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During the last thrce decades, Romania has developed a strong fertilizer
industry, both to satisfy the requirements of its agricultural sector and to create

an expert capacitye.

While it has followed international technological progress and purchased a
number of plants anC technclogies, Renania has also developed its own technical base
in terms of research, ergineerin; consultancy and the construction of fertilizer
units and hcs resistered a series of original lizences; as o result, the country

has in 1ts turn succeeded in becoming an exporter of such units,

The activity developced in this lield has led to the accumulatinn of a wealth
»f experience concerning the construction of fertilizer plonts where one of the hasic

and permanent nhjectives hns beer the steady reduction of investment outlay.

The cconomic cfficiency of & production operation must bLe ev:luated by an over-
21l econemic analysis, encoiapassing investment and operating costs, which should
ultimately ensure ~8 high as possible 1 rate of retusm on capital (constant and

variable).

A further question which must be home in mind irn estarlishiaz fertilizer
industry is whether the raw m~tcri-ls arc available in the country or whether
materiuls can be impertcd on corvenient terms, without forgetting that some inter-
medinte products, surh ns sulphuri~ acid, ~re of yreat impertange Ec the economy of

any country, or indeed that fertiliser production itself is of vital importance.

These fartors mein thit individual countrics have to adept their own approaches

t~ the develepment of the fertilizc. industry nad the adoption of technical solutions.

The ndoption of tcchnical solutioas involvirg minimun investment outlay is
particulsrly important at thc present time, since the price o% fertilizer units
has increased ccnsiderably during recoent years, Thus in Burope, between 1970 and
1976, the price index increascd L 69 per cent for ammonia plants ard by 78 per cent
for sulphuric acid plarnis: for uren plants, fixed capital increased by 20 per cent
within 12 months (1972-1975) (1) (2).

1 Choice of tcchnelogy

The choice of technolegy 1\ icternined fn‘et and forcmost vy the naturc and
quality of the raw materinls avai %‘{c - ﬁm‘or iMepnﬁgtlmes strongly influences

investment costs. Lot us take a® an cxaaple of this sulphuric acid, which can be
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produced from native sulphur, pyrites, gos from the production of ncn-ferrous metals,

gypsum or phespliogypsum; thc investment costs vary considerably depending on which
of these is uscd,

In Romania, sulphuric zeid used to be produced mainly from pyrites and gases from
noneferrous metal production, which were at the time the anly scurcee available,
although the investment required is highcr than if native sulphur is used., Thanks
to the recent discovery of sources ol native sulphur, it has hecn possilhle to

construct plants for the production of sulphuric acid from this source.

The same i8 true for thc preductior of armmenia, the raw moterials for which may
be natural gas, petrolcum derivatives and, custe recently, ccal; these different
sources rcsult in substantial vari-t‘ons in capital investment, thc smallest outlay

being required by the usc cof meth-ne. *

With regard tc the productisn of couplex fertilizers, the development of the
production of nitrcphosphatc=hased complex fertilizers could Me considered, provided
that outlets are 2lso ~vailable for the sale of calcium and ammenium nitrate. In
thi3 regard, Romania hns carricd out o large-scnle experiment by huilding four
nitrophosphate plants with n totzl capacity of approximately 3.5 million tonnes per

yeniTe

Taking into account zurrent prices of cquipment and materials for complex
fertilizer plante, an equivalcnce has been reached betwcen the capital required for
a particular fert:lizer production wroces~ using tne phospheric acid and the nitric

acid mcthod,

If a largc ammoaium nitratc plant ie ~lready available, n complex nitrophosphate
fertilizer plant can tc constructed with lower investment, by integrating this plant
in thc preduction process - hetween the nitric acid «nd the zmmonium nitratc plant -
a8 has beon cone in Romanis in the ccsc of three nitrogenous fertilizer plants (aoc

