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IfJTRO AUCTION 

1. The United Nations Industrial   Development Organization (UNIDO) is the 

co-ordinating agency in the United Mations system for industrial  development. 

UNIDO's primary function in connexion with fertilizers as with other 

sectors of industry is to assist member countries to develop and particularly 

to increase existing output and plan for future production. The  Food 

and Agriculture Organization's (FAO)  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,  PAO and the World Bank are working together 

through  the UNIDO/FAO/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 Limai  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 industrial growth so achisved is distributed among 

the developing countries as evenly as possible.    This implies that the 

developing countries should increase their industrial growth at a rate 

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 industry in January 1977 to discuss ways and 

means of reaching the Lima target or more, and to oonsider the issues 

facing the industry. 
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/¡.       i'hií-   paper presents   the insues  f'acinp the  vorlii   fertilizer 

industry as nienti Tied  and discussed   in the consultation meeting 

and  in other forums. 

SUMMARY 

5. The Lima Declaration and Plan of Action iormulated at the Second General 

Conference of UNIDO in  1973 in Lima,  Peru, has    staged   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  p*r 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  1973 the developing countries,although they consumed about 

30 per cent of N and 22, per cent of P_0C nutrient supplied by the 

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

production of N and lesser percentage of P„0S fertilizers.    Even if 

the developing countries do not    get    a       large share in the world export 

market,in order to become self-sufficient,their sh'»re of world production 

of N and PJL 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 effioient use 

of fertilizer in agriculture should be made so that inoreased agricultural 

output can feed the expanding populations and improve the nutritional standards. 

7. In building up the  fertilizer industry, the developing countries will face 

difficulties with regard to infrastructure in following areas: transport, 

utilities, raw Materials,marketing, agricultural extension, human resources and 

polioy guidance. The consultation meeting convened within this framework by 

UNIDO discussed these  problems and recommended that for the fertilizer 

projeots the governments and others eonoerned should equally take part in 

financing and developing infrastructure. 



-3- 

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 S 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 I1HO million today and it is predicted   that      coats will 

go up to 1240 million by I98O.    One of the important   ways of reducing 

capital costs is to build large facilities either in existing locations 

or adjacent to tham.     A reduction of about 20 per cent of capital 

investment costs oan be achieved. 

12. Although credit worthy countries and viable projects have always 

been able te 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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•uch countries for development of «maller eise project« than thoee 

which are considered economically viable now, and which can use 

alternate raw material«. 

13. The cyclical nature of world fertiliser prices has been a deterrent 

in the full utilization of existing capaci ties in developed countries. 

Some ayatem    to stabilize the world prices and availability of 

fertilizer is essential.    In addition to proposals of buffer stocks and 

price stabilisation funds, UNIDO has proposed an "option scheme" 

which is discussed in detail in the paper.    In view of the   predicted 

levelling off of prices of agricultural products in developed   oountries and 

in view of the fact that in developing oountries the price« of food 

grain« cannot be radically raised due to the   low purchasing power of 

population, it is essential to keep equitable fertiliser prioea and most 

efficient use of fertilizers as targe*of the world fertiliser development. 

14. Use of alternate raw materials other than natural gas and naphtha 

are attracting attention in many oountries of the world.   This is 

particularly so because of the non-renewable energy source situation. 

In this connexion, nuclear energy and energy from magneto hydrodynaaic 

converters (HD) and the uee of difference in temperature between 

the top and bottom layers of sea water in oertain location« seem 

attractive. 

15. A case oan be made for developing oountries where already a large 

number of projecte   exist to build central "jumbo" units either 

raw material oriented or market oriented to feed "satellite" units and 

••stabilize-« production from existing unita,   i case in point is in 

India when the "Bombay high gas" i s conveyed to the main land by 

pipeline, large ammonia/urea facilities oould be built.   Also 

consideration has been given in the past for building or expanding 

existing units in the Bast and Nest Coaatsof India. 

16.   The environmental considerations whioh should be striotly adhered to 

in planning, building and operating fertiliser plants are well-known 
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The processes selected must be  so designed so aB to ensure safety and 

health of  workers and projects Bhould avoid discharging polluting 

or harmful effluents, gaseous, liquids or solids into the atmosphere, 

land, or water. 

17. Appropriate technology and transfer of'Vnow-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 oí   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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Kcw projftH i f.ti:: op  foyH 1 î r.cr di •ni.Mii)  Ivi ml   on   IQM/I/OS   in   197-1 /Y ^ 

nnd  on   ili'-  ,Toi ni   Ho ri: i IL-* firmi?»  r: ;l j inni, r.r,  for   V)'l'l/P>0 

(Clarification of counirico ìB UN  standard classification) 

Nitrogen' demand 

•  .   • • J2S2 19B5       1990 mi 2000 

Developed countries 37.5. 47.6      58.9 
• 

71.4 85.1 

Develop i ne countries 18.1 25.4      33.9 43.6 54.5 

Vorld • 55.6 73.0      92.8 115.0 139.6 

••   • • « 
* • 

' PgO,. demand •• 

12§2     J2&     J222      1995 2CC0 

Developed countries 

Developing countries 

Horld 

Developed countries 

Developing countries 

Vorld 

22.8 26.7 31*0 35*6 40.6 

7.6 10.8 14.4 18.6 23-3 

30.4 37.5 45.4 54.2 63.9 

hLì*f_ìA*>uij;i?u'*'XJ> demand   

Jfi§2 J2§2 .2222 J22S 20C0 

22.8 27.8 33.3 39.3 45-8 

4*3 6.3       8.6 11.3 14*4 

.27.1 34*1 41.9 50.6 60.2 

VFK demand 

J2§0       1985        1990        1995       2000 

Developed countrioa 

Developing countrioa 

Vorld 

83.I      102.1      123.2 

30.0      42.5       56.9 

146.3     171.5 

73.5       92.2 

II3.I      144*6     180.1      219.8     263.7 
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23. By 19^5f  the preliminary estimate  sudeste that  the developing 

countries will  consume about  34 per cent of N and about, 31  per cent of 

PO    nutrients consumed in the world;   aMJay.±ke year 2000 about   39 per cent 

of both N and P_0r  nutrients.    Therefore if developing countries are 

to be self-sufficient,  their share of world production of N and l'?0 

fertilizers will  have to reach 33 per cent by 19^5 and 4P 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. Prom the above discussions whether a forecast  of a higher or lower 

figure 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 agricultural 

production prospects by the year 2000. (Table 4) 
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Table 4 
(réf. Prof.Ewell's draft study) 

World Orain Production (acutal and projected) 
(million tone of grain) 

Developing countries 

Developed countries 

World: 

Average 

1970-74 
619 

198O 

735 8O9 

19?0 

884 

2000 

1,032 

685 840 936 1,030 1,221 

liM. hSU. M45. 1.914 2,235 

2. World Id Populations (actual and projected] 
in million of persons) 

Developed countries 

Developing countries 

World: 

1975 

1,097 

2|86? 

