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As part of its policy on helping developing countries meet
their fertilizer requirsments, the World Bank hae racommended that the P
Bank Croup ehould provide financial and technical assistance to promote <‘
regional fertilizer production and trading arrvangements.

The Bank and other Intermatioral Agencics have also been asked
by the World Food Confsrence, the FAO Commission on Fertilizer and the
UNIDO Consultation Mesting on Fertilizers to assist {n regional fertilicer
planning and development.

Regional planning can involve long~-range contracts, harmoniza~
tion of investmsnt programs and multi-nacional operations but, to be
successful in anv one, or all of these, it is important that such colla~
poration should bs bassd on sound econoric considerations which eusure
w:tusl benefit. It should also, of course, as tha prive motive, ensuro
cheaper fertilizsrs to the farmers than would othervise be available.

One important aspect of this work is ths preparation of regional
{nvestment plans and ssveral major studies using rodels developed by the
vawloprens Policy feaff of the Wo.ld Bank, are now beinv carried cut.
This work is coordinated bv the World Bsnk Ferctilizer tnic which is also
responsible for lisison with the other Internatioral fgencies.,




1. Introduction

There is an evergrowing body of literature on project evaluation. A
survey on cost -benefit analysis by Prest and Turvey [ 17 ] published in
1965 contains already 90 references to the literatt ‘n the subject and since
then a multitude of articles and books have appeared. Recent publications by
OECD [12 ], UNIDO [ 9 ] and the World Bank [ 18 ] in the form of
manuals on project appraisal have iﬁcreased even more the interest in cost-
benefit analysis. Most of this literature, however, explicitly assumes that
the preceeding planning phase, that of project selection, formulation and
design, has been properly conducted. Yet, few systematic guidelines exist on
how to select investment projects and programs from among the many variants
that may be possible.

This neglect may be due to the fact that before the advent of high-
speed electronic computers and associated sophisticated softw#re, a systematic
screening of all possible project combinations was analytically intractible.
However, now that such devices exist, it is, therefore, appropriate to investi-
gate to what extent the art of investment planning can be formalized.

This 1s particularly important in industrial project planning where
economies of scale and strong interdependencies permit a very large number of
variants of a project. Similar problems arise in the design of agricultural
development programs, including rural development and the design of river basin
developuent schemes, irrigation works, and power planning. Several research
projects at the World Bank have addressed themselves expctly to this problem

of project selection and design in various sectors of the economv; mcst of




them based on the use of mathematical programming models. Special attention
has been given to the fertilizer industry and research has now sufficiently
well advanced to be applied to "real-life" situations.

In this note, we describe 1in fairly condensed form the scope and
objectives of a long-term research program at the World Bank in the area of
industrial investment planning as it relates to the fertilizer sector. Atten-
tion will be paid to the results achieved during the research phase as well
as to the experience gained during a variety of attempts to apply the planning

method under operational conditions.

2. Purpose and Scope

The delivered cost of fertilizers at the farm gate is the
ultimate result of an intricate Process of decisions at many different levels.
Shorld a given country produce its own fertilizers or import them from abroad?
Which fertilizers should be produced or imported? In the case of domestic
production, which feestocks should be used? At what scale, and at which
time and location shouyld productive capacity be installed? If technological
choice exists, hcw to select the appropriate production process? Which
is the most efficient transportation and distribution pattern for products
in the fertilizer industry? This questions come up during the initial phase
in the project planning process for the chemicai fertilizer industry; i.e.

that of cthe selection of an Investment, production and irade pattern in

its broad outlines. Thig phase should be distinguished from the one that
involves the detailed engineering

and appraisal of a given project or set
of projects. At that time, many of the important decisions relating to the
structure of the industry have already been taken, either implicitly or
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explicicly, and although sensitivity analysis may frequently leed to 20di-
fication of (he prdject, such changes are small coupared to thosa thacs

should acrmally be allowed for during the {nvestment project or prozran

selaction phase.

One of the most difficult problems to handle during the
project selection phase ic related to the fact that many of the questions
that come up at that time are highl: interdependent, ia the 3ense that de~-
cisions in one area affect decisions in other ones. To give one particularly
obvious exazple, whether or not a given preduct should be produced douestically,
or be imported from abroad depends, amoag other things, on the size of the
merkat for the product in question as econcmics of scalec,so characteristic

of the fertilizar industry, tend to l:ad to lower prnduction costs per unit

as the output level increzses. In turn, as fertilizer devand can normilly
L 2

be expected to increase over time, the timing of aew capacity comstruction

will be of crucial importance in deciding on the appropviate scale. It is

not difficult to see how other issues such 25 techroelogy, location zad

transportation would eanter this decision-process, and influence the “"make=huy"
choica.