diagram),
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Apart from the advantage of smaller outlays, in specific cases where an ammonium
nitrate plant already exists the constructinn of a nitrophosphate plant has the
following advantag-ss it recquires nc consumption of sulphur and sulphur-based raw
materials; the yield of phosphnrus contaired in the phosphates is 3 per cent higher
than with the method using phosphoric aocid as an intermediate, while the formatinn
of massive phosphogypsum dumps is eliminateds The calcium carbonate produced as a

waste pro&uct ie sucoessfully used in agriculture as an ameliorator,

It is nbvious that capital outlays vary also uccording to the various technologies
developed ai the world level (comparing those which use the same raw materials),
deperding on their technical level, the production engineering used, the degree of
mechanization and automation, the performaince of the basic equipment provided for in
the plants, etce Thue, all these factors must be taken into account in an agalysis

before a decision is taeken as to the technclogy to be acquired.
2. Locatien

Bearing ir mind that locatien can considerably affect investment cests, close
attention should be given to this factor, The optimum location will have to be
selected following a comparative study which takes into acoount beth investment cosis
and the resultant operating costs, such as the cost of transporting raw materials

and {inished products, utility costs, etc,

The size of the investment is influenced by the nature cf the site, the ccsts
of civil engineering (nninly required for foundations) and of developing the site,

and costs for providing utilities,

In addition, account must be taken of the need for an infrastructure sufficiently
developed to ecnable a fertilizor plant to operate or, if this does not exist, the
need tc finance it from othoer snurces, since a fertilizer plant cannot support on its

own the expenditure involved in a costly infrastructure,

3 Cagacit; of the units

It is well known that, on the basis of progress in technology and prcduction
engineering techniques, a break-even point can be reached for each unit fron the
capacity peint of view and that, generally speeking, the specific investment docreases
with the increase in the capacity of a production line according to a certain

exponential curve.
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There are, of course, constraints of a constructional nature, or related to
nperating prohlems or losses resulting from possible technical defoots (in other
werds, the useful “ife of the units), which limit the tendenry of the capacities of

a production line to incrcase,

Some specific figures can be given ns examples in this connexion (3):

—

Labour
Capacity ~f one Toanage of equipment ctivi
production ling t/year __ __. t/year
Installatien t/ycar Total 1 equipment empioyee
T 2 ; 4 5
Ammonia, usl.g methane 30C 2,000 50 300
900 3,500 86 3,505
Urea - convention~l process 930 670 209 4,000
- 3tripping process 1,300 1,300 323 6,000

In order to Lerefit from tlic advantyre of 2 suituble specific investiment in
A countrv vihere domestic fertilizer consumption is for the oment gtill limited,
consideration coulc he given to increased production with the expectation of exporting
the surplus in the Tirst instance; rcasonable productinn capncities above tle

acceptatle Lreake-even peint could then be chosens

b Standardizoticn of install..tions

The standardization o” fertilizor units is one of the hesi wavs of reducing

capital investment,

Under o slohal plan fo. the development of the fertilizer industry, spread out
over 15=20 vears in cach countrv, certnrir units should be designed which would suh-
sequently be repented several times, I.a smaller countries wherc the programme for the
Jevelopment of the feotilizer incustry aliows for the construction of only one or two
similar units, agreemcat could “e reached with nuigilouring countries to construcy

Lo

units of the same tvpe,
The standaidization of units offers many advantages, among which the following
siiould be noteld:

The cost of the licence decreases prosressivel; with each new urit constructed
and in general is cancelled out after the third or fourthy

Coensulinrt engincering costs ~re paid only cnce;
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It is possille graduclly to increiBe national participation in the construction

of the units, therely reducing the drain on loreign currcney;

The moncy allocated for the acyuisition of spare parts, which blockse substantial

funds, p.rti ilarly forcign cucrency, is censiderably © duced;

The experience acquired during the construction ana operation of the first units
will make it possible to reduce foreiym technical assistance as well o8 the time

required to build similar anits at a later date,

Production and maintcnance staff for letcr uniis can be trained efficiently and at

minimum coet in the first unit started up, thus elimirating the cost and proulems of

{raining such staff abroad.

