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ABSTRACT
 

This study deals with economic and technical analysis of the linkages among energy, fertiliz.er. 

to estimate energy requirements fo~r
and agricultural sectors. The main objectives of the study are 

fertilizer manufacturing, packaging, transportation. and application: to evaluate the policy ;mepli

onlfertilizer production, distribution and prices: andl to
cations of energy supply and piices 

to reduce the adverse impact of energy :,uppiv andi prices on fertili/er and
evaluate policy opt ions 

agricultural sectors. 
focis of the study is dcveloping countries. policyiakers, planners, and

Even though lie 
fertiliter sector plaining around the world will find it

researchers dealing with differcnt aspects 01 

useful. The major etuphasis of tine st udy is ott nitrogen feirtilizers which are not only highly energy 

tile populgr among developing cOlit ies. Ilowever, the ertlizei sector
intensive Iut) re most 
accounts for olyV a slall percentage of total ei gy use. Technical Bulletin No. I). which was 

issued as the "Executive Brief.' provides highlights of the study. 

Tile uiost promising means for saving fertilizer energy is more efficient use of feitilizer at tihe 
come fin operating

farm level. In fertilizer maufacturing, tie greatest energy saving is likely to 

existing plants inre efficiently. Maiy energy-efficient innovationS arc a~ailahle which together 

promise potetially large savings in fertilizer mianufacture. Tile lotential for energy saving in 

is likely to be small in the short run and should be approached with caution.
fertilizer distrihItiotI 

lead in proinoting enegy-efficient manufacture.The national guVerniuents miust take the 
use of fertilizer. The international organizations can play a crucial role in facili

distribution, and 

tating the fortnulatioi and successful intpletnentation of such national programus.
 

Keywords: energy, fertilizer, agriculture, developing countries, public policy
 

http:fertiliz.er


ENERGY 
AND FERTILIZER 
POLICY IMPLICATIONS AND 
OPTIONS FOR DEVELOPING COUNTRIES 

Prepared by 

Mohinder S. Mudahar, Economist 
and 
Travis P. Hignett, Chemical Engineer 

INTERNATIONAL FERTILIZER DEVELOPMENT CENTER
 



International Fertilizer Development Center 
P.O. Box 2040 
Muscle Shoals, Alabama 35660 

Phone No. 205-381-6600 
TWX-810-731-3970 IFDEC MCHL 

Edited by E. D. Frederick and B. N. Roth 
Layout and illustration by Flora Rudolph 

Library of Congress Cataloging in Publication Data 

MUlahar, Mohinder S. 
E:ergy and fertilizer. 

(Technical bulletin; T-20)
 
"May 1082."
 
Bibliography: p.
 
1. Underdeveloped areas-Fertilizer industry-

Energy consumption. 2. Underdeveloped areas-

Agriculture- Energy consu,mption. I.Hignett, Travis 

P. 1Q07- II. Title. Ill. Series: Technical bulletin 

(International Fertilizer Development Center); T-20. 

HDq483.A2M8 333.7c 82-6084
 
ISBN 0-88090-01Q-Q AACR2
 

are listed in Publicalions of lte international Fertilizer Develop ntlIFDC publications 

Cnter, General Publication IFDC-G-1, which is available free of charge.
 



TABLE OF CONTENTS
 

Page 
Foreword..... ... .. ......... ..... .... .......... .................. ..
ix
 

I .rwe. ... ...........................................................xi
 

Siymbols...cron vns, a( A bbreviati ns ...................................... xii
 

Conrersion Units......................................................xiv
 
xv
I:.'qudl nt :ncrgiv Units................................................. 


Chapter 1. Introduction . ............................. ............. .... ...I
 
Statement of the Problem. ..............................................I
 
Energy ('o smtisotion and Gross National Product ..............................2
 

Objectives aid Plan of tihe Stidy. ..........................................4
 

Chapter 2. Food, Fertilizer, and Energy Linkages--A Conceptualization ................. 5
 
Poptlat ion Dylnamics ..................................................5
 

Food and Nutrition Statlts ...................................... .......7
 

Fertilizer Sector Dynamlics .............................................8
 

Demand for C(omtnlerciai hnergy........................................... 9
 

Nitlrogen and Energy: A Country Perspective ................................ 10
 

Chapter 3. Fertilizer--Key for Agriculture and Food Production ..................... .15
 

Apricultore Basis for Econlomic Ioveloplment ............................... . 15
 

Sotirces of Agricttural ProdUctivit. ..................................... .. 16
 

Contriblotion of Fertilizer to Food Production ............................... . 18
 

Share of Fertili/er Energy in Agricultural ProdLct ion ..... ..................... 20
 

Energy lnpt/Ont ollt
Raltios for ('rop Production ............................. .21
 

Chapter 4. Changing Structure and Outlook for Fertilizer Sector ..................... .25
 
Ilistorical Antecedents ................................................. 
 25
 
Average Fertilizer Use ................................................... 26
 

Aggregate Fertilizer Constimp tion ........................................ 28
 

Aggregate Fertilizer Production and Tiade .................................. . 30
 

Regional Shift in Fertilizer Constmption ................................... . 32
 

Chapter 5. Energy-Vital Input Into the Fertilizer Sector .......................... 35
 

Types of Energy Used in the Fertilizer Sector ................................ .35
 
Energy Consumtpt ion Estimates for the Fertilizer Sector ......................... .37
 
Energy Requirements for Individual Fertilizers ............................... .39
 
Energy Reqtirements for Individual Nutrients ............................... . 41
 

Chapter 6. Energy and Growth in Nitrogen Fertilizer Industry ...................... 43
 

l)ominitce of Nitrogen Fertilizer. ....................................... .. 43
 

Urea its ti Dominant Nitrogen Fertilizer. .................................. .. 44
 
Ammoni: as a Basis of Nitrogen Fertilizers .................................. .47
 
Regiotial Shift and Outlook for Ammon iaProduction .......................... .47
 
Sources of Feedstock for Ammonia Production ............................... .50
 
Preference for Nattral Gas as Ammonia Feedstock ............................ .53
 
Market Outlook for Ammonia Feedstocks .................................. . 55
 

iii 



TABLE- OF CONTENTS 
(('o tinted I) 

Page 

Chapter 7. Impact of Energy Prices on Fertilizer Prices ........................... . I
 
01
heat P ice,s ......................................
Trend in Oil. Urea. anrd \W 
0.2


Ilistorical Fe tili/er Price lIe avior . ...................................... 


ia PIudact ion Costs ............................ 
 .. 4
Naunral Gas Prices and Amni 


66Natural Gis Prices and Urea l'rodiction Costs ................................. 

69


O ntlook IoMF rtili/e. Prices ............................................. 

.................................
F'ertili/er Prices anod :ood1 Prldtctioti Costs . 70 

75
 .............................................
Alternatives to Reduce Enru, (.tt 

Energy Requirements for Fertilizer Manufacturing......................... 77
Chapter 8. 

Assumptions Regarding Energy Use Estimates ................................. 77
 

. 78
Ammot1 nia and Nit togen Fertilizers ....................................... 


Phosphate Fertilizers and Intermediates .................................... 84

9Pot ash I:ert iiiets................................................... 


Nitrophosphates and Mixed Fertilizers ..................................... . 97
 
100
Elements and Micronntri mits ...................................
Secondary 

............ 103
Chapter 9. Energy Requirements for Fertilizer Distribution and Application 


Energy for "iransportation of Nitrogen ................................... 103
 
. 104
Energy for Transportation of Phosphates .................................. 


.. 107
Energy for Transporta lion of PotIsh ..................................... 


Considerations on Energy Use for TrMsportutio ............................ . 107
 
. 110
Energy for Packaging of Fertili.ers ...................................... 

.. 110
Energy for Applicalion of Ferlilizels ..................................... 


Energy Savings in Fertilizer Matufacturing.......................... .11 I
Chapter 10. 

Energy Savings Trhrtngh inprovenleits ill Technology ......................... II I
 

Energy Savings Through Ofperational fficiency. ............................ 
 . 123
 
. 125
 -nergy Substitu tion Possibilities........................................ 

. 130
:nergy Use and Econom ies of Scale ..................................... 


Econom ics of Fner2\y Savinefs and Substitution .............................. . 133
 

...............
Chapter 11 . Energy Savings Through Supplementary Sources of Nitrogen 135 
135
Altern:tive Sources of' Nitrogen Supply . .................................... 

138
Oroanic Sources of E-nergy and Nit roget ..................................... 


. 146
Iliolo Lical Fixation otf "N itroigeti ...................................... 


Chapter 12. Energy Savings Through Efficient Fertilizer Marketing .................. .153
 

.Maini cludnid Components of' Fertih er Mairkcting oAse ....................... .153
 

....................... . 154Approaches ti, Peduction of Etlergy and Marketinu Costs 


Eliergv alld Cost nplicatiinis of' Fertilier 'Iransportation ........................ 156
 

Energy Savinlgs Through Efficient Fertilizer Use ....................... .159
Chapter 13. 
159
Icitili ei Use Ifficienc Levels ........................................ 


er ....................... 
 . 161
tili.r M..li..gem..entFfficicnc. Immpr venieni liuglFei 

....................... .. 167
Efficienc, IlnlruIveli lhrtogFl l
Prtilizer Teclilology 

FIncig\ Sis'inus Throrigh Efficiency Improvements ............................ .169
 

iv 



TABLE OF CONTINTS 
(('Out tied) 

Page 
Chapter 14. Sunmmary, Conclusions. and Recommendat ns ....................... 171
 

Iner.v and Fertiliter: Policv Problem . ................................... 171
 
Fnergv for Fert ili.el Sector i Pcrspeclive . .................................172
 
ClIma ine Structure anid ()uth.,k Qor tihe I r! ilizer Sector ....................... 175
 
Energy amnd Growth in the Nitrogen [ertilizer Sector .......................... 175
 
Impaci of Energy Prices on Iermilitr Prodnction Cost ......................... 177
 
Energv Requiremens tor Fertili/er Mantjfaclnring............................. 178
 
IEnerev Re quir em ts for Fertilimer 1)isiribution ............................. . 179
 
Prospects for S ving Iteregy in Ferm ilizer Manufacturing ........................ .180
 
Erne:g. Savings by Supplcmelnting Chemical Nitrogen Sources .................... .181
 
Energy Savings Throuch Efficient Fertilizer Marketing ......................... .182
 
Energv Savings Through Efficient Fertiliter Use ............................. . 183
 
Inergy and Iertilizer: Policy Recoumuendations ............................. .184
 

References ............................................................ 188
 
Appendixes .. .................................... ...... ........... 20 1
 
Glossar . ............................................................ 230
 

v
 



LIST OF TABLES
 

Page 

1.Food,Fertilizer. and Energy Indicatois in Selected Countries .................... 12
 

2. 	Use of'Commercial I:ncrgy in A\riculhural and
 
Woi'1(1 RegionsFertilizer Sectors 'i It972/73 ............................... 22
 

3. 	Share of Fertilizer in Iotal lari lneley (onstunption
 

and Energy Output/In llputRatio Ir (rop Prtoduction .......................... 23
 
26
4. 	 Consumption of' Fertilizer lPer Ilectare of Arable Land and Permanent Crops in 1979. 

5. Growth in Fertilizer (onsunption per lectare ol Arable
 

Land alld I erInallelt Cr0pS [roin 9 01) to IQ7Q ............................. . 27
 

Current and Projected Levels of Fertilizer ('onsuniption in)the World ............... .29
 

7. 	Curr. lt and Projected FertiliZer TraLde Balance in the World ..................... 31
 
6. 

8. 	IEstimated Consumption oflEnergy by the World Fertilizer Sector .................. 38
 

9. 	 Average Energy RIequilcients for Fetilizer Production, Packaging,
 

S uniiary of' VaI ious Studies ................... .42
Tranlslportatioin, and Applicatioi: 

Estimated Share of Nitrogen in FertiliZer('osuniptiin,idI rOductionl .............. 43
10. 
Role of Urea in Nitrogen IFertilizer Sector in1979 ................................. 4611. 


Growth in Total Ammonia Capacity Ainoig Leading World Producers ............... 48
12. 
........ 51
13. 	 Percentage Change in Ammonia Capacity in the World by Sources of Feedstock 

14. 	 Energy Consumption and Relative Investment Cost for
 

1000 nit pIdA iiionia Plants Using Various Feedstocks ........................ .54
 

15. Regional Share inthe Estimated Proven Gas Reserves in the World Over Time .......... 57
 

16. 	 Estimated P1olential for Aiimmonia Production Front Flared
 

Natural Gas in CI0API' Countries During 1979 .................................... 58
 

17. 	 Liquefied Natural Gas World Trade ...................................... . 59
 

18. 	 Impact of Natural Gas Prices ot Ammonia Production Costs in the United States ....... .65
 

19. 	 Ecoltomic Impact of aln Increase in Natural Gas Prices on Urea Production Costs ........ 67
 

20. 	 Economic Impact of Natural Gas Prices, Capital Costs.
 

and Capacity Utilization Rate oil Urea Production Costs ........................ 68
 

21. 	 Capital Requirements 10r 1.000-mtpd Ammonia and 1.700-ittpd
 
69
Urea Facilities Lising Natiral Gas in the United States 
 ......................... 	 . 

22. 	Price Relatives Ior Inteiuatiotmal (f.o.b.) Nutrient and Crop Prices .................. 72
 

23. 	 Price Relatives I'mr Nuti ent and Crop Prices in the United States .................. 74
 

24. 	 Energy Use Ir Phospho ic :\cid Production ................................ .88
 

25. 	 Enerey Use in Production of Granrulal ISP ................................. .90
 

26. 	 Energy Use in Pro)duction of Granular IAP and MAP .......................... 91
 

27. 	 Comupai ison of En ery Use for IPhosphate Products ........................... .94
 

28. 	 Energy Use tom Nitrophosphiate Processes and Comparison With DAP and AN ........... 98
 

29. 	 fypical Enhergy RequiileCIments for Fertilizer Transportation ..................... 104
 

30. 	 RedC tion il I-miery Use in.\mmomia Synthesis Over Time ..................... .112
 

31. 	 Technological l)evelopme lts and Ilegy Use
 
1o A monia S',ithcsis Ba sed on Naiurai Gas .............................. . 113
 

32. 	 Probalhie Nixil illuSavill in Energy Use for Selected Nitrogen Fertilizers .......... 121
 

33. 	 Probable Maximum Saxins in Lnergy Use for Selected Phosphate Fertilizers ......... 123
 

34. 	 Order of Substitutability I'Am i nia Fleedstocksoim ........................... . 127
 
Ammonia Production Costs by Plarnt 	Size .............. 131
35. 	 Enerey Use and \ariatton it, 

36. 	 lstinmamLd Cost Ovem runs for Buildint! Fertilizer Plants in India ................... 132
 

37. 	 -c:1otimic lplicam ions of EiceV Savine anid Etterv Substitution
 
Innovations ill Fertilizer .lani factn ii : Alterinative Scenarios .................. . 134
 

38. 	 Source, oflNitrogen 'or ('rop Produictitti inthe World During 1075 ............... .136
 
the 	United States During 1970 .......... 136
39. 	Sources of Nitrocn for Crop Productioll ill 

vi 



LIST OF TABLES 
(Conttinued) 

Page 
40. 	 Alternative Natural Nitrogen Supplyv Sources in Temperate Zone ................. 137
 
41. 	 Sources of Nitrogen Supply in Mid-Europe Agriculture During Early 1970s .......... 137
 
42. 	 Economic and Technological Characteristics for Chemical and Organic Fertiliers ...... 140
 
43. 	 Average Nutrient Contents in Organic Manures and Phnt Residues in India .......... 141
 
44. 	 Estimated Annual Suppl, of Primary Plnt Nutrients
 

Fim OriLanic Fertilizeis in China, N077 ................................. 142
 
45. Estimated Nutrieni Supply From Compost and Cheroical Fertiliters in India ......... 144
 
4(;. Economic Value of Cow lh)mg as aSource of Nitrogen and Biogas ................ 145
 
47. 	 Selected Nit )gcn-[ixing Rhi,,'ha Species of Significance in Food Production ........ 148
 
48. 	 Nitrogen Fixed byw eected Legume Crops ................................ 148
 
49. 	 Area Undei Selected Legume Crops in I)eveloping Countries During 197 ........... 150
 
50. 	 Yields of Nitrogen Froimi Various Methods or Aplication of Aziolla Pinnata in China .... 151
 
51. 	 Average Flciht Rate orlFertilizel Shipments in the International Market .......... 154
 
52. 	 Flcr, Intensity Estimates Ar Diferent Traitsportation Modes .................. 157
 
53. 	 Percentage Share of Different Transpurtation Modes in
 

the Moveue t l Feertiliter in Selected .\sian ('oUtties ....................... 158
 
54. 	 Paddy Response to Nitrogen From Alternative Sources. l)iffering 

Forms. amd Various Methods Of Aplicathm in Ow.tehilippine 162.................... 

55. 	 Effects of NPK Fertiition on GriMu Yiel of looded Rice in the Philippines ........ 163
 
56. 	 Efficiency of Plant Nutrient Utilization Aplied Annually
 

on an OatRyegrass Mixture. louisiala. United States ........................ 163
 
57. Share of Nutrients Supplied by Coinpouud F. rtili ers During 178/79 ............. 166
 
5W. Estimated Potential Savings in Energy and Nitrogen
 

Through Improved Nitrogen Use ELfficiency During 1978/79 .................... 168
 
59. 	 Share of Total Commercial Energy Used in the Iei tilizer and Agricultural Sectors ...... 173
 
60. 	 Average Energy Requirene ts for Fertilizer Nutrients ........................ 174
 
61. 	 Share of Energy Consumptioi in the World Fertilizer
 

Sector by Activities and Nutrients. 1978/79 ............................... 174
 
62. 	 Average Inrengy Use for MaNtfacttrimng Selected
 

Nitrogen, Phosphate. and Potash Fertilizers ............................... 178
 
63. 	 PrObable aximumn Saving iViEnergy Use for New Fertilizer
 

Plants Using Available Technology for Selected Fertilizers ...................... 180
 
64. 	 Approximate Share of Freight Costs in c.i.f. Fertilizer Prices in India During 1980 ...... 183
 
65. 	 Potential E.conomic Benefits of Doubling Nitrogen Use Efficiency During 1978/79 ..... 184
 

vii 



LIST OF FIGURLS 

Page 

(l WUMInllionI .	 Rdelationship Hell.ven Con"le rcial Luergc 
tnd ( NP Io Selected (out ies l) 1in,7 ................................ 3
 

and Agricultural Sectors ....... 5

2. ('otnceptuali/atioi of Liika,.es lclweell l-uclc\ . ICrtili/C. 

0
ynamics of \Woild Population ..........................................3. 	

:cl -\ VJ(oulltrv' (lassification ............. .10

4. Energ and Nitro cn SIt-Suflkiic 

5. Ct ceptuali.atio i of I:acto1rs )ctemiiniiy Crop Yield.	 17
.Mod.ernizationt. and Food lPrndiictiou............................. . . . . . .. . .. . .. .. .1
:\criciiltrial O IIl~ t~ l n o d P ~ U H 1

T\• illtll 

19
id Plal.t lowtl ...............................
6. Souies ol*NUtriielt Supply 
....................
ul 	 ion..tion7. [volution ofTlol I Nutrient (N + P,() + K ,O0 (9(o 	 28
 

8. Regional Shift in Itlrcnutital N. P. .aud K ,O 

(onsut 	 ption in the \Vorld Over Tilde .................................... 33
 
.36
:elIt im.tr Sector. ..............................


(-* TI les of Lneigy Used iu the 

10. \,VeiagC lIne-y RCtllliiCnlets for',laffitl'ritli 

Selected Nitrogen, Phosphate. and olash [clitili/.crb .......................... 40
 

on of'e lili/er A1m m ia alcity ,Allocated to Produce Urea .............. 44

I1. 	Prloqpo 


Ammonia Capacity in tile \Vorld by Sources oI' Feedstock ........................ 52

12. 

er13. 	 1listuical 'rends in Interntional A intal Amd e 
.61
Oil. 	Urea Fertilizer. and Wheat ..............................
Prices Or (rude 

Ilistorical Trend in IntertnationIal Se niannual Avcraee Fertilizer Prices ............... 64

14. 
15. 	 Annual .\verage Index of 'PricesR eived and
 

Paid 1y lFrlieIs il the United Stat !s(19)71 = 100) ........................... .75
 

16, 	 Inelpv Requirements for Manufacl uring Fertilizers 
at liffe m (ut Acity . .aes(ap Utilization I .................................. 124
 

Or Fertilizer Shipnent ..................... 156

17. 	 Fuel Costs by 1)ifterent Vessel Siz 

viii
 

http:Liika,.es


FOR -WORI)
 

.t the eXl)eCted raleS Ot" iltCreIs, tile vorld )opIlatiOt is prIojected to reach (.36- hillion the 

year 20100. A\pp oxinl;llely 7s'; 0f this pOptidltiOll will reside itt developine coutnries. This 

increase ill popilatiori lepieselts an addition tif about 2 billion People to tin.s spaceship earth. 'File 

major chahletm'e treed i\ All of' [S ill tile ren'iILtder of the 20th cern nrlV is to f'ild waSs of 

expaidirl tile product tll 01'too feed. and fiber Ill oLder to plovide the isic htinlli needs I' 

tire rapidvly e.xplirdirne lo u ;ion. lertilizer is a l:uior f'actor ill 'XliidiIgIre yields and produc

tioln of tlhIese oIrIrrIOditiS. 

Fl-m I1 .)50 to It) . the world fertilizer Irices declined steaidil' :,S aIdviiices it rechnit0uhgy. 

economtries ot' scale. anld improveTeitIS ill distributio iiiorC traiM ofTset risiug labor aind cuiisttic

lion costs, Startinig ili 1971. skrocketiite ener.' prices. .eireral itflatiot. aird increa5CS ill con

strucliot costs have reversed tile dOwirward trend in fcrtili/er prices. Ii IN8,O tile world prices of 

some prih0iIr fertilizers sIIchI as Irea were (IIadruple the I1971vow.Nit rogen fertili/ers are energy 

intensiv\e, hence. Most severely aT'feccd they nrc alSO tIle mnost popular amointmg developing 

cont ries. 

glier fertilizer prices lowed tile spireaid of tine -greeli rcvOlrulioi" except whereIlle Idverse 

effect of higher fertilizer prices was Cnshiioned through rrassie.'e injection Of fertilizer subsidies. 

The recent increase in energy prices and tile resultant increase it fertilizer and tood prices pose a 

renewed threat of economic disaster, especially to tile Ow-mincone developing natiolns. Obviously. 

soirCthing needs to be doite to avoid thIe catistroplhic colnsequences ol hum ,ily oft scarce energy 

supply and rising energy prices in many developing countries. 

It is in this context llat tie Internatiotal Fertilizer )evelopmrtet Center (IFDC) initiated a 

n-ajor study at the request of tire U.S. Agency for lnterltatioit:i Development ([USAID). 

)r. Mohinder S. Miudahar. Fonomist. and Mi. Travis P. l li ett. Chemical Engineer. of IFDC 

un1dertoirk the sttiudy tr provide a coliprehresive r,,nalysis of tire linkaes between tire energy aid 

fertilizer sectors. Specifically. tire sitly deals with assessirrg tire implications of energy supply and 

prices oil fertilizer Mdluctionr anid prices. determining energy requirements flr fertilizer produc

1ion1 :nd dist riburtionr. and evaluating policy options and prospects for improving energy efticiency 

in the ferlilizer sector. 

l)espite its sigriffcance. it is ironic that only abrmt 3.5't of total commercial energey is used for 

agricultrral productiori ill the world. I lowever. ferlilizer accounts Ior about 45,,, of this 3.5%. 

Clearly there is a treed not only to provide priority allocation of energy t) these sectors but 

list) to improve energy efficiency ill all phases of fCertilizer ranrtifacture. distributioln. and rise. 

Approximately 8 1"; of tire total commercial energy consuired it, tire fertilizer sector is for fertil

izer irnanilifactlre. alnd 90'; of tINs is for ilitroell fertilizer alone. The average energy use for 

lanufacture of nitrrogen is about 9 tiires that of phlsphate and I I tirires that of potash. 

The study anialyzes w:y's to save energy aird improve energy efficiency itr fertilizer production. 

distribution, and use. The most pronising way to save fertilizer energy is to ',se fertilizer lore 

efficiertly. This is especially true of' nitrogen fertilizer use in developing countries where the use 

efficiency maylhe suhstantially lower than 40 ;. Ati improvement itt fertilizer use efficienir wilt 

reduce tire arlollnt tf fertilizer ireeded ' increase food production, itrlprove tire ecoitinics of 

fertilizer use at tire fartt level. and increase agricriltural production at the national level. Tile best 

way to improve euerigv efficiency in irantfacturing. especially itt developing countries, is through 

efficiett utilization rrt f'ertilizer plants. For exinrple. ai improvemient itt tire operating rate of 

fertilizer plants not only saves energy per unit of output but also reduces fertilizer production 

costs arid increases fertilizer supply, 

ix 



iidvere discu:sed at the National Academy of Sciences (NAS) 

workshop oil "Linergy atdlOod ProductiUn in l)evel.ping tCountries." 
The iitial results of the stdy 

The study is published in 

the ae contained in the "'Lxecutive iirief." Technicaltwo volumes. lhe Oflightsstudy 
provide 1 useful guide to fetilizct manufacturers.Bulletin No. I). The ,tudy is expected to 

in their efforts to improve energy cf'iciency illdistributors, extension 'aents. :itd policy makers 

the fertili/er sector. 

There is alnall-out ueed to desigi MIid ilplettIetit programns to imlove energy efficiency in tile 

fertilizer will he available at ieastmable prices in timefertilizer sector in older to ensure that uore 

decades to coMe. IFl)(' is dedicated to devColoing aid dissetinating fertili/er technulogy and 

know-how that will improe fertilizer use efficiency. especially it tile tropics. This will not only 

save ee1y bit aliso result ill hih otod ItMduCtioll. 

DOtild .. Mc('uie 
Managing h)ifcctor 

liternatitmal l:ertiliter l)evelopnment ('enter 



PREFACE
 

The fertilizer sector provides an important link between the energy and agricultural sectors. 

Energy resources are used as feedstock and/or fuel to manufacture and distribute fertilizer, which, 

in turn, is a major factor in expanding agricultural production. 

The population piessure, limited availability of new cultivable land, ever increasing energy 

prices, and scarcity of energy supply further reinforce these linkages. The importance of fertilizer 

will increase further in older to provide food, feed, and fiber to the expanding population, and to 

earn foreign excha:ge. 

The purpose of this study is to analyze the implications of energy supply and prices on 

fertilizer production, distribution, and prices, and to evaluate policy options to reduce the 

tufavorable impact of energy supply and prices on fertilizer and agricultural sectors. 

The "Executive Brief' for the study has been published as IFDC Technical Bulletin No. 19, 

which is directed mainly at the policymakers and administrators in both developed and developing 

countries. However, the complete details of the study are available in this companion volume, as 

Technical Bulletin No. 20. 

The study was initiated during 1980 ii; response to a request from USAID. However, in view 

of lack of a comprehensive study of this nature and its perceived usefulness to a wider audience, 

the scope of the study was expanded. The highlights of the study were discussed at a workshop 

sponsored by NAS onl "Energy and Food Production in Developing Countries," Washington, D.C., 

June 2(.July 1, 1981. 

The ,uperb research assistance provided by C. David Edwards at different stages of this study 

is gratefully acknowledged. The authors 'Also wish to thank Mr. Edwin M.Wheeler, President, and 

Dr. William C. White, Senior Vice-President , of The Fertilizer Institute (TFI) for permission to use 

their Energy Use Survey for estimating e tergy requirements in fertilizer manufacture. 

We are grateful to USAID for financial assistance at the initial stages of the study and to 

Ms. mI'mmy Sititions and Dr. Douglas Caton of USAID for valuable discussions and comnments. We 

also gratefully acktowledge the encouragement, support, and comments received from IFDC 

tuanagement and Board members during thte course of the study. Finally, we would like to 

recogni/e tle assistance rovided by IFDC's word processing staff headed by Mrs. Marie Stribling

editorial staff lheaded by Mrs. Marie Thompsonw and commit nicat ions staff headed by Dr. Vic 

Sheldon. We are grateful t'., them for their contributions which greatly improved the final 

protduct. 
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SYMBOLS. ACRONYMS, AND ABBREVIATIONS 

Fertilizers 

AN ................. amninl it itrate Mn ...................... inlartgaincsC
 

AS ........... ...... a1111 h it ll l~ e p .......... ........... Io lbdeti nn
 
.........................nit I)cen
B . ....... .. .. .... .......... W o ) N 


Ca ........................ calciut NI 3 a.hydrnm s amnt mtia
 

CAN ........... calciumlilllnlltnin llnit ate NO ............. ........ nitric otxi
 

(I .............. ......... .chhni ine NO% ................ oxidcs ot nit r uucn
 
( -, . ..... ...lb dioXidC (nilric oxide plts nit -i4)cidjl \idc) 

OSop l P ....................... tlh~pho r Ii
 

1)A1) ............ diailnnoiiinih ph slh tc p,0. ............ phosplial c. cxpie,c d :is
 
Fe ...... .... .... .... ...... ... itott phosphor u[ispetl t)xitle 

II. ..................... . hydinTC Li S ...........................W h ir
 

KT ................ . m uu .. .. tncd s
: . i,. SCS( . ,t..fli-m rhleiainl 

K,0 . . . . potash. exprcssed as potassilil oxide SSP ............... sii,,lc snlp4rphophatc
 

,nP .......... moUntaiintuittnl phisphatc TSIP ... . triple sttpelp)hos ale
 

iac'l.eign :ii,a-t
Mu..................... . , n [ AN ..... ........ u llmiijitnll nitrate
 

Vig .' ............... .. uia esit l uxide Zn ......... ........... . /i. 


Organizadions and Countries 

CEII .................................... Chemi al Ec )nonW Res arch n iute
 

E-PA .... ................................ U.S. Li,, rnm ntal Agency
t. l l ectiou 
ES 'AI.. ... .. .. .. .. .. ... .Econo~mic Co~mmission Asia miod.. .. :and So~ciall !()i the Pacific 

FAI . Fci tili,eAss..ciatio l to ldia 

FAO ... ............... I...... B od and A dcnltuir Or. i tia,aiiof the I nitcd Nations 
:1A( . ..... ........... I................. c e 5ldtu rv (+mun intce.. ti i.. lr rt.\dvim 
;ermi ny. D.R ..... ............................... I n:in I)in c atic Rucl~ii lc
 

(erinany, F.R .............................. ...... Fcdeilu R..p lhlic o1 (;cinianv
 

IIR ) ............ RcCii ld13:ink
Internattional Batnk f0 Ii iriicil(n Lind I),.h ,'Clnt The Wo 

W AR ................................... Indian (.uuiil ot' A'ric htnimal tR,caich 

I( I ..... ...... .... ..... .... ............ ... .... . Ihncri l (hcm i,:dlndti lrics 

i:D( .. ............................. . Icm inaui tn l I-c eicil)cw.ch u nt (cltcl 

I P I N ilru Food RcC: ch ilhillitc................................ inational 

W e :ich eIIRR I...................................... 1w elli~m ll ,~ ,,e Inw-,itl 


N mm{)11iA. icadorn 
NFID(.. .......... Njtional Fertilizer )cvelopmet (Center oftile Icnc,,cc \LmIi\ ,.\n t ii' 
N \S ...................... .................... \ otfS icticcs
 

,.\1m.................. ....I.). r'mit m (W \r alhc uun hlI ('mlitlics
 

O I ,l(...............................OhgI i*atihi(PII I{dl cil xpolilil! Countries
l 

clnt cal :\u htSIIDA ...............................Swed,,h illati(InjDc,hye V onrlv
 

'II I... ... ... .. .... ........ ... tioner nnhiatn... u
... .... .. ... ...... .. Mha 

TV A . .. .. .... . ... ... .... litc V:illcv. .... ............ .... ... iiic,i,,cc e t lolitv
 

S......... ..................................... .. I nicdrtc .,,ofAmcirica
 
I.S.S. R. .................................... Vnlion of1.";{,.ieSociahi.i Rt~e hhb c,
 

I:NX.................. ........................ Ukl Nal :;
...... ..... ied't u,,t 

I'NITP ................................. United Nalti)n lin ir,,neta l Pirt.llamlmt-

I'MN ()......................... United iNations Industrial Ioc loplment Oit ani/alio)n 

USA,\11) U.S. Agency fo t tiond~l ient............................... l erna~l IeM ohpl 


USI;l)A............ I....... .................. ...I t14S. Do-amnI~lelnt oilt
of ,,\, nurc
 

... ..... .... .... . ...Wm, (.toiiW :[ ...... ... .. .. .. ..... ... .... ... Wdld IA cil 
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Measuring Units 

k. .tn.ospl.erealtn ...................... .............. kilowatt
 
bbl .......................... barrel kW h .................... kilowatthour
 

B3 ................ rhiltish therm al unit lb .......................... pound
 

dwt ...................... deadweighict M .............. . thotsand cubic feet
 

EJ ........................ exa unle MJ ....................... iegajoule
 
R 3 ................ ....... cubic feel i ...... ......................... eter
 

g . . . . . . . . . . . . . . . . . . . . . . . . . . gran in . .. . .. . . . . .. . . . . .. . .. .. m illimeter
 

gal ....... .. ................. allon M .. ............ ...... ... M tN ti
 

Gcal ...................... gigacalorie nitpd ................ metric t.,ns per day
 
GJ ........................ gigajoule m tpy ............... metric tons per year
 

ha .......................... hectare n 3 ...................... cubic ineter
 
hp ...................... horsepower PJ ........................ petajoule
 
.1 ........................... jiule ppin ................. parts per million
 
k,al ...................... kilocalorie psig.......... pounds per square inc'i gauge
 
kg.. kilogramn scf ................. standard cubic flet
 
k ......................... kilojoulc Ti.......................... rajo le
 
km ....................... kiloneter
 

Miscellaneous 

e..f. .............................................. ost, inst, nc. and freight
 

('PI .............................................. centrally planned ecotomies
 
l)gM........................................... developing market economies
 

DM lI............................................ developed market economies
 
fu .b... ... .. .. .. . . ...... . .......... .. .... ... .. .... ... .. .. ... ree on board
 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(NP grss national product 
Ill I,..................................................... high heating veu 
II)R ........................................... .... isobaric double recycle 
LAW low heating valueI\'................................................... 

LN G .......... ....................................... liquefied natural gas
 

LM(; ................................................ liquefied Pet rolumn gas
 

H '....................................... Ocean Thermal lEnemgy Conversion
 

PA R'. ........... .Pressure swing adsorption purificat ion, Anmnionia synthesis. Rankine Cycle
 

IPS\ ............................................ . . F.. es re Swin ,g
Adsorption
 
Rs ....................................... Indian rupee (unless otherwise ;!tdicated)
 
.............. ........................ U.S. dollar (unless otherwise indicated)
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CONVERSION UNITS 

Linear Measurement 

nun ............................................... millimeter = 0.001 meter 
= cm........................................centimeter =0.01 meter 0.3937 inch
 
=
in ............................................ meter = 3.28 feet 39.37 inches
 

kinl ................................................. kio n eter =0.62 mile
 

Area Measure 

clii 2 ..................................... . square centimeter 0.155 square inch
 
2
11m.......... .......................................... square meter 10.76 square feet
 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
km2 square kilometer = 0.386 square mile 
ha .................................. . hectare = 10,000 square meters = 2.471 acres 

Weight 

g ............................................... .gram = 0.032 troy ounce
 

kg...................................... . kilogram = 1 000 grains = 2.205 pounds
 
lt ..................... metric ton = 1,000 kilograms = 2,205 pounds = 1.102 short tons 

=g-mole .............. grain mole the molecular weight of a compound multiplied by I gram
 

Volume 

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . .. .cm cubic cen imeter = 0.061 cubic inch 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .
n cubic meter =35.34 cubic feet = 1000 liters 

I............. ......................... liter = 0.264 U.S. gallons = 1.057 quart
 
bh1 ................................. . barrel (of p(truletmn) = 42 gallons = 159 liters
 

Weight per Unit of Volume (Density' 

sp gr . . . .specific gravity = the ratio of LIhe weight of a substance to the weight of an equal volume 
of water at 40 C; no dimensions: numerically equal to density in grais per cubic centimeter 

g/cim 3 ....................... grais per rubic centimeter = 62.43 pound: per cubic foot 
kg/im 3 ....................... kilograms per cubic i ter =0.0624 pounds per cubic foot 

3 . . . . . . . . . . . . . . . . . . .Itm ... metric tons per cubic meter =grais per cubic centimeter 

Power 

W ............................................ ..... watt = Ijoule per second
 
kW .................................... .kilowatt = 1000 watts = 1.34 horsepower
 
kWh ............................................. kilowatt-hour = 3.413 Btu
 

Pressure
 

2kg/cmn ................... kilograms per square centimeter = 14.7 pounds per square inch
 
ati ....... ........................ atIloslhere = 14.7 pounds per square inch = Ikilogram per
 

square centimeter (approximately) 
psig .............................................. pounds per square inch gauge 

Temperature 

=
0( ........... .................... degrees Celsius or centigrade; OC x 1.8 + 32 0F
 
0F ........... ............................ degrees Fahrenheit (OF -32)5/9 = °C
 

xiv 



EQUIVALENT ENERGY UNITS
 

lInergy can he measured in different units, tile most common of which are described below. 
With few exceptions, file energy units used in this study are based on the joule. 

Joule 

Joule (abbreviated as "J") is the funudamental metric system unit for measuring energy. The 
mlost common utnit is gigajoule (one billion joules), abbreviated as GJ. Other multiples of the 

joule are: 

= 

1 Kilojoule (kJ I = 0J 10-6 (jI 

=
Meg:jule (Il) )106J 10-3 GJ 

I Gigajoule ((_;J) = 109 .1 1GJ 
I 'era joule (1jI = 1012 j = 103 G. 

I Petajoule (PJ 1 1015 j = 106 GJ 
IFxaloule (Hi) = 10181 = 109 GJ 

lUtu 

One British thermal tit (Blu) refers to the heat (energy) required to raise time temperature of 
I fl- of water by I0f-, where 10F = 0.5U°C. The approxinmate Btu equivalents (conversion 
factors) of tilejoule are: 

-3
I J 0.000)48 Btu = 10 x 0.948 Btu 
I kJ = 0.948 Bil = I x 0.948 Btu 

=I MJ = 0.948 IouSanid Btu 103 x 0.948 Btu 
= 10I Gi = 0.948 million Bt 6 x 0.948 Btu 

I Btu = 1055.1 
I million Btu = 1.055 GJ = 10 Therm 

kcal
 

One calorie refers to the heait (energy) required to raise the temperatture of I g of water by 
I C,where I0C = 1.80 F. One kilocalorie, commonly referred to as kcal, or Calorie, isequivalent 
to 1000 calories. The approximate kcal equivalents of joule and Btu are: 

I J = 0.000239 kcal = 10-3 x 0.239 kcal 
I ki = 0.239 kcal = I x 0.239 kcal 
I NJ 0.239 thousand kcal = 103 x 0.239 kcal 
I GJ 0.239 million kcal = 1(06 x 0.239 kcal 

I calorie = 4.184 J = 0.003968 Btu 
I kcal = 4,184 J= 3.968 Btu 
I Btu = 252 calories = 0.252 kcal 
I kWh = 864 kcal = 3,620 ki = 3.413 Btu I 

I kW= 1.34 hp 

1.In this studs, I kWh isequated to 10,000 Btu or 0.01055 GJ or 2,520 kcal because conversion 
of fuel energy to electrical energy typically is34'' efficient. 
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are developed
The approximate equivalents of energy contained in a unit o' common uiels 

Coal is lighly variable. 
below. All of these fuels Vary in com"plosition and, hence, heating value. 

Crude Oil 

=
I tI.S. Il of crude' oil 42 U.S. gal
 
= 35 Imperial gal
 

I = 159 liters 

= 6.12 GJ 
= 5.80 ill1ion Btu
 
= 1.46 million kcal
 

= 

I U.S. gallon of'crude oil = 183.000 Btu 0.1457 GJ 

= 

I U.S. gallotn ol'gasoline 126.00( Bill 0.1 32 C(
 

IU.S. gallon of diesel oil 142,000 Bti = 0.14(
)8 GJ
 

I U.S. gallon of No. 4 fuel oil = 144.000 llt1 = 0.1519 GJ
 

(295 U.S. gal) of No. 4 fuel oil = 42.4 million Blu 44.7 GJ
I tlt 

fit uminous Coal 

=
I lnt of coal 20.5 WJ
 
= 25.1 million Bin
 
= 6.3 million kcal
 
= I .102 .lort tons of,coal
 

Naphtha
 

I it of"naplltha 	 = 47.3 GJ
 
= 44.8 million Btu
 

Natural Gas 

1.000 scl, of natural gas 2 = 1.08 GJ
 
= 1.02 million Bit
 

Gross Versus Net 	Heating Value 

are "gross" heating values, also referred to as high
The heatig ,%allies of fuels shown above 

T.[his is the hasis on which fuels are generally sold.
heating value (Ill I\" 

lIMt dCsig.n eItgineers often quote fuel and feedstock requirements on the 
I lowcvct . JItn1nnlia 

value (LIIV). ilte dil'ferencc is the at11t01tnt o1 heat 
hasis ot "net" hclltiiLt valties r low l,tig 

when the fuel is burned were 
that would he leleased if all of tilewkater vapor that is fored 

watel . [lhis heat cantnot he recovered economically illmost cases. 
Cotudellsed to liquid 

ret'ers to the volume measured at 60"l- atnd atmospheric
2. OtC stimdald 	 cubic l'ol oas' (s,:l') 

rat ea level. 
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10'; less than tie gross; forIn t ic case of typical natural gas, the net heating value is about 

example, 

1,000 sef = 1.08 GJ (gross) =0.97 GJ (net)
 
= 1.02 million Btu (gross) = 0.92 million Btu (net)
 

On the other hand, the difference is about 7% with crude oil and 37(-4% with coal. Most of 

the fuel energy requirement estimates in this study are based on gross helating values unless other

wise stated. 

Equivalent Fuel Requirements 

All cnerev estimales will be expressed in terms of equivalent fuel requirenents. Electrical and 

to the amount of fuel required to generate them.mechanical pOWer and steam will be converted 
= 
1 000 Btu, and I kWh = The approximate v:alues used in this study are: I lb of' steam 

10,000 Bt u. ThCk values are only a rough approxilation. In tle case of' electricily, the factor 

assumes an efficiency of 34%', in converting fuel to electric power, including transmission losses. In 

the case of' steam. actual values vary widely depending on efficiency of steam geneiation and the 

pressure and lemperature at which it is generated. 
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CHAPTER 1
 

INTRODUCTION
 

Statement of the Problem 

The economniesf mort (Ie'cloin, countrvies have st.ill not. 

ietCoVorl'.(l fro l adtl .con( i lic: il)l pact. of' the l't ile '.(Iverse ellergy 

iZer', anl 1',10( crises of' the mil-170s. The recenL, increase in 

energ. 'i and coll.olil atl increase in fer'tiixel' an I foodeCU'-S le 
renewed Ihre:tl uif ecnol-ie disaster t.o te lo\w'-icollonpricc-s o,-,(). a 

a stterstantai'd of'develop)ing " nations in their' .lndeavm.' to achieve 

living. 'The situat ion i, f'ui't.e ,a' ,aVid illc-rta-sc ill 
,vlypOP)LIlit ion, ann inc -,ase in tar alisolite mbLer I )('lh w the pov 

line, a waicn in " ()o' the -;.p Ihotwcel the rich ;d I Ihe po,,r, and the 

ll ted method o1' 1')((1 I)'odutALion,traditional, 
there is an ii'u"'int nee( to exliarl ',,l l'odiLiction,

prevalcince or it.|l 
Cle;irlv, 

C't'ii,)cy in theincr ea.se :i'riculItul'A l )IWMlLWi('ivity, and iml),rove. 

enei'g'y and fertilizer' secto's. 

,'.t't.iliz, ' is a mijo l' factoi' in expanling 10 1 tn ut.; its 

prnoduction, however, is hig*hly energy intensive. ''his is especially 

.ie case with nitrogen ertilier, which is the most. I)O]llal' t.ypo in 

developing" counti'ies. It. iS est.imtel theanL of lhe total coqmmercial 

oneirN'y con,'sumlit ion in Ihe world, the pdLuction and dist.i'il.ition of' 

fr' tiliZei' account for atlI)'oxima t.ely 1.5', and ; g'ictult.ui'e (including 

e'-tiliei) aCC0Lilt.!-; rOr. about. )espit.e this small fraction,for 5. 
however, t.he (,,st. of feritiliei' is very sensit.ive to changes in energy 

Ull)ly and enelrgy )i'iceS. 

The linkage betwenL the fert.ilize' and energy scct.oins is 

(:i lot' . Vel'; l reasons. F"irst., frl t.iIizevi i'OdU'Clcio.xli 'em l,, c '1u 
lelenls m1ainly oln nonrenewable energy resources, especially fossil 

tuleIs. ,Si ( ,n I, the sup.pl)y or nonr"enewable .)l e 'rg'y esioul'ces is 

localized, unevenly dist r'ilule, and influencld by the decisions of' 

a few .il-ex-lotiHing countie.s. 'l'hii'd., the t'e'tilize. sector is a 
"1pric('- take'" ralher thail N let..'fllill1alt1 of enr('' ]lI'iC(!S. BCalISe 

'oi al)lroxima tlvly ,l5i, of the commeircial energy'eI'tili'/eI ;iccount.s 
usel in gl'icllltl.ll';l [)Io(luCtin f'o' the vo'ld as a whole, an 

inct'ease in energy prices influences Ies'iCe of1)oth zi ilize'NO and 

food. 



Energy Consumption and Gross National Product 

The irela ionshii Ih \tIeeln )e r Capita COlinl(!rci 1 energy con 
((;NiP) selectedSulnlpt.ion andl per cal)it~A ("'u. nat iolnrl produCt- for 

counlties (lring 19)78 is ir pi)Olc( in 1I'igureThe sentier of 
energy consullnption an(d ince()ll pirs indicates that (1) per capita 

as per citAila GNPcommercial energy ()ns lurpt ion increases 
increases, imp)lying a positive relationship and (2) the rate of 

growt.h in per capita commercial enerlgy consumllption declines with 

an increase in per capki (;Nl, especially at higher income levels. 

The commercial energy consumption in developing countries is 

very low. luring 1978 only 20% of the world's commercial energy 

was consumed in develol)ing countries, although those countries had 

approximately 80% of the world's known oil reserves and 73% of the 

world's population. 'lhe low consuml)tion of commercial energy in 

developing countries can be attributed 1o (1) low per capita income 
levels, (2) heavy dependence on noncommercial energy sources, 
and (3) relatively small wastage of commercial energy. 

The direct and indirect demand for commercial energy will 

increase as the developing countries experience structural change, 
move into higher stages of economic development., and replace 

noncommercial energy \vith commercial energy sources. This will 
three areas over time. Firsthapl)en as a result of shift.s in at. least 

increaseis the nut.ritional eflecL.; i.e. , the demand for energy will 
as the -inuti'ition ap l"(erns shift from plant LO animal sources. 

Second is the agr0icu!l1_t1aI modernization effe.ct: i.e. , the demand 
for energy in the for -of feritiierfuel , irrigation, an d 

insecticides will increase as the agricultural sector is transformed 
ones.from tradi tional agricultural Practices to more modern Third 

i.e. , the demand for energy willis the industrializatlion effect 
expand asthe (le.opingcountries expand their industrial and 
service secLors. 

in energy consumption inIlowever, the rate of increase 
now sodeveloping countries may not be the same as it. was in the 

called developed countries. This is mainly because energy was 

cheap in the past. andl improving energy efficiency was not the 

priority objective of resea rch and public policy. Furthermore, the 
incomp)onelt.5 of commercial energ'y consumption are likely to shift 

favor of renewable enlrgy resou'ces. 

- loever noncommercial energy sources are extremely important 
in most developing' countries. lor examl)le, according to Revelle 
(1980), the share of noncommercial energy (excluding human and 
animal lalor) in en ergy use per capila is approximately 27% in China, 
84%, in Bangladesh, ,57-, in India, 649, in Sri Lanlka, and 5411 in 
Thailand.
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Objectives and Plan of the Study 

The o)j(cti%t, .; 	 (o' this .;lt tly :1r. l'()ui'fn(l'( (I) ( 'x;Imin l Ihe 

'y. tet ' ' '. and ;1"'ri'ultutr;I l S(C r-,' (2) I,)
linkages ;:m1)11- (,WI' 

(II I 'ili".',i,; 4 1 0 ' '- lY ant l)r'il.- ,S ' '" 
assess tl e im()iCr io 

i'4 e I 5 I)!'
;111(1 A':t1 4h'1 lat (,pro(UCIl ill t& ) I (dA) to l1' . '.a 

e1 iI ) fl jQL t L 1 I ) Ii'k 1u;'' ,ed;1, h"",  I ' Upi4lt ' l1 and 
si mlS,i'tltion goAily ,l)l ion ;l ld ,

;jle)i iIn ,lg (. t1) 1,( ON\;i 

liv'ing' ll eli.inatingilf hundn'. 

the impact of
The'101m jilIUrl)0e-ul t,f tlt fndSI.u(Iy eniS .0 aFlV'/y,C on fei'tili/Cei'g,'y ly high l'L',(iesS(cI'ce en 

uise1 in (l)velIp(speialy nitrogen) p.,c;1lr2t.inc dist'lyibu;1( tion, 

to' saving fl nI'y in ft 'tLili ier
in g (o.'OU '125. lbe lp 'os l)C Is 

the i)Ot.elt ,,l 	 foi' sup~plyingfmanui'act turing', anti (list iuuion ' , 11' L 1, thein2 IIuSl) I ( 't 
n I ti'ie l ts from 	 nI()lnc (1iZill I ' L(tIIl)'I' t-Ol I ' 

1l'O ;1narifo' .savin, their thel)ugh efficienIt l'(t ili'i'" .SC (N1fl d in
 

gene0ate and l'tvide int,11Cla.ion
detail. 'he luiv is esigf neld to 

on ai eu'nat ive ,)tiOn Ic) il()w('11(! e. el' i i(' CY, ULte ,'tii'/1e%'.,, 

The l'igs.secto W vesel in g e.sf.s% 

1) 1a)dlh;ti Iion 	 - l S'vi.tiona 1It isUlle1x )ttVC(l his , ouh II 

int1 r ai' i ,t-nizrl i,,n. with iait gui(lelin S foia making decisions
ltin 'l 
wit h sv )iCct14, t'e'gy r'Cl-, (1hlfiijll;fssiSt:iliZ1( lisa NICi l aSsiStl(e 

l Iritm i thel '(l- S of [oo(, fei'ertilizer,andl(opbulivetrain atif l y s I'o 

is especially c'ucial for low-income energy. This inlt'oma Itiol 
for(Ievt 1) in g - 1n . i's . A S\distCSS l al)ove, t1 e demand 


co me 'fU'U ia ( gv thes-e will inlc'ease over timne.
ll ' ,'i; i C(OUlt.l'i.s 
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CHAPTER 2 

FOOD, FERTILIZER, AND ENERGY LINKAGES:
 
A CONCEPTUALIZATION
 

×Iix;ItiOIn 

izerT,:111(i 1, iCI-'ltuN;iL l luisstais l)irivi(let in igure 2. The demand 
i'r fu id, . lilizir. ;I( (,ner'y is ;I(lei'ive(I e(mld(Ithat (Iep(-ends 

(111 ,J1)())ll;ilil i' T) a realistic economiiic 

The C()lt('&lj)il Af Ih(! lintikag(o . I)t UIo, ene lgy, fertil

l ;ii) iilt:)inl( mvth. )lhJvi(l( 
i\t. , II' ilnlplic';ioi'is ur the erlelrg'y plrie(es on fertilixer ant 

f',l l~ri(-,n ;11(f1S1)l)llV, Cawl of th1se com)II ponllent s, linkages allong 
Ihe(il, ;1(lI Ill ii sig'nii(I'1 iCn((I t(. l)e( caii' .Ifuliy Lill(lersl..oo(.I 

Poptuio"lion 

i A licuIturil Fertihir Enrgy 
ccos Sector S.ctof 

Pcheot DcsJ 
Foo' Fero ierr inC Col Iis I I1 

GovIrInet n it Feb t I(I N t 

Plicy u-[ ian F iter2 05 Noicom m~ercila 

>ial hli i r anic M anure 

Linvotock Iloloagcl b i hcouventinnl 

J 
Fixation 

I 

and Distrlibutionl 

4)r 1)I5CL an icres 0 llioia~ 1.9 bilo4e in2Figure 2.Conceptual izatiomof nes Betwin Energy,Fertilizer, and Agricultural
Sectors. 

Population Dynamics 

The yn.i( of wo lkiI lJ(lultion is replorted in lFi Pure 3. 
The.wol'ld l)OlMtli.i(,nl WNS CSIill.;C 10 Ih( ;11)0111 ,t.1 billion dur1ing" 
1980 11n( is ipr()je,(led to bc.: G.3 1)illi()i by Lhe year 2000; this 
repre'(sentlls ;in nti( (,()I';ipl- oxilill.ely 1.9J billion in ;20 years. 
This (,× l n tmi.1gro~vtlh in lpolm lii~ion wit~h i mle( basei( is,- Lhe ore 
oi' le((eol:oim c" l-rollm s'-incetiov~if, for. Ihmsi(: notis '1l]OclOlealls 

a su l.lltial Iiiin on leSoLur-ces liway fronm their other prodcive 
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Figure 3. Dynamics of World Population. 

Two other significant, structur'al changes taking place ovel" 
have an iml)ortant bearing on the l)1'oblem, esl)ecially foir tLhetime 

CleVelol)ing" countries. First., the share of' developing countr'ies in 
world population has increased l'rom 6'9, in 1950 to 78 in 1980 and 
is expected to be 789, in the yeai- 2000. At present 5,1, of' the world 

,
p)opulat.ion is in (leveloping mal'ket economies alone, with about 18%
16-,, 1(0',,, and 55, of this in Africa, Latin Amer-ica, the Nea Ea'st 

and the Far, East, r-esl)ectively 2 SeconI, infant morta.lity i'ate is 
life expectancy has increased. Accor-dinggr-adually declining andl 

2.Inthlisstd-ywe have adopted FAO's classification of countries. 
According to this classification, the %voild is divided into three 

These are (a) developed market economies,broad categor-ies. 
(b) develop~ing" m'r1ket economies, and (c) centrally planned 
economies 	 )evelopecl cou n tries consist of developed market 

and Union of Soviet. Socialist l epu blicseconomies, lEasternLEuLrope , 
(U . .S . R . ) whereas, developing countrics consist. of developing 

malket. economies and centrally P~lnnned countries from Asia. The 

list of' countries included in each of' these categories is given in 

Aplendix A 
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t) Ih. WVilt alnkIl. 8()) lit, tXpctcttl l y : hiibth low-int',mil(lC.. tlw inl 
('o1-nt1 itS ..- fr'v,:,.- i- ill 1950( .V,.ni'.IM -,liIt~rtC lI :;5 ., y(-. to 19 .). in 

1978 i' tr, ilit g 12 4 iinc'rt;.t in lift' eXl,'ttancy. 

Food and Nutrition Status 

The deman;i1id to' t(I i, raltidly increasing in respons Ito
 

-O1)ulati ,,n i',4r, h. il t,,it. .,O'Tt il . anti li e ft ,- o1f a''rious
 
nlllt1t Ihi- Ma
g0v'r' t S t'tt int'itlnt't, t, huini r"an lmainut lit ion. A 

Illios Itlir t'lfl t'0111lli ltj) thI cohl i, ,t ltnt'i h ' i ultot' ftot rW ilt' 

WvOrit" IILIhun Ki' andimiIn ' Iri - hI iliiil P(jo!tiCiiS i o1 
\Va o u itin n a Iill t lnluihi ItnIiIitLh g Iho W ltil(I lt I 
Wouncil (WI"('). mi Agi'itullurcto liin United"i anti ()r'ganiz f thel 

Na ;,n., ( lA( ) . , tl 1 . ant,i ndt lional lou d 'licy(I1 l) n ' 
lcso.rch I nst ittll , (1'1'bI ) indi to it ittontially lau'gi fod tieficits in 

Htim ne t i)-2() \i10-20 

.filIlt ' m l crl"q '-;inlt \tlq i ff l ;ll:t. tm',,koit.: ;litln w ill 1';11 

it0 On 
lC' itnal basis. Asia ;accu,.ins f'r 10'i, ofI lit Itotlal proje tcd fotitl 
de1'icil: NO't h A!'rit/Nitldl E;ast,. aihtlu 25'i_ 5,h-, ;lhar;i Africa, 
over 2()',, ant ali wiciCN, 10',.1 h. nllis illAsia 

sItrt ' i ltt lig,"tioTmantl in l.9() hy 120-1,15 million lt . a 

,. T"tl t) and 
sub-SNIha Africa c-tCll(' Imltm.-il i'' . I'od Ii'oll111. A large 

shart, ,f o lat ion thkv t: re t s s'ti si)lic pi in dlo1pii ,snnl'i 
nuiritin pro U: l l lhir , [ lti g';ptbetween iI flms 'ou nll t.ion igh
anti l,\-uilcumt: g'l',ups in a InpMi~lar developing countly ani 
ihetween 1oo1 and rich nations is also VtIV Iarge. 

The :u\'er;igu. caloric inltke per capiti per day in developing 
counl.ries is 2,282 Ca lories, which is a)out, (S-, of the intake in 
(.evelol)ed count ies. On the ot her han(d, the average protein 
inItake in in g itlries 57 g/da y is 58,de\veol ('oun is which a bout. of 

that in the develoled counl'ies. ()vei' time there have been only 

mariginal ilpli'twvumen.- in nuti'itiona:l stn ndards. One of the major 
featuIres of nut. iilion in d(evelol)ing, otirunLtries is I h;at. plant sourves 
contributto aout 9 , of Ihe caloric intake and 79-,, (of the plroLein 

int.aku. On .tm olhlr haland, t'he correslAon~ling figrell'Cs for dCevel
o1)011 colli tri s are (.9,,an(i 11, rejpectlively. (alories and protein 
deul'ivet( from a nimal wiIuires arice(. hovc u', "fai1' more expensive and 
energy inltensive. 

'lThe avrgo calorlic ani prCt)teila tigLlie.s t10 nt (4nV0(y a 

realisCic 1ctiiOfilhe I r(oleum. The lowV-iilc,.)t, segillelnlur ut trition 

1f i('lmlMulatittn h;, limiltoI ILr'hlsing"p)owir and alloc;iS a laN'tg.
 

Iii.' (0 itttlwir o)il lu. proport(Aion
toH intciio tioCXpenldit A mal~jorI 
tof ill(. ,,rltl itili ('( Itl i ill colntihSNlacing,ilii. Ite r Sid( 1 ti'. 

i I; ,k t belt,, 1ho Min iumuni cllil'il limil ( I .2 t ini s 
tilt 1;i l :hI't~il,,,li t aitt) is esia ted t C 115 dlur'ing 
litli t.wit i hl',, ini 

til million 
I'.3J'Al/'G(; iin Ii' t h''tlping market colnonlic.,. \VIiCh is ;aibOUIt 21'-, .f' 
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th,ei r ' 	 (. ,,fI 1hi'h t lal. G8 m illioin a i. in Africa,lIa I i iI ()Lit 

,11 million ill l.atlin America, P, million in the Nea' Iast. iad 
Far1 1 This ai pIsll'(',imakelyPt 22"2,28(; milli,, il the Fst . s L- ' 


122,, 1,. ;ai f7t,I e1tl Ll lulula tin in each of Ihes, Il(-:,l, ive
 

,-,
I 'ti'l 'm . 

T[he' illcit Il ( it* llll )I I, ai !'l'r.c I n1 t h,f II-iit[,l 'dependls , e~xlcnl 
,llli(b .sutpplie's aind[ l't)o r ati thde.gree(, of[tlncvck' ')f ['()()d] 	 (lisl't i Il(' 

ttg ('( f i (lu lit y in Ile ILI'cIhI sin." Ii)MV('' . ThC main IruNison loul' 

h11.1il iIe' 'i isV'liiv. ('sn:st t .,i~ I\'., I hei''e is a1nee(d 1 (1 1ksign I)l l li 

(ll c 1') IWl)t ciA L e'a(diCat.ein Ifl lsspIiili'is tlat ll (t tiyNIll )I 
tpovl'lyy.
 

Fertilizer Sector Dynamics 

lienils. , 
rom air and 

There are I essenlital lantI n11t1 Ihes. I( elements, 
thi'ee (eaul'lmn , il'ru,'ig n, ;Ilu t -ix\' t.,n)are ftitai 


; itSes include
IvatI e'. Six elmill s ;rt calld "m;ic lie Is'i 


iiitrog n, tiho.plih,,'.i-; , liul;i.s:iun calciLiiu , Iii,1ntesiuLI , ani sulfLi'.
 

'l'he first Ilhl'e' hiVe t il'
-N iti alli' I i Ille main concern of the 

nti are. known ais "p iim;iVy nutrients." Hoevr,Cl.,f(CitiliZ(1 illtIl~lSlli' 
lu o' dieficiencis ohther has c(iic i .g [' lew cy 	 l'Ihe th ree i' 

A.Iet.ion 1'w gi\'en to sulpp)lying., lle (-)I lOl' of' the ".Sc( ondld 'V 

11LI Vi(ntS" in fertili.ers. The ot her sev('ll essential elilellts 
1 nufi 

iu'( called "llliCI'oln I'iinl s'" bcaulisuC tlait s i''(ILliu'e 	 1hemn in m-aINllI
 
;ii'e ;iIlIjN1ae,
 

(loron, chlorine, c:oppe', iron, m;lIL,';lItcS(. moly , IziLcll adinc) 

quant.ities, less than I kg/ha. Soil sullplies usually 
ht incve;isinlg incidence of deficencies of oie of tlhem, such as 

zinc. has lMen led insole developing count iles. 

To eXplnd food production 1.0 feed the expanding lOl)LIla.ion 
he SupplY and e2ff'icient, use
adelately, the'e isa need to increase 

of' plant nuttienls. Thu plant nutrients that. are removed from the 
soil by crops are r'el)lenished ma inl l thhe use of chemical 
f't.iliz'r's o,'rganic manures, 11nd biological lixat.ion of' nituogen. 

1.to rdCLu(Ce and listriluteThe felrtilizei" sc¢tor ri'eqluiies enecrg. 
feililizeis ro(I' even Lu;Il al)lication on agi(;ricultulral lands. The 

im oltanc f'chemical fe rt ilizer's in economic( develhl)opment derives 

mainly from the importance of ;igriculluvu. and the degree of' its 

modern izalt ion. 

Fert ilizer Lise in lIost de'eloping market e,1onolies is rat her 

low. Ilowever, gronomic indicates;ivl research a substantil lHoenLtial. 

(luring 1979, the furl'ilizerfor expansion. According to ,'A() ( 1981) 
Use per hutare in the d'loping Market ecollollies Was about 21%, 

Of that in theCluCVe4bils' lIl,maIkeC C.o(,l')cliC. , 29:, of that ill Ihe 

cenrill , planned ec )numies, an 10'i,,f the world ;average. l"roml 

an aIg grt t posint11)f view, WIing 1979/M) the (levetloling (uunlrues 

account fr ;:5liu'1ximaelt' 12',te wIC consUnllpt.ion 20,,World 	 and 

of' the wou'hl fulilizeri' itrluction. TChe coulCSr nlding shares of the 

developing market Cnimides were 18'-, anti 10'2,, respeclively. Among 
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Nitrogen and Energy: A Country Perspective 

studV is on analyzing" the vela-SilCe lit' Mainifocu s Ot this 
suect.ors in developingtionshi) bet ween 't.tilixe' and en rI,'y 

coun tries With rUspect to
COull' t hei(5sUlf-sufTiCiency of selectedOW 

a 
energy n nit.rog'en is reporited in I"igui'( , The ountries a el 
(livile( in.o10o.' cAuegot'ies, inCluding (1) detfici.s in bot1h eneiW'gy 
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Figure 4. Energy and Nitrogen Self-Sufficiency: Two-Way Country Classification. 

:i.'l' dsta (n ''y ;anfi 5,11-AIfliCiurly ;titT'nelotled illd;11 as 

"'tNib I VI'l IWtdl l(1 l;\ t10l fl:\'iV(' tigui'e II Ith-i'e a-t1'(!WO 

(lil'flL't .'-, hllat "w' \11t h iiuniiti,ri.nig lirst , tOWh ..sel'-S-Lll'iLieylC 

)' rva t : i'll;wi' thalr percentage.in thOWtie is rlit 'snlt'd 

SecAtIl , 1W litS Oni th,. liln. re.l'snt1)1( by the value 2.00 
, thm 200'-',intlict..t. 1,hat he s.lf'-sufticiene w\' ,(luNl to (w gru~aler 
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and nit.. ogen, (2) surplus in both enlei*y and nit.rogen, (3) s,-urplus 
in enei y bu lef icit in nit rogen, 1ad (,I) deficit. in ener'gy but 
surplus in nitiogen. The countries that have a surplus of nitrogen 
but based ,,n lipoit.efeedst(cks (e.g. Japan) would be sloly 
IhaSing out muLtch ()f their niltlog'en industry. On the other0 hand, 

Counlt'ies with lhnlil'ul dnllmestic tf(.lstockS but. limited niltTOg'ci 
inlustry' (e... elexico) would b. em(!i'gin. as major nit-rogen 
J~i( i clL(~t'i in tlh Woiitl. [Liiurhe1 details On foodl, fertilizer, and 
eneigv in(icaltrs in Scl(t Ld C)llnll'ies are provideCd in Ta1ble 1I. 
(Cotinlic, thAld ni hni A ton ot theird imp *- m.l, I major parLt 
(dme01.stic uli'erri:nIs fotrtfo"fo. fertili/er, andi e-neurgy many face 
serious C-.'01n nic Lhlh ;iVNa Is in the next. 20 (: i's. 

It S1IOUId be no ted. however , that. soe, countries listed as 
having in en ergy ,eficit in Table I hvIVe adequale sup)plies of 
n ; llul .'gas,. which ca-n be used to produce nit rogen ferlilizers 
(e.g., kaistan and !Banglalesh). Others have un(leveloped energy 
resouic-es, and still others are likely to discover eneig' resourCes. 
One should( also i'ealize that. dilferent. energ' l'eSOu IrC.S usually 
cannot be technologically and/or economically stlbst.ituted for each 
other. One CO1.111TN.i', for ti i ,c ould possess at)bun(Iant Supplies 
of coNil a'lmajor imll" T' of oil, 
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'Ible 1. Fod Fortilizer ,,,ridnrgy__ndicators in_So Ien-- C _Woutriesa 

Self-Sufficie.icv, in 
. Trtiiizr. . Fertilizer 

Region/Country 

Food 
1974-7o 
Avorae 

1977/78-
1979/80 
Average 

" 

Conu,rc a 
Etrg, 
'-1978 

Population, 
1979 

Arable .Land, 
:'otential in 

of 
Use 

Use, kg/ha of 
Arable Land 

and Permanent 
Crops, 1979 

Per Capita 
Consumption of 

Commercial Energy:, 
kSgf Oil Equivalents, 1978 

Developed market economies 

North America 
Canada 
United States 

119 
111 

210 
106 

515 
104 

112 
81 

24 
220 

48 
49 

41 
111 

6,755 
7,737 

:;tern Europe 
Belgium 
Frnt e 
Gtrianv, F.R. 

98 
110 
81
83 

363 
85 
5813 

280 
88 
1395 

14 
20 
45
14 

10 
53 
61
57 

72 
67 
80
65 

5410 
312 
479
189 

4,134 
2,971 
4,092
2,197 

,'tlhvrlands 
No"I '-a 
Spain 
un It,,dKingdom 
Yugoslavia 

121 
79 
96 
72 
99 

331 
3f 1 
108 
99 
95 

269 
215 
130 
88 
76 

132 
228 

26 
84 
62 

14 
4 

36 
56 
22 

73 
42 
58 
63 
73 

805 
320 
S2 

324 
110 

3.624 
3,790 
1,636 
3,546 
1,384 

Aust ra lia 170 0- 88 135 14 29 29 4,505 
other IME 

Japan 
South Africa 

73 
112 

198 
116 

98 
94 

8 
93 

116 
28 

81 
66 

478 
64 

2,602 
2,162 

Developing market economies 

Alrica 
Algeria 
Angola 
Ethiopia 
Ghana 
Kenya 
Morocco 
:igria 

70 
95 
104 
139 
102 
94 

102 

54 
0 
0 
0 
0 

25 
0 

64 
0 
0 
0 
0 

211 
6 

779 
935 
8 
'1 
4 

19 
1,811 

18 
7 

32 
11 
16 
20 
75 

83 
8 

57 
46 
59 
87 
80 

23 
4 
6 
7 

17 
29 
3 

468 
131 
13 
112 
95 
194 
72 

Senegal 
Tanzania 
Tunisia 
Zaire 

109 
96 
92 
97 

80 
33 
27 
0 

92 
47 

511 
0 

0 
16 

202 
120 

6 
17 
6 

28 

I8 
25 
95 
6 

6 
6 
12 
1 

123 
44 
369 
47 

Latin Aerica 
Cuba 
Dominican Republic 
GuatersilalHexico 

139 
124 
11798 

30 
0 
9

78 

19 
0 
9

79 

1 
1 
5 

128 

10 
6 
7 

68 

99 
89 
72 
67 

156 
59 
59 
49 

794 
316 
177 
941 

Trinidad and Tobago 
Argentina 

68 
124 

951 
54 

550 
27 

372 
92 

1 
27 

63 
66 

54 
4 

3,377 
1,274 

(Continued) 



lable 1. Food, Fertilizer, and Errgv Indicators in Select,.d Countriesa (Cuntinued) 

SelIf-Si t itleniv '.' , '4 H 

.egion/Countr v 

. 

-ood 
1974-7o 
Ave raa, 

Flrti er. 
1977/i --
197'08 
A'era 

N -. ; 

Coli.,:v al 
Ent-rgv, 

i 7S, 
Population, 

19 79 
Arablu Land, % of 

Potential :n Use 

Fertilizer 
Use, kg/ha of 
Arable Land 

and lermarient 
Crops. 179 k 

Per Capita 
Consumption of 

Commrcial Energy, 
_of Oil Eouivalents. 1978 

Brazi 1 
Chle 
Colombia 

"u.,or 
Per, 
\erirzue I 

108 
84 

104 
11 
89 
77 

t, 
198 

-4 

.4 
71 
87 

." 
89 
19 
1) 
57 
47 

34 
91 
13 

371 

109 
471 

123 
11 
29 

8 

17 
i4 

19 
91 
17 
61 

24 
17 

58 
25 
53 
36 

32 
60 

5410 
7S 

476 
344 

442 
2,033 

Nvar East 
Evyt 
I.1bya 
Si 
Iriri7 
1r,, 
Sauh Arabia 
S'ra 
Tiurkwv 

87 
52 
!04 

7b 
50 
89 
100 

47 
0 
0 

203 
1,290 

36 
37 

55 
0 
0 

i1l 
6'h 
23 
38 

1s6 
3.113 

2 
072 

2,458 
4,818 

200 
35 

41 
3 
1 
37 
13 
8 
8 

44 

99 
83 
27 
99 
101 
87 
86 
98 

212 
24 
4 

24 
19 
19 
21 
53 

315 
1,285 

117 
1,230 
430 
88 
659 
539 

FirEast 
h Ing I ilesh 
llnrma 
India 
1Iiibns 1.i 
Sorea, Republ ic 
N.1Iys Ia 
tpla1 

Pl.:ista 
PhI Iippitnes 
Sri linka 
Tha: land 

93 
104 

98 
98 
87 

137 
100 
98 
122 
82 
129 

a 7 
89 
6'0 
12)) 
173 
34 

0 
51 
20 
0 
3 

44 
67 
.4 
9( 

138 
18 
0 
43 
24 
0 
1 

39 
121 
85 

344 
3 

153 
12 
65 

6 
10 
5 

86 
34 

678 
148 

37 
13 
14 
80 
49 
15 
46 

100 
24 
93 
55 

107 
54 
85 
72 
66 
83 
57 

45 
11 
30 
44 
384 
103 

9 
52 
35 
72 
17 

29 
43 

121 
189 
925 
487 

7 
117 
231 

74 
222 

Other DgE 

Central I:.planned economies 

As ian CPE 
China 
Vietnam 

102 
92 

85 
19 

84 
41 

103 
99 

945 
51 

131 
77 

129 
30 

569 
85 

Eastern Europe and 
Bulgaria 
Czt.Oaslovakia 
Germiny, D.R. 
Polind 
Rm-inia 
U.S.S.R. 