3.?66 

1980 1985 

1,145 1,192 

3,624 

4.374       4.816 

J22L 
1,237 

4104J_ 

¿1280. 

2000 

1,317 

4,?36 
6,2?3 

3*     India 

1975 

Population (in million v      614 vor persons) 
Grain production 

(million tons) 125 

1 

Fertilizer needed 
(million tons) 

N • P?0 • K20 

N 
P2°5 

2.00 
0.45 
O.3O 

Ißl 

694 

130 

3.60 
1.30 
0.70 

-12§I_    J22P- 

Cultivated area 125 million hectares 
Irrigated area 35 millionhectares 

5.60 

)  1975 

783 

141 

5.24 
1.90 
1.00 

8.14 

876 

152 

7.19 
2.60 
1.40 

2000 

1,059 

175 

12.0 
4.5 

18.9 
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II. 

26. 

Infrastructure difficulties 

This  issue  facing' the world  fertilizer indur'ry  particularly 

rn   dovolopinr countries  was discussed  in  detail   durin •  the U?.'JDO'B 

i''ir~*  Consul tat i ~>n   ''eetimr: on   the   fertilizer industry.     The  consensus  reached 

is  reflected   in   the   fol lovant paragraphs  (réf. ?.) 

"   The Consultation Meeting recognized that  the major programme of 

construction of fertilizer plants in developing countries«, that has already 

started would necessitate  the building up of an adequate infrastructure.    The 

Consultation Meeting considered  various aspects of infrastructure planning. 

They  included: 

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

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

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

(d) Marketing infrastructure (storage facilities -ind 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 infrastructure 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. 
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The  Meetin •  ruci-ra;-,«]  that   the alisene,: of  an   infrastructure   should   not 

bo  allowed   to  inhibit   decisions  to set up   plants.     On the  other  hand,   the 

Meeting felt   that   the  setting up of pianti:  would   assist   in the over-all 

economic development  of   lo;:;; developed area.: and   would  stimulate   the creation 

of  an  infrastructure. 

Considering  the co;;tj   involved  in establishing an  infrastructure and  the 

need  to  produce   fértil izers cheaply so  that  they  would be within   the  reach of 

the  farmer,   the  Conimi tation Meeting wan   of the  view that   it would not  he 

correct  to   expect   fertilizer project;; to  bear the   total   cost;; of   infrastructure, 

There  war   i  need  to  defirr-  and demarcate  clearly  those item;; of  infrastructure 

iha-t   should   fall   within  the   responsibility  of the  State and  public   authority 

and   th it   should  consequently be financed   from the   public  exchequer,   and  item;; 

of  infrastructure which  were directly associated  with fertilizer   project:;. 

The  Meeting  recognized   that  the conditions  and   practices in  different 

developing countries  would   not be  identical   and  that the demarcation of the 

Lítale»« and   project»s areas  of responsibility would  therefore have   to be 

adjusted  to   local   conditions.    It  was >'ci>er\all.y  fei',  however,   that   the  public 

authority should assume  responsibility for   the basic physical,  transportation 

and  utilities  infrastructures up to the site boundary.    The  projects  should 

assume responsibility for  the marketing infrastructure and the environmental 

infrastructure,   including the disposal of effluents.    There would  be joint 

responsàbili ty 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 BO arranged aB 

to reduce,  as 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 *!**•• ted that    drolopin« 

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  implementation.     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.      i'hc main  recommendations were   that efforts must be made  to reduce 

infrastructure costs  (please  sec al30  Section Vl) by apportioning 

111«   infrastructure costs between fertiliser projects,   state  and public 

authorities.    We shall  discuss advantages and cost reduction by building 

centrally located large fertilizer plants to supply satellite units 

and   to add now capacities to existing projects than to start  "prass-roots" 

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

III.        Jolayo in construction and bringing into production of   fertilizer 
projects __ ^  

28.       Great deal  of study,  research and development have taken  place  in the 

last   few yearn of ways to reduce delays in construction and bringing into 

production at   full     capei ty new fertilizer projects,    experience  shows that, 

the   timo lar from the date that finances arc obtained and orders placed to 

the   date production  starts in a project involving a 1000  tons/day 

ammonia plant, and   1,6^0 tons/day urna  plant  is two years in a developed 

country whereas it   is about   four years in a developing country.    The  time 

la- between  feasibility studies,  issues and analyses of tenders,   preparation 

of a  bankable   project  submission, assessment of the economic  and social 

returns to the  time   finances are obtained and orders placed  is 

anywhere between 1   -  3 years.    Thus  on an average minimum of  5 years 

olapse between the  feasibility study and first starting of trial  production. 

The  experience  in developing countries of many projects based on    naphtha 

let alone coal  is that durinr first year of operation the  target itself 

is only 60 per cent of designed or "name-plate" capacity, 70 per oent in the 

second year and ao on. It la vary raro to aee a project in developing 

countries which comes  to 100^ of the  de si ¿med or"name-plate" capei ty  in 

the  first year of production itself,  v/hercas in developed countries 

the  projects attain   100.1 capacity in  the first year of operation itself. 

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

ani   demand of fertilizers.     Various attempts and measures have been   suggested 

to rodune the  time lag in developing countries and thereby avoid the  losses 

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

importing  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 Indonesia which has been designed,partly built 

and then abandoned.    Barge mounted plants have been designed by 

various consortia Buch as: 

Humphreys and Glas/tow (UK); 

Gb'taverken/Topsfl'e  (Sweden); 

Uhde  (PRG); 

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 cost differences between conventional and 

barge mounted plants for a developing country in a later section which 

is estimated to be only I5 per cent.more for barge mounted plants. 

31»        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.    Transportation 

bottlenecks and other infrastructure problems are serious in "grass-roots" 

or reaote looations. 