In Romania, an ambitious programme has been adopted for the standardization of

fertilizer units, the major oncs leing listed in the following tablet

Snecific Capacity
Install~tion vaw material t/dny Liconce Specifications
1 2 3 1 5
Ammonia Methane gas 900 Kelloge
Nitric acid _ . 84C Ip-ochim Combus+tion
4 atm (abs.),
NO-NO, oxidation
11 ath (abs.),
atsorption
11 atm (ats.)
Urea 900 Stamicarchon
Sulphuric acid Prrites 300 Turzs
400 _
Sulphur 300 Iprochim Double
€00 abeorption
Phosphoric acid Fhosph-~tes 180 Iprechim Dihydrate
P.0
275
Sulphuric acid 360 Iprochim Dihydrate
P205
Complex. nitro- Phosphatcs 2,700 Norgk-Hydro Conversion of
phoaphate fertilizers HNO Ca(20,) to
3 3
NH,NO
473
TSP 600 Iprochim

1,200




ID/WGe274/1.
Fage R

Standardization involves equipping installations so far as possible with the
same type of eyuipment, without this, however, impeding technical progress. Yhen
there has been an important advance in the world in the manulfacturing teohnology of a
product, the efficacy of introducing new elements should be weighed against the
advantage of repeating installations already comstructec.

It should, hovrever, be borne in mind that technological progress in the fertiliger
industry has occurred at fairly infrecuent imtervals, thus ensuring a certain
stability, from the point of view of structural changes, although it has led to the
imroduction of new teohniques and processes of the following typess

Application of roasting techniques in fluidized beds for the oaloination

of pyrites in sulphuric acid plants;

Introduction of double catalysis for the conversion of 82 to 83;

Ammonia combustion and nitric oxide absorption under pressure for the
mamufacture of HI\TOB;

Introduction of centrifugal compressore in ammonia-urea symthesis;

Utilization of the stripping prooess for the production of urea.

5 icipation by nat 8 the co on of

e zer mamufacturing installations

This ia one of the more effective waye to reduce the costs of fertilizer
memufacturing installations, particularly the foreign e:change required.

Romanie's e:.perience in this field shows that national engineering oonsultancy
burenux »f cabtery: "Bos st fivst Te get 1 vhich will speel liZe i ihe preparation of
studies for fertilizer mamufacturing installations, crawving initially on assistance

from countries that have made progress in the field, or specialized international
orean zationg ansh o3 MITC,

fer . smaller AL fen tluSe types 50 consultais, ureaux could he set up
in association with neighbouring coumtries or within economic associations or organiza-

tions., While this approach is certainly easier to follow in the nore advanced develop-
ing countries, with the help of other countries it can and should also be adopted in
any country that hcs a broad forward-looking programme for the creation of a nationel
fertilizer incustry.

Once a national consultancy organization has been net up, it oan start with
civil engineering studies and then take part in She preparation of studies for the
process installations, with the eventual aim of doing all the engineering so that
imports will be limited to the liocence only and possibly the basio engineering.

e )
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In Romania, for example, complex nitrophosvhate fertilizer installations have
been built wiih only part of the tasic engineering Leing purohased. We are now
building the fi:e‘t urea installation, whiry will use the stripping prooess and have
a oapacity of 1,300 tonnes/day, wider “he same cunuitions. In that way it has been
possible to save large amounts of foreign exchange, since the prioe of engineering
studies has increased greatly in recent years. The participation of a consultancy
bureau of the buyer!s country in the Jdesign work for fertilizer plants provides,
besides the reduction in the cost of the installations, many advantages suoh ast

- Acquisition of equipment directly from the manufacturers without the

imtemeciary of the foreign engineering fiim, at prices reduced by

15-20 per cent, with the ability to choose equirment not only for
price but also above all for quality.

- The use in engineering studies made by bureaux of the buyerts coumtry
of techmiques suited to specific locel conditions or to material
available on the local market. It is also possivle to work more
effectively with locel building and equipment zssembly enterprises
and to make greater use of the nutional potential of the coumtry in
the construction of equipment.