U.S.S.R. 
106 
94 
91 
98 
105 
97 

178 
101 
113 
77 

222 
121 

176 
58 

277 
70 

In7 
126 

32 
73 
70 

109 
92 
128 

8 
15 
17 
35 
22 

264 

73 
65 
73 
79 
88 
66 

193 
335 
325 
218 
137 
75 

3,415 
5,123 
4,844 
3,806 
2,749 
3,742 

a. De-rived from F 9- O TTA -- TI981a). 



CHAPTER 3
 

FERTILIZER-KEY FOR AGRICULTURE AND FOOD PRODUCTION 

The 1l1inl Objectives of' this Cha:j1toI are to discuss briefly 
(1) he role Of agriC1u.IltureC in economic development, (2) the 

con1. rilution or terlilizer to food liroduic lion. and (3) the share of 

total coininericriil ellei'gy used in fortilizer and agricultural sectors. 
This will provid et a proper i's pecLive of the problem. the natLure of' 

the policy issues involved . an(Inthe urgency of the search for the 
solutions. 

Agriculture-Basis for Economic Development 

The leading rolIe of agriculIture in the economic development of 
low-income counL.ries is well documenLed in the literat.ure. 4 In 
addition to p)roviding food, labor, and capital for the expanding 
inItduslt'ial sCtori iig'icul iLui'e con tribiuts a major sou 'ce of' f'oreign 
exchange eain irings anid provides a significant ma'ket foi industrial 
goods. Many count 'ies der'ive a high l)el'crinage of their scarce 
foreign exchange from eXpo1rt. of ag'icultural products such as 
5 '-:Ii' , co Tee, te , rubbei', fiber ci'o)s, and pi'oduck lade 'ol 

these ag'ricultural commodiiLes. In this respect. the use of le rtil
izer lurther exXpands the 'ole of ;ig'ricuhI.ure in economic develop
ment. by imlpr'oving b)oth land and Labori pi'oductiviy, as well as 
illeviating foreign exchange pl.)len S. 

The moderniza tion of the agi'iculL.ural seclor plays a dual role 
in helping the pImO n ti landless to participate in the growth 
pi'oces s ani(1 shall;e in its benefits . FirsL, it is insltrumen.al in 
creaLing jobs oth within and outside the ag'ricu ltulral sector 
thr'ough its linkage effects and tlus increasing the purchasing 
power of the poor whose only source of' income is their jobs, 
Second, throug'h cxpanded food prodCtiLionA it makes more f'ood 
ava ilable to l e pool', who spend a major portion of' their income for 
food. 

'lhce ;iricLillt ural secor' in most developing countries, however, 
must. ;ahsoil)' more lt)oi' in aW)solul.e ternms in the future, even 
though its pilro (w'Lion al shaire in the tolal population may be 
declining ovw( time. I'or exampe, according to I'A() (1,977ni), the 

populatlion of India is p'ojected t.o increase from 712 million in 1981 
to 1,077 million 1).v the year 2001. (ut of' the additional 365 million 
people, 120 million will be workers (assuming curi'enl prol)or.ions). 

,-*, o -- )le, a Mellor Melloi' 

1976). JohnsLon and Kilby (1975), artd Ilayani ni lu tt in (1971).
 
:I.- Se r exami Johnston Mi (1961), (1965, 

,r_, k . b. $ 
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:'(; million will0ut of these workers , 52 million Will be CIlt.iV\1(,Io-; , raIb~C- o1Iln I-i C l 1,U I';I l WW el1S. aind ,,!. lMillion Will IraW ' IcUllI 

next 20 the(landless) Inaol'l's (,leal ly, ii Ilithe yeal's, ai riCult 1Ial 

I an :1(5 milli' 1must.s5Wt.O' mlust prl)lthl'um f Go alld itin;ml n pe )pli, 

absorb 52 milli, n liadliti il canldi'Itl'.s. l1e jniij t rs l an 
m;Ifia' 0,I e"additional :;2 million 1;iiadlhss 1I O 'r's. The siiu lion in 

dtevelo ling ((u lrii'ic s nlnt f UlIC lit FPu1'Il'.I-ilor' , lhie lal'geifi'erenl. 
food deficits iOt.tc( ea'lier cL;llilOl.( .h t.linill e(d, in Ihe. long 'un, 

uinless the Cleficil countries make a cona'te(d cf'oi't .) raise t-heir 

own 'o1,( pr'Oduct ion. 

Sources of Agricultural Productivity 

Inc'easing food p roduci ion in\,(v5 (1) all extlelSive cuIltiva
tolion thr'oug'h lind develCoplent, (.2) an intensive cultivation 

increase crop yields, and (3) fliultitlC c'oping'. The African .ind 

L;aLin American count 'ies still have :s)StIInt.ial scope for land 
the Asian collntries, however', aredeveln tm enI ( see 'H ble I ) 

laing s i-us con straintsI xili r'eslpct. to bringing more land Under 

cul i;Val ion. 'ol',(-O\'.l' , (teslpile Ilhe po(ent ial in the African and 

Latin American (coU ntries, lnnd (evelolment in remoLte areas involves 

la'ge investment.s which are oteiln beyond the reach of' individual
 
even v n Is. 1,ueg;I-d les s of the
fa rmers aInd "c ImanII ,o'(.)V t, I'll I 


followed by a pailicular country,
agriculHura-l develolImeIl It st'e;ltgy 


however, the use of fert'ili/e' will play a major"rolc in tuilding and
 

maintaining soil fert'ility for Cr)Op ploduct~ion.
 

Despite the likely potent.ial for new land ( development for" 
the choice ag'iculturala1gricultur;Il l)ur')(ses in certain countlries, 

land may also he going( out Of" pM'(luction. First of all, the demand 

for agricultural land f'or ninagt'i(cultlui'il purposes is incTeasing 

rNpidly. This is due to the. str'uctur'al change inherent, in the 

process (of econ(mic gwoth '11w nlnaglN )ricultuIral USeS of land 

include ui'alnixation. , intustrialix;iIion, wase, disposal, housing, 

and othCr inf'lruStVuLeU1'. 'bis loif ;of'gricultu,'::d land may not be 

easily overcome, ma in ly because the market value of land fO" 
is ofIlen much higher than tom' agi'iculturalnonaIgicult uAal p0urpl)Oses 

l)Ul'PosCs. Secondly, a largle mounllt of good.,€1 agricullural land is lost. 

year because f soil e'osion, de l'esLt.io l , andeve'y 

especially
desertific; it.ion. lhese a'e ve'y se'ious pr'oblms in 

tropical ( humidItiolpical anl sl ro)ical) ant arid (a'id and 

semi arid) regions of' lhe world. 
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Jan m11(I1I,,t. P nt i\nIN itl11W ltLi(- tit i.jn)Iy; t th- 'll i ]LtiI >U ()JV 

L Ll II I'- ll(' (

()' iti t l'i'I I 11 ,'1 Iiin ( 1UI t I1 Iu tI I I It; i I It II l , 

' Ill(Iti( .l '; 111 i l S ,l I'CI ' t Ii ) L 1tr) I 1 '' l it ItI II ,(. ,:I ' It i I I 


t1~'~~i V L 1:t111
1 ;I11W.1 ill I<1I: t i t ii I.Ia i IItL ' 

Gover nmnital Pollh:y 

Instlttillo al0Factors
 

Economn ic Factors and Market Conditions
 

Physrcal, Technological. and Environmental FactorS
 

- MaineslP, CROP YIELD Pesticildes 

+ Labor /Weathler 

Figure 5. Conceptualization of Factors Determining Crop Yield, Agricultural Modern

ization, and Food Production. 

5.~lh( ~ 1ii 111lt.11':11 '11ilt 1',)i' ]);I 1;~~ 1.', 1'i 'v ;I I'tlti.tlll,i , ;1 1",i C'toll11'.V 

",)u l 

iI I'I,,li'\ t,,i' -'X ;1ji)i1i-,. .li ) 1)tli M I I .-~~ll4 y ) 0J1li' 

Tlw~ ~ ~ ~ ''t; k-IIw(;I ,iulc 
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sector' into a modr''n s ci.t, '.'Ihe decisions to Us(. ano t Uh)st.itUte 
va'ious f'aim11inlpUts, if ;Ivail;Ible, arl' made l)y individual ai'm-'1Cs ill 

most,COl.I'cl.'ies . [fllwV('\'( , these diecisiions a'e i'i'tlly inifluinced by 

the eCo illstitUti,,.;, ioi(ies, :nl ot.hei' factorsi)0flic p'oilii'ilcll'ti
which inodiry, thi fI'merv'.,-,isi¢,n en\'iionlc,nt. 

Contribution of Fertilizer to Food Production 

There have been studies in both developed and developing 
countries which altempt. to estimate the contribution of fertilizer use 
to crop production. These estimates, however, should be assumed 

only is first-order approximalions with respect to the contribution 
of fertilizer. It.is very difficult, if' not imlpossible, to isolate the 
(Iualn1.i talive mgnitU(Ies of crop production which can be 
realistically aLttributed 1o chemical retilizer use at. the farm, 
regional, and national levels. First, as illustrated in Figure 6, 
chemical ferLilizel's are only one of the several nutrient supply 
SOUrCoes andI fractors which determine plant growth. Second, the 
produc t iVity of chemical fertilizers depends on the naLure and 
amn111.11t of alllica lions of other complementary farm inlputs and 
mali agemul t. practice s. Third , thelre a '. long- .ei'll effects of' 

fe rtilize r use on soil feltihity th t are seldom taken into account; 
most fetlilizerr nutrients other than nitLrogen have a positive long-
Lerm effect while nitrogen has a negative effect. unless sup)lemented 
by other nutrients. 

The available empirical estimates, however, indicatc that 
erltilizei' has contL'ibuted signil'icantly over" time to expanding food 

pi'oduction (Bishop and Mu dahai', 1979). The prelhiminary estimates 
made by Pinsti'up-Andersen (1976) indicate that., during Lhe 198
52 to 1972/73 lutd. a bout151 of L1 cereal production. 30% of 
inc rementl~ I-real P i'oduct ion, ind 56'-,, of inci'emen tal1 cereal vield in 
developing iarket ecci]om ies ('an 1)e aLtti'i U.Cd to fe z'tliliz'" Use. The 
c0ont'ributioi] L.oincri'ementalI (ei'eal Produ(l ion is estial;ited to be 20', in 
A'rica., 27-;, in Latin America , 32i thiHe Near"tast. and 28' in Lhe 
Fail'sF"Is. According to' (1976). 5,-,, of' incremental1Melor foodgwralin 
t)'oduclion in Intia during 1973/74 was alul.l'ii)utatle .o fertilizer 
u se, ar(A i'i hution CXpWc ted in) 79,%duriing1 is to crease to 
1983/8t. Th estimaitVls duvelot)d by Iei'dt. andt (1975)1 Ba rku r 
indicale thaltl.duing 1971/72 h.' lolal cereal pI'odUctio'lla.tributed 
to fer'tilizcr use was 13. 5,-20 .2%,inAsio. 

FuItheT-moi'e, O' IhU basis of empirical evidence, llerdt and 
Bai'k'" ( 1975) conclude tl'al 1)veag'e to fertilizerhe yield reCspon's(ose 
(mainly iily',,.'(n) appli(,d t, inhodrl'n vari'ties of rice in' Asia is 
l 1) :nd kg of' gi'ain pcI' kilograim (A' rtlizer appli d. More)wt'en k 
'-('('ntlylIIhe' emilpi'ic;il Matlilesn;ide lh\' MulihaM ( 1979a) indicate 

that s7i of iexpani)5i0n iice i)(l (;2-,) lhe expainsionw '(( 01111. of in 
i'ic 'ielsk in Asia from 1965 to 1975 ai'e alli'ibutable to fertilizer 
use. l'i'of] i'('5Ult of a l;'01 CI'H"fSs-CoUIItI'F projecL O1 farm-level 
consl'tIrinls to hig'h 'ice yields in Asia, the Inte'national Rice 
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Sun 

I
 
Photosynthesis 

and t 4 -AiWater 
---- Plant Growth 

Biological N Fixation 

Figure 6. Sources of Nutrient Supply md Plant Growth. 

ag'edhed tha t o n l he ave 
{H t~ et(,-l t h I l l nb l i tl.| t u ( I l ll l ) ( 1 3?.9 ) co n clU 

andin seaso n,] l', i' th e' ice y iu ]ld gap g ahniwche . 
f(L 't i iZ vt'Q' A ntc,l (( I 'l' S ea s und ga j i n t' ' 
53'{-,ofO 

T h ( ,'t 2 > i'dtL t i ofl if fe r ti li ze r to cer eal p rto d Iuc tio n l in 
t~l ' o 

ed b y simila r t u dit(ies infur l h e t' c od ev e' l l in g eu_,n t L'ie s is r'obo r a 
(1964)Ch is ensen , lendrix , and Stevens

(,e l'ol~i., d eOl~ tt 'i s . 
yield in crease from 19,t0 

es iln vt edt h a t ab[.otu~, a-:y- of the U .S . "'ain 

to 195 \)a: a; ii e to fie t'ilize r I t s e . T he Cou ntc i o f" Agricu ltu a l1 
one- third of' the 

Science. n I tc otig,y (197,1) es tiated that albou t 
ulse Of fertilizer, while Free,

[U.S. t';in p'iIc~tlcl ion ws dIue.to the 
estima ted that t~he con tribution of' 

anI (1I976)I,,,n , Ne\'in 


in average
is as d iflfe'ence between uLs. 
The "yil'. a'' defined aveaagethe using high

6. gfatie s' in pts and
yield Usin 
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I -tiIi;,(!1- to tot;l LI S . (!1'1) ouIl t V:asI ; !app'xim tt l ;y7 ,. morc 

recently e)oan ( 1981 ) indicated t hat ilh.' use of chemical teCililixur

r :1 il 1.1110', Id,' all t . S 	 Cro l prPl',,liii ill .accoti It .S f 

T " ' l 
aIMVt' N )l iilc in " g	 '(,(. I

Ici-, With iNiti~tiOll 	 v'eryv]Io IV 	 tilt, (,(i 1 .h-cl(,pin" contrlies'- arte s,.tillrIVY-,l1tion+.," tilt' tCtol) \'ielkk illn 

low. l'his is u(t ti ;-Vtrnl int irrL'lt (( l t (I s incltiling dist-or

t ions in (culolillic incntn i\'&: -OStIling 1'10'111 )OorFl Co( CnCICi 

T hu, availbli" inl'omlation indicates thatgovernment policics. 	
croponly a small p)roportion oftort ilize use is still 	 very low and 

(I IYV ) . Plant 
area is plante.-d to hiih-yielding 	 c'rop1 varieties 

coimmon .and a laroge )ort.ion of,
p)fOitct.ion m1t idi - lai not y't \'ey 

lie cilt ival'!( area lel)enils Oin un(certlill rains 1',.,I' Water SUl)l V 

Colearly ther is, 1a i.ge pI-enlial for incre;,ingi Vyilds , I tll it. 

will llOt lie (ealized ;lpart 'lfl',i l;rge capit.;al inv-stillents ;ini 
t e ,1.theC MIo(lucti'it' 	 of- lhapl)l)op iate .go"\',Il'lmlt p liciCs. l t, WImh 

ec, hI f (IP01'uhe.selor-, , incluling f'ertilizer, can bc suhst an tiallvl c' 
iml uiove td ut l.tel managellnlt.thriough 

Ir ;o Iiit n I I , on 11i)u i n g (ivertly I to oom1 )lpoiducLtion, 
, Il l 1' Ul flll , to incr1e,ases in

Iu 11til i ze rXlI' , ,n1riloll.igl in i-CII Nl 	 suh stiLution , toruoivign exchang e thr'ough .s.m'i zl onxlnsi,, wqkiml. 

ugIh sL i, Ition , to ilip'oved phot.ot.h1. in k;Ig'e., IlhI, in d tiia 
energ y supllY.synt~h etic fit:i(ny of cc', l id;nns and eCV01 ti0 


uct i Jo Vgcrops.
thilugi e:i)nled i0od L 01'fnA 

Share of Fertilizer Energy in Agricultural Production 

of' fellilizcr ill agriculture'sThe share ot InigV ili ilt. t'-,l 
cOuln tl'icstotal cOlm .i 'l ieiLiIIi IC \;I i a;I(es Srofl-il ei'iolg 

crops. and lel of aiicul.uial t chniliy . A smaller Shalr, 

hOwe.r (oes( not iessa.ilVI M(anI Iha1 het ;t b1,ut ;1o1lll-t. Of 

(on1 oli;u ( i'g' Usedt t Ii) liidUi ( 't ili/er" w;s small. since the 

shaI le end.s on1il1w total iC0omnelicial (uei.g':' tised i l t lg'l'ictll
t,.LlVN I S 0Ct O- -.. 

l'uUtin'- fiom V iIOUS7. 	 outit,,iiin.s in econlic inentiVes 

;ino( m l .evpleiing (i itliCipS alegOvelimenl'll [ ',i;uiUS ;an ions in lhu 
llolqiiei ( 1978) has ilicussed thediscu.sscd in SAMult ( 197N). 

,
implica' i ' , , ' g , 'i t p ihiliit'll ,n oi ;1g'icultuia-l le.violiflli . 

i,impl'cti' l' , heI L. IJ ii 	 f,.'ili/ci I i i*N i -,S-,ii:: ;i-dI i Ih ]i* i ll adi 

( 1)78) he nli.ilil ii lormationiPill l iIi-Tl l ) anl 111)( 

iCCc 'CIlAtN lh C(i,111 lili tioll idit eft ilizc'to cuI,,l, i icl tik elopiment is
C 

diiscusS(!l ill lu d(ahai" ( 1978). 
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IS Il' IP- l),)lIt in T alhk! '- , 1h ' 0 11 ll 't' iNI uLIt''.'' tI i 

I ,g i ItluI ;al I pW M lilt n f it hb , i rVl'l ;1:, a \ii'h , . w;i.s T.( ; I () J, 

(IL ll :r197i2/g7 )IIfl! (;t. I'I j o Ii l"(l -* II t ' : t N, I 1 . 5 ,l 10.' t-1i il 
HI'9H ItG ." 'rh. ll ,,n I l ll to l ll~ t I ll t okli' , 0 )llt l :;IIu * l, W'\;'o l IS(t' 

tlrcil ll't' l its> it - wrliw kj tl t. '- ht, l I t l t ' '~lll''r;. 

t int '' ill ;I.t'' it;ut';IIL l pIl', l ntiuis i-cliati\'v high, Hie .;lar' of 
(fletlg2V Lisud ill th1 I!-1;ri Ir iIl I)ul't lutil.ioll .t;:til is 1Shtl - aill. 

t., t CfletgVN ill N ;I.I tU t';I jIWIodLI('tli is0ImnllTntiI~ 1~~ Mainly 

LIS((i ill tht' 01f'fI' i'tiliit~t, puSti(!iiiS, ii'igl'tion, aid I' ul to 
ur)t ,r'it,.m h;inith . Aa",uiing' to FIA) (1977b). as 
rl)iito tl il ilhitw & . :2, t'wZi mir un ;iActorm n I i'(owtArr 45% of t t Ill 

N;II-lic'UHlt1ll'u il WoC011nlnt) l'tcial (.Il-g'y tused( ill 1)1'0(lLI(t i(-)n l ( .C ld 

.J2 ' l)I'(ijecttL1tituI'iil I'f . T., Shatr' ,f' fottilixter is to intle'ase Lo 
.57%; du n 198.5,,86,. fllu, v.'z Il.hu zo va ied sigfnil'iwa;ntdlare ll 

j.(i- , tl ' i.g ii . \it 't iliIOt lin 
(I!vtiiijtl i(l ii l.tktt tYufli.lh-, ;11d Il l thhrtll n c-half' ill Ille rest. of' 
lht! \v' Ht o .. (w tf t: t ' t it I' f['lI I Ifi in-I (lmie l i t. 
~(tfl~l11n i i, (;.i', iCniifl,,li(5.iit.\'ilil, was higher 

I ti fit fuz almst.11Iiiut: O(ltU-.hil'd in 

in IYii.t't. It. evel 
for()' As,iall t'iltlI;iIiy lln ( tt:ol lies (mainly China), where it. was 
t51lllcdti thi itw ;Iiiplri .ilVatci 7(;',,. ihis clearly CklflonsLr,,t . -LO he 

rt(tI)tnl(tlit it t11W' ;IL'ti LlllIPa! I id tiufl SCtP1. ol an energ y 
S l1pj) ill i IIf- 'ifl11tl '(ilit:" its VulnCrtabilit.y to ally 

in(lT LIj)t.i(.iti (-I that SUIi.)lV.. 

Energy Input/Output Ratios for Crop Production 

l lli ll, 11o.., ihuii,(.'in)I xvii : ' Pimcntel t1 i . ( 1973), there 
liI t:i ljt(.ll . ' -ta I LIW .I (5 til;"it ing '( l.It nlsili s (ltt Li e f'r 
inclivitlu clrtl,,Iq) , l tln il, to::>'l l i l~te], I.hce Share. ofl' 
lf(ri' ilix(.,i" ill i,,l:11 (.ll 1*'l',. il)Lil 1(I',l' c< ll t)INA ILtlli l l in 1.11(.- Unritecd 

.l it. hi t iili'.isi>, l t ,i 8', (). ( ,/hii, u (&fi . ( ,J/ha) in 19 
Im ; i2 tlo. *- , I hai ,ifl 1 f1' '9.!-I (H.I/h ia) ul1zinLg 1970, i'iciiat'ilng an 

allnw.i s tfI ll'lt.p.1 ii i :i St ()Il thCt h .i hanid, ;iVUt; o(, C' l 
yietld h;i5 ;11"'i jillI it i. n '2,135 t,/lih (35.- (;,I/ ha) in 19,15 to,) 


5,,082' kg, h;i ( . 1 ( ii;i) in 1970. ilyi nig a 110, ilc:rease ovm;id " 

19,15. ti 1t] nt''' (l.tU tin ll trat.iosxui 3.7' ilitll u'fti-, Wt-re 

19)f :111d *-!.,8 ill P')7().
 

8. Siilaiir' l fmt.l in ividuNi CUlfII its; t VI-iCialt;i' in 

Sttii 'lat mi Slinharl (.1 97.1) to tthoit UniItedl M (; , Lvachitt (1975) 
andl Whilte ( 198I) fur the 1nil l KinjItlmi, anr id ui'gen.-('hwind 
( 198()) 'ur it Ch'oi l j-,j l hiti u1 I(,) i'nl vo ;II 
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Table 2. Use of Conunercial Ene.rgv in Ayricultural and Fertilizer Sectors of World Regions, 1972/73 

% Share by Region 
of Energy Used 

in Agricultural
Total Energy Energy Used in 

Energy Used in Ferti lizer Sector 1'r.lnct ion luring
Consumption, Agricultural Sector 	 1912/73 1985/86% of Total -g-x % of Agriculture % of Total 

.. .. . Region l_O~ x 16 g J 

1.2 61.0 47.0
4.6 3.4 1.635 35.3

Developed market economies) 135.7 

1.0 28.2 22.0 
North America 2.8 0.750 35.0
76.9 2.1 

42.9 2.1 4.9 0.724 34.2 1.7 27.8 21.1 
Western Europe 

5.6 0.035 25.5 1.5 1.8 1.4

2.4 0.1
Oceania 

3.0 12.1 21.10.586 63.6

Developing market economiesb 19.3 0.9 4.8 


2.4 0.9 1.4
4.5 0.038 54.3
1.6 0.1Afri Ca 

3.8 0.153 48.9 1.9 4.1 b.3

8.1 0.3
l.atin America 
0.4 5.3 0.309 83.5 4.4 4.9 9.1


7.0
Far E.Ist 
0.2 6.4 0.086 51.2 3.3 2.2 4.3


2.6
Near East 

1.8 26.9 31.9
1.160 58.0

Centrally planned economies 64.1 2.0 3.1 

5.5 6.4 
Asian CPE 2.9 0.317 76.4 2.2
14.3 0.4 


21.4 25.5
3.3 0.843 51.6 1.7

Eastern Europe and U.S.S.R. 49.8 1.6 

185.5 6.3 3.4 2.478 39.5 1.3 82.4 72.5 
lteveloped Countries 

4.0 0.903 67.6 2.7 17.6 27.5

33.6 	 1.3 


c

Developing Countries 

c
c 	 44.5c 1.5 100 100

7.6 3.5 3.381
219.1
Wo r Id 

a. Derived from FAO (19771)). 
in other regions not specified.b. Including countries 

c. During 1985/86, the commercial energy used in agricultural production is projected to be 13.5 J x 1018, out of which 56.5% is estimated
 

to be used in fertilizer sector. 
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CHAPTER 4
 

CHANGING STRUCTURE AND OUTLOOK
 
FOR FERTILIZER SECTOR
 

1I'(c l(,,;!i,,n (, 1IiI!1!ftl;it' in'! f;tililics, [ 0ll LItC ioll , C nOllSlll1l)

tiou, atni 1r:,tl( lpal l'n.ms ill Ito. wI,,l~f 1t'rlili/ti suctor ;ir expected to 
ch;lange in lcal ion, I)n<Iprice ofel ('gy. Th- cslmnsc I,, th(, andUly 
fJ~itt't~)F(II IhiS ChI)1flI,' is, In) -X flfin the past growth thei)'(present 
slatULS, antd MliiLt, diffTIvl'Iil pects of the ''rtlili/erth nit11 took (d, 
.CCI,1r. CS)WN(Cill' With all n11lphasis ,ni ll( rC(on)illic illplicaIt.ions (f' 
thuse Clhan5 ctlli..cagsveOlingfot' 

Historical Antecedents 

The developnt.n1 oI' the im,;i fel-ilizer industry has rather 
a shti hisly tl n' hillnt ~tricnlls in plant. growth 

I)eganI) h Ii.intttdl'-hl0 inl lhe e'y l'th cturly. De Sa;Luss-' and 

Iki iuig laidl Ie ,ounldat llm -)I' the mndel'n lrtilizei industry by 
teC)IllallIliil g that f'tiilizxrs be ;ofded to soil. The coilfluercial 
f'tl'tilizt itlu.'' Iv e';in ;lt()ll (l 1he mIniddle of the 19th century 
Whtn I,;aIV(,trt', l ill loa'igllarl(. The us( of 
(Illl'to1 l'eCil;I ] ili7.(, ilnl Ist Co)LtTl ri(:5 was I N lOl fM llll'o([LIl(.C(-d lI- the 
ye;ir l00'.)T() lh e Tlii, It l 'urCtS which wAr in troltlced as 
C(Iilifl(A1riI I letriiizerl's inCluhile (hifean nitrale, Peruvian gL1'u, 
pot ash . I CIi.'i, . .U fet' ;Jf llI., .11h f aidf ;1111111011iLl1SLI Ifat. 

he nitrogen 
'leulili IrI[the s'lynt.hetic ammllonia process was not 
(lis (Vet't f InItil Ihe tl'ly 20111 cm nii ry. lIa ber and BolCIsch from 
(;Cl lnlla .v Ili(! IlW f nll(atlion of' Ihe.llernn nitrogen 

Amm1on1i;i V -asIt'.- 'u izetl IaS II( sis fot prd'u(iLIcing 

l f'ertilizer 
inus;t ry I.v syvIIht!siz:in g ;unmoni a f'rom hydin'ogen and nitrogen 
Us-in t.()k(t ;is 1't t irlk . Ironically, it World Wars I and II 
which i'vil the.(' t lett.. impetlus to 1therIsarch an]d dC\,]Oellllnt 
()Ih lw ilizer inldustry, 'specially nitrogen., lowever, the 
ft( ilizor ust rtm;iine(. rathTr sall until [he middle of thC 20th 
cuin Iti'y. 11 \Was itsed llainly in de:velopCd -outrllieS and on 
Ipa ntIh tllor in develll oin , coil nI 'ies. 

9. The details oF histricI dUv(l)lntl ill h fertilizer industry, 
with tespect individual fertilizers nd processes, aret.,) production 
availahl in Iliignl. (1981), I1 1)( (1979), limer (1957), and Shlck 
(1971)). 
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Average Fertilizer Use 

f<riizm . 

quite (liTuflc nl r S 01' rvth inldevulope:d ;11ldUhJ')flg" 

Avt~~~r~tg'e( :s Ibuen increasing Over' t-ile hut,[ it. 

COuLtliCs 'l'hII ;i\'ge" fui.iliiei' .1e levels fo1 wui'ldt regions i. 

1'Ue)Ol'(d inTlinle ,I. WA\' 1)itCts (dI fUI'lilizUI' USe 1Slnd OLtT 

ij Fe0
Table 4. (Owi.pii on of rt i Iize r Per taire ofte0! Ara l ia d aiiid 
Perilialleilt Crops in 1979 

R'g i(, _ lZ05 K 0 ''ot io N 
- (kg/ha) - -

IDevu ltj,-d ,:,arkel econloliei, 58 36 33 127 

North America 48 24 26 97 

Western liiope 105 64 60 229 

Oceain i a 6 30 5 41 

OiLher I)IE 61 63 44 169 

Developing ma rke t eculolni es 17 9 5 31 

Af r i (,a 4 3 2 8 

LLt in Ame ica 17 16 10 42 

Near EajsL 21 13 1 34 

Far E'st 23 8 5 36 

Wlier l)gME 16 2 2 20 

Cent ra I Iy p lanned econoinies 60 28 20 107 
Asian CPE 100 19 4 123 

E.stern ',rope and U.S.S.R. 43 31 26 100 

hev I oped ,it 52 34 30 116 

DevelOp1i ng all 29 11 5 44 

22 77
World 40 16 

;a. De rived f rom FA-( 9i- )... 
h. Tolals may not he exact because of rounding off iumhers. 

'1',lc economics is along the. h '- in lleveujing ma i'kel 
low.vtst in Ohw woi'ld. DJt ring 1979, hc aVe'.;'ge f1't.ilieI' use il 

h.\,(l(,li e iinriikul .t'ncliics wis 2Tl, of hint. in dleveloped nlaI'kel. 
U(,c,:)nol(i', , '. ', ,I lha in ctn i'ill\\ iln d econclises, an .('-',.of
 

lht illIlhw w,'!l. W\hei-;is, luling 19'79, Ihe developing nima'ket 

('t'()ilUl1)t~, I('.Ci l t t: I alout 50, of wo'ld JOt)Llil[iOll which WIiS 

'2.8 Ilhli' S lh I iq ilila ion t (I -',lote(:l nfll'ie t C(.on,)ci. il(] 1.5 

tili, t h . JJlu liilIl n il' ptUOI()llnlics. R(elevinl.([ )I' jilu nitl 
hlct,.l ini wic'h iil'isL- ;ai'. ( I)whUthC' the developing mai11'ket. 
t,'in,,iliS <i'n aindf',i" .,holdlI idlg'e this li ge gaip, ind (2) if' not., 
vh;,l <,lhc i".chno~loo'ic, y ;n1(1 t~cnlonlic'; y fe;isil e ; l.ci-1n,1,iVes 11*e 
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ai\'ilale to d tevelloping ntIie:i which ,,l,(I l.' [tei 11h le (CL' 1 
IIIeetC1,:1ingCtei dIIM n l'or pIlant n.tri ' . 

Nt11K IT-I-I hat li' Ls(,'OC(:nd, thW atvc:rag 1';tlio)le 'tl Ilhlf(I'AIuXT 

in (lvetlolping"Cunl is v ningm,,,. u ring INwi's iL)nIt h*\ 1979, 
NPK va'ios in Ihe( averaiu fert ilizcl' u.se Were 1.7:1.1:1.0 andi 

- l i'," tively.5., :2,.2: 1. ( I u pc(I ant I(tTvelo in) c(,uIIt iCS. IrCS 
This rel'tcl'ts a cetlill degree'-'- ()' inl);lanc(e in erl.ilizer Use in 
deCVCeoIpingf c,unt'iC.. h 1t IienIl is'l (quest ion nuI imlancC 
SlJCiL'i( I() crops, soils, fechnology, anI agro(lima tic ariables. 

, Ilowvvilh. ;r as with int nsive ;i,,I"ritLulltre ai'e expil.einciilg" 
dehticit-nc .yinl)i)ms ()f vari-us nut Is. t , heii lu."hei(ri:ie 
;i.'Tri';i nu I'ien! Uti Te ratio f'r comnllonlv ferl.ilized crop)s is 
difTei h1ntt the prIviling• nutrienl iatio in most1'it Suply
delop~lqingf Co t itie. 

anhe ,e in 'til hctane o1farable land 
.nil( P !i'irnwt. c.'qis is relpltel in tl)Ile 5 for all Lhe world 
regions1. l'il-sit, heu cveralt annual aV;IC'gi"wlth illnt.rtlient. IS(
is 1.12, I'mo de\veloped ccll'iti.s andt 1O.()'-, for devei,,ning Countris... 
The ldifierce in the.se gri'wtl rate-; is e.xplained by (1) lhe 
ferliliiei' us' in dhvcItcpI)e(t cotlnl'ies had mor, or l-,-; stabitizeld at 

TAil e . Gr(,)wth in Fertilize r Consmcp tion Per liectart (it Arable Lmd am 
'ncu
PI,rma t Ctrois irom 19') to 19.79 

u_+ A3ve7 ra!ge'.A Cia RateI _omcocnd_ Growth for 
Reg i on - N - 5 K26 TotLa!I 

a%)
 

1Deve loped marke t ecollolies 4.7 2.0 3.5 3.5 
North America 4.8 2.2 4.6 4.0 
Westirnl Emrope 5.4 1 .9 3.(0 3.6 
Oceall ia J.6 1 .5 1.9 I .8 
Other I)E 1.4 2.7 1.5 1.9 

Developing market economies :.1 10.7 9.8 9.8 
Africa 10.7 9.8 7.9 10.2 
l.at in Ameri ca 6.4 10O.3 9.0 8.3 
Near East 8.7 12.1 7.2 9.8
 
Far East 9.2 8.8 9.6 9.2
 
Other IgllE 12.5 7.7 13.3 12.2
 

(Cent ral Iy plIanned economi es 10.0 9.1 4.8 8.6 
Asian C:PE 16.4 11.4 3.2 14.7 
Eastern Europe and U.S.S.R. 6.3 8.5 4.5 6.4 

Dev'lopeu ,ll ) 5.1 3.0 3.7 4.1 
Deve Iop, i fig all 10.5 9.7 8.2 10.0 

World .t 5.3 4.4 6.1 

a. Ca (cI it,Led f rm data reiptidi iil: i ( 198 a ) and prievions isstes.. 
1). The ha:e year rehers to 1968 rather than 1969. 
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hih lul ;in(I (2) th I'*l iilizt'l' u.S, lC,VClS in Ilhel is(e . t;r. in the 

(lc%7V(lop ill2 • 	 ()in leu \vIii 'i th lV ;1i11( I lit s is 'I i(IlY 
S (.iit Ule i- l1x ii .',wi.II4 i-t'rIhe I,it')1 	 eili/el'eximnl di ,L'. 


thai' Ii ( ' plholih~lt;e l(pots;Ish in hotlhI le%.v eloped ;iiil (eve(, l(.lpill"
 

CiO 'hti t , , ,'it hiite ;inLii 1(5h -;' ,I i i lh(','-il,
1 eOlil 	 I;i l 

iit T'l11ii.;iS i I.)gil 
it Iii .'-WilI d l(1-, ll in i ,,il ,is bl e it I ni is'i ;1oW ith1 l't,.SLl i11, 'IV - Ill~lI 'l 	 n-; )()S s i1)1('lw\ itI1 l'ls 

r V;i .Hit, s y ,Ii 
nlloi'(! (111C rowy in11tk~ll Ilh .Sph;1 (weitlh l i,,i,\( 1,( 'l I lx(, r im p~ll, 

Aggregate Fertilizer Consumption 

The evolultio of 1211'ilizXA C(on-unupLion 1'roni 1950/51 (i.e. 

1950) to 1985/86 (i..., 1985) is r(epole I,'i 7. The commonI in guru--

use of l.t.ilixer in d(ve!()in"g [WgcounriesI)12gn l- 1950. l)ui'ing 

1950/5 1 , IL t t.., I 11 t.l.'ieC Ii (II .O1SLlml)t.iol11 in IlW W,(I-'l(I MIiS 

13.65 	 mnillion mnl, M11. Of which 92'" , in develope. ;inId "',MUS in 
COl(luiipK('is Of 1ih 'tez'ilii'X(!e(levulol)ing- coulI iii'. In 	 counllt MifOSt. 

140 

World
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Figure 7. Evolution of Total Nutrient (N + P2 0 5 + K20) Consumption. 
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W;S LI , ( ( i 11 i111;1 in :111 ( I ( I CI'O !)S , Iu' I]hall t crpU]s,i I I I t) 

mI s 2.it a 1'(I;u It, , I i I n I I; I ca n V112' ndi i ini*( ihI i 
I I -110 11( )IitV I c V ) C2idIIii ( I; tI~I) 1 t 111.1 rit11 fILI I !~3)!-) /l I(11 11W 

ienIta I,I IOll,l 1 i"'l I'I eI;hen l npplF: i ,1 I Ill U-:lJ*I.I 1(ca in."' alln ( t I i c 

;in195 /5m ; h )M in 1 :'9 . I1, '--lla rci W S I( ()I i i1 ifPIiIN. 

1rr(t',I1:111 h v 

!' ;L:; Nrill i' t 6. For 111k, worNld as whole 

Tlhc . 1 1)1 ,j,.(,'l I !]I (f I g' ' '"(2,I1I.0e fertLi Iix or 

1Il1 i,i , a 
Nol It r CMAmIi*fll i.1, 5. ,0 in) r'NS' 112 million lit. 

in 19790 hi,1.1 in during 12H]/15, i..,6lin a.n h1.m6i. 1 

plan a(Act it) 5 I'm for poi ,r/cli)nu 1984/8 ., 

Lal , illr 'Ind t I"'I izcr Cms 3.8 ito. Ci ri 2.7F . 6 lim t I. W r d.8 

2(,'.t brri - 1 2 I. .9 34 1. 1. . 1T. 

1919/110 (Autudl) h 1981 /85- (lPruj tu,.vyd) -

RN !it . .... . N 1,. ,K lg1t N 5205 .1 .L0A0 a 
S- ,
- (illi timm t) - - - - - - - - - 

lDeveloped m.arke't t'ccollwini(,.s22.6 14.2 12./A 44 7 21+1 IY 4+' 14..0 .5WO. 

North America I 1 1 .1 (.0 22.10 13.6 6.13 . 2(3.5
Wvs.'tv lEhl'olt, 10.0 6J.1 ').7 21 .8, 11.1 6..4 0 .4 23. 9 

c . tia OIIA 2.11.4 O.- 0.3 0.3 2. I. 1.5 
(Ith 'trt Iii'I 1.0 1.3 0.2 21.84 1.4 1. 0.0 37.6 

l)IVIlyiig i lhlk t 1ct4lloinlie'11.3 2.9 2 .1 20. 4. .5 4.3 28.8 

AIlmai.I 
W~tin Amrlit a, 

0.i25 
2.7 

8.4 
2.5 

0.2 
1. 

14.2 
b .8 , 

0.8 
1 .8 

1.1 
3. / 

5.13 
2.3: 

47.8 
9.8 

N) ,r East 

Iiir IaLt iiSI 
aIliv I,) Il 

1.8 I. 
2 1 

Cn 

0 1I 
1.2 
C 

I . 0 

q.5 

C 

2. 4 

8., 

0 

19.') 
3.1 

0 

0(. 1 
1 

0 

4.0 

10.3 

0 

CV" tnLlIdIIy Plra lM141 IMiIAMIIi VS 2:3.2 10.8; 7.6 411.A 29.8 14.(m I 1.I A. 

AsiaJn CT.lt' 
I:,ant'rt I': r t . and UI.S..R,. 

11.2 2.1 
I'2.01 8.6 

0.4+ 
7.2' 

131.7 
-1.8 

14.9 
14.9) 

31.1 
II.!) 

0.8 
11.0 

IF.8 
37.4 

D cIop'l-d al1ll 
D I)+ pl l ng, al1t 

34.7 
'22.Il 

'22.91 

8. 2 
20.0 

3.') 
77.5 
34. 2 

W O. 
V .4 

26>.9 
12.1 

25).5 
"). 1 

931.4 
47.0 

1 , 


% : n~trivrL s;harp in tH;al 51 28 2 1 1001 0 2H 22 I(0 

Der.l v ew 18,1a 

mm ill, b .2 m1. 2m., 111.K 7 n1.4 31.0 30.'7 141.1 

, I ir,,lIAl i ) ,ard I"AO) 19 1 ) 1 ,. 
' 
']',1:,a Ih y lit I " I -' t a, l .;I 1)] 'llll lllg I .hr wl' tI I llllllblr s 

e.I 1i. .i I , Illi Ci.:-!.eII ! i ll 
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(,onlnhiflits, an l atN tlu I8':, r(11' Ll' tIl in " markt't e (o onlie. lItlill.," 
,t 1 to ,t0-,, 20,.19'1/85 , Wesh jrloJ)(wiiton1 e't,,xlt'icI be ,] W:-,, and 

1'tUSj(C~ti\'C~y. ]loVv.,tI', ()Ill' l1, W htlC v(A. y '3C'~NUliOlS ill ill ( nO 

these J'()j'ctions sinct th' :It.( . ased ()In simple trlefl(1 antldo) n)t
ttC(l.III I "o1" (+]LllFigt'5 inl ,tg'i'&'i.lll t 'al Ie~tll)'y2, anlti f10i't ili/ti' t) i'i(,'e.s 

Ot.htI' glaLual cthang'e; t;kin/ llct in develop-ing counl'i.s includC
 
I)l'0rfl't!nC'es 1i' ()n'illu( tIlu(NIlN) :1nd high-analysis fetl'iliz.i'..
t l 

Amo~nge, [her deve~lop)inge market<€. ~conloiics, I'hle Fl,. lastl is by far', 

the la'g'tst fe't'lilixei'-c()isuI in ' i'g'ion , With Ilnlia NaC.t-ouling Ii'o
 
the largest shnre. l.)ui'ing 1979/80, out or 20.5 million mt of
 
nut'ienl consumlpli)l, hlhe sham'es of Afi'it.i , l at.iin Anerica, the Neai"
 
Last. and Ihe lari,'ast were appi'oxim ntely (U,, :33!i , I5'.', and 16' "
 

I'Cl Sli elvy. I uI'ill 198, 1/85 , the cor'resp)onding shares ar'e not.
 
p'oject.ed(I to change I'y This a I in I'elalion
ve muchl. is quite con t':Is 

to the I a l)uring, 51, the
lm inM tlist i'ibutin. I98(0, or world's 
p)OculIa lion W;s tslil;lI t, IC(I )(be in developing market econoies. Out. 
of' Lhis, ;pproximately 18',. 1(-, 10, and 55; were estimalel to be 
in Africa, lalin America, the Near East_, and the Far East.,
r'=s pec'l ively. 

Aggregate Fertilizer Production and Trade 

Wil IhIev exceptions, the developing CounflI'liCs have been and
 
still art iet. ivliol.rers of' chemical 1ertiliAet's, During 1979/80, the
 
dhvelopling" llku'kt.,! t.ecOnomlies W\T'' es.inlet.d ILO l I efic'it
1. n 
eC(luiv;iIhnl to 8. 1 million ml o' lull'iCltS. The othr" region with a 
net dcticit is As ian cent'ally IlaNlltn'l economies. C(ountr'ies with 

,Seriiu aIllnc(,-id-paynt'oi'eign plrlo)ltemls, espeand exchange 
cially h e.-' which imlpoi't food andi ene'gy, ar'.t'inding it exceI
ingly dif'Ticull 4,flinanect' ',t'liliver inmportS. T1e for'eign exchang 

5,1:1'Wcit Ci' itl1hd wilh thei' desii'e Lo reduc'e (h lndence on ar lhe 
unt-,a I h WIr fertllilier mau'lt. have led nany dt'eloping couninres 
t c'rt';tt' 01'm t Inp l their doinestiC fe'CtiliZCI' tNIMacity. Ill I'C'sl)015 
h)IinwVi l't in plans howverM the netL (let, il (idvelopin~g,l 

market t',l lonoi.s as N gl'oupl is I'ojCtC'(C to l'tnllill naout tie saime 
' 8.0 million litt ()f nult'ients during 198.1/85. 'The 'etiliei' trade 

Ihl;iant-c f'o ' N , ,2, antd K20 'or"world regions is suimmat'ized in 
T'bhle 7. 

At llte global level, Lhe location of flrtilixer industr'y is 
tlet ermined in )arl by coml palative economic advanltage as reflected 

I0.0 ,Iii tIhe wirld as a whole the piroductlion is estinmlateld 1.o excee'd 
consumlnilim by about 7.2 million ml of nut.'iCinl.s du-ing" 1979/80. 
This dl,'S not 'elpi'ese.; ItrodLuction SUl'ptus btll 'atlhel the. 111ou11t. 
which is lost. u1nacc-oulnlted fol', or ill 1he pipeline. 
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Rtg iolis 

lveloped market eiconomies 

North Amriu, 
Wstern Eir'Iol)' 

O'an ia 

Other IME 


evloping market economies 

Africa 

Lat in Am, riei 

Near East 

Far East 

O(I r IOiE 

Entra lly lplanntvd economies 

Asian CPE 
Eastern EI',pv anud U.S.S.R. 

DIv loped a ll 
Dvloping all 

World 

a. lieriveid from FAO (1981a) 
h. Iotals may not lIi' (,xLct 

C. leticit of 0-0.5 million 

1971/8( (Actuial) h 
N P2 0 , K () 'l, l I 

- ([i II l 

4.1 4.1 1.8 1 (1.0 

N 
lilt ) . 

1..0 

1.8 4.3 3.2 1.2 -0.5 
1.8 -0.2 0 1. 1 .5 

-0. 1 -0.1 -0.2 -0.1 0 
0.8 -0. 1 -0. 1 0.6 0.0 

-3.2 -1.8 -3.1 -8.1 -2.7 

-0.4 0.2 -0.2 -0.5 -0.3 
-1=.2 -0.8 -1.6 -3.6 -1.0 

0 -0.6 -0.1 -0.6 0.3 
-1.7 -0.6 -1.2 -3,4 -1.6 

c C c c 0 

1.6 0.1 2.4 4.1 0.8 

-1.5 -0.1 -0,4 -2.0 -1.7 
3.1 0.3 2.8 6.2 2.5 

7.3 4.2 5.6 17.2 4.1 
-4.7 -1.9 -. 5 -!0.0 -4.4 

2.6 2.4 2.2 7.2 -0.3 

bid I"AO (19)i . 
du(' to ro ndig ofl nnal)'rs, 

rLt. 

i\,' fertilizt'l' l,(ILtct ion cOsts
; I ,'Iil;11)i Iit y , 1 n1(I I i 'c c o f ef I -t iIi zx I 

mijor (Ict-llin1t.s of' I'C iliZC1' 

cOllluit I'lli',.'tc (cow)inl Ic a(Vall l.g . 

fo .)d (CIoNIv in N fCW COtill I ties , lit: 

n , unit hIasis .
"I Ixv I I a 1 e rI-i;I aS;Ir-c , 

1)o1-(1titi1 costs 

Since: Ihe lJot.ash 

vortl location and 
'Ire no eXcctec to change 'ry nt ch, {?tn f (I 

1984/85 (Pr)jectel) 
'lH, K o t!lI 

. . . . . 

0.0 .1 12.7 

.2 5 7 1).4 
0.2 -0.6 1. I 
0 -0.3 -0.3 
0 . 0 .3 1 .5 

-1.5 -3.8 -8.O 

1.8 -0.3 1.2 
-1,6 -2,1 -4.9 
-0.2 0.2 0.3 
-1.5 -1.6 -4.7 

0 0 0 

-1.1 4.6 4..3 

-0.3 -0.8 -2.8 
-(1.8 5.4 7.1 

5.2 10.5 19.8 
-1.8 -4.6 -10.8 

3.3 5,9 8.9 

T1hIC lctl ion,
,lil o n g " o1,h cr s , 

ald , hencC, 
del)osits are 

t.rade i)mtterns 
the t. , S, S .0H 

havc beeln and will Iotontinu imajor suirc'es of ferl:ilizer pol.ashlbe 
worl mit ikel. 

fe itilizxrs is phos p h)1[e roc k 
(listriblnut ; t(l 1-(In thu wo1I . 
COitinit I,) o0Mitlite h(W worl 
neatIrI ti'. Many 0th (' 
rock reCse.livs bltl soe aie o 

for l1c 1 The Illail 118W mat.erial for phosphatle 
which is reltLively more widely 

Morocco andi tfhe. tinited St.ates %Vill 
m;rkel,t f14)' phoslphaL.e rock in the 

101) inl g_.lCuti nt Vi-is do have -)phosl)llaIl.e 
low uaiily' and may not. be suitable 

for the existing th())slhal.e rock pirocessing t.echnology. lowever, 
Ihese countries aV. acl. ivel see king" w;tys 1o utilize t.h(ir indigenoLs 
rock tb) nrcl hmslic phosphale fertilize" re(lirmn t S-,. Major 
changes in (,St ()I' po'lucti(n an( klw-t.ion ire taking pl(l;,c- in .hec 
ca,se (, nit'rogen ferllizeu'" 
(iscussd in ChtptLtr 6. 
)t'otlti~in.,Ihe Sul)lly of 

to bC NtI)atn'ito growth in 

in(lulSt'y , the del.ails (A which will he 
l)spilte Uhe slilegic r'ule in fertnilizer 
raxv iaticriatls, however, is not. expected 

ferlilizer inlcdtsl.i'y in the nCr l'ul.ie. 
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CHAPTER 5
 

ENERGY-VITAL INPUT INTO THE FERTILIZER SECTOR
 

iit:i'V ilitt, ;1111 l ('n 	 is ;In1iljol' Conl (h t ttIlrg'y costl, 	 onent of'
 
rtl ilizeT' l~i,0 (ltil ('()SIS. Am(J /4 the chueIlicall feit.ilizers, 

IlOwe'i', Ilt I'luL'tion of nitrogeen is rIot only highly ener'gy 
inteisi','e hu. :lso) Llp(C'ildCent. mainly on hydrocr-holn fuels as a 
souI'ce of .n'r'y, l)uring 1979/80, the t.ota,1l amount. of nit rog'en 
fel-filizeT ColisumIedl in the world was approi;iately 57.2 million mt. 
Assuming tIhat I ml of N produces 10 int of grra in,572 million m. of 
g'rain \was the dil'ect result. of using nitrogen 'trili::t,' alone. l 
( of,)u* this, 225 million 1t was lproCluced in the developing" 
co1unties1 . A1nothe, r energy cis is hat ll igh t disi'upt. the existing 
nitlro.e,'n Fl'erilizei inlusiLry in the world c1can crc lte a "food crisis," 
which will hm.(. far more sM.iOuS ec-onom1ic I'ei.'cu ssions thn any 
en ig c'isis sillly IecauIIse 1'0(1 no. comecia_! energy , is the 
Ibsis of humn survival. 

Types of Energy Used in the Fertilizer Sector 

The type"s (4 cner'y used in the l'ertili.e'r sector are. illus
t-l-itled illlFigure, 9. 'l'h 'ec Il inls are worth noling'. lFirst., nitrog'en 
fe t'ilIizei LIAiu ciion uIses energy sources both for feedstock and lon 
lprocc~ssing; w\he t's'.p)hoslph'ta InL potash I)'0d1Lion uses energy 
,ol oir cessing. I2 SCconlld, the ma in so(l ees of enegy for 

IMMnon ia IO('IolICt.io1I ;I1",hydr'OCr'bols sLch IraIgatis ,IS n;ItLuI 
iplh~ ha or" fuel oil; vhereas, energy sourices for PhoslphatV and 

,wnalsh ;'te and which can be geneurated from anyllyt;It'mll eclctricity, 
tIlvenitl. fLu(l (;asmall p(r'elntgKe of thetol. fuel may hI usedI I.c r l'ing r;nv maelrials and lirodut.s), likewise, 
"((Iil\'t,1"i'In (f ;illnloni;i to ul'('a O1' othe ' solid llitrI'Og'Cl IOCItII.S USeS 

-.. 'gvr y mainly as steiam and clectricit.y . The pIrocess diagrams
"'hvelop d in Appendix C identify the form of' energy needed to 

aA. 11;111.i V;i finished fei'tilizeI's Ni(d Thirdkn 'tLIt' v'iAUS intei'nediae.s. 
t'i't ilie,' I'm"nslpo't.a't ion alnI applica.tion depend mainly on 
hI 'vIn;cai'ons foi' molor fuel. As an exceptio:, tI'ansportal.ion byc.'.*ril dp.endhs on eleclti'icitv illsome LCOLuti'ies. 

I 	. The ;Il)' opr'iatcness of' using 1:10 r.atio, to estimate grain 
t t that.'111n heattibul.ted to f'ertilizer use, is discussed in 

1ml;mhar ( l{9Y8). l'oir most. developing countiries this may
 
';11 , l lIC-,t imat t'ntl ':Iiil OtIt1 Il.. du to
l ue t fer tilizci' Ise. 

11 . I;,11i,'.'\, in tlhe toil' of so eelhydr'ocarlon (derivat.ive, is also 
,
-1w ,a. ''dSt.ok to prWodLuce pMCkaging matei'ial, but the ;alm1Otl11L 

inlv. is,i'athir small. 
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FERTILIZER ACIlVITY 
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Figure 9. Types of Energy Used in the Fertilizer Sector. 

'lh i:- ii i,io n of ' ltI .. ii pjin' Ih;i l ithe tost.s for nitlrogen
t]rO(ILIClon, kl'-tliliXeI' I ';i ,ll ort;i i , ,indl ;lq~ licw iion nire r'ell.ivelyv 

a,,) inwcr,-;sI ,,il gaS On 

hand, l]h ,t1htl( ;1i1 t)otash jrluliCt it .ostsma hOb relatively 
M11 Sci to I ll etse pI(ice IVlh111"ps of Slleg'\' 

1ol', sensilivc ;n in at prices. the otlhe' 

t	 Stlchsnsitivte ;a1 in 
s O;i], lignil eo l cl'icil ,v. In So01C coutln'i(S a1gratili't of 

he yvl(,;lIi(i\ ' ;lll l), gIwtfle Ite tlroln h vt'tlIl(1w tl, ;I lt l;Vlibl(, 

l'eSOtlTh, If (15 iwitt' is e(ne';Itc'd fIron hy(dlbl'lholl 'uels, 
how uv(r, I i c) IiI 121.)Slt \V lUI( also hl',- aS oillo m ' 111d COS ill( IS( 


il'-i(,S0 1- When1 , liginite), 1)1' Il(F I' I'V the
tlII. C0oa /IU en1r.\' " main 

SOtll'(!. ()"I (hCiriCit hei l I ( A dlt(iret.IV afuect(,d by oil 

1,1. A(-c() lin l It ;I1r)jor) I inlt Ch nlmC;il lnfgirne rin l4" (May 1, 1981 

p. 	 17), Ik. eh of ( l(wt i'i('it geneA ('(l Il'ro differetl, soLIr'ces in 

he l1litud I lu ring 1980 wswas coal = 50. aal1 gas = e t. 
15. 1-l,, hYl'dr - 12. 1it, in cl'a : I I. and oil 10.8.-. 'Ihe 
remi;lining 1.2'i, \a%, .e!, ut'tl h\ ' Othel resources, including geo
theral!, wwd, Iva.-te
;i1am 1cove,mY 
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Energy Con1Su mption Estimates for the Fertilizer Sector 

i7.i-. a t 4I1'1C i4'l ii 1)1 4 )IlY : 'i,Iliiuj 1);111 ()''I. ~il 

'X~i Lirslhi sil I di,( I(- l t t i'll. 1 hptil 1ill ilOtO'1" is( Sigii1i*V 
hiIi-iii 8Ml:, 1. Irrupn Thei~l I He~it,I h-	 countries.~ 

ji 8944stix .1M l P,sll 5Wij(-kaL(ifL, is~r h) G.I Ian 10II I '111io 

5nN ).l 	 l te5 WiC19 . l'.(Y il ., ;ill I Im( . i sLSJmrt~liI ill h 

at'lso 1 iults ,i.s wc\ );;: ( !711) n 1.71': tes o' u ina1ei t1 

tnt lol d4ir iii in I olsi poporioni-hiC S:ight8 xilizorJr Thc 2 

In01.~~i is,.1 ;i 41-ILia I was i the I-S lO. fl2 I- 11 i iesnpThe 
I i t'i l sir 1.iiw 1'(w~* L~k11iI] I h-isp r oi 14iii n (1~t~ a ndli t Ii -

F111-	 ai mir o I I ol, 11wi ota oinnec ofliiI ilil"o,92/2 il tMsI o . I 
rni''vI lc I'm.liii in t WIw Miii. C [hel 4iTO5j ~ n shares. [or, 1.1w 
Irrl, i 4livol reoun Iies\1 weisi ml~c 2:, Nn nI 	 .:;'; and . 

k 'r ixi'.ar p- i cfti ill~i 11I'c,'ilt'li i 	 shou -d'8)N 

I -i~'I I' I, li 5; 'i aIiV i l i 4l ct ii tIM eLCIl s5 al(.1d ia W

iibl~iil 	 gaTls s'01t.'(iSinity foil rimCIri futureHi.1'id1a.lVii! 	 c 
sn~~~~~~~~~o c nigi-s ) Lisete 	 2.tci sinl: iw4I 	 uiLiieIs ,r ind LI 

I. Acm[111ding 1') ik--illi NIi I);vis (19J75 ), (ILIiiiig 19TI/75 tHi tota.l 
erhig\ 1142( ill I li 11 S. h*(It ili;/>'( sec242t iw s ;ipproxiinat.-ly 552 x 

10' B 11. (Wht (d flhis; 12:, wa i((iiLlIili'ii tTianSj)otAt0Ion 

;an(1d il -iilmlti''llalild 88, 1,si h'ri iiu [i)lt(l l (out o.)I which 85', 
wasi, t'i N, 1:':, 1ti1 J.A)r .anl 2", Ikw N )). 
15. 	 It shul(l hi. ''it,uf1it4 h'Wr i th t muchI of' thIU eeo 

[nii~it'i,iii Ihat n (XL i H.AtLIIIyl44'l5Lifl~i 4(V~'ipiP2 1i~il 110n 

Lissd Witlhili hol c-tint iv: ra I l,w ii I 'm.H imp~orted t~e-l ifixci'S 
''i inIiiiis(I it~ .: ''f S111C if l lif l l(-I( ss co I 1.s00 L SN i*1inl?, tr' S th 
so~~~ilto1;i'< ~V ho t' Lilalr;Is that1 Wi(LIld oter e iii st.tcd'' 

1)v IIhi \4 ' Id inl , 1t 11 )111 i ( 1!981) , 111 c , m 11iI1) t of' IMm iA', l gc.iSc, -<. n 
that i"C w'ii'Iih is Ihi-cs times." as LII Nfh wouldI he'IV II S 

iiiLijI''iiL~imI I' I b W 'L Initi'ii~i~ SLip~ply 
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the World Fertilizer Sector 
a 

Table 8. Estimated Consumption 	 of Enery by 

Energy Consumption Share in Energy Consumption Share in Regional 

for Fertili:*er During 1978/79 for Fertilizer Production Share in the 

Production and PTA' F izer-Fertilizer _ Du ng_ 1978/79 World During 

Region i9j7,79 1i9g4/,5 - Gro-wLh Production PTA Total N 6,0L K Totala, 1J78/9;S 9 1,7 4/85 
-onn7 	 - - -.- -- - - - - ---

Developed market economies 2,085 2,479 19 80 20 100 9 6 5 100 43 38 

20 19N;orth Arivrica 	 1,001 1231 23 SI 19 100 90 5 5 100 
20 100 89 6 5 	 100 19 16Wtstern Europe 	 917 1,052 15 So 

47 55 17 62 38 100 55 38 7 100 1 1OceanIa 
84 10 6 100 2 2Other M:IE 	 120 139 16 77 23 100 

56 83 17 100 92 6 2 100 19 23Developing market economies 930 1,454 

48 77 60 79 21 100 89 8 3 100 1 1Atrica 

Latin r i L a 254 393 55 79 
 21 100 87 9 5 	 100 5 6 

100 3 4 .,,r East 	 147 234 59 84 16 100 93 7 0 
85 15 100 94 4 2 100 10 12
Far East 	 479 749 56 


1 0 0 100 0 100 100 0 0 I00 c 0other DE 

2,507 34 82 18 100 91 5 4 100 38 39Centrally planned economies 	 1,875 

86 14 100 96 3 1 100 13 13
Asian CPE 	 653 847 30 

6 100 25 26Eastern Europe and U.S.S.R. 1,2 22 1,662 36 79 21 100 87 7 

Deveiopell all 	 3,307 4,142 25 80 20 100 88 7 5 100 68 64 
100 94 4 2 100 32 36D.veic(ping all 	 1,583 2,301 45 84 16 

6 4 100 100 100V,,rid 	 4.390 6 4421 32 8i 19 100 90 

a-._-" a-s-m-a not be exact because e-1711A T ae rotnded of f. 
b. PTA = packaging, transportation ot raw material and product, and application. 
c. Rpresents a unit of less than 0.5. 



t h;,II I Ii i \ ii ' . I l ,I I nl~ t'l ic tll I il ,I)i 'Iit n w ill I . 

' I I1.1,, '11 .r , -(- 1.' i i I c r,,l, I r,, ILI(I'c tI iZ o.A, s Itl I 'I , ,11 II'(. 11(), , . 

l'('l lili;:I'(t ,, ' l ' ' l , l it''l,Ixt il(vt' 11,,Q '- l,',t i l , t< h(- .x I I1l,l n L 
lp()p1la1ill II t \v , '. V ,' ,.t'I()I' I IILI,IIh(.ll;ll,' III iII I"' , IvI I.tL 5' 

(, i 1)t '\- I)h~: c r pl r 1liooni n ill I I, > , f l' ilixf-, )l(Itu , dti ,l ril ullit ill ;111( 

1sc.
 

:nergy Requirements for Individual Fertilizers 

As kir prmictio ,)I inliviltl 'tili/tis ,I '1 (C I'ltnt(l Ilhe
 

III'g' I''(ltl iI'(''i~l t 1'(11' )iutlilc.ls ;lilil C irsjiiindIn. ntll 'it tll ts,'
 
VCluu) 10 in l,(i.L' it10. 'het i.s :1 j)hInlt i: \' t' is ti,)n ill n i',
 

as lul l I i 

,XLui ,filts 1*,I I tiI /I h ili ,a nd lri.uft' sli. ,ml l f 

11 sinm,n i( ' lht , il (N AP ) (ct ,(Ii lt:;ool.iin,.,I fl)g51n, nis 

il, I) tl) L ls dillt:V h U l itit]l, . . l1S' ,tl tl ,)I ('), ll'('; 

h I t I Ilttice I .%tI t hilecn' !dtUil it8.5- l e L h ()IltI ;' 
,

LIWValtet)], lh ! e (TIS!P (1 ':h ;iil (1 18. .t;I lli(i'. ;lu , l iiul !I t r gen 
ch ih (i1,t1M) in M,,ull A m ica. l ,, ' 'i.,ly Ihi, - ll l 

()il-illnl linl ' i')4tllll'i s ainl it i ittuL I i t I'tili es' ti H(iei lh
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Figure 10. Average Energy Requirements for Manufacturing Selected Nitrogen, Ihosphate, and Potash Fertilizers. 



Energy ReqJuirements for- Individdual Nu.trients 
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Tafle 1), 	 Avwr,,6e Enelrgv tequilreinits forf ', rtfi zer PIroductin, I'ackiliin6, Iai,iort.tio44, an d 

,\A I I t ion:_ Stiunlry of \)i rVius Studies 
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The l'resefl esiliI cs ;ar a weigh'ted World average based on 
es tilma tes of lhe j)l'opoi't liois of each majoi typc of' fertilizer 
1)'od u C l F.nLTUr'(y utILlUirelen ts f'or manufacturing each product 
are(: l)m5udthte North American practice (seeoi IVea'lge Appendix B) 
when available, supplemenied by other information. Energy for 
tranlspo'tation is based on rough estimates of the average distance 
for' each type A, transport foz" each nu tr'ien t and includes t.rans
portation of 1aW materi'ials 1'r those countries that import them. 
,urther dletails on the unclgy estimatles and the underlying 
;issLnlp.ionS are given in Chapters 8 and 9. 
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CHAPTER 6
 

ENERGY AND GROWTH IN NITROGEN FERTILIZER INDUSTRY 

The preceiting aInalysis indiicates that. (1)production of 
nitrogen accounLs for approximately three-fourths of the total 
commercial energy used in the fertilizer sector and (2) the major 
source (ifenerg'y used in nitrogen producLiton is nonrenewable 
hydrocarbons. It is in this context. that the growth in nitrogen 
fertilizer industry is dirctly dependent on energy supply and 
prices. 

Dominance of Nitrogen Fertilizer 

Nitrogen often regad'1ed as the most fertilizeris 1 imlportant 
nutrient because its supply often limits crop yields, although 
phosphorus is the limiting fact.or in many of the developing 
countries. Ilowever, nitrogen fertilizer is used in much larger 
quantities in developing countries, and its nminufacture is by far 
the most. energy intensive. Although elemental nitrogen is abun
dant in the earth's atmosphere, plants cannot use it until it is 
"fixed" in chemical com"nounds, Nitrogen fixaLion requires energy, 
whether by natural or i anmade processes. 

As reported in Table 10, nitrogen dominates the fertilizer 
scene at all levels, including both feililizer use at the farm level 
and aggregat.e fertilizer consumpLion, production, and trade. The 
degree of dependence on nitrogen fertilizers is relatively greatel" in 
developing and( Asian centrally p laned economies than in developed 

Tahle 10. Estiatted Share of Nitro.gtn in Fe rtilizv'r Cons tllti oi and ProductioI) 

Rvg IHIoil 

Average 
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i J7 
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Use Aggregate 
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979-- 0 1M 
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_iZe .r 
Aggregate 
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T97/)117, LO 
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Asi ,i eIitL r, I I Iy p)1 niIed 
eCnUHI i 'ps 

E'asiterin, EU r ,opeand U S.S.R
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55 
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43 
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44 
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a. Derived I rom FAt) ( 1981:X 
h . P ireiltlo si.s ihiplies I (e'iciL. 
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ecolom ies. It is this (el)Cln ce oil nitroe.,'en ftei lize , niAllo of 
which is un oimt.c , lat.l malkes the de!velol)ilflg" countlries relat.ively 
11re vulnterable to elerw'y shortages mi(l l)1i(( hltke"; i- tl
in terinat.io'al m1 'el-k, 

Ihe main reason for nil.rog'en's (loIminanlt role in the fertilizer 
sclt. is its (demlnd at lhe farm level. this deumnd is,of COurse, 
inllue,.nc',.,d Ly fa tIllt. ilelW-diatetle t('t the ,(:C)n()lic i-.tu'rns- hro111 
nitro,'en use ame t'1tn hi.,her (Or perceived to be higher) than the 
returns H) the use of 1)hl hoi t . ;1n( lot"sh. The ;ivailah: 
evilence indicaites 1h;1 h e sha're of nitrog'en in the I'Crtilizur scene 
will not reallv ch;inge in t.hC ne;ir fulul'e. IowcVCr the oCa ion of 
the nilrg'(cl its trad I)atierns ar 'xte cld to chIngCiflllt'ry an(d C 
Suhlstitt.ialill with time. 

Urea as the Dominant Nitrogen Fertilizer 

The (evelolment., wit. h l'us C1 Lo the share of' urea in nitrogen 
fertilizer pro(duct.ion cajtacity are illustrated in F'igure 11. The 
111 S. O111111 11SOLll'tV(.'S of o01,(J-l Nl'C UIM,], 111m110liLlll lliTatellit SUl)ly5 

100,
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Figure 11. Proportion of Fertilizer Ammonia Capacity Allocated to Produce Urea. 
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a
Table 11. Role of Urea in Nitrogen Fertilizer Sector in 1979
 

Straight Urea N Regional 
Total Consumption as Share in World 

Nitrogen 0/ of Total N Urea N (Straight)b 	 Urea N c 
Region 	 Capacity Production Consumption Consumption Consumption Consumption 

----------- (million mt) ( ) 

North America 4.0 3.6 1.0 10.4 10 6 
Western Europe 3.6 2.7 0.8 9.8 8 5 

Eastern Europe 
and U.S.S.R. 6.4 4.9 3.2 13.1 24 20 

Oceania 0.1 0.1 0.1 0.3 33 1 

Africa 0.3 0.2 0.4 1.5 27 3
 
Asia 12.3 8.7 9.6 15.4 62 61
 

Latin America 0.9 0.4 0.7 2.7 26 	 4
 

World 27.6 20.6 15.8 53.2 30 	 100
 

a. Derived from Pronstad and Louis (1981).
 
b. The regional classification is slightly different from what is followed in other tables, mainly
 
because the original data were available only in this form.
 
c. Consumption of urea as straight N fertilizer only. The remainder of the urea was consumed as part of
 
compound fertilizers and nitrogen solutions. The difference in regional urea production and consumption is
 
also due to urea trade.
 
d. Asia includes the Asian portion of the Middle East and China.
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alplpli cal io . 

Ammonia as a Basis of Nitrogen Fertilizers 

The tIlmoslph,.ri' fliti'.ogtWen Call 1) fiXed as a llant nut.rienl. 
(1) )iolog'i,'ically h'ou.2'l) atcrol)ic and anaerobic N fixation mecha
nisms, (2) metcaorolgiilly as Iy lightning, and (3) chemically 
through, mm )ni;i Natu'u's cc"nitlroge' is.y lh1h0;i.iN I'ixat.i.f n seen 
drma ticaily ii hih -en iy'g\' dischIrgo'of' lightning which cause thel 

nitrogen and oxygen lf' itc ail. to(comllie t(.fOI'm nitr'ogen oxides 
that ract with vateor and evenlually f'oim nitrates in r'a inwal.e' or 

soil. 1'ixec nitren brought down y rainfall ori'ginates litly 
f'om mteCrologicali scNUroes and partly from Ieca ying vegeLal)I 

matter. Th nit. rogen fiXaLion through biological irocesses also 
reituires energy which is Slpplied indi lCly )' the sun. 

The nitogen ferlilizei induslry, however, depends almost, 
(,Xclusively on a;imonia as a source of nitrogen. The ammonia 
synthesis occt i'S under very high p ressui'C and temlperature (see 
Figiure C-I ) as follows: 

311, + N2 2NHI. 
(I ydcogen) + (Nitrogen) -, Ammonia 

Both gase,s Must Ie in as pure a fo rm as possible. Nit.rogen is 
obtained fr'om the atmosphere. On the other hand, hydrogen is 
norimally olt.jLa i e Ifrom steam reforming of natural gas or n a l.h.h;I o' 
the part.ial oxidation of' heavy fuel oil oir coal. In this resl)ecl, 
ammcnn ia synlthesis and, hence. nitrog'en fertilizer inclistry is 
prilmrl'ily del n(Ilt o l noni'(lwable1 hydi'ocarbtons for its SoUI'co of' 
h y ii'Icgen LKIh some from t.hrioitghaIt gh) is olbtained waLtt,' elec
.i'o Iysi S. Ammonia can be used as a fe'tilizer and voiy commonly is 
in North Amurica and some othe' cu.ntllies such aIS Denmark and 

Mex i'o. Al tocin at ivu ly, it.can bu, conve'ted in to st.raight. or 
Comp)OuintI solid (pI'ilhccl 01' granular) fI'tilie'S .oSul)ply nitrogen 
r((Ilir(,IIiI tS in mc,,st cdevelopedt and ( velol)ing countries. Regard
less of the l'cAIstOckl usol i poP ction,, is keyics tinoIu ammonia the 
inlulpin hIe, c nil f'lI'm nt;lct ( of i'og(.n ili/ei's. 

Regional Shift and Outlook for Ammonia Production 

lvui tlihiuih ;immccnaiN is also Us(d to'" illit'ial pUIrpOSCs, 
t.r'end(s ill ani1lflc)i;i I,' c .i'tio to a grea t ext~ell. reflect. tirends in 
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Growth in Total Ammonia Capacity AmongLeading World Producersa
Table 12. 


