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INTRODUCTION

1. The United Nations Industrial Development Organization (UNIDO) ie the ‘
co-ordinating agenoy in the United Nations system for inauetrial development.
UNIDO's primary function in connexion with fertilizers as with other

sectors of industry is to assist member countries to develop and partioularly
to increase exi'st'ing ourtput and plan for future production. The Food

and Agriculture Organization's (MAO) primary function in connexion with
fertilizers is then its efficient use fro crop production. The World Bank
finances viable fertilizer projeots and the United Nations Environmental
Programme (UNEP) places stress on preventing pollution from production and use
of fertilizers. UNIDO, FAO and the World Bank are working together

through the UNIDO/FAQ/World Bank Working Group to reduce duplication

of efforts and in co-operation with industry and other institutions

to forecast supply and demand positions in the short run for assisting
countries in planned development. All these organizations are also involved
in marketing, distribution, storage credit facilities and assistance

to farmers.

2 The Second General Conference of UNIDO in March 1975 in Lima, Peru,
solemnly declared ( ref, 1) "that, in view of the low percentage share

of the developing countries in total world industrial production, recalling
General Assembly resolution 3306 (XXIX), of 14 December 1974, and

taking into account the policy guidelines and qualitative recommendations made
in the present Declaration, their share should be increased to the

maximum possible extent and as far as possible to at least 25 _per cent of total

world industrial production by the year 2000, while making every endeavour

to ensure that the induetrial growth so achieved ie distributed among
the developing countries as evenly as possible. This implies that the
developing countries should inorease their industrial growth at a rete
considerably higher than the 8 per cent recommended in the International
Development Strategy for the Second United Nations Development Decade".

3. To carry out the above mandate UNIDO convened a worldwide consultation
meeting on the fertilizer industiry in January 1977 to discuss ways and
means of reaching the Lima target or more, and to consider the issues
facing the industry.

-



4 ‘'hic paper presents the issues facing the vorld ertilizer
industry as ildentified and discussed in the consultation meetin.

and in other forums.

S00URY 4

5. The Lima Dsclaration and Plan of Action 1ormulated at the Second General
Conference of UNIDO in 1975 in Lima, Peru, has staved that the

share of the developing countries in the world industrial production should
be increased to the maximum possible extent as far as possible to at

least 25 per cent of total of the world industrial production by the

year 2000, UNIDO is taking steps to assist developing countries to

reach the Lima target and the worldwide consultation meeting on the

fertilizer industry was convened to discuss ways and means of reaching the

Lima target. '

6. In 1975 the developing countries,although they consumed about

30 per cent of N and 22, per oent of P20,’ nutrient supplied by the

world fertilizer industry, they produced only 18 per cent of world

production of N and lesser percentage of 1’205 fertilizers. Even if

the developing countries do not get & large share in the world export
market,in ordsr to become self-sufficient,their shure of world production

of N and P205 fertilizers will have to reach 33 per cent by 1985 and 40 per cent
by the year 2000. More investment and more production in the

field of fertilizers are necessary in the coming years. Most efficient use

of fertilizer in agriculture should be made so that inor'used agricultural

output can feed the expanding populatiorsand improve the nutritional standards.

7. In building up the fertilizer industry, the developing countries will face ,
diffioul ties with regard to infrastruoture in following areas: transport, '.
utilities, rav mterials,mrketing, agrioultural extension, human resouroes and
policy guidnncé. The consultation meeting convened within this framework by

UNIDO discussed these problems and recommended that for the fertilizer

projects the governments and others ccncerned should equally take part in
f{maing and developing infrastructure.



8. Delays in construction and bringing into production of

fertilizer projects in developing countries have been posing

a major problem. Whereas in developed countries from conception

to the execution of projects it may only take two to three Years,

in developing countries it takes double this period of time. The concept
of floating plants whereby equipment can be assembled in developed
countrieson barges and towed to developing countries, has been studied
extensively. Although such a project may cost 15 to 20 per cent

more than a land based plant in a developing country, the time

saved in bringing into production is the major advantage.

9. To fully utilize existing capacities in developing countries
various solutions have been suggested by studies, technical assistance
missions and financial institutions. The average utilization of
existing capacities in developing countries today seems to be about
70 per cent which can be improved considerably if the problems

are attacked in a vigorous manner. Many projects have suffered

due to inadequate supply of water and electric power. Particularly
the problem of cooling, process and boiler feed water needs special
attention.

10. To help in clearly defining responsibilities for reducing capital
cost and thereby production cost, improvement in existing contract
procedures have been recently discussed. The proposals for compensating
consequential losses in a project involving outlays as large as $ 200 million

is worthwhile for serious consideration.

11, The capital costs of fertilizer projects rapidly increased from
$90 million for a 1000 tons/day ammonia plant and a 1,650 tons/day
urea plant to $180 million today and it is predicted that costs will
g0 up to $240 million by 1980. One of the important ways of reducing
capital costs ‘in to build large facilities either in existing locations
or adjacent to them. A reduction of about 20 per cent of capital

investment costs can be achieved.

12. Although ocredit worthy countries and visble projects have always
been able to find financing through bilateral and multilateral sources
there are a number of countries who are not so well placed.

In addition, the internal markets are small and their raw material

resources are limited. There is a large scope for assistance to
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such countries for development of smaller size projects than thoee
which are coneidered economically viable now,and which can use

alternate raw materials.

13, The cyclical nature of world fertiliser pricee has been a deterrent

in the full utilization of existing capmcitiee in developed countries.

Some system to stabilize the worid pricee and availability of

fertilizer ie esgential. 1In addition to proposalsof buffer stocke and
price stabilization funde, UNIDO hae proposed an "option scheme"

which is discuesed in detail in the paper. In view of the predioted
levelling of f of prioee of agricultural produots in developed countriee and
in view of the fact that in developing countriee the priomof food

grains cannot be radically rsieed due to the low purchaeing power of
population, it ie eesential to keep equitable fertilizer prioes and most
efficient use of fertilizere ae targetmof the world fertilizer development.

14. Uee of alternate raw materials other than natural gas and naphtha
are attracting attention in many oountriee of the world. This ie
particularly so becauee of the non-renewable energy source eituation.
In this connexion, nuclear energy and energy from magneto hydrodynamic
oonverters (MED) and the use of differsnoe in temperature between

the top and bottom layere of esa water in ocertain locatiocms seem
attractive.

15. A case can be made for developing couniriee where already a large
number of projecte exiet to build ocentral "jumbo" units either
ravw material oriented or market oriented to feed "satellite" units and
vetabilize production from existing units. A case in point ie in
India when the"Bombay high ga#'ie conveyed to the main land by
pipeline, large asmonia/ures facilities oould be built. Also
coneideration has been given in the past for building or expanding
exieting unite in the East and West Coastgof India.

16. The environmsatal oonsiderations which should be striotly adhered to
in planning, building and operating fertiliser plants are well-known




The processes selected must be so designed so as to ensure safety and
health of workers and projects should avoid discharging polluting
or harmful effluents, gaseous,liquids or solids into the atmosphere,

land, or water.

17. Appropriate technology and transfer of 'know-how'in the fertilizer
industry between developed and developing countries and also between
developing countries are of the utmost importance. The developing
countries who have experience in many facets of the fertilizer industry
should transfer their experience and'know-how"to the developing

countries which are starting building fertilizer projects.