- By carrying out engineering stuuies, the national bureau can .. . ...
subsequently provide some of the technical assistance, replacing
the foreign supplier in the commissioning of the installations.
This produces large foreign exchange savings, given the exorbitanmt
prices asked at present for this type of service.
For example, Romania drew on foreign technical assictance only for its first
Kellogg ammonia installation; subsequent installationc were built and commissioned

exclusively By Rom.nian technicieans.

The same happened with the complex nitrophosphate fertilizer installetions,
which were built and commissioned by Romanian technical perscnnel, vwith only a small
quantity of forei;m technical assistance, and that fo. the first installation only.
The foreign compary provided & limited quantity of the hbasic engineering. The foreign
personnel did not participate at all in the cther three similar complex fertilizer
installations, and this led to considerable foreign erchange savings and a reduction
in investment costs.

Another edvantage of nationals participating in the prepearation of studies for
fertilizer factories is the treining of national specizlized teohnicians, which
facilitates the transfer of technology and know~how to the developing oountry - a
basic requirement today.




=

ID/MG.274/12
Page 10

This procedure naturally implies greater responsibility for the buyer, and
riska that he must share with the seller.

In Romania's cxiperience over the past 15 years since the fim aloption of suoh
a direction for the development of the fertilizer industry, the oonclusion to be
drawn is that the procedure usually works out to the benefit of the buyer.

The construction of fertilizer installations undcr these oonditions has led to
a considerable re’uction in foreign exchange expenditure cnd has given results that
are entirely satisfactory, and in some ceses even superior, in respect of performance
and operational safcty, compared with the situation where the engineering was provided
estirely by the seller.

In oomparison with an installation with a capacity of 900 tonnea/day of asmonia
which was almost entirely imported, for example, the foreign e:change expeaditure
was reduced by 3U per cemt (in curremt prices) for an installation btuilt in Romanie
under the conditions outlined above ().

6. Participetion in lechnical progress

The participation by a country iteelf in the establishmemt of its fertiliger
industry, as was mentioned in section 5, also offers the great advantage that the
transfer of technology from the developed to the developing coumtries takes plaoe
more rapidly and more thoroughly, while the buyer is able to comtribute to the
development of his industry and to technologicel progress in general. The following

example is taken f:om Romanian experiences

The process andi equipment used for the technology of manufacturing nitric acid,
which wes acquired a few years ago from a foreign firm, vas improved in Romaniz. The
result was a recuction in the cost of tie installation apd an improvement in the
teohnical performance indioators, as cen be seen from the following tables

Initial Improved
Indicetor Unit installation installation
Capacity tonnes/cCay 750 820
Weight of ecuipment tonnes 1,045 83%
Includings stainless steel tonnes 8117 600
Acid concentrction % 58 60
NOx oontent of final gas PP 300 200
Power oonsunpt ion ki'h/tonne 10 5
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Because of the large quantity of stainless steel used in nitric acid installa-
tions, which are usually imported by ell the developing countries, the reduction in
the weight of the cquipment implies a red: ~tion in the cost of the installations and
in the foreign exchange required.

T BRatjonal choices re kD& the degroe of asutomation of ipstallations

The degree of automation of installations must be treated differemtly from one
installation to another, depending on the technology. It is to be decided mainly in
the light of corsiuerations concerning the safety of the installations - particularly
in the case of ummonia, nitric acid anc urea installationt - and the means required
for proper control of the proccss.

The reduction in operating personnel made possible 2y a higher degree of automa~
tion of installetions as a result of the imtroduction of sorhistioated teohniques
inevitably leads to an increase in the cost of the installation. When a reduction
in personnel is being considered, allowance must be maede for local conditions and
certain social factors, etc.

It must also be bornme in mind that a higher degree of automation of installstions
than is strictly required Uy the process presupposes the existence of staff qualified
to operate ani maintain the installations, and also personnel highly specialized in
the operstion and maiitenance of the automatic systems. Otherwise, the additional
expenditure for the systeme will have heen useless, and the automated operations will
soon be abandoncd ™y the operators.

