°d + N Jw) Anunoy
€0/200z | z0/L00z | 10/000z | 00/666L | €6/866L | 86/266L | s6/966L | 96/s66L | se/veslL | vesce6lL | €6/z66L | z6/L66L | L6/066L

€0/2002 - 1L6/0661 ‘Anuno) Aq spodwy 1az1j1a4 [e}OL BILYY UBIRYRS-qNS £-V d]qEL

BOLIJY UBIRYRS-QNS UI 13Z1[194 JO Ajddns Suipayy siope




8¢

"BYep OV4 :924n0S

o o o e P o1 o . o ot s . o ey
29t 80% L L60vLT L 190 €8LL LeCvrlLL 0oLL8cl'L [7A 41" LGge9LTL 989'9C8 ¥8€9¢0'L 818680 L 89/°660'L /0 €€6 6t 840 L ueseyes-qns
06/'2T | 009'69 00G'0/ | 00T'ZL | oO¥'OL | 00€E'/8 00C'L8 | 00G'€e | 00€'€9 | 006'8y | 00E'vY | 00/'8€E ozy'or amqgequiiz
0/4£'99 000'0r | vOT'LE Go0‘'LE | 0OF'¥E | 008'TS oov'Ztr | 008°'LG | 000'€g 00£'89 002'G8 009'79 000'29 elquez
90¢'6 005'9 620'L 6LY'Y Geg's 009 009 00€'L 006'L 00¢'c 008 00c'L z6l epuedn
GG0'LL 00Z'6L 8€8'6l 006'9L 00C'zL oL8'al Ly8'Le a4’ 979'tL o'zl eorv'clL GlLy's 005'LL ogo|

UFO
LE'6 l6/'LL yo¥'cc | 086'0C | 9G8'0€ €90'6€ 6€€'6e | 000'2TC | 0o0G'0E | 00Z'LY | PSL'Ov | 8TT'ES 0LL'vy day panun
‘eluezue |
(O™ +°0°d + N jw) Anuno>
£0/200T | z0/L00Z | 1L0/000Z | 00/666L | 66/866L | 86/.66L | (6/966L | 96/566L | S6/v66L | ve/c66L | €6/T66L | T6/L66L | L6/066L

€0/200Z - L6/0661 ‘Anuno) Aq spoduw) 1azijipag [e}0L eIV UBIRYRS-qNS €-Y 3|qeL

juawdojaraq jeiny pue ainynoLsy




69

"BJEp OV 1924105

LYY
0G€'2LL | 050'8GL | €8T'LLL | €0G'84T | 00V'VLE | LZ9'LLT | 06G'9CE | 00L'LvE | 86V'9LE | TEG'8ES | £96'TLS | 9LE'EYS | 9€T'LYS uereyes
-qns
05€'66 | 009's8 | 00v'LOL | 000'PZL | 009'60L | 00F'LZL | 000°ZTL | 00£'0ZL | 000'9€L | 00E'0ZL | 00G'CLL | 000'9TL | 009'GEL | amgequiz
- - 006 |zosL |oogz |ooov |ool'y | o000 | 000'9 |oos'oL |oos'eL |ozs'v | 009'0L viquez
o)
- - - - - - - - - - - 8lLL'G | G06'Y doy payun
‘pluBZUR |
00229 | 006'26 | 008G | 00569 | 00€'90L | 0OV'S8 | 00z'09 |00z'89 | 00L'L9 | 00079 | 000'8S | L0T'€s | OvE'V9 [eSauss
- - - 000'0Z | 005’18 |00z'9v | 008'€zL | 006'8EL | 00£'GL | 000'0€E | 00Z'LLE | 009'8LE | 009'228 | BuoBIN
00€'sL | 06G'vL |008'9L |oov'zL |oOv'vL | Lze'vL |o6L'9L [009'sL | 8ee’sL | zeo'TL | 119wl |eov'zL | Gz6'LL | snaunew
- - - - _ ) _ B ] . . , , 21I0A|,p
005z |00z |oosz | o00g'L o
- - ese  |oos |ooe |ooe  |ooe  |ooe |ooe |ooe  |9st oL |ol o
png
(O™ +°0°d + Njw) Anunos