18. Regional and sub-regional co-operation in the field of
fertilizer development has been discussed by the ¥World Consultation
Meeting on the Fertilizer Industry and recommendations have been
made to establish Regional Development Centres +to assist regional
co-operative efforts and to encourage bi-lateral, international

technical and financial assistance o. a regional basis.
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Table 3 ' L -

New projections of ferdilizer demond haced on 1‘?:1/1/("‘3 10 _1974/45

|

and on the Joint Uork v Groun catimates {for 1‘)]'7430

(Clacsification of countrics is W standard classification)

Developed countrics

developing countries

Norld

Developed countries
. Developing countries

ﬂorlfl

-

e

Developed co\mt;-iu
Dl'volox;ing countries

' World

Developed countrios

Developing countrics

¥World

Nitrozen danand

1980

1985 1990 1995

31.5|
18.1

4:1.6 58.9 714

.

25.4 339 - 436

L

5546

73,0 92.8 115.0

) P205 demand

1.6

1985 1990

26,7 31,0
10,8 14.4

0.4

ER Yo A DA
. .

B

'370.5 45.4

. (.m.v\‘;qmu i '120 demand

- 198
22.8
43

1985 1990 1995

2.8 333 3.3

63 86 1.3

271

A 41."9' 50.6

* WK demand

83.1
30.0

1985 1990 1995

1021 123.2  146.3

42.5 569 7135

113.1

144.6 180.1 219.8




-10-

23. By 1985, the preliminary estimate sugrests that the developing
countries will consume about 34 per cent of N and about 31 per cent of

P?Oc) nutrients consumed in the world; awd by.ihe year 2000 about 37 per cent

of both N and P?O

to be self—suf‘f‘icient, their share of world production of N and l’205

. nutrients. Therefore if developing countries are

fertilizers will have to reach 33 per cent by 1985 and 40 per cent by the year
2000.

24. A revision of the above forecasts (ref. 7 ) in consultation with
industry as given in Table 3 shows that the total NPK demand in the
world may be only 264 million tons compared tothe earlier forecast of

307 million tons - a reduction of about 14% in the year 2000,

25. From the above discussions whether a forecast of a higher or lower
f‘ig;xre is taken for world demand for NPK in the year 2000, the increased

need to produce and use more fertilizer is evident. These demands come

into the proper prospective if we look at the population and agrioultural
production prospects by the year 2000, (Table 4)

N
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Table 4 (ref. Prof.Ewell's draft study)
| 1. World Grain Production (acutal and projected)

{million tons of grain)

Average
12[0-[4 1980 1985 1990 2000
Developing countries 619 735 809 884 1,032
Developed countries 685 840 936 1,030 1,221
World: 1,304 1,915 1,745 1,914 2,235
2.  World Populations (actual and projected)
(1in mIﬁIon ol persons)
1915 1980 1985 1990 2000
Developed countries 1,097 1,145 1,192 1,237 1,317 '
Developing countries 2,869 3,229 3,624 4,043 4,936
World: 3,966 4,374 4,816 5,280 6,253 ‘
' I
3. India ' } i
p o . 1919 1980 1985 1990 2000
Population (3? r&i"m'gga) 614 694 783 876 1,059
Grain production
(million tons) 125 130 141 152 175
Fertilizer needed N 2.00 3.60 5.24 7.19 12.0
(million tons) P2°5 0.45 1.30 1.90 2.60 4.5
K20 0.30 0.70 1.00 1,40 2.4
N + .P205+ K20 2,75 ] 8.14 11.19 18.9

Cultivated area 125 million hectares ) 1975
Irrigated area 35 millionhectares
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II. Infragtructure nifficulties

26. "mis issue facing the world fertilizer inducs'ry marticularly
in developins cnuntrics was discussed in detail durin- the UNIDO's
"ir=* Consultntion eeting on the fertilizer industrv. The consensus reached

18 reflected in the followinr paragraphs (ref.?.)

" The Consultation Meeting recognized that the major programme of
construction of fertilizer plants in developing countrics that has already
ctarted would necessitate the building up of an adequatc infrastructure. The
concultation Mceting considered various aspects of infracstructure planning.
They included:

(a) Transportation infrastructure (roads, railways, port
facilities, railway rolling stock and ships);

(b) Jtilities infrastructure (power supply, water supply
and a drainage and sewage system);

(c) Raw materiuls infrastructure (critical raw material
inputs, particularly feedstocks);

(d) Marketing infrastructure (storage facilities nd a distribution
network that would make it possible for the product to reach
the farms);

(e) Infrastructure of agricultural extension services and modern
agronomic practices;

(f) Human infrastructure (entrepreneurial skills, managerial skills,
and maintenance and operation skills);

(g) Policy infrastructure (the broad framework of government

planning, laws, and pricing and economic policies).

The Consultation Meeting felt that the construction of fertilizer plants
would be greatly facilitated if there was a composite infrastructure including
the types described above. In locating fertilizer plants in developing
countries, it would therefore be desirable to place them in areas where
infrastructural facilities already existed. When the specific location of
plants within individual developing countries was being considered, local

infrastructure should be taken into account.

Although the Consultation Meeting emphasized the need for a composite
infrastructure, it appreciated that the creation of an infrastructure could
not be related solely to fertilizer plants. The infrastructurc would be part
of over—all internal planning and development and would be required to support

a variety of industries within the regional and national plans.




The Meetin ' rece mized that the absence of an infrastructure shoulld not

be allowed to inhibit tecisions to set up plants. On the other hand, the
Meeting felt that the setting up of plants would assist in the over-all
economic development of less developed areis and would stimilate the creation

of an infractructure.

Conciderine the costs involved in establishing an infrastructure and the
need to produce fertilizers cheaply vo that they would be within the reach of
the farmer, the Consultation Meeting was of the view that it would not be

correct to expect fertilizer projects 1o bear the total costs of infrastructurc.,

There war 1 need to defin - and demarcate clearly those items of infrastructure
that should fall within the responsibility of the State and public authority
and tht chould consequently be financed from the public exchequer, and 1items

of infrastructure which were directly associated with fertilizer project:.

The Mceting recopnized that the conditions and practices in different
developing countries would not be identical and that the demarcation of the
Stile¥s and project's areas of responsibility would therefore have to be
ad justed to local conditions. It was senerally feld, however, that the public
authority thould assume responsibility for the basic thysical, trarsportation
and utilities infrastrmotures up to the site boundary. The projects should
acsume resporaibility for the marketing int'rastructure and the environmental
infrastructure, including the disposal of effluents. There would be joint
recponsibility for the building up of the human infrastructure: the State
would provide the basic facilities for training and development, and the
projects would assume responsibility for the specialized skills required for

fertilizer plants.

The Consultation Meeting felt that the demarcation must be so arranged as
to reduce, ac far as possible, capital costs in fertilizer projects and,

consequently, totil production costs,

The Consultation Meeting emphasized the need for a clearly defined policy
infrastructure and suggested that donlopin(
countries should work out a scheme of laws, regulations, and economic and

planning policies that would facilitate the growth of the fertilizer industry,

) The Consultation Meeting recognized that the development of human skills was
most important. It suggested that managers and workers should participate

at all stages of project conception, planning and implemcn”ation. The
Consultation Meeting also suggested that measures should also be included for
the health and safety cf workers and the protection of the environment, and

that the relevant ILO conventions should be duly observed. "
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27, 'he main recommendations were that etforts must be made to reduce
infrastructure costs (please sec also Section 1) by apportioning

the intrastructure costs betwaen fertilizer projects, state and public
authorities, We shall discuss advantages and cost reduction by building
centrally located large fortiliszer plants to supply satellite units

and to add new capacities to existin;s projects than to start "erass-roots"

plants in "rreen fields" later in the paper (Section III and VI).