3?.        It is therefore logical  to ask the question in oountries where 

few fertilizer projects are already in existence whether the tine lag in 

construction and erection can considerably be reduced if the existing 

units with infrastructure and trained personnel are allowed to expand 

or allowed to build additional parallel units.    We shall examine this 

 J 



•^ 

-16- 

problem   from  *.\.f  >''>st  point.  of  view in Section   VI.     In any casi;, 

"rrasG-roots" plants aro  o3timatod   to cost  in the  order of 40,' 

more conparod  t , other plants,   if* exapansion or parallel 

capaci tics are  dui It,  i:i  exintin-   plant  locations.     A  case   in  point   u 

Indonesia Pusn   I,   II,   ITT,   IV and   perhaps  V   and Trombay. 

I V.   Full utilization of »listing capacities 

33»       (lr>e  of thf irioat. important  i r33ues facing fertilizer projects in 

developing countries is under utilisation of existing capacities. 

It  has been estimated that  if the existing projects fully utilized  their 

capacities,    the ESCAP region would be self-sufficient in nitrogen 

fertiliaars. 

34»       There are various reasons why an ammonia and associated urea plant 

usine modern technology are unable  to attain and sustain  100 per cent of 

the desired or'name-plat«''capacity.   There are internal and external 

reasons. 

The internal reasons are: 

a) Problems arising from faults in plant design and inadequaòies 
of equipmenti      (ref.2) 

"  One of the major precautions to be taken when setting up 

fertiliser plants Mould 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 feasibility studies and project reports so as to ensure 

that viable and efficient fertilizer plants were installed was 

emphasized.    Studies and reports should be followed by the selection 

of reputed contractors, the adoption of proved technologies, and 

the careful drawing up of bid documents and proper contracts. 

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

The Consultation Heating notad that one of the keys to fuller utilization of 
capacity and higher operational efficiency was a regular system of 

preventive maintenance backed by trained manpower and a regular 

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

J 
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conuulunp engineers  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) Problems caused by not suitably trained operation and 
maintenance   personnel: 

The Consultation Meeting recognized that the development of 

skilled manpower «AS 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 arrangements were made for the local, regional or international 

marketing of the  product.   The problem was of special significance in 

developing countries that were installing capacity mainly for «sport." 

b) Inadequate   infrastructure: 

The most   import factors affecting high utilization of 

capacity in many countries are  transport and storage bottlenecks, 

insufficient and fluctuâtitigrupply of electric power and 

most importantly supply of good quality water.    It has been 

reported  that even deminerali zed water used for boiler feed 
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and cloaod circuit coolinp are reducing efficiencies 

of  turbines and heat  exchanrers.    It  in a  policy in 

the  ri^ht direction   that may developinf countries are 

allowing captive  pov.'er units vith  fertiliser  projects. 

c) Cyclical and unequitable  prices of  fertili7ers: 

In  developing countries with larre  internal   demand, unless 

fcrain prices frive a reasonable return  to  farmers usinr 

.'ertili zers and unless fertilizers roach tho  lar^o  number 

of  subsistent level   farmers who now seldom use  or use 

inadequately or inefficiently and at an equitable price,  demand 

will not ^row.    In no3t developed countries  100  per cent 

capacity utilization is possible  if a^ter meeting internal 

demand (% per cent  or so of capacity) the world prices are 

attractive enough to push capacity to maximum possible 

extent. 

Example of India ( ref.  12)  - ••• T»ble 5,  P-19 _ 

example of PTÌG ( ref. 6) 

Figure 1 (ref.6) 
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V.      Contracting procedures 

ÎS.     The recent  '¡technical  Seminar on Contract ini' tJet.hodB and Insurance 

Schemes  for Fertilizer and Chemical Process Industries, Lahore, Pakistan, 

?'< -  29  November 1977,  highlighted 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 

riarantces,  penalties,  bonuses and liabilities for machinery breakdown 

iurinr 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.    It has been mentioned that even few experienced 

countries realize that  legally they are entitled 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. 

36.      The most  important question being considered by the UNIDO 

and other UN agencies is how to compensate a large fertilizer project 

costing say ?00 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 enter 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 responsibility for consequential 

losses m difficult and time oonsuaing.   There is existing 

insurance against machinery    breakdownfand production losses in many 

countries like U3A and India. 

-.._. J 
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VI.      Rising capital and raw material  costs 

38. l'i ve to tan years ago a 1,000 tone/day aanonia plant and a 1,650 tone/day 

urea  plant  could be  installed in a developing countryefor about 90 - 100 

million US dollars.    The present costs are about  IRÒ million US dollars. 

It  is predicted that   the COBIB will go up to  ?40 million US dollars 

by  HBO.    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 (raf. 8   ) of the  fertilizer unit of the 

World Bj,nk has analyzed the  factors affecting capital and production costs 

for N and P fertilizers.    In his draft paper to the FÄ0 fertilizer 

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

Plant in developed country site factor    1.10 

Plant in developing country " " 1.25 

1.35 Plant in developed country 
(remote location) 
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40.      7or those developing countries who have already built  large  fertilizer 

projects,   one of  the most  important  wayB to reduce total   investments in 

nev  fertilizer production capcity  is to build the capacities parallel to or 

adjoining existing  facilities.    Those 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  ?C  million US dollar investment can be saved in a   200 million 

nr¡ dollar project  if facilities are built  in existing projects or close to 

them rather  than going to "remote"  or "green field  3Ìtea".    The costs 

reduction involved in building lar^e "jumbo" central plant« will be di ecuseed 

in  Section X. 

4L       Mr.  Sheldrick's analyses of investment costs and prodouction costs 

are quoted belov;: 

"   Investment  cost estimates for an ammonia/urea complex to produce 

1,6r)0  tons/day based on natural gas in different locations are given 

in Tableé .    In some cases, where  it is felt that a specific location 

does not quite  fit 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 CoBts 

42.     The production costs for urea are presented in Tables   lt 8 and 9* 

In Tabled,   the information is given in the form of a "coat 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.    The S3 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. 

Although gas prices are    s sume d which whioh 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. 

..__ J 
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-i.Licussion of Results 

44.       The  results  in   Pablos 8 and 9 demónstrate  tho  importance of the 

three main variables,   feedstock cost,   investment cost  and operating 

rate,  on  product i or, ani  realisation  prices for urea.    All   factors 

arc  equally important,  and the advantages of cheap natural  /ras currently 

available ac flared fas  in remoto locations,  can  noon be outweighed by 

H,-hor investment   <;o3ts and  lower operating rates. 