% Change in Ammonia Capacity
 
Ammonia Capacity ,'000 mt of N 1970 1975 1980
 

Country/Region 1970 1975 1980 !985 to 1975 to 1980 to 1985
 

Developed market economiesb 29,710 34,456 37,887 39,512 16 10 4
 

Canada 1,302 1,233 2,083 3,203 - 5 69 54
 
France 1,965 2,485 2,840 2,568 26 14 -10
 
Germany, F.R. 2,473 2,529 2,980 2,545 2 18 -15
 
Japan 2,420 3,602 2,926 2,926 49 -19 0
 
Netherlands 1,586 2,133 2,287 2,287 34 7 0
 
United States 12,556 13,678 15,600 15,570 9 14 0
 

Developing market economiesb 4,288 9,147 16,328 26,321 113 79 61
 

Brazil 35 215 464 1,034 514 116 123
 
Egypt 125 165 541 867 32 228 60
 
India 1,483 2,808 4,756 7,607 89 69 60
 
Indonesia 48 285 1,101 1,823 494 286 66
 
Korea, Republic of 428 635 1,065 1,065 48 68 0
 
Mexico 566 812 1,780 3,260 43 119 83
 
Pakistan 175 344 547 1,408 97 59 157
 
Trinidad and Tobago 372 272 567 1,111 -27 108 96
 
Turkey 125 125 397 668 0 218 68
 

Centrally planned economiesb 16,713 23,033 39,905 46,331 38 73 16
 

Bulgaria 1,159 1,159 1,331 1,809 0 15 36
 
China 3,471 4,833 8,321 8,321 39 72 0
 
Poland 1,522 2,004 1,950 2,356 32 - 3 21
 
Romania 1,193 1,736 3,238 3,484 46 87 8
 
U.S.S.R. 7,073 10,098 20,945 25,755 43 107 23
 

World 50,711 66,636 94,120 112,164 31 41 19
 

a. Derived from NFDC (1981).
 
b. Regional totals are for the entire region and not just the selected countries shown.
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i j Lit' 111 jl.vflil.' ' tI ' inni'()nf( ;11 i" Itii. '- , jllt I h,)pl~h ist !V\' I , 

fl' )111 ilnl ) 't.t++- lo 11it[h a tLl IVq.;10; 11 1 Ut t C I )( [Il ( ,c Ico, 1 l li IIIlN,' ;I1ill ; 

hUCaLISC (';Ii'bun dioxide i, a 1+,s;il',' i'awi- mai ial th;t. is available 

at a li.ust no ct (s, Iat i l Ints.mIni 


Sources of Feedstock for Ammornia Production 

Man's first cfoii to fix nit rgen imitatdl natureC's lightning 
flashes. Iligh-en gy clecct.i'ic ptrocess wV:th! airc ;associated hydro
electei geneators fixed nit.rogen deri vet from the ai 1.o form 
nitrates Ilowever , the process was waslt.cFLiu of energy 1nd was 
soon abandoned. Electrolytie production of hydrogen to m ke 
ammonia I)y the liabe i'-Bosch proces s is prtferabI)le wheec enp, 

bulaun +t hydroelecreiC powMVer is available. With a givCn am1ount of' 
lec triCit,.V, four- times is much nit. rogen can be fixed in the Iliber-

Bosch as in the arc rtocess, and a higher analysis nitrogen fert.ilizel 
can be made. Synthesis of amnmonia from nitrogen an(l hydrogen 
iequices very lilt. e energy, but. the elect.rolytic p roduclion of' 
hydrogen is energy intensive. 

0th ci' souri'ces of feedslock to provide hydrogen in amnmonia 
syntfhesis incluIe natuial Igas, naiphth a, fuel oil, coko oven gas, 
coal, andi refinery gas. The Pt)oporl.iont con tribu tions of' difflefrent 
IeedsLocks to amuonia Jroduction ca)acity are shown in Table 13 
and ligurC 12. During 1970, ,t'1 world ammonia capacityof' was 

-
gas t.o , in 1975. 71ihaScd Ol natual . This share inc rea sed (G6l 1-in 
1.980, and is tprojected to increase to 73-, during 1985. More than 
80L of the inciemenla ammion ia catpacity in Lhu world is based on 
natui'al gas. As a- resul., the relative share of aimlonia based on 
other feedsLocks is declining gradully. At the world level, natural 
gas is clea'ly the (lominant.feedstock f'oi aminonia )i'oduction. 

,According Lo llonti (1981), 8R- of' the world's ammonia is Made 
fi'om natural gas nod this percentage is likely to increase. The 
l)ei'cenl.age of imponia pryoductinn friom natural gas is higher than 
the t)eicentage ot'amn mnia c'jpity I eCIcause inan , of the naph thla-
Or coal-basud lants i'e ihe O1r O)elrating al. a low p)ecentnge of 
capacity oV have been c(nvertcl t .0 nat urIl gas. These changes 
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Table 13. Percentage Change in Ammonia Capacity in the World by Sources of Feedstocka
 

---- _ Ammonia Capacity, '000 mt of N % Change in Ammonia
 
1970 1975 1980 1985 Capacity
 

FeedsLock Amount % Amount % Amount % Amount % 1970-75 1975-80 1980-85
 

Natural gas 32,210 63.5 44,024 66.1 67,241 71.4 81,958 73.1 37 53 22
 
Naphtha 4,772 9.4 7,277 10.9 9,318 9.9 10,481 9.3 52 28 12
 
Fuel oil 1,241 2.4 1,629 2.4 3,165 3.4 4,448 4.0 31 94 41
 
Coat i,055 2.1 922 1.4 1,817 1.9 1,874 1.7 -13 97 3
 
Coke cuen 6,610 13.0 7,907 11.9 7,733 8.2 7,782 6.9 20 -2 1
 
Electrolytic hydrogen 1,002 2.0 708 1.1 799 0.8 799 0.7 -29 13 0
 
Refinery gas 1,866 3.7 2,074 3.1 1,486 1.6 1,486 1.3 11 -28 0
 
Variable sources 345 0.7 617 0.9 922 1.0 650 0.6 79 49 -30
 
Other sources 454 0.9 454 0.7 454 0.5 835 0.7 
 0 0 84
 
Unknown sources 1,156 2.3 1,024 1.5 1,185 1.3 1,851 1.7 -11 16 56
 

TOTAL 50,711 100.0 66,636 100.0 94,120 100.0 112,164 100.0 31 41 19
 

a. Derived from NFDC (1981).
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Figure 12. Ammonia Capacity in the World by Sources of Feedstock. 

may not be reflectel in ammonia calmAcity data. Naphtha accounts 

for a boL .1, of prosent CIepacity, but many of the na phh a-Ibased 

plant.s have been shut down lcwause the high price of this 

eeds toclk makes the ammonia noncotil :tiLiv on the world mare't. 

Other ammonia feedstocks include li(II- lueid petroleum gas (IP(;) 

which is mainly p ropa ne and butane, and liquefied naturnl gas 

(1,N(; ). 

loweve', the proportional share of feedstocks in ammonia 

capacity varies with the world rtgions and countries. lDuring 1970, 
the ammon in cap)ici LVy I)ased on ni L~u r; iig'2 ;was 70", in develol)ed 

market economies •43 in developing market economies. 7310 in 

Eastern Europe and the I.S.S.R. , and only IVA in the Asian 
198(0, COITCSI)Onlingm'centrally planned eomlies. During r-, ['8the 7 , and 

shares l)asedl on naturl gas c,, r30%, 58%,ere 8w 

respect ively. 'lhese shares are l)rojectC(I to increase even further 

by 1.985. 'he imlporlance of nlatulral gas as a fee.,dstock varies 

significantly immng the lead(1ing ammonia-plrod ucing" countries. The 

)rolort.ionate share of' ammonia Irodu cLion capacity based on 

1980 was 100'-, in Canada, the Netherlands,natural gas during 
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Table 14. Energy ConsLumtion and Relative Inves tmeit Cost for 1,000-mtpd .Ammonia Pants Using Various 

btu x 10 / 0 f Ni:) Relative hIvesLment 
Feedstock Process N-- - -A B-F-Q N- V7 B A V-

Elect rovtic El ectrolvsis 135.1 f 11!.2 f 102.0 1.50 f 2.20 f f 
hwd rogen 

Coal Partial oxidation 46.7 45.0 55.b 4).6 L9.6 1.86 1.92 1.80 1.79 2.00 
Fuel oil Partial oxidation 40.3 38.0 37.0 38.6 38.6 1.66 1.30 1.50 1.27 1.60 
NaphLth h Steai reforming 37.8 37.0 35.7 37.5 37.4 1.15.15.13 . I 1.12 1.14 

iaturalgas Steam reformning.o 34.5 34.5 30 9 3-. 34. 1 1 .00 1.0( 1 .00 1.00 1.00 

a . lhese erier -- onsiipt i on- esc t-iimtes differ f roi- those repo ited ea r I i e - in severa I - respects (1) they are 
bat terv Iimit ene rv r'equ i reme tit s, iot tota l ; (2) t hey Ire based on net heating vailue of fii, not g ross" 
ani ( thev ire based on new plants operaited at top efficiency, not existing plants operated at average
effiny. 

I.. N- Nichols, Will iamsorl and aggloner (.1978); B = BloUin (1974); A = App[ (1976); B-t-0 = Buividas, 
Finn el.n, alnd LuaIrtull 1i (1974); I = IFIC (1979). 
c . = l t (1974)...hire 
d. En.*i-yc.:purt crelittedt. For ammoi i hased on coa , the ene rgy consumpt ion is 55 . 6 x 10f) btu when coal 
gasii . 1i.,r, takes place ,i thout pressure, and 46.1 x 10 Btu when pressure for coal gasification 1s 
25 f1 T.b cocrtspond ing relative investment is 1.8-2.1. 
e. In tast , elctrtlvsis, it refers to fuel for generating electricity in a fuel-I ired plant. 
f. Not ,!%, i l e. 
g. Mli n imum enie rgy re(fi I renients .
 
1h. Of this, b0. as feedstock and 40% as fuel.
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w hich ill t;1z1( \.l tiiciit lith
tl i. )t 11 ;1t iill )LI h 1it ;It'emi i t ll 

- Fiijir rc lu (' ill IIi i\'I ; 1 w I 
it . 1l ill'i I 1tklL )nitlu desVIllly oir c )(h' - i ,' l ) I i lei '1Cll it 

* I' ,l I Ki i Vul y l ,l' 1' t t,i'LI'I. , ifileI ;' II It Ih .ili; l I(' i f il W 

til, rI , I I t r l (. , l( klt I I ;I ; - ( I \ I' N l1 Ii'! Ias( ; 1 . 

,i h II tI\'t I-t11'11.1i II] t,i -! tnmg1,t N1 aiht. ih I I o I .l( 11 il o I I 

1oi I 

m ilili t II'tl flUI i t Nit(i I' T s t .i ,)S t or Ihe oil- o '1 o-
I f llI . i I ;IV1t I it! l I'((dI. l'e I c tv I I'( lrc'I II , ( I Ill ti v t 

n%,(Iat. S1 i I*ii i t . Il~I I ' i Io I (7I gi () ' I I gIII .1w ith I'( 
t lIrty , CI' l t I , l e.'. t I) [ ILI((t!t iN ll ouni;t ill tI gC' 0OLIn11 1-i ! I. a LI 1 

cli t'i il t-, tl Lii' lIS t V It I i ,Ih, ;(1t (e I tIhi W i COI 'eft SLII in5 hi\' e 
I l) I 111c Iif ) II t, ,:; . , . Tlhf., I{'.Ii Ii\'t' IrO(IluCI i()ll Coh Sl , Or C'<LI I-b- , \vould 

d 'nt , l . of s,o l('ttSI rII .iv, , c;nerll 

il Cl\. '1.''-; -tlt:,.;1 ~ C:;1 ; it ' Lli i iX ;lli()l 1';it(,e 
1iIti 'tI'W rllic lilicrtsl r 

' t ti-ie( C.(.N)Ll'.t )r hIM %tei'.ti 'IILlIl, I N, Ioof* 11(I)I' g;ISll i i Iiil 'iS '.;, IiIIlNt 11(i inldiI IISl SLIlI)liCSIs ; tI t!Vi Ill;lr j)'5~ would 

;lllll~~l,' ,)f llvlllnlW1,11,11l1111 ';' (V I I lhougl h they nire "ue(rgy
hI u - iI6k-1I 7I).!.I;I%' s r I)( t II I , ;1(1 1i o cl o n t 

dh-fic'il1l" inl IIIt ( . t lh;lmI I W N hI IIILIlSt inlll)(rl li(ILlid I 'tl(C S rl SuICh 

IL%. ;1,, ll;lT](l'~ l~ l lh , t l ( llll' ies "I ; r1', plidlly inc'reils-il " 

seli~n.Hufi 'it i lil ',)/vt. . Iprlwu'I N ,I d w iold soo.' l e Ill u f'-

I 11;(.1 w it11 .';.1C C O ;111 '-e v u.Ir; I II I;ItI l .I1;I I , IVt' ()lt S'-i ( ItC l';I I ) hC ,'-;, s 
" C'OUlII I( , Ih;\ I I IlI ''I' ;WC't lI&IIl'iing to, l lildI nllI'0g('!l' r'(l' i.t/ r.I 

,I1'wmuc l i'lm 1*;Icj'iIli( . t)ised'( oil/ r(cet~l IN! dli.sco)\' rtd deplosits . 

E~xUn~h , ;,I' ,:l,',i , Ilidil , ThuiIlu Id , T'l x;Ini;I, Ircl d , mid 
Newx\ /,,.-;m id. N;,lurul 4,.s cxpllor; ihon hums bee.tn relhlively less. 

initann.-.' Ilmni < ( ..\tj~;ll'i~On in lit : is;lt, Ho(we:ver, Hic( iprosp;Iech. 

Ic,-Ihnol(!,'v f,,()I t.,x:Ilpllc, has'- m su:;lbl~tt inl nco'v! , de'vu'olu d tW Lur..l 

exp!lo)r'Iti(n t(:h( ,., hil"h1 of' 1 hI l -;i 'Ind Ili(t, prlice( n;01 r;l 'HI I 

imrnll()ved (,t cit.(inlo('mlics''- orl lthlu.'e re oi ves)LI O tl wurt ('t nOmll'iC in'L- ncL 

HIht 19(;(). mid~ l'.7'():_ 

Nulptlh; ;Nl I"IL!;Ik'Nf F .lC Oil l(Ir lIII(, lpr()ductls or oit-ref'inhng 

iplo(ess.e,.s. 'l'hu vs.-;tilm"ll(,- onl pivliO"en oil resc."(rlV(u. M A N,'il 1981 

indlic:;IIt. Ih;l or;q; HI' re.set,;(rves,- 'Ire Ioc.'It.e,( ill 1.he1C developing 

nm -ket. c('(l_)n liiw ;.. 'Illh(, N um;rI U s!t~ (cOuntr~li(ms- WlOne(. nICC(uLl rOr 60)%# of' 

,orl ,,il ,tr\ () IA c 11,jol' (OLII][I'i(!S C:." htl - oil-CNl)()rl ing, NI1-

V tCIn(C X LW l,I ;Illkl M O]{'ito ill kI, in A n'c r io;,, N ig 'erli;i iln A rlic a-, a rnd . 

lu~dol() ,-,;i ill Ilw( F;11. Fl" . l.'Iuly othe.r de(veloped~t c:ountric;s ilmy be 
I;Il'j,'tC oil IW WL I T 'r., l o}il l l.l-i)iolnC()( hIl tir . (olllc(s. ;i( c.On. g2ener1]l' ly 

cNCC(' d( I let dt{)W..-; i(' Il(II.Wl 1.io)I . 
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I Ifli(..- o\'e Ni't h Alnri'iCa I he ;ir maidI :;is-tIctc)io I[i( . . N ;si.'t, rn 
1-,11, -)r, (x(inCILlu ln-i th U[l.S .S .R .) ;i~~H In f)l' 7 ( I d'* ,) i l NS 

Vt.CI '\L'r "d, ,':,, ivc ,.t II., Wilh I1 1'i,. is their resjcl) sli . is 
' 1;1 1 p l c dvl , j( ) " l l ' ' 

;111 ,no ;111I r,1) .( 's hI, n xt "()yvaIs. 'tle cr ivi't,ll 

t h e s e.( l h '' I ( ! ' 1 1 : I f , ( . ( .X ( k.) Il l - i hl w In1 ')lrl (I f 

1i;I i -iliz t"'' in 

1 ;i l ll 2,;i,.J it' la ii I ),lI )I t II g I LL* I"Cw h iCh A 1'Ii, s_'-;, I i' I 

pIr',,lucc l in No i'()U 'i , 1 t I c) N hm) 'i' i A C v;Ii l; ,, in l)i vl I,.... 

in ,rk l l, , I 1It is i re d . ;llh 1 I uinljC ( IA'd () nlIh .(AlhC r:111d ()ul -is . 

Sum)I. I t ;1 %VOU , I Ihvi,ma(y flO l WM Lio iustII ( ;I ile I ' I I Iv g i 

flai'e Hlc ;Issut.Itjat gas since the capital jnineStmen costs may be 
[00 high jUSt 'ing it..t I'",1CNAl 

11W J)11.ent';I~l1( anf l)IodLIc't ,itI l'uni gasH i;Ii'e(1natural 

in I lbi cltiil .ini of He g'g'anixiIiun ( )IArlb" Ic'ti'ole .I,mt l' hs , 

AIg.'-;li 1979 ,1), Illt1%- 354 I S1 Il2l( I;II!; I8.85Mhoir:,k'It Wl11 AI I, I. l lS
 

t omilh I t, PIust 'll Ilt r IIIZn l FIridttit i IvI P~ iLIaI"
 

47lll 3.I
as o,, iy 1 (
FalIv I bii L!4,111te l P t(1 ,1 i 1 1 14114iiinI lI'milcL i r u I I G 0.85atiir]t iI tI , 

ti 8. ilrl

'dt I ) A K ',ii t II 1 n 1.1,,.1234ttl~1 'td 15ot o 4.7~v G33~rl.; 

1 8 II.' 

S.d 11.AI al. .1t1 t ('l 4 4t 

iI 1f.fnil 


SI2n 1 11 t1!14 ( t.1 

II.Iti . '1.1 , 11o8)1i;,Fall 61 l
1)7 1), n * r' 11A0.1 10.v~l75mlil~ 

F.'I , I,!, 1tl*' 

t i tI ,'itl1,i1) I7o IlA 33 I 90 
III~..litllt)1111 l 1. v Io . . (lilt 


Iyi Ir1,l)1,',' I Yt( . I,t811I v tna, (4 a ati li h D.,945
1 l , t 1i.i ia 2,8 )i t a y 10 lv l)w 8.8ionL til ba8'1) W I 1.3
 
I 1)l Iit 0I 1n' 1 1 1 It 1 4111v vnI (J p iox Iii I Y ) il III i ll O .
 

If Ill I I,1 i !, 
(1
 5y 1 f&1Mt4
li 8 


C lI l'li I rI ut I .III S II l t l I'II llt l Iglal e ,i t;
u t tt l 

'. 7l().1 


.H IllI)Ih , ;I I,I ''I , , I , I 1 I I7vr IrtII58
 

(,), t, *, 35.8
 



w a ,
l)r-o' (i',(i in ( )API .(' 011-11 'Fir. fl;ir ,i'I . Tlii, w;sl aipjpixi i Itl(v
 

2 .!) I I bili',n ('I:; A s-dLiii ili ' lh1";1 all tlIi H a l I ,, S i!, i , .1 I l r,,lucu
 

;iunm,')n i;i. it w ill is'su It in 'i'l .9) m illion il ' ;inm ,,i l. 1,1":, -, Ihat in
 
,lllli \ .T' t l (l
;lh iIl : 'lvh i 111111(M iN a t 0 111 nd tiiI' l i lW'Iu CC1i 

a illin llm ia c¢ :lpl i I y in ll -. MhIh , w fw 'lld ( 1. r ill " I T i!) . 11n ()1h e rl V , Jl'( , 

n (l 11ng ) hi' r ll n.IIUf7 l l m 1 ?)i /8(IhM. I a l\ ,)1 i n o-I ;i Ia'I 

('IsI LI t c W 11 V;rgI ' y.I io.Nts 1i 1*1'( 11 s./c()(]; V I i ;li5O1W.11(2jil' 5°/lrm11itit~ii,l Ilt 'i' i twas!iag I 1 1o 11t i scly 11 ene. Ml 0 il'eel[gaC((WOU ICIl'It;o1 1v -Id, i"l i I1',l(W 1. 11 1 1I ;I I I I I'(mi Clg l'C1sU llI(I 

t, , acr19s/0.il i no q 
jO IIlt 'iit -i I I I) I', W ; -tii'l)I to CO NI t '' 11( t I hi' '; aI lo.li:Cit.
 

Ullikc, I , )i s, i T ic 1111 1,) s ip c "-con['" llit ts" ir il
 

. lii if5 gMilli, i.s1 dif'fic:ult. .5h1 in! jl from 

loivr , it is t51l(l2 to liluef'y it tbefore . hii il . 1'hw jlir(anSd 

is highly capital iiitciisivu, and as much as 2 4f the gas is
 
i'¢n.uunrtlud in Stl j lvinl" ,i',,'g foi' li(el';ICilol rf i' l'igel 'tioni
 
,--il';l~m 'e, andl tri;in.sl)( iIlat ion. I )'n t lhouighl'il lJl' ct5 ;1'
 
IhAng" t:'0 lSlTuCI(lul to lli',dLW(-u andI .hil) LNG', the, lt hll ,,log4ic l aind 

illrkt Ipi(JIIills at ilis 5tI)2.;( ci to(. sCiO)US to oii';iw ainy\ (I(AIiilit2
~onclusions ;l l l. lhu N'~.-a iblility ()I' Ilhi l,O(It,. , i ' Tlhe existing4 

ILNG w(,rldli litra is i'prlj ,0'ltco in lihlh 17 Tllh- major rX)Xort rs of
 
1,,N( inlCludh, ,\lL-'iia , In inisiai, ;ini M;ilaysia. ()n tlhe other hand,
 
I 1iu majorlIiiij li' . ,s ' I4,NI ;il't, Iart, {i nit d Si t ;'a-,. J]iian aind
 

T.' le l 1 . L,piltiucf Nitiiral G;,iv; Woldl r h 

;LNG Epr I' Uotrt; L.NG oy;in/it
Country,' 10l" tt /i,,a of Toil Co,,m:,,i-i,.s. .. 16?! !(0/!#y ... rIo!"~ )-

AIlg i a 4.1) 5(0 U i ted S iL.(s 2.0 29 
11idom 's II I . /10 11) 

lr lit, 1 0. 75 8 3Jijill1 34. 

0 tLIir i .2(i I1 West eri E.1-op 3". -7
 

TT A1,. ) . 0I 100l 'I'llI 1. 9J.0 I00
 

d . o. I. I'lvvd I1"1(111 ,,(Laolss I [II. ( I9S )) 

t 2l),, htLI and i)lai respelL ive Iy.b. A\pplioX i vit y ill I o L is llli-es I i oli 1.i lyi Alm , 

19. A i iing" I( Ande'on (19-381 ), int ern;ational Iiradh in I,N(; had 
grown ['lirI . 12 illin m in 19G] to ,T:, .977 billion 110 in 1979, 
i' ) 1, I in t hi-i increase .he 15a 111n y fold iln 1l).s I years. 
1,Fitihrrmo;r illn;ilnaijonal tirade in n;auiil gas Wing 1977 was 10% 
of it. l'Mrketed t.i(i lUct.ion, an(d LNG's share in inteirntional gas 

t d';i( w, I ..e ,. 
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, Techn icIIly is to atc, 

Capacity ()II th*, ha ,is 1,1 using imporlted I,N{;. INwevcr, Ihe LN(; 
ip ic' " may h to() high to liHlk it. ('C0, Ill1ri( lIly fI a.',i lit,- h) j ) tdt.Lic 

West.erln 1i:1urqw. it possible ci ;ifln,,nia 

is;di impfl col I,N(;.alofl niiia ()n l}i l 

'l'h-.' tco., of t.ranstputling" natuiral gas lonp" distances is very 

high, whelher by IpipcliI{e or by lilucfact.iori and oce;an shipment, 

and this lit-Iisi that the value of gas localed in re:mote areas is 

low. 20 Thero)r, it. has been widely Iassumed that, il the fu t'u i, 
in those areas of low- cost. gasa11mmonia lnl:ns will i)e locaeted 

lowever, the cost or I)uillin g and opera ting lant1s in cimotc ar'eas 

is high, andt the cost of hiansporting ammonia or Li'.8 to eOlSLn ing 

ar'eas is a lso high, These costs teni to offset thc :dvantlge of a 

loweri cost. 'eei slo{k. 

Gove rnment policies will not. only influ enc. theC price of gas but
 

il5o i1. USC in tHe r lDuring the past. vw for
et.ilizer secL.o, years , 

example,. alPpox ima tely 3-,-4 of Lotal natural g;is Wlemand in the 

init.ed st.ate.s has been ise.ld U, produce ammonia. TheCdual Icieing 

mechanism (int I's-taLe versus inLi'rastLaLe) for natLi i';, gas ,'esuited in 

highe' gas prices oi amnmonia plants within the s1.;te and in gas 

sea ye ities for plants hased on int{.,state gas. The impact. of' 

deregtilation of natural gas Iprices on nitrogen ertilizer supplly and 

iPrices is still unknown. lowever, nrecordhing to lh 'eurt.ilizer 

Instit.LIte (1980), ga's cNu it.ailinent.s in the Unit.ed States resulted in 
substantial losses in ammonia }pr)lduc(t.ion. In the last 10 years 

(19 70-79 ), the .ol.a m loss to gas curl-tailment.s isiimonia du 

esl.iulited to b' aboult 3 million short tons. This may be small in 

i'potort.ion to t.o [al ammonia prodLIc-[ion, but. if Such curt.ailments are 

t'ue in ot.her coun tries as well, the tot;il ammonia loss could be 
substantial. 

20. According t.o Anderson (1981), pipeline t.'anslort of gas costs 
about two t.imes LhaL, for crude oil, and the cost for sea transport. 
ror LNG is foui to five times Lhat for crude oil. 
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CHAPTER 7 

IMPACT OF ENERGY PRICES ON FERTILIZER PRICES 

Tt' ilmpact d' i iI t' 4';i.e ill j)rices is i'tll tled oni'gVon 

hig"h-r ',, 1 f tili/(i lJI(l 1.i1 ( C'1h ,Ii( hC hi h 1 t V fertilze'r 

prices. 'he ()Ur'l4).eofhi.; ii, Ih.(m ' (Liol anal.z linkages. 

Trend in Oil, Urea, and Wheat Prices 

The hist-nic'al It1 Irice.S for c'rul oil, lrei, and het1 
is I()Oi'ItA(l in lii i'ure ]:,. A lUick gllance at th11e diaglgran indlicates a 

irtx ielalil.hilp ;imong t h.-w t hree 1ric)s. 1tI97( tllere had 
heetn a tlecline, ill rics.-' iIeIO ;ld wihe;t. llow(,vtr, the crudel(]IL oil 

p. 

att14igh 1iii) Thepric(e waI $1 .811/hh to t9'7() . oil price incre;sed in 
1971 whil' Ili . wheIW.t ;an1 ur l rices wer. still dlhwliniig. A mIljor. 

' inriea';isei ill ,)il pric caIme in 1971 as N r-eSl.l of the O1I'( (I1deCision .o 

i';ise. ,,il price'ts ;and(1 the, o)il emlbarlgo. 
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....se-t fin to) m tlionl C,-q..,, l i tl .. . 1,,A nl Ilw tt ;,-t III ll"i lp Ic't, , 

1 - in4l at iIn, unvtI rt.;1intlIy , in ( LI' ili i II ill reusu ,Ild in w 4ldlw i' , 
L')luf li1, iu.s a1nd1 ttTu't . " ' prili-'pi'ictthe int-I'r l itun;il l;il'k4,lt (' m 

ilput intouI',(TIcic'I. fn~'i oi' i ;.. .; ,S n 's y CI(i)1t4't4 l bl iion .1'f,I iI ;ij1)d-4t1cU' l dIi' i'r' i. all infl I il ( i. , 

SI'sltcd inl hi 'C leii /,T a ndi 2'r(' 
l~iiC,.. 'l'h, nCnl'i''y lp iCe) im 'mases also) had an inlir(et eff'ec t as 

lh(,,, pi'i'e. g'Ot rc,llect!d ill h ., I)ri( sti'uci'tI V' " 1hei' oodCVs and 

,eI'\'Vi,'t, in Ihle ( 'oio flVy, 

all ii'it;5 ill 4''i''L y pi'i 

Ilowwe'r , 1h t indeem len . market 'o I-es in eich of thse 

'Oi .floity'markel.s play their own i'oles, 'oi example, the severe 

d ib u It'h off 19 72 led to a st.el increis'e in wheat. prices in the 

int e'nalI ional ma'rkL even bel'ore t he major oil price increase . The 

(. 1i CIt la Uring 1975, despite thel4i'iCC 01f uIre and Vhoa , fe'll 

fact tlhat oil p~rices s.ayed at t lie highe' levels FrI-om 1977 onward 

1hereI)een slight. Upwarl presstt'e on prices, with su.stainLialhNs 
n

inTise5 (o)min in 1979 and(hei' yrur. 

l'ad r, aleiL anll imlm)oilnt'Vis one 

lhat influences fe'rtilizer anl f'oo )'ices . Nevertheless, it. is 

difliCult. to(ilniify the propoi'tional increase in fertilixer and/or 

Clly, nert.gi'iy only one, 

th 
food lric'S. 'xcet!l1 in l'tlijl analysis. This is mainly because the 

NIe specific fo,c stS ,f foililie'l lI'04ucbiOn M0nl CO1) cultivation 

eiCh ,r, .(,Illnu (ttii moo it y, loc t ion , andIl .tclnology usecd. For" 

re will wva'y dep)endinig upon theeNxamlN)le, Illhe ,,iluWiiO0 ('051 fo' 


pilan sit c,2apitlI cL(44 ,l ilili/IltioIn I'te , locat.ion , f'eedstock , and
 
()lll-,'' inputl~l Ipricc, .
 

Historical Fertilizer Price Behavior 

T' )t t ((lI',,I' ('t'lIc,nlril'ugal co l ressors (as opposed to the 

Iefoi'ming nat gas (I nd
i.ecipr'me;-i Ing It ,pe)and , II'll rteam of 1'al 


mImdL' it f'easiblC to bUild l11'g' i 111011ia
nVlhtlha) as l 4 c't,'ks 
Ipl;int, ''hW i'u'ullti g ,C'On(i(411iCS of scale coupled with the fall in 

y l)ices vere nl;lillly instt.-'ul(,' ' .'y r,(jLiii('Iln t .S and Sti;tl)1', e!Irg:l 
of' 11nn iiN 1i'0odtLI ion . Since

nl(l t i ll I,)w('Iinl per-unit cosi t 
nitrogen fertili'ers, Ihese developments;,lilmilia is a ;sis ',I' all 

t rend (up 1.0 1971) in prices of' majorh(4l 14, a histoi'ical dclining
ii i',,igen f'ei't ili/li'.s 2 i 

21 lor furthco' mlcii'i(';I evid(lnce and the Implications (,t' the 

tfui4 0n 1,1''t 'r'tilier industyv and
di'clin ill l ili'/.r the 

4,,: 4;ihl4; (196b); for' the rol. A1' i 'riliereteon~lloi~ c' (IeveI(44lellt .
 

lpiic, in u i'al 4h\'(l(4 i'dt lihu evolution
:l anidi of f'i'tiliier 
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figure 14. Historical Trend in International Semiannual Average fertilizer Prices. 

The fertilizer prices remained stable until the beginning of 
1979, partly because the oil prices also remained stable during this 
period. Duiring early 1979, the oil prices started increa.,ing (due to 
OPEC price hike decisions). An increase in oil prices led to an 
increase in fertilizer production costs, fert.iliz(er export prices, and 
fertilizer freight. rates. Th e absolute inc'ease in c.i.f. f'ertilizer 
prices was even higher than in f .o.b. prices. )1uring the last 
15 years, which witnessed a llijor growth in furtilizer industry, thc 
fertilizer prices have generally been following the oil price 
movements. The energy prices will cont.inutie to increase, resuLting
in even 	 higher prices 'r fertilizer and food . The developing 

food-, fertilizer-, and energy-deficit counl.ries, aI ready facing a 
serious balance of iayment problehm, may find it. extremely difficult 
to recover economically. 

f .:rural Gas Prices and Ammonia Production Costs 

Since natu raI gas is a dominant feed1stock for ammonia, 
analyzing the impact of an increase in njut' al gas prices on ammonia 
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Natural Gas Prices and Urea Production Costs 
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Table 19. Economic Impact of an Increase iz; Y;tural Gas Prices on Urea Production Costs 

d ef Scenario IllNatural Scenario i Scenario 1I1 

Gas Energ% -'otI I Urea Energy as a Total Urea Energy as a Total Urea Energy as a
b 0' C - g'9 gPrice Cost Production Costs of Total Production Costs , of TotaI Production costs of Total 

/-t) 
'g 

)(S/cf) -- (S/mtLit. )( (/ 
0.00 0 147 0 190 0 244 0
 
0.25 9 156 6 199 5 253 4 

0.50 18 165 11 208 9 !b2 7 
1.00 35 182 19 225 16 279 13
 
1.50 53 200 26 243 22 297 18 
2.00 70 217 32 2b0 27 314 22
 
2.50 88 235 37 278 32 332 27
 
3.00 105 252 42 295 36 349 30
 
3.50 123 270 46 313 39 367 34
 
4.00 140 287 49 330 42 384 36
 
4.50 158 305 52 348 45 402 39
 
5.00 175 322 54 365 48 419 42
 
5.50 193 340 57 383 50 437 44
 
6.00 2 0 357 59 400 52 454 46
 
6.50 228 375 61 418 55 472 48 

-. De ri e,I f r.)m es t ima tes nuI-e 1)-%y (198 0-) . TIe mates is des i griSI e Id ric-k common has i s to r tiese est i 
capac it v-- I o50 lilt pd bagged product , capac i y ty i I izat ion rat e--90%'o for 330 days/year, and uirea production-
490.050 nittpy. P = plant investment costs, =;orkiig capital, and 'F tota l costs. 
1). An increise in gas price of $0.1 !ct wi 11 increaie urea [Frotuction costs by S3.5 nt. 
c. Natural gais including fuel and gas for steam and ooWe- 4e[Wlration ': 35 lcint of urea. Energy costs are 
the same to r al th ree scenarios. 
d. Scenario I--developed site; P = $205 million. W ) 15 million, and T = $"''O milli o. 
e. Scenario II --dt, loping si te with some iiftrast ruct irt- P = 280 mi I I ion. _0 mi I I ion, and'A 

T = $300 mi 11 ic,n. 
f. Sc-ariu, ii --levelopiig site renlote location; 1'= S375 mill ionOil, , = i li ui. .:iit T = $400 ni11l ion. 
g. Urea t)r 1cL i ii costs are divided into enlergy arid llollelergy costs. Nnieiegyrgv cst Irci utdes other 
variable costs, fixed costs, and capital charges at l5". These capital charges ilone i'7 9, and $1 
for scen.rrio I, I1, aid Ill, resrectively. Nonenergy costs for sceni irio 1 $147, scenlri II "10, ani 

scenario III = $24'4. 



Table 20. 	 EconomLc Impact of Natural Gas Prices, Cap-Ltal Costs, and Capacity Utilization Rate on Urea
 
Production Costs-


Scenario II 

Scenario I, CUR 90% - CUR 90% CUR 60% % Incremental 
Natural Totl Ur Total Urea Total Urea Urea Cost Due to 

Gas Production Energy as a Production Energy as a Productioi; Energy as A Capital Energy 
cPrice Cost % of Total Cost % of Total Cost % of Total Costs Costs
 

($/Mcf) (S/r t) ($/mt)
 

0.00 147 0 190 0 	 277 0 100 0
 
0.25 156 6 199 5 	 288 4 98 2
 
0.50 165 11 208 9 	 299 7 96 4
 
1.00 182 19 225 16 	 321 14 91 9
 
1.50 200 26 243 22 	 343 19 87 13
 
2.00 217 32 260 27 	 365 24 83 17
 
2.50 235 37 278 32 	 386 28 81 19
 
3.00 252 42 295 36 	 408 32 77 23
 
3.50 270 46 213 39 	 430 36 74 26
 
4.00 287 49 330 42 	 452 39 71 29
 
4.50 305 52 348 45 	 474 42 69 31
 
5.00 322 54 365 48 	 496 44 66 34
 
5.50 340 57 383 50 	 518 47 " 36
 
6.00 357 59 400 52 	 540 49 52 38
 
6.50 375 61 418 55 	 561 51 31 39
 

a. See Table 19 for thi underlying assumptions.
 
b. CUR refers to capacity utiliza'tion rate.
 
c. Energy 	 consumption @ 35 Mcf/nit of urea. 
d. Energy 	consumption @ 43.75 Mcf/mt of urea or 250 higher over base of 35 Mcf. 



efleIL~~~~~~\Fo eiicifjillIe' 5..I(I(xaIll)ipQ, ill Scenario 11 at. a gas 
()ii~w$3.0)O/M(1U, I''1ot.iOn Ian t i.iti lia I.iOnl I-a te h,0om 90% LoI, in 

60%{ iI)(I't5i2 LiIc JI(MIUCIiOfl (cost.s liom $205/mt to $408/nit. (8%~
10'c~si) and d('CVLaS(!s Hte share (.A uerigy in total cost- f'rom 36%-

Outlook for Fertilizer Prices 

SCTI ;JiXei IiC(TS ill tHe iIltcI[i0ioill niM1Rkt, NIT inifIliC'ticed hby 
eN.I)UClAedI'UeI' i z I c ci I(INd a~n ( S U1) 1) lv1 market0 imp e ilcc Lio ns 
Muilt ing t I'mm prli(:c-fixing aii Ing'Cmmis . mi u eiilzm- piiddton 

cotUs . lilt It'l- ilI i(I 1) 1(ILliCt1.I ii 11 Cus S ill 11-LilT1 (ICpLCrl(I 111)01 

I) capitIal tcs Is; ( 2) inItercst ral .* , (:1 ) labllci costs, and1 

e~ilulctIlhe delnigpic Irnd ()I IhC 19GOs) again. 

As, repwhct ( Ilii Tilc 21 , ipi ]I LI(ireme1 tsOf' N 1 000
111111)(I ;Il1(cc)Ii;i Ichill CuiIIcIccl With N 1 70'd0-1111t pci (!, p1an1rea bUilt in 
Ilk t'nlitec St ;ite, Ili UsWictiia g;s increase-d 1'rui $.17.0 million in 

Ail'ccccccc 11cd 

hulltv I ing \iccccil ii-is il tll 1cchicicc Stitis 
1,1111t ~ 11 iic ici . c I,i0i(1-ccctijc cc I iOO-cccil iccv~c 

1) 1 Rew4 illI cc'cciits Jil h 

tPh ilt [lilt Cc;t Ct~c clct 197 3' is 11).!' 1i990 

Acriccci1ccLc 1uc 2.! c 84.0) 14 i 011!) 
1 p1li-Ii c v lccccct 10. 117.8 "48.0) 104.0 

;lcgc ccl c~ggcig 28 8 11.4Itc 291) 0 

Lcd~~ ci [... ~232.4 W0ll.0Al. 1).1 
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1.i 1; 1.1 ifc . t cI I v I ccc! 1 1 1c:.-llv t n e tm nIt 
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1973 to $1,33.6 million in 1978 (01 inC,'e'se) and 'We exPected to 
to $500.0 million d Ir'ing 1990 (a 27.1-,, increase OvOe' 1978).inciea se 

G iven thlle intern Itional1 If1on1etary [) 'ol.)ls an (an I'in Icia I 
The needed. rateunceit'ainties, the intei'est rat.es; ]ThIN remaiil high. 

;xhe less than 2W,on pri'i'lbasis.of' 1'et.urn 0,n inVestment may not 
the saiIe rat.e as

The labor C'ost.5 will cntlinul. to increase by at least 

the general cost of living. l"inally, according to) ,Jan.s (1981), the 

lee 1sloc k ror ammonia pIvrduLIcltion ) arenaLuia l gas prices (the main 
eX)ectd to reach $G/Mef by the mid-1.980s in the U!nited States 

aleo ducon l.-,I. uit.hermoi'e, since many gas contracts a'e u-) fol" 

gas pik.oes 8ir' expected to he much bigherl'.rivegotiaLion . the new 
The new gas p)i'ice contracts may
than the existing contr'act. prices. 


also includLe an escalation clause in or'der to kietI up With the 

gen'avl inflation. (i'en past experience, the prices of nitrogen 

'ertiliz/e 's arI'e oexp ec ted to inlcelaso faster than the pt'ices of 

phosp'iadt.e and tot8lsh 'el'tilizc. 

Fertilizer Prices and Food Production Costs 

ince'a.s illener'y aincl fnertilizerI pricesTht. Lilv'et imlpact of aln 
costs t endls on t he tL.u1cIniil1ues used to on 'tdl p luc'tion 

l)IN'OdUC)It.( W dll. "le toa. liti,)tr l IgriCUli(tMA that uses no mo1il'och I 

iniut-., will ho.- alt'Cl,tct, enthO least l r'gy and f'crlilizel' price 

increas t.. ()ll Ih(, olhlr hand, mo(ler'n ;Igl'iCUtlLlT' hasC(l oi 

ti'hl ni-1luts (fuel. I'tilil. T , ii,'igation,c Io..'rg'.-i It . [-i'tl lICtinn 

andt lI-titi1lt-,) will I, SL2'iOul.V1y l'ectOll and will have to make
 

lli.jol" , l t-lllltlt s in -, (' to cLalNng-;S ill lele g' I)l'iCCs anid
t'(5 

".'t pOP)-Ilat.ioll and 
is N nel tou eX])aiMl food 

In TlI.'T' It t'.(l IlW e-expldl(illg" WoI'id 

1IVdLt'O' tHh' inditli'I('t' ttt Intlniixluit ion, thTr 
li atlioll. '[his would invoIlve 11ot.I lIIdlu tii illt', .'h intI .li\' t'Ct 

in faVor1" of' inthl'n pI'oilu-tlio ltethnilLeSo)nl\' ,hiting lra;c tic'.'s 

hut al, i I h. intcr ,1'their use. This woull mean
''.;I.-ig 1ity 

-
thaIN l i'lllul';Il l0',it'LliI ,ii t'Chni(Lt eS in the' f'lUitii'. \%oLlld he morV 

' inpt~l
cn,nt yfS '['hl(, 4, .tt'gy-"~xitv" u.se, ho wevrl,
iilt-n.;i\'c, lo.vvl 

.

wt)U tI ( p1.' dl II thIlit'ii' r.''(,gtnlics anti 'i ' I'eLl titm il 

;t\'r'l'a t ,l i't f(,* l'i(el-'g' ill the' l'o -I'l of 1'ertilizol' in total"lt,. 

g isd [)l-tdUCtiori is aIpplioximat ox't.'.tllI~hI'.'il c 11',\' ill ;1.1l'i('L1I1t iii'a 

t15,l lic w ,'ll, ]t', in (l'\v' h 'L O.'t~ula 'itS, anid G8 ,illdL \'lo-pingin 

ivte

28'".A\c ol'Llin-, II Wan'llkvtll ( 197G) , in Ni.,ll''' OwI tym n dvlcl'at 

tl inlt i uI lilit ~nAI;;lSt; 5 I:,Ia St ii ft , ci s I ' ,ll l' ll a Il)I1'0
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I ,t'(Il row 

jrie:s dl w.,llds- Oi1 IIIy f;ictors. AmIong rs ttlhIhis innC:u(c le,'.. 
Of I"i't ilizur Lls.- f'(.'ilizer tesI- ntp ., c u' pjrice r.e-it:Cei\t:(I, allt ithe 

Since varIyors' 

C'0Ll it.- . i'h et ii-lTi: t )f an incre ise in ferilixur Jritc n 

total C '- I ti 'UIti , Ii0 1. aill Ithese \'a 1' it Itlt 
,COun11II'V, l'1,iVIll , Ct'3[l.3 alt t.\e(l I o l ntll for the sainlt' C'l'c it l5 

\'tl'v diffcll'ull I) ('SI t(e imlact 'f tr,iili.t isIli I' li the fell tiliztr prices 

[Tet. ti!, uitl~tiis :1 majotr comlpo.nent. iii t'e toti cost,of .se 
i~l' l'C-I (i a Vlli JlL.aC ill lprltl'l :gliCL U 1'; '<CIC'(Ofn C~lp~ '' . iul il M de n (ill (, o lfll11 tii 
ini [5i(1 Id :il1 11nt15.I.(' iin I'.ti i/e~r prlic'es ( in ;ll sc.~l: ' . ulbsidlies 

for I )i'Lv'tlllun.vill he sulhst;anllt ui in ht Itonll Lash motsts moil ''his 

1,Or pi',)vihlt'IV lh, Undeir 

('iIVi ii li(t5! if t'r')p pri't:e.i lit dtLlil)- ritI.(ly hl(d (Idown (as is l'ht; 

C;i5.,' in ma nlit h,'v) cpountlries, tloint cess (ihf' nodi'izatiln 

WVou ld )I()'l asN result Of lick of' ll 01)l1;it.e inl"cnUliV\ S t-o the 
I arriier 

wVhet, l: is (in'; ily hy f;ii'm family . th5e 

"ilT tl'i 1eitV t:. for ilUtri'nlt anti clop ['icsCC Nt. t.h 
iitIi'I ;It iItn el.lIt.ii't ltlp lt.(,trd in 'I'TllbIc 22. 'T'hese price ri Iijos are 
calculacillt. ol a periot oi , 1(' yeirs, ;li't.ing with 1971, ile yell 

wh'Iieli Ihr I'l,."lii Irend I i ferilixei prices reversedl itself. 
ll i t't riie (3a, ale basedi oil price.s"'l'ht..' int olati3;,l UtI it '/L 

W\h iCl t(1 lI hii~ l-It lt,11I'iJl C'3)51 0I()t i C !,Irkr i'n C1OSt.SlCU ad 

'[lht ic's. l 5 in li-atli- th;at ' . i lt'l. t he, (IlV-fe'cilisis'-3O(f Cr1515 

4tt 197.-75, li tir [' Ih.vt'n lam Ilucluat-ions in the niutrient/grain 

[l'it. (- il 3Ii,. at otin- stIz' Ll i t'tINillIV I .o he Itrade d 'c-isions of' 

thIs 1i\',l\t. i t'll VI' ald gliiiin l'dt:. 

'Ihl'h. I and intki'l-iat llnil p'it:e dati als) piovide fur'lher 
ii i"i :,s. !, iz'.s? . .ase.I(,)I) tiltc't)I pri(cC ti'Lt l'( duringl 198(), 

I 1111 i,' nllilhtI i'. Was lluivalenlI It ;iaoLit 2.2 mt. of' wheal. and 
,1.0 1ii1 ()f cl,,i. St',.flln . based on t nut'ienl- price strucLure 

during, I.8(), ritl3'gI', l' Ul'(.muewas 2.5 times more expensive, ind 

aC dl'lin' Adams. and2,1. [I'Fr . acciirt.' to King, ,Johnston ( 1977), 
typ~ica;l ]IJ72 (3.a I,,tra o' total vair'iable costscw percentage [h, 

1t.', , U:, 

(' l ) . I,; Iit''., I) i' i ; ga r IS 2 i Ici 
lo lifl'l z'liit c'rI,, ill 'alil'rlia ww i. ,a - folil3ws I c I 

33 n -. , ,; ,, li tr,1LM, I I)('' )Vl'*O 

1, L ,, il< . 1a(l 111 es I ':_ 121" ... '3<;T. il if1,,%%l,, r.P , . ) on Am:1n11 !,;!f ( ', n i 3, ,l. ; WtiI l I-,, 1Iill,'. 


7f(.1- ' ' , h r i,ly /a.I lh') <. *'( I ! ,rail 1 " (ill i l c
:111d I. tl i< a11 I ,, 

. ,, t -' t i i'f ' t ylf, wr'l' andlItdc,lw n ., I I , , t.',,ll II , y~~l I ;IIt .1iinl ll ,
lI liS1 J 31l ,,'iJ irt lli,,n ):ll t t[ 'I', 1 t iIu..3 ti331l '' ' [IIV ,, 3rn ril [ 

'lh ,ipa l: I ~ 'U, l i" ,' t:<' ill ,t'rl.ig ['i i s ~i. t ii ,t 'l' ll lrt 'ithe 

im pt: l ,I' ;I <''_,ijvf tll ll !,'. ill .1 .i ' t r i S'i llilfe dlilf .rC'1l fri lll t-h e 

hy ;1,)Il ,"-I'Ll11 illlI~litl . ; , ,qllilll ill J ,Jllalld l't anidt (;r 'cll 
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lor Iiiti rnIit I . i utit rienil t -oil 1'r-CiSTIiltli' 22. lric, Relit Iv'ss sition, I ,lid 

N FIolli 11ired ,. M, 'rmSlI b K.,Lal .oll i KC 

" it IiIIYv " wile t N r i tre csl6 1111 wk '. t R I t' Co I'I I 1. I rtt 

0.5 2.0 0 . . 1 .2197 U o. 5 2.2 1 5 
0.7 2.8 1 5 0.8 3.2 0.0 (I, 1,21972 1.3 

0 .3 0.1 0.61973 10 0.4 1.8 1 .1 0.4 1.) 

1974 ,.6 Il6 5.4 i .4 1.5 5.1 0.5 0.2' 0.8
 

4.1 2.0 1.3 4.2 0.8 0.4 1.11975 2.5 1.2 
0.8 0.3 1, 01N70 2.0 0.8 27 1. 7 0. 7 2.2 


1977 02. 0.5 2.5 1 .7 o.4 2.1 (.i 0 .2 0.9
 
1 .2 0.5 1. ( 0.5 0.2 0.911978 1 . 0.01 

0.7 2.9 1 . (1 7 2.8 0.7 0.3 I.11979 1.7 
I.1 0.8 0.4 1.40 0. 9 3s I 7 0.81990 

,1* 1 1-i , v relIat I ,v I I-c " t o ki1 IsAlln; )1 t-ropC ouLpitLlt nteelh' ts 1)l t I Se-I I kg of1 

B th nut ri sot , pr I'reS tre ,liulal vet,igv Crop prices irellit r jeite . mid nip s . 

roI Cllila I slr ,lit .1l14l l 'I ili li iiivd St.,ites tor rIt and olrlnll. Crop11 I'ic'Se 

.ire' o t ii iied l ii lAI I 1981k ). l iiiiilbrs i t rouileld to the fit i'st deci ital, 

trw l 's, tsiii Iirsss , I1.'I ioi U.S. GulIl, ,Mid KCtl trolli anildlj.i. [it.c, 

C 'Nill,cd,I lI , lnsi- 9 1i i t . ilie (olivers-;iofi rit jss iS I kg rolugl -i cv
 

0. Ohskg iii I l,-d. 

11ii 11h;1 1i 

K(II .' ''hit'd , nltrient pi11ic)1 inl('i 5c( lsteur'"I hin gri in prices 

as indlic;lted Il.)y 1he pe i'cenll.'e inclruese in lilt trien t/1ra in p rice 
level from I978 to 1980. The respective 

1,() -, 'roln ''S w;is 2 . ' l 1'.m'( ex pensiv(, a. t (4 120 r'lOnm 

rI tios ;lI. Ithe inlei'n alionan 


1Je(,1'tstH'tage increiscs fo difLT''rnI price ratios a'e ais 'ollows"
 

Cr-op N From rJea PZ0 5 'rom TSP K0 From KCI 

44WheatL 23 43 
63Corn 38 62 

Rice (mi lIed) 41 64 71 

Fourth, the percentage increase in the individual nitrien1t. p rices 

from 1978 to 1980 was 57-o for N from urea (most energy intensive) 

TSP. and 859,' for K.,O from NCI ((Iast energy81% for l. 2 W, from 
in crop p rices for ltheintensive) . Fifth . the ptt rcen'lge incrc;'iSe 

saime .period was 2 8 -o'i fol' wheal., IT , fo corn, an 11, for milled 

rice. 

hI'le nutrient/UgIraIin )r'ices 'tced hV armers arci(enerallythe ai'e 

quite different 1from thoset prevailing in the in ternational market. 

These d iffeu'ences ,' dUe I ) a ge-neIWI'al I.0 I'e ight costs , since 

freight costs for I nt. of N frl'om ureai woiuld 1W aboui two times 

that. for wheat.: (2) na.irketing Costs, since irkel inf costs for 

2c . i-ili" - lationships biiscd on nutrient priceS pail by 

farmers in ihe Uniled States during I1980 indicaie tha. N from 

anhydtl'OlS a1on111lia waIs I .2 times, N f'r"o11 Ii(! was 2. 1 limes, 

an( 1>.O), fron T,<-I' w%s 2.3 times more expensive than that of 

K\2() f'romlCI. 
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as;JIrt&ld Il xilxtil pricc&5 .~ alei( i *:1tiii&(. ll LisI.
 

11 LI I- .,() i'T;Iill Il'it - S *I.erm .ih illc kint'IiIi)2,T l I fiitlS(!I I)ur i d 

I a g I CI(Til i cc ve 
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(lu-t iwetu.nIhe iii Inniinlis lttp us by U.Sw Nrp nIv 
ost pritt- ;ia-e p te m illTi( halc 2ii3t.im rfijI ii ),c i. ft, m-x 
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Tabl e 23 . Pri ce Re]Iat ives for Nut r ien I and Crop Pr ices iin the Un.i ed States 

N From 
Anhyluvdi-os Ammonia N Fr,)m Urea 112 0!, From T$1 K.2 0 From KCI 

All .\11 All All
 
Yea r MheA L Corn Sovb-anS Vnse.aL t Corn SoytbeanAs WI ui t Co rn Soybeans Wheat Corn 


1971 2.2 2.5 1.0 
1972 1.7 1.7 0.7 
1973 0.8 1.: 0.6 
1974 1.8 2.3 1.1 
1975 2.5 1.3 1.8 
1976 2.5 3.0 1.0 
1977 2.8 3.1 1.1 
1978 2.1 2.5 0.9 
1979 1.8 2.5 1.1 
1980 2.1 2.4 1.1 

i. l'riCt, relative refers to 
and crop prices are obtai ned 
to the nearest decimal. 

3.9 4.6 1.7 3.7 4.3 1.6 2.2 2.5 

3.0 3.2 1.2 2.9 3.0 1.2 1.7 1.7 

1.5 2.2 1.1 1.5 2.2 1.0 0.8 1.1 

3.3 4.2 2.0 2.7 3.4 1.7 1.1 1.3 


4.1 5.4 3.0 3.6 4.7 2.6 1.4 1.8 


4.0 4.7 1.6 3.6 4.3 1.5 1.7 2.1 

4.7 5.1 1.9 4.1 4.5 1.6 2.0 2.2 

3.7 4.6 1.7 3.3 4.1 1.5 1.7 2.0 

3.2 4.5 1.9 3.3 4.6 2.0 1.5 2.2 

3.7 4.2 1.9 4.0 4.6 2.1 1.7 2.0 


kilograms of crop output needed to purchase 1 kg of nutrients. The 
from different issues of USDA (1980a) and USDA (1981). The numbers 

Soybeans 
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Figure 15. Annual Average Index of Prices Received and Paid by Farmers in the United 
States (1971=100). 

Alternatives to Reduce Energy Costs 

As has l)uen (liscussted above, the energy aliCs and fertilizer 
and food production costs will continue: to increase. There are 
several policy al terntiliVeS which will either reduce the impact of 
high energy prices per unit of fertilize or food outpLIt, or shift 
the burden frOM One scctor" to another. In some cases, t-he 
countrV maly not. really hIVyr a choice. In such a case, it, must 
use all a vailalble means to reduce the impact of high energy priices 
on the farming community Some of these alIt ,ln at ivu means 
include: 

1. 	 Energy savings in fertilizer manufactu ring th , ugh iml roved 
efficiency, 

2. 	 Supl)ementing plant nutrients from nonchemical supply 
sou'Ces, 

:3. 	 Energy saVings in fertilize.r marketing through imlInoved 
mnarketing efficiency, 

. .	 Energy saving; in fertilizer use through imrovumetnts in use 
efficiency, 
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6 

is delibCr
5. 	 Fe'tilizer" sub sidies, especially when goverlment 

ately following c heap food pricing policy, 

(Crop Pl 'icc sUpp1or'ts 01. Co0n I(1' sUbsidies when jns tified, 

wh ich Would increase
7. 	 Ieveloment of i-igai.)ion infii'asiuct.u e 

fert.ilizez p'oducL.iviiVy, and 
which would result in-esCarch and extension8. 	 Agricultural 
efficiency.higher fertilizer resl,-nse and imllroved 

of these programs would
T'he devclopmenl an d imljiemen W Lion 

inc rease Ier'Ltiliz' l productivity, and improve
reduce fertilize' cost, 

the 	cost effectivenessthe 	 economli:s of fertilizer use. Hlowever , 
sectors would vary

and 	 implicatLiuns with respect, to other economic 
of a pa rticular

f'rom one tpolicy to ;inotl'e. The ultimate choice 

policy rl'oglam fl) a par'ticular cotrt ry would dcelJendl on national 
by those counl'ies Ilowever,

goals and po liicy constraints faced 
elrtilizer pI'odtuction, (listribution, and use effi

impro-leri-t in 
ciency arT badly nieeded, aind thee is sul)stantial scope for 

would rcesult in subst.antial gains in terms of'
illp.(ovimCts lb is 
enr 'y savings and/oP expandle(Id food O.ll)Lit 
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CHAPTER 8
 

ENERGY REQUIREMENTS FOR FERTILIZER MANUFACTURING 

1( tO irI~lt1 I I I1lV11U;iWIU UiIV.( d it 'ynr( typeI)s of' n1itr'ogenI 

tphostp1ltc' ;111(1 pitasil 1l ilixers- :ind (2) to coinparIe the enei'g\' 

requjtil-t-flitIlt c-ilstimI t c l'W thU( 'v-;I-i()IS t VI'j S of Irt'Z~S ;n 

(I1(I~V 

Assumptions Regarding Energy Use Estimates 

oil) ; I ri \'c..-illils ()1, 4)1 ;1 Io)I;ill bss VNItuCS l'CJ)Ot(!(1 by 

i uJlll Ci-IS 1-'(Ii ktIUA-opt 

('01l S LI Ill 1 (il I 1 ) thJii' t' l r;It(iS 0 i(l Ig it Was (T(il (I. S c 
(Ollgillt-l 1ol" ll IIC11 I.Isr;lI11V 1) i tsm 

it~lowlI'.I 	 -taltlich M11,d dCdelays1 SI 

1y0 0(1Ia, 1d i hi' aN d i'ec;il'cu l itI ii. t11rO C.Icooli 1g'
'VI~inpiln 

Sa.I hti(-1 ~ (t c(i.I(i l aaI0I)I ieil 11Iretnd b lincldeco ill , andI 

;I~ .i jV Nvia dit 

73. (>'e\ 1 diliga t tip-l i ( I-c;ilchti g ' tough 5t01ig 

5. 	Liviiii- (d hu l iv I ;ui pI Iit ;ir! min heatn g ool ingl iand 
v Ill~4 i .141 , kvi . ill It I I dii tc. 

GI. 0I) ip ; I ' (d' Iiliii H fc I l i s po es ho es r c s 

12 I prii t" I'tI th 41 rukl(ling Il.lsoaeI iiitr Itic 	 i-,111I Ie 
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Most of' Ihe tota! erg'y nSUpt ion values used in Ihis, study 
are ta. en f'om 'l'l's 1979 n' g, Use i'- ey,' ' v I'Uktl'c' 1t.1 

e'. 1he ,nergy-i'tg~'Q 	 Cel'g'V LI.U in t lie 1'79 calendl' yf;' T TI'l t.s 

is includtile ;aIs App 1nd(ix I,. M(),st If Il. biattrv-limit.sSurvey 
va~lues' airt' frui I ( H79), \\'ht'l ;ipp)i''piial~ fIceIhis hN;ts,,CtliIi'ri Ill a111I 	 y
adljusk-d~ I,, 1(),lal U ll~ll6I h ;'Ilh; , . TI "I - ur\'C'y art' 

United ."ti- aint Canada. 

'!, Use 

ai're I't edl. ini inT le li-t. The he'at e(uIiVILAlt. of elect iC'it5' is the 

alnouinl ()I, theril'ai I efl, r,' le(lLiled to gener;Itc 1 kWh and illiliCs an 

f fi iCrcy (A'I.a IOlt. 3-1'% in conver'slion of t he i'lal to elect'ical nel igy, 

incl lUin.,g los ss in t ansmission of cuct.rical nergy to the point of 

LI S U. 'he assu med en erg' eui. lalenl. of sLem is ltss than thu 
)nd 

'I'he' i,'" ' unit. C(ii\'alenI Us Used in FI l'1"g'y SUrivey 

clia 1 el'lrg' ctlt. of' v' o low -)ressu II stealm aan(.1 ossily 
ree'UrS I amo1t. LISa,0Ie energy that. be eXti'IcCd. When1t of can 

onsit a relUi i'emn t of about 1,500 Bl.u/lbStem is gn e'rAIC'at.e.d 
voul Id be more alppjrOlt)' i.c depending" on eficiency nn( on steam 

t.enlmpe.'~lli C'ean (.1pi'eSSlUic!. 

'IFI 	 UseIn the case of ',nmonia production, t Fh total energ'y 
per ton 	 of NIl:; is a5( Ut. 11h higahethan the battery-limits estilates 

frot [ ' W en the is convverled f'rol net to gross 

hCating 	 Value of Mec natural ,as used. A part of this dif'ference 

can be atAtibutecd to the fa'ct that the ene'I'y Use repor'ted( in IIFIC 

(1 979) wis Ibasd on a 1978 ammonia plant design whereas the TIl 
ol(Ci, 	 pn'-alici't 

II"( (1 979) 	 la;t ci" 

sUli\*,'y iii(Alud(l(I Many less plants. On t h, 
it herI han If, in the cast: of phostphi1'i' ;icid Inlibctlf it'l'(, which is a 

intensive i'ocess with la'go of't'sitce ui rement.sm11uc-h l(ss nIei'g 
(gypsum tlisl),5.al), the total ulr'g\' LISU May he rieaily tVice the 
batt cry-lI nilits use. 

The Ml;iil'It aCltiring t)I'oUSS diagranls for Co111ml1 y Lus(d 
finished f't ilizr's alnd fer'tilizer intermuiates are developed in 
Appendix 	 C. 

Ammonia and Nitrogen Fertilizers 

Ammonia 

Aim ni iaMi nLIILieC am n ilizer"S in l hal uses as a 

che mi l'ar ; 1NI uria I N sllh ,ItNIi ".,uch as natlli rat gas which Canl 

tIw,'tl ;:, ;i fkl( . This has led to the belief that ma1 nul'act.Ui'c 

i i [lt 	 it 

als l' 
i , 	 in the sense that it,d, ;im1iiii; ne int.t nsive which i; 1tu 

(,' 1ins'ie-,bycheil i 'ui in'i n iatei'ials11c', thatl ()thei:'wVisc C(lld be 

Liti 'li' . t I et i'i g .. I moilein oni a plant olnly aioUlt.' In1mm1a 

27. 	 'I'hi' 'FI IigiLy Use SII'v.y is in short. lonls. llowever 
, been Made lnleYsS;;itpl',,jo'it	 i ,\',,.isi . ii.to metriic tons have 
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'.h, wturai use.s g(Ie1 e enlrgy" aInd two(n,-lhi'd naw ga-, is (I to 

Ihi (iF, i., .,.1 as a raw malerial (fe.,dSltock ). M It.h of' heI n.riZ\'
 

<c( by ])I-11I' I1(1ia
rel11laiw,: i1l l ll ,w )(Jl-uc as call I)(! (-I111)11.stl'Ma lil n," 

. 1) (;1111111d& 0c. J IlTlW N.NII,(il i~ l l ll' W k, -e 'C W 

in largeii( miti-iiV plan tsa nd Ilcil' h t :t. tillits 

are0 lal)1lat((i i.Jel)w ( also) sec 'al';hl 1-1): 

'
 a
Requirement Per Energy Eqnivalpnt, G:J
 

NlNII Per mL of NFuet anl FeedsLock mt of Ammini., Per iN 


6,.0 43.9
Natur a l gas 37,920 
48.0
0.89 m. 39.4NaphLha 

Fue OiI I .00 mIl. 40.7 49.6 

Coal 1.97 nt 52.3 h 63.8 
107.6 131.2
Elect-rolytic hydrogen 10,200 kWh 


.i.el hatin -au (Ill ) 
h. Fuel for generating elcLriciLy in a fuel-fired planL. 

Source: II"IDC (1979), Chaplter XXV. 

T'he energy 'Nloireentl(Al is lowest, for plants using natuLral 

gas ruml arl t f(edstock and increases as the C::H ratio in L.he 

ree Istock increases (except. for elecrolytic hydrogen). No 

at I .nt)t has Ib.-e.n made to (.,sti~mute Ihe energy requir'n I for 

Ill(' .tCCe, alloys, an l otIerI materials required fot' plant)IWoluicingh" 
component must be subbtanilOI and(OM t I'tl1Cif)l b)ut theI(-i'gn'egy 

, (1975) sugg'ests that.r'oghly I '()l )4'tionl to the cosL ,eachl 
Use lhIy he f'-ofeli'aling"14)tal IINlant (4(FISI' Ui'U(in le!'g'y 

energl' y LIse 25% 

Tlh ;\e'a'. UII'y USe in ini1iia plants as reporLted in Lhe 
orI'I sUrv,. 1rI'cnl.IifogL'1al plankIs is about. 16.9( ;/nt (IIIIV ) 

Nbot()l1 12.2 il .ne'g' Use is dcreasing' and will(;,/iM (IIIV ). 
(lc'asc ll' a." Inlg-saving" 1(:it0t Ipractics- a1'eandt.hut 

hoill. It IS unlikelya(1,,l1e(ld a !nnI eIw , i.!rv-!' ficien t llan t are. 
Iha I I l 'V l(1iIir 111et ;in l h tC' -ease(helow aibout.' 1gy 


,'2 (G.tJ I,,'i;in tural ,sedS Ia&s-Ihtl ;. Aased on I'0ILIC
 

l.V t , in( than ,I c', h h ,ve a lower eiei'yli, hf ',,,' ' ig 

I't'(l il't n t4(4;III I I f,I'11I(TI (Ai';teS at. a mnLICh lowCr
,' 1pr 


I (Ill ~t t "' V i)0)-(' ). the hand,
e (1 '("( r' (n other somIic 

rei 0 i14i' ,.n ~, (, lie' U SS. ,!nvii' inen Ial iProl(ct.ion Agency miiay 
mi (''5,' 'l'!',y ,5 in III,. Iniltl States. 

c.(nuntl ion can he helCd to a minimum hy good 

il;linlten;tn-it .".clh as retpairing of, st.alm1 leaks, replacing defective 

steam tap and heat exchange suI'faces clean.I, keeping 

con28. In ,,h('" WE)'d.(1, the energy needeI in ammonia l lanI. 

struclion is * -, of the energy needed to opera.e the plant for 
its entire Use.'fl life. 
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Dependling on the ffricienc\' of idesign a ndl ,lrat,.tion . , of 
the energy used in ;a plant bIased 0,n natUral ga; or naphtha 
feeCdstock is l LItd NS I'lWl o' firing Ih(- If ormrlr and g'enat1';ing" 

st(eal andi chl(,it'icity. This f (uelneti 1101 'ily hter.,Iuihe sNm, 

,as it ft -e(stt. t l) Ith.'Xlti is'e k lo x W n natuIIal ga; SC'I,irc o1 
1 t { . l 't-'C lM l ' , . to ' e .XtP ('Ml i \ t , f tlI .Cl , i l hM S be e n U;1t l < o f ' i Ih ( ' -11 l s ) 1 f 

md is lmoSsild)h )t wl drvqtuire some changes in design r 
perha,, ji.!gisifiction or the T.)al as opp eti t, di'ect filring 

For the piitrposes of this study, Ilie present ;ver;e(energy 

riquirement tor ammonia j)ro l Ct.ion will be consihidret equal to 
t.he average reported for c'enlrlfu' IIa ht- Iby 1,the T'I su11LVey, 

,16.9 CJ/mt of ammnnonia = 57.2 (;J/nil of N. 

Urea 

Conversion of ammonia to urera solution rCtuires an average 
of 5.53 Gd/mt of urea, and converting the urea solution to prilled 
or granulated lInoduct requires a further '1.07 or 2.53 GJ 
respecLively. Thus, the total input tenergy including01,1. Lsed 

for ammonia tproduction is: 

Energy Use, GJ/mt 
of Urea (46% N) 

Pr it led Granular 

Ammonia manufacture 26.97 26.97 
Urea synthesis 5.53 5.53 

4.07 -Pri1 ing 
Granli] a tion - 2.53 

TOTAL 36.57 35.03 

GJ/... of N 

TOTAL 79.50 76.15 

The average energy use for convetrsion of ammonia to prilled 
urea is about 2.5 times the battery-limits value of' 3.9 (;J/mt. 

(ItFDC, 1979). Th is difference can tbe iccounted for in p)l'l, by 
inclusion of older, less energy-eficient. plants in the average. 
T heire is a wide a nge il ret n[C ('(ergy LIS the lowest. Value 
of the interquarIil, range is oynly 5 Q the tyerage 1lowevert 
it is liLly that the main reason for higher energy use is 
comphlianc(e with st rinlgent P(jlLut ion cont i'o,regulations. 

(.'oatrol Of dist a a d lu nw lfroi t111he t).illin g ol)r i'atiOfl I(.li res 
high-C-ntrgy .'-rulhing o,1f a larg'e volumeC of air folowcd by 
ev;it)orltion of the sCr'ub)t,' solution. Liquid effluent:, f'om the 
urea synthesis an1i eValworation ilitK may, i'eltlir. hydrolysis 
followed b\y st lm stripping or ammonia lti.liliatiti before his

chargre. '['hest ile:,Ui' 5 ai'e energn y intensive. As (liscussed in 
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Urea-Ammonium Nitrate Solution 

Ui're-, immoniui nit'ate (UAN) solution is a )o1)ula1r nitr-ogen 
fertilizer" in the Ulited St aLtes aind sev'ial othe' countlies. It is 
produCQJd I)y mixing ii'ea and ammonium ni. rate solutions and 
adding" waiter" to adjust. to the desirod' g'*Iad e, which ranges 'lrom 
26% to 32. N. The eno'rg'y input, is calculated as l'ollows' 

GJ/mr. of UAN (30% N) 
Ammonia mainifacLure 
Urea, 0.227 mt (solution) 
Aiiiiiioiiitur iiitrate, 0.422 mt 
Mixing, cooling, storage, 

(solution) 
etc. 

17.38 
1.81 
0.73 
0.25 

T''OTA 1 20.1.7 
Total per iift of N 67.20 

Ammonium Sulfate 

Ammonium sulfat.e is produced directly from ammonia and 
sulfur'ic acid. or from a solution which is obtained as a byproduct 
from manufactu of fr-om coke gas,0'e cnat'olactam , scrubbing oven 
or1 f'on va z'ious other processes. 

The direct process is exothermic, and little energy is 
i'equii'ed. Pr'oduct ion Ilrom byl)roduct solution 'equires a 
substantial am1oun. of encI'rgy for" evaporation of' water from the 
solution which uLsually contLains about 10'-, ammonium sulfate. 
Estimlatled ener-gy requi'ements a'e taken from IFDC (1979). They
do not include the energy involved in producing sulfuric acid, 
which may be positive o' negative (see discussion under Sulf'ur 
and Sul'u c Acid). Also, energy f'or granulation is not included; 
some direct processes make a cr'ystalline pr'oduct of suitable size 
without gLanulation1. 

No allowance for ene'g'\y f'or treating effluents is included; in 
most countries no treatment. is necessar-y. In the case of by
pr'oduct mate'ial, ener-gy for the manufactui'e of ammonia is not 
included. If synthetic ammonia is used, its energy component is 
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charged to the process that produces the byproduct. Estimated 
energY use values follow: 

Energy Use, (UJ/mt of 
Ammonium Sulfate (21% N) 

Sy the tIc Byjproduct 

Process energy 0.59 4.70 
Ammonia manufacture 12.01 -

TOTAL 12.60 4.70 

GJ/mt of N 

TOTAl, 60.00 22.40 

Ammonium Phosphates 

AlthougI1 ammonium phosphates usually are considered as 
phosphate fe:'tilizers, the most popular grade (cliammonium phos
ph:lite [ 1AP]I, contains I8, N (18-46-0). For present purposes, 
the energy component of nitrogen in ammonium phosphates is 
taken to be equivaleInt to the ammonia used in its manufacture-
57.2 GJ/mt of N. The logic of' this assumption will be discussed 
unde' Amm\11onium Phos)hats. 