III. Jelays in construction and bringing into production of fertilirer
projects

28, Great deal of study, rescarch and development have taken place in the
last fev years of ways to reduce delays in construction and bringing into
production at full capcity new fertilizer projects, hxperience shows that
the time lasr from the date that finances arc obtained and orcders placed to
the date production starts in a project involvinr a 1000 tons/day
ammonia plant and 1,650 tons/da_y urca plant is two years in a developed
country vhereas it is about four years in a developing country. The time
la~ betueen feasibility studies, issues and analyscs of tenders, preparation
of a ransable project submission, assessment of the economic and social

© returns to the time finances arc obtained and orders placed is

anywhere between 1 - 3 years. Thus on an average minimum of 5 years
~lapse between the feasibility study and first slartine of trial production.
The experience in developing countries of many projects based on naphtha
let alonc coal is that during first year of operation the target 1tself
iz only 60 per cent of designed or "'rgl.-pl'st'e" capacity, 70 per oent in the

second year and .no on. It is very rare to see a project in developing
countries which comes to 1007 of the designed or"name-plate” capcity in

the first year of production itselly, whercas in developed countries
the projects attain 100” capacity in the first year of operation itself,

Of course in developed countries this is poverned by the market prices

and demand of fertilizers, Various attempts and measurcs have been supgested
to reduce the time lag in developing countries and thereby avoid the losses

lue to not only the blocking up of capital but also production losses




which will most of the times entail loss from quantities to be exported
or in countries with large demand drain on foreign exchange balances for
importins fertilizers if prices are reasonable and quantities of

fertilizer are available in the world market.

29, 'he concept of floating plants which can be anchored or barge
mounted plants which can b. towed to site and permanently settled
have some advantages in reducing time lags. A few floating plants
have been built, small oil refineries, pulp and paper plants and an
ammonia plant for Indoneaia which has been desifned, partly built
and then abandoned. Barge mounted plants have been designed by
various consortia such as:

Humphreys and Glassow (UK);
GStaverken/Topsde (Sweden);
Uhde (FRG);

Coppée-Rust SA (Belgium);
Mitsubishi (Japan).

30. It is claimed that barge mounted plants can be assembled

in a developed country and towed to a site in a developing country and
permanently grounded in three years from the time orders are placed.
Against this advantage a balance has to be struck in gaining experience
in a developing country in construction and erection of a plant.

We shall discuss the capital ccst differences between conventional and
barge mounted plants for a developing country in a later secticn which

is estimated to be only 15 per cent.more for barge mounted plants.

3. Other reasons claimed for the delays in developing countries

are the delays in supply of local oquipment and availability of trained
manpower, supply of electric power, water and raw materials. Transportaticn
bottlenecks and other infrastructure problems are serious in "gress-roots”
or remote lcoations.

3p. It is therefore logical to ask the question in eountries where

few fertilizer projects are already in existence whether the time lag in
construction and erection can ccnsiderably be reduced if the existing
units with infrastructure and treained personnel are allowed tc expand
or allowed to build additional parallel units. We shall examine this




problem from th~ cnst point of view in Section VI, In any case,

"rrass-roots” plants are estimated to cost in the order of AO,'f
more comparced t other plants, if exapansion or paralicl
capacitics are tuill in existin - plant locations., A case in point ig

Indonesia Pusri I, II, ITIT, IV and perhaps V and Trombay.

TV, Full util.zation of existing capacities

33. One of the most important i1ssues facing fertilizer projects in

developins~ countries is under utilization of existing capacities.
It has been estimated that if the existing projects fully utilized their
capacities, the ESCAP rerion would be self-gufficient in nitroren

fertiligers.

4. There are various reasons why an ammonia and associated urea plant
using modern technology are unable to attain and sustain 100 per cent of
the desigmned or"nl.no-plnto" capacity. There are internal and external
reaeons.

The internal ressons are:

a) Probleme arising from faults in plant design and inadequaties
of equipments (ref.2)
" One of the mmjor precautions to be taken when setting up

fertiliser plants would be to design them on the basis of a

careful analysis of basic data. A wrongly conceived or faultily
designed plant would experience problems of operation. The need to
prepare feaeibility studies and project reports so ae to ensure

that viable and efficient fertilizer plante were installed was
enphasized. Studies and reports should be followed by the selection
of reputed contrectors, the adoption of proved technologies, and

the careful drawing up of bid documents and proper contracts.

b)  Problems caused by faulty msintenance (ref.2)

The Consul tation Meeting noted that one of the keys to fuller utilizatign of
capacity and higher operational effioienoy was a regular eystem of
preventive maintenance baoked by trained manpower and a regular

flow of spare parts. The Meeting wae of the view that contractors and




consulting enyrineers should assist buyers to draw up scheudles

of maintenance and should provide lists of critical spare parts

that should be carried in stock, Because of difficulties in obtaining
spare parts, developing countries should, with the assistance of
contractors, ensure that their workshops were so equipped that

spare parts could be manufactured locally wherever possible., The
developing countries should also shorten the procedures for importing
urgently required spare parts.

c) ‘troblems caused by not suitably trained operation and

maintenance personnel:

The “onsultation Meeting recognized that the development of
skilled manpower was essential, if fertilizer plants were to operate
efficiently. The manpower would include plant management staff,
plant operators and maintenance staff. It would be necessary to

train personnel well in advance of the commissioning of plants.

There was also a need for a continuous process of training.

d) Inadequate supply and high prices of raw materials and
spare parts.

The external reasons are:
a) Market constraints (ref.2):

The Meeting noted that capacity could be underutilized if no
adequate arrengements were made for the local, regional or international
marketing of the product. The problem was of special significance in
developing countries that were installing capscity mainly for export."

b) Inadequate infrastructure:
The most import factors affecting high utilization of
capacity in many countries are transport and storage bottleneoks,
insufficient and fluctuatingsupply of eleotric power and
most importantly supply of good quality water. It has been
reported that even demineralized water used for boilar feed
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and closed circuit cooling are reducing efficiencies
of turbines and heat exchansers. It is a policy in
the right direction that may developins countiries are

allowing captive power units with fertilizer projects.

Cyrlical and unequitable prices of fertilizers:

In developing countries with larfe internal demand, unless
crain prices sive a rcasonable retlurn to farmers usines
ertilizers and unless fertilizers reach the large number

of subsistent level farmers who now seldom use or use
inadequately or inefficiently and at an equitable price, demand
will not grow. In most developed countrics 100 per cent
capacity utilization is possible if after meeting internal
demand (30 per cent: or so of capacity) the world prices are
attractive enourh to push capacity to maximum possible

extent,

Example of India ( ref. 12) - see Table 5, p.19
“xample of FRG ( ref. 6)

Figure 1 (ref.6)

Produciion and capacity uliiisstion

»
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V. Contracting procedures

15, The recent echnical Seminar on Contractins !lethods and Insurance
Schemes for Fertilizer and Chemical Process Indvsiries, Lahore, Pakistan,

2 - 29 November 1)77, hirhlishted contract procedures intended

to ensure the successful construction and operation of fertilizer

plants. Many countries entering the field for construction of fertilizer
plants do not fully know how to protect their interests. Although
suarantees, penalties, bonuses and liabilities for machinery breakdown
durins the first year of operation and arbitration procedures are well

known to countries having long experience, it is necessary to bring the drawbacks
if any " 'of international contracting procedures and correct them at

an early stage. 1t has becn mentioned that even few experienced

countries realize that legally they are cntitled to scrutinize sub-contracts
entered into by main contractors, nor is it widely known that total
liability of a main contractor can be up to 20 per cent of total value of

contract and not up to 10 per cent as is now accepted.

3. The most important question being considered by the UNIDO

and other UN agencies is how to compensate a large fertilizer project
costing say 200 million dollars .rom consequential losses.