413,       ¡'he  results  -.hoi' that  the r.nS\   0f producin- urea and  the realization prices 

to    -i ve  reasonable   returns on   i ti" --¡ rs * .nont  could  vary  considerably from 

nit».'   to  .lite and  even   for each  r   te  11 sc] f depeniin,;- on the  parameters 

assumed. 

46.      In order  to   facilitate comparison of the  data  for  various locations, 

a  simple  return on   investment has been assumed.    This has been based 

on   the a ve raff) réalisation  price  required over  *he  project  life although, 

in   fact,   prices will  vary considerably during this  period  ¡ine  to inflation 

ani cyclical  supply /demand imbalances.    Although an ROl(rcturn on investment) 

of   10 per cont has been assumed  for some calculations,   this has been 

lone    mainly to establish   the minimum realization price necessary 

to  cover adequate  servicing of capital,   particularly at  the bep;inninr of the 

project  life.    A  commercial  company, however,   would  normally require at 

least   1V* pre-tax return  to  provide adequate  profit   to  justify the 

project,    exceptions to  this case mi¿;ht occur in tho  enerpy-rich developing 

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

Rei. 

47.      On  the basis of a urna plani   contracted  today,  assuming an 

operating rate of  70 per cent,   it  is estimated  Miat  the ave rare 

realisation price   for the  various locations con si Jered would 

have  to   fall vithiri  the   ranco  of i;SÎ17ri-200 per  ton  of urea   in 

order to achieve a  1ri  per cent,  return on inven ornent.     These  prices 

arc  in constant   1977 dollars. 
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1 
TABLE   6 

INVESTMENT  COST ESTIMATIF   FOR  AMMONTA/UREA 
PLANTS   1,630 TPI)  BASK!) ON  NATURAL (¡AS 

Item 

1. Land, Site Preparation & Civil 
Works, including Roads, Drains 
Workshops, Buildings, etc. 

2. Machinery, Equipment and Spares 

3. Freight and Insurance 

4. Engineering Charges Including 
Design, Erection, Licence 
Fees, etc. 

5. Offsitcs and Other Expenses in- 
cluding Start-Up Fees, Housing 
Amenities, etc. 

6. Barges 

7. Mooring Buoy 

Price, Physical & Site Contingency 

Plant Investment 

Working Capital 

($ Million) 

Developed 
Country 

Developing 
Country 

Developing 
Country 
(Remote 
Location) 

Barge- 
Mounted 
Plant 

A 12 14 - 

83 90 98 83 

3 12 20 11 

30 40 50 59 

16 30 55 9 

- - - 53 

- - - 12 

136 184 237 227 

14 46 83 23 

150 230 320 250 

7 10 15 15 

Total Investment 157 240 335 265 

1/ Based only on preliminary investment cost estimates. 
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puonncTTON ros     
$/Ton 

INVEr.TM'''lT rOST 
($  Miifu.n) 

VOW Il ¡'.FA- 

TARLE   fi 
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O 

ta 

C3 
es 
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13 
U 

O 
CO 

Cas Price 
S/H Scft 

« 

O 

tí 

0 

0.5 

l.O 

2.0 

4.0 

0 

0.5 

1.0 

2.0 

4.0 

0 

0.5 

1.0 

2.0 

4.0 

0 

0.5 

1.0 

2.0 

4.0 

1.00 

43.74 

61.24 

78.74 

113.74 

183.74 

47.28 

64.78 

82.28 

117.20 

187.28 

51.71 

69.21 

86.71 

121.71 

191.71 

57.40 

74.90 

92.40 

127.40 

197.40 

200 

62.72 

80.22 

97.72 

132.72 

202.72 

68.37 

85.07 

103.37 

138.37 

208.37 

75.43 

92.93 

110.43 

145.43 

215.43 

300 

84.51 

102.01 

119.51 

154.51 

224.51 

81.70 

99.20 

116.7C 

151.70 

89.46 

106.95 

124.46 

159.46 

229.46 

99.15 

116.65 

134.15 

169.15 

239.15 

111.62 

129.12 

146.62 

181.62 

251.62 

400 

100.67 

118.17 

135.67 

170.67 

240.67 

110.54 

128.04 

145.54 

180.54 

250.54 

12?.. se 

140.38 

157.88 

192.88 

262.88 

138.74 

156.24 

173.74 

208.74 

278.74 

500 

110.65 

137.15 

154.65 

130.65 

259.65 

131.63 

149.13 

166.63 

201.63 

271.63 

146.60 

164.10 

181.60 

216.60 

286.60 

165.85 

183.35 

200.85 

235.85 

305.85 

600 

138.63 

156.13 

173.63 

202.bi 

278.63 

152.72 

170.22 

187.72 

222.72 

292.72 

170.32 

187.82 

205.32 

240.32 

310.32 

192.96 

210.46 

227.96 

262.96 

332.96 

3 «4 
M 

U4 
O 

g 

0 

0.5 

1.0 

2.0 

4.0 

64.99 

82.49 

99.99 

134.99 

204.99 

96.62 

114.12 

131.16 

166.62 

236.62 

128.25 

145.75 

163.25 

198.25 

268.25 

159.88 

177.38 

194.88 

229.88 

299.88 

191.51 

209.01 

226.51 

261.51 

331.51 

223.14 

240.64 

258.14 

293.14 

363.14 

1/ Contulne depreciation but no charge for Internst or return on Investment. 
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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, bad no probi«« 

materialising due to lack of bilateral, multilateral or international 

financing.    This is well brought out by financing statement by the 

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

and others. 

49. An analysis «f the World Bank investments in fertilizer projects 

for the fiscal year 1976-77 showed the following: 

World Bank Annual Report  1977  (ref.9); 

Tabi« 10 

World Bank Investments in fertilizer projects 1976-77 (US$ million) 

World Bank 

Brazil      Fertilizer and chemicals 64.0 

Brazil      Fertilizer and chemicals 82.0 

Pakistan Fertilizer and chemicals 55.0 

Romania    Fertilizer and chemicals I8.3 

Total: 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 

1974t 1975 and 1976 (ref.13)) - ••• Tabi«« 11 and 12. 