Primarily as a result of the existence ¢f such interdepend-
encies, the number of options «t the project selection phase is frequently very
large, and literally thousands of pro ject combinations may be technically

feasibles The know-how and judgement of the sector specialist from an important
guide to decision-making during this time. More often than not, rules of thumd




essist the project planner in choosing from the many lterzatives that are

normally availahle, There appear to t: reasons %o doubt :he validity of such

les of t: , . . . , s . . . .
™l taumb in any given Situation, and increasingly, there is dissatisTaction

anmong sector specialists with the absencs of Zore systematic planning tocls to
assist in the selection of the acgpropriate investment project or program., The

primary objective cf this volume is %o present such pianning tools for the

analysis of the most impcrtant asvects of the investrernt Planning zroblem in

the chemical fertilizer industry.

3. Basic Approach
The planning tools to be described in this note are designed to

analyze the implications of alternative investment, production, trade and
distribution patterns for the fertilizer industry, over time, and in a given
geographical context. Moreover, criteria are provided on the basis of which
the project planner can rank alternmative programs, and ultimately, take a
decision regarding the attractiveness of a given program as compared to
others. This program forms the basis for subsequent analysis during the
project engineering, appraisal and implementation phases of the project cycle.
The approach to be adopted is the follcwing. The fertilizer industry
1s represented by a set of mathematical expressions that capture the essential

technical and economic relations that characterize

the industry. They concern primarily the relations among products at
various levels of processing, in the form of input-output coefficients, and
iavestment and operating costs, at various scales of production. The fact
that fertilizer production costs are highly dependent on the scale of opera=-

tions is explicitly modelled in the iavestment cost Junction. A fyrther
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set of expressions describes the transportation cost of the various products

in the model, between producing sites, import and export points, and marketing
centers. Given a set of demand projections for fertilizer nutrients, over
time, and by marketing center, the model 1is used to find the least-cost invest-
ment, production, and transportation pattern to meet these demands. The possi-
bility of importing from abroad versus domestic production is normally taken
into sccount. Furthermore, a range of area-specific restrictions can be
specified in the form of constraints. Some of these may reflect industry-
specific constraints, such as raw material availability, while others may reflect
government policies, such as a limitation on the investment resources available
for expansion of the fertilizer industry. Also, choice among fertilizers may

be constrained by more or less stringent fertilizer recommendations.

It i3 important to point out that planning problems in
the fertilizer industry do not always cover the entire range of issues out-
1ined above. It may be that th: planner is interested only in alternative
transportation and distribution pattems for ar existing industry, or in am
efficient capacity evxpansion plan for a given firm. In such cases, s much

less complex problem is posed and a simplified model would be applicable.

Another important aspect to stress is that the sector
planner may not always be intercsted in finding thc least-cos: productisn
pattern for the industry as a whole, but is simply interested in costing
out the implications of a given project proposal, or of competing proposals.

As will be demonsirated later, the model framework provides a highly effi-
cient and simple-to-use framework of analysis for such questions.




Having given the reader z flavor of the range of problems
to which the proposed methodology cen be applied, we hasten to add a

qualification., Models are simplified representations of reality, designed

to guide deciaion-making, not to replaca it.

Thay arc highly efficiert tools to evaluate and quantify tha implications of
a certain unders:anding of the econemic and izchnical relationehips that
typity the fertilizer industry, and the envivonment in which the indust,y is
cuepousad to function. However, the decision process involves norzslly ucre
elemcats than can cr shculd be incorporated in a planning mudel. Mure or
less important modifications of the initial investment progran may tharefore
app2ac degirable in subsequent stages of the planuing proccss. This should
not disturb the reader, as it is neithar a weaknese of tha mathodology nor
unique to tnis particular approach to project planning. All project planniug
methods procesd in phases, and it is inuvitable that 18 an investment projsctor
program takes shape, greater attention is paid to detailad aepects. In the
process. certain incensistencias with carlier assumptions aud Judgeuents

will frequently appear, and it is in fact one of tha wain advantages uf the
proposed approach that in such cases, a rapid and efficient re-assessment

of troad strategy options is poesible.



4., Applicotions at the Worid Bank

The develorment of quantitative methods to incorporate economies
of scale was iL:gun with Chenery [1, 2], extended by Mam.e [ 13 ], Vietorisz
and Manne [ 23 ], Kendrich [ 10 ] and Westphal [ 22 |. Since these
early studies were undertaken, tremendous progress has been made in computer
technology and large scale problems can now be solved on a routine basis., It
appeared therzfcre quite attraccive for an institution such as the World Bank
to further investigute thz potential usefulness of this type of planning
mo-lel for sector und project planning.

We shall nc: tuvn to a brief description of progress made to-date.

East Africa (1971): The reoszarch program started off with a detailed

‘avestment planring -<ucy 27 the Eest African Fartilizer industry [ 21 ].