Consequential losses for whatever may be the reason by insurance

in which the buyer, the seller, the countries involved and the financing
institutions can take part. Although commercial insurance companies
will hesitate to cnter the field and quote premiums unless the exact
reason and responsibility for losses can be identified. The premiums
are also bound to be high and fixing reason and N!'phdbilify for consequential
losses are difficult and time consuming. There is existing

insurance against machinery. breakdown ,and production losses in many
countries like USA and India.
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VI, RNigine capital and raw material costs
38. ive to ten years ago a 1,000 tons/day ammonia plant and a 1,650 tons/day

urca plant could be installed in a developing country.for about 90~ 100

million US dollars. The present costs are about 180 million 1S dollars.

It is predicted that the costs will go up to 240 million US dollars

by 1980. This is for a site which is not remote and has reasonable
infrastructure. For a remote location,forecasts indicate a total investment of
335 million US dollars.

39. Mr. William Sheldrick (uf. 8 ) of the fertilizer unit of the
World Eunk has analyzed the factors affecting capital and production costs
for N and P fertilizers. In his draft paper to the FPAO fertilizer

commission, he estimates the cost involving the "site factor" as follows:

Plant in developed country site factor 1.10
Plant in developing country " " 1.25
Plant in developed country " " 1.35

(remote location)




40, “or thosc developing countries who have already built large fertilizer

pro jects, one of the most important ways to reduce total investments in

ney fertilizer production capcity is to build the capacities parallel to or
adooining existings facilities. These existing units have already got

trained manpower, infrastructure, marketing and storage experience,

raw material availability and above all trained and well informed management.
A 10 to 20 million US dollar investment can be saved in a 200 million

i15 dollar project if facilitics are built in existins projects or close to
them rather than going to "remote'" or "green field sites’'. The costs
reduction involved in “uilding large " jumbo" central plants will be discussed
in Section X.
41, Hr. Sheldrick's analyses of investment costs and prodcuction costs

arc quoted below:

" Investment cost estimates for an a.mmonia/urea. complex to produce
1,650 tons/day based on natural gas in different locations are given
in Table 6 . In some cases, where it is felt that a specific location
does not quite fid into one of the categories, capital costs may be assumed
by interpolation. This could apply to aplants in developing countries

being erected on partially developed sites.

Comparative Production Costs

42, The production costs for urea are presented in Tables 7, 8 and 9.
In 'T‘ableB, the information is given in the form of a "cost envelope"
to show the effect on production costs of factors such as gas price,
investment cost and operating rate for a 1,650 tons/day ammonia/urea

complex, Thes costs contain depreciation but no interest charges,

43, Specific production costs are given for various sites in Table 7.
In addition, this Table contains the ex-factory realization price per
ton of urea necessary to achieve various returns on investment.
Althouch fas prices are :ssumed which which are believed to be most
likely for the cases considered, adjustment in cost and realization

price can be made easily as indicated in the tables,
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hccussion of Nesults

44. The results in lablcg 8 and 9 demonstrate thce importance of the
three main variables, feedstock cost, investment cost and operatin,
rate, on productior ana realiration prices for urea. All factors
arc equallyv important, and the advantages of cheap natural fFas currently
available ag flarcd /as in remote locations, can snon bc outweighed by

Fr,sher investment costs and lower operating rates,

45, “he results «hor that the ecrsi of producine urea and the realization prices
to -ive reasonable returns on invistnent could vary considerahly from
s1te to 3ite and aven for cach «~ te ytgzelf depeuiin: on the parameters

3

as30mMed,

46. 1n order to facilitate comparison of the Jdata for various locations,

a simple return on investment has bLecn assumed. This has been bhaged

on thc averare realivation price required over the project life althoush,

in lact, prices v111 vary considerably during this period due to inflation
ani cyclical supply/demand imbalances. Although an ROI(return on investment)
o 10 per cent kas been assumed for some calculations, this has been

ione mainly to establish the minimum realization price necessary

to cover adequate scrvicing of capital, particularly at the beeinning of the
project 1ife, A commercial company, however, would normally require at
least 157 pre-tax return to provide adequate profit to justify the

prognct,  Lxceptions to this case might occur in the energy-rich developing

countries who have capital available and muiy be prepared to accept a lower

RCI,

47. On the basie of a urea plant contracted todav, assuming an
operating rate of J)O per cent, it ic estimatad that the averace
recaliration pricc for the various locations conai iered wonuld
have to fall wvithin the range of US5175=-200 per ton of urea in
order to achieve a 15 per cent return on invesimcnt. These prices

arc in constant 1977 dollars.,
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TABLE 6
INVESTMENT COST ESTIMATLES FOR AMMONTA/UREA
PLANTS 1,650 TP BASED ON NATURAL GAS
($ Million)
Developing 1/
. Country Barge~
Developed Developing (Remote Mounted
Item Country Country Location) Plant
1. Land, Site Preparation & Civil
Works, including Roads, Drains
Workshops, Buildings, etc. 4 12 14 -
2. Machinery, Equipment and Spares 83 90 98 83
3. Freight and Insurance 3 12 20 11
4. Engincering Charges including
Design, Erection, Licence
Fees, etc. . 30 40 50 59
5. Offgites and Other Expenscs in-
cluding Start-Up Fees, Housing
Amenities, etc. 16 30 55 9
6. Barges - - - 53
7. Mooring Buoy - - - 12
- 136 184 237 227
Price, Physical & Site Contingency 14 46 83 23
Plant Investment 150 230 320 250
Working Capital 7 10 15 15
Total Investment . A 157 240 335 265
L] S SR S

Lj Based only on preliminary investment cost estimates,
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4

b=
y Tante &
PRODUATION COSTS YOR TP A—
FROPUHIEE L0V, 2T
' INVESTHONT_C0$T
($ Million)
GasPrice - .
| s/M Scfe 100 200 300 400 500 600
gl © 43.74 62.72 81.70 100.67 119.65 138.63
wl 0.5 61.24 80.22 99.20 118.17 137.15 156.13
f 1.0 78.74 97.72 116.7¢ 135.67 154.65 173.53 |
S 2.0 113.74 132.72 151.70 170,67 1365 208,57 !
&l 4.0 183.74 202.72 P00 240.67 259.65 278.53
gl 0 47.28 68.37 89.46 110. 54 131.63 152.72
%l 0.5 64.78 85.87 106.95 128.04 149.13 170.22
f 1.0 82.28 103.37 124.46 145.54 166.63 187.72
: 2.0 117.28 138.37 159.46 180.54 201.63 222.72 E
&l 4.0 187.28 208.37 229.46 250. 54 271,63 292.72 i
o —_—
2lgl o 51.71 75.43 99.15 122.88 146.60 170.32
&lal o.s 69.21 92.93 116.65 140.38 164.10 187.82 :
Ef: 1.0 86.71 110.43 134.15 157.88 181.60 205.32
§: 2.0 121.71 145.43 169.15 192.88 216.60 240,32
8l 4.0 | 191.n 215.43 239,1¢ 262.88 286. 60 310.32
0 $7.40 84.51 111.62 138.74 165.85 192.96
% 0.5 74.90 102.01 129.12 156.24 183.35 210.46
ﬁ 1.0 92.40 119.51 146.62 173.74 200.85 227.96
!;; 2.0 127.40 154.51 ° | 181.62 208. 74 235.85 262.96
Rl 4.0 197.40 2264.51 251.62 278.74 305.85 332.96
0 64.99 96.62 128.25 159.88 191.51 223.16
% 0.5 82.49 114.12 145.75 177.38 209.01 240.64
f 1.0 99,99 131.16 163.25 194,88 226.51 258.14
°l 2.0 134.99 166.62 198,25 229.88 261.51 293.14
5 4.0 204,99 236.62 -Lzsa.:s 299.88 331.51 363.14
1/ Contatns deprcciation but no charge for interest or return on {nvestment.
IR ¢
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VII. Financing
48, It has been often stated that a well conceived, viable fertilizer

project either export oriented or internal market oriented, had no problem
materialisingdue to lack of bilateral, multilateral or international
financing. This is well brought out by financing statements by the

World Bank, Asian Dvelopment Bank, the German Kreditanstalt fir Wiederaufbe

and others,

49. An analysis of the world Bank investments in fertilizer projects
for the fiscal year 1976-77 showed the following:

World Bank Annual Report 1977 (ref.9); :
Table 10 '

World Bank investments in fertilizer projects 1976-77 (USE million)

World Bank |
Brazil Fertilizer and chemicals 64.0 !
Brazil Fertilizer and chemicals 82.0
Pakistan Fertilizer and chemicals 550
Romania Fertilizer and chemicals 18.3

Totals 219.3 : !