._ J 
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Titblo 1.1 

Investments made by World Bank IDA Total    in=induDtrial=grojcot| 

in 1974 309.1 109.7 418.8 

in 1975 665.3 125.O 790.3 

in 1976 50I.O IO5.O 606.O 

total    1,475.4 339.7     1,015.1 
BSC3SSB        assssa    asas^=i 

(all in US t million) 

Investments made by World Bank IDA    Total in fertilizer plants 

(all in  US $ million) 

in 1974 95.0 70.4   I65.4 

in 1975 292.O I25.O   417.O 

in 1976 120.0 IO5.O   225.O 

total      507.0 300.4 807.4 



r 
iai>xú   1/ 

i  i 

n'.YPi' 

JITYTT 

j.i:nr.\ 

PAKISTAN 

KC.-iA.'JIA 

MÎ.\ÎLADKJII 

I1.13TA 

INDIA 

TîiDOÏ.T^IA 

JO.-? DAN 

MUÍICO 

TUPKCY 

-•fil i ;vu_H:;  J »!  the yearn 197-1,  1975,   1976: 

Project Dato of approval 
of loan 

Nile delta ui-ea forti 1 i :xr plant i;i Nov.   1973 

Till.i).i urea fertilizer project 18 June  197/1 

Boi.ibay  [ertili:-cr plant 18 June  1974 

Multan fertilizer pro jo r:t 7 May 1974 

Fertilizer plant 27 Juno  1974 
Bub-total for I974 

Picca fertiliser plant 

Il FCO project 

SiivJvi  fertilizer project 

Fori3 liter project 

Potir.h eri^incrriivj project 

Guanowex fertiliser  project 

20 Jan. 1975 

7 Jan. 1975 

26 Nov. 1974 

25 Feb. 1975 

19 June 1975 

22 May 1975 

uvpploment to the T.C>P.\'' project    I5 April   3975 
i:ub--total  for I975 

Principal    Loueur^ 
amount      Agency 

/100.000 IDA 

20,000.000 IDA 

50,000.000 IDA 

35,000.000 1BIÌD 

60,000.000 IBUD 
_165,/|o.'\(V~p 

33,000.000 IDA 

109,000.000 IBRD 

91,000.000 IDA 

115,000.000 IBRD 

1,000.000 IDA 

50,000.000 IBRD 

l8,QMQ.mo IBRD 
4!7i<>"vV?"oo 

V'VJ.'.ih            TA\:i~~.::nïL project n May 1976 

INDIA                   J'<rtili:er project 16 ])?c.   197^ 

I1.D0::îîSIA           PU3PI  fertiliser pro jr :;t  HI 11  May I976 
nub-total for I976 

50,000.000 IBRJ 

105,000.000 IDA 

..701 COM, goo IBRD 
l?5i.oo'5.'wg 

Grand total        807,400.000 
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51.       It  is   therefore  aafn  to   say  that  for "credit Worthy oountrjkes"   / 

bui 1 Jin." l-rirre  viable   ferlili^er  projects,   finanoinp ia not a 

constraint.     Mut  thin ID no» true incase of qo-nalled  "non-credit 

worthy countries" or countries whi::h are land  locked  or island countries 

and vhich  lave neither cheap raw maten al s,"know-how,nor lar*e internal demand. 

'•inc.))  countries want   to buili  ammonia planta of capacities from 

100  tons/day   to   "U.1U   to>in/day  uninr  fuel  oil  eoa"1,   or  electric  poi.cr 

an  raw materia];;.    The./   fini   it   difficult   to  l>oale   finances at  reasonable 

rates and  alr;<>  en.-irioerin;- and  conutructinr  firnr,   willing to  undertake 

i'id  build  auch  pn/jeci a.      'hni.-.n  ••bo are willing to help, seek  hirh 

rates of  return and   the  cosit:;   to   :;uoh countries   in  disproportionally 

hi.-ker.     VJio:;e  aro  the  countries  "lach need,   ro-ional,   interregional 

and  international auni.otan^u.     o ./ . 

Af;ia i'.nd Kiddle  Da ;t 

1. Afghani :¡tan 
2. Brunei 
3. Cyprus 
4. Jordan 
*). Malaysia 
6. Me pal 
7. The Philippines 
8. Singapore 
9. Thailand 

Africa 

1. Cameroon 
2. Con^o,  People's Itapublic of 

3. Ethiopia 
4. Gabon 
rj. Ghana 
(>. Madagascar 
7. Malawi 
8. Mali 
9- Moi'.anibiquo 

10. Liberia 
11. ¡lineria 
12. Senegal 
13. Sudan 
14. Tanzania 
15- Togo 

.. 16. Zaïre 
17. Zambia 



Latin America 
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1. Argentina 
2. Bolivia 

3. Central American countries 

4. Colombia 

5. Chile 
6. Ecuador 

7. Peru 

VIII. Cyclical nature of world fertilizer prices 

52.      We are all aware of this phenomenon.    Many experta 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 C300 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 1977 

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 demand and 

use  in developing countries of fertilizers,» 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 induced to use inputs not only by credit,  demonstrations, 

availability at reasonable prices but alBO by reasonable price of 

agricultural products. 

34*      The following charts show that there is a tendency in developed 

countries like USA of falling prices for agricultural products   (ref.10). 
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55. UIJIl*) has Gu/r^esterl a new approach  to reduce  the  cyclical 

nature of world fertilizer prices.    As  Ì3 well  know,  UNCTAD and 

WO are  discussing buffer  stocks not  only  for agricultural  products 

but also  for agricultural   inputs such as   fertilizers.     Iricc 

equalization or stabilization commodity  funds are also an outcome  of 

the  North South negotiations in Paris recently. 

56. The UilliJO'c "option  scheme"  for  fertilizer in a nutshell 

will  work aa  follows.     ¡'Jvary developed country or companion or 

organisations in such  countries like Japan,  1131 and  '\irone pleitos 

a certain percentage  of  their production  to the "option  scheme". 

These amounts will  represent the excess over the  internal  demand. 

Developing countrien will   then call  on these quantities pledged to 

the "option  scherno" at   prices  to be  ne.^otiated on a  lonr ran/e basis 

bit with mutual understanding for escalations.    In  such a scheme   the 

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

per cent of their installed capacity but  meeting their  internal  demand 

which  may be  met by fio  per cent capacity utilisation.     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 

forweable   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) 

J 
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íj'ne of alternate raw materials arni new approaches 

57,  For countries with extremely largo populations and who should 

not depend on imports except for a email proportion of their 

fertilizer demand, fertilizers must lie declared as a "strategic" 

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

they ar" lucky.  Hut recently questions have been raised whether 

liquid and gaseous 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 

like fuel oil. The capital costs of plants using these raw materials are at least 
ri0 to 100 per cent more than those using naphtha or gas.  But in countries 

like India, it is a good policy to have a certain percentage of production 

on coal. The tendency in USA to build coai based fertilizer plants 

or to produce synthetic natural gas, fertilizers and petrochemicals 

havo attracted worldwide attention. 