€0/200C | T0/L00C | LO/000C | 00/666L | 66/866lL | 86/L66l | L6/966l | 96/966l | G96/V66l | V6/€66l | €6/C66L | T6/L66L | L6/066L

€0/200C - 1L6/0661 ‘Anjuno) Aq uoionpoid 1azi|1pa4 |J0L eIV UBIRYRS-gNS -V d|qeL

BOLIY URIRYRS-GNS UI 13Z1[194 JO Ajddns Suipayy siope




09

“Blep OV 1924105

coz'96 | 9808 | 009'ls | oot'eo | oogizor | zigzs | 1zz'se | oov'sz | oogizor | esvizer | svo'zaL | estispl | zog'eol By
ueseyes-qns
i i i i 1 1 Il i i —
o6L'z |- - 006't | oozz |ooozi |oov'z | ooz - oot |ooi'z |ooov | sep'e oMqequilz
|
19€ - - - - oot 0oL 00z - - - - - equiEz
. . . . . . . . . . . . . [eSauas
000'ty | 00l'9s | 009tz | ooo'se | oot'sy | ooo'sy | oos'sz | oov'sz | 0os'zz | ooo'se | oov'or | svz'sz | ose'ze
- - - - - - 00s'9z | oov'vy | 0og'ez | 000'ze | 009've | ooz'ell | ool'zzL BU3IN
) i i ) ) i ) i i ) i i ) anbiquiezoyy
i i i i 1 i 1 i i I i i :— — 3
as'sy |z |- o0zz |oosz |avs | izgs  |oov's  |ooo's | esr's | ave's | 109 | vie's SNRUNEW
006'se | 000'zL | 0oo'os | ooo'os | ooo'sy | ooo'zz | - - - - - - - SHIOALLP 310D
5+ °0°d + N Jw
(O + 0% + N W) funos
£0/200z | z0/100z | 107000z | 00/666L | e6/866L | 862661 | 1679661 | 96/5661 | servesL | vercest | e6/ze6L | ze/ie6L | L6/066L

£0/200T - 1L6/0661 ‘Anunod Aq spodx3 1azi|ia4 [8301 BILYY UBIRYRS-QNS G-V 3|qeL

juawdojaraq jeiny pue ainynoLsy




19

USWIBA BOIRWIR( £ouino ureds
s [euojenb]
Sojelill seJnpuoH nnoqil@ uelsyaqzn ouue ues
qely pspun
Aaxng 1reH SJI0A,p 910D EIEIN [esnyod
BLIAS BlRWaIENND ¥q ‘osuod uejsSiuaWN ] AemioN
BIqRIY IpNeS adnojapenn o3uo) ueyspyife] BIUDAO|S SpueayaN
Je1ep epRUAIN S0JI0WO0D) BISSNY BIBAOIS BIBW
uewo JopeAfes |3 pey> 2AOPIOW o1gauuOW Ayl
pue BIqJas
uoueqaT :wwﬁ_ﬂ__mww_a cmu“_v‘"“@:_www:ou e3uo]| BlUBNYYIT BIURWOY puejal|
1emny| BOIUIWOQ apIaA aded rOWERS BIAYET puejod pue|ad|
uepJof :leltle) uooJawe) eouing ue1SZASIAY BIUOPAJBIN 929210
MaN ended :
[9®iS| BIIY B1S0D puning Spue|s| dioed uesydeze)| Areguny Auewiian
beJ| epNwag ose4 eupjng pue[eaz maN ERIGED) Jgnday Yyoazd oueI
uel| az||9g BUBMS}Og BIUOP3[ED MAN BIUOST BIIROID puejulq
snudAD sopeqgJeg uluag BlsauAjod sniejog eued|ng ydewuag
: youai4 :
BUINOSIZIOH
uredyeg sewreyeq eloguy 4 uelleqiazy elusog xn-wnig|ag ,S91B1S pajun
BISY 1S9/ BOLIBWY [RIAUDD Al Bl[RASNY BIUSLLY BIUR]|Y BLISNY epeUR)
: . ueleyes-gns : : : :
adoung
eISY BOLIBWY uljeT eIV BIURIIO riseing adoing uisjse] wIB1SOM BIISWY YHON