50. A summary of projects financed by the World Bank and IIA in the
years 1974, 1975 and 1976 shows the following (World Bank Annual Report
1974, 1975 and 1976 (ref.13)) - see Tables 11 and 12,

R



-29-

Table 1 1

Investments made by World Bank IDA

Total in_industrial projects
in 1974 309.1 109.7 418.8
in 1975 665.3 125.0 790.3
in 1976 501.0 105.0 606.0
total 1,475.4 339.7 1,815.1
(all in US ¢ million)
Investmenis made by World Bank IDA Total igggggﬁggigggsglggg

(all in US $ million)

in 1975 292,0 125.0 417.0
in 1976 120.0 105.0 225.0
total 507.0 300.4 807.4
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U ki oeadents an the yeurs 1974, 1979, 1976:
Project Date of approval Principal Leondipg
of loan amount  Arency
Mile delta urea fertiliner plant 13 Nove 1973 A00.000 1IDA
Palkba weea fertilizer project 18 June 1974 20,000,000 IDA
Bombay Certilizer plont 18 Junc 1974 50,000,000 IDbA
Iulton fertiljzer proje i T May 1974 35,000.000 IBID
Pertilizer plant 27 Junc 1974 60,000,000  IBRD
oub-total for 1974 169,400,070
Micea fertilicer plant 28 Jan. 1975 33,000,000 IDA
I1'1*CO project 7 Jan. 1975 109,000,000 TIBRD
Sindvi ferillizer project 26 Nov. 1974 91,000.000 IDA
Fertilizer project 25 Febe 1975 115,000,000 IBRD
Potash engincering project 19 June 1975 1,000.000 IDA
Guiaomex fertilizer project 22 l'ay 1975 50,000.000 IBRD
svpplenent to the JOSAT project 15 Lpril 1979 18,070,000 IBRD
vuh-otal Tor 1Y75 417,070,000
DHALTOAML progret 11 lay 1976 50,C00,000 IBRY
'crtiliver projeet 16 Dege 1975 105,000.000 IDA
PUSRT feriilizer project ITI 11 lay 1976 10,000,000 IBRD

sub-total for

176

Grand total

807 ,400.000
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)

951, It is thereforec safe to say that for "oredit worthy oountries" J
buildine large viabl: ferfilizer projects, financing is not a

constraint, But this is not true in case ¢ so-called "non-credit

worthy couniries” or countries vhich are land locked or island coun‘rics

and vhich have neitier cheap rau miterials,"knovi-how,nor large internal demand.
hich countries vant to build ammonia plants of capacities from
100 tons/day ‘o 300 tons/dav wsine fuel oil coal or electric pouer

as rav materinls. Ther find 34 diflicult to locaie finaness at reasonable

rates and also en-ineering: and consiructing firms willing to undertake

1l build such prajeetg, hour ~bo are willing to helpyseek hish

rates of return and the costs 1o cuch countries ig disproportionally

Biher.  These are the countrics “dich need, rec-ional, interresional

and intcrnational assiztancc.e o

2 et

Asian end Uiddle Lot

1. Afghaniston

2. DBrunci

3. Cyprua

4. Jordan

e Malaysia

6. Nepal

7. 'The Philippines
8. Singapore

9 Thailand

Africa

1. Cameroon
2. Congo, Feople's Republic of
3, Ethiopia
4. Gabon

e Chana

6, lMadagascar
Te balawl

8. lali

9. Horambique
10. Liberia
11. lligeria
12. Senegal

13, Sudan
14. Tanvania
15. Togo

.. 16,  Za¥re

17. Zambia
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Latin America

1. Argentina

2. Bolivia

3. Central American countries
4. Colombia

5. Chile
6. Eouador
7. Peru
VIII. Cyclical nature of world fertilizer prices

52. We are all aware of this phenomenon. Many experts are predicting

we are going through such a cycle right now. With the traumatic experiences

of 1974 and 1975 when price of urea f.o.b. went up as high as $300 per ton

and the supply position in the world deteriorated, both developed and

developing countries wish that prices, as well as supply and demand

will or could be maintained at equitable levels. Urea prices in 1277 ,
has again shown a tendency to rise and the stabilization level does

not seem to have reached.

53. It is necessary for the continued improvement of effective dessnd and
use in developing countries of fertilizers,an advantageous price ratio

between food grains and fertilizers be maintained. There is no way to
increase food grain prices in many developing countries since the purchasing
power of the vast majority of population is stagnant. Therefore,

fertilizer prices have to be maintained suitably. Further, yield by use

of agricultural inputs must be improved and a larger number of farmers

must be economically indused to use inputs not only by credit, demonstrations,
avallability at reasonable prices but also by reasonable price of

agricultural products.

54. The following charts show that there is a tendency in developed
countries like USA of falling prices for agricultural products (ref.10).

v
————
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55, UHIDO has sursested a new approach to reduce the cyclical

nature ot world fertilizer prices. As is well known, UUNCTAD and

FAC are discussine buffer stocks not only for asricultural products
but also for arricul tural inputs such as (‘qrtilizcrs. I'rice
equalization or stabilization cammodity funds are also an outcome of

the lorth South neyntiations in Paris recently,

56, The UII0's "option scheme" for fertilizer in a nutshell

will work as follows. ILvery developed country or companies or
ormani-ations in such countries like Japan, I8\ and “urope pledres
a certain percenta;re of their production to the "option scheme".
These amounts uill represent the excess over the internal demand.
Developing countries will then call on these quantities pledged to
the "option scheme" at prices to be nerotiated on a longs ranse basis
bit with mutual understandins for escalations. In such a scheme the

developed countrics may be able to run their plants even up to 110

per cent of their installed capacity but meetins their internal demand
which may be met by 20 per cent capacity utilization. Thus they will

be able to reduce production costs and developing countries will have

a source to fall back upon with reasonable prices. %ven in the
favemeablc future many developing countries do not seem to be at a

stage to avoid imports., Let us look at the case of India.(Table 13)

e
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IX. .se of alternate raw materials and newv approaches

57 For countries with extremely larre populations and who should

not depend on imports cxcept for a small proportion of their

fertilizer demand, fertilizers must be declared as a 'strategic"

commodity. If they have low cost clean liquid or gaseous feedstocks

thev ar~ lucky., But recently questions have been raised whether

liquid and faseous feedstocks cannot be used for more "value added" products
than fertilizers. Therefore, we come to the question of utilization

of solid fuels like peat, lignite and coal and residual liquid fuels

lire fnel.oil. The capital costs of plants using these raw materials are at least
%0 to 100 per cent more than those using naphtha or gas. DBut in countries
like India, it is a good policy to have a certain percentage of production
on coal. The tendency in "JSA to build coa: based fertilizer plants

or to produce synthetic natural gas, fertilizers and petrochemicals

have attracted worldwide attention.

58, The proposals put forward some time ago by the then US Atomic Energy
Commission to build large multipurpose nuclear power plants in a region like

the 1nai desert to pruduce electric power, desalinate water, Produce hydrogen and
then synthesise ammonia (electrolysis of water) and produce aluminium, magnesium and

other metals,have attracted attention.?=3 mills electric power per KWH have
been predicted.