5fi.   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 olimi desort to produo« electric power, desalinate water, uroduce hydrogen and 

then syntheai se ammonia (electrolysis of water) and produce aluminium, magnesium and 

other metal8,have attracted attention.2-3 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 (MHü) converters was highlighted by 

Dr. r(. Ramanna (Director of the Bhabha Atomic Research Centre, Bombay) 

in his article on this subject in the journal of the Indian Institution 

of engineers. Comparison of generation costs are given in tables 14 and 15» 

!'\irther 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) 

J 
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'¡Vnle 14 
Compari ¡¡on of Generation Coats 

Conventional   steam* 

instruction  c.ont 
(steam section)     ?^0   ,/kW 

''•>nstruc+ion co ¡t. 
([•DID section) 

¡as  cleaninr- 

'• )olin;'  '.oi.'ers 

'iiel  cost. 

)':0!\   co:jt 

"SO o/kW 

^0 :,/kW 

Ì0 3/kW 

2 S   j/t.;ThU 

<••% mil/kWh 

1.1P 

C.71 

?./]0 

1( .1ri mil/kin i 

Baso i on  steam plant  efficiency of 40* 

ItaseiJ  on  ??' not MHD enthalpy extraction,   3^ * net 

./|o •• 11  K.:I. 

.MI 

Ü..M 

I."' 

tilt . 

1 ';;. 

Table 15 

Requirement   for Unit Energy Generation 

Coal  requirement  per kl/h of 
energy reneratel,  V^ 

Conventional 
100    ?00       r,00 
MW      Ml/        Mil 

0.60 0.r.i     0.r)0 

IUI.) 
•00 •)0O 

:".: M.: 
• t •--  I      "U   •  II 

C',7 <'.u. 
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60. 

61. 

.a.    7 •;•    !•••  i'ir,.;::ii,ori;rJ   I ha '   <v   Indian 'Momie  7ner.-;:   Commission 

-fin    ••   '"  'l'ili   e   nuclear  -.T .;r   ¡'or  fertilizer   production   in   the   Ht'il e 

Uttar   « i' i ' ""!'' and others. 

-i. 1 io tt i ';n     i f .   by  .'ohnsM^pkinu i n l ve r:u t..v  ( ro 1 .11 ) 

• ' ' '.::i   1 ayer. 

t V'C"   ' once rat. Ta  differences betvjeur   'loi> layers and 

¡JO  :re*.i- ,T3  ai'  sea  ,ater  in certain  locations  'lnn»rv': 

t     r;«-.rioi.r;   l'^niMn, Extracts from the  study are quoted below: 

' iijK'.ral   .'j..',ir;r;¡ 

1 ;n:  ar •   I'M   pianar:   ,p| i ).,..-   i'nr   ¡run- 0T:0(Oeoan Thermal   'linoi-.v 

* i ••>.• j :;i tin)   ;>   •'!-.       ti»   i .•   le   ;].¡nr a  |.lani.   near  shore,   ",. .,   in   1.h<. 

•''.''    ''¡".aiu ";'•'   ' i.     l'i -or "fi    .a ;t   Coa.it,   aii'l  deliver   to   :;hore either 

! '"'ri^i'v  vii  fall-::,  or  i.i   !.-pre-.s ire     anecie; hydr<\"cn.     Development a 

. :r. !f ; Ir i '. ioti   ' ~ 1 a. r t t.   aniri     fui.:   arnro.aeh   muli   offer   /Tea 1er   vi ni hi li tv   f 

'•  !  i-ilif   f   i-     'i •:   iti   ' i-<;:,\ fi1   tr-.;ari!3f   ani   '.he   pof J :' ; al   e/f-tr,   te 

I   li .'   '•    t   ri      ii'ic,-!   a- io . i'    ••  Í'   e:i' ,-•; (.   +   •    'h-   'ion t hoae'.era   :;fif.:->.     Kovvcr, 

.7 i.,;.;   in   'i'.      i"1 •'   .'Mean  "-mi  ì   lia v.-   IM   t  :   i.iuol.  moro   ru'-'ad   to   ..'ittjlani 

.rrit- i¡.'.:;   a   ,      il"     '.rv> ut:;,   ani     -.1 I   h ivo   lo  operato     iti:   i  imo1; 

1 )   •'!•    ir -at    I.   i; ;;• •ral, il'"    !i .' 'urorir; :   (&. ,     'f- VI   ")    Ulan   i':   avallali'   ill 

. later,      fieno   Cae ì or:':   na¡ •    finen   plan1:;   :;i -ni fi cant 1 v 

r  : .mi.   'i!' oleo\ri<-   n ">:r>   do'/elnpc i   un  board ani 

i' r  'o    ¡rpf.     and  apérate.     "'••'!)  rcoi t   :; t.ii'li -;n   by  '."ol'b.je i  and 

'"'i •• :     ;":ifl 

no   i:xo:n::i\ : 

me J: ' lallv  ri 

•".    f   o 'od   i i!' ft,   |rovi de  cnnpira t i ve   met   » e tin.a fe;  of   ,p|(¡:,(i ami 

1,':   por  k.,   í-o. n.ctivo].,',   comparai   to     '".t»(.   por  kl^   Tor  1) a .\H.-do:;i "ntüi  OTffi/ 

amnua   tropical     .covi   pl an I -:;!n p. 

'i'h ••   other   i] ;1 i 'u,   a ¡ :rocr:'"l   in   this   report,   iati   La.;.;  0','J :   plani.!:   in 

;7  'ct.ij'i   tropical    c- ¡an   .¡if;;   'her'.   dc:¡i en   wi n l:;,uavee ani   current:;  are 

-i ¡'-h   n-maller,  ani   avail ahi"   temperature   Hfferetir.es  are  much  hi eher  (A !', 

"t '—î "i  .')   am:  le:.n   :;il. cet   te   rjoa.aonal   variai ion.     The   amali   surface  and 

n ¡emirfaca  current:; are   particularly  important   to   the  dor;it"Ti of   the  cold 

• a ' :r  pipe,   "Inch   in  both  lar'e   in diameter and  very   lone.     The  available 

6i   iz a   poverini   fad or;   plant   cent  varies   inversely   aiti: AT  Lo a  power 

c!'  ''   to   ..'•".  \'jihin   the  ran, o  of  interest,     'ilio  total   energy  potential   from 

lar<'.-5  aitine aroac  in  tropical   oceans is also much  ,'Toater. 
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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.    Ac 

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 those  studies. 