uoljeslyisse|d [euoiSay DAl

BOLIJY UBIRYRS-QNS UI 13Z1[194 JO Ajddns Suipayy siope

uoiyedlyisse|d Jeuoisay g xipuaddy




a9

BlURZUR |
PEAES
WweN 19IA uepns
puejieyl Bl[eWOS
uemie | B|ONZaUIA 2U097 B3I
alode3uls Aengnin RIETRES
sauiddijiyd awreuunsg [eSauasg
nineN niad BpUBMY
BIOSUO\N Aengeied uolunay
eisAeley rURAND BLIDSIN
soe BUBING Youal4 193IN (puejeaz MaN pue el[esisny 1dadxa) elueadQ
d1gnday ‘ealoy) Jopend] BIQIWEN pue ‘(edujy yinos 1dedxa) eouyy ‘(j9eJs| pue ueder
ydqa ‘ealoy BIqUIO|I0D anbiquezoyy 1daoxa) eIy ‘eouswy uipe] :isaupjuno) Suidojensq
ue|eazZ MaN pue ‘eleisny ‘eoul
ueder o4O SNRUNEW yinos ‘|joeis| .cm%ﬁv.m_.n_m_wm_ .mm_om:m_ E._mem_dumam‘_ww\
BISSUOPU| |1zeig BIURILNRWY UJ9ISOAN  ‘BoLBWY  YMON  :saujuno)  padojanag
eUIYD eBIAl|Og Irew _ .
TR SIS TREEV BISY pU® ‘BOUBWY UIFe] ‘BdlyY :s}esdewy Suidojansq
laun.g BOLIBWY 4IN0S Jeosesepe\y
Bisy 7525 SPUTE] U T3ar] eIseINg pue adoing uia)ses :S}eve|y [euonisuel]
BYURT LIS ‘0312 ‘pepluli] 0Y30597 BIUBSDQ pUB
ueised JUDDUIA 1S rAUDY| ‘adoing uislsopn ‘eoLBWY YUON :s}odiewy padojanag
[edaN BIONT JUIBS nessig eauinn
TewurAw SIS BOUIND
BIpU| BWERURY BURYD
uenyg BnesedlN elquIeD
so||iu
ysape|3ueg vcm_mwsuwz uogen wop3uly pajun
uejsiuBy3}y 02IX3a\N eidoiylg puBUaZIMS
BISY {2N0S anbiunewy EEE] uspams
adoing
eiIsy BIlIsWYy uljeq L=e]RIN 'lULI2O eiseilnj oao‘_—._m uilajsej uI9}saM BIlRWyY YUON

uonedlyisse|d [euoiSay DAl

wswdojana( Jeiny pue ainy oLy




€9

A4l :924n0S
"0y OpaNd sapnpuj e
BISIUN |
022010\
eAqIT
1dAS3
BLSS|Y

By YLION

BOLY Yinos
Jo olgnday

B2L4Y pn0S

amqgequiiz

eIqeZ

epuedn

080

BISY

BOLIDWY Uje]

eIV

BIURIIO

eISeing

adoing uisjsey

adoing
TTESLEY VY

eOLBWY Y}ON

uonedlyisse|d [euoiSay DAl

BOLIY URIRYRS-GNS UI 13Z1[194 JO Ajddns Suipayy siope




Agriculture and Rural Development

References

Breman, H., J. ] .R. Groot, and H. van Keulen. 2001. “Resource Limitations in
Sahelian Agriculture,” Global Environmental Change, II: 59-68.

FAO. FAOSTAT Agricultural Data. December 2004
<http:/ /apps.fao.org/default.htm>.

Gregory, D. I. 2002. “Basic Economics of Fertilizer Production.” Paper presented
at IFA /IFDC Nitrogen Production Training Program, Brussels, Belgium.

Henao, ]., and C. Baanante. 1999. Estimating Rates of Nutrient Depletion in Soils
of Agricultural Lands of Africa. IFDC T-48.

IAC (InterAcademy Council). 2004. Realizing the Promise and Potential of
African Agriculture: Science and Technology Strategies for Improving
Agricultural Productivity and Food Security in Africa. Amsterdam, the
Netherlands.

IFDC. 1999. A Strategic Framework for African Agricultural Input Supply
System Development. IFDC T-63.