59. The recent developments in USSR in the production of electric power
by means of magneto hydrodynamic (M!D) converters was highlighted by
Dr. ®. Ramanna (Director of the Bhabha Atomic Research Centre, Bombay)
in his article on this subject in the journal of the Indian Institution
of f“ngineers. Comparison of generation costs are given in tables 14 and 15.
“urther Dr. Ramanna states '"The improved efficiency of combined MHD steam
plants reflects in the reduction of waste heat pollution and lower
consumption of cooling water. Further as potassium injected as seed substance
can be fully recovered as potassium sulphate atmospheric pollution by
sulphurous gases is also avoided. At the operating temperature it is
possible to fix nitrogen and obtain raw materials for fertilizer industry."
(ref.4)




Pable 14
Comparison of Generation Costs

Conventional steam*

;engiruction cost
(steam section) 250 ./kW 586 mil/kidh

“smstruction cosit
(1310 section) 250 /v -

ias cleanine 50 %/ku 1.1°
“holine Lovers 30 3/kW C.M
el cost 24 ./LThu 2440

seerd enst

1015 mil kYL
' Base: on steam plant efficiency of 40°

*  ltased on 2?2 not MID enthalpy extraction, 37 net s

Table 15

Requirement for Unit Energy Generation

Conventional
100 200 £00
M M M

loal requirement per kih of
nrnergy generated, bg 0.60 0.7 0,50

O
(P
1,
e
o 1!
opoant o ity
14 B
SO0 SO0
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60. a0y b renentered that e Indian Atomic ner- Commission

vt stan s o anli e nenlear coror nr o fertilicer production in the Stute

Uttar :ri1t:h and others.

61, Tooorec o vt lieation ot o sty i by Johmeilopking Tiniversity (rt;{'.11)
ST oot e o the tepeerndare differences betwucer ‘op layers and
e lager. S AU et oz o sea vater in eertain locationg desoerve

oserious s'hention. Extracts from the study are quoted below:

! ‘iensral oy
Vove ars teo crimary oplioas far oasin o 019C{0cean Phermal nerocy
. 'w"';x::um) A E ur i to moor 4 plunt near shore, o, o) 10 the
cal T i o i bear VS 0t Goasty and deliver to shore cither
dectricacy v cablden or Wi L-prossare oagaocus hydreyen.  Develaprmont oo
‘ crmarstraeion clant o asin thic aroroacht ronld offer sroader visibilite ¢
o Coyialre e e an treniead occans, and the potutt il avicts de
Plvoov e s i et vae ot P e ot W sonthoactorn glatos. Toveorer,
coanctoorn te T Toream coul 1 b to boroomel more rae cnd bo otk stand
Oricien s e e cment oy and b D have to ooperate itk 4 maeh
1

L oyl , . .
Do e boperatare A wrenes (80, 40=347) than i: wvailalle in

S T e Swdlor, iane factors mad e oanen plant s st mificantly
eoexansiy s o snth of eleetrie ooy develope t o on board and
) e st ally ity aeplas and oporates o recend stardies by Loekboed and
Syt nted 10 ./7," hy oV rommarative cont o egtimates of 02,450 and
Yoo T oper ko verpeetivel sy compared to o "ot per kU for th APL=doesioned 0"!‘!’](‘./
armenta tropinal e plant=shiip,
heother optiony vhirensad dn this reporty, ias ty base 00X plants in

7 celed tropreal ceann giten chere ddesion windny,uaves and currents are
maeh smaller, el available Lemperature 1itferonces are mch hivher (A Y,
',(‘—‘230“) anc leus oab cet o seasonal variation, The small surtace and
siuourtace currents are particularly important to the idesirm of the anld
atar pipe, chich ig both Tar-e in diameter ant very lonss,  The aviilable
6. 1z a poverful factor; nlant cost varies inversely oith Al Lo a pover
oy P to Petovathin the ranje of interest. ‘the total ener-y potential from

lars~» siting arean in tropical oceans i3 also much rreater.
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The power generated by OTEC plants at tropical ocean sites must
be used to make energy-intensive products (e.g., ammonia, aluminum, liquid
hydrogen) which can be shipped to U.S. or foreign markets. Although
this paper presents primarily the design concept and economic estimates
for building OTEC/ammonia plant-ships, descriptions of the plants and
costs for producing aluminum and liquid hydrogen are also included. At
present ERIA is supporting other studies of ammonia and hydrogen production
in OTEC plants and studies of ocean industrial complexes based on OTEC plants.
The authors have received only interim progress reports from thoge studies.,
The reports have been related to earlier ERIA-funded plant concepts and

do not reflect the advantages of our unique, low-cost plant-ship design.

The APL option for using OTEC power is designed to operate in
tropical waters; is feasible to build in existing US shipyards; requires
a minimum of risk; and can have a significant, favourable impact on US
energy needs by 13“~. The following unique features of the APL option are designed
to reduce costs and provide a useful output:
~ The optimum site for ocean thermal energy production is the H00 nautical
mile area in the tropical South Atlantic Ocean (ATL-1) which has the
highest temperature differential combined with the lowest waves,
winds and currents,
- The heat exchanger configuration is enrineered specifically for OTEC
use and features low-cost construction integrated into the concrete
ship support structure.
- Desism of the ship uses standard metho is of construction with a low-cost
hull and dimensions which can be accommodated by existing US shipyards.
- State—of-the-art equipment is used for all basic CTEC components,
for which quotes and delivery schedules are available.
- Manufacture and storage is included f{or a product which will be in s ort
supply and 1s now using nearly 3 per cent of scarce US domestic natural
&a8y which can be congerved by use of the natural resources available
at the OTEC site,

The result is a new plant-ghip program which can ve started now and
have an economically attractive impact on the US maritime industry and
on national energy needs. Further, the cold water brought up from the
benthic depths 2,500 feet below the surface is filled with nutrients, the

enviranmental immact of manofacture eanld actuallv be positive, in contrast
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For the OTEC/ammonia plant-ship at site ATL-1, which we recommend be
undertaken first by ERIA and the US Maritime Administration, detailed cost
estimates have been made based on actual quotes of individual equipment items
from vendors for most of the major components. They show that commercial
OTEC/ammonia plant-ships, at 500 MHe net power output an? 1,700 short tons of
ammonia per day, can be built for US$734 per kilowatt. At a production cost of

US$96 delivered f.o.b. New Orleans, Louisiana and a sales price of US$180 per ton,
we estimate that the plant-ship investment can be recovered in 5.5 years.
This estimate is based on constant 1975 dollars. Government cost-sharing
or support will be required for the earliest commercial plant-ships to
produce ammonia at this cost.

Funding for an end-of-1978 tropical ocean pilot plant will require
about $3-5 million from ERIA and $2-5 million from the Department of Commerce
(US Maritime Administration) in each of fiscal years 1977 and 1978, Alternatively
the $15 million estimated cost (1975 dollars) for the end-of-1378 tropical
oceas pilot plant could be funded by ERIA. Assuming a prior, successful pilot

plant, the following schedule for OTEC/ammonia plant-ship implementation is

recommended:
End of 1980 Demonstration-size plant-ship (100 Mwe)
1981 - 1982 One commercial-size plant-ship (500 MHe)
1982 - 1986 Twenty commercial-size plant-ships (500 Mwe)

The benefits from a successful OTEC/ammonia program by 1986 would include:
- An annual savings of 0.5 trillion cubic feet of gas, about 3 per cent
of the 1986 US natural gas supply. This would benefit each of
the 32 million American households using natural gas.
101,000 new jobs in US shipyards.
1,600 new US flag shipping jobs.