8. 'The choice of the best way to ensure 3 utilfactorx C.egee
of envirommenta protection

The possibility of enviromncital deterioration caused by fertilizer plants is &
serious, and in some areas of the world even alarming, problem. In recemt Yyears, the
problem has beer the subject of numerous studies an ruclh research, and has resulted
in & series of restrictive measures stipulated by national legislation (8).

The size of the problem has been stressed by UKIDO, vhich organized an Expert
Oroup Meeting on llinimizing Pollution from Fertilizer Plants at Helsinki in 1974.

Measures to protect the envirommemt from pollution by fertilizer plants often
involve high investmenmt costs end must “e chosen carefully (7).

—
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To reduce 802 emissions into the atmosphere from sulvhuric acid plamts, for
example, double catalysis may be used, whicl requires an adlitional investmenmt of
some 10-12 per cent. For fertilizer plants, where the ~mmonium sulphate or phosphate
can be put to profiteble use, ammonia abscrption of the t2il gas containing 802,
followed by aci! Cecomposition of the ammonium sulphite-bisulphite solution, is &
competitive technicue (5) (6), and, under certain conditions, the investment costs
are lower than those incurred in usinz double catalysis.

Another example is the recirculation of the contaminate! cooling water of a
nitrophosphate-brsed complex fertilizer plamt where the cischarge of hammful
substances in the effluent, or the “anger of infecting the soil or ground water, must
be avoided. Comparison of two methois used in Romania - the use of a 3¢ ha cooling
pond, and the usc of cooling towers with a smaller ponl for the fluorine salts -
shows that the first method costs 5C per cemt more than the second (3) (9).

Another factor that may influence greatly the raduction of envirommental
protection costs ic the setting of reasonable limits on the content of harmful
substances in gases rcleased imto the atmosphere and effluents (7) (8)s a very high
but unnecessar; lcgree of purification can be extremely e:.pensive,

The storage of enormous quantities of phosphogypsuu is another problem of conocern
to the manufacturcrs of prosphoric acic. (wet process). /[ccording to numerous studies
made in Romania, at the present level of technological cevelopment the question whether
full use can “c node of this waste product under satisfactory economic conditions hes
not been answered. Neutralized phosphogyr um may be used in limited quamtities for
the improvement of arid lendi. Deposits of phosphogypsum can be used as an underlay
for a layer of Boil U.5-0¢& m thick and subsequently use! for agi‘iculture, this bveing
the cheapest vay al present of disposing of this particula: wvaste.

9. Sources of finance for the construction of feriilizex plamts

One way of providing sources of finance is the attraction of foreign oapital, in
the form of joint companies with less than 50 per cemt foreign capital so that

decisions are governed by the local partner.

In Romania, the possibilities ani conditions for the creation and operation of
joint companies are the subject of legislation.
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For this type of economio activity to de possible, oconditions that favour and
ars suitable for the operation of joimt companies must be oreated. In such oopanies,
the developing oountry may receive the nominal oapital from the foreign partner in
the form of a transfer of technology and engineering servioes for the oonstruction
of the fertiliser plant.

In Romania, a decree of 1972 governs the oonditions for the formation, organisa~
tion and operation of joinmt companies, and the legal status of and facilities
available tc such oompanies (10).

Another possible source of finance for the oonstruction of fertilizer plants is
the proocurement of oredits from firms or ocuntries that have technologies and exre
able to build such pl under oonditions whers the orediis are paid off in raw
netcrials, mcnodur:;km- (m3,.n3ro4. MAP) or in end products mamufactured
in the plamt for which t{he oredit was granted. This is one way of inoreasing the
velior's responsibility to the buyer by interesting the seller in the satisfactory
performance of the installation built, so thet the oredit granted will be repeid
more rapidly.

ite requirement in this regard whioh became evident at the meeting of the
Working Group on Contrects and Insureice for Perti’iser Plants (Viema,
14-17 February 1978) could be met in this way.
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