The  reports have  been related to earlier EROUfunded  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;   IG   feasible to build  in existing US shipyards;  requires 

a minimum of risk;   and can have a  significant,   favourable  impact on US 

energy needs by  1 y'-.    The  following unique  fealures of the APL option are  designed 

to  reduce costs and  provide a useful  output: 

- The optimum  site  for ocean thermal energy production is the  !,00 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 engineered  specifically  for OTEC 

use and features low-cost construction  integrated into the concrete 
slap support   structure. 

- Design 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  bassic OTEC components, 

for which quotes and delivery schedules are available. 

- Manufacture  and  storage  is  included  for a product  which will  be  in  b ort 

supply and  is now using nearly 3  per cent  of scarce US domestic natural 

gas,  which  can be conserved by use of the  natural  resources available 
at the OTEC  site. 

The result is a new plant-ship program which can be started now and 

hsrve 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 
o-vnmnmon-o   immr+   of TOnilfar+,ire  ro,l1(i artuallv be   p08ltlvet  in oontrBfît 
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For the OTEC/ammonia plant-ship at  site ATL-1,  which we recommend be 

undertaken first by ERA 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 MW    net power output an^   1,700 short tons of 

ammonia per day,  can be built for USI734 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 ERA 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-1978 tropical 

ocear. pilot plant could be funded by ERDA.    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 MW  ) 

1981 - 1982 One commercial-size plant-ship (50O MW  ) 

1982 - 1986 Twenty commercial-size plant-ships (5OO MW ) 

The benefits from a successful OTEC/ammonia program by 1980 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/ship/year." 

(Refer Figures  1,  4 and S,and Tables 16 and  17) 
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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 airection. 

Figure   3 
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The Six Tropica/ Ocean Sitas Selected for Deployment of OTEC PlantShipa 
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i'able   1o 

1 

Teledyne Flectrofysis Plant Performance and Requirements 
(16 14 MW Plant Unit Comprising Five Modules and Auxiliaries) 

IT KM 

Hydrogen output 

Cell voltaic 

I'owcr density 

Volture efficiency 

Current efficiency 

Overall system efficiency 

Maximum <ipor;itin;'. pressure 

Gas purity after v.iter removal 

Dew point 
(Reduced to Nil-, plant rcq't.  in Nllg plant) 

Space requirement 

Total weight 

IM ant life 

Plant manning 

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

Preventive maintenance:   183 man-hr,  1st year, 124 ntan-hr, 
2nd through 20th years 

MAXIMUM CAPACITY 
OR M\}\ IIUMKNT 

149,.MIO SCI /|| 
77(i lh/hr 

1.72 \' 

791 W/ft2 

R.ri. r,'" 

98. 0r 

83. Rr, 

100 lb/in.2 

984^ 

180° F 

25 ft x 25 ft x 15 ft high 

149,000 lb 

20 y r 

Services Required 

Delonlzcd water:   r.00, 000 ohm/cm resistance (minimum) 

Cooling:   water must he available in NIU synthesis loop to cool  KOll 
electrolyte to IH.VI 

Power:   3.2 M\VL, per module,  440 V 3v for pumps, remainder 2:'" V ,1.. 

Air:   oil-free, 80 Ih/In.2 minimum 

Nitrogen:   700 SCF per startup; 20, 000 SC F for emergency purge use 

Inital KOll charge:   l;t,7(i4 gal. of 259,' wt. solution 
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Comparison of Estimated U S  Production Costs for Ammonia 
from Venous Sources 

sonic K 
l'Homi TION COST 

(.S/Ton) 
FN Y IH ON M INT Al 

IMPACT 

Natural ps 

N:itur:il tf:is 
(residential rate) 

OT FC/amnion i a pl;int-shlr> 

Naphtha 

Heavy fuel or crude oil 

Coal 

3 CA - 91 
b 

100 - 104 

87 - 96C 

IOS - 122a 

111 - 128a 

108 - 150a 

Moderate 

Moderate 

Least (some 
aspects favorable) 

Moderate 

Moderate 

Greatest 

aEstimates from TVA National Fertilizer Research Center published data based on SO. 80 to 1. 50/ 
MSCF «as cost, >•<() to 'J ",/ton naphtha cost, Sil to 1-1/bbl fuel oil cost and $22 to 12/ton coal cost.-*? 
.Naphtha and fuel oil costs obtained i rom Piatt's Oiluram. 

Production cost hast d on SI.7." to 1. sii,'MSCF rate being charged residential user by Washington 
Gas Liyht, \Vasliui¡;io,i,   O.e. for October 1975. 

cOTFC/anunonia plant-=liip cost is for ammonia delivered f.o.b.  New Orleans. Louisiana. 
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Raw material  oriented and market oriented  production - Central ".•jumbo"  units 
to  feed  "satellite" units and  to "stabilize"  existing unita  

3ome of   the approaches   discussed in Section IX are lonr  term based. 

;"   look at   the  natural   ^s  and associated  fiases   flared  in  oil   producing 

¡tries,   triare  IG  a  sh>rt   tern  step which   oil  and  pas producing countries 

|<T*  b- iilnnr armenia   plants  by usinp  such   flared pas.    Many 

.   '.   pro/ects   nave   teen  s'arted and  ammonia   traie by  tankers   IB takinr 

;,t. r   'o  India ani  Europe  and  many  other areas,     by  assipninp a 

.••"•t.; .ivaidy   1   ..   le vol   .'aü   -os'rs,  ammonia can   be   pro iuce i at   less  than 

.'•i    pt>r  ton.     I:'  the   countries  putting up   such   facilities also 

•.:;'/":;*.   ni amn^nu   tankers  iri'i   terminal   facilities,   the  vicissitudes   of 

tnncport  costs and   stora.-e   costò  can  bo minimized. 