Additional jobs in the aluminum industry, in concrete, in steel, and in

the industrial equipment sector of our economy.

Farmers would benefit from the long-term fertilizer price improvement.

Finally, there would be a net profit for the plant owners of the
sixth and subsequent ships of about 50 per cent on equity/ahip/year."

(Refer Figures 3, 4 and 5,and Tables 16 and 17)




| 62, Another new appraoch relates to breeding new vegetable plants
which has the ability to fix nitrogen from the atmosphere. Noteworthy
accomplishments have been recorded by DuPont de Nemours, Co., USA.
The United Nations is sponsoring research work in this direction through a
co-operative programme with the Rockefeller Foundation in Mexico.
Recent efforts to develop strains of wheat and rice which need minimum
amounts of water and fertilizer and development of agriculture

in the arid region of the world are also steps in the right direction,

Figure 3

L\

CORN AND
WHEAT
PRODUCTION

L

PAC

30

PAC 2

LATITUDE

S—————————

60 )

120 150 & 180 150 120 90 60 30w 0
LONGITUDE

The Six Tropical Ocean Sites Selected for Deployment of OTEC Plant-Ships



AMMONIA
(NH )

COMPRLSSUR

CONVERTER

=

l HYDHROGEN

LIQUID
AMMONIA
STORAGE

EVAPORATOR

NITROGEN

ey i
I

AIR LIOQUIEACTION PLANT

REVERSE
OSMQSIS
SYSTEM

GENETLATON
HECTIFILR

_, Ty [At\‘H(
LT]"“ cotp M

60 f S » mmn:.
T T P
” v ' . !
’ ] i
v

[TR;

OTEC/Ammonia Plant-Ship

4




CELL POTENTIAL V

4=

Fiﬂre g

TEMPERATURE (°F)

20 100 ___'%0 00 250 30
i 1 T |
N
I~ N GE TESTS OF SPE CELL N
~ AT 1000 amp/f12
~ /
1.8 ~ —
~ TELEDYNE
.CELL AT
- 456 amp/fe2 -
ELECTRICITY USED -
TO MAKE HYDROGEN,
16 WASTE HEAT EVOLVED -
- THEAMONEUTRAL VOLTAGE -
14} .
HEAT AND ELECTRICITY USED g !
TO MAKE HYDROGEN
r— il
; REVERS; P
?E.E VOLTAGE
;W Y A VN S Y A M”MM
2 -HYDROGEN e Cg
‘GENERATION IMPOSSIBLE - . .~~~ 7
VOl iecin i Ditecsitidericnniionlloiorisienn e, 4 /iu}l.::z“)‘i;//gu}_wmum};z./‘i,’_}.&n;;///.
25 50 75 100 125 150 175

TEMPERATURE (°C)

Idealized Operating Condtions for Electrolysis and Temperature Effect

e )



)=

able 16

Teledyne Flectrolsis Plant Peiformance and Requirements
(16.14 MW Plant Unit Comprising Five Modules and Auxiliaries)

MAXIMUM CAPACITY

ITEM OR REQUIRFMENT

Hydrogen output 149,500 KC1 /1§
776 Ih/hr

Cell voltape 1,72 V

Power density 791 W/ft?

Voltage officieney 8h.6"

Current effleiency 93,0,

Overall system efficlency 83,8

Maximum operating pressure 100 11/1n, 2

Gas purlty after water removal 984G

Dew point 180°F

(Reduced to N1y plant req't, in Nll3 plant)

Spice requirement 25 ft x 25 ft x 15 ft high

Total welght 149,000 1

’lant life 20 yr

Plant manning

Operations: completely automatic with manual override; one
man can start up, run, and shut down in manual mode

Preventive malntenance: 183 man-hr, st year, 124 man-hr,
2nd through 20th vears

Services Required

Delonlzed water: 600,000 ohm/em resistance (minlmuim)

Coollng: water must be avallable in Nil5 synthesls loop to cool K}
clectrolyte to 165 |

Power: 3,2 MW, per module, 440 V 3¢ for pumps, remainder 220y 3.
Alr: ofl-free, 80 /1.2 minimum

Nitrogen: 700 SCF per startup; 20, 000 SCF for emergency purge use
Inltal KON charge: 13,764 gal, of 25% wt. solutlon
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Tavle 17

Comparison ¢f Estimated U.S Production Costs for Ammonia

from Various Sources

SOURCE

PRODUCTION COST

(3/'1'on)

FNVIRONMUENTAL
IMPACT

Natural gas

Natural gas
(reshdential rate)

OTEC//ammonta plunt-shin

Naphtha
Heavy fuel or crude oll

Coal

3 G
100

87

108
111
108

- o1®

b
- 104

- 9¢°

- 1222

- 128
- 159

a

a

Muderate

Moderate

Least (some
aspecets favorable)

Moderate
Moderate
Greatest

Apstimates from TVN National Fertillzer Rescarch Center publishad data bascd on 20, 80 to 1, 50/
AMSCLE gas cost, <%0 to 9 3/ton naphtha cost, €11 to 1.1/bbt fuct oit cost and %22 to -12/ton coal cost, 37
Naphtha and fucl o costs obtained from Platt's Oilgram,

Dproduction cost hastd on $1,75 to L, 96,/MSCY rate being charged residential wser by Washington
Gas Light, Washington, 0.0, for October 1975,

CorEC/ammonia plunt-ship cost is for ammonla detfvered f,o,b. New Orlcans, Loulslana,
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Y. Raw material oriented and market oriented production - Central ' jumbo" units

A=

to teed "satellite" units and to '"stabilize'" existing units

. Some of the approaches discussed in 3ection IX are long term based.
.« look a* the natural as and associated gaseg flared in o1l producing

.ntries, there 13 a shoyrt term step which o1l and gas producing countries
‘w1 topt by bailaing ammenia plants by using such flared pas. Many

yroects nave teen started and ammonia trade by *ankers 18 tarkins

veoe o India ang Zurope and many other areas. by assigning a

roconanly 1w level as onsts, ammonia can be proiuncet at less than

't per ton. I the countriec puttines up such facilities also

cnuest in ammonia tankers ana terminal facilities, the vicissitudes of

trincport costs and storace costs can ve minimized,

e Joming * countries with large temand such ag India, Indonesia and

‘roirs, question 2 bullding laree ( Jumbo ) ammonia and phosphoric

11 plants either, raw materiil oriented or market oriented and attached

t 715tinge plants leserve careful study. For example with the "Bombay High Gas"
wmin.s to the mainland, there 1s a pood chance for building a mammoth ammonia
tlant and diciributine the ammonia to "satellite" plants and also to

“otacilize" anl reduce costs of production of older units., It is unfair

that units bazed on solid fuels or hirh cost liquid and paseous feedstocks should
inherently #1 tisadvamae (ver others more luci(ily placed with regard to feedstocks
ITom a natioral point of view. Fertilizer prices in India being equalized

at all points of consumption, it 1s only fair that such units which are

atl a Jdisadvantage and all units for that matter are helped to reduce

nosts of production of fertilizers. Now that in India almost all




constituent states have their own fertilizer plants, it will be useful to
consider locations for mammoth production centres for ammonia such as Kandla,
Trombay, Goa, Mangalore, Cochin, Tuticorin, Madreas, Kakinada

Vizag, Pradip,Haldia etc. Each such centre oan supply from the West and

East Coasts of India to the central area whioh will not be more than 100 -

500 km from either coast. Ten such locations each producing 2,000 tonn/d&y
ammonia and 3,300 tonl/dsy urea in two streameach or about 0.5 million

tons of nitrogen per year or 5 million tons in total could be planned

by the year 2,000. An outlay 5 billion dollars for identical mammoth

plants will bring up the Indian installed capaoity from 5.4 million tons

of N planned by 1983 (ref.5) to 10.4 million tons of N in the year 2000,

Similar approach to phosphorio acid production in Rajasthan and

other oentres where phosphate rook is available are vworthy of_oonlidlmtion.
Liquid sulphur imports ooupled with phosphate rock imports to coastal locations

to produce triplesuperphosphate (TSP) in single units of 1,000 tons/day

l-"205 could be envisaged for 2.5 million tons of P205'- The estimted

capital cost will be 1 billion dollars. Thus 6 billion dollar investment

in 17 years (1983-2000) works out to 350 million dollars per year which is quite a
reasonable investment per year. Further the entire standardized ammonia,

urea, sulphuric acid, phosphoric aoid and TSP Plants mist be designed, engineered,
fabricated and put up in India.