Comparison of Energy Use for Nitrogen Fertilizer 

For com])aratLive l)urPosesC, the energy inputs for manufacture 
of various nitrogen fertilizers are tabulated below: 29 

Energy Input, 
Product % N GJ/mt of N 

Amnon i a 82 57.2
 
Urea 

Prilled 46 79.5 
Granular 46 76.1 

Ammoiium nitrate 
Prilied 34 73.4 
Granula r 34 71.8 

UAN solution 30 67.2
 
Amnon iun sul fa te 

Synthlieti c 21 
Byproduct 21 22.4 

Ammon iurn phosphates 10-21 57.2 

2-. - e-corresponding energy use estimates reported by Leach 
(1975), originally from Imperial Chemical Industries (ICI), are 
61.3 GJ/mt of N from ammonia, 73.6 GJ/mt of N from prilled 
ammonium nitrate, and 79.0 Gd/mt of N from prilled urea. 
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Phosphate fertilizers and Intermediates 

Phosphate Rock 

Phospla t(, rock is prepared tor processing by mining, bene
ficiation, drying , calcining, and grinding or some combination of' 
these steps. Not all of' these steps are required in all cases. 
Fcr example, several plants use processes that accept rock with 

only mining and benef'icialion; the wet concentrate is fed directly 
to phosphoric acid production. Several other plants accept wet 
rock for wet. grinding. Calcining is not necessary for" the 
majority of w it is necessary u sually replacesrocks When it, 
drying . In some cases, however, calcining is followed by vet 
beneliciation, then by drying of' the ,oncentrate. 

The energ' use for the rock preparation steps that are 
lnainlyreported in the TFl survey pertain to the United States, 


Florida, and are not necessc3rily typical of world averages. The
 
average grade of the ore mined in Florida is about 10)-12% 12Os,
 

the P,,,O, recovery isthe concentrate is about 30% 1205- and 
neans 5 mt. of ore must be nined and beneficiatedabout. 60%. This 

to get 1 mt of commercial phosphate rock. In addition various 
amounts of' overburden are removed and eventually replaced to 
reclaim the mined-out area. 

In contrast, in most. of' the west and north African and the 
areMiddle East phosphate mines. the grades of the ore as mined 

in the range of 25%--30 P.0,, and simhple size separation (screen
ing and/or washing) is used to beneficia te the ore. In a few 
cases beneficiation is not necessary. 

For the purpose of this study, the lower value of the inter
be assumedquartile range of' energy use fromn the TIl survey will 

to apply to the world average for mining and beneficiation, while 
average survey values will be accepted for the other steps. The 
accepted values are: 

Energy Use in Phosphate Rock PreparaLion 

Thousands of 
SLe - . BLu/Short Ton MJ/mt. 

Mining and reclamaLion 1.88 219 

Be e fi ci.a t ion 210 244 

Drying 402 467 
902 1,049Ca] cining 
270 31.4Gr di.niiding 

According to Sheldrick and Stier (1979), about 8% of the 
world's phosphaIe fertilizer is supplied by direct application of 
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grOiund l)hOspha iter1Ock to the soil. Rock sold for this pirpose 
oil the world market. is i ined benef'iciated, driied and gr'ou nc.l 
The total enero y use is 1.21 J/mt or 4.05 Gd/mt. of P,.)r, 
assumiing n averagifle cT,of 30 1-, A hi o'er' :m oun t., . of 

(Iome, tic rock is used for direct application, particularly in the 
U.,S.,S.l. and (Ihina , but. also in S0fW ot.her" Countries. MOSt Of 
this rock is used vith only mining and grinding, and hence is 
usually lower' in g'raLe, tHe tot.al energy use is only 0.53 Gd/nt. 
or 2. 12 (J/mt o(f 1)205 assuming an average grade of 25, 1205. 

Phosphate rock sold( on the wo rld market for further 
processing is mainly dIried but. not. gl'ounC before shipment. It is 
usually consider'ed uneconomical to ship wet rock (about 15% 
moist.ure) far'theI than about. 500 miles (800 ki). Also some 
processes ie(quire dry.V rock even for plants adjacent to the mine. 
So fr the Ll'pose of this study, rock sold in world trade will be 
assumUd to e i in el, beneficiated, and dried, with an energy 
inpul of' 0.93 (I/t or 2.91 G/mt of PvOr (the average grade is 
about .32", l'Or). GWinding, when required, will be considered as 
piIt of Iui'th e r processing. 

Sulfur and Sulfuric Acid 

Sulfuric Mcid is required 1'or producing, about 80% of the 
woIld's phosphate fertilizer. As reported in Bixby (1.980), the 
world production of' sullfuous materials by ty)e is estimated as 
follows' 

1980 Estinated 
Product-ion of* Stilfur 

illions of 0% of 
. . y . . ..... of S ToLa I S 

Frasch-miiined elemental sulfur ]3.6 24.4 
Recovered elemenki l sulfur 22.6 40.6 
Pyr i Le 9.5 17.] 
Other, mainly Ihyproduct. smelter acid 10.0 17.9 

TOTAl, 57.7 100.0 

Of tfhesu o-tI' only Frasch-mined sulfur is energyforms sulfur 
intensive' it. requii.es larg'e quantities of luel to superheat water 
under tiessurti which is l)Liinl)eCl into the sulfur-bearing formation 
.o mel th- .ulf'ur which is tlhen tLllil.)CCl to the surface. The 
enlr L( is likely vary f'rom one mine to anot.her; I-lffman'lo 


.. l/m t.,. of 
'7.8'8 ( ;/nt . l'i',h-nin ,,isulfurL is expected to dtecrease as i 
elc) ulia,, td, total :i1 tlh fuurell' while bsulf'ui" is 

(1980) givc s ;:3-8a an ge ,f F. ,1(', with all ave rage 

Ilh( ircOVeCed 
eXl.clt'l to inrlt;se. l{ o e sllf'll t.IprSeInt is mnl1-11y that 

.)\.'((:llrl( il -1'l g-as a1n1 feLl.'l iln lhe, futu-1re moreoil" Sulf'Lfu' 
will be recoveCed frI coal gisilicalion and liqluefaction and from 
1)('O(:ssing taII sallds. Th nlerlt'componenl)1t for recovered 
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sulfur is assumed to be zero, since any energy involved is 
charged to the main product, i.e., gaseous or liquid fuels. 

Pyrite ore is mined, usually by open-pit mining: little or no 

is needed. In some cases, py rite is a byproduct of'beneficiation 
mining and beneficiation of' nonf'errous sulfide ore. 1,'1 the 
purpose of' this study the eimigy requirement is assumed to be 
the same per metric ton as ior mining phosphate rock, 219 MJ/mt 
of pyrites or 438 Md/mt of S. Most of the category "other forms" 
is bVpIVoduc sulfuric acid from smelting nonfe'rous sulffide ores 
(e.g. , copper, zinc, and nickel). RecoveVy of the sulfrl' dioxide 
released in smelting operations is now mandatory in most countries 
to prevent atmosI)hei'ic 1.ollution. The r-esulting byproduct 
sulfuric acid Must be disposed of' to prevent water pollution. 
Whatever energy is used or released in the recovery process is 
charged or credited to the smelting process, so the energy 
component of acid used for fertilizer is taken as zero. 

The net energy released and utilized in producing sulfulic 
acid frl'om elemental sul'ur" is given in the TFI Energy Use Survey 
as 1.131 million Btu/short ton of' 100% 1-lSO1 (1.315 GJ/mt). The 
\vide range (+1.883 to -0.270 million Btu/short ton) presumably 
reflects clifTerences in efficiency of' enery recovery. Some other 
f'actors afTecting energy use a'e whether sulfur is received in 
solid or licuid f'orm and what measu'es are taken to prevent 
atmos)her'ic o)011ution . In any case the ave'age will be accepted 
as ty)ical of' Current practice. The energy is released in the 
f'orm of steam and is often used to concentrate phosphoric acid; 
in some plants the steam is used to generate electric power for 
in-plant use. 

i'loCluction of' sulfuric acid f'rom pyrite generates somewhat 
less usable energy than plroduction fr'om sulfut'; for the purposes of 
this study, it will be assumed that the net energy balance is zero. 
About 0.33 mt of elemental sulfur is ,reqluiled per metric ton of 
sulfuric acid. When using Fiasch-mined sulfur the net energy use 
is: 

Sulfur mining 7.38 x 0.33 2.44 Gd/mt 
Sulfuric acid production -1.32 Gd/mt 

Net energy use 1. 12 GJ/mt 
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Similar calculations have been made for the net energy use or 
recovery for other sources of sulfuric acid and used to calculate a 
weighted average as follows: 

Net E.ineqry Use (+) or Recovery (-) for Sulifuric Acid Production 

Source 
Net Energi 

GJ/'.t 
Use, % of 'Total 

112 S0 4 

ContribuLion 
Lo To~al GJ/mt 

Frasch sulfur 
Recovered sulfur 
Pyrites 
Smel.ter acid 

1.12 
-1.32 
0.15 
0.00 

24.4 
40.6 
17.1 
17.9 

+0.27 
-0.54 
+0.03 
0.00 

Weighted average 100.0 -0.24 

Thus the net energy use per metric ton of sulfuric acid in 
the world as a whole is slig'htly negative; more energy is 
recovered than is used. However, countries that import elemental 
sulfur are not concerned with the energy required to mine it. 
Therefore in further calculations involving production and use of 
sulfuric acid, the manufacture of sulfuric acid will be considered 
a source of 1.32 GJ/mt of usable energy with average recovery. 

Phosphoric Acid 

About 60% of the world's phosphate fertilizer is made from 
phosphoric acid. The TFI survey data show four steps in pro
duction of phosphoric acid: preparation of' phosphate rock, 
production of sulfuric acid, production of filter acid, and produc
tion of merchant or superphosphoric acid. Filter acid has a usual 
concentration of' 28% P2 O5 ; merchant acid, 54% P205 ; and super
phosphoric acid, 70', P,,Or,. Another concentration, 42% 1)205, 
should be considered since this concentration is sufficient to 
produce granular TSP1, DAP, and MAI) by slurry processes. 
Plants that make these products often concentrate part of' the acid 
to about 5,1-5 P2O 5 and use a mixture of the concentrated and 
dilute acid equivalent to an average concentration of about 4095 
P)2 0 5 . Fertilizer companies participating in the TFI Energy Use 
Survey reported production of' about 8 million short tons of 1P2Os 

as filter acid of which 46% was concentrated to merchant-grade 
acid and 12% was further concentrated to superphosphoric acid. 

One company in the United States uses a hemihydrate 
process which produces filter acid at a concentration of 42%5 P 2 Or. 
Since this process has an energy saving potential, it will be 
considered separately. Several plants using hemihydrate 
lrocesses have been built recently in European count.ries and in 
Japan; they produce f'ilter acid ranging" from 409, to 52% P 20 
Phosphoric acid is usually shipped as merchant-grade acid (about 
5-11-0 P20 5 ) both in domestic or export trade; this grade is also 

87
 



suitable for making run-of-pile ( nongranulAr) TSP. Supe'phos
phorie acid (G9-729,-, )2 O,) is also shipped anC often converted to 
liquid fertilizer (ammonijumloly lhosphat.e soluLion) by the user. 
The estimated energy use for he various g'a(es of phosl)horic 
acid and for various prv, ces., s is shown in Talc 2,1. 

Tal',,he 24. Entrgy Use tfor I'hospho ri Acid P'rttlhltll 

I)ihydraLe, Ileniihyilvra te, 
Dihydrte, I)ihydrate, Wet, Uiigroilt W.et , Ungrotiii

Process l)ry Rock Feed Wet Rock Feed Rock Feed Rock Feed 
----------------- 7 7G~h~tof +i, 

Rock ilelaration) 3.09 1.49 1.49 1.49 
S IIluric : dicd -3.67 -3.67 -3.W7 -3.67 
Fi Iter acidi 4..18 3.65 2.61 2.61 
Coll,:et r,: t'ti to 2.80 2.80 2.86 -

Totia for 42% IV20, .40 4. 33 3. 29 0.43 
Coijentrated to 3.34 3.34 3.34 3.34 

54, PO, 

Total for "J-,I5'(J, 9.80 7.67 6.63 3.77 
Concentratedl to 3.13 3.13 3.13 3.13 

70% !2. .. 

To' ,l1 for 70 ',-, 12.93 10.80 9.76 6.90 

...1:ss A~mpton:9%a i'..,p(Jq ,'.-r(0.tJ~rV 3 Uil2 of-p-ii itllate -rok alt!ii,- 278 lil.tof ...a,. l~t,s: :,y u~L 
112S04/mtLt of .0r, recovert'd. 
1. li iig, httl iCi.tiOn, and (when rev, ired) drying. 
C. Based oil use (it elieni tal sulfur w.ith zero elergy charge. 
d. uldlll ig gr i iing wliti r qulired. 
e. Based fil TI"I average of 6.2 ;.J/mt l'.,li, for productioll of merchant grade frol 
fil ter grafte. I iltr rddhl sd;iniie to he 28md , awl merchait grade 54% P20 5 

Ene rgy lisc a :ws ined to , r pi tortlonal t, watir .vI pora.io . For hemilydrate
l) ro e Ss -14 ' p,. ):, .1 ( I d i.!; ,d)t~ij e, IIII e t 1y Ir0111 th,11 IIIte r . 

It. will be note:d ilia L the energy use repolted in the TFI 
Survey for the phosphoric acid production step (dry grinding) 
shews more than a Lwofold difference between the upper and 
lower' values of the interquaitile range. This wide range 
probably reflects, among other factors, differences in measu'es 
taken L.o control pollution such as scrubbing Lhe fluorine-laden 
fumes generiated d u ring acid producution, control of cust, during 
dry grinding, and disposal of gypsum. The number of plants 
using wet rock feed is insufficien t Lo show an Wnter'(tualtile range. 
In view of I he small numbeor using wet rock and .he large varia
dion in energy use for plants using dry rock, it is doubLful that 
there is a significant energy difference in the acid preparation 
step: the main saving for wet. grinding is in the omission of 
drying in lhe rock preparation stel). The TF1 Survey shows that 
W31-of the plhosphoric acid was produced from wet rock feed. 
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The OXY hmihydi'tl pi(oC11ss iS th only helihydIaIu 
PI'OCeSS knoWn to1.0 c in LI(e in the United Sittes; it. has been 
describ.d by MlrcIn do ( l9S0) ani ('ea-sal e. al. (1980). I low
ov'eri, severial ot01C h em ihili'(ieto[I)V'0C5eses ae in use elsewVheie:. 

Iltemihy (r;ite i'oce s S s in gen iaIl have the ad v inta ge of 
produci g ;ia more corlcent.i'aled filtri' ac (i.,fhieve hy Saving thle' 
eiergy reluir'l t.ocon cel .1'tNe the a Ci(I t.otle e(Uire'd leveI. 
The steam Saving in the OXY process isequivalent. to 1.64 GJ/mt 
of' P2 05, on gnu 'rom the steambased! elect ricit.y 'nllted (Caesar 
et al. 1980). hlm ihl dil p po Ce as. ;-lMU 'a Iocesses 0dLi acid 
concentrated ;is 57,. 1-0, ( using hilh- g'ra de rock). This w,) ld 
IesutI I. in R 111h I' savings When acid of I is ,oncenl.ration is 
IreluiI'ti . L e sItamN usua lly is availa)ile from an adjacent 
su lf'uriic acid dan1t. any steam sa v( d must. be utilized to recover 
enorgy. In case of' the OXY phln t the steam is used Lo genera te 
electricit. 

A second unergy-saving I':at1ii'e of the hemihlydral, e lroCess 
is the use of wet, ung'ound rock. 'his saves about. 2.60 GJ/mt 
of P()5 ;as comp)a'e(l wi t.h i sing dried, ground rock. At least two 
dihydra.e processes Is well as most hemihylra.e processes are 
adaptalhe t.o using Wet., 1.Lnground rock provided the maximum 
pa rticle size is less thllan at)Ol 11m11. Most. commercial rock meets 
this C'itTiOll . Usin Wet rock is economical whel, the plant. is 
near' thu, mine thut not when l.1e rock mLst. be shi)ped long 
distances. The encrgy-ssavin 'rIt ures of' the h(mi h. vtrate 
)l'OcuSS S shoull enHic)Lii'g tbheir rapid adOl)tion , especially in 
ener' - ~COLl With good miinigemeni.dcficieli I .its. i hemiihydrat.e 
phosphoric acidl lllt Opei'at.ill in conjunCltion wit.h 0 slfuric acid 
p)lant. shoulI iDr 1C(1uC an excess of' enel'gv which coulIdI be used in 
ot.hei' units ()t h( (complex. Ot.her ;it.tiictlive features of' hemi
hyd'atue piocessus ai' that thu capitl cost is somvewhal. lower than 
t'or' dihydtrale inesses landthe product acid is relalively free 
from sludg'L-fo'ming impu'it ies. 

A11oh01r SOLi 'CC ot ei Cry inI)iloslhoi ic• acid production is 
through i'eC(.'ei'y of' uiraniln, All seuiment.ary l)hosl)hate rocks 
conahtiLii.'a ilfl1n in (onct-.ll . 'attions usu ally ag?' in the range ofIi;.hit. 


50-200 ppm. Severil t)lint.s in Af'ica, L,',O)e, and the United 
States 'CvIOV '" Lir8ni i inifi'( i[r)hosphoric aci. Fo' those PlaiLts 
that.IJl)05Lse, lorida .it 1 l rclk, I'ecoveI' of I lb of' uranium 
oxide (er) per short ton of' l.Or, in phosphoric acid may be 

, kg of' tU,,0 8 /mt of(-I' This 
;iaot . 0:f'ui;tlinilm is cliiltle of' gee raIt'Niling L'oLighil 200 Gd of' 
elnil'gy' ill nu hsl"i ';iactors With cL'l'onl IttClnologv', this is 20 
times the a \'tri'awgo onevi'g V LIs of n11 i ta Ctlllii'ng il(,'ch .nt.-g'aido 
phosI)horic acid. i cin i'ccove'd nit.ropllos-

tyl)iCal. Tlhi is (eqiivaTlnt, t 0.5 P.O. 

t'anitinm also )0 in 
pha . Il)'. es 50s tl'ol sol ltiins of' phosl)hllt.(, 'ock iiin iti'ic acid. 

Triple Superphosphate (TSP)
 

i'anl a r 'l'SI' is maIC. I)' On0 01' two pi'oCesses, In the 
tvo-sltep lwioccss, nong'anula TSI'P is pI'OdLICe(I in Ihe fii'st, and 
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0.388 

il scoiii step. '[heS+) nonci'nular '1'8, also called 
also used mixud 1ertilizers.,un-Cdf-lile TSI'P, is to make gra'nulr 

In the Slu 'V pVOCTSIS, grou fndI phosphate rock i'&,IctL s with lp hos 

plhoric acid of about 1096 concenl.r;ttion , and .he rsulting slurry 
iS g1raulat1e( and dried. In both processes, Ihe rock must he 

dried and firely ground. l'e Usual .),'M'CAof the 1iO(CIUCI is .16,, 

P.2 .,. TypliCI plr)opotI'Lions of .g'rotutndi rock anld )hosplhoric acid 
I IT(. : 

mt of rock ",,io P2 ,-)/mt of TSP 

ml of acid P 20s/,mt of 'I'S1' 0.3,6 

on averageEnergy requiremIentls 1'o1 the two processes, based 
from lhe TI survey %nd phosphoric acid energyprocess energy 


recluiremei ts from Tal.1e 24, are shown in Table 25.
 

t;S(' ionjl-,, Gral ,1i TSIlV.ll' 2). Energy ill lk- ot l l' 

,J/t (u I TS o i r ; j a, -
I)111y,(I r ILv , . .. . . . .. .... - d~ e.; 

Po ',s !rv Rock Feed W'L Rock Feed 

' +; ' ' ' ' 
A . T',," -Ste-lp 

Rock for fS, 0.3)t 0). 36 
3. 3) 1.30Ac id l , .A , " ) 

0.41N,,gr,juu lar ISI 0.41 
1. 11.01Gr.ullht ion 
3. 08.5. 17hI Af:1. 

IH. SI in'r ' -,
 

SP 0 30, 0. , i)
 11,,tk fmI il'. 

A(i II\id '3 , '~Ia e ',' - • )' . 4• 0. 15
 

1. 74 1.74 

4. 14 2 5I . I . -) 

ilk lig i'Ftk gril ild g. 

The &i;[a in lable 25 show that. the two-stel) pr)occs .' is nlore 
ene 'y illt nsiv'e than the SlUtlrry plOCeSS, mnly Icaus( it 

1'e(iU il'US 11101-' coFleeitIrate(lI phosphoric acid. I1oWCV CrT Ihe slITy 

pi'ocess is n10 enl ti'ely\' s;IlSta';cto 1 101' Use WiI Soilsom lllI'0(ICLive 

rocks. lh data also show lha the Lot-)l energy usu for T.S' is 

slron gvly inluen cedhy tb he type of process used for p repa rI tion 
of' php)hol'ic acid . 
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Ammonium Phosphates 

The TFi survey shows process energy use equival,.nnt 1o 
0.1942 GJ/mt for I)AP and 1.175 (Mi/ml. for MA1P (both assumed to 
be granulal'r), 'hereC is no reason why MAP should b.w more 
energy intensive th an I)AP" the difference is aSStlled to b)e 
adventitious and related 1o the small number of responses for MAP 
shown in Lhe energ' survey. 'l'herefoie. the average .energy use 
for I)AP vdl be assumed to apply to MA P also. Nearly all of the 
1)AP is p roduced as a standard grade (18-46-0), whereas 
numerous grades of MAIP are marketed-=-11-t8-0, 13-39-0, 11-55-0, 
13-54-0, etc. Some of the grades conlain ammonium sulfate. For 
the purpose of Lls study a grade of 11-5-1-0 will be assumed. 
The great majority of ammonium phosphate plant.s use a slurry 
process in which he phosphoric acid is used at an average con
centrat.ion of about 40% P205-. In this study an average concen
tration of' 42%, is assumed. Total energy use including that. for 
phosphoric acid preparation by dihydrate and hemihydrate 
processes is shown in Table 26. 

Table 26,. Enrgy -Use .u.ro'tiict o of Gra Ia r I),A'aid HAt 

hor IC Ac i t Iroc.ss..I hy / slplDihlyIratve Ile ihy ram 

Process, Proces, 
Product Dry- Ruck Fved Wet Rock Feed 

Aci d P205, (as 42% I'205),a 3.00 0.20 
Process e ergy 0.94 0.94 

Total, not inct I igg ammonia 3.94 1.14 
Eriergy fcor ammrroni a 10.40 1(0.40 

Total, inc luding allurrorlia 14.34 11.54 

MAP (11-54-0) 

Acid P2 )1 
Process energy 

3.52 
0.94 

0.23 
0.94 

Total, 
Energy 

not including ammonia 
for amimoni 

4.46 
"a6.36 

1.17 
6.36 

Total, including ammonia 10.82 7.53 

a. Assimin (g9% reckvery. 

Monoammonium phosphate may also be made in nongranular 
for'm for use in granulation of mixed fertilizers. In Lhis case it is 
usual to use acid containing 50-50g P2 05 , and the resulting 
product is not dried. In this case process energy may be only 
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aboult 0.38 (-/Nt., hovever, the energy input lor' concentrating the 

acid from 12% to 5, 1.,05 will add about 1.8 (GJ/mt. of MAP, so the 

total ene'gy in put will he higher. 

Some plants prduce granular MAI) or I)AP fromnmerchant
grade acid ( 5,%) partictula I y when the acid is shipped from a 

(198)), processesdisA::nt source. As discused by Achorn et al. 
" are a vaila ble I'o' producing MAP) or I)AIP from merchan.-g''ade acid 

without drying'. Thus, the process energy is decreased by 

eliminating the need for fuel for drying (about 0.31 GJ/m t) but. this 

saving is not sufficint. to offset the energy for concentrating the 

acid. llowevet', when the energ' required for transporting the acid 

is considered the total energy use may be less, depending on the 

shipping distance. 

In comparing the thi'ee most popular phosphate fertilizers--
TSP, DAP, and MAP--it seems logical to compare them on a 1l205 

basis, omitting the energy input for ammonia. The comparison 

follows: 

GJ/mt of P205 
Product Dihydrate Hemnihydrate 

TSP 9.43 4.89
 
DAP 8.57 2.48
 

MAP 8.26 2.17
 

The 	 comparison indicates that TSP is somewhat more energy 
than DAP or MAP probably because the heat of reactionintensive 

of ammonia with phosphoric acid is utilized to decrease energy 
use. However, the choice of the method used for preparing the 

phosphoric acid, dihydrate versus hemihydrate, gives the 

greatest opportunity for energy saving. Alternative ways of 

providing equal amounts of solid nitrogen and phosphate fertil

izers may be compared as follows: 

Eporgy Jse for Manufacture
 
0.18 	mt of N and 
0.46 	 [fit of_0 ... 

!1.54 GJ
I mt of DAP 
1 t of TSP plus 0.39 t of urea 2.25 GJ + 14.26 GJ = 16.51 GJ 

0.85 	mt of MAP plus 0.20 mt of urea 6.40 GJ + 7.31 GJ = 13.71 GJ
 

This comparison, assuming hemihydrate process, shows that 
of and 43% more thana combination TSP urea requires energy 

DAP for the same amounts of N and P2 05 . A combination of MAP 

plus urea would require 20% more energy than DAP. Shnilar 
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C(alculatioIN s , ;Il.S-; In in. t hit tIh1e d ihl di'tal pe)roc-.'-;S is use d for all 
1)l1(0S I)1 (.' I i Cj~t S11 w tI) I y \' ; Ia i I;I !s (T :0':, and 15,, for 

)\l' O.jVeir l'l t -U i ;ilic .lA\l'-u1- tC: C((' lIint;llinns-, IT.)(S)tively. If 

hc l Tlli-, c'I>lflp;ris,,Jl [l-ot )ilythat 
ant u'ea ('Lit1 hleI)(, .,ti ;I MlXIi. 'v. tIie' arie 110t. (:orIlpNtitle. 
WI,,j!l I t'!% L 'L it.l'. 	 (Im(s1 in T,"', 

Single 	Superphosphate 

' rod uct i ,n(,IOf sin e s pej'rhosl)hato (SSi81') is Carriied oiiI in 

eU'(Li;Imlent similki' to. , id s,-,met imes ilnticatl %Vith11, that. used f'or 

nongi'dinulai TSP. Therefore thu prcCss energ', including rock 
grindIing. is ass.uime(Id t.0 e lhe saille per metl ton of product 
(0.11 (d/i t). Most of the 1SS' is piro(tce(I in iIolnglainulai" form 
atl u.sed as such as an ingredient of galari" mixed retilizer. 
Some [)hln produce granular 5il) iranul;.tin," the plroduct as..,Is 
it comes from Ihe den. 'his is ;a common pratice i i Australia 
and New Zealand Acco rtin , to Sinte Maartensdijk (1976), 
I t tery-limi t (sAegy Use for granular SSIP maleI1 y ex-den 
granT u is GJ/ni" 50%, ol'sil.e energy givesIlItion 0.7.1 adding for 
1.11 (;J/m. (;inular S,1' made by grainulating nongranular SSI) 
i'eclIa imed from stoi' ge would require more energy; Lhe ene rgy 
use figure for granular 'l'sP by the two-sltep i'ocess (1 . 2 cJ/mt) 
seems reasonable. 

Production of I mt of SSP typically Vequirles 0. 626 mt of' 
phosphte! rock (33% P205) and 0.363 mt of sulfuric acid (100% 
basis); with this grade of rock a product. containing 18-20% 
availal le l'2r is Imoduced, depending on rock quality and 
product mloistulr conl.ent. 

The sulfuric acid for making SSP may be supplied by an 
onsite sulfur-L urning plant, but. perhaps more often shipped-in 
acid is used, often smelter acid or "spent" aci from other 
indust'ies. Sometimes SSI' pIlnts aie located at smelter sites, 
but inure1'C tltlen they are located in areas where the product (SSP 
or mi xe fertilizer) is maurketed . In tfhe case of' on sil.e sulfuric 
acid t)rodUction f",m sulfur, the'e might be some difficulty in 
ut.lizing the sU i'pllus oneriy from sulfuric acid production unless 
l.hei'.e are o he i" rel;ited operations (such as mixed fertilizer 
production) Ihat caln Iltilize it. Ior the pu'pose of 1.his study, it 
will be assum-(I thatl SS1' product.ion uses shipped-in acid. 
,nel'g'y ust, is C.stimAte(I to be: 

GJ/ML 	 of SSP 

0.626 mL phispaLhte rouk (,ry) x 0.93 (;J/ML 0.58 
Process energy for inograiiinlar SSP 0.41 

Iotail for iionraniular SSI' (0.58 + 0.41) 0.99 
Process eliergy for granular SSP 1.11 

Total 	 for granul tar SSP (0.58 + 1.11) 1..69 
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Comparisons of Energy Use for Phosphate Products 

It is hat energy use f'orI phosphate 1ert'ilizels can11\'i1L11 
v'ar'y \\idQ (ytdcleibling II t1hw phosaIt.e rock pil'Irlltion steps 

and (Il I h ,,.thri ;Ii 1 LlfhC)lt'ila"In t:-S. ])1 W(.'V(;I', lh( 

;a\'t' Ct' .lt CIA- phosphates is l.IClh low'r than [' Ilit.l'o-tfltI'''V 

,,'"l lA. iliTtr'p l'eilc SUlIWC'Il)IVSI;ItC thie MOSt popfular' st aigjIt. 
1)h0 ihat( . itl'tielt' , I'eOtuie lss thIn 1) (;J/1l of 1.,(), when 

l
 
lhIIIil 
 ]hV tIll Iost popular comnt)inalioln of p)t(t.s5s 511:1)5, whe eas 

, t nr1 ogen t('Tl.ilizel', IU(jltlil'eS ;at)OtlIll'e!a, I ll.' 1lt4 t;lt 

80 Gii/tnt (A N. Also it is tovih'ilt that 'ctcly lt\'\' (Jlo)e(( tech

n h012'v iS i (;' l ( ot.)' I'C(Itl -inl' H2 eIlLI'O-'' t'01' [)l1jh )AItQthe us( 
to Zt,'() ill su W CI(,Lt5e . ()1 .h , otrhet handf,(, ili t'S ,ti t'y 

~r.y ti ot' t n;tnufaetult+' of sy'nthtic nitl'og'n fertitilizurs viii 

a ithtogh Ihere are op1pot't uniti's fo significan tIV':Ift Ill h i-h 
sAn. VI';lecValues for" thC .S e of' energy' t'" the 11ot"e 
popular" phophat rI''tilizel inatermedintts ni pLct s are! suM
ii;llviz(,kl in Tl'lhk 27. 

Tab le 27. Comparison o t"'i.rgy Use for Phosphate Products 

rodic t. ./ml. of- product GJ/mtof 1) 0 . . .

Phosphate rock for di recL appt icat ion
 
Mined, t)enei cia tel, dried, and grotod,
 

1.21 4.0330% P205 
Same as above but, granulated 2.06 6.87 

0.53 2.12Mined and ground only, 25% P2 0,5 

Phosphoric acid, merchant-grade, 54% p20 
2.04 3.77Ihemihydrate process 
5.29 9.80I)ilhydrate pirocess 

'SIp, nongranular, 46% 1.Or, 
2.07 4.50Ifem ihydrate process 
4.16 9.02I)ihydrate process 

TSP, gratit tr, slurry process, 46% P2 05 
2.25 4.89Itemi hydlrite process 
4.34 9.43) ihydrate 1rocess 

IIAP gramnulr, 18-40-0 
1.14 2.48li ihilydrate process 
3.94 8.57I)ihydrate process 

MAP granuilar, 11-54-0 
1.17 2.17I11i1hyIlratL process 
4.46 8.26l)i iyd', te, proces; 

SSP, O P1, ),02
 
Nongra3 ila r 0.99 4.95
 

1.69 8.45t;ranular 

-A. Dois niot incl ude energy fo LrTasport-ation of raw nmaterialIs or producis. 


Use of recovered sulfur assumed; no energy charge.
 
b. No credit for energy from sul furic acid production. 
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Potash Fertilizers 

The T1 sUlvey g!i\'VS aln lt\' 'ig' energy use of 2.55 (.J/mt 

of product, for p,)r (:,luct.i(n (,1' uriate of potash by shaft mining 

anI I)enfici;tiion. Since this applies to an ave'rage ,)f 8.2 million 

tnt ofl product. it is le.sumably typical of energy use by the 

North Amc..rican !otash inlustry. I)ut not necessarily ;tJ)plicahble 10 
I S ( rCr iIiXC'I--gI ;I I)0 , thssio~~~~her~~:';I. SII",C; C.),r:t L I 

chIloritI u) t v)icall\' c ontains M-,i 0.,() ()ver" 95 f the 
1l' loilite- ),l;Iss titterU's ommerciAl ch;1n11ls in this fi0o'Ml iuIII 

ehe ft'Met's 	 in C,.oll)u(AIid 'mixed)-Ilthough tIlMuch ,f it intwle, 


fertiliztr5. Th ;I\'e,,uItgu irwlI(1CS all size ra(es' standard,
 

coarse, afld L'linulit. Much of the, cot)i'sC altnd grlanular pota: h is
 

formed1 b ')h (,lj~ii'tiono, stlep I slight, amount of
'oll a that. t'(quii's 
extra ( ,'.'y In 1977. about 79- A' the polash sold in North 

Altl'iC; was Or )ut, of' waS0)NI1SC 01gralnla', Most that exported 

the standard ( nong-;ranula') glade . The roll coml)aicL.ion granula
the butlion )toCe.-)s (lOt's not. reluire that lt'CILICt )e dlri'ed, it. 

d(oes ulSe ilutt m.ch uni.aI t1(Oe t'gX t han most grta ulitaion plOCesses. 

relrted't in IF'l)(C (1979), compactionAccording to dat 
machines used for granulating IH)oash use 10- 15 kWh/shorl, ton of 

product. Tot tl mchanical pot is to be double thispw(r likely 
pre'1mOn.ll1L. "Ih I)U()(':-s also lSes So11e ene,ry as st e( n tor' 

heat.ing the (hart-ge. Assum ing 15 kWh/short ton for comlpa(ction 

an(I 30 kWh/short. Lon toLal woulId give 31t.9 Mi/mt Clee t.ical 

energy . Adding 100 I for preheuating gives -119 Mi/mt versus 

1 0.18 MIM/mt for granulat-ion of comp1ounl fertilizers. These 

values aru no! na:cessarily cmlpt'alel. Since g'r nular mixed 

fertilizer is an end troduct , energy ie 1uivr-menl v;alues may 

include st 51a ge , bagging, an(1 loading for s hipment plus receipt. 

of raw taterials, storage, an( recaliming" from storiage. 

E,'nergy use for griantulat ion is Nssuitnetl to be equll to the 

lower value of' the interquartilh iange- for mixed fertilizer granu la

tion, i.e. 10.66 GJ/mt.. tlowt.'ver, some unknown t)ercentage of 
in tLhe coarse or granular sizethe beneficiated product is alretdy 

range antd is recovered by me(rely -,cr't'ning, so it. is 1notpossil)le 
what the energy Use Forto calculaLe with the datai at hand 

standard lxotAsh might be. (;anultr and c',lu'se )otash grades 

are useC d for bulk blending or direct. application, while the 

standard grade is used mainly for formulating mixed, granular 

fertilizers. 

Sha ft mining is by fatr the most common method of mining 

P0 tash ore howe.,ve.o , significatInt. (1-uanti ties arte 'ecovered by 

other Methods which in lIude (1) recovery ftom salt lakes by use 

of solar evaIl)oration (a.g. l)ead Sea ;tnd (reat Salt Lake) and 
said to be energy(2) 	 solution mining. Slu tion mining is 

but noi riitbl( (st imates or energy use are available.intensive, 
Solution mining is the only teasi Ih-e method for extracting potiash 

from some deposits du epet' tMan alout. 1,500 m, tbecause tt greater 

depths the salt. dep)osits are sulject to plastic deformnaLion, which 
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makes shaft. mining imlractical. 0.1ch of' the two solution mines in 
North America USeS a u n i(lue CCry-s'i 11vin.gmd .hod"the solu tion 
at. about. 32"C i s pu ilnpd to surIr';e laoag'ons for concent ration by 
solar eval)oio'ation. (rys.'ls of su(lium and potassium chiloril are 
formed and l',';i Separ'attet by rldati n. This method is feasi)le 
only in ari(I regions, of' cOur's(e. 

Energy u se in min ing per Lon of pIoduct. increases as tHie 
jepth of tlhe mine increases an(I as the grade of the ore 
decreases. The gio'au of Mhh o10d tdeei Iines the nUilbe r of metric 
tons of ore that nust he0 i inled cI)r me trio ton of' produet.. The 
ore:product. ratio is typically 2.3 in Canada, but in New Mexico 
and in some Lui'oj)Can Minies th C ratio Illay be 1, 5, or even 6. 

In hene'ficiating tihe ore, a physical separat.ion such as 
crushing followed by flotat.ion is the least. energ'y -intensive and is 
widely Used. ll(,wUveir, not all oreS are suitable for this process. 
The main ;ilternaltive is dissolution and selective cryistallization for 
separation of solu)le impurities insoluble impuri ties are separated 
by sedimen t;ti,,n anti washing;. This met hod reqluires a substan
thil amount of energ'y (as steam) for evatporation and thermal 
cycling of solutions. Many pro(ucers u Se a combination of 

methods, recovering as much as possible of the potash by 
physical separation and an additional amount. by evaporation and 
crystallization, liere again, solar evalporation can help save 
energy in arid climates. In either case the final product must be 
dried, anti this accounts for a con siderable portion of' t.he energy 
use. 

The main forms of energy that. are required for mining and 
beneficiation ai'e steam and electricity, which can be generated by 
any convenient fuel. Blouin (1974) gives energy use data 'o' the 
flotation anc crystallization methods, from which an energy use of 
1,63 GJ/lnl. fo' f'otation beneficiation and( 6.6 l/fil. for crystalli
zation benericiation have been calculated. These values do not. 
include mining w! ich is estimated at about 0.32 GCl/mt of ore, or 
0.74 Gd/mt of product for an ore:prodluct rat.io of' 2.3 which is 
typical for Canada. For the Carlsbad area, where the ore:product 
ratio is about 4, the energy use 'or mining woul( be 1.28 G/mt 
of product a:ssuming tih ,:ame mine depth. These estimates pre
sumably do not include granulation. 

UNIDO (1967) gives the energy use for beneficiation by 
flotation in the Carlsbad (New Mexico) area (ore:product ratio = 
:3.81) as 2.3 C;J/mt of product. So the total estimated energy use 
for mining and beneficiation would be 3.38 GJ/mt for the Carlsbad 
area. 

Energy use in much 0' the European potash production is 
higher than in North America, trOduction because the ore is low 
grade, more complex, and fine: grained. As a result, less of the 
potash can be recovered by flotation and1more must. be recovered 
by dissolution and recryslallization. Ieach (1975) gives an 
energy use estimate of 3.9 Gd/mt of' product. for the one Producer 
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1, G (G.]/ill for()' " tr()l 'call ilnSi 1",g I Ill ndl -I .( I , 1,1 lu ill esle 

t-s I inl us ill;e energdyI',(.1 ,I inin . .)I (;,Imt.. 82,, was 
SUillJlit-d ;as st; l 1), i i,(li " us'tut In*i\ dlissolut.ioni the 

t.l 1,4,o1.scr s.lix ilw.lo ' {O ~ le 

1il'f( al()n i i UNil)() ( ) inlic;l s .l t potash r covei d 
froill 1h.1c, D a( (d; in lII165' r j(uir''( almut 5.8 (,J/ot. for proc

essing Plrosly 'lhi't, have lhetn encrgy-saving im)rovemenlt.s 

since 19(;5. lut l)la-ih is d(el) ,)siItl ill t.I(!- solanr ova;potition 
l


lagool s Ilhe of '1n)allile, hyd\'rate(d pot.iss iul-niT glneSiLlill fo ill()I a 
l'his nit .erial Must. then bechloride. mixed with mlnlon sail. 


pri'OCessedt hy (lissoluti lo) in(a r-'cr'y\ I.;illiztlon o i'recove' ;lhigh-


FnICigi'gy LiSt oi'pJO.;sh rproluct.s o1he;' then the mtlriatte of 
)otash e not a\'ailable. I is likely thaI)t p'oducts such as 

sulfiate or I']J wl., andi tli)LlIJitu sultlales o )4 a sh and nmag'nesium, 

which caln I)(. re(Ici\'(,(.d !.)y milill ! ani( hIen rl'ici~iting depo:i!s 

Contaiiniilg stithitl Will lliV(C ,,"ig 1,1",1,OdUC. )05 t ' 

within thie rIlge Or mItll'iaito of pOtash. 'Since they arle loss col

cenlu than the mU tlie,th unregll''ist' pier Metric ton1 of' K20eatd 
iall Ihe high However, Hl SLIIlUl' ;iald magnesiumi'. tilt:V.' nl.a i 

Which are -;tcndNl'y el('TiCAl.s, SO the C-onCentI't.ion of n1utrient
 

eleinei) its ily he(, 'r. cIon l ositlions of l)Otash
highe ypical tho2se 

illat.eriilis am' 

C !imp s itL ion................... %:.
 

Pot', ducsh _1 f:.. NlO _S Tgotal#. 

,1r ite 60-62 - 60-62 

Si Iate 50 17 67 

],liibmIlliLe 21 22 62 

Na i iagneil's-;a 30 10 20 60 

'l'hir is sniv k('l Use or unrefin(1 ores or l lially 'ef'ine(d 

Ores (,sl5,0ia'lly \Vh iin lt, impurities inai C'on htail LISerll nutTienit. 

eelInlel ss .n In mdd2,'n,iagnesiuml nI , m1os. pa't.iallly;1Li.i II and sUifti i't 

ilfinedl ol's cmnt.ail .;mliunl. Altlh ugih so(1it1l is not. aln cSS lt.ial 

j)lai il l r'ient , s 1ft! ci'ulIs such as sug'a.1r' etS i'05;llntl Io) it, 

andI sod j.oin (';1! i'etpIaCe Jol.assium to soile extellt ill ('Op 

Nitrophosphates and Mixed Fertilizers 

Nitrophosphates 

Nit oph-sphaies ar- 'r'tilizer's tlat clntain both nitrogen and 
phOSlnhoirus and NiT e y ]pad,.,:eslsus involving at one slep 
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the dissolution of phosphate rock in nitric acid. There are 
seyeial such p rocesses which are described in (.'ha jIer XV of 

IF'DC (1979). 'rhe products cont.ain amlloiul phosphIte, 
diicalciurn phsp 1 ammon iu m AtCa 1111li nitraIto. tyl icaIlplcC(tICIt 
grade is 20-20-0 or 15-15-15, if potash is addedi. The wafthw 
solIlbilitNy of t.he phs)phorus in nitl0)h0sI)hate ;sdepends on the 
r,.lat.i%' amottin1ts of CliCalcijurn l)lhosl)ha te and aimmonium I)hosphat C 
an d rang'es from a boLt 301, Lo 80; of the total phosphorus 
dlepending on select-ion of tHie procCss. Since dicaleiuni ihosph ate 
is soluble in afilonium citrate solt.io, nearly all of t.i1e 1hos
p~horus in nit.rophosphat.es is "available" by tHe analytica1 methods 
used in most countl '1s (w;lt-er-soluble plus amlonium ci.ratte
soluble). 

The most, popula nitrol1)hosphate processes also produce a 
st.raight littogCen copIVodluct which may be calcium nit.rate, calcium 
ammonium i ti (CAN a miiltu of" calcium to ndNarXona e 
aimimnon iumin or nitrate, the ofI nitate), straight. almmonium at opLion 
lhe producer. Because e process produces two prodcU 
oneo'gy compar5isons are complex. llowcvo", a collpariSoni of 
enorgy use for two opltkls of nit.rophosl)hate processes with .he 
energy use for t1e same amounlts of nitrogen and phospihorus in 
the form of (iarnmoln iul phosphaI.e (18-16-0) and ammonium nitrate1 
is reported in Ta)h e 28. The energy for 1i1. toj)hos1)ha te 

, mIr s.cws it lnl,,irl son WithIDAP 
ant AN 

l elk2 . itgv Nit io hosphltt t and 

I MLt,"1 2.- - I MItof 20-20-0 
(NO;' ,,tir MOliih ) (30, Wattr Soluble) 

0.( int i CAN (20,,, N) 10. 715 ilt of CAN (2'' NJ 

ItSil Itpi irleltlt gy, Rt'qu irime t Eniergy, ;Ener (;.j 


Ihosphalte r,ek, dried 0. /19 []it 0.07 0.024 niit 0.58 
Aiiiiiioii a 1 H 15.2 B 11.020. ilt toO it 
Nitric ,a I H1(1: hasisl 1.09 M t 14.24 0.838 lilt 11.10 
Eli Lri iy 210 kh 2.22 80 kWh 0.84 

l.00 lilt 3.80 1.22 nit 2.83 
f'l 	 ,il 7.30 kg 1.30 7. 30 kg ).3.0 

Sohbltii 1)1) 20.73 

S1ttdm 


Allm (e f'I,)r 	 4.7" 3.35l ,oi ites 

riT 1r~, 4 1. (,) 30.08 

n. rgy rise for 'iquivaileint, Amiouils of DAP al :iAIIwIIOlliti Ni.r.iat 

D)AP I 18-4,-O)1 0.500 it 7.18 0.435lnt 6.24 
AN ('14%N) g . llr' 1.13 lnil 27.79 0.900 lilt 22.12 

Ti]'AL, 	 4.91 

,1.t:n,1rgy h,t . , t t , nitric Idplant ,!;;Illllllg .,vory The nll9ic.a( 	 , r,,c 

A( 	 id l;;lllq tip hav av il o vlo +. ball.llltf, ofl zerl' .pl +' :;; I! 'llr 


Is,,,. ,,1envi t l111,111 _!Y:, her
1h. l t 10"II', ,,t,hi .1 1)l1:-; o- f o p . l y 
C . 1Z4 /ilt ,I I ;,40- 0 .t 1 11h )..34' G;.I ( , ':, 
,d. 2'.4 2 GA/(.Imt rill irlll s li smtLi mIttt cd ,m u 1 iI~alll mll, r dlt t ,v L ' 11111 ll riilel") 
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processes was Iaken from II"'I)C (1979) and is battery-1imi s 
eergy use. 'Ie 'll el'ore an allowance was made for offsite energy 
use as noted in Talle 28 to the estimates commparable with the 

ADAP and ;mnoniumllitra . ftiglres froml the l" I survoy. 

The COLU I1rison shows that the nit'ophos)ha L.e p rocesses, 
especially the 80'Y-, Wat.er-solubl Ol)tion, are somewhat imoie energy 
intensiv, than the i)AP-mmmonium litrate alternative. There are 
several reasons for this difference. 'o o)Lain ; Itrophospha te 
producl with hig'h 1'2 r, water sOIlIbility.N, it is l(eessary to cool 
the solulion Iby mechanical rl'rigeration tor removal of a high 
peiCCen tagU of c; ciu1i n i.a tC hence, the elect rical enertgy 
req liremnlt. is Also, I amout o1' is inhigh. a ge oIt. ratetr added 
the nit ol)hos)l hto,- processes in Ihe nitric acid, and in the filtra
tion aind was hin sl.el)s. This va te' must be evaporated and this 
neCCOSsit tales high .Jtemn const mPLion. 

The main advan.age of the nitrophosphate processes is that 
sulfur is not re luired; thus, there is a saving in cost but not 
necessarily a saving in energy unless the sulfur is assumed to be 
mined by the rasch process. As noted in a previous section 
only about. 2T;, of the world(.Iur COnIsutmpLion in all forms is 
F'rasch-mined sufu r, and this percentage is decreasing. Never
theless, a lit,rophosflpateto 'ocess can he a good choice from the 
viewloinlt. of ecoiloiU ics and f'oreign exchange for" countries .hat 
lack an indligenous stpply of suifur' or sulfuric acid. The differ
ence in onergy use is small. however, esfecially for the low 
wvate.r-soluble 0)O ion 

Mixed Fertilizers 

The TFI Survey gives Lhe average energy use for granular 
mixed fertilizers is I . 048 (GJ/1t; for bulk biends as 0. 179 GJ/mt; 
and Ior fluid minix toures as 0.629 Gd/mt . These data include 
Lfnergy fo i u n load ing ia w materials and conveying them to 
storage, re.d('laming raw ma terials from storage, conveying tLhe 
product. to storage, and reclaiming it. and loading f'or shipment. 

Although theL process of granulation in itself is more energy 
inlt.enlsiV( than bulk blending, the raw materials are likely to 
require iess onev,,y. All mater iatIs I)'01 blending must beto r ulk 
granular when receiv(d, and exltra .e'erKy is IeCuiired f'or that 
t)Url)os C. Ii ,the' words, it. is not necessarily cheaper or less 
ollerg'y l I() two, .ee o1' imaterialsel).nsi\', T-ra noLIlIA ti) , nmor'e 

seTa raNt ely Ihan I ia ;n U At Ht. em logetthter. 

1pprtyl'()1" enterg'yLUse 
tion of,' mixedl f(( ii i r lie, in utiiizinIg chemical heat for drying. 
l'h e Tenne.st VatyI A itit i 'y(TVA), Iaccording t.o Achorn 

0l I. 198(), has l'J)(,tp 1)i1)0 reactolr or pipe-cross reacf.or 
foi' that pupose ;alld nitou)(A S 1)1lIS both ,i the United States 
aNlt elsewhere have ;Nd(pt.(l t his process. TheyCreport that. no 
felI i; let-lu iVcrd tfor trying mosI (sometimes all) of te grades 

The melain decreasing in ranllula
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that, they make, It is likely that producers who report an energy 
Uso 01' G6(MJ/i t. (Lower va lue of ihe intel q ua rtiHe range) Use 
little oi n,0 ftiel. 

Hnergy Use 0o1- hulk blending is small ani priobabhly noL. much 
more t.Lan that. 'e(quiroel f'or a regional storage an d distribution 
facility, Fluid mixedIOfrtilixer 'tacilities \tary widely in type. 

The princi)al types of fluid ertilizers are, clear liquids and 
than liquidssuspensions. Suspensions i'equi. more energy 


because they are viscous an d lust. be agitated in storage to keel)
 

them mixed. Also many produceis use yaIranular materials and
 

must use an intensive mixer to break up the larg'er particles when
 
making suspensions. l)ata for separate estimates for clear liquids
 
and suspensions are not available.
 

Secondary Elements and Micronutrients 

Secondary Elements 

The secondary elmenlts , C1l1cium, magnesium, and sulfur are 
just as essential as the pimary nutient elements, and very often 
are lacking , particula!'ly in developing countries. The term 
"secondary elements" is unfortunate because it has led fertilizer 

industry planners to ignore them or to expect them to be fir
nished incidentally without chai'ge. In the past., adequate 
amount s of' the secondav 'y havc supp lied by SSKP,,lemen t.s been 
ammionium suIfate, unI'inod po tassium ores. and fillers suTch as 
dolomite. The modern r'ertilizer industry has been led or 

permitted to man i 'UcIlirethe "highest analysis" fertilizers meaning 
those containing a maxim,&Ir percentage of N + P2 + I,2 0O As a 

result, the sec'(ndary elements have been "squeezed out." 

In developed counLrie,, alert agricultural research organiza
tions have detected seconcIary element deficiencies, and economical 

have been develo)edI for preventing them. For example, inmeans 
Norway all compound fertilizoi's f'or domeslic i use contain 7% 

kieserite (a ma goen Sitim sulfate mineral) which supplies magnesitm 
and sulf'ur. In develo)ing" coUntries deficiencies are less likely to 
be detected ;nd Cor'I'ctd p ixnpI1Qpl 

The most onergy-eoficien method for supplying needed 
amounts of socondail'y erlints, assuming that needs can be 

to include them in mixed lertilizersaccurately assessed, may be 

in the minounts req li n'od, using vhateVel' materilns are available.
 

For eXamIle, SSI ;inl aminhnum SLil'at, when used at comon01
 

al[)plicatioli ratos \Would SuLpply moi'O sU llr htn is usually
 
needed, but. lho,se lt(','ials can be included in miXtuis in
 

amounts locally retuilrd, lilk\voiso , 'aIcium sull';to (gY sum) is a
 
waste product from p)hosphoric acid miftLi and Calln be
 
utilized to supLply calciun and UIf lr in mixed f'elotiIize rs. Tb e
 
effect on process energy inould 1) minor, but the effect of the
 
additional weight. on t.'ran Sl 'ta t.ion costs Wotild be atpp 'eCiahlo, 
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An alte rn ti ,e inean.s tor sulpplying second.airy elements is by 
direct apl ication of locally available minerals such as limestone, 
mail , chalk, dlomlnit. serpun tine o' olivine, or byproduct slags 
(blast, 'u n;IcC or basic shag) lhcse materials often are used ill 
large aimoun Ii to imp rove the soil by correcting acidity or salinity 
or lhy imr ovin g soil structure. When used for this purpose the 
mateiials are called "soil ;mendments. However, it is difficult to 
distinguish between nutintional effects and soil improvement 
effects in some cases. Mining and fine grinding of a local mineral 
for direct apl iicalion would require roughly 0.5 GJ/mt. 

Micronutrients 

Although micronutrients are very important they are used in 
such small quanLiLies that they do not contribut e appreciably to 
energy usC. Iltowev ', they are often expensive, especially when 
imported. There -s a need for identifying local micronutrient 
minerals that can be used in mixed fertilizers or. for direct appli-
Cation . l;'ailu re to correct micronuii trient. deficiencies will lead to 
inefficient use of primary nutrients and thus waste the energy 
involved in manufacturing them. 
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CHAPTER 9
 

ENERGY REQUIREMENTS FOR FERTILIZER
 
DISTRIBUTION AND APPLICATION
 

ThseosO of this oh ap. . is to estimAe cnero' requircileeLs 

f'or lransportat.ion (both raw maitcrial m(i final products), 
packaging, andi ipllication of' nit.rogen, .phospha tec, and potash 

fertilizers. 

Energy for Transportation of Nitrogen 

In this study no aittempt will be made to estimate an average 
energy requirement for mining or extracting" ammonia feedstocks 

and transporting them to ll plant. site. For natural gas plants 
located in or near the gais fhlds, this energy would be small. 
TalS)Oa'Lioln of' natural gas by pipeline up to 3 ,000 km probably 

Woull consume less th 1I (I,1/mot of ammonia, . ltowever , lique
faction of natlur'al gas an d ocean shipment, is energy intensive and 
may consume as much as 10 Gid/mt of mmionia. Iransportation of 
crude oil by ocean shipment over a distance of 10,000 km might 
consume about. 2 G/nt. 

Many develoing countr-ies import fertilizer' by ocean shipment 
from sou rces :3,000-8,000 miles (4,839-12 ,904 ki) distant . On 
arrival the products may be transported several hundred miles 
inland( by rail, truck, barge, or river boat., or some combination of 
these methods. Typical energy requirements for Lransl)utt.ation by 
various illeanls are reported in Table 29. Assume, as anm example, 

that. fertilizer is shipped 8,000 km by ocean vessel, 800 km by rail, 
and 160 kil by truck. The total energy use per metric ton is: 

.........ist. y !/ e. .GJ / mL
 

8,000 km by ocean vessel 1.44 
800 km by ra i 1 0.40 
160 kn by truck 0.32 

2. 16TOTAI, 


The total energy use per metric ton of N is: 

Product % N Enep_,__J/mL of N 

Ammonia 82 2.63 
Urea 46 4.70 
Ammoill iii trate 6.35n 34 
Ammonilum sulfaLe 21 10.29 



Typical Energy H(,(uiirelui(nts forI .'[,ttilizer Trai :;p rtitionl]'ati29. 


EmIri(gv Rv. )liIyemen t 

Tra sporta Liton Modfe BuI/Shorit Ton-Ni Iv kJ/iL - ki 

2( 180Ocean vess(.j 
195270
River ba rge 
296
410)
Pi pe. ineC 

Rai 1C 700 505 
2,019
2,800
Truck 

. Cl-uiated Ico dIta i1 SlieidI is a.( 1975)et. ............ 

1). Ca 1ct Iat 'd uS i1i data from seve ra I sources . See text for assuMpt ions, 

c. Lee (19 74).
 
d. Byrne and hui Iman (1980). 

Obviously shiplent of' anhydr'ous ammonia is the least 

for shipping f'ertilizer nitrogen and is in
energ'y-intensive means 
fact wicely used fr overseas shipment and for inland shipment in 

ships, barges, railcars, or some countries. However, special 
An adequate Suly)) of suitable oceangoingtrucks are required. 

conVveyances forships is availal)le, but. in many countries suitable 

inland shipment are not. Therefore., imported ammonia often is 

nitrogen fertilizers at. the port. Unfortunately,converted to solid 
urea cannot be produced economically from imported ammonia 

carbon dioxide (CO.,) is. required for its manufacbecause pure
ture. A supply of '2 is available as a byproduct at no cost at 

it, is seldom available elsewhere at a reasonammonia plants, but 
able cost. So use of importe(d ammonia is limited to direct appli

phosphate, orcation or the manufacIkluT of' ammonium nitrate, 

sulfate or some combination of these compounds. 

Energy for Transportation of Phosphates 

(orFew countries have both phosphate rock and sulfur 

they must choose whether to import finishedsulfuric acid), so 
acid or nongranularphosphates, intermediates such as phosphoric 

MAP, or the necessary raw materials. The choice of what to 

import, and transport may vary from country to country; however, 

some general observations may be in order. 

I mt of' P20r, in the form of' phosphoricThe manufactL'e of 
acid requires about 3.32 mt of phosphate rock (32- P205) and 

2.78 mt sulfuric acid. Therefore,0.95 mt of elemental sulf''" or 
mined and beneif a country has phosp it.e rock that can be 

if it has a low-cost source officiated at reasonable cost., or 
consider using these resources. Forsulfuric acid, it. should 

that have none of' these raw materials, the energycountries 

required to import then may be considerable.
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'or oxainlile . Indlonesia has the problem or iml)oting" raw 
matevials , ill [crimed ia tes , or" l'ini shed Ilhoslph,II s. The nearest 

s L()I'C S Of SI If ;Ia V i'lln 1.h e1 'siaIn ;ll andi h 1 !a 'Os. 

l)hosl)hal.e rml( ;i\;tivtlath t'l' N)'xort. is in ,lor'(t10. l',nele'gy for 
ocean shipment (f' th'se ;MI e'i;Ils to SUN'l.)a'a is ICt.'htOd IW)elw, 
Nssuming aln u.sey 180 kJ/mlt-klmUnrg'y LI" 

1Phosphatle rock. 3.32 mt x 9,600 km x 18() J = 5.74 CJ 
Sulf'u 0.95 ml x 8,500 km x 180 U, = .45 GJ 

''ot-"l per' metric tori of l'05 7. 19 GJ 

Th e nil.ernatives of importing merchunt-gi'i de phosphoric acid 
o' TI'SP from Tunisia require less energy even though the dist.ance 
is longer: 

TSP , 2. 17 mL x 12,640 km x 180 = 4.94 Gd/mt. of' P205 
Phosphoric acid, 1.85 mt x 12,610 km x 180 - 4..21 GJ/n 

of P20 5 

If p)hos)horic acid becomes available for export from Jordan to 
Indonesia, the energy use for trnnsplorl, will be about 3.2 G,/mt 
of' P20., less Ithan half the equ i 'ement- for transporting the r'av 
materials. 

When a coultry neteds to import oth nilrogen and phos
phat,, importaltion of' IDAP' r' hor than TSP and Urea will save 
transport. ene'rergy ani cost. "or example, I Wt of ' 2 0nq can be 
sUp)lied by,' 2.17 ml 4d efil hem 'l'SP or IAP bul. the latter also 
supplies 0.39 ml. or N which is e:luivnlent L.o 0.85 ilt. o' urea. 
lralnst,'l (f 2.17 ml or l)AP from ll)a, Florida, to Santos, 
Brazil (9,822 km), rquireU s 3.(>1 (;,, wherea; toU tL'anslot't. Lhe 

;lmclu ot 1f N ;1n1I ]'.()., a- 'nI'P and Ult''a would i'equiresame 
5.07 G,. l'1hei'" IranSlM'. inland would increase the saving: for 
example inlandt II ,S1n;t(.)s ',o Uci'bh t rUC.k1.r'1n5or 'flll by 
( 606 kin,) would requite 2.6:' ;. 1 'r IAP and 8.G6 GJ fom' TSP 
ilIls Lh'ON . Thus. shilment of DA P f'rom '' inpa to Uleraba would 
save a out. 2.5 (;, rl'"r I.0 m111of 12()5 ;l(! ().89 lil. of' N as coin
pm'ed with .,hijmen of an eqluiVaet. nul.trient amount. in the form 
of TSI' PanI .'a. 

,"l'here: ha;i. bee1 ;i tirInd 10 I I'Odtcee high-analysisn g'owing 
phosplhal.es at (w,' lea' te mille ill or'der to tke advantalplge Of 
energy ;1n ct s vings. This t'rend has Ibeeln ;ccele'at.ed by the 
lower g';ldc' I' plh.,plh;lt t' ' k ;tn many mines. Also lhet'e has 

been a gr,,\vinl "' ef', ,rl ill d.\,elp1)ing" counlt Iies 1,0 idle l.ify and 
utilize, indi'n,: jl)h,,tl;C deClpsils. Despite these i'e'ns lhe 
;ImILo.l11 (d' tphs!di;,l ck lmoving in otvereas ti'ade has increisod 

in 'ecc'lil ';tli', ill at't;u I t(onlla(' if' not ili perceint.age of tol.l 
pr'dut'ti,,1n. A.,'r 'din Igt( i ritish l" Iora1thC' Sullph1 Corp Ition11 
(I.98(a ) , 52 willihn ml of4 rock movec l in seaborne trade, about .11'}, 
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of' total production during 1979. Exports and imports by regions 
as percent of totkil t.iade Were: 

Seabornie Trade in lios fia_t Rock 

Rei on Exports 
() 

Imports 

Afri ca 
NorLh America 
EastErn Europe 
Asia 
Ocean ia 
Western lurope 

Latin America 

49 
26 
1.3 

9 
3 
-

6 
22 
16 

7 
45 

4 

TOTAl, 100 100 

a. 
h. 

Includes 
Includes 

trade within regions. 
Christmas Island. 

In comparison, world phosphate trade in finished fertilizers 
and intermediates amounted to 5.8 million nt of 1120s which is 
roughly equivalent to 20 million mt of phosphate rock or nearly 
16% of total rock production. Thus trade in phosphate rock plus 
fertilizer accounted for 57% of phosphate rock production. The 
remaining ,13% p)resumably was consumed ma, ly within the 
countries of origin although small percentages were exported by 
land or as non fertilizer phosphorus compounds. 

The total amount of' sulfur that moves in international trade 
is not precisely known. However, in 1979, the five major 
exporting countries--Canada, France, Mexico, Poland, and the 
United States--exported about 13.7 million mt, about. :39% of world 
production of elemental sulfur. Some of' these exports involved 
extensive uSe of' energy for tLranspor'tation. For example, Canada 
is the leading' sulfur exporter, and most. of' her exports are 
recovered sulfur from the l)1ovince of' Alberta. Recently when a 
large phosphate plant started operation in Uberaba, Brazil, a 
larz'ge percentage of' the sulfur requirement., as reported by the 
British Suiphur' Corporation (1980b), came from Canada. The 
estimated energy use for transportation of 1 mt of' sulfur is: 

AlherLa Lo Vancouver by rail 1,350 km 0.68 GJ 
Vancouver to Santos by ship 16,026 km 2.34 
Santos to Uberaba by truck 600 km 1.21 

TOTA 1, 4.23 GJ 

In this instance there is only a small energy saving due to 
utilization of' indigenous phosphate rock as compared with importa
tion of phosphoric acid from Morocco to Sant.os, manufacture of 
finished phosphate fertilizer at Santlos, and inland transport of 
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tih pr lucts. The main alVNIltiig'e of ultiliz;itlion of indigenous 
rock is lht! s\'ing in foreign cxchange. 

S uIlfur is an essentil 1 nutrient which is often de ficient in 
loplhl iKw codntrit0s, includinl most. of Brazil. So the cost, and 

oneVr y use for importation of sulfur should not be clarged 
entirely Ito the manufacture of phosph aL fertiIizers. The sulfu r 
in the fom'm of calcium sulfa.e, a byproduct of phosphoric acid 
produclion, may be disl.ributed to the f'armers as such, or incor
poraled in mixed fertilizers. Alternatively, SSIP is a good source 
of' )oth phoslphato and sulfur and may I)e distribLted as such or 
incorporated in mixed fertilizers. 

Energy for Transportation of Potash 

Most of' Lhe f)olash is mined in Lhe developed countries of 
Eastern Europe. Westw'n Europe and North America, so most of' 
the potash used in lhe develoling counties of' Asia, Africa, and 
Latin America nust. be imported. Canada supplies about half of 
these imlorts, Most of Canada's overseas exports go through the 
port of Vancouvcr. An example of' the estimated energy use in 
the Iransportation of potash from the potash-producing province 
of Saskatchewan to a developing country is given below: 

GJ/mt 

Saskatchewan to Vancouver by 
Vancouver Lo Bombay by ship, 
Inland .transporL, 800 km by 
Inland dii ribmti on by truck, 

r

rail, 
17,625 
ail 

160 k

1,800 
km 

ill 

km 0.91 
3.18 
0.40 
0.32 

TOTA I. 4.81 

Thus, the energ'y for transport in this illustration exceeds 
the energy for tproducLion, which probably is about 2. GJ/mlt 
for most Saslatchewan lproduces . likewise, t'anspo't, cost to 
illa'ket. ar'eas il developing countries often exceeds the product. 
cost f".o.I). at the mines. 

Considerations on Energy Use for 'rransportation 

Energy use for tin';inspor'tlAion of ptod icL.S ani raw materials 
was discussed to some extent. in previous sections of' lhis study. 
In this sec tiun We will cliscuss the souri'ce and variability of the 
eneirgy LiSe (Ia 1andthe types of' energy r'(ulii'Cd. 

Enorgy use data, as reported earlier- in Table 29, for ship 
and harg' Irns)ort are for one-way trips; if' the vessels must 
return eni ty the energy use will he Much highem'. So arran ging 
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)h and 
(aitl fo' i'ail (ndLT'LCk Lransport NITe f'l'olll Iitei'atui'e 'e(eenceS 
lhat (1 not si )eciLy \vwh ther a load I'act.or is in\oI\e:l in ener'y 

for a baclhviul is important in savinu" I)ng c.'i'gry c:ost.. The 

Ene'g'y foi' (',an ti'alnspn'l dl'l) .ds oi the Speed, size, anid 
condi.ion of Lhe vessels. In Lwo illustralions given in Shields 
eL. a. (1975), Lhe ener' use for vessels eqUilqeud or ammnonia 
Lranspoliition was 130 kd/mi-km for a 15,000-mt vesscl with a 
speed of 13.5 knots (25 km/houri) and 208 ].,,/m .-l for akm 13,191
in. vessel with a sleed of 16,25 knots (30 km/houi' ). Ano.he r 
source gives an energ'y use of' 103 k,1/mI.-knl for a 15-knot bulk 
carrier of 20,700-mt capacl:y. I each (1975) gives estimaled 
energy consumption s for bulk car'riers that. range fi'on 5(0 /m t,
kin for a vessel of I53,000-mI. capaciytIo 200 kJ,/mI-km for 7,000-
Wt vessel: the speed is not. stated. The daLa are for fully loaled 
vessels and include all energy inputs. 

Energy for const.ruct.ion of ships was estimated to add only 
aalbouL. 2% to these figures Pi'obatblylo a typical shi) size for 

ocean tL'al :iorlt of' fertilizers or raw ma termIs, would be about 
15,000 i; Leach (1975) reporLs 186 kJ/mL.-lkm for a 14,000-m 
vessel. Vessels for coastal shipping usually aie small (1,000
5,0001)m and slower than oceangoing vessels. Because of their 
sio' speed they may be as energy elfticien t as the larg'er ocean 
vessels. The fuel commonly used is heavy fuel oil. F'reight 
vessels also use a relatively small anount of diesel fuel to operate 
electric generators to supply power for the ship's mechanical 
devices including gear for loading an d unloading carg'o. The 
amount of' diesel fuel is ielatively small--less than 10% of the total 
energy. 

The energy use for river barges shown in Table 29 is calcu-
Ia ted for barg'es of' the type used in the United States on the 
Mississippi River Systen and ot.he 'r inland waterways. It applies 
specifically to a tow of eighL barges, each of 2,500-shoit-ton 
capacity, zropelled by a 6 ,500-hp tugboa.cat an average speed of 
about 250 km/day (average of" UpSt.ieain and downsltreal including 
delays 'or passing through locks). ,reach (197:3) gives a figure 
of 400 Btu/il i-mile (about. 260 kJ/it-km) for barge transport 
which may apply t.o smaller barg'es thait are Usec in European 
canals. 

Pipeline transporLtation of fertilizers is used mainly for 
anhydrous ammonia and for 'ertilizer soluLions, Ilowever, pho.,
phate rock has been transporLed as a slurry in water. For 
instance, aiphosphate rock concenlrale is curi'enIly being tians
ported from the inine to the factory in Brazil (Tapira to Uberaba) 
a distance of 120 km at a rate of 900,000 it., 

30. I. wrds, needed ship mayn-other energy in consi.ruct.ion be 
only 2'-, of the energy needed t.o operate Lhe ship for its useful 
lif'e. 
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krw"pi sise'' [(3 l'l in. rn lsph4o,' can v'ryV wi eil. Ii t pcI( . 
1)fij )' andl lsL:I11 h'11 t0ug0 n six(. 1*1133W rit u- . Th , ' I p 1 1(' is achieVe 

all ]'001'mnic ),1la;n I tel ,.3',n c ,n.3l .in nlyI whichinkt'st i icrea' es', 
wit.h:pipe C, p'ii il st' i II \' i ' ) -.sixe n It ' exp,o ( n ' wh ich 

2k3 lh13.(' 
t )IMn AT~l ia Il ilni rIIia li )('fill, 
,Il(,''2\' I-' \' l tNILt' ill l;aIh, ;i( :lj)1 l',Xjfli lt \I s ()11' I 

Us 1 ' M which I)cl'lFt.1UI','\y '11[ ipilt'liin.5 is mni iv iy Il'ills IIlIV 

'livel'i liy 'i( l 31' esel s a)(ivintage' or()'.5 One'ilelectc nflttt v ( 
lJil)(line [i'ainspl3rlalion is Ihatl there is no l:ickhaul problem. For 
this reason pipelin, t rlnspor'i is pi'obaliy 'elalively mlo'e, efficient. 
lhan would he inl ,ti''ed by -0m1)nli'ing the Values in 'able 29. 

1".nei'1e"y for1 rail ti'in)sporit.Lion can vary depending on size of 
the ti'ain and ithe type of locomoti\'e . Th ('ie tgui'eS in Table 29 
p resun ably are '.ylPical of the Uniwted Slales where lI.esel- engineI 
locomotives ai'(widely ulSe( llthough somel inw s are electrified. 
Coal-I'ired stem; locomo Lives ai'e much less ef'iCient. 

Le ch (1975) qUOtes daLa from British ail that .,suggeosts that, 
the' en erg' input. 'or a Iu lIly loaded F.eigohl lt; Lin is 360 kJl/in .- knm 
for I'ulel only. If' his figure is comparable with hat., g'ivefl in 
Table 29 (505 ,UJ/nm-km) it. wouhl indicaite hai a load 'AMc 101 has 
Ieen applied !.o the laller. 

'''uc k :Ir' n.(.nsrl't is the, leasl en.rorg'y-efl'cient method of those 
g'iven in 'able 29. The dtii l)i'eunably apl)y to conlitionls in 
thell United SlIts wheri'111Ost trucks a'e p)owered by diesel 
eng'ii")s lln(Iand 11)v )n la,;ived highways with gent.le girades. L each 
( ,1975) (Il 's &alian fuel eneri'gy uLse fo' va 'iouis 'Lruck sizes oil 
i'ri'al i'Oals as folloVs: 

'--i-ruck Size - __ 
Nomlil iICall i~y ML'>In 7.00 I2.00 20.00 

Actlal load, it 5.46 13.03 20.64 
Eie i'gv k.J/nt-kin 

Jile way 1,800 913 741 
Round rIi'n 3,322 1,578 1,328itirip, vmpLyV 

'ertilizle' (listiitlion ri(lLlii'es tiu'ucks of all sizes, but. the 
lon1ger hauls LiSL ;Illy i'e, in lare'r Size t'ucks. In developing 
countlies 1i'ull SWiz is likely to be limited!Cl by the load-beai'ing 
catjainl Qh' lhv nds, iihl tmrl'gV use ImIV t! ii'(5'(i by i'inlcegh 
(1' i.lli(131\' i'tn;i ,Li'lnt'aic, anllIAPI) ",lepTi(l . Lea Ch (1975) sgl gests 
that e'ihi'gv13y ;l' l a ur2n ."3 ' tlC~e. iiu(l iniunl .iiin iin ht nniwea1'4)1' 11:m1INci tru'Lcks and Mal~intaining may;il lu l i nll'itctiiig them 

lill)tl h)I ;i:, InllCh ;is 25% i ld htu RI' ] t( l'12,N . 1M;Ii~l~l ,'IWlC(. 