IFDC. 2001. Fertilizer Policy and Marketing in the Cotton Sector of Africa: Issues
and Options for Reform.” IFDC Report prepared for the World Bank,
Washington, DC.

IFDC, International Institute for Tropical Agriculture (IITA), and West Africa
Rice Development Association (WARDA). 2001. Agricultural Input Markets
in Nigeria: An Assessment and a Strategy for Development. IFDC P-23.

IFDC. 2002. An Action Plan for Developing Agricultural Input Markets in Ghana.
IFDC P-24.

IFDC, Development Alternatives Incorporated (DAI), and Masdar Technology
Limited (MTL). 2002. An Action Plan for Developing Sustainable
Agricultural Input Supply Systems in Malawi. IFDC P-25.

IFDC, DAI, and MTL. 2002a. An Action Plan for Developing Sustainable
Agricultural Input Supply Systems in Malawi. Technical Annexes,
Unpublished Report.

IFDC. 2003. Input Subsidies and Agricultural Development: Issues and Options
for Developing and Transitional Economies. IFDC P-29.

IFDC, Sasakawa-Global 2000 (SG2000), and Investment in Developing Export
Agriculture (IDEA) Project. 2003. An Action Plan for Developing Agricultural
Input Markets in Uganda. IFDC P-28.

IFDC. 2004. “An Action Plan for Developing Agricultural Input Markets in
Tanzania: Executive Summary.” Unpublished Draft.

64




Factors Affecting Supply of Fertilizer in Sub-Saharan Africa

IFDC. 2004a. Prefeasibility Study on the Establishment of an Ammonia/Urea
Plant in Nigeria. Unpublished Report.

IFDC. 2004b. “Fertilizer Prices in Malawi.” Draft.

IFDC and Food Security Research Project/Michigan State University
(FSRP/MSU). 2004. “An Action Plan for Developing Agricultural Input
Markets in Zambia: Executive Summary.” Unpublished Draft.

IFDC. 2005. “An Action Plan for Developing a Competitive Fertilizer Market in
Madagascar.” Draft.

Pieri, C. 1989. Fertilités des terres de savanes. Ministére de la cooperation et
CIRAD-IRAT, Paris.

Rabbinge, R. 1995. “Ecoregional Approaches, Why, What and How.” In
Ecoregional Approaches for Sustainable Land-Use and Food Production, eds.
J. Bouma, A. Kyubenhoven, B.A.M. Bouman, J. C. Luyten, and H. G.
Zandstra. Dordrecht, The Netherlands: Kluwer Academic Publishers.

Sanchez, P. E. 2002. “Soil Fertility and Hunger in Africa,” Science, 295:2019-2020.

Schultz, ]. J., and D. H. Parish. 1989. Fertilizer Production and Supply Constraints
and Options in Sub-Saharan Africa. IFDC P-10.

65




Agriculture and Rural Development

Endnotes

1. Tons = metric tons.

2. Country-specific data on fertilizer consumption, production, and trade are included in
Annex A.

3. On an existing site, an ammonia/urea unit could be built in 2 years at a cost of $300-
$350 million.

4. In 2004, Angola imported less than 8,000 tons of urea.

5. This section is extracted from the information available in IFDC, IITA, and WARDA
(2001); IFDC, DAI, and MTL (2002); IFDC (2002); IFDC, SG2000, and IDEA Project (2003);
IFDC (2004); and IFDC and FSRP/MSU (2004).

6. A draft fertilizer law is being prepared.

7. See IFDC (2003) for details on distortions and inefficiencies resulting from subsidized
fertilizer distribution systems.

8. In July 2005 the Government of Malawi authorized old parastatals, Smallholder
Farmers’ Fertilizer Revolving Fund of Malawi (SFFRF), and Agricultural Marketing
Corporation of Malawi (ADMARC), to import and distribute fertilizers at a subsidized
price (personal communication).

9. Because of this paper’s focus on the supply side of the market equation, issues related
to demand and farm-level credit, are not covered here.

10. In reality, these countries could be paying higher procurement prices by sourcing the
product from non-optimal sources or in smaller lots.

11. See page 48 for a saving resulting from the harmonization of cotton formula in West
Africa.

12. Capital requirement estimates included here should be considered suggestive and
should be appraised in a country-specific context.
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