Our original 2371 to spreify a uodel that was m-aningful for operationail
purposes lead to a f{o:nul-riun of unreasonable large dimensions. Initially,
golutisns cou’d orly Y- obtrircd with extromsa difficulties and high cost.

iuch effort wis spent in davalopiag new teciniques to overcome those technical
problems, requiring v~ to tike a corprehenclve and in-depth view and thus
establishinz a Iiru hoois Icv future applications., The original plan of

testing in en Jyerr:ilorcl envirounent was uafortunately overtaken by political

eventis.

dorld-iide (1973): A verli-wide mocel ( 16 ) has been Specified, dividing
the world up in twenty majsr regions, and with the objective to determine the

most efficient manner in which the prcjected shertfall in fertilizer supplies



by some future date could be met. The main factors influencing world-wide

production patterns are the location of raw materials, the size and expected ‘
growth of demand for fertilizer material in the various regions, differences

in investment and production costs among regions, and transportation cost.

Various levels of self-sufficiency and risk aversions were explored. A

study of this nature gives considerable insight into the capital requirements

for an industry on a world-wide basis, and potential production and trade

patterns. It showed that developing nations are in a comparatively favorable

position to expand their fertilizer production capacity as opposed to

traditional producers., However, in the view of some serious data problems,

no further work has been undertaken.

Egypt (1975): A very detailed and comprehensive application was done for
Egypt, where in fact a series of planning models was formulated, jointly

with Egyptian planners [ 6,7 ]. The first model was designed to reproduce the
current situation in the sector, both to demonstrate tc a skeptical audience
that the model could indeed capture the salient characteristics of the industry,
and to use the model framework to generate sets of base-year data that could
not be collected in the field, but that were in fact implied by available data
on related matters, e.g., detailed domestic transport flows. Next a detailed
planning model was formulated for capacity planning in the medium term,
focusing on the conventional issues such as production scheduling, product
mix, and domestic trade in fertilizer products as well as raw materials and

intermediates. A number of scenarios were investigated and compared to the



"reference solution". The latter was the solution for optimal capacity
expansion given realistic (or "most likely") assumptions regarding the
fertilizer sector. The seven scenarios subsequently considered were used
to relax or alter these assumptions to determine the robustness of the

investment program and evaluate the costs and benefits of certain strategies,

ASEAN (1975, 1977): In addition to national studies, the planning approach

has great potential as an analytical device to study the scope for project-
oriented cooperation amung several adjacent developing countries that, because
of their limited domestic markets, cannot fully capture economies of gcale.
The model was adapted to study the prospects for such cooperation in ASEAN,
the Asgociation of South East Asian Nations (Indonesia, Philippines, Malaysia,
Thailand, Singapore) [ 14 ). A number of alternative investment scenarios
ware designed (1ncorporat1ng a variety of strongly expressed preferences for
specific allocations of projects in the fééion) and assessed in terms of its
attractiveness to the region as a who.e, and to each of the countries
individually. Recently, the original study has been revised and expaaded

[3, 4]. The primary advantage of the planning framework for the study of such
multi-country investment planning problems is that rapid quantification of a
particular allocation of investments within the regional market is feasible.
It is possible to provide adequate quantified information on the distribution
of costs and benefits among partner countries associated with alternative
allocative schemes. Ideally, the project model could be used to accompany

negotiations on the implementation of the agreement. An attempt in this

direction is *he next project.
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Andean Common Market (1977): A joint study team was formed by the Junta

and the World Bank to design and implement a model system for the fertiliszer '
sector to provide the main analytical input for the upcoming negotiations.

From the outset emphasis was given on dissemination and transfer of a

plsuning methodology. The World Bank acted only as a general consultant and

adviser to the secretariat. The model is now operational in Lima after being

built completely by local staff. The main problems encountered were

connected with computational aspects, the lack of large scale computers and

extreme scarcity of experienced personnel to handle sophisticated software

systems.

India (1977 - ): The Ministry of Chemicals and Fertilizers and the World

Bank are jointly undertaking a planning study of the fertilizer sector in

India [ 5 ]. A workshop was held in Delhi during December 1977 to familiarise

Indian planners with the methodology and its dats requirements. To apply

this type of planning modal to a sector as large and as complex as the Indian
fertilizer indstry is a very ambitiovs undertaking. Th's is, however, justified
by the importance of the problem and the excellent data available with the

government and industry.

5, Dissemination and Tranefer

Efforts to dissemiiate the World Bank research in the area of
industrial investment planning takes several forms besides applications and
case studies, A monograph [ 21 ) addressing primarily the professional

audience of rmathematical economists and development planning specialists is

to appear shortly and provides a thorough treatment of the planning methodology. '




Another series of publications is being prepared that can best
be characterized as "manuals" since they provide detailed and comprehensive
guidelines on the use of programming rodels in a proces: analysis format for
the formulation of sectoral investment programs [7, 11]. Volumes on other
industries such as forest and forest industries, steel, petrochemicals and
multi-country investmentsare under preparation or completed.

Finally, efforts are underway to design computer languages and
modelling systems that would greatly facilitate communication between the
computer and the analyst by replacing the existing skill intensive modelling

technology by a new capital (machine) intensive technique. i
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