Jll'lti Lt'; hIltit'iinl1, lire Vepjaei nllL , allli r'(tJwze, alndl i'rtl iiir la~i'l. 

>13351 F'i.'tlili,('ir Mut5 tIhe 1.i'in.ip)rI(,d by tul'u ( f'tr .33iW pail ()r 
it.s j il'I)(r.V I() 'ir'ns . In many (lt\'(l0Jling, C)L.un. i'Jtl.' 33l it'i" I1*'11115 
of' ti' i 'tat i3)n are lc ingC 01' inia lt(lJU;ite. hViusly 'nl'gy 
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1)aI't Of' the total energy
USe for transportation is an imlortanlt. 


piclIu Ie, and caIr'eTul planning is needed t.o minimlize it..
 

Energy for Packaging of Fertilizers 

Nearly all enrtilizers usel iln develo)ing countries reach tLhe 
(1.975) r.ports that Imperial Chemicalf'ar'mers ill [lags.. Ixrach 

(1(I1) has e'st liaded that thC ellerg,'y use.' 1'or lmall-Industries 
h rg of about. 50 kg" capacity islacturing a polytthylunc furtilizer' 

1 1er tol21 Mi. (:(1cause 20 such bags aIF re[Iircil- Metric of 
120 M,I/mt . Leach (1975)fertilizer. the, energy use WOLUll he 

indic;ites G20 lMlimt, is consiU-flrl ill thC bagging,£ l)eratil01 giving a 

total of 1,(11(0 Ml,imt for bags and bagging. llow\'eve, much of 

us Cd( in 0,nv!y ii ," and loading forthis rmtchanical clIe'rVy is 
is in 	 forshilmCnt. ,inld pr'suraly included th. 1'I figures fin

.shed pr'oLuctIS. Most of the fer'tilizers 1'oduced in North 
America arc(list ributt in uIlk. 

Energy for Application of Fertilizers 

Achorn et al. (1 980) give thW ene'gy use for application of 

U. S. as:rert.ilizer for conditions 

& 
Ma I(r ia I ttrosarr1 iH6/SliorL Toni 

EI e I-y s c----
___M 

1,767Anhydrous armo1nia 1,52o 
506 588Gr;anular solids 
354 	 412Fliuids 

are subsurf ace injection forThe alpplicat.ion methods 
anhydrous ammonia and surface ap)plication for solids nd fluids. 

ap)IicaLion of ferl.ilizersA common tp ractice is to follow surface 
with incor'poral[ion in the soil Iy tilling operations. h'lhese energy 

use figures ;are for highly melchanize(I farming and have little 

r'eleva nce for" mosL deve loping corllntrirs a'(pp often iswhr itlication 

done by human labor and nirnimal t)owe'. HloweverWl, urea should b 
soon aftler a)p)licat.ion. I'ailurv'either deep-placed or incorl)(,r teCd 

so call losses upI to 50'(), the apllied nit.r'ogrnt.O 	 do rsult. ill of of' 
ven More' Seri'ous for floodedin upland far'ming;ilhr r'esilt. .c 

It" C'r'aswell and VIck (1979), Fnge'lskidrice culture, accor(ing 
(1979), an il Iignult (I9t80;a). Urea is Lhe most (n( rgy illnsiv(' 

of' all nitrogn fertilizers and the most fl'rCeqent.ly used. Applica

lion methods that lhid i losws of two-thirds of the nilr'ogn con
(Mharly p)' qnT' pluacmlnt,stitute an enor'mous waslage 4 ener'gy. 


can provideh gret, cnl. 'gy savings lEven though mur'r nerrgy may
 

he required fo" subsui'frace 1)wac u-lltrI, ,t h (! nergy s;aving's
 

through PlIevention of losses will faIr ouveigh inc reas.d use of'
 

energy.
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CHAPTER 10 

ENERGY SAVINGS IN FERTILIZER MANUFACTURING 

The prece(ling anz;lysis d(ICLim(nts the fact, that, fertilizer 

manufactulring. vsptci;tlly nit ogen. is not only energy intensive 
bu t I dc,p undelnt nn ( ) 111 1. elIgy resou rCes .heavily on cw ;i I l( t nc1 

lertilizer mianufacturing innovaLions tha will reduce energy 
ITe(til'IlIentS aind/o' r"eplace, scaIct e(rgy witfh relatively a)undant. 
elerg'y i'e'sou1ices Canl g'o '1 long way towxirt ex)aniing fertilizer 
supply and relucing lertilizer prices. I1w laUrpos! of 'his chapt er 
is twolo l: to describe technologicol innovations for saving or 
replacing sca ree elnlrg, and( to discuss theii economiC implications. 

' 
The I I (.lilC.ICIn s for the fertilizer sector discussed arlier" 

are ha.e(! prilllily on [T . S . technology, pl,cssts, management , 
and efficiv5'. Aa the energy rluilen lts in developing:\s result. 
countries may he understit ea.d. oiversely, L.here m;, e even 

g'er p ssiiliti.s to energy smtving in developT)ing ,ountries 
Lhro ,gh improvements in ''titii zer techn)gv and lman;igemen . 

Energy Savings Through Improvements in Technology 

Since rather limited processing , and hence energy, is required 
for potash 'ertilizers, the energy saving innovations will be 
discusset Only in the context of nitrogen, phosphate, and granular 
fertilizers.
 

Nitrogen Fertilizers 

As has I eefl pointed out earlier, ammonia forms the basis of 
nit roe'1n fert'ilizers . The historical development.s in energy 
rC (ui rements 'o" ;amo111n1ia1 production arie reported in Table 30. 
Overtime the energy requLiirements have been reducedl, average 
from 190 (;.1 to, .17 (;,J/mt of ammnoni;i. As reported in Appl (1976), 
the eiertl'y r! of' ammonia manulfactrire fromeirCIIt.n1, has decreased 
88 (;,I/nt f,'t' cokte-h1; ,sedplIants (1920-10) to about 12 ;J/mt in 1965 
anti 36 (;,J/ll in j976 for natural gas-based lants. ,urther 
imp'r)v(n tqIs are possible, hutt at the expense of inc reased 
inves.iiti)t (.,.St andi complexi tv. Some of the energy-saving 
imprvements may I eLIn econonical, especially in countries where 
n;tul'lt gas is cheap and plentiful. 

ladCtHeduc'tins in eergI11ir'elleltS have t)een mi possible
through (I) improxtt . in 11(ini synthesis process, 

(2) switching) , efficient teetistock and fuel, (3) use ofi more 

lottern 1;i pkIants i's LIlt in of
r.'e with economies scale, 

( I) pe"-ipIhrI lIteuchnologica Il developmt(nts ,; and (5) Ireduction in 
energy w;s.tage. It in;i not he )rtactical t-o reduce energy needs to 
the Ihoretical minimumln 123 l/mt) in commercial ammonia plants. 
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'lahh . oi llt nitr v lUs _itiAnioit ia Sytith's Is Ove.rT'Iilp 

Ave rage 
E'ltrgy I.se, 

lime.'_, iod. Syitts.is Process .Ji/tti Nll 3 . cSourt _
 

irly 20th i t itry (1910) Electric irtprocess 5t74 Appli (0976)
d 

arly 20th t'rittiry 11910) Cyiri.ituitl e irtIess 190 Ap) (1976) 

Early 20th entutliry (191') Witer ilt trol, is 117 Appl (1176) 
Mi4 20lth i940tt ii!i 11 ) I1I-Bl itro ss:tik, 88 Apid (19 A)I1l,IssItcAl 
,I41- 20th tellttiy (19601 ,oern If-liprott :li)thi, , it ill a is (()77)p I-' ;itwidIchle 

1970s Mlodhern Il-1l pricss:ii.ititil gas 47 TF'I(1980) 
Prlattic~al "11l111l1lilit ,odplln ,llllll philts '12 1*.1tth l ,Io-I lxewis 11) 7 
'reouetc' sitil inurti, 4It-eli .iitmlolia planits 2 litch l oIIta d l.x ts 1)977) 

rJ. t,t ,i 1 r.,. priso,iiiuI tiltii i ii,,d lot +ilttitlo i l i- iltaie gy lit- isl.iout 700 lU/mt "I N,mle I 

,ieqti lerit to ',74 Ji/nti it tuonlil.i
 

i t 'rrit tl 

States all, Is hasid i TI .tirvl st- urvey iI latter part of tilt 1970s. 
Some other ,ti litions ot th, 'htoret ical ntitmn intrgy tequtclilr leilt taitg I tom 19.2 to 21.2 G-;/J ii 

h. Aver le I enti gy tot , plitits (hoth 'cilicituit ilg anid tttt glt, ) ip ol o t the P it dise- l uirtitn 

itc. (gas or Jl l d ) o |I tit tints and Vl llJ 11101111t ,ilIllitNil:, thdel-willig (o ilte ,as; mptSil;, Jr. 11 J~S' to, stalte '+tt , 

) oxyg ii ittti'ti c ,is air iII se-toin lity celotmily, iftititt ttm-ithitlit, llndlil.iti ,i is ti011l S I t 14ut1. 

However, there exists a large potential f'or reducing the energy 
needs from 47 G,/imt to the practical minimum of :32 C;,J/mt in the 
commercial production of ammonia. 

The fertilizer industry and research institutions seem rather 
active in finding ways to reduce these energy requirements. This 
effort began mainly after the energy-fertilizer crisis of 1973/74 
when energy prices almost quadrupled. Prior to that thne the main 
emphasis of research and development in the nitrogen fertilizer 
industry had been on finding ways to reduce capital investment. 
As a result, the older ammonia plants are relatively less energy 
efficient in ammonia production than the modern plants. 

The major technological developments which led to energy 
efficiency in ammonia synthesis are chronicled by Quartulli and 
Buividas (1976) and summarized in Table 31. The technological 
advances in ammonia production in the last 30 years have been 
phenomena], especially with respect to plant size and energy use. 
First, before 1952 the typical size of a single-train ammonia plant 
was 136 mtpd. Now it is possible to build a "jumbo" size commercial 
ammonia plant with a singie-train capacity of up to 1,534 mtpd or 
even larger. Second, the total energy requirements for ammonia 
production declined from 55.8 GJ/mt in 1952 to 36.2 Gd/mt in the 
1970s, implying a reduction of 19. (;J/mt or a ,W5O reduction in 
energy use. This was mainly duC to reduction in power 
requirements from 13.4 (J/mt to a neglig'ible amount. The energy 
for ammonia production in the form of f'eedstock and fuel first 
increased from 34.9 G,/mt in 1963 to 13. ()Gd/mt in 1964, then 
suddenly declined by 6-7 GJ/mt. This decline in energy use may 
be exl)lained by changes in the desig'n features of' the newer plants, 
including use of high-pressure steam, a more energy-efficient CO 2 

removal system, and preheat of the combustion air. 
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Table 31. Technoloijcal Developments ard Energy Use for Ammonia Synthesis 

Deve l opment Reformer Synthesis Feedstockb 


Phase, Year Plant Size Pressure Pressure and Fuel Powe r . 
p )(psig) (a m) - - -  - - (GJ/mt N i1) 

Up to 1952 136 5 320 42.4 13.4 

1953 1 4 7d 60 320 41.8 11.4 

1955 91-272 125 320 37.2 9.8 


1960-62 91-327 275 320 35.5 7.9 


1963 290 400 320 34.9 7.3 


1964 545 275 320 43.0 2.2 


e 

1965-75 545-1,543 450-480 150-230 36.0-37.2 0.2 


a. Energy estimates refer to LHV.
 

1. Single train units.
 
c. With three parallel synthesis loops.
 
d. With two synthesis loops.
 

e. Synthesis pressure varies with plant capacity.
 

a
Pased on Natural Gas 

Total 
Erie rglse Major Process Improvement 

55.8 laber-Bosch process was developed in early 
20th century 

53.2 First increase in reformer pressure tc 60 psig 

47.0 a. First use of centrifugal compressor for 
synthtsis gas compression to 400 Ipsig 

h. First singl train 272-mtpt unit 

43.4 a. Use o low-utili tv -arbon ,tioxide removal 
protess.es .ii urther increases in 
reformer pressure 

b. Improve, refdrmd tube materials 
42.2 a. Further increases in reformer pressure 

b. Greater recovery ot heat ot reaction 
C. lntroduction of low temperature shift 

ca ta IVs t 

45.2 a. First use of centritugal compres:,or for 

b. 
compression of synthesis gas to 

First 5 
4 

5-mtpt single-train unit 
2,000 psig 

36.2-37.4 a. First use of all-centrifugal compressor 
desig with high-efficiency energy cycle 

b. Single-train design to 1,543-mtpd unit 



In order to u nlersitan and levelop energy-saving principles, 

it.may be usoful to s umma rize IIh. basic steps invc)lved in ammonia 

production from nglu i1 gas by the sian dard steam reforming 

method, Th ese basic steps are: 

(a) Primary SLeam Heforming 	 C11- + 112C) ; CO + 3112 

(b) 	Secondary Rieforming C114 + -02 + (2N 2 ) -

CO + 2112 + (2N2 ) 

(c) Shift. Reaction 	 CO + 1120) - CO 2 + 1I2 

(d) Carbon Dioxide Removal 	 Physical separation 

(e) 	 Methanation CO + :3112 ClH.1 + 1120 
CO 2 + 41-12 -

> CIL, + 21-120 

(f) Ammonia Synthesis 	 311-1 + N, > 2NH: 

These chemical reactions take place in several steps. The 
teml)eratule ranges from 1.200"C to -331C and the pressure from 
abou t 10 to 200 atm. Excepl. for steam reforming of methane, all 
the reactions are exother'mic; e, heat is released in the 
process. The primary energy-saving efforts in ammonia produc
tion need Lo be directed at but not limited to (1) recovering heat 
in the reforming process. (2) improving efficiency of energy use 
in (O 2 reco(.very and removal, (3) recovering and recycling H-l2 

from the purge stroam , and (4) f'urther improvements in the 
synthesis process. 

The basic steam-reforming process which is in use in the 
great majoiity of plants is represented by the much-simplified 
diagram in F,igure C-1. The overall net chemical reaction which 
Lakes place in several steps is approximat.ly" 

7C/.I,1 + 10112() + 8N2 + 202 - 1 + 7(70 2 

Methane Water Air 	 Ammonia Carbon
 
(liquid) Dioxide
 

The weigihl. of the reactants )er metric ton of ammonia is: 

ReacLatt 	 We_i L-, k_/,.LofN _[ 

Me hane 412 
At r 662 

Ni t rogvi 	 82:3 

OxYgVen 	 235 

T(H':\I. 	 2,132
 

Products
 

Ammon i a 1,000 

C;arbon dioxi de 1,132 

T'(i'TAI 	 2,132 
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oF hletlhan' tilt oxi lli ifinil'inl OUlllntlh' 112 kr i is a1)l ale lla 

111 I i t'(1 ]stuck t-he )r)Oess. 

It is c'qlUi\'altit t(O altiwut 2),300 fl (ST-1.,1 n ') o1 0 ' 
1.hat m11U t)C Ut. Ias l in st(,n-l'forming 

t: iItIhlalle at 
antd 1 alm pitssmtn Its nut heat int, \'lILIC is a)oUt 1,925 million 
kca l, 19.5 mill in BLu. or 2(.OI GJ (nat ural gyas Lypically contains 
T):,- J52, mrethan, ethanu highu' h'vd r(arbolls. and','i,-., and 
small pc ; of' nit ri(,",I ). This energy' in!IoIl I'eedst.ock,t'n('t, in 
20. G1, is a p i;lima tt'lv t I lwcortciclil ninimulm tilwi'gy r(equire
llntn I ' 1ir 1)1o(I -inl .2,I lilt (f' am nia IVlo the sieall-l forillling 
P1'oct.sT.'h' o\rall chemical shown is SuImlCNIrCLtiOn1 ab)VC the Of 

it'tl ions., which are tndolwie 'nic (absorb 
he,, lt and soint .x(Olhlmic (,release heat'). he reaction as a 
Wholh is Vr\'" slightl xotherlnic. If all of the heat and energy 
appli:d Or 'ics'( ct Uld t)e ITCOVered, thcre would be no need 

s';('i'al clinical sonc of i 

for (tuI'imai u'nt'g'. 

it' rWOCttlCliOln
'T'hu coil()i.'Nitv of e am1ollia{ iI'OCCeS ) CclCldeS 
a close appr)ii'oach to the theoretical llillllum llee gi'2'' reCuirlliellL. 
']U 'thN'iaI stups (l'It1w process take place at. lif[e:ent. l..l)emr-
IuleO vels riai!ing Ioiii -88,'(. to 120M . mi at pressures from 
atmospheric to 200 alin. So tNhil~nal ene'gv as fuel and lechanical 

OA' flUt, W ap)lid to mee l. se requim'eslllts ln fact, mucht 
of, the (.11si i,' a 1Iitern ;11i1onia anl is in eIergy reeove'y 
tlevices--htat mch 1hoihl.s, condense is, and power:hiig'rs. . 

i'ecvt'tV utiluiII0net . It is likely ',hat iihi' (eflorts to conserve 
elle l',-,iyhiu (n I he Li sehtof' i tlatest. lrovell design will result in 
onl tw'irgin;l )iin.. OeVT much eNlel'gv usuaClly ch be saVed 
, aI!lvijie" i ,i',\i'Iech nldogy.5 


Thu ;I''I1 , ciwi'g\' li' i'tpoi'rt l in U.S. llnlt.s in 1979 was 
ali, tII mi'lli,i, (.12.2 (& (lJIV,). of) .0 BtIu ; /nit t ,f ammonia Many 

C
lhest' pln I.w ( buill (,I'deigned Letwei.'n l19(61 and 1973 when 
;ILoutl .1(million It uinI %Vwas a1 commolun ua1ranlted battery-limiLs 
(,'olSL]IIIIl i l. u Wt'' NV:) and 19 'o8 i8mpree(ntIICIIs were inLro

dLcCtl wVhich ,'t lilt' 1(oI "a consut ion o111 .10 togas ab.OL 
.;I milli,,n IAi x' iiii2, Ii,,lw ful conul.- mptlion. The two most. 
imlp'ant iminrv imcnt t'iV preheaIling tlh c.imbustion forV (1) ar 
the pi iln; r' rtiiimt'r lurnact' and (2) gunialing steam f'rom waste 
hetI ;i a:U'Lin:;l'rs:,lt' .l'fiicint iv hi;0h to tri'the ht for" the 

Ia; bIsi:ijiflj i '.,;s ttill ti c Il('llta a pressure1ss in 1lw' a high 
" ciiiLI'li I..... l ya aii ti theI( '(.,'ilt' . Most lan .s 

built or tisigi.et ,l ii .)9'2 incoipor'itedthese teatures except. in 

1':1 gas Was towcoLlllt'i('s \tl mc111-i'mAl cist too to, jLslify the addi-
I ion1;i1 iny',st niet~t 

i ce lilltlri in S tn111iAg 'ig changes 
t)cc:imf ava il;thl. M lny 'ai hih ly technical, anI 11o alt.linpt. will 
be to icciil I tw in itetail. are of more 

A I.so,*,. 1)' ni: th c' -.s hNve 

Jllatth' u e These some the 
impo tant Ill',-,;I inn1rii i%'V1( i ' 
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Several methodts for utilizing purge gas have been developed 
and ult.ilized l'u gas isthe gas purg'ed l'rom the synthesis 
loop (see t"igu ru C-1). It. contains nitrogen, hydrogen, 
argon, and methane. By utilizing the purge gas to make 
more ammon ia, the feeds.; t ,luirement.s can he reduced by 
5-81, In Slt methods the ai'gon can be recoveled for 
sale. An allternative is to remove argon and methane before 
the synthesis loop and t.hee)y eliimnate the need for 
p)urging, 

2. 	 The synthesis reactor (conve'ter) has been redesigned to 
lower the pressure drop or increase the conversion per pass 
or both, 

3. 	 More enery-eff'icieiit. systems have been developed f'or 

removing- and recovring"carbon dioxide' 

4. 	 Continual improvements of' catalysts used in several steps of 
the process have increased their efTecliveness, lowered the 
pressure dl'op, and extended their life; 

5. 	More t.horough cleaning o 1 )iu'ification of the natural gas 
steam, and air en te ring the pirocess has increased the life of 
caalsts and lengthens the time between shutdowns. A 
recent. news airticle relport.s Lhat. an ammonia plant has oper
ated con tinuusly for (33 days at well above design capacity; 
and 

6. 	Ammonia can he l'ecovered f'rom tle synthesis 1001) by 
a bSOl'p tion in wa te' un)del' pres s'r'e ain d Iatel' released as a 
gas by lowering lt plruLIle. 'hit; Would save much of the 
energy now used for liquefaction of ammonia and latel' 
val)oi'ization fo0l" Use in urea o ammonium nitraLe production. 

revisions of tH ei.asic flowsheet. have 
been proposed, but it is unlikely that. a decrease of more than 
10-,' in enei'gy consumlpIion below tiat of' the latest. proven design 
will .)e practical. Fo' the near futul'e tHie g'eatest elnergy savings 
will come from llajlica tiol of proven technology and(1oi'e careful 
maintenance iand opel'at.ion of )l'esent plant.s. 

Seve'l more d110l'cist 

Economy Inst.it ut.e 
(1979) . the e:nci'g'y entering the ammonia plant (35.(0 GJ/mt of' 
NH) consists of natul' gas foi" the process, ni)alural gas f'o1, 
fuel, and eh.tic tjwel'. On the oLher hand . energy leaving the 
ammmonia lait (ilsl~ts of ammonia (17.(GI), .nergy absoi'bed in 
cooling wv;iu ' (112. ( ;,J heat. and heat albsolbed 

Acco riiI)." I.o(o'hemical Resea'ch 	 (CE RI) 

) , losses, in 
coolin, ;i' ( .10 ( ,). Assuming no import or ,xlIorl. of' seam, 
the implicd n.i'igy iie is about 50-,in ammni;l pl'od(lUCtion 
Any el or! 1) l'ed.le enei'gy coIsUmption must make 'ill use of 

S.H11), Vut11.Cl.Ii t o t.oasf'l'i'the cooling wal.', and(i i'educeht. 
heal. losen. Ihe sur'i'oundcin)gs. ()ne waVy to io'(.1uce energy 

consumpiin is to use the S-200 Radial Flow oive'ne' (developed 
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laldoi' ''.;,e A/s in 197Gh) which iUe(IC's gas circulatiori and
 

' r; i,,n I LL iii'ients . o-din,,' to 1 (1979), is
Ii( ,11t A(; _, .I1 
qu ite rmlist ic WA)state tiht in the 980s new plants with con

sunmpt.ion Ifigus around (3.,3 to G.5 (;cal/mtl (i.e. , 26. (J t.o 

27 . 2 (1.J/mtI if ;nlil ni; ) will Ihe in ol) rat ion ." 

Many ,t heur (,ne'gy-s;iving innovntions involving changes in 

desian and prcsscs are discussCI L)y AgNaI'wal (1981); BUividas 

(1979) Buivids, (Azupporn, and le&Blanc (1978); Chari (1979); 

Speari (I 9T) ) a nI Van Y(\t.erier and 1'ielrooy (1980). Chari (1979) 

has discu(sse(d an aj~jproach deAve'lpedLht C-E IAlIImmLIS vhich has 

thC )(Otfilti;al ,,f t i ., eT yr.i'(llil'nleIl.5 between 26 and 28 
:32.5 UJ/mt ofmillion lIti-h it toll o, ainloi ia . . . 30.2 G;J to 

;aimlmlin)ia. 'lhe rT(LlUireCd molifir;it.ions and inl ip'ovenl eTILs include 
C02 removal syst.el,re'frmr ('-mLustW.i air p)ihlit, iplj)rOVed 

l)I't S.LI "O plt iliz;itti(, in s yn thesis, cryogenic recovery of 

hydrogen tiv p'url , g'as, nmd im)Povuments in amimonia reactor 

design. 

Pullman ell,,gg (now M.W. IKellogg) announced in a press 

rlast. , in Aiuigst 198( t.hat, a new I , 100-shol-ton-per-day 

amnmonia plant wmu l b Luil in Canada designed for an energy 

(omsuim lin &, hlss than 27 million Bl.u/short. Lon (31. A GJ/mt 

1II V,). lI'h. annLIncenltl( L noted that N'urther reductions in 
t.'ll( E"V (4',15 Li fl lIt1 i)1 We i'~ ["0 I L were consideredpossible not 

UC(.)rlliI ical at pisen1t. 

tcll g,0, desig"n includes a horizontal ammonia converter in 

which a c;tal st with smnmlie r- thn -noim; size particles is used. 

This changet, reduce.'s owe'r fo r recyclin.g," ,synthesis gas by 

incieasing tc,,rve.sion Ipr pass ;anl lowering t.he l)'essure drop. 

'l'h design also includ.es recovery .)I' hydroigi 'rom )urge gas by 

.. Ie(!t1i\e ).i'ril(!ti lhl t'rough melh;rns (developcd b.Iy Monsinto) 

anid ;I low .niwy (V, sj;ipiat.ii) l~r.'ss ( Sclexol iPO(roess, 
) . Mre e'ficit heat recoverydevltl,)I Iy Alliuil ('p t 'in 


f'rom i'(tfrl flu. gas hci'sel the gas .emlpratUi'e to 250'
 

llat recovi't.d was used to prelheat. combhust.ion air
120"(."). The he 


and f(Isl.ck. NIItii'OLIS olhr el(l'\'-saving feature(!Nls were
 

inclutdd, . 4mofwhich wer(e not disclosed.
 

It should he that. energy efficiency in ;ill nlanUf'actuLt-Id not(t 
inIg rio(} ,;.s5( d lt(.lnIs 1ot only oi ,1he l'OCss aii.ld eaniilfliment 
deCig'n, Lt ; Iso I) hOw elf' icieritAly it. is operPated. Btividas 

(1079) gie;S choclCk list, of 27 ho}Ltselkei)inrg itC.Is that will help 

ket p a;mim,,i; lants oli;m I ingr at high (,fliciency. 

A", has Ien(u! l ,irit.ed out. earlier, the iajol cmphasis on 
wvith v n .ATic'ienc:y 

NIPM 1 Itll. lill,, lh;,1 IN;1.(,--,s 'aI,. al ni i;,I(p~lants'- ( vit.h1 a capacit.y 
ptr. ,d:!a{'h{ ;, l.l-iim}'v. crtgy began 

illo th;mn (AM)-s, l -1Icn,- li-ly) lte(;lnledal ar)LI;ii'.('ifsq.uet-ly, 
l 'Nasihl,s-,m;,ll-s'alhe ;,ii,,iii;a plants. which a I HIC' MINei " aiti' 

n;liv(, fmr ci.'taii l n i ,.iis,. did not, undergo 1.h. sme legi'ree of' 

Iechnllgical iilp,,\c'ei'm.is as have t1che large plant.s. A process 
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(developed by KT I Col'poi 'at ion) wh ich is conSidered clm i'gy 
efTicient. ani is especially suited f01oi' small (less than (;()()-short.
Lons-per-day) ammonia plants is fescibed by Van Weenen and 
'Tiolooy (.980). This process is known as PA HC process--'or 
Pressure swing adsor)t.ion purifica1ion, Ammonia synthesis, and 
l{ankine Cycle powe'r recovery,. 

As d(esc i.b)e by ,; in ueenen and Tielrooy, those are the 
major energy-saving' leaMIes of the PARC process: 

I 	 Combustiori air is enriched with oxyg'en from 21% to 26%, and 
l)reheated to (0":' 

2. 	 The r'ef'ormer I'lue gas is cooled to 300"'F' 

:3. (as from the high-tempo:ralu'e shif'l, converter is cooled f'rom 
750"F to I,501F in a two-stag( Rankine Cycle process, which 
is used to gener'ate electricity" 

z4. 	Any eXc:s5 5s.teaml is aiso used to provide heat, to the 

Rankine Cycle. genor',ting additional electric power; 

5. ef'rigeration in the ammonia synthesis loop is unnecessary; 

(. 	 There is no purge gas in the ammonia synthesis loop: and 

7. 	 The high energy-consuming carbon -iio:xitCe removal syvstem) 
Used illCOnvet.HIionlid procIeSses is ieplacec I with all energy, 
of ficien t. P s 51l' SWing Adsorpt ion ( PS A) p Uril'iCit.ion 
system
 

The energy calculations made by! Van Weenen and Tielrooy 
indica te that the el'g.V re(liiremlntS ai'e slightly owove l'osmall 
amuimonia lanl I C process than Mr large ammonia plant.susing PA 
uising" con VC'n ilnllill pr(e SS.
 

Thc liianftttctul'e of bulk, prilled urea in the Ulnitedl States 
recuiires an \'tel'age of' 795. (,I/ml of' N, of' vhich ao)uAlt 7,1%-, is 
the c 1( cn ia eiiei'gv input and 2 is I:iCote.d l'O t1' C(MVli\'ei'on0) 

of amont ia b)t pi'iltl.'cl tld. 'thUS the t'rg'y l''tlii'ellli t, f'or 
Con(v" '.inill It'NllllD)llia t,) Ule 15 stil t ;llltialI andI t lie means IfO' 

" 
rctuciln it w;arIralit attention. In tact u.ch atl( nli)li h;i.s ben 
gi\ven ti c.n,.l',''- saving imp Pcvements in the ul'.*;i mianufat ci ring 

rftVI illtr(tluart it ll'e li )g\, 

ii l'\te-U 'Ve' %s'i ahi l 12 (WIinit N whiih is ci,l)ai "l tyl cicalIof 
Pl't(,.. t[he ltuTei' lue ' lile 	 rn iii let'1 

so ,)r 
tlie i1( e IinL ),ll ltan ts ;ind is atiotlf ]l;llf* I t'I ' 'Irage 'aic ' it' 

21 G;.,t ) fi ' N. A i'At tIstimate ti ij' 1 ;tt'e'i'-ltin;l . is ene'gy 
l'rctquil'c 'llmll , \' ie a. 1)V ;s :.(; '" ( /lil () l't; (G ;.7 ( ,J1 t of' 
N ). IIi ' \' t. hi.n ' hin,It' ticst:im; 11''t ii Inc l, ) ('t 'sit e reqtu1ire'
iilel) t () ' I> i (11 i Ii liii ttdl 

,
Tlhe' lll;lill liqluid] tIfTlll . ;ir'c w;iler'l c')i~ltls:dt I '1"()1 t~he 
CVaI ' i,' VN;ii tic, l iti .t'tt ,111;ll.'- f'rati' i)nalcl rc l l Ioft ')c' 
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'III1Ui 1idI and liI IOFni SCVI' (d 1,Ill ICe illirig IOWN' CXN aI..istL 
g;I -A" \hirh C01tI ain;S I'ra t i()INal WI C1 ~NLt 1't~ I ) S I ll S It Vw;i 

I.iofl as (3ili);ittI with pr'iliung aIppcars. 1 hu' connectedI with thelu 
s1.rni2ent UliI~Is11 t ic ti itt( St ales fo r preCvent1 ion1 of'ill 111 

aIt.moISj)IhTic J))II.It ion antd disp0salI oliItjid1 ebb LuieNtIS In count ru'eS 

thIUe ri, IZI1.Bismate lilouet Ni V Iw re'2,'r tjiefer5o 

he (,t)11 (,' '' eI 

k, v I'siOo 1 _ , ;IIil lo11iiI tIo Iflttii(Io2 n11 v. e O1 er (I 
It 111a1y IUd It 11 11 1 r C(ILl iI efllenI ltri COn

lI uIi in oie e CIic i 11t\' I tLe 

IlaI;I~s C;n1 b1wrtduI ICC( 1 t,0 a11)LII 11,1lt Of' th I)Ire5(nt 11( viU.S ap . 
Ill Conj~nl Iionl WithI ~ii~ (3 of, mlou ni\-icet aimmonia 
tuch11li I 111e eV~' us cal het lii ((d I'rvi 79 . 5 .olcqgy .Ihlie~a g yi 

(1 11W) I'O bulk (r Iu'theail(tit1 52 .10 .J"m ()I* N prHilod Lunl 
I t~t.Livl'\'r .A\'lly 2, saingii2 hcy\oiid Ithis pvint is likelyV Lo 

1w3 smiall and perhlaps !cuoI~iC;IIaly Marginal. bu'ii'ufrse 

Since ai'li hi is he major ell (,,v,*\'- inl e 1)siVe ii) ~erImod iatIe 

iII1 ini I)r(OC.I 1011 all enlg aigs inlaniinoriiai. pro~dtc0.1 Li i('i 

iil)02,I(NIl ilfl)])\'ifoI S Ii il a 10Ienlvgy Canl reSUlt, inlI'lurthe 
retldUCt 101) in cnergy LIse. Some ( ho1se no-Of CeiC-gy-SNViflg 
l.ion ale di.-W&uSSCtl b y PIgan i and G(I, IncI Ii (1979). ant(1 .)rt 
1I1 g;ini A\a ; i I i. ,ntI( I Moijc I-iiik (19 8(0 'l'e IWC(ILuCtionOf0'Urea 

('0 2 + 2 Nil:. N11 2 C00NII 

N112C()ON1l, 1 CO(N11 2 )2 + 112() 

In oI011]r wor~vid s,(1i caro dioxide is rec ted xvi t'l amioli~ a aI. a 
liigli t~iimlwraittuc ( a bou t I SO'( antd prossule ( 140-200) AM) 10 
Ituinn ammnumnC 1;'Ii;II , T h is is folIlo wud 1)cIv lim'i I;It i 0 of 

WVate r brIfal- NIIIIint1r i.lfl Cal'ail a ti. ~o bu riea. Inia conventi onal 

LiI .C, I r,*I CI ()ir anl NCim- (4' U SC(I IlitCUXs ,s b is and C~ii'('ISoI 

effliciency,' Mr ('a is ) dbahit. is h5&,- 'd, o amm~oli it k''320 

1.11i'tAIii,' hgi Ci,iI't'is Il t'fliieC\' in tI l !;reaI'etoI' and (dli
(tit'IlII V Cill (I' Ul1rt';I(d amumon ia and ammonium ('al'baml'a t 

la 'n i ;iioI ;r;Iil i ( H79 ) MEaii I at Montedison (Irrom I taly ) has 
d('\'els jitt :1 Il'i It1 JI's t-, known as 11M~ (isuau'ic double recycle) 

II'(e55i Whi~'h rt!oLIce:, r j'1IgiiI'Clfli-IIs 1h u'ou eh high1 con 
\'e I'i441 eIiciienoy anid ('asy\ '-cc'inig. 

One1( ()1, Ih(lIt' mst o'c'-I'iinIUlea('; pIocU-Sses inlCo'011 Il 

use( is 11he St ;illica i'im n stiripping process which has h een 
d('scl'ihcdt ii\ IaasenIhrl'osd and ('heimin ( 1977). Ini this process 

mostolIht utonvrtet I'ect(AdnkIs are, SI 'iil)tid froin the1 urea 
solution l)X the_ incoming carbonl dioxide' sti'eaiif at, synthesis 

I)I'eS~Stil' and (i t'I('a'd tempeu'a;t.uur' H rh SI'lg Much of Uii 
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energy for recycling the unconverted ammonia and amllonium1l 

carbanate. 

As noted previously, the average energy use for producing 
in the United States is 2.5 times greater thanurea from ammonia 

the value given in 1lI)t' (1979), and this value was selected as an 

averNg of Utility requiriement of several processes. This large 

difference is at ribU ted mainly, to st iingen t EPA air and watel.r 

polluLion control reguIntion s and to enery-intensive means that 

ai'e used to meet thel'. Theref'ore it Imlay be concluded that the 

most fertile field for ee'gy 'e(duct!ion il u'el Manufactui'O will be 
in finding more en ergy'v efficient means for conf,rm ing to regula-

Lions or ierh1)s in seiting more cost-effeclive )ollution control 
be noted that the ave rage energy use ill congoals. It shoulh 

21 W/mtof N, so potenverting ammonia to prill] d urea is about 

tial savings in Lhis pi'ocess ;ar'u coin ddale to those hat may be 

made ill the alloni; p)l'ocess. 

The ammonium nitrate process genersles a substantial amount 

of heat inth -chemical reactions involved, pairticully in the 

nitric acid lproduclion and neutralization steps. Modenl facilities 

convert this heat into stam and mechanical energv for use in the 

process and oftAn show a positive unergv )al;ince in the form of' 

steam for ep)ort. This is tarticu hi,'lrly tri'u e of European plants. 

European manufactureii's have long becn mi)l'e contcerned with 

energy con s, rva Lion Ihan American iman ufact Ii i'ers who until 

recently were more concerneql with minimizing the initial invest

ment. The differen ce in viewtpoint is said to be related t.o 

differences in rate of detl 'c iat.ion allowances for tax purloses. 

The TFI survey shows anl1 intCi'quartile rang'C of 0,28 to 
2.77 GJ/ml. of' amionium nit'ate in soiuLiin form and 2.22 to 

6.76 (;,J/ml in piilled form. This wide riange can be attributed to 

the survey's inclusion of many oler idants which were built when 

energy was chen Somne of these plants have been conlpelled to 

adopt e0nergy- intensive l)(illu iollIn con i'oIl measures to meet 
standards that have been establisbed since the plntis were buil 

One import;nt point in the ammonium nitirate process is 

the nit'ogen recovery which is assumed to be 96% in this study. 
Most of the nitrogen losses are in the nit rc acid plant. In the 

conversion of ammonia to nitric oxide (NO), side reactions occur 
which result in loss of fixed nitiogen as elemental nitrogen. 
Also, the tail gas contains oxides of nitiogen which must be 
recovered or des[roved to meet pollution requirements. 
Destruction methods involve a loss of tiN(,.tI n it.rogen and are often 
less expensive than recovery for some older plants, Most modern 
European plants and some new U.S. plants have a relatively high 
nitrogen recovery, perhaps as high as !8-, foW the aininon ium 

nitrate process as a vhole. H coveri' of dust, fi'oin the p r i l ling 

Lower 1o meet 1)ollution regulations has con.ril)uted to high energy 

consumption in many plants. As in the case of i'ona, this 

problem is loss to r granulation. 
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AI)licat .ion of' pr")'el lechnology f new hlints cou)led with 
efl'icie nl optyraion should h N)IfcCleh ,o'1Cdi'Clliftneg' con1sump1j

tion to al.out. 2 GJ/ml of ,mn iin nit i:ie . In conjuljflction with 
cnCI', y ,-Vin' in ammonia;ll0 1i )II I)i't i(,n and be tei ' nii. ogen11 

ii il
I'ec.O\'Vry, h.1 toltal cner',y uS (. I' bolulk Irhill('(l N1Tifll l i'atec 

(O.1(I l IuCdletl.- l'l'(1 t ao I .2 / .il 21. JT- ( .I/ilt o bOL ' (';J tllo1' 

50.7 G(l/ni t of nitr<ogren . as CoMIpIe(l with 11(h C )I'' -)U1 t. t . S. 

a\.'ra<,,'e of 81l0t 73.1 ,,l (1/mIof N . Some of this Cner,4"y i'euct.ion 
ilay I lneces(ot il Ihe ecolloillica l. 

e; I11 111 1 -I'i( not. .' i ro Ii..ction';111y LL 10 1'Ot) ' S dO t) 'llit o1 

St.r'aight 1 11m1olliim niti'ate because. of' potent.ial jie't and explosion 
hazards. In thesU countriCs, CAN is p)OlulA'. This Irodluct is a 

miXture 01' am1ot0iuitm nitrat.- granulatel with chalk, lime,stone, O' 
is 2(;-, N, but I'odlU-ct- indolomite-. The LISUal nit.rogen con tent. 

the ringe of 21% to 2M% art! being or have been produced . The 
va Itte in con. t'ol-ingcaltCil-1nm and(.1n1118 le5 ii conllents haive Some 

soil aci(Iity and in fuinmishing" nu ti'in lements which may be 
delicien I . 

;immoi 11li fate sulfuric 

amm1l1onlia release. ;I lle m ount. of chemical hat.. The most 

('olnflmonI 1iCt'-,5) , VlC.Ll. C1'yNstallization, disposes of this heat. by 

O\aI,,'ation of wa tl' that. is added for that )lll'ljose . The WatC' 

vapor i-,lalcr c,,ndense(l. and is heat. is release( at. such a low 

Lel.e(ll'Nt Ll110 that little use can ihe made of it.. lowever , Lhe heat. 

of rctionl can 1W Used When ammoniulll sulfate, is pro(Luced ;.Isan 

ingiedient. (f compound Qu't.ili7ers by adltingr ammonia and sulfuI'ic 

aCi(I 101 otheir inglgidiunts. eheat, gicnicratk.d assists g'r'ulat.ion 

and help.s LAIdl'y the IpodLIct-1 

' rOd lc' Iion of . suIli from acid and 

1- savings energi"y for 
uisinll" available techl0og'y f'r selected nit.rofgen fertilizers are 

Summarized inTable '2 

'The probable- maximum in use new )lants 

k _ .. 

Nitrogen le it iiliz .s 
Table 32. P..... MIFaimm Savinigs_ in ergv ti)o Setect.ed:. 

lne' g Use 	 Eve rgy
 
Plo(iluct /Irocess 	 Presei t ute Savyi ngs 

- - - (.J/mLt (f N)- - M 

Amonll i a 	 57.2 42.9 25 

Urea (pri I IutI)
 
Alilu o i,i inllit. 58.7 44.0 25
 
SynLhsis. 12.0 6.7 44
 

F ini shi ug 8.9 3.5 61
 

lrtvi titil 79.6 54.2 32
 

AIImoiuiilm li Ltrat (pi'il led)
 
AmmniaIll aii lliit 59. 7 44 .8 25
 

lvlt' " 13. 7 5. 57
 

AN total 73.4 50.7 
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Phosphate Fertilizers 

As compalr(ed with nit rogeni fertilizers, phosphate e'tilizers 
I 'Ct -lirc Menuch loss ,ne 'gy in their man ufacLUre. 1oWever, Ctes!pitu 
low eLnergy inten sity, the Possibilit es for saving e no(rgy are 
t heIre. Various Lne''y reidicing innovations foi )hos)hate fertil-
Mzers (mainly for phosphoric acid) are discussed by IlignCtt, 

( 19801) ) ; Ilhz'nibuck ( l978 ); and Ste enson, tEarl , ;inl (.,Ai'lnei' 
(1979). 'l'he lot nLiAl for enurg'y savings in I)hosphat, rock 
miling may be rather limitedl. T'hun ConSUIlptiOn1 in jlhOsunv-'gy 
ph.N IAt foi tili/wCr m;anlI facIluli', howovo ', Can be reduCed thb iou hg 
(1) wet ,rindin~' of' rock , (2) use of the helihydirat(! )i'oe(ss in 
ph)sphorie acid manufac tur'e as opposed to the dih ydrato process, 
(3) generialion or electN pi)ower from waste heat, and (1) other 
mo lit'icatio.ns in design and processes. 

'irst, wet. g'rindin of' rock eliminates the need for drying 
an, I hnce,. saves uncIgy. According to Hignett (1980b), 
th rough vet grinding the power requiremenLs can be reduced 
3,0-,-.10t-,. I"L..ter'mor'e wet grinding reduces dust. losses and air 
i) ll tion 1 UList. It seems that the process has aready beeondu' 
;iccept ,l Iby' indLust IV, s.pee.ia IIy for the newe' lIants. Still more 
energy can be, saved by eliminating grinding entirely which is 
)ossible in s.vo ral processes when the rock is of such fineness as 
that communly foundI in worl1I trade. Some F'lorida plants use 
ILil '1;) n{l , Indi''ied rock. 

Se(ond, (1.ll"rg requii'eumen ts e an he reduced by switching 
from tilhe illy(i'ate to theu hemihydrate proess in phosphoric acid 
production. In the case or the hmihlrydnaLe process no heat 
ener.g"y is i'ed to, conc.n rate the phosphoiic aid for most 
uses. In ease, ofi the lhydra e process, this energy is supp1ied
as stelam fr,,m the sulfur'ic acid plant.. Since the sulie acid 

Il;alt is a iet tlr,,;)g expot.e' , use of the henih\drate process 
will only increase lfie .iD 'l1'Oysup'l)Iuts, Unless, of' couri'se, an 
allti'l tl u ,s is found l'fo' histor SLiui'plus 0lner'gy. 

'l'hii d, the byproduct enegVy derived from the lsulfuric acid 
pl)nt in the omi'1 (f high pressuri'e stleam can be used to generate 
'leUtC 'icCi t'. :\cc(' oi'ii g" t.o Stevenson, larl , and (.lardner 
IN7), "it in loract it to onsider generating u) to 85%-90% of 

the eletvlriC ptWol' i',AlUi'emonl.s of the t)hoslhate felilize. Con)-
Itlhex in Iii'na llV 

'',,tat ,,,'-,,ilh avings for T"'SP, IDAIP, and MAI' were Calcu
[At l ;'CL'ti,lin',, l, the following assumnptions: (1) rock (IVing 
;t i I_,:ri t , 1 t,h s Pl i..i It,i ' pilrodluctio n Will nli'g'' n(ino aI,. (, 

ra it.lln t, jllo h,,i ;c ill he22eliminated Ly using a
h .li \'l , ','.: :,. ";) enrll, y{5 reco.') lvr from the Sulfurlzic: ;cidl; l. n 

p t~l will 1w totl''l',,l IVll'qorltc'd the tlj l,[ur Va;luel thatl by5 Of' 
hlifer'IllI;1l'tih, I;It ill the TI! sur'vey. aind (,I) lpr'c-ets~s eqllrgy 
will he, r',.. t bd' t,, that rclm~ric'l by5 the: lou r' v;dluu or the. inter
(JUN; l' ile ' ',; " ' 'llh . 1"u', L1_I1I reL1.1 CtionIIS in l I C, I 'gy LIScill g a11" 
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Tahl 3 . I:5 HIX llit:<iml In 'gy Lse for- Selec.elSavi.ngs in 
' 
! 1 cFe, tii Z r' 

..p ..gy .Use, Eno rgy 

Prodnct Ir1sent IU LH ue Sa vinlgs 
- - -(GJ/Lt of P.05,) - - -(M 

Phosphoric arid 6.5 -1.2 118
 

TSP 9.4 2.6 72 
)APa 8.6 0.5 94
 

IAfP 8.3 0.2 98
 

-hiaa. Not iinud i g energy for amon inli-t 

Granular Fertilizers 

TVA has dhveloped processes to make gr-anular fertilizers 
which Ipromise substanlial energy savings. These include (1) a 
"falling'-cuL't.ain" granulation process, (2) a "'melt-type" granuia
tion process, and (3) the pipe-cross reactor p rocess. With the 
exceptlion of the latter, lhese )rocesses are still ;it pieliminary 
stages of testing and will take some time before they a'e adopted 
in commercial plants. As reporLed in Farm Chemicals (Nov 
1979), the falling-curt'in p)rocess can reduce ene'gy by 30 plant 

investlment needs by 10% and generation by 9W-,,,,.. over con
ventional granuhltion process. Young and Iee (1975), on the 
basis of preliminary data, claim t.haL. a meli-type granulation 
l)rocess can also save energy. Finally TVA (1978) has ieported 
that the use of N pipe-cross rea2 tor reduces or eliminales the 
need for fossil fuels for drying granular fel'ilizers. InsLead, 
chemical heWa pld'ouctcd in Ihe prcess itself is ised to dry the 
granular Il)roduct during processing. In ad(litlion use of this 
reactor is claine t to improve p'odctor tquality and reduce air 
pollut.ion. In the case of DAP manuo fact U'e, he use of a pipe
cross reartot" e liminates the need for lhe p reneutralize,' and the 
sluri'y pumps used in a conventional DAI tlant,. 

Energy Savings Through Operational Efficiency 

For a given l echnology, energ'y requirlement.-, for fertilizEr 
manufacturing can aIso b(, lowe Ce( I h i'otgh imllprovenlellts ill 
ol)erntional effirien cy, beter manaigement, and conserval.ion. In 
the past, when energy was cheap, energy conservalion practices 
did not. receive high 'iot'ity. Even ts of the last few years have 
changed all this and heightened consciousness of' the need to save 
and con u'vcie as much energ'y as possitbh, in ope iting fertilizer 
imnlu71.lfaCtth nIlg complexes. 

Perhaps the most. urgent energy-saving sl)ep for developing 
countries is to increase the calpacity utilization tate of' their 
present: plants which is now often 60%- or less. Operation of an 
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aN11foina pl;in t at SICh loW Capl acity Lili ;t i(il, Can incr e, t he 
en(r'Vy ('(InSLlim i ild sijnific ni ly. The( mlin a',l tcd f' 1)4)()1' capacit y 

utilizat ion in mall.\ cases is initAliiIPi . n , 1 lJ)V(T hLil~plyIn .h(I'liMV 

ant V\ l;1t ',, f1LWti ;ilii(', Whichl f;(L- lt 5IlLIt Ini'qL'tJ i)\%in,. 
. . i t .1 v, I, n<.A ( (-. N' , I .S i t C 

a s.' r e to lm m n c III qliat l l',i 11l(- \ In 11 
s u c h t , , w , l~ ld t*1,nlh W h i lC g e ':1 1 Cr t 

W w lik 	 a 1d u(t I h y , l l )1. 	 ;in,. 

alll(i3i1ai-Lil'te; (Jl3pI(-X thr irit a iired fr't lh Il(;Inl a1n(d tied ric 
ieclit t'e C e;ll lan1i Woidl (o 11sel vein apower, and iS tai t 

As iivn in Figuri'e 1I, it is generally assumed 1(1,r the sake 

of sim)licity that (nl'gy Ise onn l) lunitl basis (,IG/mt of Iei'lil
izer) remains un stan at. different plant utilization rales. In 
oftior worIs, there is no correlation blween energy use and 

mnyinotoperalional efficiency . lowever, in actl i]p tid,iC t 
be t.rue. Rather, thro sUMS to exist. an inve'se relationship 

bet.ween enei 'g LIS and plant uiJliza tion rate . 'lhis is m;inl 1\' due 
to a fixed eni31y u1s,'4:e comfloonrlet which does nol. changc when the 
plant is shut down. AU rt hermonre , the larger' lh numin ber of' 

interruptions to achieve a givei utilization rtil, the lower the 

energy efficiency. Inprtovemen t.s in lan t ulilinlion riat- not oil1y 

increase energy efficiency but Also l,,wer Ier un1it lipodi.eion co.t 
and increanse fortilizur supl. ' 

\ Expected in Commercial Operations 
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Figure 16. 	 Energy Requirements for Manufacturing Fertilizers at Different Capacity 
Utilization Rates. 
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VarI' C'ro T o o"(luI.Ill-N to ;lmO..11cr, dependingllll
t he. .-it.L ~lio~n Il'I;. 

Li])OIl IIht('(.'f l 11i1(js', jI\ rl'(-) es. leVel Or indLIStriali a-I Ifl;it eri~ii 

Iion , alid .;ix(I I rII li I;'i Il<,I.,,&'I hi, 


Ammonia From Nonrenewable Resources 

II has Ibeetfl dAcLIlltCi Crtlier t.hat all)01i,' is thC basis of 
niI!t.i-'L(c 1't r'iliZi l's and na.tural g'as is tlhe nMoSt t)PClC ri'o(!d feed

stock tI'(," dlliOOil On thel)rO(.io1.1.1 basis of' the known esti
is plenty of natuiall1";It(1 IV'Vt7(-S, 011C CaNI concluCde that. there 

for the oIre(,SLeabC futu re.,'Ito prouceILI ce. trogen ctl'. iliizes 
use of natural g2as in til fertilizer sectoII,)wmver, the final 

WouII l en I 01)1 the 1pa 'at.ive economics and0 the opporl.tUI nit.ytA COin 
cost od' tas. According to Exxon (1980), sufficient. natural gas 

r'etrvs ;ire blie#ve(l to )e available. ''owever, most. are ill 

rellote ;i'ras. and Ile facilities requir(d to move the gas to 

ma rket are expensive andl entail considera)le commcial risk. 

now andI 1990, 1,N(; inli)ort.s int.0 EIIol)(CNeveritheless, between 
ani Japan arc ( cc e(I1 to increase ivefolml. 1,ad times for 
plojitcts to import. I,N( currently average 7- 10 years. Problems 

relate(I to gas e(livery, rather th n resource base, are likely 1.0 
limit. gas use o cr this period." 

According" to Spear (1979), "lte general feeling iA the 

ammonia itndistry ems .0 be that nat ural gas will continue to he 

the Irtelominat . ftetslock for he fo rsecalb. fuLu i', or at. least 

whil stocks last.. Any radical dleparture rrom conventional t.ech

nology wit h its dependence on hydlrocarbon f'cds t.ock s , is 

L111k Cly , tMwever, to have 8tiny irnm,.dine effect oil today's 

;111llt)10 iN -I LC whose MaIin operatilngff Co)nCermII II.LI. I'Cl) ilai"l " 

.ri'. sa ving." This Iay t.)e I.'LIC for world aggregaI,.e but. the 

Jro tcluct.ion ain(I t.i'i(le l)8 trcI 'Sn of Ninfloli WOul(I Shirt in favor of 

coti 1.ries willh at) tin danl. nial-ural gas ';ee'Ves . Those CoLintiies
 
Nn1iflia C Capacil.V ItiSC(l oin Iat.uiral g1s but
Ciilrrelt.l vWith a1 large 

with1 limited nattuial gas reserves lay (1) eit.her scrap their 

capacity ()r (2) ifl)port feedstock or (3) use domestic alt.ernat.ive 

tcrgvl-g ie;( l-(res thlat ai' more abunian(.t1) to ruplace nat.Li ral as 

In addition to the availability of' alternative energy sourI'.(;'-, the 

, .Stiit.1lt.ii)lpossih.ilit.icHs will also be influenced by technological, 
conmlic , ;lnd sCtri ty tonsiCraI.ionls. 

With t) excel)liom of' Blouin (197,t), Very liti.le systematic 

work has been done Io evalual energy (feedstock and fuel) 

sutbstitution Ionpossibilities in Ihe rcrt.ilizei' sector. As discLSs(d 

earlie'l, lll(ii can be l)ro(lI((.l frlom nat.ui'al g as,nhha, fuel 

oil, coal, ()r hdllr(g('n derived l'ro the electrolysis of water. 

:Iectrolytio' hyr(li'ogen is prOlilitively' CXpl)si\'e iinless electr.ricit.y 
is bieing pr'odtced( commerl'ciallNyis abti.)iil'l ind( (t.al). A11nllii 

lbru g"h plartial ,x(hitill) () coal in India and South Africa. In 

the tinited Stalo.,itanlinlilia coal gasificatioln is h))gin i" , frlioil pro
amnmonia fi'ion coal(IC(til oI a piiI asi- b TVA, At. this stage, 


is niot y I (e(unomicall fcasi)le ain( inafly technological p1rol(ms
 

i'eniaiin to Ibie .
solvi 
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lhe (!( ,- (' lilriCUlt y of SUl).Stilt in 0.,he Cfl (ls ItOC k rr 
another is illst rated by tile Order developeCl in l;ble 31 in vllich 
plant s dlsi.ntled aln'ly feedstock use, 'ela-It) Use given ca11n With 
tively sm;ill m1 li'ic'ali, ls. any freedstock above it. For examIlp , a 
plant dhesigntl I) ulse onl can USC, light or heavy oil. naplhtiha, or 

Iatural Oa.s althl iJhl much of t1he e(uifllenlt Will l)C (.Ve'sizC (1 
UiicIle'sry. (.Ain\'iseuly, a plant designed to Use ntraIIlNI gas 

t';lin(O Use Coal Wi th)ut1. changes so ex [t!nsive as to ,,c:'e'd .he 
cost. of the original )lant. 

Table 34. Order of SubsLiLil Lyof
Aimmon ia Feeds Lacks 

Order IecIs Lock SuhsLiLutabilit-y 

I El ectro Iyt i c hyd rogen 
2 Natural gas
 
3 LNG I crea s ing 
4 LPG l)i fficul ty 

5 Refinery gas of 
6 Coke-oven gas FeedsLock 

7 Naphtha Substi LuLion 
8 Light oil. 
9 Heavy oil 

10 Coat
 

a. The se ret! dsLocks 

so Lheir ,act lplace may be in ques tion. 

1 lou in (1974) idenLified several problems for producing 
annonia from coal. These aie (1) poor operating experience, 
(2) high original cal)ital costs, (3) great variability in coal 
(luality, (,) high fuel lossUs, (5) high labor costs, (6) high 

slt(am 'equii'rt l-, (7) capacity individual gasis and limild of 
fiers However, acording to l)rtliminary estimates made by 
Nichols, Williamson, andI Waggon(ner (1978) and Waggoner, lee, and 

lFoste.(r (I938) , givl cur'rent tr(eds in energ' prices, it appears 
that in I. not. tot) dist anl r( amnionia from may becomeflullUU coal 
economically colpltrlitive with amnonia f'om nat.ural gas. This 
position is fuL ithe " rinl'frce(t hby1 ,uividas (1980), who notes that 
"risin g eneri'gy lrices will make coal a (m:1l)etitive feedsLock for 
;immmonia prodluclion Iby the middle of L.his decade and coal based 

ammoni; could piCdI(minate by the end of' the century." 

Ammonia From Renewable Resources 

It is tec:hnically feasilhe to ma nufacturCe ammonia from "bio
gas. " Biogas is gas genCrted .)y anaerobic ferment.ation of 

organic was tes or C '(11) residu es. It contains 5O60 methane 
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the remainier is mainly .cart'ondiox idCl I'Lu ification pir1oCI Vuros 

are ihe same, as thos tsd for ,iaLui'algas. TIl r0sxidu afi'Lt 

I1'rmc-n La tion (11a ins teiii/Al' flU1tiefiI inl N i'eINiiVol\ coilcen 
trat0(i fr s5,(O thlorm i,..eas u'tItt, lct )\clr t<h Onori' ' anId pl:1n. 

1t111 l'iellL.s ll tndrds of ' 111uL1Sands 4' .t;sall hiogaNS tnilts ;re in 

use il (hina and t,) N lo!sse ' tNtullt in India and t 111'" (' illit -. 

The technical l'easilbility of gce-(Irit ing liog;i.s rOlfo urban 

WasLe (g'.rl'l)ay2,' a(nwage has en Iemlonst.r'attd in thetinl slulge) 
United ,St e.'-t. Thu main (liflicUlty is ill sc;I rting" t he dc~g'rad

able f'olll Lthe nonc.eg ;dlal)he 1)rti0' f the . isio I* %Vast,' Iiogwas also 

recove'e'L I flo sanitaryv la,11 IlIS ill the It nit e¢l S;te s in i1ll111S 
200 m)WIN)sufficient to sulolpdy a sinill ammonia pl an! (aiIouL. 

d (li '(:ly ' ' Ih lluI'I) .alt houg'h the gas Ii: = N ntl usedl 

,Some of, the Iliogas is pul'i'itul and soldI to naltii'al gIs I)ilOlini s, 
so it. is possible that amimonia lants that draw thei' SUlyly f'om 

general-use pipelines may be aN)tSl'&11nt1)'te' Of* mthaneLl-i small 
derivedI fi()I biog'as. 

Amlonia may also he made l) steam rt1'i)rnlinlg of ethanol, 

)1iay he p roduced IbV tfetinenLat.ionl of grain or caIlboan (.1clloa lCC.... "'-11(SUl/,(r'; lul' , 1)OIN11OC2S-, Or' CalSS'.VWI)"hydr. O IT S~hyd(Irates from other1 soUties (s.... n 10 oe rcasv 

l 'oducod 
cellulosic biolass--t.NIw, Cto'n'Stallks, and wood waste. Conceiv

ably, an energy fainn (losigliod for that111 urpose Could SUl)ply a 
main emllphasis 

with so0ewh;it more (IiCficul.y,V til CalnocaU Ibe fr'omn 

full-scale ammonia plant.. Howevet', at. pI'sent tho 

is on pioduic ing alch'dol for ino)tot' fuel, eit.he st.raight. o1 in 

w ixtures with gasoline. 

Biomass can ho used diretly for ammonia feedst.ock by 

parLial oxidaLion o' pyrolysis methlods. In l'acit.,:t small ammmonia 
operat.ed f'or :;wvur; yIvears' with wood foedst.ock.plant, in India 

One difficulty with most biomass is th11at its moisture content is So 

high that most. of' its (!ntrgy is spent in evapoial.ing its moisture 

content.. Also, nitiogen fterlilizer values in I ioma;ss ;ai'e lost, in 

high- tIII 1) UI' rPi'OCtss(' s • 

lect.rical nergy is renewahle when genera ted f'rom hydro

power, ti(lal waves, wind, or solar (nolrgy. llowevnf, in most. 
F''oll th oS is i" f'i'om1 adequatelocations, electri'ic power sourc-es t'a 

o SUI)ply the de1man1d, and !)0'-,', of' mor0 of ito electricity is gen
eirat.ed by Iunin g fussil (or nuhLlIai') flul In such cases use of' 
eleett'olytic hydrogen f'or ;immoni;i proluctiJon would iesult. in a net 

increase in fossil fuel usoe. )nlv in locaLions where Lhe amount of' 

available o " pot.entia l electlical energy gre tly exceeds the dh.emand 

can this source be considIerel. 

In some locatlions w h i'o. ihe hydn)i le rti'ic polenLial exceeds 

tLhe 'oreseendh (nland fO'" elect t'i:itVy, the uS- Of' this i'ellewahle 

energy sou'cetol' niLr'ongn f'tli/i'r p)r'odL)-'tioin may )e ('Olloilli

cally feasille, p)aitl.icularly in lemlokte locaLions whete Ile- ;lteina
five of impoL'ting fu'ei'ilixvrs is very etxcn.sive:. In tlie past , many 

almonia plalls we'e based on clect.'ovlyLic hydrogc), )uring. the 
1930s Lhei'e were 21 such Ilant in (evt'loI)(IC count 'iMs Most of 
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l.h(lcvli'.'W losr ( I Il(.'; LIStm Of the growing demand fo' electric 
power for higher Value usCis. 

The edct ,,lytic ;lflliflof l))rocess has relatively liltle econo
lies of scalh , l.i plants with a Calacity of ls:,; than about 
250 mtl)( ,f ammonia, an hlectvrolytic hydrogen-based ammonia 
plant. is lcss expensive than a nat.ural 'gas-bascd plant. For' 
uxamplle in 1978 ;a100-mtpd electrolytic mmniai plant was Csti
mated tLo cost albout tIS $20.0 million, Wheureas a natural gas-based 
l)lant of the same s1ize \would cost. US $25.0 million (I);, 1979). 

Th tInTgVo r-luirit,. for an UCCt olytic ammonia plant is
(Wh/in inclUdingabout. 10,(()() ([' ammonia, cOIvIIIW ssion and air 

liquefaction I , ul))lY nit rogen . Thus, the uIn I-(r'y cost, is 
dl) )ro xi;I t ly $ 100/i I of' ammonia vhCn electricity costs 
$0.01 / kWhI 'he main operating costs other than electricity are 
Capital chvige. . As with all sll l plNIts, capital clharges per 
unit Of OL(tLt are reatively high. 

''he luctrolysis of water also )roduces oxyge'g.n which may be 
used in 01heT indlustr'ies such as steel. It.is technically feasible 
to )roducu e.lct rolltic hydrogen with of~peak electricily. The 
hytliog ln Stored NS N metal hydride t. l~elit, COnl~inuous 
o ernt.ion ()f the allilllln ia plant. (.)f1 ena k electric lowe.r often is 
(jIiite ineXel)nsi\'e , but its LIS: Wouldt inVOlVe higher capital costs 
IbecaLse of low c;l)acity ul.ilizalion Iel cti'ColyzerS., 

Where low-cost t.lucricit.y is available it. can be used in a 
hydrocarton sleam -reforming plant to sut)ply heat for the reform
ing, process ("firct.iofming'"). loi example, a plant that uses 
naphtha as fe dsltoC, woul(d re(uirU only about 17.3 Gd/nt. of 
ammon ia in the form of nIt)hIha , which is about. half that required 
when natlt.hta is useI for both fuel and feedstock (Silberring, 
1981). Elee tricalI heating of the reformer and electric(-driven 
moto rs Would sit l~ly the remainir (f the energy. Sinc(e e-c 
tricaI (nei 'gy can bu Isu(d mort, Cffi iunl.Iy than fue.,l ,energy, lesS 
Lot-al Cn(rTgy would be req luiled. 

Ilectr.ricity can Ilso he used to fix nitrogen by the are 
process. Iloowevu, with a g aivenmount. of electricity , four times 
as much nit.logUln Can 1)( fix(c-d )ty the electrolytic hydrogen 
process. AIlso, the arc lioc(,ss t)iediCeS nitric acid, not. 
ammonia, anI hence Only low-grade nitrogen f'ert.ilizers such as 
calcium vi sodium nitr;tl (N) can le made. 

Ammonia) roduee fr-m electrolylic hydIrogen cain be used to 
make amImoIn ni nlSiitf';u .e, liltral(!, (.)I' I)]loh! tu , but, Ur'a Cann111ot. be 

IWImliicUC unless sm(, exlrnal ,oiiurc i' cairlon dioxide is avail
able. The ain(i, call al() bC l tho Iedmlake niltro)hos)hate 
frtulilizurs )y cOnlvt-ing Iarl ()f the amm'onia to nilic acid for 

,lCi(lulatli)n of' pth,.t.c rrk 

At this staget:, "nit.ro gen froim suL" I);se(d on the electric arc 
plrocess t)o wee Iby sOWla ng'y hes not seem aI pr;atical and 
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v, 1n)1c ail.t nail ive to( tll ct ,onlvell t,~l ionI oc.Ss c S. ( I-, Itl,ion1 ) 
-elect.ricity 	 by uIliing" thll cl et diffetrenlial of o era tion fs-

Ocean 1Thlerm;il 'nergy (,onvursion (()'l'E')--is in an advance(d 

saLe of dvelop)mnt. [hu process must (heaierd out at a 

locliol in a1n ( C't;It wh re thlre is a lIri'2,e teeIr)( [retui' diffei'en

lial be lwlt, ipe' anI lower ocanll currents. Since it iswtll b 
ul.ilizedinfeasible 	 h,) tra';n ,Imil the elect ricity asho'e., it. Must. be 

i., !':,iratdl, 1ro(luclion of ammonia via electrolyticvhei'e it. 
The amlonia p'odutcedhydro(g.en is onW of the most likely uses. 


woul( be shippetI ashore where it. could be used t.o make any
 

nitrogen tei'lilize" ilthough lai'(lucl.ion of urea would i'e(luire an 

i' 	 ( iOxide difficulteconolical SUl)lplv cai'bon which wou ld be to 
obtain. 

''heWre has b)een mluch l'eseai'ch aimed at. developing a poi'oess 
nit rogen at. nornal Lem pe'a li'es ;And li'essires.Lhat. would fix 

TIwo enzymes have been isolated which together fix nit rogen 

biologically. B y using these enzynes molecular niti'ogen has been 

This iesei i'(h has led at.el.l)t.s toconVi'ted(I to amon)ia in vitro. 
meanssilmulate ihle natural 'processby entirely chemical using 

0 rgan--mt; il Catilysts. Some ammnia was pioduced, but. the 

catalyst was (lest i yeld. Chal.i (1976) has suLmlarlized this; work 

andi said, 	 "it is unlikely that, the Ilaber process (cin tbe beaten as 

N o(est the. n of' nitrogln fer'tilizer in bulk,"-'oi' production 
Rath r., he hopcs to find a cilyst that. would fix nit rogen dis-

sOl\Ved ill irrigation watel' so that. there would be a small but 

persistent application of alnmonii during irrigation, lie states 

that this goal is still far distant., but. he call se it. as a definite 

possibility. All of these imel.hods for fixing nirlliogen reqlire. ;I 

subst anti;il ieergy input, but the energy can come directly or 
indirectly f'rom solar radiation. 

Downstream Energy Substitution 

En erg\' subst.itution l,)ossibilit ies for downs tream nitrogen 

facilities, and for lhoslhate and potash fertilizers, are more 

hoeful. The ull're, process, for exampI le, uses enlrgy in the form 

of, st all and1 lecti'icily which may 1 W . by aNy COIgenerated .lei
refining, and t.oe'n1t. fuel. 	 TChe s;Il(' is tl'u( (If po.ash mining and 

,a iaige extent of ph(sph;it pr(ess . A ielativelv small aimlount 

of fuel is used fr poduct dryin'. In direct-fi'ed dryers a 
Clean fuel is neet!d(d (,il (i. g;i h) ;ivoido cont.aminaltion of the 

product.. 	 l owever, 'm;il could bt, use-d indircctly by using stLeam 
g(;neraleI t)y coail h' lie;il ii" b Ii1 (l'y in'. 

Energy Use and Economies of Scale 

With the leveh mmnl ( f' the cenltilrugal compressor (as 

01)1) OS(I to the i'eci'(-CioL'tt ing" type) and other technological 
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S ec It, the costI. of pl-' tucin !l-';ni; would IeW $,19. (0/sho t. tIon 
hig'he 1 'or te I .(10(0-sh t-'l- -I11'-1IV i)lpill. lp rating at. ofl 70T,

.',tl:iS' (tiLI' to slia~ll llrl<A) t.hanl I'm.' Ihc' sa,;llu Illit op~eratiing 

f. hull Cal)acit.y or ['1' the 3j0-sh,,t-ton-lpeI-olly plant oplornat.ing 
att ul admcit. lThiri, tih lt '- hll ant. a sligif'ly ilOle 

e:ne'g'y tITicient , lhtlt the IIa.gin is li; t hl" s-mna1ll. F"I.tI1he(.'I'Im eI , ;Is 
CHS(iCU-,s l ,il'lic'. With th . is, ' I lie,411 ele'g'y- fficiilt pi'OCUSS;es 
HIh S111,1ll lllan1l. (!(),u l h(', :l. , 'n 'W' ( eit'1t as Ihe larig'e llant.s. 

hO I',,1 Intis (1977) areIf thlt 1 :;in , dli'fW n I,\' and l,(:StI'r
n u ()1' 'l ol)i C O t th sVa lid , lhIC1 1'0 1-'Ni l111'.,1, l (h '(v ng rliCs e a ll

lI;II).tsllil h. tl'Ct lll.IS the 
scale i)lani . l, nvt\'I I, \v. nel Lo fUlit'h( vex' 'ify these results 
scale mil 5 ]aV I iil1 than large

Undll't'l an NllcrindliVc , I )I* ' l(,chn i ';ll andl tC,1110llliC' scenarII.. ios. 

It. is extremcly oiffi(Llt ,ilifti Conuilling, and IXlpensive to build 
lil'age-scale am onia pilanl s ini CItlti'iCS with Iihlli( I ill F'rN tr'lCltll'e 
;1l1( pf I I'Iin l( Ia ImIXI) I'.J( ra'ined 

As I( I.)eI'tk l ill li 11) c 3G, eveil kwi' cot rlnti'ies like Inclia 
(wVhlioAh is tle fouil-t large'st pioduce'r of niti'ogen l'ert.ilixelrs in 
the world) th, OVelTI1uns \Vith V(Sl)('(t to both inVCS.m(1lt11an( tilTIe 
a'e t tvileilly high. ileS; oeI'runS i'eSult in high l)XodLICtiOnl 
costs (much highui than Ilh s which were USed to just.ify the 
establishnment of the plant in 'hl first place) which eventually get. 
refl(ct('d in hig'h IllIk(,t prices tkw f'ljlilix to the i'mllei's. 
Unless C'el'lin j'W l'Ofnili il'ns ;1ie' I1let , it Imiay not. be aplpI)rol riat.e to 

,build largit planlt If( i- lh, ,ak-(A'tbuilding thel. Small-scale 
plants" Inmay I t) 1 a 1 n(1I I 'u l tl III l 

V.l.it L-u at ,, App .v,I,..MI 
[ I ilii'[)t hci I /'l d 

, 1It I t I 
I iI1. w, I 

t 71 
N. 
A, 

-

t.I 
-

I At 
O, I 

I . ! 
n 

l j!t 

IIl).n 1 IlnI 

Ih , .. 

li, ,vua. 

I1,il i, ,aI 
i ,il 1 

c/ il / 

.c.ii.2/2 

4/ 

Itl / 
. 