XI. Environmental oonsiderations

65. To enhl.ncé the "quality" of life of the population all production

centres for fertilizers should guard against pollution of environment,

human beings,air, water and soil. Not only prooesses selected must have

built in safeguards, but day to day operations must take care to prevent
conditions affecting safety and health of workers, awid disoharging

polluting or harmful effluents, gmseous,liquid or solids into the

atmosphere, land or water. In case of captive sulphurio and phosphoric aoid
plants, ammonia plants using purification agents ocontaining arsenic mterial .
disoharges containing excessive amounts of sulphurous gases, arsenio and ammonia
are to be carefully ocontrolled. Byproduot gypmum fros phosphorio aoid plants
although not a poliutant in itself has contaminated oertain shore linss of North
African region tnd/ mm and disposal problems should be tackled by

& teohnological approach. For example by-product gypsum or phosphogypsum

could be converted to ocement, olinker and sulphurio aoid. (Coohin Phase 11)




XII.  Technolcgy and know-how treansfer
66, This brings us logically to the questicns cf technclogy and

know-how transfer. Technolcgies muet be appropirate and the recipient
should be able to use and improve on tochhclogy. The subject ie attracting
great attentiocn in UNCTAD, UNIDO, UN Science and Technology Programme

and also in the Section of Multinaticnal Corporaticns, Technology of
fertilizer producticn is vital tc many develcping countries and the
terms and conditicns of such transfer should be equitable and urgent.
UNIDO is starting a technical information and data bank and will benefit
by the experience cf FAO, IFIC and the World Bank. The ESCAP region

ie eetablishing an ESCAP/PAO/UNIDO Jcint Asian Fertiliser Advisory
Development and Informaticn Service.

67. But the most important aspect cf this subject is what can developing
countries whc are advanced in technclogies do for cther developing
ccuntiries who are not sc far advanced. Technclogy tranefer among
developing countriee (TCDC) and Econcmic co-operaticn between develcping
countries (ECIC) are at present basic programmee c{ many UN agencies.

A case in point is the production and uee cf catalyets. Countries

like India and Mexicc can help many cther developing countries. Use cf
liquid fertilizer, "know-hcw" in fabrication of fertilizer plant equipment,
transfer cf experience in evaluating and using different technolcgies

are available in India, Pakietan, Iran, Mexicc and Brazil to menticn

a few countries cnly. The aseistance given by FCI cf India and PACT tc
countries like Philippines, Burma, Zambia, Sri Lanka, etc., need special
mention.

X111, RoEonnl and sub-regional co~operstion

68. The examples of such co-operation is evident in the ANIEAN Group,
the ASEAN Group etc. The efforts of India tc build cr take part in building
fertiliser projects in the Gulf area, in Sri Lanka and in Bangladesh, the
efferts ocf co-operaticn between Phillipines and Indonesia wheredy
Philippines will conoentrate on phosphcric acid and Indonesia on nitrogen
are noteworthy.
The Conmultaticn Mesting on Fertiliser Industry crganised by UNIIO




stated as follows (ref.2):

"Regiona.l co-operation

The Consultation Meeting recognized that the installation of fertilizer
plants and the establishment of a marketing and distribution network would be
easler 1n developing countries that had large fertilizer markets. In countries
with smaller markets, it would be desirable to plan for regional co-operation
and a combination of resources and skills. The opportunities for broader co-

operation between all developing countries should also be pursued.

The Consultation Meeting reviewed the efforts that Had already been made,
including the regional co-operation arrangements of the Andean Group, the
Latin American Asscciation for the Development of Fertiliser Indust ry (ALIFAL),
the Latin American Fconomic 3ystem (SELA), the Seicgul River Developmont
Organi~ation (OMV:), tiec Mano River Uror, the Arab Federation of Chemical
Fertiliier Producers, fhe Industrial Development Centre for Arab Stat o (1DCAS),
the ASFAL pgroup of countries, and the region cerved b, the Bconomi - and Socind

Commiciion for Asia und the Pacific (ESCAD).

The Concultation Meeting exprecsed its support Jor those eofforte. Tt

recomneited 1hat they should be intensified and that s

(a) High priority should be siven in the programmes of thoue regional
group:: Lo the preparation of feasibility ctudiec, the sett ing up
of fertilizer plants, and the building up of a marketing and
dirtritution network within cach region;

(b) WIIDO should extnend technical and professional assistance to thove
regional co-operative cfforts and should provide consultancy
5ervices in regponse to requests, and should follow up the
suggestions made at the Consultation Meet i1y

(¢) UNIDO should consider giving assistance to establish regional
development centres for the fertilizer industry;

(1) Intemmational technical and financing assistance from bilateral a:d
other sources should also be made available For such regional
group efforts. "




69. In conclusion, it may be stated that to increase output from agriculture

to feed the world pnpulation,the most important input to agriculture namely
fertilizers must be produced and delivered even to the poorest farmers at
the lowest possible price. We must help them to use fertilizers efficiently
and increase yields. This will improve rural economy and raise hopefully

the living conditions of those who are now left out of the development
proceas.

BN



‘ 1.

2.

9.
10.

11.

12.

13.

References

Report adopted by the Second General Conference of UNIDO, Lima, Peru,
12 - 26 March 1975

Report of the First Consultation Meeting on the Fertilizer Industry,
Vienna, Austria, 17 - 21 January 1977: ID/WG.242/8/Rev.1 dated 4 February 1977

Supporting information on eight issues which might be selected for
consideration of the consultation meeting: ID/HG.236/2 dated
29 October 1376, Vienna 8 - 12 November 1976

MHD power generation - a technology of future by Dr. R. Ramanna,
Director,Bhabha Atomic Research Centre, Bombay, India
Journal Institution of Engineers,India, Vol 26, January 1977

Chemical Age of India

27th Anniversary Issue, pp. 139 - 148

"Indian Fertiliser Industry - Past, Present anf Future" by

Dr. K.S. Chari, Fertilizer Association of India, New Delhi, India

Economic Quarterly No.54 - August 1977
Dresdner Bank, FRG, "The German Economy in Charts"

UNIDO, Draft Worldwide Study of the Fertilizer Industry 1975-2000
UNIDO/ICIS.22/Rev. 1 dated 28 December 1976

Investment and production costs for fertilizers
by Mr. William Sheldrick, Fertilizer Unit, World Bank
prepared for the FAO Commission on Fertilizers, 27 - 30 September 1977

World Bank Annual Report 1977, page 22

Newsweek, September 26, 1977
Newsweek - WEFA Forecasts, prepared in collaboration with the
University of Pennsylvania's Wharton Econo-metric Forecasting Associates (WEFA)

Maritime and Construction Aspects of Ocean Thermal Energy Conversion
(OTEC) Plant Ships - The Johrm Hopkins University, Applied Physics
Laboratory, Johns Hopkins Road, Laurel, Maryland 20810, USA

Production yearbook, FAI -1976

Summary data on fertilizer plants financed by the World Bank