•Jorning   '     countries vuth   lar;-"    lemand   such as   India,   Indonesia  and 

':.'.T's,  question  c f  buildi-ir   larpe   (  jumbo)   ammonia and  phosphoric 

i", i   plants   eith'r,   rav,  maten il  oriented  or  market   oriented  and attached 

t       •vi:,unr   plants   ¡eserve   careful   study.     For example with   the  "Bombay High   Gas" 

.uiiin,- to  the  mainland,  there  is a pood chance  for building a mammoth ammonia 

[Ian*, and distributing the ammonia  to "satellite"  plants and also   to 

"Mai 11 i,e"   ani romee costs  of production  of oluer  units.     It  is  unfair 

'hat   units bai'.ed     on   solid   fuels ur  hi/'h cost   liquid  and paseous   feedstocks   should 

inherently*''   1i3advanttv^ over others more luckily   placed with  repard   to  feedstocks 

ir-jrr.  a national  point  of view.    Fertilizer  prices  in  India  beinp equalized 

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

at  a  disadvantage and all  units for   that matter are  helped  to reduce 

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

J 
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constituent states have their own fertilizer plants, it will be useful to 

consider locations for mammoth production centres for ammonia such as Kandla, 

Trombar,      Goa, Mangalore, Cochin, Tuticorin, Madras, Kaki nada 

Vizag, PradipjHaldia etc.    Each such centre can supply from the West and 

East Coas.ts of India to the central area which will not be more than 300 - 

500 km from either coast.   Ten such locations each producing 2,000 tons/day 

ammonia and 3,300 tons/day urea in two streams each 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 capacity 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 phosphoric acid production in Rajasthan   and 

other centres where phosphate rook is available are worthy of consideration. 

Liquid sulphur imports coupled with phosphate rock imports to coastal locations 

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

Pg05 could be envisaged for 2.5 million tons of PgO . The    estimated 

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

in 17 years  (1983-2000) works out to 350 sdllion dollars par year whioh is quite a 

reasonable investment per year.    Further the entire standardized ammonia, 

urea, sulphuric acid, phosphoric aoid and TSP plants must be designed, engineered, 

fabricated and put up in India. 

XI.      Environmental considérations 

65.      To enhance 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 processes selected must have 

built in safeguards, but day to day operations must take care to prevent 

conditions affecting safety and health of workers, avoid discharging 

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

atmosphere, land or water.    In case of captive sulphuric and phosphoric aoid 

plants, ammonia plants using purification agents containing arsenio material 

discharges eontaining excessive amounts of sulphurous gasss, arsenio and ammonia 

are to be carefully controlled. Byproduot gypsum from phosphorio aoid plants 

although not a pollutant in itself has contaminated certain shore lines of North 

African region end'«Srege and disposal problems should be tackled by 

a technological approach.    Por example by-product gypsum or phosphogypsum 

could be converted to cement, clinker and sulphuric acid.    (Cochin Phase II) 
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XII.      Technology and know-how transfer 

66. This brings us logioally to the questioni of technology and 

know-how transfer.      Technologies oust be appro pi rate and the reoipient 

should be able to use and improva on technology.    The subject is attracting 

graat attention in UNCTAD, UNIDO, UN Science and Technology Programme 

and also in the Seotion of Multinational Corporations. Technology of 

fertilizer production is vital to «any developing oountries and the 

terms and conditions of such transfer should be equitable and urgent. 

UNIDO is starting a technical information and data bank and will benefit 

by the experience of MO,  IPDC and the World Bank.    The ESCAP region 

is establishing an E3CAP/FA0/UNI DO Joint Asian Fertiliser Advisory 

Development and Infomation 8ervio«. 

67. But the most important aspect of this subject is what can developing 

countries who are advanced in technologies do for other developing 

countries who are not so far advanced.   Technology transfer among 

developing oountries (TCDC) and Economic co-operation between developing 

countries (ECDC) are at present basic programmes of many UN agencies. 

A oase in point is the production and use of catalysts.    Countries 

like India and Mexico can help many other developing countries. Use of 

liquid fertilizer, "know-how" in fabrication of fertiliser plant equipment, 

transfer of experience in evaluating and using different technologies 

are available in India, Pakistan,  Iran, Mexico and Brazil to mention 

a few countries only.   The assistance given by PCI of India and FACT to 

countries like Philippines, Burma, Zambia,  Sri Lanka, etc., need special 
mention. 

HU.     Regional and sub-regional oo-operation 

68.       The examples of such oo-operation is evident in the ANDEAN Group, 

the ASEAN Group etc   The efforts of India to build or take part in building 

fertiliser projects in the Oulf area, in Sri Lanka and in Bangladesh, the 

efforts of oo-operation between Phillipines and Indonesia whereby 

Philippines will concentrate on phosphor i o acid and Indonesia on nitrogen 
are noteworthy. 

The Consultation Meeting on Fertiliser Industry organised by UNIDO 

J 
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Btated as follow« (ref.2): 

"Regional  co-operation 

Tho Consultation Meeting recognized that the  installation of fertilizer 

planto  and the establishment  of a marketing and distribution network  would  be 

easier m developing countries that  had large fertilizer markets.     In countries 

with small or 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, 

includine; the  regional   co-operation  arrangements of the Andean Croup,   tho 

Latin American Association  for the Development   of Fertiliser Industry   (ADIPAL), 

tho  Latin American Economic oystom  (SELA),  tho 'in icgij   R.ver Development 

Orzura-.at ion  (OMViì),  the Mano  River Union,  the Arab Federation of Chemical 

Fertiliser Prokuren;,   I he  Industrial  Development  Centre  for A rob State:-,  (1DCA.;), 

tho fcJEAi;   group of  count ri oc,   and  the  region  served   by the Economi-    and ;;ocn] 

Commission  for- Asia and the Pacific  (ESCAr). 

_   Th.-  Cone jit at ion Mooting expressed its  support   for  those  efforts.     It 

recompiled i hat  they  should  be   Intensified  ;uid that: 

(a) H i gli  priority  should   bo  ¿jiven  in the  pro grammo s  of 1 hose   regional 
group;-   Lo the  preparation of feasibility  studies,   the  setting up 
of  fertilizer  plants,   and the building up  of   a marketing and 
distribution  network  within  each  region; 

(b) tJIIIDO  should  ortend technical   and  professional   assistance  to those 
regional  co-operative efforts and should  provide consultancy 
services  in  response to  requests,   and  should  folio.-,  up the 
suggestions made  at   the Consultation Meeting; 

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

( l)     International technical  and financing assistance from bilateral  and 
other sources  should also be made available  for such regional 
group efforts. „ 

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

to feed the world population,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 

process. 
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