7/,I 

'17lc,'/ 

,'/ 771, 

Ii1 

11 

PINt, 
19 11, 

72 

)c1 

I,11 

i1 
11 hc 

1 '17I 

,14 

1,1 

I, 
1 4 

2.8 

2.1,' 

L. 

1.1 

D11ccllIf 
S1Ifo l I I .i t I llh 

11ll,nmib '1. 
' 

I''%'l 

d !. )7 
1 

l 

ic 
1 

cicic..i- c 
0!'''I/ 1 

7] 

i ,, 
132 I 

1'4 ml 

M 
I . 

21 

4 0 

I ,cm ciiI 
It. 

t,04l2. 

N I 

i h, 2.i 7u tm i 

I . 7 

,i ,d .ilp 1 ,-. 1 
1I 6 lll,.lp I 

t I t 1 % 

,,11 hl.siltl.i l ,i nl 1i S I;IIt 
l i. ' v. lIi ,i l t19 . I. lll i~II ! 

I h -,. I I 
,i 11 I 

1iI I 
-",t i,I li 1 ht, .11-1 1 m 1, llmt , ,-I'11 ' t l rt ed .1 It h , L' lawt oi 

1,32
 

http:lI;II).ts


Economics of Energy Savings and Substitution 

Before m;king any ch;lniWe inl existilng or even in new fe'til
ixe' plant's which ;i' , supposedly mori'e energy ef(icient, it is 
xt relnlely imnl)oi'tant to ;sk_ "lOW mLIch CeneI'y is being saved and 

at what cost? Siving" cngr.(gy 'or the sake of saving it. does not, 
provide- a very st',,ng' econ(m ic jUStifcalion foi large capital 
illveIstnliet. . or exainl)h, in a large fe't.ilizer complex, the 
saVed ,1sU.rlis enlergy ilay bw wasted if' there is no alterllat.ive. 
use for" it. in the c(mIlehx, and eSpec:ially if it. is not, feasible to 
eXl)Ol it. l"u1't.he-l'liW', 1'(1' Cotrllties which have large energy 
l'S0lc'L 1W whiCh fl'lre a larg(e 'ilOn.l1t. of g2,S, t hele Iay be 
very litle ince.ntivc t, save encerg'y, especially if it. is achieved at 
Iai'ge (,alpilal t for countiles,investIflen lowever, those 	 especially 
(leveo. )ing COLtMi'i(iS, Which del)(ld oil inllol't.s to I1wlo2 all Or p)art 

of their enei'rgy, frl'tilizir, aind'( food requiireilenl.s, it.is ,Xt.1(lulcly 
impor'lant. to con.sider m)o(lifications which invulve energy saving Or 
sbsitL.Ltli[Lnns aS long as these changes assur.e expa!le(ld domestic 
f.ltilixe'r production and relatively stable frtc'ilize'r prices. 

'The potential ncollolic implications of energy saving and 
(enrgy stlbstitlutinn inliwatios in fe'rL.ili/er manufacLuring are 
dt(!V(!lotl in '!';llt 37, ll(r lifferent. s:cna'ios. The final 
ilpIlat of these inno.Vatlions nl fCl'liliAcr Ipro(uction cost. depends 
on the magnitudle 41 energy saving and the cal)it.al expenditure 
ilIcuIrd I) ;(,hieVC t.hose savilngs uIlnde a c(rtain seL of' cilcunm
St-ances. 'vell it'ellt'g'y tic.s I'relill conStant., theC I)roduct.ion 
2ost s may still inlcleas( if' the r C( I ene~rgyr. cost.s are not. large 
elOugh to C(nml Iat C ' ileaslIC t( Cal)ital 'XpeCondit.ure1-.. OWWOVI', 
IWM(Lut111 l Costs \Vtild inlcre.-as, in) response to in increase in 
ene'gy pricesi even if' energy avmings .onm)ensaLe for an inc'ease 
illcapital cost.s. In the long I'un, upf 1t0Certain limits, energy
savin inniv(vatinns may invol'e substituting capital for energy, 
i.e. IhC us! of m ' ea; l it)al and less enl'gv. F¢or' those count.ries 
which 	 are in sho't supply of bith energy and capitl.l, such 

inns not. cost.mIl'tic ,nt may provide significant fertilizer 'elief or 
seCiiyt . ;u l'anll('es. 

'Ihe avail;lehU evilenC. on the implications of ener'gy-saving/ 
StLil)sitLit ioll innov;tion.s onl CapIital eXpCllditure is ratlhe' mixed. 

ted 
ill f'ull-s(';lC llants and have generally piroven cost. efTective. 
Soime inno\';itlb ins involve relatively small calpital costs an(I solle 
have Ieen useI in IndIia. All innovatLion that resulIts in savings 
of tth ,..nergy' ;ndl capital illNo'th Allic'ica or We..ten'll EutrOpe: 

may Ili ;lwav'.', r'esult in similari sav'ings in d.veloping," cointlriiCs. 
Misl inmnovat in; whi'h l ~ li,,ise si.gn it'ic;ii t elnerg'y savings at the 
c(Imnnim.rci;l level d(, inaddIve ;nlIilitional capilal inv(,stllen ts. Ilow
(vi' Ilw magnit ti(e n ;4 dii inal calital invesm.lll may vairy 

with the lype (f'inno ,ion. 

HIoIweV('r, mot.5 t el-gr'gy- Isaving innow [ions have been demons i'la 
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a rrows )oi lit i ogwli i id icate liai t.he M lil decreases; ,lid arlows poi Iit IIgn u1p 
ai, Ar''ows po li ting 1o tthe right indiCate Oha vie re ill s 

indicate ain inicrease . Thus, lller Scena rio A, if Lhe ellergy price remniains 

constaint, thic energy use udecrvails aid thie clpi ,ail expendittlre reiiimlllim; conlstllit 

or decreas then ect jiroiict i (il WI dileias(.l, thin, i I i zer cost I 

'echnological modificai[ions which involve energy subslt.ituLion 
(for cNt1Imple, substitluting coal for natural gas in ammonia produc
lion) generally involve higher capitil.l investment whether they are 

accOi l)lisheld hh'ough etir'ofit.ting or t.h rough estalishing a new 

plint.. Furt hei'inore, .here is also need to consider [he implica-
Lions of en ergy saving/sulbstittuion innovat[ions on the lemand for 

Irained manpow(,er, lemand o foreign exchange, legree of comn
lhlexiLy. and the dlegree of reliability. These ae'(! raLher"serious 

pri'ol.eins in most. develo1l)ing CotIntlieis. lor' examlnple , the enor-
Moos catpilkil cost. and very poor reliability in developing coontrios 
have made all ammlnolia-froil-coal plants economically disastrous 
with the possible exception of those in Soutlh Africa . Even there 
the ini justification is national security. 
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CHAPTER 11 

ENERGY SAVINGS THROUGH
 
SUPPLEMENTARY SOURCES OF NITROGEN
 

(nleog'.' i the analyses presentlSeveral C'C IUSiOflslli flo( ll iln he 

)receding chapters. i rst, Ihe r'(quil'e.onts for llan nul.ientIs 
will continue to grow ;it.rapid rate in order to meet the gi'owig 
demand N'r food, feed, antI fiber. Second, the chemical sources of 
nutrien t. sulp)ply may become rela.ively more unstable. inadequate, 
and expensive over time, especially in response to increasing 
energy lrices, capital costs, and imperfections in the international 
narl'kets for en.ergy, capital, and fertilizer. Third, there is a 
growing need to find Ltechnologically feasible and cconomically viable
altorna tives t~o SUPlement.--not, necessa rily replace-- chemica 

sources of lant. nutrients. The purpose of' this chapter is to 
evaluato these alt.ornative soulrces of plant nu trients. Since energy 

S lSUp ply and prices gieatly influenc the upply and )rice behavior 
of nit.rogen fertilizers, the major focus of this chal).er will be on 
nitrog'en SUl)ply sources. 

Alternative Sources of Nitrogen Supply 

A systematic analysis of' individual nit.rog'en suipply sources is 
not. l)ossible without first. determining the l)ossible altern atives and 
their cont.ributions .o the overall nitrogel.n supply system, 
lowever, Ih ;mount of current and systematic information available 
on this subject, israther limited. Tlhat which does exist seems too 
speculative, fratyigmenaiy and sometimes even inconsistent t.o draw 
any df'inite conclusions. I)espite these slhortcomings, the available 
info'rmalion does )oint out that, the nonchumical sourmcs of nit rogen 
are too important. to be ignored in f'e't.ilizet' research anti policy 
analysis. 

Wit.t.wer' (197I) provided ltreliminary est.imat.es of' altoernative 
sources of' nitrogen for crop production for the wo'ld as a whole. 
These esmuaLs are i'epoi'ted in 'l'.le 38. According tol these 
estimatles the nil rugen fixed by legume crops alone was about the 
same as that SL1l)llied by chemical fertilizers during 1975. The total 
amount of nitlrogen fixe(dI biologically was aIpproxima t.ly four times 
that. su pplied chemically, ()t.her sources of' nitrogen Io soil include 
lightning, coinl.)bust ion, and ozonizlat.ion. 'l'hese estimates, howeve', 
do not, include nitriogen supplied by organic fe'rtili'ers. Aldrich 
(1972), as r'elor'ted in FAO ( 1975), has provided such est.imateos for 
maijor souc'es of niit rogun in the United States; these are r ll'ded 
in'l'alble 39. 

These stnimates indicate Lhat in the Uni ted States during 1970 
ni t.i'ogen supplied by org'anic matte' and or'ganic f'ertilizers was 
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Table 38. 	 Sources of Nitrogen for Croj.ProduciLi onl ill the Worl-d 
During 1975 

Nit ro8n Source-- .. .. . i li L 

llnustrirI t ixat ion (chemical fertilizers) 42 

Biological 	 fixat ion: total 175 
Agri culitural soi s 90 

Crop legumes 40 
Crop 11l1ltIcgulmes 9 

Mecadows and grasslands 	 45 

Lightning 	 10 

Combus Li on 20 

Ozon i za Li on 15 

Table 39. 	 Sources of Nitrogen for Crop Production in the United States 
During 1970 

Nitrogen Source 	 Million mt/Year % of Total 

Release from soil organic matter 20 37.0 

Livestock manute 10 18.5 

Human waste 2 4.0 

Fixed by soil orgenismsa 10 18.5 

Added inlrainfall 5 9.0 

Chemical fertilizers 7 13.0 

TOTAL 54 100.0 

a. 22.5 kg/ha. 

b. 5.6 kg/ha. 

more than four times that provided by chemical fertilizers. The 
nitrogen fixed biologically was also more than the chemical sources 
of nitrogen. The nitrogen supplied by crop residues, though not 

specified separately , seems to be included in organic matter 

nitrogen estimates. According to the above estimates, 87% of the 

nitrogen for crop production in the United States during 1970 was 

supplied by nonchemical sources, almost. 18% biologically and 60,,by 

organic sources. 

In addition to these aggregate estimates, rather rough esti
mates are also available for nitrogen supply, on a per hectare 
basis , for agriculture in the temperate zones. These estimates, as 
reported by Flaig, Nagar, Sochtig , and Tietjen (1978), are given in 
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Table 40. AItertit ive NaturalI Nitrogen Supply Sources in 
lemptra ty Zonte 

Ki lograms 
Per lectare 

.. Ni tt) et Sourc- -- Per Year 

Mineralization of ;oil organic mattter :30-270 
Addition of orgalt tll/ttitre 40 

N hixaLion by ree living alteri a 10 

N f ixaLion by legttmes 100-200 

N lixaiotn hy precipiLat ion 10 

a. lrom whi h one-thi rd is used lor pIantt nutri-ion. 

Table 41 . Sources 
19 70.s 

of NiLrog.nSup._ in tid-Europe riculture During Ejrly 

itron Source 
K i Iog rttts 
'r Hectare %of total 

Mine ra 1 Fe r Li Ii ze rs 
Organic manures 
Seed content 
N fixation by symbiosis 
N fixation by isylbiosis 

N fixatiot by ,recipiLation 

TOTAl, 

83.0 
40.0 

1.5 
5.0 

10.0 
10.0 

149.5 

55.5 
26.8 

1.0 
3.3 
6.7 
6.7 

100.0 

Tahle ,t0. 'lhese estimiates also indicate that. in temperate zones a 

large ;imoun11. of n it'ogonr bixednon:hemical sources. The twois by 

majol sou r'es of this nit.rogen supl)ly are symbiotic biological 

nit.rogen l'ix al i n Inti ri'ogen sUp))lied by organic fert.ilizer or the 

miller lization of og',n ic ma tI.erv, Similar est.imat.s of nit.rogen 

sulv lIy lso aVailale1 fOI' Ilid-FLuropC during the early 1970s. 

The5(, esteiflls WerEJt originally maeIC by lBuchner and Sturm (197,1) 

-inl are rel)olrted in 'lable 1,I]as (loc(umented in Fl'aig, Nagar, 

Sochlig. ;an( Tictjeln (1978). 

The IesUIts reporlel in Table 4I inlira I ! hat a l)oU .55-. , of the 
total nil rog'en Sul p1 Was in Ihe form of' ceiflical fertilizers. The 

wasl)rop)ortion of total nitrogen suppliedI by organic sources 
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I II "I>i'lI l t i ~ tl I1 I,, ' II, I p iv l F l t. ft I cw tIII" . nI. ilt 'Il) I,I. 

' In Iyl.,,'pz p lh l ;ti11m ' Ifi'i~ s IIlC~ ''~l i t ht I i11'l~ n 11 2,Lc1I1 

)I -I* m Ihn ;I lf, ;i. I %vw i" LICltA iI';1i1 (:~ 2't11 l1ki ,, ) in;ij t:> 1~ct 
-,ill Ifc'I),lI :,. " Iti,,u1ll'h..- w il i (It ctI'l-ill e 1hn c v ;Ii ve im l l a l c~te 10,' 

m (')(If -lil ; II-,.r I I.t-u .;~l ;I fll I) ( I-.'v' ; 111 ;1 i 1 1.1-"( ;sl-il l c [.( I)il l i l l~l t. 

't i .l ili11' '1'ldill ,' ;i C-Lh:l t l %!/i~ C'h t-llni';1i l xci ls'v ;1l<' ,,' l i ;:l 
IlIt , f ;1*1l thvf]l ;tldl i l ;(.'k 1,,f i i v(-,li. IV(ill I 1;I%\ w 1" ,1,'~ ' lh ,.l.st 

'w ," I,1 l T l , i m-. 
<i,,,ll ;i ia.1 t1,, )1 '1,~0<)~ Hl'', I 'V lI I-(,,;1~n 1l,1c t,' ,lli* it' )I' 

,l' il.<, ]. I I i,-i , ll ;," 'r i il u'.1-:11 il m . il (IIh , hii l. 'l1 Iil (m't I 
1';11 i ;i it I I I '.* in; i<..riiT'lillu iIc f h~vt l ;(,, -vi w iYl~ 11h,111l iccnd 1)v 
lIiiItii 1J, ,,;1 IIiI'.I. 'lh1 , ,c1 I'; it'i. -ll'1lt; ll jc v I t i llt, I to 

Organic Sources of Energy find Nitrogen 

111) I Ill. nmid d~h . If lh l, ',()III cIll l ill, .\, , l ,i ,;i it. IIf. lh it 

I'c i l Ilixc'r' w I 'ct I] li i ;ij, . .<, 1A'' (IV ,f- r' t.]) (-1h.ili 1>h, ni1 11i111 ilt l l < 

In Il c .-, ,. Fo rl , ' ,'i 1 , 11.li. Ilt(.yv .i ItJ., Pt, / ll I , l,1 

" Ih c l' .r l 1li;+-(-rt t1', 0'I<,I , il ' 11111 il flit,+ ii i l (d,',iI lw, l'•( ( .".,l i , 
S c o', I)( I. In 'll ;! ll ;1 p l l l l l 'h11 11 l1 ;ilI I'm'..l ,1 'n <i 

;il"1rit'iillii , h.ll , , w11w I, ,jll l l;iil ii111l1i'if.I l 1',, lit]il'v ili l l l' 
, ('I1i 11,n , '<; i '\v~lh .',, l)T l H' il:--(, ' iC<;ilI I'(-1 l h l ll Il;: li 
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ImWL S - d~',\(rcu ll It'ics g C',lrlnII (- It ipo Ii(y €l.,ic .e1,1r tc l' I f .-. , )1 )1-)v il 
inCerI liUS'ts (S.UlSili.s) :nd t'ciliti'S to .'XInl the u.' 1,f chllmical 
fv'rtilixurs.-, Ilow,.;m.. , Ilic clnorgfy ;'n (I f. t I .i:c'isi. '-, 197:)-7-5 

the d ul -lt,,vidhI llt i I i er jh )c( 01to 15 1dltiU'.' tl Ihi; Lltt'in: 
hM IiCi'i'I IS01-11'C( -S 1() t'iI ItI '1(A 1 ;t oI' .SI )IcJ I Ill t I ll('I ' n 1 1it lt 1 

S.LI1))I 'l011) Ch1l0fi(aiil fertilizei s. 

(CI-0Ol IidiluWs, hotLIS(.hoM wlstcs, 'Ind~liv(-St.,,ck 'wa;st.,s 

foriln the isis of o g'ni(' terltiliZ(:r '. The (,i .4"in cfertiliz rs can he 
C(liSSif'iefd I' sour1ce: 

I. Animal r(eSitlI--(dLil,' and urine; 

2. CrIo 1) IesiduLIes, inclUlin g grne IM1Uiu L'; 

3. 1 iI.t I' tOmn)oSt ' 

: . Ni~ght ,il--htnuin fece,s an(I urine 
5. Uh'lan : c:\'g'e Slui(lg'; 

G . Lil mnbl~tc.)inio.'-; ;mdn( 

7. hLisce llancous Souces'( of* Iai anid 1miiml origin. 

'l'he biof*it,tilie is aIT not. on lv a rich source of organic matter 
bt. al.So a go()tI SOUiC of t s . Ilow-ver theC may not.0 1l'ie-i be ;I 
(-onslSuLs amongu," s(1cieltists that., orginic matter in the soil is crucial 
for' Clo i'IluCt ion.) 

The s'oilS ini I-)JiCial ;nIld Lib1li('0i. reions generllly have 
lesS humus onltentl tChan t he soils in Itenputi legions. This 
f lilhtr enhinces ite value o' [o-ftilizers as nlIajor- sOLuCes of 
Ol'g'rnic imat ctl .f' t rop)ical an( subtrpical soils. 0)n thC other 
hand, somec scicntists etlieve thal. or ganic imat.tr is oxidized so 
Irilidly in Irlpical soils that il ha; lit te vIlue as a soil conditione'. 
'lhe1,humu.s ontn(ll (or, the oranic Wlieved(I) incrc:isemat.te" is b to 
the wal(ui'-elt;iining cl-iacity of Ihe soil, (2) cluce the soils' 
stiscepthibility to, (',sin , (2) increase airf'low in the soil, 
(A) i)t',,\iih (.lwrg 'm. micro-organisms, (5) provide nutrients 
1hiou;gh miniliz;ition, ;nd even (G) improve Le efficiency of' 
chuiiicat '.i-tilizers . (AS.,(OlltndtIV , (vAluaLing" organic fertilizers 
IAur'el' on Ida.i, ,f plant 'i.lnl mayth( nuti(nt ply unlderestimatC 
Ihril t' value aNS tet iliz,'s or soil amendmenll(.ts. 

'The .c1Onloili( :and t etnloI,,gic;il cha'iacteristics of chemi.'cal and 
organic I't-ilie, arelmpirt'd- in 'lale 12. As his been pointed 

-,ouII.ai 'li-i' , the taNw maltel-il For organic f'ertilizers are the 
Ibyprodluctls of0 othel' thi,,l,, icail anc/ t(conloic ;('tivitics. The 
C0on ,'esion of Illuse 'aw mat l'ials inlo o' ranic- fctrliliz/rs not only 
inci;i,-e t1heii' cc n lomc v';IlII t.-l Ils, s(ove. the li') )lenfldiso,,sal I 
which coul I (Ii herwist , ) h I. hz i' economiicalh The 
aldvan t s(it ' (ol nic sonlics ;w., I' tilieis ;i'i.': 

'l'he\ ;i'Ie a good s)(li'C o'f priimaly, secondary. ll1(1 licro 
I)linlt nut.ri(ls which are- .'ni';illy ireleascd slowly ove' tile;. 
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Table 42. Economic and Technological 


Characteristics 


1. Primary nutrient content 


2. Other nutrients 


3. Nutrient composition 


4. Nutrient availability 


5. Organic matter 


6. Direct manufacturing cost 


7. Transportation cost 


8. Ease in handling 


9. Direct energy use--manufacturing 


10. Direct energy use--distribution 


11. Raw material exhaustability 


12. Spatial availability 


13. Fodder land requirement 


14. Environmental pollution 


15. International trade 


16. Amenability to economic analysis 


Characteristics for Chemical and Organic Fertilizers
 

Chemical Fertilizers 


Relatively high. 


Only when prescribed in the grade, with some 

exceptions.a 


Predetermined. 


Immediately after application P and K get 

fixed in soil and beccme available over 

time.
 

Absent. 


Relatively high and increasing. 


Relatively small but transported over long 

distances. 


Relatively easy to handle and clean. 


Highly energy intensive, especially nitrogen. 


Relatively low. 


Supply depends largely on nonrenewable finite 

raw materials, 


Highly localized. 


None. 


Known to create water and air pollution. 


Largely traded in the international market. 


Relatively easy and straightforward. 


Organic Fertilizers
 

Relatively low.
 

Both secondary and micronutrients
 
aiz normally present.
 

Highly variable.
 

Slowly released through mineralization
 
over time.
 

Normally high.
 

Relatively small and stable.
 

Relatively high but transported only
 
over short distances.
 

Relatively bulky, messy, and difficult
 
to handle.
 

Almost negligible. Rather a good source
 
of energy through bioconversion.
 

Relatively high.
 

Supply depends largely on renewable
 
infinite resources.
 

Highly diffused and decentralized.
 

Large but needs to be accounted only
 
when livestock is kept mainly for
 

fertilizer production.
 

Solves the disposal problem. Pollution
 
depends on the efficiency in
 

collection, storage, distribution,
 
and application.
 

Does not enter the international market.
 

Relatively difficult to account for the
 
costs and benefits.
 

a. Some chemical fertilizers contain S, Ca, or micronutrients derived from phcsphatc rock or basic slag that are not identified in the grade.
 



2. T h(:y al'e I g'ood souri'ce o!' Or't;a nic 1lla. 1)' which has bene(ficial 
OfeCtc.s i Il -;i,H(LN.UIV(,a,(d,sILuC.LuiIm. 

:1. Tlheir LIS(: ',,l\Vt! the. WN StO di: poSNI tJIrollel and hence
prot'Iso tA. N tfr 11 l tlIVir,,I'lentN 	 poQllion.
I'l-0 

4. 	 They a g',.,,d sUtl're Of t'ne1r'y tlh roug'h bioconversion in to 
ioga) (0c01 h;tii ). 

5. They 'a 	 and Source'of;ir(, eceni.ra(lied . timely plant.Inutrien ts 

and e'vteln tnlI''y,
 

'l'he Uso f on'ganic fe'r.ixzrs is not. f'ree from some problems; 
howeveir, these lroh lerns hasically 1,Io"V around their safe and 
efficienL colllction , processing, st.orage. distribution , ". d 
applicaLion. The organic fertilizers are rather bulky and expensive 
Io Iranslpol't. If these fI'r.ilizers air not. properly applied, they 
could also be a health haxzard. In nianv Asian coun1.1tries the Use of 
cat.t.le dUli gi and cop sidues as also conpel.es with their.Cl0] fertilizer 
use as fuel f'r cnoking. There may also be direct competiLion for 
certain oil cakes used Ns animal 'Cd. 

The 	nut viien I conte.nl. of' different org'anic fet'tilizers vaiies 
,depending upon the source, method of' processing and deg'ree of' 

nutrient loss in irocessing and s.oi'ag'e. The averag'e nultrient 
content in animal- int jitalat-based ol'ganic fertilizers is ieported in 
Table A3. 'l'ht' rganic toitilize'.s providt. not only nitrogeln Iil 
also olher pI)l'imiry ( lA)-, K.,()) 5(,CO(ihl'T, and nin'nOnuetl'intis. 

Tab 4 1 	 Avier,aiv Nu1tr1.1 lt Coltents ti Selected Organi( ,inures and Plant
 
i uietwsIInIdi ai
 

Average nte!ts. %. . 
0Broad Ca t_(.ory Se it in iManir N14 PP K . !Kol T t ..--

Bulky organic 	 Firmy.ard inolirt' 0.4-0.8 0.5-1.9 1.4-4.2a 0.5-1 .5 
manures 	 Compost (Iiralln) 1.0-2.0) I .A 1.5 1.5-4.5 

Conpost ( ruril 0O.4-0.8 0.3-0.( 0.7-1.0 1.4-2.4 
Green manure 0.5-0.7 0. 1-0.2 0.6-0.8 1.2-1.7 

Oil cakes 	 Castor 5.5-5.8 1.8-1,9 1.0-1.1 8.3-8.8 
Neem 5.2-5.3 1.0 -1.1 1.4-1.5 .6-7.9 
Cottonseed (,htcort. ) 6.4-6.5 2.8-2.9 2.1-2.2 11.3-11.6 
(rulliiidiit 7.0-7.2 1.5-1.0 1 . 3- 1. 4 9.8-10.2 

Manire of )rieud blood 10.0-12.0 1.0-I.S 0. b-0.8 11.6-14.3 
an imal Fish an ure, 4.0-10.0 3.0-9.0 0. 3- 1 .') 7.3-20.5 
origin 	 Bird guallo 7.0-8.0 11.0-14.0 2.0-3.0 20.0-25.0 

B lnuiemeI (raw) 1.0-4.0 20.0-25.0) - 23.0-29 .0 
Sludge (.at 1 5.0-0.5 .. 0-3.5 (0.5-0. 7 8.5-10.7tivaLtel dry) 
Sludge (settled, try) 2.0-2. 5 1.0-1.2 0.4-0.!) .1.4-4.2 
Night soit 1.2-1I. 0.9-1 .0 0.4-0.5 2.4-2.8 
Human iiriii. I .0-I .2 0). 1-11.2 0.2-10. 3 1 .'1-1.7 
Cattl lung I ne'ov 0.00 (. P) (.45 1.2 

I Ios.g 4 or ilr 7(0 (.1 .'lll 0. (I. ') .5 
Sto. ltt i "ngi . 1).(11) (1..1) 1. 00 2.3 
Poultry lianIIlret. I .0-1.8 1.4-1.8 (.8-0.9 .).2-4.5 

Ashes Coal 0. 13 0.45 11.5 1.7 
lousehold 0.5-1 .9 1.6-4.2 2.3-12.0 4.4-18.1 

Plant residue 	 Rice hulls 0.3-0.) (.2-0. 1 0.3-0.5 0.8-1.3 
Groumntl tiusks 1.6-1.8 0.3-0.5 1.1-1.7 3.0-4.0 

a;--ler j vc'ul i rom VA I (-i--j-a d - i (19 9) . .......
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In most developing countris , a major part. of plant, nutriefnt.s 
contained in many organic fert.ilizers is lost. as a result, of 
inlapprot)riat collect ion , processing, storage, and application 
techniques. It appears that China not, only conveil'ts most of the 
avlilable organic wastes into orga'nic reit'ilizers for crop product ion, 
but, does this rathe ef liciently. However, oLher developing 
COUnties may e equally elicient in this r'espect. 

According t.o the pre liminary estimates made 1)y FAO ( 1978a) 
which are reported in TaM)I1,. in China cLu ring 1977 the estimated 
potential supply of plant nut. rien ts from organic fertilizers was 8.3,
5.1, and 9.7 million mt of N, P2O, and K 2A), resl)ectively. In 
contrast. duiring the same year, the chemical fertilizers supplied 
4 .6 , 1.4, and 0.3 million int of' N, 120F, and N .1(J , respectivel y. On 
the average, the nut'ient SuIllply for cropped land is estimated to 
he 177 kg!ha from org'anic fertilizers and 18 kg/ha from chemical 
fertilizers Curing 1976/77. Two other estimates are report ed in 
Fhdg , Nag; r. Soch tig, and 1itjen (1978). First, as originally
estimated by %V'inVou rhoeve (1971), the lot.ential annual plroducl.ion 
or plIant nutrients from organic wasles in the developing world 
during 1980) coulhi be 60 mlilon mt of' N, 20 iWlion nit of I',.,, and 
,19 million int of' K.(). Secon (d.as originally i'eported by Jaiswal 
(1971), the nali supply of nutrients rom night soil alone in India 
could be 2.(, 0.3, and 0.5 million mt. of N, P205, and K 2 0, 
respec l.ively. 

Tabi' 44. 	 EstimatLd AnnuIal Siplv l Primary I',iant Nitrignts From r II,l 
Ferti l''rs ii Chlia, 1977 

...............Notri('lt s, O (O flit 
iSou N .) ''otaIrce 	 P...'05 


Night sioi 1 	 762 254 381 1,397 
Cattle manre 2,460 1,233 3,288 6,981
Pig maiure 2,855 2,284 2,855 7,994
Goatt ai eit iiaiii re 390 195 780 1,365 
ioultry manurei' 336 269 143 748 

ilaniit r'si di;e 819 546 1,638 3,003
 
Gieen maniulre 192 48
it' 192 432
 
'tudaii silt 360 187 216 763
 
('ity ga rbage 78 52 130 260
Oil seeu Cakes 28 4 8 40
 
It her 40 20 40 101 
Totl fron origaic

fvrtili'.
vrs 
 8,320 5,092 9,671 23,083
 
Averai I rum o rgi li 'C 

kg/h I uroplo.d 	 64 39 74of 	 ladiii 177 
T'ttaiI nm+litionlii tit 

I,'rt ilIzti; ( 1')76/17) 4,598 1,355 344 6,297
 

I i ' 
k hia (d Ito ti 1iiid . 1(1 3 48 

Avi'ia g ' to t lit ,lc,I 

,. lerj vt' I roim FA(J ( 147kai -and FA ( 1-8ja) .. 
II. Assuinrg that tih cropped land is ;imfiroxinat, Ily 130 million ha. 
U. Average qiantity of organic IlaLerial is ,ippuroximatiely 13 it /hia/ypair. 
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I idi-a is aimdhe' dl.veloliing' Cul l II\' Which IINkes heaVy Us(e Of' 
or '; n ic fr , iIi . coill 1);11 -a 1)u I )o S us , c.st il]liat.dX('-s For i\ (e t he 

11 CO1f)1S I11tI t'iLi111S LIppI ' l'01 ( 11.1 ';II LIs Urha n ) and h(m11 lla 
p ,,le d:inl Tl Tl < .- n u trie nm p plf,,rtilix cr .sis- .l a l eh 15 . h (,' t m l~ t .S-u ly 

tI'0foCMIlAst in Indiia h;s inciasud Rl m ap roiima t.Uly 3 .( Million 

lit in NI90 /7()I .1.8 million mlt in 1979/8(0, in dicating a (;0, iniease. 

l)uing" 19(;,/7), the anlount or ntli'iien.s supl)Iied hy colpst alon 
was 1.5 t imws t1hat of nutrient.s supplied hy chemical fetilizl'rs. 
Since 10he sup~ply or Chtlmical ferlt.iliz(.1'r is gri'owing iast.e' Ihan 
cOmlpOst, h, nut i'i(nl s fzY 91,'of'.' Supplied b~ylfl('omIJost, that 
chemicaIl fertilizer-s dLuring,, 1979/8(). 1loweve', the amounl sulplied 
by compost. varies in nultiient content . )uing 1979/80. the shares 
of N, 1)2()F,, and 10) in nut.'ient.s sul)lli(l Ly compost. were 30%,, 

2,5, anl( -5',, r'eslsectl.ivlly, 1 propelr omp0OStinOg andhrough 
storing" Ik.chniques Lhe total sl)ply of plant nutI'ient.s f'om CompOSI. 
may I (nhanced still lull her. 

(learly. the org'anic l'erilizurs aI' a IlIijor soII'ce of planlt 

n1.I'nielns in , and olher CVIirp Countries.('hina In(lia. (.eh " Ilow

(ver, the s.tOrag, and tiansporlaion costs of plal nut'Hents il 

org'anic rrluilizers are much more than those from tI chemical 

feil ili'.eI's ,l'uilhermore., even in (:hina hc organic rel'tiliZers are 
not ade.ute to m(et their nitrogen I'e(lu iruments;these are being 

te 1L11 I largeS I P .llenlI ru g'h Irec tu. ad(lit ions of several 
m111111mon0ia/utea plant s. 

In addition t) SU)lvlying plant nut 'i.ntls and organ ic" matl'or 
c,.0) p)r'OdU'tion, the oi('g'allic \'ates and r'sidues are also a good 
SoI'-C( of)I' ig",. lung., is aI IT' (atlth in l)lIrliCullar, veYy g'ood 

SOlr.I'Cu. or Iio.'. (ell.thane). 'l'lU valtu oi (OW Lung as a SOurlCe O' 
nitrlogn and MIig'-i is reported in Table -tG. Throug'h the 1.la-di

tional alpplr);Ich i',rplrcussing dung, 1.000 kg of' fresh clung 
I)r,'oluces Apjl-OtNim; ltly I.25 kg ,fnitrOg'en and 5(0 kg of manure. 

Il0WevC'r when )1i)L-CssC( Ih'ug ; biogas lat., the same 

,()(0kg of' hsh (lung Can il(lIv 2.5(0 kg of nit.gen (no loss)oi 
manlU 'e 2;,I()(()od' biog'as. energy value of'
 

Iiogas is approximately 5M)-(;0)0 tu/lt:'. lurtherm'ore, the hiogas 
l)lnt at lp,'oi.'h is also, moreW( hygitnic hu'c.Iaus it r'edulces the number 
of' p;lhog.'ns no'mall fround in animal W\astes. Biogas l)lal.s using 
mainly nig'h sl pig manIul',in. and CI'Ol 'esiduIes as eedstocks are 
tailylpopular in t hina . he (;overlnment oIf' India is giving a majo' 
puSh to inslall biogas plants (lased on cattle dung) in villages in 
O'd.' 1toslpply Imlh ltlant nutI'it2It.s anld Celgy 1l0'household use. 

7,'( kg vif nil l:" ''he 


'The I ull(-ks in lndlia al'e not. only a major souLr'ce of' dr;f't 
lowe' (I'I illage i'rigaltion, and tI;InSl)OIt.ation ) but, also a 
sourc, of ',1ulgy (fuel orI. Ii,gas) and iel'tilizer. According" to 
Sanghi and la- ( I97;) . in an ;mnn ual basis , one I)ullock can 
SUlplIl\' :J;!5.7 Ikg ,f IIlUiCls (including 19.4 kg N, 2.7 g P2 0 5 , 

;nd 1]:).(; ,()) I0' kcal useful heat f'uel,kg ().'2t x of as or 
0.-t:;8 x 1I)" lkc;l ,f usilul heat asIiogas. lkove\,er. according t.o 
them, Ihv plant ilLti(n.S Suplli(ed hy waste residlCs oh six calttle 
(abssUlltd rinl',w Or I't Ile pe' l'aim householdt) May not be adeqtlle 
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Estimated Nutrient Supply From Compost and Chemical Fertilizers in Indiaab
Table 45. 


Nutrient From Compost as % of 
Nutrients From Compost Nutrients From Fertilizer Nutrients From Fertilizers 

Year N P K20 Total N P205 Total N P205 K20 Total 
-(million mt)- - -----------

1969/70 0.92 0.75 1.35 3.02 1.36 0.42 0.21 1.99 68 179 643 152 
1970/71 0.96 0.79 1.42 3.17 1.49 0.46 0.23 2.18 64 172 617 145 
1971/72 0.99 0.82 1.46 3.27 1.76 0.56 0.30 2.62 56 146 487 125 
1972/73 0.98 0.80 1.44 3.22 1.78 0.59 0.33 2.70 55 136 436 119 
1973/74 0.91 0.75 1.33 2.99 1.83 0.65 0.36 2.84 50 115 369 105 
1974/75 1.12 0.92 1.65 3.69 1.77 0.47 0.34 2.57 63 196 485 144 
1975/76 1.20 0.99 1.76 3.95 2.15 0.47 0.28 2.89 56 211 629 137 
1976/77 1.28 1.05 1.88 4.21 2.46 0.64 0.32 3.41 52 164 588 123 
1977/78 1.38 1.14 2.03 4.55 2.91 0.87 0.51 4.29 47 131 398 106 
1978/79 1.42 1.17 2.09 4.68 3.42 1.11 0.59 5.12 42 105 354 91 
1979/80 1.46 1.19 2.14 4.79 3.50 1.15 0.61 5.26 42 103 351 91 

a. Totals may not be exact because the numbers are rounded off.
 
b. Derived from data reported in FAI (1980) and various previous issues.
 



to stIil' all II(he i&lln t11utritnil! 1 i' lI- (:ItntALS ior I 2-ha tarm vith 
in~ tLensivt'+ ai ie11_, Itl lvt, 

'Thl (.imnvilr1,,i f,,r 1A tI'icultLural Scienc, and Tuchnolopgy (1975) 
h is t!st ill I I ha I 1.C N1111 INI IltIt.hlr) r)l IctiiU rom an ilt;i I 
wast, t hoii(l ba-is, is approximti.ely 9,855 tl ; ro beef 

(:1t4le., G;,70 't.:,o 1,;Ir (aiIy cat.t.le, I ,t31,II. flor swine, and 73 ft:! 

I'or' loulti'y, l'tl i' 1-m0re, M;Mikhijani and Poole ( 1975) have made 

,sthi1n;ttes f11r nitr,gr and en SUp)ply a Lo,iCult.ural anduery I 
in six Sihlded villages in dvelol)ing Coutlries.;tanimUl w-asIs, 

Acci Iin. to their (slilmattts. the aNnIlMt jI(A- CN8)iIA l)ot.,1n.ial energ\y 

sLIIlyltI r . wNstes.; ivanges hfoil 3. l()0 l, tu t.O 31 , 0from'olit.1 x 

10"' i s I)il. j)ttSl.hil nitrtog'er ;iv ilVhiiiy. or CultNivlt.d land 

iange's r(,m '() l2kg/ha u I (MS kg/ha , (.atitse of organ i/ a[ionaI, 

technical,I lnd finllrancial ptrolhbl,,s flaced by mlost. villages in 
ilel,tp'igin.,," cmt.l'i , it tnmay nu,. I)c possible t.0 achieve these 

Su ces (tf r \ and nit.rogenr Iloweve, he, pot.erntialI),ttential 
to make all elf ort.s to achieve themddv;Ulinge. are lIarge (:oU1,1gh 


wort.hwVh ih.
 

'h'le yiild r,si>pnse, to allicit.ionls of Org'anic fertilizers is 
the InaIg'nit.u(les of suchdefinitl.vl\ positiv'!, htii l,,r scvcral reasons 

responsI,,;s arc not really known. First., wit.h few (xce)tior1s, a 

rl" lilllit 111 t 1'scarch has been don, Ol'aih 	 N1101-t ()I' s st ematlic. 
d e t.c 1.111i l) i ll.L ," y i( I , I I -( -, p (A lnS '-t , tV (All kL11(1 C I- t(, Ce'hI Il (!o nilIi I io n S . ' 

'I II I t . . ,niE V.il ,,it1 Cow thing i.; a So rct, ji Nit rogel 1rdn 

Ecoio i Va Ilie 'I'll rough 

hea sur i ng 'rild i t i otnal I iogas Planl 

I kin 	 Urti I - . )pproach -- lw.a h_ 

Iresh cow dlung kg I,000 1,00
 
0rganlt t iclt r loss by kg 500 270
 

dih tvo lmo- I t I fill 

500 	 7310Filil lW lung iitirv 	 kg 

NiLrogelr in I rt-sh dung % 0.25 	 0.25 

Nit rogmt iin I rlsh ding 	 kg 2.50 2.50
 

kg 1 .25 None
Nitrogetn loss by 

dlt'CtttitOq"s i L i 011
 

Bi ogi s proitltiL i il 	 I L Nonle 2,00 

"ra1. I)vjri vtd Irom S ingh (1075), IKsigilln-yGaig eta. (it).. 

h. Mo isture' cntient in duig is ap)ltroximaLIcly 74%-82% (80% on
 

Iverlge) .
 

1he.ir in 

Cl',()j i1)r, ll.Wl.ti, in andl in diV PidiUal t)luli'y c;Si s -ludies aret discussed 

in scvterl seminal'., tt'etlii and. I])-pu IjuIblishe(ol by "AO. 

"1 . )i ffH.r(. ;i , trIwcl )1' ,';Ini(! sol-1c .S Is f tilier , t role 

;inl , 
' The [At ;inil ,ltlh 't.'latvd ptiblicit lli. irclti. lAO((1975)' i'AO 

(1976)VA (11978N . 1978h Na;iii' figchli,;In 'l icljun"1;ii. Agar, 

(1978) ;tntd 11wtll ( 1975)
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Secon (I , the io uI Ct1. 11LIt.rII( s .)liiJ4 I )'Vin n e I) C In SLI 
orlganic fi'Ililiztris ;n(d those sL.p)lied I) , chemical 'tert iliu.ers makes 
it,(iriicult h4) istIlatc h; yield e(t Which can hC all i'iJiutIed 1o 

i t f tc s . , [ 1h l ; n it f l lili 'S NIT,no) t .'lO l g 'a lin r l ilix c rl T h ir d 0 ' t.LA 

st anh '(lix d.4 1lcir cimfll)) Sit0 \'a it,.S gN;Ie;it. deal, t'esultinin , in Na 
v\ii'i;itle yicldl i llt..sl5)4 


llov;\'er , th .i'e are se\eral f(+lct.s vhich uxplai the increased 
C'Ol) y'ill (tIleI' the al)l)li( atill Or O'ii'ani ICl'e iliXI'.Si ' 

1, 	 The nIL.i'ienL .effect.--organic feilizel's increIise.' supply Of 

primary iitrit ts 

e -ec-aC elle fertilizel's mic'o, 
Seco di i'-i;find/o rp im1a,'y nuL ienIs which a'e not. generally 
SUlplied 1.N che.mical feiiiliZeA's, and thILs improve nutrienlt. 

. 

2 	 'I ii lion .--org'anic supply 

inlteraction and balance 

3 The f"en t.--o0rga nin fe'lt.ilizers imp rove water-lutl.ainingv;aiter l 
c;il)a citl, iinlll)O'tInt. 'iiin' i i'e.-'pecially foi' agi':ciilt 

-1. h'1e m incrooi'g'anism effect -- oi'ganic Ier tilizes's illc i'(;iSe the 
act.ivity of n in roorganisnis in the soil anid l.hLIS imp rove lhe 

iV;iililiiil.y d'1)lant nt.11rients. 

5. 	TheC S'tll TILI i'te effet.'--organin fe tilizei's imp rove the soil 
texture. sti'ucluire, -in(l ar!flow, with improved physical, 

chemical, and biological growt.h conditions as the result.. 

It is these imutlil)e y.'ield effecis, however, thaL make it 
difficullI to i,-,N4lte and measure the cont.ribut.ion of individual 
effeclts lkt:c;s these ffetls of oi'ginic fertilizers vary from soil 
h) S)il, ri'in to and fr'()m Crop to crop, it is difficult toflii farm, 
ilt,;Iil : Niill .gt i''liz(X 1t C) i'iluii ilol ()f oirgainic fertilizei's. 

i;sd odnIl I'results in for the(' ilrC)w't,(. FA() (1978%;) exanIm)le, 
per kyi(l.d irciIeat i ton t()nImost ;il l)lit( in C hin;i vii'ies frol .13 kg 

',' iniiit,) h12 I kg 14')I 2.) kg,;" , 37 kg for sorghum,wheat, f )i'millet 
181 kg f14 i'),loelws .151 kg f4' sugar bets , an(] 1,1 kg" for 

Biological Fixation of Nitrogen 

Biol)g'ical nit lo"e"n fixatio)n ret's h4) fixation of atmospheric 
nit rogen , which is fl4)l41ire('l ulvilized by the lInIs , inkto ;immonia 
Or 1 herI lIl'1h' fo(r llilro'll. AppilroximaIvly 7!,),-, isof' 	air 
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Ilit rogofl. The Iihlogical proces.s otrCVyeting .tmospheIic 
nitrogAen intl .tisNIable I0ri-n is alther complex ;nd not. Yet very w ell 
inders t(o1cl.The [Lunddinentatl and applied resea rch in this ar-ca has 

1.)cUnU IraIt limiited. Th is limiltion maly be pam'ily at tribu ted to 
relativ'ely incxpensiv , nil 'og.n available firmli chemical Iertilixers, a 
laCl' (&l i,(it'L tnis, limlit c(i immIIUdi(lit payOffs, anld a Iai(k 01' 
mri mniini inlterli.iscipliinlary I t;imwwlk. The eni''y/1nit.rogen crisis 

or 19J73-7,5 has given " neehl tIost. at both national and 
internitional levels to r c, cih ithlted to biological nlitrogen 
ix tIi , llI)W\VtLI', it might tIt. .e :tl y s ro)efoie ;atechnolog'yscv 

l~l~li~ullltl'ifit rIi'll(i'' Cield Cond(itionls iS devel(+(lC Comme11ICTAi~Il\ 
availatlth,, nci l'iis ti'lt i Icct',t. ;l] c~lt:i .' 

Tw.) tilo.gical J) iw(5,t5 alrt i'!sl)l -itlh f'or fixing atniO-l)lhe'ic 
nitrogen. 'the art, (I) syinndioi fixation of nitrogen and (2) 

as\i. ittici xa iin it nitiI')cgn . Symliotic fixatiol of nitrogeny 
ri'tsl' ' I, fi.in " i, Ilit ic'g n Ib' bact elria, known aS lUhizlobiul , in 
svmbAiotit i'laticif.hiti with tiht host Ilanti, inhily leumes. Blue
green ailm ait - kllcwin I( rix nilic'c,,n in symiliolc rl;i tlion ship with 

Nioltai. Asyiiili' i.cx;ti)n ()F niti'c,'en, on the other hand, rcfe i's 
c<t'iNin g ,,1' c iy 'v bacitler'ia wvell b.lue-gre'(eniii! rc<, trec-li\'ing as als 

a;'. wilh l c lil'icicttinlalli \witlh ilints . A larg'We ( Of'linl) 
tacl(,, -")ilinc ,I which a it ki(wn and sc)it, of which are not., 

.shit; if 

fli1 fi <,ldmliiiw Ih(, ilcc,,t l n ici'gtfl, b~i.oogicllly. tBoth tif" these 

~iccl,i(a I U t'xI rci'! v imp oitant oiml the e ollonili(' point.,,ice'. ai 
th it'\V .ince t hi-v may Iuini.h a che;cIhIiltc'-Ultce onit rogen at the 
b'ilml 1h-vc-l thain c-itllitl cigaiic or"cht.mic;l f'rtlili/er'. . Tlhe potential 

of' bicclccgil tiNatiln fi" xpindin. nitrg'tn suply l' C-ro) 
iimlci li,,iis iinplcna t tccIniicgh aj(i' iul)li( in o.flnt Sjustlify .nl.A 
in i't-.s,r h ccn lhi.s cii' ci]tcin-al 


. ci' research 
iog;n.ls with rt)(ic t)iclccgtin nit rccg'n fix;at.ion is iil;il)Ie in 
Wi IwI ( l9J' ) alnd lieringr aitI la)ay ( 1981 ). Thc available 
fleat agreeccfouroil cmilrical (cl)servations. First, 

A gc cccl ,tmnacl the st the ait( and ogoing 

I'NUIIall;'I, tcc 

Ihw nitce l'ixilill is iifluenLceI I' t)yhgowth of batrIia and/or 
Owl it llnI.,, including' lheir nitlIcgtn. I r(t, leiflretnl ls. scoond, 
IhW nit ic'g iN tii l i, cItdct-l'n il ic I() a g a eln l thin,N (i nl t Ib de "gree 
(,c 1cic .\'ltlh tit acli''iv in th( losl plant ,i the aailxa ility of 

1
cati' cmi licxic!c.. Third. Ihti'( St(l s () exiI l n 'gNtive COir(!i t-iOn 
ttI \l II ci e ci llly and hti -ihe-en ;ecci.i a ;atli,4i. nitcc fixi 1i(l)gi a l 

()r niticcti, Stilcclitci Ic '(htillical fctrt ilicrs . loui.h , there are 
lai '.-I rimnlc,'.,('r Icaci ciia l.Mnc, n t(,rix nii 'n [ult thoitl fixin"
 
li lit y v;i i'e':;afiea I;(Ita Il
 

ThC lf, hi/cl :1i11 whith arcikII Iiwn beirelnLiki ly 
iinllc inl I 'c ,, picc i, N suIilil'i/,ttl Iy Wittver ( 197(), 

il ,,cic..e.. to 
fI , ct c la'rc 

and li.t 'l;lcl maylit (' species bacteriain Therilhr. I ther of' 
which ;it, still clinl.tlcwil wci'Hncwii I(,fix nill, ell in plan ts of 

[.I' illlc T gen rixedrtla iv v. A' c-cc c il l)li ' it n ct. ailllctl l ()r' Ilit ,' 

by lliw t;ccr;tcl it Vaif., a ,ic't;ll ctptcl)(, II)I hizol, i (-aIl liig" ite biLIn
 

ii';iii . lc,. ,,lht h lical. puilhy.sical,al nd Ii ) icg ;il ic't .
c(i Jid1 
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stlrctoerl Igtiume 1ro)S iS I'(j)MJI'Od illThe ringi 'Ai)f !Ii1')to iXctl fir'st.-orc~lel approximations., and Olec"):lia;tcS 

ainouni S ,f nit.lugen l'iXQ,::, may vary wid,,ly tinlei' 
Tlab~le .18. '1[,hcsu-,.: :11-U 

biologically 

difI"'ing l'ici condililons 

i 
Food ProducLt i Oi 

Table 47. Slected Ni------z hio~a Spcesiicc 

Or.anii srn lHost Plant - ... 

Rhi zobi ru japolnicorn Soybeans 
Rl izol-)i-tiiphaseol i Kidney beans, navy beaus 

Cow pea Rhi zobi urn Cowpeas, mung beans, chick-peas, pigeon peas, 
willged liall , ad pealilllts 

Rhizobi11 I euoi inosarlim IBroad beans 

Miiz0bitmmie l it oLi Alfal f a 
Clovv rRhi-zo)iln Lr i 1o 1i i 

Source: Wit tw,- (1976). 

Table 48. Ni t rogen Fixed I Se.lctd(C( Legun Crops 

.C 1)_ .a Fixed. e_.fNitrg 

(kg/ha) 

Chii ck-peas 103
 

Clover 
 45-673 
73-354
Cowpea s 
72-124
Groundnut 
41-220
 
88-114
 

Guar 

Lentil 

56-403
 
145-208
 

Lucere 

Lys i ne 

168-208
Pigeon peas 

55-168
Soybeans 

Source: Nut-,---(19- g76man -- ) 

As reporled in SLotW. (1979), the process of biological nitrogen 

fixation involves 

+ 160 kcal -"2NN 2 

2N + 3112 - 2NIl:, + 13 kcal,
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in which ;tmOislheit'c lit r'Og.n (N. oi N:N) and hydrogen are con
verted into) ammnia (.Nil:,). A net input of 1-17 kenl is r'equired to 

'v
fix 1-g liiolk. (, fliti'og ll. This e (fler is nlorm lly provided by the 
host plant in the case o' symbiotic 'ixion.and l1(9(ILUceCd by the 
f'ee-living i in case asymbiot ic Inlurttil' the of fixat.ion. the 
case of LI- algae, is provided by1.) 'F'(:On however, enerigy u-ither 
azolla Or l inldependently.r,',lluct'( 


In ad(lition to continuing basic and applied resMach, the 
planncrs at the national and international levels need to focus 
their of'fots cm taking advantage of what is already known about 
b iolog'ical nitrog-'en fixat.ion. The major effort should be on ex
panding " the ai'oa unde r legume crops and improving legume yields. 
'l'his is imporitant lor" several reasons. t,'st, leg'umes are an 
important sourCe ,1'pw'otoin, especially in developin g countries 
who're animal prote in is 0. )expnsive and eIneg'gy intensive. Second, 
legumes at. moie o' less so:f-sufficient wit h respect .o their 
nit'O(gon 'equi'('ment.s. Thi'd, le.1gumes may also addI nitrogen to 
the soil to be taken up by thC following CI'Ol in thei rot.ation o 
by ot.her crops in a c'opping system. According to Heichel 
(1978), for example, an alfall'a c'olp yielding :3,000 lb of protein 
per acre fixes 38S) 1b of nitrogen biolog'ically. 

As 'eport ed in lable .19, 1,18 million ha was under selected 
legume c'ops in the wuorkl du,'i ng 1979. Most, of' tlhse legume crops 
are knowxn t, fix la'ge amounts of nit'ogen biologically. It. is 
also wo'thwhile to note that., with the xceltion of soybeans and 
d'y pewas, m'ore than !)0:, of the Wo'lhl's :'rea under' other major 
leg'umo cr'op. (including dry becans, chickpeas, lentils, and ground-
Ilut.) is il t h o v'e It!) In."ccOu nt. ies. Any Iosea'ch aimed at either 
inci'easing l'u me yioldIs or' inc'eas ing their nitrogen fixing 

ipmlayci .\'Will g',);a long xx;y towa'i aneliorat.ing the food problem 

illthe develoin,' ct I('it's of the Vo'ld. llowever', such research 
has rce(ive nithbet' m;ijor' at,,eltion noi' funding in the past,. If. 
is abou tile to g'tive this research a high priority at national 
and.l in t('na tional levels. 'l'T'e is no doubt th;t. lack of resea'ch 
on lgumll, IatjI(., "tridues in the casue of' 'ice and wheat haveanl , 
led to a Idcline illthe' area Undt[' l.gLUI,' c,'orops. As repoi'ted in 
Wit twV('I, 19'7(;) Whilney, Koch , anc Wacek (1976); and Parke' and 
Skin.net' (1980), major effoi'ts are cu''ently undu'vay t.o expand the 
planting of h'guins in lhu arming systems to p'ovide a major 
Solc,, of( I' rot'in ;and nit'ogun. 

Another major 'effort. needs to focus on developing and apply
ing t'hi',,bia l'.chlol ,g. This can be directed toward at least 
thr'.c.' rio l' ,' a.Ica. "irst, improve the efficiency of known 
lhi zoliuim sllt il knoxvII mecI'()S o lix more nitrogen.ains lngUIIeg 
S-econd. develop lli/,)ibium ilocil;anl, and ca''iei's f'oi nonleg.'ume 
food cr ,s, ep;eccially cereals. 'l'hi'd trl'nsfei' the nit'og'en
fixing. :ene to, t htr bact e'ia ot' crop varietics. All these 
lrgt'van inv,,lv( l,,ng-terim 'rscai'ch and th.ir promise of' signifi-
Cnilt rs('uls is a';tt' UL .e't.iall at this stage. There are too 
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Table 49. Area Under Selected Legume Crops in Developing Countries During 1 9 79 ab 

. veIop_ rlMrketEconomies Developing Developing Countries.. __i
Crop Africa Latin America Near East Far East 
 Total Asian CPE Countries World as a % of the World 

. ..- ---- ---- ( 00 0 h a ) . . . . . . . . . . . . . . . . . . . . 
Dry beans 2,076 7,030 228 9,341 18,675 4,418 23,093 25,486 
 91
 
Dry broad beans 630 362 186 - 1,178 5,400 6,578 7,006 94
 
Dry peas 460 
 177 33 695 1,365 4,600 5,964 10,500 57

Chick-peas 329 
 191 292 9,380 10,192 - 10,193 10,364 
 98
 
Leniils 106 
 104 359 1,119 1,688 - 1,689 1,848 
 91
Other IU1ses 7,847 145 476 
 10,146 15,351 358 15,850 17,320 92
 
Soybeans 227 9,838 
 116 1,497 11,678 14,776 26,455 56,737 
 47
 
Groundnut __§4 898 1,040 _8,5917 15,439 2,570 18,011 _18932 95 

TOTAL 16,659 18,745 
 2,730 40,695 75,566 32,122 107,833 148,193 73
 

a. The data on area harvested under forage crops 
known to fix N are not readily available on a regional basis.
 
b. Derived from FAO (1980).
 
c. This includes area under other pulse crops such as cowpeas, pigeon peas, vetch, lupins, 
etc.
 
d. 50.3'. or 28,542,000 ha of the harvested soybean area is in the United States.
 



1iy \Will S , 1(i ( CLhe t tn 
tjavtit'S . I1u\vi'Vt' , thU.s PI'oMI'I'alflS sell to le wirthi Irvin ' 
1l1l \ LI11 k ll te'('-1 IS c iuI x (n l 1' t.enIl -hl 

1'n and (thmu'gLl'h TL'en W.) 
at'( l'nit\vn tt, tiN 1nit',, lk('5 \Vi,'na l 1 rv.un.ilihe fIo ' 
stkti1 ltt)1I Il Y Yi lIS in ia ,\ Sian un tri,1 S' (S1 Li IIly (V ii I n Ind 
V.i0t 1al/) I :rIllI, Ih1 LheSe cheInIic I SOLI IU s1 t i'1i l ClleC 

' . 

'The I1LI;e dlgae :1izlI 1,Lue-O lle:1 

1)o1 L\11 AS repu 't in FA( ),, (1 .)'7Sa),) zolla can lix 1l'1-0 . ;m, 1tintS 
nul'00 nittr 1'estits l Tile 50of gien1tn111 .n . Th( r lHt .edin .

cl(ealrly inll the a dIN IltL ;I SO i 1li*tl t ,lh/ O bU 11013j0' rcU ()1 'O 'I 
and ' I'tfor ]);1(l1y othei' crops . Azolla iS i'tiut [)I'Iiluci., cveu 

more than 50( k /ha of nit l'.Og,'l IlhwO(W\'QI'., it.S g'I. wt h i.S Iwlieved 
to be imil wr(led with artili'at ionS oh' phohate fIr ilizers 

Tli Ihv5 YieI is Ni trogen Vaari e Application Azo1,t1a. oI From is etlotldsof ot 
1,i1l1I.lL'i in Ch] illal 

ton Green 
(rt/lid ( kg/ha) 

As a Greeni ,ann re Crop: 

App Iii L'i Met hod Ma Leri a Nit rogen 

Plowing tder onIy 22.5 61.2 
Plowing under mnit haind hurying onct, 45.0 122.4 
Pt owi 1ng uindier .nod hlil lturying Lwice 67.5 183.6 
PI owi nig under 11od haund hurying three Limes 90.0 244.8 

As a NiLrogen Fixer: 

10 harvests il I00 diays 157.5 428.4 

lBlue.-. 'en algae t well known for f'ixing nitrogen, ese
ci; ilI*.v in t);t IIl v fIb the flOtIt. of nitrogUn lfixed .)Vi(je(veI', HIn 
)uII 0- z'enullg1a;. .Je.il. (m ilhe nitrogen available in the flood

%v;8t(, '1,(,I, yv . AS h;as Ie n I'tl.,OI'tp (l in al. (1980 ) andi-r p * H(,.e'" et 
' MCC(LIIIuL ald l 1 tC)I'e(niuCC of LI Iot;0' aimmn111111a11i; in theS1 an ( 198I) te 

lIoodw;lt(I. following f(.i'tilizaiI ion (US ,cially ly broadcasitin ') 
(CTc.)LI I';Ig'(s lh t' r( wth t I'g' e l ';i . which cOmllpC te with rice 
plantS lo')t lit' fei't ilix',' nit.rOgn liut discourags the gtrowth ou 
nit r'og-n-lixinng blui'-g'ren On it hand, phceIlg"la. the lher deep 
111 01 t'ea .siLpetTanICl s ot not reduces thisfl1l of LISt. 4 ' oll 
(Ii 'ec I coim;).w it in ot'(I' 'ellilizet' ni ll'gll Lt alsO ClCOLii'; gCS t 
lte-t'eeon ;ie to lix Stlnli)1lh(i'ic nil 'owenlby kce)ing the 

atpllii( l nitluig n ()u t i I,,tIo I \at 1r. l,'urth(,rmore'0, the.r(, is 
;lso N nit'tiI tI' ,tll( lt n ulrii(.1t Su(ich ;,as a]id ( flor efficient 
)iolo i;i 'tixalionofl" Itnit'ogen. ad lot moir esearch need- tO 

be (toneC btore either ;iZolla or lue-green algae can he considered 
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til( so0le so4tjl! c ol nit r ,')11I'mt', int.'I ,v'4 I'i' c.ull i\;til io(l). e -

Ill )II', i,l,,i(';I I l 'Cst i l'VIc;lII'o.t[ i l.'I I ; l - i ItP', l'in t)IIenti, 
, 


l htIitC ' ,l, 2' 1\'1 i itit' 1 ('0v 1. t'"IIlitll re ti uy 'isI lti .- y;gtllldlilCI 
i I'-,hl~t, l ildl la t .iltC Hi . ill%*i\'.:ll I I Viilli ' I-,l' ,;-i'tch 

inolc ; l , il'c l ial i'e.. t()lpec'h l , ai nV -tllntent lorlndiioi1iand 

Isenla it' P I lt thlCTINill )Ltage it notCSI
in .ylsXneck' Ilo chIe) .'\l 

ie the WSIre lh t de-o etilwele s-an .'h in I iol,:,'iadkotwn ICwel 

11il,rogent 'ixat iol ,I. Ill so1teat isllmagLn1itudeI' lill.g ilo ' C rh 
iw haonde ,(ll 

ftI !l Io gus t l: ,;ilc lu t. Ihe C h , ' lltC logy., ilc 
lly aol cil1 cL IIal c e)Iv ( Ie e n (Ill othe the 

u'. o n (S ' t,taI he a 

nor I c ven h ea phe woul Iasically tca aoIinchlude gocost 
eJ 1o 11l,
10 C L nIS, %%ilic-h i I t I I AM I111 loobooI XiohiL irI 

cot, '' whIIic I I a ;:.:-,s i dlevelop~ingt: c t;OIli;y N, ,ot hbe prlolll , .r~ie:
 

Sinc Ilhr igs o1ll nk1randt ('eap. At this s(age8: itisll : ynedi
knowxxn whe{ther thu.r'e will Qt al 1let-ol'l It.hIWee::I c:rop Yield and 

iatioj, nl whae sM agnitrd -ixin lOWeVe-,
noiu s ae' e. 


ghe ;ivg; in th n ceoal hemincindiaLs ehatonce a Lhe
I alit evi a 
fac'tols atm taket.n ino account. lhe' rizobidl technology can 1bo a 

lnajol' atndl c~ven ('lleaper( SOLll' (( ()I' nll'Og,,M, Which Caln go H. long 

wayV to so.%t the. wold's t'ood prlole.m. 

:;-'2Accr.( l-ing 1.o Ve:nlata; inan ( 1981 ), who hwadls All India.... 
C:oordinate¢d Pro(j:ct. onl Algae, lhIC Lu-A. 01' nlitAOgen-l'ixilg, blue
gree:(: algae, ill the: absen.ce:( of' chemlical niltrogen 1'crtilizer, could 

prloduce 20-30 kg (f biologicallyl'ix.d litrog'en per hec tare of 

rice (rop per season, resulting inl a IU-, inel'(at inyield. 
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CHAPTER 12
 

ENERGY SAVINGS THROUGH
 
EFFICIENT FERTILIZER MARKETING
 

One of' HIhe (rci;al i'aiiits totoinIeXI)NIl(2d 1(rtilizer use is its 
lack of, availability ;at Ihl I'ailvel, even when there l;iy 1w plenty 
of it at the nlli'nal level. somifletiilnw: lcrtilizci is available to the 
hl'ln11 - IMt at Ill( w,'n g time , Or it la be too e )ensive I.o nake. 
its use juiol'ilaide. h'lw avilalily and t)i'i(cc of energy play an 
iilJrortant rh. not Imly in I'; ilitatil ' fe rlilize'' (lislrilution, 
CslJC('itIll' thir1LI,I tII'i;1 , 411 0l41, Ibult Nl.,) in det,Cl' inil, 1t.h(, 
dist.ritbutiln ,. ;inII (' l'f.rtilizer at. i', level.a;lt, ]h , p'ices the tiil 
The ]urlmt 01' 11thi" ehatlr is to XailC he, .OS)seets of' reducing 
enleilg' Lst and thC'e'VIy dist 'ibutiorn Cost I .1hr-otgh effiCient. 
frt ilizer i;markelt ing. 

Magnitude and Components of Fertilizer Marketing Costs 

'I'he fVertilizer pric( at "heretail level is determined by its 
producl.ion and mairketing costs. As has been report.ed in Mudahalr 
(1978), the f'erlilizer narl elting costs (.;in sometimes be as high as 
50, of its ret.aiil price. 'These marketing costs are generally the sum 
of several costs. including wholesale'is' comm ission, retailers' 
commission, tran ll5Or1al.ion costs, sLorage costs, handling costs 
insurance, intccst, oln stocks and faciliies, and ot.he'" overhead 
costs. Tins oi't Ltion costs, h)oth inLrnational and domestic 
appear t( he the most. imiiporta..int of' thc cost. conponents. Tl'ans
)ort;ltion co1ss, in t l, aei'e dcl eriine(, by transportation l(ode, 

energy ise. andl(!el'gy lJiceS. 

'l'he averIge (enerlg'y Us( f'or packaging, transJortalion, and 
applicaliol i. , 8.(; (;,I/mt. N, 9.8 (,J1/mt 1'2(),, and 7.3 (,/ini K,0. 
Out of this , ;icka ging accounts f'or 30',, 27 %, and 2T, whereas 
t.I'ans (ix'tItlion aCou.1ts..5 1'()1 ,) , , 8- , and 63'-% I'o' N 12'05,, In(] 
KQ), r'spLctively. In the Case 4 I l'2 0, and K O, since their 
mn uiMIfaCtluring is relatively less cnergy intensive, p)ackaging and 
t'ansllo'ilatioll ;itc('oulnt f'or approxillately l,]6%of' the total elnergy 

neCds on nut 'ient bais. Incirases inl energy prices dluring 
197,/71 and niore i'cernlly have suhstanilially increased Ihe f'ertilizer 
distribution costs and tl):'l ic'lar" tniol'prittionS , in ,- costs. 
According to Allen (198(1). the tali'i'U.y conllOflen1l(,ione , Lel'ils of'a in 
fuel cost.s in inporling and ii kt ing inported fertilizers, has 
increased .ightfoli fron $2.00/mt in 1972 to $16.(00/mt in 1980. 

Most of the deve-loping ('oullies (epend oil imi)orts to ilet all 
or part. of' their f'ertilizer ;in(l/ur raw Mat erial requirenents. 'T'lh 
najor diferunce 1et wen the c. i.f. and 1'.o.ih. priice is t,he freight, 
cost. for inll;ortin g fertilizers. The F'reighl irites for various polls 
(origin to (lestination pol'ors) are not readily aviallh'. Since India 
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i:iJ. , all llkintl-; i' , itiili ,rts the, fr'l-eight ';It,, s - ' ' f -l ilix..r 

I I ( t 11i1i ii a i 5 f y te gll na11( ;i port"; ill riitiI n rilil iill ' K'I I 'l'h e it)I c tn niil i'll V ; ii'l , a liar. s i e of 

$(,tiU/int 'l'lue ';ifil;l]f'I'ei,'-> isyl',',r in lixe~r.Ii'Ct..<>lilp nn11i/1er in,'.;s!,vtii I I'ciri.>1i''i; c(' 	 pricesTlh C' 'i Is l'tll li i l , rI nlilljkl' 

fortI'i'it'. <, price. l'in!l't, inll;iThr 5 .e4iuinlh"s1980 lhl, plae(to 
,fhrcight l. l)s) I'afte Nih Alli tabI (1i:1 l'cr lll'e;eer inl1tey$6i(/1111 Tlhe' "d;l~i'tIrc (11, ~ h cwds>.< ill c. i l. f',crlilix('r prliCC. S ill 

IldiN\ 1)u it 198he w;i!- It Y l'" l ;i, 21,-:, otr Isiniianti3,"-' . i K( 1. 'lih e ' h v' l' l cots1 il()l ()I '' lly ,;ir I h~rgcl, S<h:ii'c of' 

f1Hrlili/wtr IIl'ie't. h t I l lh Il I l 1j illi. l-i(a5' i ll c wti 1 1(itok(lrihc, 
(Iltrin11 I!,) i) hei' milningii lildh al'(i. :;AtheII v l'.i. 'lh tlfrI'), tA' 

l' cl , ' I I n(- l 1I ,( 

iuicre'l t, illa l'ei 	 hlai t ('lls (iill fN1ilir i.l in ll tl. l'h (lrillg
I Y Tlhe is for 

in , v IYb c ot II cI,i t sl.<w hI i I h-1 ;i\'% le ti I ).hif i .s i p l"il'i c;I 1nl 

19,19)/80) %\.I c'crlin yII lic, h'iiding4 dtterlinillll 1 . ,' 11lnc tl'tll,, 
dl mici cIt "'i'll.">pirkili >ll (CW, ,.- 'l I'( ''tlWv ' 

k'iilItI 'I. AVcrlall,r 
' 

F lli ,ih at !; sI~i of II-vrt i Sh~lilnilf-ui. ; ill 1.l1' 

Ilit e ii~i i li lMi ke I 

iSit Ro£ullF vie 161t 
i'o IIIiri F rm 'To 1970 11 8/ 1980 1970-78 1i97-8A6 

ie, r iIIzI ill lri 	 RileLv il t % I [Iicire SiIe 

rliea N'tiiel rIII:d W(C. IIdia 18. 18 24.94 41). 19 37 97 
)AP 
Illo;ph.i , v, 

IJ.S. Gul f W.C. Ind ia 27. ) 0.00 60. 50 8 102 

rICk AiliaI W. . I llid B. V) 8.81 20.43 I 132 
KC I %%itioliv,r W. .. IInd ,i 21.(01 21 .2!) 519.80 -IW 181 
Siut Ii1" Vmuiillv' r E. C. Inli,, A .Pi 22.11 ')9 .(00 -i) 106 

,f. Ave t.i' I l liti' l lmi rt li lity S phii" Co loll I 90C.Ill.i I iit hh 110'114- wrpi oil. ( 

Approaches to Reduction of Energy and Marketing Costs 

The I'tictIt iol of fedlilr iaI'IeingK c(sts is essential 1.o 
keping r.iit a il'rtilizer p)rices l)w , and t1he conditions ill Inllly 
;l .is o el'ar g'.1 i 1'fiI' ''l . The:;i p t, ,',ial suCi ciCtionil. nlal'ketilg 
'(,.;;Is ian I r e IIhh iugh ( I ) illrolveienlts ill the Operational 
(dTicincn(v ,' 111c I'lli'lili''r mirketing system , (2) improvements in 

.us..'1i2,'Vef''icil.vv ill Ihle frtirilizerT disitribitllion syst.emln, ;111d 
C") hnlIilvu\i'ilv.iitn in 'trilieIW, dist ribLution technolgy or chanlges in 
P;ill i'I*I , d, i ilti l . SiuiI(' ofl' I.1 ! t14tseele (t ;IreaIs which offer 
lp,,ilililif-" hr -ig1"iffi ai lveulict ion , in ellerg'y use ;ilI alrtkctling
i'i st s Ii' ,lI i ' ii,,llii',i w 

()it(' 4iI Ilh, lit,. iihjiil l i lt i' relucing"t;ltegies I(' 1i/il'ketilig 
t,.<s ,1;If ,riVen ;iiiohi io' ntlrien is to usef 'e'tilizers with Iiigh 

MUti'1'ncl ,,.Itl (n a i)u'i" unit plant ntrient. tIasis, Suclh an 
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;i)l)1)i'Oh \viCh I'l dIlCe Lh cosLs for i'packaging, handling", irns
l)oiliot.n sto'age'e, and olh(e;r relatel ovei'head itlemlls. For ex;iliile, 
NiS iuinling N lii(,;ir r'-;;it.ionshil), Lhe dist.ril.ut.ion of' 1.0 nillim iwl of' 

'oi 11innoniulnll 1ma1y mLIClh 111:il. inN in the ' ate;IiL mC Cost, tlwic;! HS as 
lhe ro '4 urea, : It. is thbtese Significant. cost. ecollollis inllIm (d, 
dist rilhution which led he ferliliZer indutrly ;inl la, m.r S in 
(love loped co ni es to Pirefer h-igh ainalyis ov'er low an alv'sis 
fetlilizers. 

It. is a lso for uhese reasons Lhu t. the prold uction , consurlptL-ion, 
and L.rade (.' ilLt i'ienl.s in lhe foi'm of low anilysis fe'tr.ilixers has 
declined. So0me developing counltries, however, may he taking 
longer1' to switch away from the low a nalysis fe rl'ilizers pirLy 
bee iC of li'eivious gi'nde pireferences an ll high cidjusLlent cost.',. 
Also. the at.Itainmonl. of "high an aInlysis" usus lly involves leavinig oul; 
secondary el -1ts which is not. "ailys inl Lhe in tei'est. of theOl , best 
farmiers, 

The energy an( market.ing cosL.s can ailso b~e rodii ccl by 
imporling and (lislriluling mirl or all or the fertilizer in bulk rather 
t.h an in als Su(:h l stratelly i'ediuces handling cost.s, packaging 
('o.s, L.iranspoLp'Lta.;lion os.s and ot.her rolalted cosLs. In many 
develp d co)un1.i'ies a large p ru'opoi't.ion of finished ferLilizer is 
distriliu.et in btlk.k As 'eport ed in Sikder (1980 ), for exaiml)le, 
the shireu of' solid erti'tilizel's (listrilAll.uCd in bulk is aip)lroxihia.ely 
5(0, in the t. lni tl lStaLes. 5(-' in the lede'al H()u1 llhC of' Germany, 
.15-, in )enma'k, 251 in Sweden, 25,-30 in oi'ince , and 304,- 0, in 
the (Ge'nan Democia ic u :I I.)lIic 

Oi the o.her hand(, in mostI. deve0lo)ing count.ries i wholesale 
swicih Io bulk diSt.ribu Lion is just not. possible. For at, least. Lwo 
reasoili, mn'st., of' l'rt.ilixeir a eit.ail 1nLtLIsthe at. IC level be availa.le 
in seih1le small ballg: (I) the amount priili'ch a sed l)y an averago 
a';l-'l1(1 is s.mill because the average farm is small and Lhe average 

l'ei'tiiixI r i se is low, and (2) Lhe 1)0l S Ai)ilyl of' iiiC.riLion is 
higher in bulk fe'ri.ilizeir than in Lhe lrt.ilier sold in sealed bags. 
'l'his, o' Wc()i'se, (loes noL riu'(:('lclt , iporLing fertilizer in bulk and 
disl.riibuting it. iin bilk up to al. lest, tlhe majo ti'Lanshipment. points. 
Il10 WC VI, lhis will i'(luiil' adiLional caial eXplndit.iit'es f'or 
specialixd t ranspor Lion eqliil)nt. I n(I bagging facilities. 
li'trlh(i'moi'e, in mn 1 and l.iopical Coutnt'Is,humid senmihumid 

:3". I lowevei', the a1n iifact-r.u' of ii'rea requires about. 20 Gd/mL of 
N more energy than inimoniun sullf';it., So from in energy 
viewp1oint aihon, ure;i is 110t. Lhe t)est Choice 

3-1. A')' ding to the U.S. Department- o AgHriculture (USI)A) 
(1 8() , the, share o' total f'ert.ilizeir disl.i'iuLed in dhe United 
St.L.;it. uLi'inlg i'J'i/80 was , ;is (i'V bulk, IT3,,aS dry bagged, and 
,G, ;1i. Flid. "l'hi, implies Lha. illpioxii,, it.ely 87 , of' loLal find 80)b of 
(li', 'erilii ir Wais Clislril ueCl as bult, 
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there is a 'lat iv(ly hilgh I ,s,ilhility t' ettilizers- (JSl(cially I1(,-se 

which are 11y roscol ic , de-torioI ing"I III '(i. ,') ull (IisIl 'ilI Al 0io1n 

It ltlult gr'lI, howver, the marketingItaillus, 
costs c;n alm In! Iin(ltc'd )y, limit.ing , of tiius thetheII nuiie" 

Tlhis C(rlductionfertilizer is lanlhel, i.c., 10l(1(l and Unloadl. 
ess11 ini t.'anisit, inid reducedcall r'Us1.ilt in Iower lIabor costs-, l 

As ropo rled in Mudahar ( 197Db), va rious ,Ostifei'tili z 'v losses. 
fol'Oli 5,', lo 3W, in developingmat.es of fert'ilizer loss in transit range 

countris IUrtbo 'lio0rC, tb roii gb better.t scheduling" of imp0 rts andl, 
inlan( distr ibution, the l'ertilizer storage costs can also be lowered. 

Hlowever, it is im)orLa iLt to l(001p in min d Lb at during the off-season 

the f'ertilizer needs to be st.ore.d near the consuming areas. Such a 

strategy coul facilitate fast, llivury and timely availability of 
costs canfertilizer to fa i'llers. inally, tho energy and marketing 

be Significantly re(lIcud t hrough Afficient and al p'opriate fertilizer 

transportation sVsl.ems 

Energy and Cost Implications of Fertilizer Transportation 

Fe'llilize r transportaltion accounts for a major share of the 

costs and energy use in disL'il)ution. Since most. developing 

countries import. all or part of their domestic requirement.s, it would 
economic implications of botb internationalhe useful to look at the 


feitilizer shilping and inland fertilizer transportation.
 

Most developing countries have a large potential for reducing
 

the c.i.f, price, port costs, and thus the fertilizer price paid by
 
Lioton o'
tarimers. As shown in Figure 17, the fuel costs per met 

11
 
DWIT- Dead Wuiight
NM - Nauical Miles,

10 

-

w 

"57. 
. Mexico--- Calcutta (11,500 NM) 

6Z) 5. - Vancouiver -- Santos (8,500 NM) 

4

Tampl[l, Arc'a (5,200 NM)U 3 

0j 

,. 2 I 

3000020,00010000 
VessOl Sze IDWr) 

Figure 17. Fuel Costs by Different Vessel Sizes for Fertilizer Shipment. 
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I' tl'l.ilixcl' III;IIt'Iial (It;clin)( ;, the vessel size in e(ases. 'l'he 
e(elhoJing (',)utl I ri(, , thtlW), (N1 1V(. th I'(iLI J'h IOWV(;l' ful t'I.s and 

ec()n'oilies (d, scf4I h i ilnlp',l-in" 1t'rtilixr in larige shilloaIds. The 
14 .alI ¢ (),,,Is ((lin . mitrl'e tihan Ihe ful (_,5 I-s-. Il \t'ver'r, Ially 
CoU)ll 'is, 0Sl)e'i;IIly ill Al'rica c;iannot . iilixe hi .5( (:C)1flliCs 

ecaus' o1,f ( I ) simall f,(il iliXei" r(jliil'eICl.s, an(t (2) poll. sixe 
lhiiltl ions. 1 llilhy ('im's , thy havt I i';es't h. V;l' y small 
vessels, (\'ell nIlltl l hanl I(),000 (lwt In Slle cases it. llay ) 
1)1ssilut, to ibtfll' IV IIesI (OnStril 1 Igh Cooi)al'1iOnl1,[h l'ou in 
illJfl)'l ing the (11' itrll' t ihanone COO t'\. lo' (xaml)e, 
SeV('i'l[ lIn(l](<'l<e(l alndf 'a;is.l counlt Iii. ill Aricl might. benlefit. 
Ii'l LIsuch anIl l'i';lnt'(liuel t. 1 l.th(l'i(lP4 't, I'LIC Cos.S Cal also [e 
r'e(lLicd I)y1 l)r'(4\i(liInf • li.''el'tiail lhut.hirl"'acilit.ies 1.0ships 
(airrying l'ulilixeir, .ejw)e('ia llyi il Imany con g'est.ed p)ol'ls ;i'oundllthe 

rld. E\'tir a(l(i.io)al (lay in waiiling i'esults ili si_)sI.;int.ial cost.s 
ill lhc'. ' i ()I, dl r l ( :fll bU' d .li 'l;2,t,w hi :h i I'lu.n Can ;liIiin~i. 

lhe 5('('.(i t'()neoln)do(,nt 01' tI'ansuip'Il.at.ion costS dluals with in
C01.tll1ll' lis<lihiollJ Ofl' f'c;rl.ilixe;r, Thel( laindlockled CoutrIie;s, 01' 
(lll',set. h11\'e 1to ]p y addl~itional] ill telia~l.i( inal l.i';ilslpolla.ioln cosl.S 

I!l 'o'e Ilhe fi'.Iiiixci' I't(ilhch its tlet.inail.ion. 'T'he tnergy use ;and 
(!n('r'\ CostsJlW L nil, of I'TI.ilii'r tl';ilSl)oiVtAd Wouil (ld'l)CIld Oil le 
Iloci( of, t';insporlat ion. 'The elnti'gy us! estal. ts ro, (liff'eienL 
.'ansllbiltali on ill(J(ltu ai'e i'cpol'rtled in lable 52. (lear'ly , moving 

I'erltiliXzer b I i'uCR is nl)I e ('i'g'y iin lens ive , and hence most 
exi)ensive,. Depending Ol the tl'uck six,, ()ad 'acloi', and typoe of 
fuel, t.l'ansjI4,1Atllion b* I i'tck Iay CofllIStlltC flou' to SiX t.ilV;S as 
much energy On ;i iptil' ()'ll-llile lasis as i'a jlwaV Ir an sJ)Oi'I.;lion 
Wo Ll I Yett NaS I'4'lwoi( inl 'ale 538, wilh I he exception of' India, 
Bangladesh Ipul lic of' Ki'e;i , aind B1m'in , MoretI 1hanhalf' o, the 
feurlilixvcl' in Asia is moved 1 V trucks. AS long ;is he lai'g ;bn(a/rg' 

TailIr ');! I. 'il' [i v;ntI t' l m ib's r Dil)It ereit riisporlrtit iou Modehs 

lit il/fil -MiTrllso)rlaatitl I 
I' . 

Model( A B C 1) ] 

Or('ain Vessel C UC " 275 
River liarg 71() 600 5.50 51 0 300 
Pipe iei 495 495 c C 450 
Rait 740 /4) 825 760 771 
Trl k 4, 185 2,, 0) 2,050 5,27) 3,085 
Ai r 46, 285 69,425 42,090 C 

a . A = (otin iI o Agr i cuIt " re, Su4i 4rn(' and Te( hio l y- (*to73)); B -- B olin ii ;ind 
lavis ( 1975); C -- ,iln-H y lyer (I ')1); ]) iuu'ntel 0); = FromI iI indl - (19 ' 
Tatlb' 29. 

asiuuojit I ui'iestI t0* I1). The t ir; ,iri' 8') 1 it airge' , 94 1oi r j I , Y) o,- '!s I 
t rIil k, tn ) l' ti it r. 
t . No t .14 1. 11i1' . 
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'able 53. rcentage Sf;hare of ejirit Transport ati on odes in Lh Mloveminlt of 
l"'r iiZer in Se lv t d Asian .onnl ri(e 

.ount 
A lgl i 

iv 
tLan 

Year 
9 i) 7 

Trspo rtit jon 
Rai.l TrI+"k 

90 

Mode 
Wat 

-
. R'iiark , 

ResL by po rilrs, innlvs, 

and -;rts 

liang Iadesh 

iui rlIa 

1977/78 

1978/79 

42 

20 

21 

30 

31 

50 

Indiaa 1977/78 80 20 - Primary Lrarfsport 

I Ild ia a 1977/78 10 90 - Seconda ry Lralisport 

M) Iays ia 1976 10 90 -

Nepa 1 1977/78 II 48 - Rest hy ropeway, 
Iorri es, muI is, etc. 

Pakistan 1976 18 52 - Rest by hus, tractor, 
and carts 

South Korea 1976 92 - - RPst by trick and 

wa t er 

-Sri Lauka 1976 30 70 


Tha i land 1978 8 90 2 

o r ,f tIe rf 
t ransport is sl igl ly higher thai fnor d mest ica Iy )r'odijceI materials. 
a7. -NItfe's to doi,,stic product iofn . iprti .r, ert iip sv~i rai-l-

Source: EStAI' (1980). 

railway facilities ;ir aa;iilable, every effort should be made to use 
th(m in ferlilizer distril)ution. Ihis can result in subst.antially 
lower I.ran sl)ortation costs. 

II. has been argued, however, that truck t'ansl:)Ort, is more 

efficient and reliable. Clearly, there is a possible trade-off. 
However, instead of resorting to less energy-ef licien t modes of 
l.ransporIation, the energy-deficit developing cuntries would be 
better off in the long run by debottlenecking the fertilizer trans
portalion system and investing in barg'es and railroads, as major 
inland transport modes for fertilizer. As has been reported by 
Sikder (1980), on the basis of Indian experience , 1 hp can move 
150 kg on road I)y truck, 500 kg on rail, and 1,000 kg on water. 
The reor'ganiza tion of' transporl.i on pa tterns and i'ansporlalion 
modes, sulpplemented by prodluct exchange where possible, can 
result in lower- energy use an( lower trans)orta tion costs. 

All forms of t.insP0 rL. have some economies of' scale. For 
examu )IC, larg'e tri'tcks, if'fully loaded, are much more fuel ef'ficient. 
than small ones. llowev ' , the tHock size is limited by the load

beairing capac'ity of' the road system. Pe rh;l)s more imlportan t is 
provi ding the maxim tnm amount of' backhaul, which al)lies t.o all 
forns of trianspiort excet. ipllines. lowever, one must always 
keep in illind that fertilizer instieach t he fai'ler at. the rig'ht, time 
for ;lll)licalion. (Jthe'wise , any savings in terms of t.ransport.ation 
COSS call be Cancelled byia loss in )otlential crop Oltl)lt. 
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CHAPTER 13 

ENERGY SAVINGS THROUGH EFFICIENT FERTILIZER USE 

All in jil'ov(!iv l til ill ili 150st- offiti(,n'y lii'OiiiS('S ih(, 1'i'w;itft'i' 

ust savings' in Lnci'wg'v us . Ilwt'i't';.t! l t'ffic7ie \' in f ri i/cl' IS 
will (lircily inci'e;i.s .1 'of l','gv le't.ilizerth1 T icitnIW\ n (,o .StlIM d in 

l dirli 'iu ( lanllnaOl faltif; ain' Ol . Si he, (fOnlhiN(l fiO' t .l'iOrlts 

is riapi(dly glowing, t,h ih;i'g4"'V save (l ifl ,l'\inlg f'rtlilier' IS0 
efficin, ( llnt lce inlli l'tl(..Il Ias siving4s per sc. liat.hl', the 
sa\V d fei' ,ili be It )'oi( fo((d, ;indr Cl tolize( ;'Cn1li'0 f(ed, 
fibut)'. Ill slccific ('oulni'it.iOs, sUCilh aS South K~or'a, hrie nitrogen 
Lise is ilre;iy V('xy high, less l'crt.ili ,(T' may 1.)b nlt ld it thec LSO 
efficienc y is imlirove. .(. 

All :i'ilt ivolV, Ihe (OLil try which (del)(Ands basiCally oil 
fertilizer imlpoil'.s may be able to redluce illlJOi'. anid. heNce, 
I'uC(lLi'rInl(;l1s 1*o' foreign exchange. ''he economic imlplica t.ions, as 
(lis('ussc( in Ilig"n''ltL. ( 1980a) and t'ludah;i' ( 1979a), coud be 
sLbi)stantial -noug01h jtlS.ifyN, r(esealch and p)oliCy efforts (lirecltd at.to 
iimproin i 'trili /I'. Ue. fiCie((l'V. The 1i'idei'lyin;g objecliv of 
these actions should be to ma"iximize ci'ol yields at, a given level of 
fertilizer eili'gy, or t.o miiniize folrtili'/A' en(Tgy needs in order t.o 

achieve a given level of' crop yild, with apllroplriat.e considerations 
for the conmicS of' feitilize' LiSe. Since nitrogen I'ertiiier, 

part the f'-rt.ilizor;iWCOtlIlt. fOr ao Mhe' o' lhe energy USe in 
sectoi', it is evident that t he glatest o )lorunity fro' increasing 
cropJ yields at mininum111 le'gv Cost. is to fertilizer more1lSe nitrogen 
e ffi iot' .Iv. 

Fertilizer Use Efficiency Levels 

The off iciency of applied fertilizer is extrlemely low both in 
nult.rien rcovei'yV1.)(Vtheb lerills of' p roducter'ms of' 'ti. i hitl.s and in 

tivi.y of n Uti'ients i'ecovered . The low efficiency problem is espe
for t. sulricialcially st riou s Lhe roplica Ind i developing count.l'ies 

of' the world. It has been well documented lhaL no mo'e than 25
'l{,of apjl ie( I niti'ogeii is i'ecovei'ed liy pIan Is, esilecia illy b)y rice 

Lilld(l'" Asian Cil)(dliitf.l,.5*' ihe rest is lost. .o the environment. and 
results in air and water lollution. On the other hand, 
approximately I-,-20%, of' applied phosphate fertilizer is tLkln ul) by 

:the cl'op t which it is al)llie(l. ' Ilowever, unlike nit.rogel, the 

35. Fo ' example, s.c 'r;iswell and Viek (1979); Craswell and 
lIe lat ia (1980)" Ie. lI)ati, Stangel, an(d ('r'asw1ll (1980), lligAnett 
(1{80;i)' b1 ('un,'' ( N81); Parish (1979); Parish, Iammond, and 
Iris l (lP)80)() Savanl, I)e );itita, and Ci'aswell ( 1980); Stalingel 
(1979J) ; Slng' and llige'nlL' ( 1979)" and Viclknl ( iswell (1979).

G(;. A d d~itio n al (l<,lta il:. a r e'( a v a' ila l e( i n l a;l i .sh , 1l, unn1 (.in (I, a n d 

('i'asmdelI ( 19)80) ant in st;ing l and Ilignet l. ( 1979). 
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rest ofr )1 slos)h1te get.s f'i ed ilI lh s( i Iatl ,1liLies h. Ioh) OIlne 
NV aihIlhIt thle suCCCeIding crops in the nxl I10-20 vcars . The 
Ieliavior or po)tIash fert.ilix:rs aliieai".o Ie somewhat et weel .hat of 
nilrogen andL that1 of phosph;ie after their t)lli,:itions 

li.d 
onl eXl)el'iell Is. l'he;e loss( may Le CICI hi llfIci' 

The esftillat.es wilh I',l),CC I .,)n I 'Iinil. loai N i'(: bas;elly 
er:," NCtil.ll 

farmer'S field conlditions. 'T'horu ar: a large nIml.)i'r of hiOlogicaNl, 
chemical, and physical Ifactors lh;it. determine .he inechanism of 
nutrient loss and the magnitul( orf loss throuIgh each mechaniS Im, 
FI'urlhermore, I ,hemi'clhinismsIand iIIgf. (li1 Of nutrient. loss also 
Vary acIoss Crops, soil.s, nutrieni sources manae1en I. praC.l.ices, 
and agocliia tic col(I it ions. Any fert ilixcor technology and/or 

,mana g'ement l)I'acl ic v,!hich rolces nutrient loss Lnderl'ield condi
ions can go a lng way iorduce ferlt.ilxIu' cos 5 to Lhe farmers and 

expand food IrOm lucLioi' at1 the natlional Ilevel. 

Ideally, the nutrient, losses can he suhstanliaIlly reduced oIr 
even eliminated Ly perfectly miat.ching lt.riienlt aVailability with 
nu trien t t'eqirenents of the cro) throughout dirf'erenl stages of' its 
growl h. This goal mayI:e worth striving l', but. under field 
conditions it is difficult, to ;ichievC. This is mainly .ec;IusC 1)oth 
nlTri!nl :;viailhilit and J'C(Iluir.Imenlts are difficult to ascertlin wilh 
any deg'ee or miq'pacy l ecaIs, of' wide variations in ;igIroclimatic 
conditions. While ;In (;Ict match is selhom possil e, it might. he 
Let.ter to (.1'1. oin the side ofr supplying I higher sh;re of the less 
energy-inten sive nutI'int,s. 

, 

There are several known mechanisms of nit.ro 'n loss. These 
include volatilization , ni trificItio-denilfica[io, leaching', and 
runoff. Vohl.ilization appear.s 1O be t1he Major source of niltrogen 
loss for rice under the rainfed conditions )revalent in Asia. 
Nitrogen losses (Io occur Ihroug'h hth inchanisms but. the lnagni
tude of losses through them is not ve'y well known. 

Urea is not only lhe major source of ni'iogen in developing, 
coun ti'ries ht it may conl inne tI(o Im;i in so in the nIX. two decades. 
Although ui'ea may be the chealjus! source of' nitrogen. it is also 
known to he least ef'ficit. Consequenly, ;nl lightly so, most. 
research ef'fo'is are being directud al. ill)r'oving the ust' efficiency 
of' urea nit'rogen. 

It. is of'ten be]ieved lhat. averago f'ert.iIizer pioduct.ivity is 
hig'her in developing than in developed countries. ThC Underlying 
logic is thatL feriizeI' use levels in developing coun.ries are vei'y 
low and this 'USLIlt.s in much hig'her resp[onse. This may he t.I'ue 
ordill l'ily ltl gn(.c'lIlizcl statell(:llnnls cannot he made for"all crops, 
crop 1tchIl {logics, and c oUtlI'i(S. )1W ls I'OneMustI' that feI'l.il
ixer pirodui.IcIvity' is d(t by i nlmreT aclors,hei'rniined a rg1 of 
inlucW inlf." nuI~lr, l)Nlanct,, frllilizer ru.",nmsive" crop) valrieties, 

ir'igailion a1I watOer coilr 1, lhan t 1r(pIt.oction1 .'chniquclis, iint ensil.y 
(if weed p(di'Idll, lint poiMIa[ioll, a1l1dl Cl'Ol llIan lla(lnt. The 
f'rme'r,, small 0,r large, in dleveloping coonl.ries (1o not have is easy 
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,SI C C 1-(,im111 (- c m(, e l i a1- i 11'1I Iv!, 11 (m'iIe' Iv)t I i Iint 1 1mn 

d I ()I)Sil, LI' 11, ;i1I CU'li(1M '%VN a 1( IS il tI IL ('I\ iU(. Vt t' )\'('i Ib'( )I ( !ig IIt 

Hier(t- is stihlant jal smo 11w' ifl'lvfl\'I V'il~izurt l)IiYALtI(Ci\'i1 

t 111'(,) LIg';11 ilii'1111) I uI( 11cI s ill k-1-1 ilizlti' I mthlilOd2,'y and pr'operI 

ln;Inlag'nI('ntI 

Efficiency Improvement Through Fertilizer Management 

el~f (gclIc cl 1 w~ i lh' sou t'c il1 p rovo,'ti l r ut'It' t U't'tef itiic us 

(1) right ilioift r1tnitliit (2) Ploei' hiatmee among nut'ivnUI 
:3) &Migt Iime' 4 ajlictin, aind t ) iighwmehol of, ap[)licahII.i~t
 

I"'ch () Ihs tSJi' iS-imio ittant ill its iW nl way. TIe'ihw dose
 

of~ hC '~ 'd'i' dIIIi~el at~ :1 W;tll tifi OII NS 

ihisi', hasc niana ,'i'tflt'ti jt'incijilo.s fort impr'oving ter'tilixert 

c-ITicieticV Io. flwu 11w(\(t'piipjlo.' SeldomIIt'e .W Ise ar'e 

CO LIU I - C' is, (1(1( to lack if' knowlt-ige( onilo tt'at 

2) (,I*k 10 ll it'aI 
i( Ihi', ( I ) i of 

ta tmeis C- hai'k i~''~ (,It' illti liit ( CII-I' onl 11wl 

jIm1tI (,.!' cxt(-Il iii l '(t) (3) lack cir ;ppt'OjptiaIC rt' nt'h to 
t!,enun(i eI in 'h'a U im 'tiumalifm alAl u I liIiZI/ ma i,'Ilatt U vto ' l (l (A 

v: ItI'-il( a,"l-mt'ilith il coI ditI ittIs and (,I) lack it' ;ppt-I.ptia~e 

~ t IvIeIC(: 11Iihval~ ''(' II)ilk i'ttIii Ciiii'atd Iii is ill ji l I n'sVC I. ill 

*(,'ti'iiX".' I' tI'i' aNiV II(ii \I i'usi 

t'ejpoz'tced iUlal 51e~. Ill 11 (':[5(2 411' hutIil NIIIf~(iLIll -,LIfat.C and~ 

Urea, theu' till( ;Nl d IIII.1ld oit apiplic'at ion ar'e exI t'ttly itfllorttiL. 

The het lit I IT'HjI-II ti ill a l (tlayilt i iii atill (2)l cases.(i 

III lii ' li' 't u t:38h'iFor ~i'i'1 th (ii'fu'HW lsidi Iil I'i heA 

I i5 t1.t'i(tI;v: It Il tin ItyU 2, . hlt''t i l I' ior iS' such, 

sItLIi' ii Il\ U t' L -II t'tIsI' I tlt I't In I i it t'ic and 

(il. t an1''oi ittt'1'1' ;iL1-,t IIiItuaic 11iI InIs . Iliw -eveIt', spIt. 

a jIl I't iii1 1 111'-; ;1nit aIIItIII )IuIi Ill) ''utt' at tIiltt I I iute ilit ct' Is 
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;ndt th(' ilt'(Il l)lNC(AliClt Or UV ' 5Lli)(.-itI'l ti-1.(.L sC.l t) I'(ILIC 

nit r(gen losscs and increase Crop yields at a grivel level of Iertilizer 
LIsQt. 

A )l(e' bilan( of lIant. nutrl'ients is e(JU;Illl , ifl)totint in 
achieving higher yields (Iaw of' interaction), An overemlphasis on 
on nutrient, can resut. in a decline in piroduct.ivity for that nutrient. 
over I.ime, especially when one or More of the other nutrients 

(prinai, secondary, or micro) are missing or in short. supply. 
Un(e' cef!ei'is pa i'lsup conditions, cro) response to a given nutrient. 
tends to decline with t.ime when there is a lack of t.h e minimum 
retuilr0mCnts (law of minimum) of other plant nutlrients. More 
specifically , yields decline because of (1) the absence of Uhm 
in(lividluilI nMLiMt anI (2) le lack of posiLive iltercl[ion bet ween 
the missing nut niCrlnt and the a pp lied 11.1trients. 

I ,id)y ",,',,' t (trim j\)telnatlve Sourtes, Dllli' lnri h mltr?; grllViitiri Mlvtho .1I' i 


A\l.I'I i.t mi tlI ,, lii I p,1it
t 

G1.1111 Yild, Ki logiam (if Padhdy 

II Melthod lit I ime of ,1 iilllemeit Per Kilogranm ol 
Si,,:I , % I,it- i n oIIi pl idt, ,loll'l ttA iton'!i 'bitt OIer ii . Apl,l edIN' 

(91 kg N/li.) - - - -( ti ) " " " 

Nit m 

girln - - 4. 1 
AS Cl Yi;t. I).lh s t , ! / .!1I1)1 I I l/l ',.4 1. 1,.9la, y". i 
AS Clystal. ilie. .%.pit , fil 2/t I I I i I/ H j.9 1.8 24).7 
i-, P'I I,--l vhel p , 1iItt 2, 21 1 1 I1 11.1i. 1 .1 14.,)I I , s 11 

I - h. I t' ,I It , It I it.r/ i I * I/I I' '). Il. 6 18.4
dBsth

SCiT [ojvu, i l ,,,lh,t s 5. 8 1,1 11). 1 tIy l-'Iq L 1 


1:l1, SiinI i gI .i il ri mrit l II1.2 2.1 24.1P,llt pii 


1,-l, -II !-.I I 4- I I , I h y sv,,isoinat -8 -k I Lgii tl..1. Bas!ed, I tIr ,' l nlvolt t I fI I I tIh 1,~l . tyY ur 1li. )ll d/ /lm fi t 

I,. I' I v-'l fI,,t (I: swI I l D I~tla (I I A )0I.I . III t.I I .Ivl I t 1 , l ,.k. t ,'l , I 1h)dt l nd onl I o rpor.1 ll.1 II p, it.I, BUI Itn'vt, to .% t d il 

,I. D[, Il et,! t", , vII . It, . 'Ind I -Il -Ir!, t , '. - ,Llys 110t I , ithiili 1v Illi L ,1l oll.I l II-q.o,l11n' I 

IMnIIyV tlev(eol)ing (OLlltries, eslpecially in areas exl)eriencing
t~he. "(;rtCtln RC-1.voluiol," arle allre(ady showin" ctficienlcy sympt~onms 

for zinc and sulfur. For examtple, as reported in Tal)le, 55, the 
average yield inc'rea se over control for rice is "'2"due to N appli
cation alone, and 10,)', tltue to ;ll)lication of N, P, and K. As 
reported in Table. 5Gi , j)l!l'n ,'tt u)akleC of al)l)lied 11ultrient-s 
increases in the [)i'ts(1t:(, (if (t.her no I rictls. For examl)Ie, the 
LI)takCt O' fliti'ogtn illcr(,.ass 'roill 18-, when it. is al)l)licd in(li

vidually, t (),, when appli( in cmllination with 1), and to 73% 
when a)l)Iie(d in combinlation With ) an(d K. T11 same1C is tirue for 

phosphorus and pt.ash ;lp)plictioM;. Pro)e.r nutrietl, balance thus 
imlproves recovery of the applied nutrients Iy plants and hence 
increases crop yields. 
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Tal)1e 55. Etects of NP Fertilization onl Grain Yield of Flooded Rice in the 
Phi I i lp ineS 

Gra iii Yield c 
Nutrients Appl iel 

Trea t.en t N VK-O I " . coI .... V asB I .gaya . 
(kg/ha) - - - ------ (mt/ha )- -------

Control 0 0 0 3.4 3.5 2.6 
N 140 0 0 5.6 4.6 5.2 
NP 140 60 0 6.2 5.2 5.9 
NK 140 0 60 5.6 5.7 5.0 
NPK 140 60 60 6.6 6.9 6.0 

y
v0
Iat-ai i 
a "Dry season 
I). Derived from De Datta and Gomez (1975). 
c. Average of 5 crop years, each with three varieties replicated three times. 

Tab.e 56. 	 Effi(iency of Palant Nutrient Utilization Applied Annually on an 
uat-Ryegrass MixLure1 Lotisiania, United StLes 

Nuitrients App I ied-. 	 % Utilization 
n'reatineit Ni PnL K-10 	 p K 

- -- (lb/acre)- --

N 200 0 0 48 -

P 0 200 0 - 4 = 

K 0 0 200 - - 10 
0 65 15Nil 200 200 

NK 200 0 200 63 - 72 
PK 0 200 200 - 4 21 
NPK 200 200 200 73 11 63 

a. Derived from Fisher (1980). The results are 5-year averages.
 

Nitrogen is one of 1'3 essential elements obtained from the soil; 

if any one of the other nul.rients is deficien.t, the application of 

nitrogen alone will e) less elTective in increasing the yield than it 
would have been if ;ll nut.rient. re:(ltir.nLemenl.s had been met.," In 

case or severe deficiency of some other element. such as phos

)hJr1 s, sulf'u r, or zinc, there may be n() response to nitrogen. So 
it is evident. Ihat. the first. COnICC I-1 should be to ensure lhat the 
Sul)l)ly of thbe lss en ergy-intensive ulement.s is ;a e((l U.ate. 

. lh' ('ss-I tl I IlmenIs i ntcIlude ni'trgen ( N ), hos)hort3 [I s 

( )),potash (1K), :alcitm ((Ca ), nmagnesium (Mg), suu (r ) , boron 
(B chlorine (CI) . co)per ()Cu), iron (Fe ), manganese (Mn) 
molybdentum (Mo), and zinc (Zn). 
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' tl l ,,,lC( l, 11h)il 1 LIll 1. 1 ll ,I Il LI I'( I PI i \ ) i( Ih C I Ii an--,1I I-i tiC' 1 

ilJ' 1n t'T''' ''~ l \' 

',, 
- lllrog' 11) (111 l~do)<UI 1 1 ')1 l( w v( l~ illIc\'. 

nevtdl lc tim t ht' i cIil lph;1"tly l' h ,' nuil I'ec l ist 'h1hmvpr ;inl( 11;11'1, l 

ILhill l''-Illi , l , 11 l ll ctl';ll hcfl lcdio~ h )l ,Xlo l111;11 11l -) ""cI/il 

li l.IN 'l'ui.WC .ll.t ,' :I'i~T i i a;t tI 'i\vt Jw,) pmst. ai mv i(;tlil i( )ll 

ist ii ; i ,;. lil t.'XrT, l m ins inL t soil and Iit it fVtu1e 
sIro'I'llU t!In.te. HIot.hv,' Ii;i-tl(lili1 ;when miIxItis I igi( tIINIlyli' -IL i t\he(ticil ( )n )/ S tlit IIte %y s ,IItt 1I i; is thi Iettt0h 

h It" run tl tl in h hi;h sie of1. s)lSI of t hose nut ritr Is thalt. 

cill (.Ila 1i in'ti ol Ithe i crese il ts t. IoslS it is ra lit l tihlan ito 
ShpllY toi,,nlit it. 

,First. t;ilt ln.i ;al'e ilr ed- l .y IIe illlllt illc visull I'(SpK)liSv 

to llit ' ,cll ;as, ilnlic:l e Iy t.lht (Ilkel g't':tin coloir of leaves,'Ind Ihe 
.i'jlil vc.p1t:1 ivoa , Ill conint , th (r :-lIIt i'ertiliz;ationigew\'r .;lst of" 

with (JIit.r nut ic, ,, Il; ,ivt 1lo )tw iinmtdi;t.ly obvious, 'and te, 
I';,1 lt: "r , V(1 1 ,,1 ;1i, i;5li ,l hi, l I t( l'vi* ll i hI I vcst,l i il lht ahos 

h;11-I . I ;I - ,,I' I(I ,o t I c t -I'i1 ,Io' 11() - I t LI l'i -I , (o hICI' cI I I InIaIIi; I ) Iy 
,1i 'i 'I t t()i.' i lcie,he inll) h i \ I) h' , wtc( dliII " ('I'()I). tlh t. was l ;lilfli 1,11('t) 

((iiiliiiiii5 t ( SIiLl( riji wvrt Ii litls~ to serie oflI(1015; 

Si oily lIt ". I i I l II.ini II ()II'h-1Je e le)M I t )1;111(ilti 'IIlt I'ic ll al t I'I(1a r,CO IV' .li'~ ~;1 l (.Jl.,k n , : l mli to s thsof, c lrtps 

i',-,,ill ii ;wc' ll Whe -y ij ld ing 
V(ll'('i (': ,1 1' t Sl' ' )Ii t i (li ii l it tu , 11 leile e co Ilt ic 

.1i t lIl (-1 " t1:1itIi ii'e 'l 1nig 
id 't v'l' 1, ti 

)lC +;l \s ; cJl(' tl'uw o f'n l''' J \ ;i, I 11 l ',.) 'I l 1 1ct . t , ;I v ' s 

tn, r iltcwn:i\ , tcrf)lpliw"., with nitt-'e,.,t l'it-tilixz ,rs ;111 high-yiteldling 
C'C''('; x-, I~ri.llilc, .' , l l ]. v ()I' fml/ ' ,I- Ill(wl t herl t'-lt-Ill t Is o)l't+(,rl 

I(,cam)ll. .x( t'd t t tll ti h,ls i l og l'o w , lt ,'i; li to .'li 
,s; t isat'; I lf ' 'l ' l';I': t ' I.t.;th l n ill iFlt I t, I ) us still i, 'I ' 

nilri, tn '['h vi , t11I iiw t niltin , g'n inl v(gct a live gn wl.h waIs 
still tvidcnt I l ll. g-ir;iI vil l 1 w Agiii'( ,(M ,t ' ssmall. Itu ra l 
'Xl(lrii it . u ill l(),l ,IeV I4pJilg c Mlnl Irits realixed, stllllinsta lwi 
tl Iv' IhtllI' t It, 1 t ( leImlu t 'uprliliz attndI lno in I fir ,ndtvicl,, 1 If, l -r~n ;wc' I-, Iv, (lll, illw('. , J/w w\vte r , it I1;, ; bee~tll,,. fr ing l. 

T h'lird , i IP-1;1 I ,'fI;m . NI'V ,n ),l ( t l l I 11101-C:, 1', ',1 l 

ll initially ge;l tr ofe'riliei r:, WIth the n;IIi, ,III I proui I wa' tr 
nit snj pl1 

164
 

http:iinmtdi;t.ly


t ;iu'. th i lailt I -. l h) ) A ;t' avtl'il' . ' \ tri lo I l. h ms . til+lcvIml 

Il Iu h , n.in!h lIli ,, l th.tFV~lw wllidf iVnt,I:vt%,tttt un 

xon +) tnis llkg 'nmid AI 
ai, di ll'l'u+t ".-;It'l ii+i i.',t (.l(-5 iiiJ 't'1ilCsul , tvtIm I 
(I t ti heli il:-;t+, itl i t.'i li i. Nt, kt.i ;liilcjltl 

v, ,' :' t l.'' ' kg ' te) I' ,, 
nl'i.Il'int ll' ,l' .- l I ' n iiip'S t! ( tiiiig te alt ) .o'X~wasu $4.(lt lil.i''ultll,i kghuit kg al. il k ol ,,ri,.Ix 1i 
ai; u ti.lg tI I i '. I hta., . , was. $1 1 a : IS ; st fi I ;Iost- l 

t'i l. 1 (, -Ie II k'.:Ii +.lt,11 ( ;('0 . I lyIn ' 'Faiin ' texa m ut
I ai'.tI i .l.v Iryi 1'- ! a anri'oui'-t i -'i s I )nl t 'u- t.. illinI l clizet. " 

i;ttjiic I) 28 .il l' e l,tu," to1 xisu:-t. ll al.y ei'l' 'ilUrllcit.t t5 k ot<.hn 


; i leIhionhui:.; I ,[perwd l t(,, il ;ilsi.lilly S nl '
Nt I ti ( orlidll.c, ;Iil. I'+'le'.t'sj.is ,ct i du hi ord containre tlt: ele-ufi

i 1'Il ki ,h'. t/t'iu . 1 liliS i yIst la (ll 1t 
t I '!'.. 

ct I'll ii. n l((1iI, I(..s th is ed 
I ll s ltt' t I, ).'np I\ ia iI- n ant III lll c Io( i. st I. - ia [It. ,I o iun . Itv 

te c le whe hosemeAs tii... in(.atdiicic zi N.I boro somen:,:1n: lotjfi .s~i ui a1 in tI is ,ti ,,utplntng) iv i' 
l'I N )ilcpM 2782,-g Ilt' iu'h- itl h.' I 2 n2i(..+l o n o the ..an 

Thev us y lojijii\'tI, h,' i o zit.n ' A' lgole r zin s ulinOt am o4' 
a int.''hig i'i;iii Ill ' ti,lcic i hart ltw'a's $1 o1 tIlt lu:t.a d 

( I 1,S0). av'ieit.l5 tials. o ieI wheat.the~l ighst Il la A'all oif armsi 

rl- i 2v. . llic"n iie k" t'e t illos otofi tiltl flic'm on il i xih t, her
ths. tIickk i'l.' isO Sgilai ii la 5 7'I-II (dollhlild" h'e 1111-i''.'1 sttp lC 
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1'.1w ltig' .l ,'h l'l 'm a. r.hf y, +til o Ill ,r i c.-ul'\, and whal.,int 
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Ta1vt 57. Shliri It4 WiLr i ('iii SipiJ i 1d hy4vinll4uii 

1),( K: N PWjCo"i1"1L ry N 

02Als Lr i 3.5 	 13 82 
R6 83 741)J;ajhInl 78 

ni Lvd K\inigdi(11 45 88 98 65 
42 85 74 60)S011LilKrepi 


2:3IndW 10 80 44 

Brazi 1 28 :39 2 25 

a.vig~vdaverage.
 

Soil te: ISMA (1981).
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Efficiency Improvement Through Fertilizer Technology 

l'h felili/tr' Use trffiCielnc\' can also he ifizCTasecd )y
 
nlo(lifyinj" fm:'ili l;lrrials ill older to allain thc Iiming
ater prfl' 
ailld IaIN einicintll , 111 W, Ifit a)irtaiiially coiJ)eflflte f'or ('rr.ilixtcr 
illisIn;ln;li ,lll.nl. 'h' t. e in l o ject ives (all be achieve:d I)y 
levclo!iong ' conlitolltd ieltast ftcriilizers which (in easily he df(:ep 

pla(etl . Th' slrLi*-colttd LiI't.2i ( SCU ) de(fvelope!d by TVA is 
t)lnt r,:)lh l I't lt.2i5( and iio l-lyg'rosoljikc. As '(!JpOltt(li (2li Her in 
'abl 51. i'estry "igadc rst.reults hithe thanSC( in rice yilds thew 
hest s tlit Ordinar'y l)'ihle l l a. [l Ith(z'laor.Iitl' c-Osts fr' 

c'aill ils-) i r-edcd of';IJtiluiLc il, e 'OWe!I. ve', the USe- sIlf II' 
1'(toloil'Cd r1 i Mii i ) I J'OlIl(;I0 '111\coating ie; Sl-il (tvCol)ing " 
t-Oiuniitl.i, Ietut.;use t hey gninlly lIclk ad(.luajwi1i(f suplh~ies Or sulfur 

' alId/Ol IbecauseAf Ithe LSe Of sulfur inlCIi'(2;.S. the l'ice of S('U Oe\'t' 

JH'ill .(l uL',a by' at least 50(,/Unit )I' N. 

Tih' Jil('t!llenl o leab('nC I SUI I ) I(itctOf' II1 at l (,' 'rICiC Seeems ' 

fert.ilize;r losses 'loll the apiplictt nil.r('oe'l, and it(foes not inltefree
 
w ith1 Iiologic; l iiI'Og.i ix i-io l y lilut,L-g algae. Se\'eral
t een 
api'oaches havet )(thn or are litgit" Itilnptcl( to accolllish tlt(J 
pia] icll(nl . Ihtse a))l.tiaChtS int.luiItl development of' inttd fll s, 
Li I'e7Ii SUht.!;LJ,Tnules . ul)(;i Lut along I hleand/ii' ofri teS, with 
d(el c'loillent of, Ileclthali(al o' Manual i litor -,. As I'(li'Jott!( ill 
'l'l.)le I )lc Orhl l inthel ilt tN.lfilt,nl of urea .b j I','1,' e(S r e ults the 
highest. ritce yietld ill (!XNirillintal fields. The rice r(e2sponse to 
iitogen use is it.il]u ti I" intrea e fromi kg inler' faInI'('s 

P1rI-aCiCe ()i-ijled tIi.'J ijlitation i.s dtla\'ed split, ilroad asted, and 
ULin l'l)IlIted ) o 2.1. I kg Und point ltment of1 Il'CIllo ]il 
Supegranu hs., whiCh amiounts to iliiiot (;.. , inclea. 

Bas' on itce emll)irical vidence available, t.he nitrogen 
elfiicency r"or ric cllaa ie impli'vel lihollu'h (I) spli illication, 
(2) deep placement of felliizer nitriogcn in the active rooting zone 
or tht planll and beneath the oxidized layers, (3) use of' various 
coatings and inhibitors itf. c ntrol Lthe release of nitroge"cn in 1.]tc: soil 
and Io n;itch m1101ie- clIsely lhe- nitrogen needs of the plant, and 
(4) use of nitlon tOlipOItMls which IIaVe lOw w;ill solltuility. 
The plreliminIrv Nphriment;il results inlicate that suilur-coate.tdth. 
Supell.;ignu.Ile: (S S.) may be, IIIt, nleost e'fficient nitroglen lateril] 
),cause Ihe- i'i,,ntiint, the coillet or ((e p]lacement I';i t controlled 
lCase. 

()c inight iigue Ihat wte l1 eed not give high p rioit I 1o im 
proing" use, (,fficien(y I'or h(shate fertilizers because (1) they 
use much ]t,.'s ,ncrgy than nitro.'cn frlilizers do: and (2) phos
phate unlike nirogen, is not lost but rather gets fixed in the soil. 
I';vt'n lho) gh a ppllied phosphate.' generally remains in lie soil 
S's te .Cin tIt.' is% anl ti 'gt'n iiced t o ill) hoslha .e usee ro'e1 
(.'fficit'n v. Thi.: is ' ;i t Icast t o rea'solls. First., Il U T.r 
high analysis, highly w;itt'r-sotulile and cilralfe-souhii, phosphal.es 
Inmay Ib utr''ec live in Iropical soils: however1', clof) litilizal.ion of 
lJhosl)hirus within any one season is ext remely inefficient hecause 
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Table 58. Estimated Potential Savinis in Energy nd Nitrugen Through Improved Nitrogen Use Efficiency Duri e 1978/79 

101, Eficizit.y 25% Efficienf-v 50" Efficienfv 100i Efficienfy 
Imp rL'oeezitIt Imi rovemoz'it ImP rovement ITmprovement 

N it rogen Nitrogen N: t rogen Energc Nit rogen Ener g Nit ,ggenN Enrgy N i t roggn Energyc 
Re ion Consumed _Ut.I k_ Savir S Savings Savinusgs SSav i ngSa; ing s Savingrigsvings Sa Savings 

- - - (10; mt) - - - U10" m) (10" ,)l 067C mt) (iMt ml) (i-6 t (1(i6 101 0bml, '0bh') 
Developed market economies 21.3 8.52 0.85 10.85 2.13 27.2(0 4.26 54.40 8.52 108.80 

North America 10.5 4.2(1 0.4 ,n 13.41 !O 4.20 53.63.2 1.05 z.r 2n.82 
W'stern Europe 9.4 3.7") 0.38 4.85 o.94 12.0o 1.88 24.01 3.7o 48.02 
Oceania 0.2 0.08 0.01 0.13 0.02 0.26 (.04 0.51 0.08 1.02 
Other DME 1.4 0.f6 0.06 0.77 0.14 1.79 0.28 3.58 0.56 7.15 

Developing market economies 10.2 4.08 
 0.41 5.24 1.02 13.03 2.04 26.05 4.08 52.10
 

Africa 0.5 0.20 0.02 0.2& 0.05 0.64 0.10 
 1.28 0.20 2.55
 
Latin America 2.5 
 1.00 0.10 1.28 0.25 3.1c 0.50 6.39 1.00 12.77 
Near East 1.7 0.68 0.07 0.S9 0.17 2.17 0.34 4.34 0.6 8.68 
Far East 5.5 2.20 0.22 2.81 0.55 7.02 1.10 14.05 2.20 28.09
 

Centrally planned economies 20.0 8.00 0.80 10.22 2.00 25.54 4.00 51.08 8.00 102.16
 
Asian CPE 7.8 3.12 0.31 3.96 
 0.78 9.96 1.56 19.92 3.12 39.84
 
Eastern Europe & U.S.S.R. 12.2 4.88 0.49 6.26 1.22 15.58 2.44 31.16 4.88 62.32
 

Develop,,, cuntries 33.5 13.40 1.34 17.11 3.35 42.78 
 6.70 85.56 13.40 171.12
 

Developing countries 17.9 7.16 0.72 9.19 
 1.79 22.86 3.58 45.72 7.16 91.43
 

World total 51.4 20.56 2.06 26.31 5.14 65.64 10.28 131.28 20.56 262.55
 

Value equivalent, (billion S) 28.27 11.31 1.13 0.79 2.83 1.97 5.65 
 3.94 11.31 7.88
 

Grain output (100 mt) from saved
 
nitrogen at:
 
1 kg N = 10 kg grain 21 51 103 206
 
1 kg = 15 kg grain 31 77 154 308
 

a. 
Assuming that the average nitrogen uptake by plant is about 40%/. This can he a weighted average over agroclimatic regions, crops, and
 
N sources.
 
b. Refers to improvements in nitrogen use efficiency over 40%, with no reductions in crop yields.
 
c. In the form of crude oil by assuming that, on the average, I mt of N is equivalent to 12.77 bbl of crude oil.
 
d. The prices assumed are $550/mt of N and $30/bbl of crude oil.
 



of' the iapid fixation which o0ccurs in many 'opic l Soils. According, 
to l"isher ( 1J80) (see T['able 56), phos)horus efficiency could be as 
high as (it)-,- whereas in genuri , it. is less than 15. Second, 
f'a'met's witl.h exl't emely limiltd 'inincial I-esouLi'ces do not wnt t.o 
huy :1 ft('! ili. no 1110 2', its value can h~e'er if mte han of no.1trien 
i'(OV.'ltd illthe fil'rs. Veal'. Btec.;aUse of Various land ownershipl, 
eallncy. an( financial problemts these 'a.mers cannot. altlord 1.o 
Slnd Illor,' y tho phate ':certilizers than they needntih.o oi 
inlltle(ialtely and c(:onsider the 'esiduial Jhosphate is"money in the 
b~ank,."v 

S l in e.),neficThe Cx it ii"Ig tech noloy 1el o .Uind iaIe 

phosphate ores ioe; xf.t.'llil\' wa;Itfuil. It. is COmmn1ll t.o discarl'd Lip to 

5O', of' th ,,ltal hioslholi'us in theC o't during bet fiCi;ition and 
p'ocessing. Unless nt\ technology is dev(lop.d Lo use many of the 
phophate ,ck dl0wsil, iUr're'i' I Ullsuitiblle for' :omerCIial 
exploitati(n. tl ' cI , hf 'tililizet's could increasephosphaelflt shar'ply 
,Ver th. llt 1,Nfw \' r- (inte wa\ ' 1o I'(Lic encrgy' 1ise in 
prcetssinghI sph;ii i,,tck and, hen(tce, lowe.r phosphlate. fert.ilizer 
pricets, i, t, u, iJh',plh;lIterock f'oi' li'ecl application. ILhas been 
est'ablihdwd tll .Vrl highly retivt., f'inely gOLlInd pIlospilat 
roCC, spp ca [hi elmne! ofI;u'h ;1"'n fftCliveness soluble1P 
frt.ilizers. in s,,I!: iluic;ll I 1'Ih t.i'opics, With high Phos1 l)ho'Lis 

fixion cajia; il\'. 'l'lli ,liprObt. the finely 1'1'ouind Iock Can 
bw I'edluced eill .lK'-r ove(ti'tl' g'llou2'lt(irtck in to minig'anules 01'tl 


tretiAng it With a1dutl piprest
 

Energy Savings Through Efficiency Improvements 

n itncy e1' lse f'ei'lilizermpro\'ing effic of' rt.ilizer gi''e;il IVl t'y(Iucc. 

waIsk.e aild, heilic. savs [i'tilizet which canl be applied to othe -r'
 
cir lps, linI~, lin (f'I'i cicl ,I'l 1'et liliX .-" Li.-t is (c <(: l~ ll -i~ival
" 


lent I . illl ',,\'in '. t.flil-inIcv ()I ('l ' L lse in te foW11 (lI' f'ei'tilizet'. 

nil - 1 .1, .,Tfici'n y i ItI l in 'lalk 58. [.' the w i'ld as a 
\vh,,hI, ln li I"),I'cI l .1lh'ii.n1c , (i.r. , iinlpi',)%vin " lill'ogg,(.n 

I ) h;ivt 20 million 

()f iitrt'g'(t11l Mvilhillp;i',IXili-ittl\, li.i'tl ',llue If $1 I tillion
 

diu ting 1J'ii "().
 

i V, Ii(,',, , (,ilhl potllially saVe''( ilt 

In (dt.fI ncrl'g\ lhs;I' itil).,en savillgs Voulid have 

I' ,5ltItI i5l t'i ll'.,f n't'i"v 'lUi\';l 'ilnt t) 262 tmillion )ari'tls of' 
cl lt' I,,il. ;11h.;P,l lii . I I ' , Hil iou1[ V' ,ih111 t'ki. i n lill(i' o ( li ht;i l 

t I w i i iliZ t isO inllan.ilyh~Ivi.I~ U .,i ;,,,~t't ,...11 i,'(1 4,0f )ih' 1() t. Ia;1Ild ': t 

lt, i I>, l. in11i , n l l lh ' in c'l 

in ,IIltl 1,,11l i m illion nm l. ('tcai'ly , HIct(l; ill v" ii . I h.1%(-1( ;Id 2'(){) 

cltl ;1i t ,.'1(1,i~, , ')I' elli in ' n>v inm plic';11i,,n. ii pri il'I ill' ,.o tlSC 

.ff 'i.n \ il ,,I . ?'n ' ,l Tl' i't, tilln 1)i,]'l's 01f!. I... iill>,l'iln l ~ 

'l ,,'h [indtl,. ta~kil,".
rc(.-w"'ir' h ('I~l', 
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CHAPTER 14 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The olfi.)Csthis ltr is o pirovide highlights thet lha of 
Study oil enlerg'y ar1n felilizers. The main O)ject ives of 11hC study 
were (1) to examine the policy issues and linkages betwee.,n the 
energy ani fert.ilizer sect.ors; (2) i.n assess the imlplical.ions of 
en ergv supply and prices on fertilizer pr o duction and l)ries; 
(3) t.oes t.in t (-ll('' i'lequi'nlenl[s for manufactluring, pa(ckaging, 
transport.ing, and applying fertilizers; and (4) .o evaluate policy 
opl.ions and prospects for improving energy efficicy in order to 

edum Lhe unlavorable impacl, of energy SuIptqly and lprices on the 
f'erlilizer and, hence., on the agri(:ultu ral sectors. Ev'n Lhoug'h 
this study is focused on developing countries, it is expecte(d to be 
useful for 1)oiceymal1ers, planners, and researchers dealing with 
diff'evenl, aspects of the fertilizer sector around the world. 

Energy and Fertilizer: Policy Problem 

Fertilizer is a major factor in expanding agri(ult.ural OUtLIu.; 
its production, however, is highly energy intensive. This is 
especially iue for nit rogen lertilizers, which ae the most. popular 
ones in developing countries. One 50-1kg ba," of' Urea, for example, 
requir'es as much energy as is contained in about 15 U1.,S. gal of 
gasoline.
 

'he o is to increase from Il1lionworld population expecled ,.4 
during 1980 t.o 6 .3 billion by the year 2000. Furthermore, the 
share of' developing count.ries in world population is expected to 
increase from 73", 1.o78'-, during this time. 

The (demaind for food is increasing rapidly in rsponsc to 
pol)ulation gr wlh. income growth, and \aVarious governmenl, efforts 
to reduce the inidence of hunger and malnutrition. The pre
valence Of malInou iis hmenlt is wides Pr( ad in most developing 
cotlnt-rius. 

Effliicint anid cquitl.lt e distribution of available food supplies 
and iml leuluenIa l.ion of varviouIs food sul)Sidy an(I nutitlional plrograms 
specially tc.signed For the low-income cons uners ai'e ex tremely 
important t() ameliorate the malnut rition l)oblem, llowever, Lhe 
total SUIlly of food being (listritute(d mutlS. be increased so that 
these C'oganilu(u(. .Sl(an 


Agricultural l)rodL(t.S (,ther than foo( crops aie also important 
to (leveloqJin" counties. Ieed and fodder crops provi(le a major 
share of ',,(lfor livestock. E lport, of agricultural iproducL.s is th. 
main Soui'rce of forte ign exc.hange in iny n C-0 un 'i(es. Ibeil. r'oi)s 

NIiT. needed for clolhing and other ne.ssities, and ag'iculturet oflt 
SiJ)pli(,s much of the noncommercial energy needs in rural areas. 

:: ' ,1711 7 . i4 7 ;,. .......... , ,
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1)espit.e the need to earn foreign exchange anti expand feed 

and( fiber production , however, the expansion in food production 
remains the primary goal of developing Vi themost coulnti. Unless 
developing countries inku a concerted effort to increase their own 

food production potential. the projected large food deficits and 

malnUtrition cannot he avoided. 

A lrgc )ortion of' inc remental food production must cole frTom 

an increase in crop yicds. The use of chemical fertilizers is an 

extremely imporVtant. comp)onent of the "tpackage of inputs" and 
"package of requ to an inpractie iied achieve increase crop 

yields and, hence, food production. 

The feliizer use level in developing countries is still very 

low. High fertilizer cosl and lack of its awalblty are major 

factors for low levels of fertilizer use. Fertili1er p1roduction 
(especially nitrogen) and distribution are not only highly energy 
intensive but they also depeend primarily on none'nwable cnergy 
resources. (ionsequently. fe't ilizer supply and iic a,, closely 
tied to energy sopply an( l)zice. 

'The modernl'Iization of' the agricultural sector inl most. developing 
counltries was scverVey impeded by the quaIdrupling of feVr.ilizer 
prices do iring the 1.973-75 energy crisis. The I'ecent increase in 

energy ijrices and(I the resultant. increase in fertilizer prices are 

again threat ening to sap the vitality from the hudding "Green 
many these pricesllevolutlion" in of countries. Iligh fertilizer 

result in high food prices ani thus jol)ardize many national 
program s aimed at a chic.ving food self-sufficiency and/or better 

standards of' living.
 

It, is therefore vital It hat. f'rtilizer manufacture, marketing, 

and use be as energy - aid cosl- ft. ivc as possible, especially 

where the energy supply is searc( and exlpensive. This study was 

undertaken to better unhrsitndi thW elationships between the 
energy and fc rtilizer sectors. ''he knowledge of these rclationships 
can then providt a b-reasis to' (xamnining various policy options and 
designing slratgies io implr,,v energy efficiency and t.hereby 
lminimizlhe advrse impact of increases in (nei'gy prices as well as 

accelerale the contribUtion r' 'e-rilize to agricultural growth in the 
developing COUt lries. 

Energy for Fertilizer Sector inPerspective
 

Food, not commellrci;l ellergy, is the basis ' human survival. 

lowe ver, energy is nec(cssa' \ryI" pil(iuc( frtilizer which, in turn, 
is necessary to proludiu No!(1. Yet, irn ically, he percentage of 

total c(omilicrcial elnergy usM in licuitural pUrodluction is rather 

small. AS 'ci)o'ted in Iai)Ie 59 for lte world as a whole, fertilizer 
li'anUft a(luT and distVir)ibtn cRaionsime only al)out 1 .. the total5% of 

commercial energy, and aploximately 3.5, is usedi in the entire 

172
 



agriC'UIt.pa l Uproci tior Sec itor. ''l(i energy2 is Used mainly in the 
foriii of tertilizvers, pHesticiles, irrigation, and fuel. 

Tab le 59. 	 Sha re of Iota I lo ir. i ' IC:mreragy t _,l i Lht!q! 'ertO __.ilizer 
and Ag riui.ii Ira S t-ors 

FerLilizer Sector 
% of EnergyUsre_ ... as % of Energy Used 

erTilizer Agri culu in Agricultu iralLu ral 
Region SecLor Product ion Product ion 

Developed countri.es .3 3.4 40 

l)eveloping contries 2.7 4.0 68 

World [.5 3.5 45 

Ofr the total commercial energy used in world agricullural 
prod uction , 1, is used in the form of fertilizers. Ilowver, this 
valIe is about (8GH in the developing countries. l)espi te the 
s trategic role of agr'iculture in economic growth in developing 
countries, it. (Loes not seem t.o rccive th(. priority for energy 
allocalion that. is commensurat.e with its con ri lu lion. Sine a lajor 
part of' the energy used at. the fa'm level is in the form of, 
fertilizer, any increase in energy price will inevital)ly adversely 
af'cl, feit lizer price, le 'tilizer use,, F'oo1d prolucl.ion. and food 
prices. 

'l'he piimary plant nutrients are nitrogen, phosphalt., and 
potash. Commercial en ergy is Used tor ma nolaIc turing, packaging , 

I rans)orL.ing, and applying chemical fertilizers. The average 
uner'gy reluirements for tertilizer nutz'ients aie report.((d in 
'alble GO. The manufi l';1ict ure (,f ni rog'n fz'l.i l izers is highly energy 
intensive ( approxim;at.ly times that of lhodsphates and 11 times 
mhat of polash). This is (uf, in part to the tact, that in 
manufactii'ing" ammonia, th( baNsic mate'ial I'11' all nitro(gen trnil
i'/ers, Ih . en('i''5g\' s I ',( .S i(' tLsed Imlth as feedstock (abut 55", of' 
total) and Ns fIui.l (alout ofto amnt.1h enervg.yO1 lu). 1 of' 
re(Juireud inl'e'lilizer distributioln is rlihi' small. lowever., in the 
case of P2, and K,.(), more energy is used in theCir distrilution 
th;an in their ;)rOdcLtion. 
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izer NutO i.eits a 

labl le 60. 	 A ,erage Ene rgy Rqciu. v eeLs for IFvrt il 

U S Ba r rels '(li h yN trien tso f I a0Activ ity N P2,(Orq 	 K2

------------.-.-- (bbl/m------l----t) ... . 

anufacturing 11 .4 	 1.3 1.0 

1.2PTA c 	 1.4 1.6 

2.9 	 2.2
TOTAL 	 12.8 


a. The energy requir ements for manufacture of i nd iv idua I nutri

ents are based on (1) weighLed world average of all nutrient- sup

pl.y sources, (2) energy use survey for Nortlh America during 1979} 

and oLher appropriate sources, (3) high heaLing value estimates, 
and (4) Lotal rather than lattery-limiLt estimates. 

b . One U.S. barrel of oil is equivalent to 6. 12 G. 

c. Packag ing, transporL;,Lion of raw materials and products, and 

appl icat ion. 

As reported in Table 61, 81%; of the total coumercal enrgy 

used in the world ferLilizer sector dtiring 1978/79 was for the 

manufacturing of N, 2O5, and h 2 (O and 19% for their distribution 

As far as nutrients are concerned, nitrogen is by far the greatest. 

energy consumer in the fertilize' sector. During 1978/79 the share 

of enorgy used in manufacl.uring ani (list rilution of fertilizers was 
N, 11% for IO,, and 7% for 1K0). Nitrogen accounled for82% for 

.,'-, of the en i.rgy used in manufacluring" aill of' the fertilizers 

constum(Ld in de\'veloJing countries. 

Table 61. 	 Shiare of Energy Consumpt-i on in. the World - Fertilizer
 
Sector by Ativities and Nutrients, 1(78/79
 

NMrient Share, % 

o!,-A i ity ...... N 

laiiii facttr iing 73 5 3 	 81 

9 6 4 	 j9PTI'Aa 

11 	 tOOTOTAl, 82 	 7 

a . Packaging, tansporLaL-i-on of raw mater i a is and products, aid
 
appl i catioi.
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Changing StructUre and Outldook for the Fertilizer Sector 

st. I ili ()vcr especiall~yI~t'tj i Ur'hi- tu api(t . ailI ; tlimt. 

'piiILNV. , Jl't(flt li fi t'i m )f'II' nii14)lIavhx',( itllt ()is 

i i I'.4I itn tiscr~ci 1.1[I14411JII S Ilh .ith11 I 11ttql, S)' s lti' 

:54 I 4 2:l1l, W u i iPq:(')41 5 . hI ii8: 2, N: i'(), 1979 ) f(~T t c tLl4) nJt 

shti cc 4)1 i i 'i N 1\ t4)flsu ll tc i l\ lty1 411 T 'n h is ruic-s a 

jUl-la'4l 14 1 'I(;I 11: 1;iI(11 t - i2 ll iI/ .L.s C ill (I(A't:Itpiflg 
('4)lit'1 rs, as CIl29'' %iltI IlltI1ricrif nct)Ihii 44 t ili1' crops. FIor 

cimipaIs hil .' it.121 . I1SN1114 t t iI tofItAs wth ' -a'' n e 

mlllr(l ,1 ahw'' It TI J14Ir~I th442 w ih0.ol.f.tiig 1'1t'il 

Dur1'.ing2 19iI'HO 112iii ik no( N difiul~lan i~nstwa suIilz 

by l 4II lica ( ;1x''u 1(ViWas 11( ~IIui sIC(Ii'4 cLIthis- 4*st'~i/(r:. c11'I 

hr ju s I) ill,(, C(MI'' I i ! IIW111( I-S lViA '4I ( ( ll li' . T 

.,harc -iif minl INP i'r.s I I'4;1 lj 5!int t T is enti st ise s1( 
y Tlh cIfl(!i(lIV h) iIW'NS(! to Nl''IMt' I b~t1, NKi1 /8. j (ledve4l o 

cf~ulirll as a1I Illectii at lat 30,ij' If l'L ''.54)A't is I''llIfor h 

NIl(4It l'iiii ili't'pl cits~v' islyh 44lpt'ti'41'io which 

ml~ Enr- aindinGroth infilthe Nitrogen Fertilizer Sector 

Iu lustryNtl "'(0,, 'i,r1iitcs th-in sljzti It',m i sli Mr!''li M ldisu 
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are iml)orted, makes Hie develo)ing countries relatively more 
vulnerable t.o energy short.ag'es ani price hikes in the int.ernal.ional 
mrtket. 

The fert.ilizer industry del)opnds almost. e xclusively on ammonia 
as an intermeiate in Lhe manufaclure Oo' nitrogen fertilizers. 
However, among various niL.ogen fertilizers, urea is by far the 
most commonly used form of solid nitrogen fertilizer (and iron'ically 
the nost. diffiCult. t.o use efficiently). The propoiLionaL.o sl-iar, of 
urea in the nitrogen fertilizer p rOducion cal)acity in develo)ing 
countries has increaso:d from 3,-, in 1971 to (t7 in 1979 and is 
projected to )e (7 during 1985. 

World ammonia p I'.duction cal)acity increased from 50.7 million 
mt (in terms of N) in 1970 to 94. 1 million mL in 1980. The share of 
total ammonia produ(ction capacity by developing count.ries increased 
from 17% during 1970 to 27-, duiring 1980. The martket outlook for 
ammonia Priodi.iction soees brigHht owever, the location and 
trading paLtterns are shifting" away from traditional suplly sources. 
)uring 1970 the Unitedl States and the tU.S.S.H-. accounted for 25% 

and it-*,, resl)ectively, of world1;immon ia Cal)acity. lowever, during" 
1985 their restpeclive roles in immonia produ(tLion aiFe pimojec e( to 
reverse. Among the developing countries, (hina , India, Mexico, 
and Indon ,si a are emerging as major almlmonia producers. It should 
be noted , how\v', that. urea cannot be I]ro(uuc(d economically from 
imported 11amnonia bcaiLuse carbon dioxide is a necessary iaw 
material that is available at. almlost no cost. only at ammonia plants. 

The sources of hydrogen in ammonia synthesis in' lI do n atu ral 
gas, naphtha, fuel oil, coke oven gas, rWfinery gas, coal, and 
electroly tic hydrogen. )uring 1.98() , at least. 71%, of world ammonia 
capaciL.y was es timal to be hasod on natural gas. This share is 
expected to increase still further. At the world level na tral gas is 
clearly the dominant fee.ds tock for ammonia producLion. Iowever, 
the prol)orn.ional share of eod stocks in ammonia capacity varies from 
region to region and from country to country. Natural gas is more 
often preferred becau so. ammonia based on this feedstock is 
relaLively less energy intonsive :in(1 caPilal intensive than that 
based on other feedstocks. Also, the plrice of natumal gas is 
usually lower than Ilha! of' pleitt.um-based feedslocks. Considoring 
the prevailing naphLha prices in the international market, it. is 
cheaper to ilort. alunon ia and/o' u'ea t1ha to I)rOdUoC UItr based 
on imported naphtha Ammonia plantIs based on coal are not. yet 
price coml)etitive with plants base'd on n;tural;ias. 

As far as the availability of fee(st.ocks is concerned, lhe 
ouLlook for umonia plrOd(liition seeis bhright. 'l'he'e are large 
known reserv eso'4 atolral gas ;tnd1 otht' hydrucarbons, which if 
u.se,.d for Initrog(,n l)io(.itLC 101) ;1MCno , can last for' con tii lres. 
However, the exploilation o these reserves and their allocation for 
fertiliz(.r prodccion dp(-nd on the price of nit.rogen fTrtilizers and 
the Opportunity cost. of' gas. Neverl.heless, at c'urnt market. 
prices and with miode'n explralion techniktu Os, the P'ros.pects of 
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Impact of Energy Prices on Fertilizer ProdUCtionl Cost 

F(Iiimr( joici n wit A41 Ili iw11;t'' (k--i-minants of 1'e'tilizoi' 
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Energy Requirements for Fertilizer Manufacturing 

Average one rgy (q Lii rn-i1s for' lan u fact.U ig (0111111011 
nitrogen, phosph ate. and p0tarsh fer'tili:,trs ae'o sutImmarized in 
TabIe 62. '1'hCs(. es timates are )a sd on an energy LIs survey in 
North America during 1979 and on information from other sources. 
Consequently, these estimates are representativu of actual energy 
use by fertilizer plants in operation, llowever, one lULlust he caref ul 
in generalizing these estimlaIt es for the d(evelol)iIng COL1ltries because 
of th (lifferencesill technology, pI'ocesses , management, and 
efficiency. As a result., the energy rqui renent.s in na nufactu iing 
fe11ize\rs ia 1)t Lil )deres tima ted for dCVelolun g COLIll iIiCS. 
FuLl'therInor'o, the energy ro(liront.5 ;ri'o based on high healing 
value (lilV 	) and rat h than hatte'y-Iiinits unuriy esltinmatc.lotal 11r 

Tal ) e t2 .	 Average Eli'rgy Ust, fIor Maim I a;ctiri rig Se I ce(d Nit rogt'r, 
lho spl at c , alt PoLash Fertilizers 

Average Eneergy 
Iri iPI., Gj/ll t 

Product NutIrieIts Product Nutrienit 

Ni Lrogen fertilizers (N) 
Amnion i a 82 
Urea: pr ill ed 46 

g -auurlhr 46 
Airiorit1 iitm rA e: )r I Iled 34 

granular 34 
Amion rurni suil fate: syitheL i c 21 

Iyl) roducL 21 

Phospha te I rt iIi zrrs ( 1120,) 
Ground rock 30 
Phosplori acid 54 
'ISP, gra- uIlar 46 
DAFP, gr,,mmIla r 46 
MAl', graui I , r 54 
SSI', fro grrIi,ulur 20 
SSP, gralun Iar 20 

Potash fury I izers (K.n) 
1 riae: gralluluar 60 

rno rigruil I l r 60 

e Av raagt 60
Hr i ie: " 	 ,aver.,. 60 

46.9 57.2 
36. 6 79.5 
35.0 76.1 
24.9 73.4 
24.4 71.8 
12.6 60.0 
4.7 22.4 

1.2 4.0 
5.3 9.8 
4.3 9.4 

14.3 8.6 
10.8 8.3 
1.0 5.0 
1 .7 8.5 

2.9 4.8 
2.3 3.8 
2.6 4.3
4.6 7. 7 

".I For Ii rect app I i at i on, dr ied Iaid f inel y groru ii . 
1 . Conta iris I 8 N. Enie rgy ise is 7.2 (./nmL of N. 
C. Corfit, i i1', N. Lrrirgy rise is 57 .2 (;J/rrL of N. 
d. For North Ai.nric,i . 
e. For roq.
lru 
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Tulcis :1 s~hst;Ili i;1l VN';ation ill t11( cierK\' iequil-i'emnts oI' 
it (ili I In Iote(lit Irtilt If(1t ilixe(i5 .EllLUMu.J Il of nuI tri(A 01t U 

I I :3 IforI-101* (N1*I~i rI IC(I LI (' ( 1hizLis ~I) k G,1/mt1 i g'(nI Llat11 I a'llong 
11wlows ))1 spm co and111 1hsht 0,1 I't iIizer'SLI , VCe l1tt!potash \'Y\ 

clic. l'g\ : Ill(1 5 i s iSII I he 101111 (-)I f el~c,0le('fiWit f , ;Ind~ steamll 

Sii~cst tNM t-lrctl'icitl cane) gencl'ated( from11 NinV Com1I1.ineiciilI (.Il 
I utIC. 11Wt t1'nILt ()I()I ;Ittndi i~lt shI 'ertilizet's presents n 
';IiIl'l\ W\i( it midt' 't icel I taISit SOL]lW( . 0)f1 the 0Ither 

inru;ict 01 

hIt1 illn ch (f (I'11t S 

ha~l .I I ',en iix-Si/A :1 reL11iogh IV enerlgy ill t enSi%'e andI I-C(q irenIt i f 

an11d t'ilt] ( i1iciudinl" steaml~). Most. of, th1c (lit-cc andI( ind.irect enlergy 
Itl - w rI' epenuISCS inl in NIs t inII ,' brIt i Ii c 'N) I 1011d p)I'imIl -i Onl 

fl II IVtItI(1%%V l dc l dIi -( oa io 

Ti111 o I fIHCi-i Im (df' ra 'q itt's; mo11-e tIflaI 8 ti le(s aIS IfILItCh 

0)lWICiij;1I ;Ioo\ 'l'-1i 1.) as aIs T1his iss and Ifijaws much MT'! 

1*ilt1.1,(111i 111;1in%' (,(01,i!11(5 I hat11 JW I'(L(W N1111lll(Jid 1ha[Scd O11 
fd I 10iiuel1~~~~~'itlltok f it dil'11Cic lt ((41!illl.l 01)0'iting thu 

e.Nis! inl~o plants a11it p oo ph sC tl(l (emI)I1 1aI Alt. 

Energy Requirements for Fertilizer Distribution 

Afterl Ilw ('hei('il Ccrltili/zerI is II;InufII;IcL-uLI-C. ('(.imuelciil 

ee''Vis a1"(isoitIjiI'e to pack it inl kiis, tl'ansfpoit it to the f'alim, 
ai ii oly it I() t he ('I-(,p0. I iVJ\,. I he Iof a I :1mou-ntIOf' energy' 

i'ttjtil'o fi flt iiei is IoItIt l)ll anol] aIpliclionl is r'athlei Small11 
rel;1tv i\(t, t~ tl'1, Itt1(-.I fI'( it lanta'1LkIILure . The mal~jorl sharecm-g-

('1 - distrlt inl ti rasp)ol'tionl of'tot t' """ rojird iiiii o ill) is ulsed 

md;~iiot (11i>8.G (; i t' N, T,.8 GJ/mnt of' P"O", and 
7:;;.Jivi 1 K. (K this ;miii iansjoort)v;IfionI ai200Ullf.5 for' 

52l, 8' ioi aLi '(t- ,. m ' s inw ;Ioc( ( n t s 3W '-7" (1 

2 1', ti'- .1 ;11( i I osqootivciV. l intl as of' P E aIndN. , kd ), 

ai iti '(I IIIapproimaItely .(,]);t'~o~lf~ imnsil il;Itccimllt -G" the 

tiot~~~ii tiliv' ulintbss two 

I> ~t L uf i is d it io It II li~m t m u*n t ;i FvIz t IonI'L tkS 

uth teui-i s if'ti/rtalpttinsiio(it iirt.tuk 

a)I)t1w I x I' truckliolo t 11i-whiin ft "ili 'ii CIjooti"ll atNI 
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Prospects for Saving Energy in Fertilizer Manufacturing 

''hC' l 11rol s\i1t" e(.nelgy.V oI' fl{ ilmum il Lis(! nW rilizer 
Ill1Its uLsin" ;\';rilalh t. I.cllnology i; suilrlfln rizrd ill '';l (3.)e for 
sel(c(c l l il'{,K(ClO ;111( fJhos)haitc ftrl-tiliZxu .s,. ,.vc1l lhough, on a 
l)wrcuntag'-, 1) 1tli~s, the( ot(nlitil unus'."y satving for lhosphlhite 
fertilizcrs is, liige as cuo li;rcdl vill that for nitrogon f'itilizeri , it 
is IlluCh s1iallr in an abslul sene. 'lh. saving shovn ill 
Table 63 is b)ast-d (,n 19J7} practice in Nort'h All'ic; ias Niefeince 
point . 

Table 63. 	 Probable Maximum SavingI~i iinergy Use for New
 
Fv'rti ize~r W!ankt. . .s i -Av a . l. Technology for
 

.. e rgy Use - Energy 
Pr cjss/P7oduc t Present Future Saving 

(GJ/mt of nutrient) (%) 
Nitrogen fertilI izers (N)
 

Ammonia 57.2 42.9 25
 
Urea: ammonia input 58. 7 44.0 25
 

synthesis 12.0 6.7 44 
finishing 8.9 3.5 61 
urea total 79.6 54.2 32 

Amnionum niLrate 	 73.4 50.7 31 

Phosphate fertilizers (lP2O5) a 
Phosphate rock for phosphoric acid 3.1 1.5 52b 
Phosphoric acid production 4.2 2.3 45 
Phosphoric acid concentration 2.9 0.0 100 
Sulfuric acid for phosphoric acid -3.7 -5.0 35 

Total for phosphoric acid 6.5 -1.2 118
 
DA' product. ion 2.0 1.7 15
 

D)AP total'! 8.5 0.5 94
 
MAP total( 8.3 0.2 98
 
TSP total 9.4 2.6 72
 

a. Eliminate drying. 
b. Less gt 	iiding. 
c. El imln 	 -te. 
d. Net. energy use from external sources. 
e. Not includi ng energy for N input. 

Sc; ll'(- 1ll; ill 'aI 1 t; .s h t.velin rulltl'i(s wh(er 
Opei;aillt' t't'ir 'I\ (). n'id ;'' mnuch i e ellergl y )y 
imljipovin rloir ct pacit \Ut ilizt in pairl icularly by avoiding 
fi'eq(ntIo.hl stm, wIsl ot' ;ll ma-u(rlie-a plas.For eXlli)h(, olwra
lion )f all ;illumuniia iplan t at 6(), cal i.il Uhse ,!U.Q', energyy nilmore 
IR' t0on Of PIJI' I than C(011illi.OtI Ol)t:l'; ion atf till capacity 
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Cle;arly , I ilesc l;11gc i ItU CIC of nit i'i lt S Sutplied hy 
ilOlI(:hi Llic;Sl '-uli-kS CNII 11 -- casil iIl'(i 

Tin!l Ll.'c ,L'01 ' in t'( iili/VrlS n101 adds; l C ( L)n1-0 'ti(nl to 
, (,,,i)t yit l 

t ll '(' '''( N i 
tl' soil hIt Ial II S di t'lttct Ii crO ) ,s llr',g'h the 
intelrl ia t , \;llt t l . III iti')-( i; lis'-ll el''tct , So0 il

1,-;tl ' ILllI't'- ('I't*t'C, I"Llltln -t''llWIVt , iI' ] I'( ~uL!y1 11 in1 (11 , it C;i I al.() 

,sh ' u i. li \i l\ i',ll . lilt[ juld he wit' ( ' I I': , that 

or: 1L ' ah n]'('Ii cuUliolvlptt ,i'uI ,N . s ts i tl o.-blilat 1 w' l lMO, , , ' i lit h;i /,lnrtflit'l. ;i asIIv SiIIt)(,' nl! with , St1n . hwnlth ' o'i''l i winil 's'il, a llt i'' (.];i \',.,ai ,l Wlt!-lttion ;]s 11: ic(' I;llit,S'was ]ivt" 
uithur~ W II. I 1 1'+l11 t; iI1 11S i~ 1 1'~ I'UC(:~ I'S(.;,I S't.t U\t~ l t 1 S eiU( 

thc h inh -)t, prlitrit.y, 111c t i ot<, )IL'11W'nt tW i: x St,'S Wit~h 

chunlicaLl f*1i'tili 1' has itin itt l i×u l. ;l!; wit nt'sSt'.1i h C'hina 's 
i(eel(t atdit i, .uisof 5;tVtl;il i;litutt ;llllol Ilt';l ial; .s 

B~itologica;l F'ixa Iion Ii I.iV(, i~S ;I I I ' 0r .01C (A I tII 11; 1juI SO UrC (-)I 

nSilrogun. AVItl iiS lis Icii\i'i 1, n I in,ylog, oix;I\I'Sflchji1ot,, ier 
s ym bl)io Si S VitIhl (:,)ill,1 ' I) ;in111S (, I- ;tsy Ilnh)i Iti c l.Iy. II ( t v c r, Lhe 

cvt(I IN I I(i 'i()I I yet.Io(t!5sso ii'v i li in,2 Uit )gtfI ,f)] llIyy li'(' t Very 
well lIIlt ) Whi is )iricIIlty kil ,tW i it:;i ts that, thereOt(,t . IeV('' CInI 
is N 1; i1 pidn(dtelt ll I ( ix SulIS.t1lnti;Il I 1 nitiog'nI;IIlouilts 
biolgita'lli . (on tia i' t (',,O i lii he Ijet, .)iologia I flix a I 1ionof* 
li ' t-.ll is lot a iwaV S I'.t! In( ies nto always sov.' une y, 
I)it.ic LIi'ci l as rt It(!,l ,tu (t:e;il (rop p Otlduction . There malv l o 

a t yiels lo"ical of*i)e ;a i bei,-uffeti l c rot l a i d 1 I ixDt ion 
nit.iogten. 

lle ;ivailble emlpirical evideice indicates lhat , untler linesent. 
frl'.ili/ert ' icitt. ehere exists a negative torreiat jl I)(atio:en 
iiLrog'il fixtd l)itiligic;llly aind tile preseice of nitirog(n supplied by 

chenical l t'iii 's. The nit rofgen f'iNed Pbiologically (ain, however, 
tIl'i'Lpi'rol r beLterbe inc.'i;eti II-)'e h ria tm l'til ztli's.l .s and 

f(.clrtilixc r n]illa a'.,lltil p l~ icus.. 

Energy Savings Through Fertilizer Marketing 

Th e ferti tiler markt ill'g5 sySIllS in ilin1 l\'e I)l)iig" COlilnt.ries 
are not very e01icinill. lllthus systtlls needtito lito stre:imline(i in 
order Lo i'redLIC en irgy son.1-t',i(,ditt! illAi'kln" Coss, and make lhe 
appiropriate orlili'/ti' avail;ihlt C Oil AIlle.I hirilte' s 

(ertilixei' Iri n tii'tatifn Is tie liajor culsuilnl' of energy 
ieete(I in firl- Silct l11.,1 ilrinspitnortiln useltrt liZtl' 'rti iing. lodes 
hyd'ocarhOll' ;Iis tisI., tilt, costs ;iirc ver'v sensitive to ellergy 
lirictS.. llt' 5ll; i' 1"1 costs in c.i.1', ertilizereSiplii'uiln;ilt' 'rt'itht 
I)i'iCTS in liiia tl'iilg' lPf'()80 is 't t!oil. as t'alnlillpl-, ill 'ln le 64. 
'le', C()In iiilltiui, l ' fl'iglt ,t t.s 1 c.i.l', prics is estiillntei to ble 

Inrur lui, 21, for IMPI and ... for KCI. I"Urt-182 
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costs .)' I fr 
DAP. and 181i W',t l,(l.:An' iny''aease in inerg'y pr'icts will be 
rellectt'd in hirLcli,' I'lli;i.t'' p.i.f,prices. Since mohst i,\''elotii, 
co(1.i~t'iun . m' it ;ii'l ,i'Nll Af' Ih''i' I'ertili r nectds Iht , ale fll'.' 

1978 to 1980 tiL. fiei ht i'rise( I ,,fbry u9r u12 

; il w 

;L l] sil.1-111lll
Vllllcrle;l~t h, I l 1" in(t'Ve:'t. C. ,lll. \WO~ld als(, he' Il ' 

,fO . ''ililt'ie, iraw'iil l'ti'Ii. i ' r a; materi;,ls and inlt 'icr li;ttts 
and l',"Aill-C',u l .' 'v lr;,1, Ji II'l;Oli' I 

l',,lta App rox;imate iMieight Costs in c.i.f. Fertilizer64. Share of 

Prictes ini India During 0*8( 

hi % Sharc 

Price c.i.F. Price
Pr.duc (o.,. "reight Rate of FreI Sh
 
($/mr)- ---------


Urea 208 49 257 19 
)AP 225 61 286 21 
KCI 107 60 167 36 

'-eI-e .- .h.]pr, c r r ira gg- -(o- i I-roir-,,W st:rI, Ell rope,- (-; 

DAP in bilk from the U.S. Gulf, and KCI in bulk froi Caniad,. 
i. The freigh-t rales refer to those of Netherl ants-lndia for
 
urea , I. S. GuIf-It(ia for )AP, and V\ancoiver-lndi a for KCI.
 

,oMleuft' W;y's 1h re'tLCe (nerg consumption in fertilizer t l'aHfS

liort.atron Ni', ( 1) Lo imprt fertilizer in large shii)loI(ls and use 
lar'er conv \'y;rncus whenever they are r'ac[lical, (2) to provie 
pr'efcierenli;rl h r'thing facilities at. poits for ships c;rrying f'ell.ilizer, 
(3) to maximize load facl[or, especially Mackh;aul, (1) to use slower 
speeds when economical, (5) to make g'imaler use of waterways and 
rail (6) to move fertilizer in bulk, if practical, and (7) to use 
high- annlysis fert.iiizers with d ue l'eg';il'd f"or secondary nutrients. 

Energy Savings Through Efficient Fertilizer Use 

An improvement in fertilizer use efficiency promises the 
greitest saving in energy use. The available empirical evidence 
indicates that not only is nutrient recovery from applied f'ertilizers 
low but aI(s- the rpoductivi ty of n utr'ientIs recovered is low. ,or 
example, more than G0,, of applied nitrogen is lost and may become a 
source of air and water t:ollt ltion . Approximately 15'-20', of applief 
phospihat e 't lilizers is taken up by the f'ii'st crop, and the rest is 
fixed in the soil to become available to succeeding crops in the next. 
10-20 year's. 'I'h! efficiency of potash furlilizers appear to be 
sOinleWh;i t. lietween that of nitrogen and thaL. o phosphate aft'ci' they 
are a:polie(I. 
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'l'1( eficicinc'y o)f :l.plieti fCeiilizxrs 'an lhe impo ,\'etl hrough 

1'e'tilizt.' , e-l)ti;llV il tlth caIu1e nit i'g'tnC inlu le 
I 	 'I's . i ; il I((i) o(nt I l 	( I 'cI ,, fit ii ( , ( ") C('1it Iy -s t(II;deep 

ft'It.ili:-tx . ( );1 the (-dhli h;ll (I,a jpnn)' riate f u i.( mnall'genI tit ilizur el 
t 'i,.n Ig- , IhAlMaI C , invC l cL( 	 I ) I l t . ;,, (2) i)'()l<, ' nuItli'it.IIl 

( 3) 'ig't Lime ,f lJtaliit.qi ii, Nan d (.1) 'igh;met hd),I l )Ilic;tion . 
For exanimp le hi,;i\y : i' ,))Ii 'nIit'I al1on At 'e aV;(fLlu1)l N Iinj, 	 I eI I Whell 
o theOr, le SS 	 eLIOIgV,'- in teIS i'(' nuL rnl't s aV' leliI i!ie \'ield s. 

'The t)ot nIl (WU zL it an a in ofI t 4i Itent 'i; ant s\I ing" thel 'Ol'rn 
enert\'gy ire substantial enou1h to justify tiftt' t.( imP rove '('tili.'.Xr r 
use efficiency. ''hu p enti;il s;\ing's in trt ilieOur nilingen and 
fertilizer"' cne\'c thIouigh inl) t Iit use (:'lfiCi(1CV a1eCi\ed 'oge!) 
s50 1 a'i(1d in 'I'1u, (5. 1)(,iuttiing h ,lff icenI'y ()f nit log,_,',n useC in 
the World Can ;atlnually IrUlt in a:sving of 20. 6 million mt of 
nit'iog'n xoi'th W O.I. lillitn, a Sa,\iln, (fI'e(AICI-; ttuiv llent 1.o 
262 million barls of oil winth $7.8 billion, or i'tOd licin of 200
:300 milliwn mt of additional grain. (;reenhouse. and field plot 

xl)exriniental results indicaLte that it is technically possible to at: 
le;st. dOuIle nit.'ogen i 'he 'argetof loulhling N useUse efticiency. t 
efficiency is a challenging and wo rthwhile goal for everyone
involved in the Fertilizer sector . 

Table 65. 	 Potential Economic Benefits of oublingNitrogen Use
 
Efficiency During 1978/79
 

ab Equivalent b 
Nitrogen Saving Energy SayinZ 

Region 
ll Ilion 
in 

Billion 
$ 

Million 
bbl 

Billion
$ 

Developed countries 13.4 7.4 171.1 5.1
 
Developing countries 7.2 '1.9 91.4 2.7
 

World 	 20.6 
 11.3 262.5 7.8
 

a. 
Assuming existing average nitrogen use efficiency of 40%.
 
b. Energy 	in the form of crude oil.
 

Energy and 	Fertilizer: Policy Recommendations 

Fertilizer is a major i'actor in expanding food production to 
meet the needs of the growing population and the rising ex
pectations of develoing countries. AppropriaLe ferMtilizer sector 
planning should receive a high prio'ity. However the plans should 
be designed and imllemented caretully with as much emphasis on 
energy efTiciency as is consis!ient. with assu ring adequate fertilizer 
supplies, increasing" f'ec.tiliz/er productivity, reducing" fezrtilizer 
prices, and other economic considerations. 
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llch1,l P,.() I'lf mt lI : f'.:, ;\iv l ili, ('l1t.l--v 1,11c, l' ,i.i / is; 
l< I In~I:Ii,'('11 ' . 1 rt 1 1 ' XC't'tn T 	 t I,[ 1. %'1 7;c 1ilIi 

I5t tl'lI W I I - 114'S 1t 11 W I I ut i' 	 I I' 'V il II V V.4114 

' 
5'il\ I':,lflhltv 	 ttfiitl'i1-.l' l~l,¢ttct tt;1i11s 	 l5 Ii' h 4. t~ll.'.IlUt ioi h1l'(i ( I 4 ili a .'\i; tI')t II( 11 1 -1 tlt"i h 1LI. V -lI'III 1(, tI 

I ii i i III tt v itc : ,i 1 j t ; f, ' I 'v "1 I ;t I I .I; I L I tI . ;Indln 
I*<l;lSi,> ii) hli n' I u 1 i ti llilt( StiIa lS i hq t tS liilcSn 	 . ,-


UIsI I l [ nf4It\ ll ;illix t ,1'! (.I it Ill 1,f () I 5-t ~ iwith 't4SlU.ct1, 1C1 t~ho&(I tt It'llifi(.;lli IaI i U~a ri. ciIII(,)tInutci t t'lt i 

.SCditO , ' ;ul,pl il N 	 'inv tiiniilltlil li!-1 1 V All 	 -I)t. i KI4[ LI*Ilit 4I)FlaS 	 t(11I-i It iia I~i~i4 t )ic (1IhII kIndihll 	 I 

ol'lt(.1 ;rt.i'),I1 wital1v Wit -i I'IVC; n1 l thi tusLIh) i Cti I ' / i Sff I ,I 
shoi.ill.>, i 'tii( I lk , lllIlI . I I o f,-it'11'I'tigh 	 c I()tn . -(ILll k' iIn(tI 

('t(l ;IiI, a N 1.11 nt li 'i i til;i i ,f*th , righI killII 'ti 	 iu It) lii 
of, l t , r ,.ll'.i ,;I y ill (,)I* ' lili ,to uIp 

f~crlii; l' ,,l;ll h(.tl t-ls.<i..I"w ;111(1 ltII t.' 


rI)~l~iiWich 11 i If1 1.(111N110 ( 1L St iuf'ldA\ l 't I eI~t14 ; 	 1 t. IorN ilI 
.I (<, (1 1n ill(,ll, d hl)t;orr' [ 

n(I 4 l Itilll' m 'it' ois! Il) 

(C'lS\ L'lcV SltLI N NI ) i I oIl ItL l\'1-('liliulJ 
i (,'f l lf'lh(l.1wits )i '4\' l'I mI1;igt'111.11 I acl 0t'LI d 

I )Y l Ihat I" ((ll n of, 
api'tlil,o i u. g;ltl ai ich]l coIillI ;ill ,tL. 4 IWl(atS d V\I'5 0o1' 
IllI' u1I .iII i. a 

IIch IlIIn('" inIll 'I' I (d I't 
'SIIOLII," .V--V ill Hie (,e(xi of' cropplirng 

11 (.c:-t; 1h,; wiIll ) IIl ' I'iIi/.C I"LisC. cLAfiCiency 
,1'"eslpcc'hlll\ 

.syt.enms aind iiidg'l i-1l'i(nlt 	 IICll'(Nis(.dilt. 1 shouil1(4lWI'l. IoIIAfiS 
noeds to [ lt llI h( I con Iinu lCI1st lo u1 dlIC k-IL i ohtIt (I I S 1,alh t r 

IlltIIs n'tt'(1V/.C 11 1l iTl COl illC 1ti I Ill ['t i is I C' 1 1) %1dti CCS11 l(1to 
(')t(hee .)IiS ,laIocl i(.l Il ' ( NISi l"I' I t LIS) eflh('t (1liY-(- l5 aound 
fer trIul'( .( iI i ikil(I';I. In C is i'( -I is ed l to dl.ilizeTS.l Iln 
111; 11( V C;ICl ;I 1i; I Il ( .of it.'OtlUI'a.	1 1 .4.)I kc nels .t ctliv. i.-ll 

n sI-ti-e-S ,i hcI MO(IifiC(fel-iliz l'l I lil;lt(,q101l i 't Sh ,ld t l . ,
ftcriiliztrl' 1,(tilId h-) h (.V11uui(Ite (III ;I lal-gf,'t C.Sc;dl:c " liffer-.;nt criops,
 

un 	hl" LI('a(0l1(1' i a tiiOt1i I d g 't OCIill.Ct SI ion 'ine ,I ' 
(o'011(1 ig. sal iS 1i l' Tmf jI co1gi i.ioll s' C (Ii l'44mI ocfitetCItlionll iC andi 
VCtSt0 Ll'CC(.' (.Ii 1oVlII(III S F1.1-l-'h t l Sl(-s-hl'h is lt.CC ((I- L~O (]I~terllninm 

l 	 i t ,I 1'( amie y peI'l ding" O S pln)s!CO1'0 i1l, amm' niC at.1(Il 
it o Liseh iogic; ft. i ;Ind I, u ill; Inb)et mae of' biolhgitnll'y )'iX(I 

nil.ro in ;InducIt t i'Siduts (-o O shI l ain n atlll-tl,.t 

A 'mfll is fcratili r in lict' ini" is ltm.i n('i'panI lstgi'e ;llost. 

siviig ' til' ncoi'oin h'g'y is likely to cotloluti( 'i'ih a p0'- ting i IIIllS 

eficient ly n l (l&o ofFor t ';suidil fmilnlonIh i mplllt.s 69,
citll.y ( FeUt pil( nct 2,, tner'y perit.n hil nls) 'ise more 
toll ot' anti l Ilii CntilltOUS f)tilirs n i majc A nl i nll )cily. 
ilroven'till ogh i iolil will oiha'fat iicl platl..-; Ith-O ersO 

ill hi-her lkcrlilize" p~rodution~ 111d Nit ]OWNi~' ItWI-1.11lit IW (lIr lltluc 

tiN sili-dy ltl of'cost~s, FuL ' '\ i, t dhclerimin l(Ih hllt Jlic;ilions 
I)1)oV(-i" ii vIld,'r lS (,Ii -', uIS ,, oljti';I I ,i oni Onl -O I';IlIt.s'Nitilizer 
j)'I-0lI~(i,l, NIll(I f' tiliX1,1,1- I t itW1 ]loil tcost s. 

. 


F0in-in flc u' l nl il,-cil 1'{c1rlilizers, no single Il;ljoi" tech

nhC:ul lIrC1tII-.lhr gh is in \:i ,%V 1lh,1. Will druslh ll r It it\,lh' t e g 

i'I(uir'men Is, lo~wever , maIn cniiergy-efficicnl, innovations are 
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aitailaI d. wxich1 ptl' ially largre erllrgwy ini ,(v prolise po (nt sav\'i-!. 
f x( 11ll l f;t711'ttr So'elll th.'se (;Ill Inilizcil . ()f innovations he( :tl(: 

:xistilg ilaints, andl fll)St call 1w. iIIco l)Ol';te d in nic,w tplanr111t .
 
II(,W 1tl' ulu 1)1-)cot;s s ln I ilifiCiti()IIs it lVW e(Q11) 11 i?;iL ;i d
w 'o IM) ar iVt11d \' S m 

ill; I ' \ .-)(tI ;I t al' (''iti (' nCa t, is (t' 1,0ff i it (i'tl il T;ilion Inh! 5 
we(i -- I)1-(,s p 'i\c . . vi\in g ; ;Igaiin. s ilt a (Iv "..l'fil .t sitto l tsI ;ic '.s(- c Is. 

Tl ICIg'- s i t II lt It5y ('0 l Ci)S Iln IW nfi , 

tn .i.- SNljL 1" doJ~i Wih IC, 
i. Sc 1ni it'JS (f'm; I 'ius 

( ll<,h .CfOr'tCUl111lioit. 11(1ifft~lTCnl I'ri W lnl;l iII 

-;.i11t)11' s'nsii- F ht0i Ilvaluitt i,,n l (i ) le of he'it.q-. rI Il' ' s110 Ib iiN 
teclhill)- t.,()nolic f,; Isil ili y of sm all-Sc I, fei't ilizcar pl;ants foi' 

for 11 Yd e IctIp .t! IIot1h1po1 (;111 iWl hy lenOVt1o g ritI10io11 o!te r tlI 
I'CSOUI icets. 

The pol.ential f or S;ving. eiergy in_the .ri'ins)ol'l.at.ion aid 
(is5tiibU.iom Of fei'tilizei is liku'ly ti, I.. small in the shuro' r.ln, Any 

SlVe '- distrLihul.ioneff'oll s 10 t.(!I.e(y in foililizer" should be 
11l)l)o;IcheCd wit.h ciution stl they interfere ith t.he primary 
objective of getting li,right kind (Cf feltilixi" It.o the fanie' onl time 
and in good condkl ion. In fiac. mort en ergy use in I ertilizer 
disti'ibulion could Ie c()s .- ffctive in some cases il'spent on 
better, strtonger. smaller bags. or miore prompt. deliver'. In ihe 
long run, an energy saving could result h'i belter planning, 
grea [ci uc,of rail anti MIaerways '( rI iansport, shipping in bulk 
when p rae tic l,impoiting few selected fet ilizrs in large shiploads, 
and using high-analysis and compOund fertilize's. 

Except. when national security dictatus it , no energy-saving 
innovation in the fertilizer secltoi will be adopled by individual 
decisionmakei's if its use is not economical If fellilizeri prices 
continue to increase as a iesult of energy price hikes, the policy
makei's miust ensure that economic r'etu uns to fertilizer use do not 
decline. In this context, thee' is need for" research on he role, 
options, anti imnplicaLions of various economic incevil.iv;e programlls, 

,.iud1ing 1(1,. ilizer subrsidies. 'This should Ie done in the cortext. 
of it'lilizer-m'elaled national goails, includking (;i) ii)'oving Lhe 
el'iciency )f' feiiliZx i' Use, (b) achieving, balinced fer'tilization, arid 
(c) sa vii " inonl'enewale ele.e i . 

Appi'priat infoullation is a p1r'ruluisil.e for designing" and 
impleintnlting e ff ectIivye gove rnmen t. policies. Those l.olicies tIhat aOr'e 
basedI on sotun d information and economic analysis with reSpect. to
ltheir costs ;nd benefits will :ive a relatively higher Ieg'(e of 

success t h an ILhose which do not have any scientific base. Fne igy' 
lSe estmilltless Shou(tl . 0O 1i- nrn;rg ' suri'veyvsI)( OblH p(cif v 
of' felrilizer plan Is in opei';ilia ) in odei' to provide a mole realistic 
basis for tnugy use analysis, l)olel.iil energv sa iiniig,for and 
c 'ergy1 i1t eI 5oIdified ilizert I) be- (:q s ts. f'el i chnlogylneeds 

evailuated with Ito its Oill o: Igy an dN reSlpecl ipllact enl co.sts 
reltuirt!mnets in all phases of fertiliz;' ninufacture (list ribulion 
and ise. 
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iT!eI t iul;I[I Vtri i iI i po r;I IIS viII not SIUC('et(d iiltsI) herc 
is a stI I'ufl "." t.()lllitill('flt midt aIct i-cc support oil th 1 Iil't of II I. 
go\'evl-11it to imlfJlVillt1 IH1 . lhCt gUVt'LAIflWfll I1ULISI 1;1k( Ih(' IL-;Id 

tferliiIc . i C WCltS. fl ~ ~ - I ) IlrIT I tI I 1( 1 C 1)! I i 111(NI)Ctl'd 

(lcjicl(Il~ in ttI ,tturf ilix/tv f ()IeiL 11 ChNCIM., t ,lu II(l~g\ MLuI 
g:i \'L ;I hiigiiJl i)l'iI Vt to ilie (Icsipmf ;lfld impIcnicntkitiun )tf IuriixZ(! 
pro~gl;ilflS l.Iscif oil .11l(-w r l&tllilindat itfis it Il ,i\%, CC tItpe1( rl5s 
tit stiiji t fs liv'ingl oft their pcoplt.. ]II ternal aonal trl'yI'izaII ions 
fIlhat ((IICI Is1ac 1iantIluVoide teChn11iCal ;111(1ctanInnca 
aid CNIn )Ida a Cl-iucia 1-01C illIn f CicI i t.; IIiii11 heC tftlv1 1 I11io an (.1 

t I'llcs-Ii ililelfHICllitiOII Of SLIChI auaI,1ttgialfl 
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APPENDIX A
 

CLASSIF!CATION OF COUNTRIES BY
 
ECONOMIC CLASSES AND REGIONS'
 

The economic classes and regions into which the world is 
divided for the purpose of analytical studies are given below. This 
includes three economic classes and several regions. 

Class I:Developed Market Economies 

Region A-North America 

Canada, United States. 

Region B-Western Europe 

Andorra, Austria, Belgium-Luxembourg, Denmark, Faeroe 
Islands, Finland, France, Federal Republic of Germany (including 
West Ber'lin), Gibraltar, Greece, IHoly See, Iceland, Ireland, Italy, 
Liechtenstein, Malta, Monaco, Netherlands, Norway, Portugal 
(including" Azores and Madeira), San Marino, Spain, Sweden, 
Switzerland, United Kingdom (including Channel Islands and Isle of 
Man), Yugoslavia. 

Region C--Oceania 

Australia, New Zealand 

Region D-Other Developed Market Economies 

Israel, Japan (includin:r Bonin and Ryukyu Islands), South 
Africa. 

Class II: Developing Market Economies 

Region A-Africa 

Algeria, Angola, Benin, Botswana, British Indian Ocean 
Territory, Burundi, Cameroon, Cape Verde, Central African 

1. The classification of countries, and the list of countries 
included in each of the economic classes and regions is obtained 
from FAO's Fertilizer Yearbook 1980, FAO (1981a). 

204 



HLB;1( ,HaCI Ii I i 11;i '0iU-( \luzibm 1. am ii in;I NhI I(J(' N1 Ig 

MdlSa II I i I/ 11itI()C) I)W iI ~iih~ LNN U'; ()111 Ni 

Region B--Latin America 

AntiI frl2, :\i'ieit inmi bhihmis 1Iit;I(s I Iz Bolivia, 

D1) li~l Rcf I 1) 'lIlIic:1i LI U ~ i )IC, ECLIf up in lii l"J1' ;(' I.Iil i 
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Region C-Near East 

AI'rv~i-I~vptLih)Yf SLIdNI~l, 

Asi-- t hllilanBalii'in (yrus, C;;a;/ flTij) (P1aCSt.ine(), 
I III~I 1 L w it , 1101 ()md atr Kingdoml Of'a~t*I~n~I;II 0b1nu 

S,1Idli IINI)F, 1 Ttikuy, Un it.(tI ArPab Emlirt.es, Y'cmtln ArabS VIM 
RH!pA bliCIiiCI; i Y(11(11 

Region D-Far East 

BIinI';tdVShl , BhLuta , Blrunci, Burmna , EasL 'lior , Hong Kong_, 
I1n diN 1InCInS ifI RBeul~hiC Of' KN, Lao, Ma1CauI M;alIa y Si : 
M;ildivcs, Nepal , Pkistfl , PhilipphineOs Sigpe, Sri Lanka, 
'lhdnilnd 

Region E-Other Developing Market Economies 

,\nlcic;I-I~cn~Lu; ITcnl1;InId Sn illt. 1'iCIT' ;ild lMi(ILICL)Ll 

()c~nna-I\~c~V;LI 1-InoaI Cm In d Islads,'an IClldCchul N, 

(Arl'i aSHM isl;1Ild I LI ', Ius (C ccS ( IKu-e IiI I.( IsImids ,
rii,I) , Coo k 

Is imidsl5, Fiji, FIli th ' ly es ( Warnll Kii Cf)I i , .1hIIIIS10L1 IsIlLI 
l\idwvav IslI;i n dls NiuI'L New fI(CLif , NiIC, Norl'olk Islaind,CA 
P,'ICii1i C IsndIs (IUlt I'el-itol' \) , l I Now ( n PiikIraira1 
Island , S~3anlol SClIlnoll Ist:irI(s lklII n2't, 'I'Li 'V'Nuntu,1vaIGi 


M~ike hIsind , WliHS an1d FLutuAIA Is411ndk 
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Class III: Centrally Planned Economies 

Region A-Asia 

China, Democratic Kampuchea, Democratic People's Republic of 
Korea, Mongolia, Vietnam. 

Region B-Eastern Europe and U.S.S.R. 

Albania, Bulgaria, Czechoslovakia, German Democratic 
Republic (including East Ber'lin), Hungar-y, Poland, Romania, 
U.S.S. R. 

All Developed Countries 

Includes developed mar'ket economies and Region B of centrally 
planned economies. 

All Developing Countries 

Includes developing market economies and Region A of 
centrally planned economies. 

206
 



APPENDIX B 

ENERGY USE SURVEY FOR CALENDAR YEAR 19791 

Natural Gas Sources for Ammonia Production 

Anhydrous mnmOia production during the sur'vey yeIIr was 
13,762,000 tons. 2 -ince natural gas is the main source of feedstock 
for ammonia l)roduction, a brakdown of l ural gas SUI)ply sources 
is reported i' [able B- . 

Average Energy Consumption in Anhydrous Ammonia Production 

Average energy con suplnItion depenis on whet.her the ammonia 
plant uses recilproc ting or cen!.rifu gal compressor technology. The 
survey is WdSCI (m.) 2,.102,00 tons of amnmonia produceCd by 
recitprolating lant.s alnd 11,450,000 [ons of ammonia prduced by 
(cnltrifug-al IInn .s. The iverage' energy c.'onSurnl)lion in !'cil rO
cating Ilants is reported in Tatble B-2 and in cntrilf'ugal plants is 
ret)oret.Id in T'able B -3. 

Average Energy Consumption in Fertilizer Production 

Average enCrgy (ofnsUmpt[ion for various fertilizers based on 
different f.ertiize r technologies is repor' ted in Table B-4. Averz'age 
energy conisumption is fu rt1h.r divided into different sources, 
including naturl gas, fuel il, electricity, and imported sLean. 

Variability in Energy Consumption in Fertilizer Production 

In o'der to ptrovid(: a po.rspec.ive on the varialhility of energy 
consumption in production of different fCertilizers, using different 
technologies, the average, medin, and intor(luiantile range of 
energy consuMption in fert.ilizer produCction is relpOrte I in Table B
5. 

1' This is a reviseCI (June 1980) version of thc Eneorgy Use Sut rvey 
conducted t)V lyson, e lze ' , and Assoc int.es, Inc ., on behalf of 
TI'l , Watshing.on, D. C. 
2. All .onnage (short. tons) dnaI 'oler to tonnage of' participants in 
the sureiy, 0 in du SIty- Widenot. 1o tonnages. 
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Companies Participating in the Survey 

The listing of companies participating in the TFI Energy Use 
Survey is provided below. 

Agrico Chemical Company 
Agway, Inc. 
Allied Chemical Corporation 
American Cyanamid Company 
Atlas Powder Company 
Beker Industries Corporation 
Borden Chemical 
CF Industries,, Inc. 
Chevron Chemical Company 
Columbia Nitrogen Corporation 
Cominco American 
Conserv 
Estech General Chemicals Corporation 
Farmland Industries, Inc. 
First. Mississippi Corporation 
Freeport Minerals Company 
Gardinier, Inc. 
Gold Kist, Inc. 
Grace, W. R. & Company 
Gulf' Oil Chemicals Company 
Hawkeye Chemical Company 
Ideal Basic Industries 
International Minerals & Chemical Corporation 
Mississippi Cb,-mical Corporation 
Mobil Chemical Company 
Monsanto Agricultural Prod-ucts Company 
Occidental Chemical Company 
Olin Corporation 
Potash Corporat ion of Saskatchewan 
Scott, 0. M. & Sons 
Simplot, J. R. Company 
Sunniland Corporation 
Terra Chemicals International, Inc. 
Texas Farm Products Company 
Triad Chemical 
Union Oil Company 
USS Agri-Chemicals 
Vistron Corporation 
Wycon Chemicals 

Assumption Regarding Energy Equivalents 

The units of energy equivalents for converting items in the 
Energy Use Survey to Btus as specified by U.S. Department of 
Energy, Federal Register, February 27, 1980, are reported in 
Table B-G. 
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7. 	 Sulf'uric Acid-- 100 ',14) 	 So, basis. 
8. Normal Si1erplhosphale- --26 , P2O o" less run-of-pile, 

g),ranular, and enr'ich(,. 

a . U gronnd '()'1k--''odu .[ion from u ng'vound 1)hospha to 
rock. 

b. CruOLu.nd 'oek--Pi'due't.ion from ground phosphate rock. 

9. 	 Concen[rated Supephospha Ie--Superphosphat swith over 26% 
P2,00., IncluLt(( gr'inding of ro*ck uLse( in the lprocess. 

a. Run-of-pile. 
!!!!, 	(SIL S l-eb. GrlIII _T.?!y)-. l.htorly" 

C. Grant!u r1"la( ro a imet I 'om run-of'-)le) - - Self- explana tory. 

10. Diammon__{_ium lhosphat.e--18-16-0, 21-53-0, and 16-48-0 only. 

11. MonoammoniumI lhoa t (. ;ranular--N-P 9,O -O, combinations 
of 1.3rat-ios -or r,ger, such as 11-48-0, 13-39-0, 12-50-0. 

12. Potash (shaf't mining"nly). 

a . Stana(I'd mu 'iaIC
 

1). Coa LII'JI
'S{ I'I eI
 
C. (r l';iI Il1t i'iaIte' 

1:3. Mixed I'oi'tili>/ei's 
at. Cia'nulait ionl
 

1). B~ulk blhends
 

c. Nlixed fluids 
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lab1 1 - . NaLmtra I Gis Soi Yre and Type of CiLon racL
 

InLerstAte So rce _ . i.Ltrast;,Lt. Soiircer 'oLa1, %
 

3i3. i r1 55.8 89. 1 
[nte rrti le _.5.9 Lnterruptil1e __5.0 . 9 

TOTA l, 39.2 60.8 100.0 

Trab1.e B- 2. Av__ ejr .nerg y C s tmedL Produh ce_ Ammon i in 

Reci procat i ng Plants 

Processetoriwer Process OLher 

So . nrce . . gy 
FeedsLotk 

Ity r1r. . Total 
- -- (1,000 Btu/ton of ammonia)--------

Natural gas 21,521 12,957 582 35,060 
Electricity - 632 4,460 5,092 
Fu t o i 1 204 86 290 
Implorted steam - - 1,416 1,416 
Other 276 - 276 

Total 21,797 13,792 6,544 42,134 

a.-- iergy snch as electrical, import steam, tieI for turbine and 
engine driven compressors of pumpl1)s, eLc. 

Table 13-3. Average - ,ergvConsumd Lo Produce Ammonia i~n 

Feedst ock Reformer Process Other Processa 

Source Ener1_)_ - Enner_ - nergy Total 
- - ------- (i,000 Btu/ton of ammonia)--------

Natural gas 22,368 14,542 2,181 39,091 
Electricity - - 708 708 
FieI oil - 215 (178) 37 
Imported steam - - 408 408 
Other - 102 102 

Total 22,368 14,859 3,119 40,346 

a . Energy such as electrical , import steam, fue]. for turbine and 
engine driven comp res sors of ptimips, eL. 
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--------------- 

Table B-4. Average Energy Consumption in Fertilizer Production
 

Product 


Urea
 
Total liquid 

Prilled 

Granulated 


Ammonium Nitrate
 
Liquor 

Prilled 

Granulated 


Phosphate Rock
 
Mining & reclamation 

Beneficiation (wet) 

Calcining 

Rock drying 


Wet Process, Filter-Grade
 
Phosphoric Acid (P205)


Wet rock feed 

Dry rock feed 


Wet Process, Merchant-Grade
 
Phosphoric Acid (P205) 


Superphosphoric Acid (P205 ) 


Sulfuric Acid 


Normal Superphosphate
 
Unground rock 


Ground rock 


Production 

1,OOOT 


4,791 

1,487 

2,438 


5,038 

2,601 


528 


58,814 

34,944 

2,771 


35,078 


2,515 

5,524 


3,706 


940 


22,985 


295 


246 


Natural 

Gas Electricity Fuel Oil 


(1,000 Btu/ton)-


1,516 864 187 

222 636 
 1 

463 479 3 


541 568 (3) 

113 443 
 45 

643 315 
 75 


- 249 12 

- 347 9 


447 282 173 

178 37 186 


- 1,462 17 

66 1,650 30 


22 681 62 


1,296 428 
 -


23 162 27 


- 215 6 

278 212 
 -


(Continued)
 

-

Imported 
Steam 

-----------
Total 

2,188 
2,640 
1,231 

4,755 
3,499 
2,176 

392 
1,913 
1,025 

1,4J8 
2,514 
2,058 

-
-

-
1 

261 
356 
902 
402 

1,660 
1,852 

3,139 
3,598 

4,567 

972 

(1,343) 

5,332 

2,696 

(1,131) 

-

-

221 

490 
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Table B-4. Average Energy Consumption in Fertilizer Production (Continued)
 

Product 


Concentrated Superphosphate
 
Run-of-pile 

Granular (slurry) 

Granular (reclaimed from 

run-of-pile) 


Diammonium Phosphate 


Monoammonium Phosphate,
 
Granular 


Potash (shaft. mining)
 
Standard, coarse, and
 
granular 


Mixed Fertilizers
 
Granulation 

Bulk blends 

Mixed fluids 


Production 

1,O00T 


440 

2,755 


222 


9,179 


1,537 


8,193 


5,059 

566 


1,961 


Natural 

GIs Electricity Fuel Oil 


143 

505 


423 


223 


492 


1,230 


372 

109 

309 


170 

527 


414 


344 


440 


964 


380 

35 

140 


(1,000 Btu/ton)-


19 

287 


21 


70 


-

1 


121 

10 

2 


Imported 
Steam Total 

- ----------

19 351 
180 1,499 

13 871 

173 810 

79 1,011 

- 2,195 

28 901 
- 154 

90 541 



Ta1),,e 13-5. a_ ii ILy iLil Erie rgy LCor ilptor ill FPrLi Ii zer Product iton 

i[ite Irarti le a 

-Pro I. . . Av-.rage e IaIng . 
--------- (1 ,000 L3tu/Loi-------

AInIon ia 
Rec ip1'oca L i l 42,134 
Cent ri fuga 1 40,346 

Urea 
'otaI Ii (1il i (I 4,155 


Pri lIed 3,499 

Gran 1 at ed 2,176 


Ammonium Nit rate 
Li luor 1,498 
Pri lIed 2,514 
Granulated 2,058 

PhosphiaLe Rock 
MIining & reclamation 261 
Benefici.ation (weL) 356 
CaI c ining 902 
Rock dry iig 402 


Wet-Process, Fi ler-Gr-ade 
Posjhoric Acd (P 2 0 5 ) 
Wet rock feed 3,139 
Dry rock feed 3,598 

Wet Process, Merchaint-Grade 
_INsJ1ho ("Acid (P05) 5,332 

Supe r hosphori c Acid (110eF ) 2,696 

Sul fuI-ric Acid (1,131) 

Normal SuPerphospha te 
Unground rock 221 

Ground rock 490 

Concentrated SutperphosphLte 
luir-ofi- l i le 351 
(;ranular (slirry) 1,499 
(;rairular (reclaimed from rmn-of-pile) 871 

Diaiuiion i I11 lPhospli; Le 810 

Moiiiimo i Plhhos!phate, Granr aar ,011 

I'otash (shAi lt miiiig) 
StIaL I'd,uorrst', & grallllar 2,195 

Mixed FertL i i ze rs 
Gr;a IaI I i ion 901 

Bul k bllends 154 

Mixed I I u ids 541 


a. Mi l-50% range ()f- vallues reporLed. This, 25% of 

a re I Wt ".
 
1). Insufficien ibleil)e r of part ici panLs.
 

214
 

42,666 
39,740 


4,752 

2,501 


b 

1,002 

2,234 


b 

284 

356 


b 
406 


b 
2,408 


5,444 


b 

(867) 


b 

b 

b 
1,251 


b 

881 


b 

b 

829 

I) 

I) 


values arei 

40,015-47,830
 
38,:300-42,730
 

3,345-5,515
 
1,407-3,626
 

b 

242-2,383
 
1,666-3,430
 

b 

188-473
 
210-625
 

b 
387-444
 

b 
2,009-4,494
 

4,071-8,881
 

b 

(1,883)-270
 

b
 
b 

b 
1.075-2,619
 

b 

667-1,308
 

b 

) 

568-1,362
 
1)
 
b 

higher and 25% 



Table B-6. Engv-y Up i . iqu i vyl1_ ts 

I ft "Aural gas 1,020 
1 cf natural gas 1,020,000 
1 kWh 10,000 
1 gal residual Fuel oil 

(No. 6 equivalent) 149,690 
1 gal ptroane 91,620 
1 lIb steam 1,000 
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APPENDIX C
 

PRODUCTION PROCESS DIAGRAMS
 
FOR FERTILIZERS AND INTERMEDIATES
 

The purpose of this appendix is to develop typical produc
tion process diagrams f'or important fertilizers and intermediates. 
This includes ammonia using naitural gas, phosphoric acid, nitric 
acid, sulfu'ic acid, urea, anmonium sulfate, ammnonium nitrate, 
den process for sutperlthosphates (single, double, and tiple), 
slu'rvy process for TSP, ammonium phosphate (MAP and )AP), 
alternative N ferLtilizers, granular compound 'erti-Lzers, and 
potash. Thtuse p rocess diagrams are complete but. somewhat 
simplified tech n ically. 

These diagrams serve at least three purposes: (1) provide 
a complete descriition of the process for manufacturing common 
fertilizers, (2) identify various inputs, outputs, and raw materials 
needed to manufacture fertilizers and intermediates ; and 
(3) identify energy using components of the manufacturing 
process and possibilities for saving energy. 
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Typical Temperature Level 

in Degrees C Natural Gas 

25 Purification 

MixSta 

350 L Preheat 

[L Flue Ga7 

800 PrimaryReforming AirAr 

~Fuel 

1,200 S e c O n d a r y [ Air 

400Shift400 Reaction 

230 (Two Stages) 

100 Carbon Dioxide Carbon Dioxide to Urea 

Removal Synthesis or Waste 

350 Methanation Purge Gas to 

Recovery or Fuel Use 

SCompression ]- Reye 

400 Synthesis 

0 Refrigeration 
0 Condensation 

33 Liquid Ammonia 

Figure C.1. Typical Ammonia Production Process Using Natural Gas Feedstock. 
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Energy Phosphate Ore
 
MJ/mt P205
 

727 Mining 1- Overburde1 	 Reclamation 

810 Benieficiation l- Tiig 

1,550 Drying 	 Sulfur 

1,042 Grinding 	 sulfProductiond 

3,138 

iltratio 	 Gypsum to Utilization
Filtrti~n1 "l or Disposal I 

0{Concentration ir . Fluorine Compounds to 
6,200 0 to 54% P2 0 	 Utilization or Disposal 

Clarification I (Not Always Necessary) 

TOTAL NET 9,797 

nfertilizer Sh Compound 

S It TSPP Fertilizers 

Energy-Saving Options: 

1. 	 In Some Processes, Dryinq or Grinding or Both Can Be Omitted. 
2. 	 For Some Uses 40% P20 5 Concentration is Sufficient, Saving Over Half of the Energy

for Concentration. In Hemihydrate Processes, Concentration Can Be Omitted or Greatly Reduced. 

Figure C-2. Typical Phosphoric Acid Production Process. 

218 



Vaporization and Compression 
Preheati ng 

MixingalE 

SConversion to NO 

i
 

Absorption 7 Recovery 
(to compression) 

Recycle,, 

Nitric Acid TlGas 

Notes: 

1. 	Tail gas may require pollution abatement treatment unless extended absorption 
is used. 

2. 	 Some processes operate with relatively low pressure in NO conversion and 
further compression before absorption. 

Figure C-3. Typical Nitric Acid Production Process. 
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Sulfur
 
Burner
 

AiiLStea 	 Bole 

Waterrte 
SAbatement Treatment 

WaterCirculation 
to 

Acid Cooler Air-Drying Tower 

930- 9 8% H2SO 4 

Notes: 1. 	 Tail gas treatment may consist of ammonia scrubbing or addition of a second
 
converter and absorber.
 

2. 	 Steam isused to drive blowers and pumps, and up to 1.3 GJ/mt of H2 SO 4 

isavailable for use elsewhere. 
3. 	 Sulfuric acid may also be made from pyrite, smelter ge, or gypsum. 

Figure C-4. Typical Sulfuric Acid Production Process. 
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Ammoa Copeso .......Crboaen 
CompresiononltonRcyl 

I Ammonia 

Hgh Temperature
Separator 

Recycle 
-

Carbamate 
Decomposer 

[ = 
[ 

odenser, Rectifier,
Absorber 

Two 

Stge -. ----- Urea Solution to 

Optional Use Liquid Fertilizer 

[Evaporation[ 

[ Granulation -] Urea 46%N 

Figure C-5. Typical Urea Production Process. 
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Reco-Rceof 	 Fines 

(Coarse Crystals) 21% N 

*Process Variations: 

1. 	 Fine crystals may be produced for use in compound fertilizer or for granulation for 
direct application. 

2. 	 Byproduct ammonia recovered from coke.oven gas may be used. 
3. 	 Byproduct ammonium sulfate solution from caprolactam production or other
 

sources may be used.
 
4. 	 Ammonium sulfate solution may be produced by reaction of calcium sulfate with 

ammonium carbonate solution; calcium carbonate is a byproduct. 

Figure C-6. 	 Typical Ammonium Sulfate Crystalliza
tion Process.
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to NO 2 

an Oxidation Ti a 

G aOxoidation 
OpterionaUstolN02,u, 

Abor ti on a Taisea
 
E lati on - Mxn
 

an Oxiation13rnlto
 

Nitr ate iCA
 

N 21%-28%N 

Figure C-7. Typical Ammonium Nitrate Production Process. 
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Sulfuric Acid Phosphoric Acid d] L RPhosphateRock (Ground) 

Mixing 

1 D en ning  - 4 Flu rne t° U ti r Dsoa a i n 

I I 

StorageCuring SI Optional (J,.eFi e 

F Crushiolg S creening 

F Nongranular 

Superphosphate Cooling 

To Compound Fertilizers 
or Direct Application 

[ anular 
Superphosphate 

Usual Grades: Single 18/-22% P20 5 
Double 25%-35% P20 5 
Triple 44%-48% P20 5 

Figure C-8. Den Process for Making Single, Double, or Triple Superphosphate. 
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Stea	I { IFluorine to Recovery 
SteamReaction or Disposal 

I Sizing and 

Screening 

Granular TS P
46% P205
 

Figure C-9. 	Typical Slurry Process for Making Granular Triple 
Superphosphate. 

225 



Common Grades:r 

Grades:m Goseo 

18-46-0 DAP 
11-55.010-48.0 > Variations of MAP
 

13-54-0
16-48-0 > Mixtures of DAP andMAP 

Note: 

For making DAP, 54% P2 0 5 acid may be used in the preneutr31izer or pipe reactor and 30% P2 0 5 acid in 

the scrusbber. The average concentrations may be about 40% P2 0 5 

Figure C-C. Typical Ammonium Phosphate Production Process. 
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Ammonia 

Direct WNitric Acid] Sulfuric Phosphoric Carborn Chloride 

Aplcto jAcid _jAcid Dioxide 

Aqua 
Ammonia 

Phosphate 
Rock 

Ammonium 1I!Nitrate 
Ammonium 

Sulfate 
Amr.monium 
Phosphates Urea Ammonium 

Chloride 

Nitro-
Phosphates 

Potassium L Compound 
Nitrate _ Fertilizers 

-' 
- Limestone ! SoUAt~ns 

Final Use as Fertilizer 

Figure C-11. Formulation of Alternative Nitrogen-Containing Chemical Fertilizers. 



Urea or 

Nitrate 

Ammonium 

Sulfate 

Weighing and Proportioning of 

riple and, or Singlel Ammonium 

[Superphosphate P hPotash 
L con 

Secondary 
Nutrients 

Micro
nutrients 

StanadMixingWater M,,g [Granulation 

I I -" 

[ Dry,rig 

AmmoaF-

I I 
Phosphiate Rock Slurry 

O o Use 

F~~1LL I I -

Screening 

Sulfurc CA o d 
JJ 

Oversize 
Crushing J 

LNitric Acid IConditioner On Size 

---- Optional Use 

p insGranular 

NPK Products 

to Bagging or 

Bulk storage 

CodtoigI 

Cniinn 

Figure C-12. General Diagram for Granular Compound Fertilizer Production. 



Potash Ore
 
From Mine
 

r Crushing and 
Screening 

Recycled 

Scrubbing and 
Deslirning 

Slimes to 
Waste Pond 

Brine 

Refining by Flotation Sat(NI) n 
or by Dissolution 

and Recrystallization 
Salt (NaCI) and 

Brine to Waste Pond 

Dewatering 

Drying 

Screeningy Granulation 

Standard KC, a Coarse and 
aIGranular KC, 

aKCl=MLriate of Potash, 60%-62%(K 20 

Typical Particle Sizes: Standard 0.15-0.70mm 
Coarse 0.70-2.00m 
Granular 1.00-3.30mm 

Figure C-13. Typical Potash Refining Process. 
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GLOSSARY
 

Fertilizer Forms 

Fertilizer--Broadly speaking, any material, organic or inorganic,
natural or synthetic, that is placed on or incorporated in the soil to
supply plants with one or more of' the chemical elements necessary
for normal growth. Since this study deals with commercial or"chemical" fertilizer, the t.emn "fertilizer" is used to mean a
manufactured product containing a substantial amount of one or 
more of' the primary nutrients--nitLrogen, phosphorus, and

potassium--unless otherwise noted. The manufacturing processusually involves chemical ieactions but may consist of refining or 
physi,-ally processing naturally occurring materials such as potas
sium salts or sodiuin nitrate. 

Fertilizer Grade--The guaranteed nutrient content expressed in 
percentages of' N, P20 5 , and 1,20 in that order. In most countries 
the grade, when used for commercial purposes, includes only that 
amount of' nutrient found by prescribed analytical procedures,
thereby excluding any nutrient, present in a form that is deemed to 
be unavailable for plant nutrition. For example, a grade of "10-15
18" indicates a fertilizer containing 10% N, 15% 13205, and 18% 1(20 
as found by prescribed analytical procedures. 

Straight F ertilizer--A f'ertilizer containing only one of' the three 
primary nutrients--nitrogen, phosphorus, or potassium. 

Conpound Fertilizer--A fertilize' that. contains two or more of' the
primary nutrients. It.may also contain secondary nutrients and 
micronutrients. 

Mixed Fertilizer--1ssentially synonymous with "compound
fertilizer. 

Complex_Fertilizer--A compound fertilizer that is formred by mixing
ingredients that chemically, opposed toreact as a mechanical 
mixture of two or more fertilizers. 

-tih-Analysis_Fertilizer--A fertilizer containing a high percentage
of nutrients, usually more than 30%. 

Low-Analysis Fertilizer--A fertilizer containing a low percentage of 
nutrients, usually 30-Wor less. 

Nitr°phos hate--A complex fertilizer containing nitrogen and 
phosphorus made by a process of which one step consists ofchemical reaction of' nitric acid with phosphate rock. This material
is also called "nitric phosphate." 
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Pol phOsWphtes--SalLs of pIOlYl)hosI)horic acids, InI fertilizer 
pairlance Hhe salts usually are 1mmonium salts. l*oIyt)hosphtLoe salats 
con tain more than one phosphorus at.ome per molecule. The 
phospho'us aloinls are linked 1,o each other thr'ou.gh oxygen atoms, 

i'lrtilizer Intermediate--A mva nuf'actuired re Ll.ilizeir produtc, such as 
a ionia .... holie- acid, or nongranlil i i' am mii.i phospha ,e 
lhat is in tnded primarily for furl.her processing. Most of these 
"intormedial.es" can also be, i.nd oLten ai'e, Uised directly as 
fertilizers. For exnnple, ammlonia can be used di'ect.ly as i 
fei't.ilizer' or used as an linlermediale t.o make nitlrogen fertilize's 
such as Lirea, ;immonium n phosphate,nil.rll O, and ammonnium 

GranularFertilizers and Urea Forms 

Granular Ie rtiLizer--lertilizer in Lhe rorm of particles sized betweenantiper and lowpeei limit. oi between two Screen si usually 
within the range or I-4 mm , often more closely sized. In the Unilted 
Sta.Les, ;i common size specification is 6-16 or 7-1t] mesh, Tyler 
(I .0-3.3 or 1. 2-2.7 mmn). In most oher counLries lhe preferred 
size is 2-l mm (about. 5-9 mesh. Tyler). In general, tihe tern
'gra nular" does not imply any l)r'iicuhr means for p reparing" the 
sized maieriaI. The desired size may be oblained by agglomerating 
smaIlr part.icles; by crushing an d screening larger pai'ticles; by
cont.rol of' c'rys tnl size in crvs tllization processes; by separating I 
scI'een fraction of' ('rushed, benelichited ore; or by prilling a 
materinal. However, it is often cusLonmary t.o specify the method by 
r'ef,'in g' to th(IC(roduet.I as ''priled,' "compacted ,' an d
"crystalline. " 

I'i'illed t i'ea--Urea in Lhe f'orm of near-spherical particles, Usually
abouIt 1.0-2 .5 mm in diameter, made by solidification of f'ree-falling 
droplets in air. Ammonium nitrate and some compound fertilizers 
ofLen are prilled. 

Ch'anulhir Urcae-see g'raninulhr ferilizer. 

1"oi'es&i'y-Crad2 Ui'rea--Coarse granular urea measu'ing 4-8 mm in 
mean diamllelter. 

Uri'(2a Superg'ranulIns--I sually closely sized large granules with an 
average weight of 1, 2, or 3 g/granule. The mean diameter ranges
from about II mm for I-g granules .o 17 mm for 3-g" granules. 

Urc .riiqueL.tes--Urea formed into shaped particles by pressure in 
a machin( constructed for that purpose. The biiquettes may be 
variols shapes such as almond shape. Weight per Ibriquette may be 
in the range of 1-:3 g. 
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Urea Mudballs--Mudballs which measure 3-5 cm in diameter and 
contain approximately 1-3 g of urea. Mudballs are formed by hand. 
A thumb is inserted into the mudball and withdrawn. Urea is then 
placed in the thumb hole and covered. 

Sulfur-Coated Urea--Urea granules (or prills) that have been 
coated with sulfur for the purpose of' controlling the rate of 
dissolution in the soil. The sulfur coating is applied by spraying 
molten sulfur on the surface of the granules in specially designed 
equipment. After coating with sulfur a small amount of a wax-like 
sealant may be applied to seal pores or cracks in the sulfur coating, 
followed by a clay conditioner to make the product free flowing. A 
typical product. contains about 80%5 urea (36.8% N), 16% sulfur, 2% 
sealant, and 2%conditioner,. 

Minigranules--Granules measuring approximately 0. 15-0.5 mm, 
which is smaller than the usual size. 

Energy Types 

Chemical Energy--Energy released (or absorbed) by chemical 
reactions, usually in the form of heat but sometimes in the form of 
electrical energy, as in electrolysis. 

Electrical Energy--Energy in the form of electricity which may be 
converted to mechanical, thermal, or chemical energy. 

Mechanical Energy--Energy required to operate machinery such as 
compressors, pumps, conveyors, elevators, and cranes. Mechanical 
energy may be derived from electricity, steam, or fuel-fired 
engines. 

Thermal Energy--Energy in the form of heat. 

Commercial Energy--Refers to renewable or nonrenewable energy 
resources that are commercially produced, distributed, or traded. 
This includes fossil fuels; electricity; nuclear fuel; conversion of 
wind, water, and solar energy to mechanical or electrical energy; 
and conversion of forest products and agricultural wastes to solid 
or gaseous fuels. 

Noncommercial Energy--Refers mainly to renewable energy 
resources that are not commercially produced, distributed, or 
traded. This includes crop residues, animal wastes, and wood 
when used as fuel. 
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Petroleum and Industrial Gases 

Natural Gas--A gas consisting mainly of methane (a compound of 
carbon and hydrogen), which occurs in underground deposits. It 
originates from the decomposition of' organic matter, mainly vegeta
tion, which has been buried by geological action in prehistoric
times. Natural gas usually contains small percentages of higher
hydrocarbons such as ethane and var-ious impurities--carbon
dioxide, hydrogen sulfide, nitrogen, and sometimes helium. When 
used for commercial purposes , the gas is purified by removing
carbon dioxide and hydrogen sulfide to prevent pipeline corrosion 
and toxic effects. 

Format.ion of' met.hane from decaying organic matter is a 
continuing, process and occurs in swamps,. deep lakes, sanitary
landfills, and sewage treatment plants. However, the term "natural 
gas" is commonly lhnited to gas formed in previous geological eras. 
,NG is licjuified natural gas. It is licquified by cooling to about -
I1OC. 

Associated Gas--A term applied to natural gas that occurs in 
petroleum deposits. The gas may be dissolved in the petroleum at 
the high pressures that occur in deep deposits and is withdrawn 
wit.h the petroleum from oil wells. When the pressure is released, 
methane and other gaseous hydrocarbons separate from the liquid 
portion of the petroleum . On the other hand, there are numerous
deposits of natural gas that do not contain petroleum; this gas is 
called "nonassociated gas. 

Petroleum Gases--Usually refers to hydrocarbons, other than 
natural gas, that are gases at atmospheric pressure and therefore 
separate from petroleum when the pressure is released. These 
gases include pro)ane , butane, or a mixture of the two, which is 
selarated from petroleum and later liquified by compression.
liquified )etroleum gas (LPG) is transported under pressure for 
use as industrial or domestic fuel. LIPG is also transported in 
nonpressure vessels when cooled to about -301C. When used as a 
domestic fuel delivered in steel cylinders, it is sometimes called
"bottled gas." Ethane is also a petroleum gas which may be allowed 
to remain in the "natural gas" or it may be separated for use as a 
chemical feedstock where there is a demand for it. 

Refinery Gas--Commonly refers to gaseous )roducts from petroleum
refining. Its composition may vary widely depending on the 
refining process and the type of l)etroleum. However, it usually
contains a high percentage of hydrogen and smaller percentages of 
gaseous hydrocarbons. 
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Coke-Oven Gas--Gas that is evolved when coal is converted to coke 
in a byproduct coke oven. The main gaseous components are 
hydrogen, methane, and carbon monoxide. It also contains 
numerous condensable hydrocarbons, such as benzene and tar, 
which are removed by refining and used to make a wide range of 
chemicals. Coke-oven gas also contains a small percentage of 
ammonia which is recovered during refining, usually in the form of 
ammoniium sulfate, and sold for fertilizer use. 

Petroleum and Industrial Liquids 

Liquid Petroleum Products--A range of liquid hydrocarbon products 
that- are derived from refining of petroleum. These productsare 
used mainly as fuels but also as chemical feedstocks and lubricants. 
They are commonly classified by weight (specific gravity or 
density), although they also vary in volatility, viscosity, purity, 
and other respects. The prinary method of refining is distillation. 
As petroleum is heated the more volatile liquids are vaporized first 
and collected by condensation. The result is a range of liquids that 
include, in approximate order of increasing density, naphtha, 
kerosene, jet fuel, diesel fuel, and fuel oils numbered from 1 
(lightest) to 6 (heaviest). 

Since the lightest liquids are the most valuable, a variety of 
refining processes other than simple distillation are used to maxi
mize the yield of' lighter fractions. These processes include 

The following table shows typical specific gravities 

"cracking" (splitting 

hydrogenation. 
large molecules into smaller ones) and 

Crude Oil--A term applied to unrefined petroleum. 

Fuel Oils--Fuel oils refer to liquid fuels derived from petroleum. 
and heating 

values of several grades. No. 4 oil is widely used as fuel for 
drying or calcining phosphate rock or drying fertilizers when 
natural gas is not available. No. 6 oil has a high viscosity and can 
be used only when facilities for preheating it are available. It is 
likely to contain 2% or more sulfur; therefore, pollution control 
facilities may be required when it is burned to generate steam or 
electricity. No. 6 oil is commonly used to drive oceangoing ships, 
and it is also used as feedstock in some ammonia plants. 
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Heating Value and Specific Gravity of Typical
 
Liquid Fuels Derived From Petroleun
 

Specific lleating Value (IIHV) 
Liquid Fuels Gravity Btu/lb Btu/U.S. gal GJ/U.S. gal 

fuelsaMotor 
Gasoline 0.70-0.74 20,360 119,000- 0.126-0.133
 

126,000
 
Kerosene 0.82 19,750 135,150 0.143 
No. I diesel 0.87 19,240 139,700 0.145 
No. 2 diesel 0.92 19,110 146,700 0.155 
No. 4 desel 0.96 18,830 150,600 0.159 

FueL oils 
No. 1 0.83 . 19,940 -- 137,000 . .. 0.45 
No. 2 0.87 19,570 141,000 0.149 
No. 4 0.93 18,900 146,000 0.154 
No. 5 0.95 18,650 148,000 0.156 
No. 6 0.99 18,265 150,000 0.158 

a. R. E. Bolz and G. L. Tuve (Eds.). 1973. Handbook of Applied 
Engineering Science. C.R.C. Press, Cleveland, Ohio. 
1. G. R. Fry]ing. 1967. "Combustion Engineering," Combustion 
Engineering, Inc., 227 Park Avenue, New York, New York 10017. 

Naphtha--The lightest liquid product and also the purest and 
most expensive. Its specific gravity is about 0.686. It is widely 
used for making gasoline, for making plastics such as poly
ethylene and polypropylene by cracking and polymerization, and 
for making ammonia. 

Fertilizer Manufacturing Terms 

Beneficiation--Treatment of an ore to separate the desired mineral 
from worthless minerals, usually by physical means. As applied 
to phosphate ores, beneficiation is a treatment or series of treat
ments that separate the phosphate-containing mineral from other 
minerals such as sand and clay. 

Calcining--Heating of a mineral, e.g. , phosphate rock, t,. expel 
volatile and combustible ingredients such as combined water, 
carbon dioxide, and organic matter. 
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Electric-Arc Process (for producing nitrogen fertilizer)--A process
in which air is passed through an electric arc (an electrical 
discharge between two or more electrodes), thereby causing some
of the nitrogen and oxygen in the air to combine to form nitric
oxide. The air containing nitric oxide (a gas) is cooled, and the
nitric oxide is converted to nitric acid by reaction with water and 
some of' the oxygen remaining in the air. The nitric acid usually
is used to make calcium nitrate fertilizer by reaction with lime
stone; it can also be used to make sodium nitrate by reaction
with soda ash (sodium carbonate) or for making various military 
or industrial chemicals. 

Electrolysis and Electrolytic Ilydrogen--Basically, the separation
of a compound into its elements by passing an electric current
through the compound or a solution containing it (electrolysis).
Water is separated into its elements--hydrogen and. oxygen--by
passing an electric current through the water in an electrolytic
cell. A soluble chemical (usually caustic potash) is added to the 
water to make it electrically conductive, but the additive does not
participate in reaction.the Direct current must be used. The
hydrogen is collected at one electrode and oxygen at the other.
The hydrogen produced by electrolysis can be used to make
ammonia by combining it with nitrogen that is extracted from air. 
Electrolytic hydrogen also is produced as a byproduct when a salt(sodium chloride) solution is electrolyzed to produce caustic soda 
and chlorine. 

Haber-Bosch Process--A process for producing ammonia by reac
tion of hydrogen and nitrogen in the presence of a catalyst at 
elevated temperature and pressure. Since the reaction is incom
plete, the process involves separation of the ammonia from theunreacted gaseous mrixture of hydrogen and nitrogen and
recycling the mixture to the catalytic reactor. The term does not
imply any specific method for producing the hydrogen and nitro
gen for the process. 

Cyanamide Process--A process for making a nitrogen fertilizer 
consisting mainly of calcium cyanamide. The process involves
production of calcium carbide from coke and burned lime in an
electric furnace. The calcium carbide is crushed and then reacted
with pure nitrogen at elevated temperature. The resulting product
contains calcium cyanamide together with some impurities and may
be applied directly to the soil as a fertilizer. Alternatively, it 
may be further processed to make ammonia. 

Centrifugal Compressor--A machine that compresses gases by 
means of centrifugal force. 

Reciprocating Compressor--A machine that compresses gases by 
means of pistons. 
Cryogenic Recovery of-Ijydrogen (from ammonia plantpurgegas)--

Separation of hydrogen from other gases (mainly argon and 
methane) by cooling to a very low temperature at which argon
and methane are converted to liquids, 
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Steam S~~i -- A method ror removing volatile ingredients such 
as ammonia from water or other solvent. bI contacting the solution 
with steam in equipment designed for that purpose. 

IDR (Isobaric Double Reccvle)--A process in which most of the 
unreacted ammonia and carbon dioxide are separated from the 
urea solution in two steps at the same high pressure as the 
reactor and recycled to the reactor thereby avoiding the need for 
energy for comlpresion. In all urCa manufacturing processes, 
ammonia and carbon dioxide react at high temperature and pres
sure, but. the reaction is incomplete. Therefore, the urea must 
be separated from the remaining reactants which are recycled. 
O'TEC_(Ocean Thealnerg_Conersion)--Geneiation of' elec

tricity from temperature differr-nce in ocean water at ditferent 
depths. The surface of ocea water is warmed by solar radia
tion. l'hC wairl viic . I tendi -to remain near tle suirface -while 
cold water (which is heavicr; remains at greater depth. Thus 
there may be as much as 23"C difference between the upper and 
lower levels of ocean wat';r in some locations near the equator. 
This Lem)erat~lre dilrereoce can be converted to dectriciL.y by a 
bimetallic Circuit with one juncLion in a stream of' cold water and 
the other in the warm water. The electricity is generated as 
direct current at relitively low voltage; therefore, it is well 
suited for use in electrolysis. 

Exothermic lReact.ion-A chemical reaction that. generates energy. 
usually as heat. 

Endothermic Reaction--A chemical reaction that. absorbs energy. 
The reluired e.nergy may te sup)lied as heat, or by electricity as 
in electrolysis 

-ne general, it refers to a method for convertingCy,--In 
thermal energy (heat) to mechanical oi" electrical energy. The 
method consists or' alternately vaporizing and condensing a fluid. 
The flu'd is vaporized and optionally supeihea ted at a relatively 
high pressure and temperature, absorbing heat. The vapor 
under pressure is used to drive an engine (such as a turbine) 
which may drive an electric generator. The vapor leaving the 
turbine is cooled and condensed to a liquid at a relatively low 
temperaLuie and pressure. The condensed liquid is then puml)ed 
back to the vaporizer, completing the cycle. In the most common 
examl)le of the Hlankine cycle, the liquid is water and the vapor 
is st.eam. lowever, the walter-steam cycle requires a high tem
perature for elficient conversion of heat to electrical energy. In 
the example cit.ed in the study (Van Weenan and Tielrooy. 1980), 
the liquid is trichloro'luomethane, which vaporizes at. a lower 
teml)erature .han wa ter an(I therefore is capable of uLti lizing waste 
heat at a lower telerature level. 
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Neutralizer--A vessel or device in which an acid reacts with an 
alkaline chemical. Usually, in fertilizer technology, a vessel in 
which ammonia reacts with phosphoric, sulfuric, or- nitric acid. 

Hemihydrate Process--A process for producing phosphoric acid in 
which the byproduct calcium sulfate forms crystals containing
one-half molecule of water for each molecule of calcium sulfate. 
Ilemihydrate processes operate at a higher temperature than 
dihydrate processes and produce a more concentrated phosphoric 
acid. 

Dihydrate Process--A process for making phosphoric acid in which 
the byproduct calcium phosphate forms crystals containing two 
molecules of water for each molecule of calcium sulfate (commonly
calleJ "gypsum"). 

§lIzp Process--A process in which a fertilizer is first produced 
as a slurry (a fluid mixture of solids and solution). The slurry
is further processed to a solid by drying and granulation. 

Den Process--A process for the manufacture of superphosphate in 
which phosphate rock is mixed with sulfuric acid and the mixture, 
while still fluid, is transferred to a fixed or movable container 
called a "den." The mixture is retained in the den for a period
of time ranging from 20 minutes to 2 hours during which time the 
mixture solidifies and hardens due to chemical reactions. The 
mixture is then removed from the den as a damp solid to storage 
or further processing. 

Falling Curtain Process--A process for granulating urea (and
possibly other fertilizers) in which molten urea is sprayed on a 
cascading stream of solid urea particles thereby increasing their 
size to that desired. The process takes place in a specially 
constructed rotating drum. Seed particles of solid urea are 
added as necessary and undersized granules are recycled. 

Pipe-Cross Reactor--A process for making fertilizers containing
ammonium phosphate and ammonium sulfate in which phosphoric
acid, sulfuric acid, and ammonia are iiijected continuously into a 
pipe where they react at high temperature forming a melt and 
water vapor. The melt is discharged into a granulator where it 
is granulated with adclition of potash, if desired, and the water 
vapor is swept out of the granulator by an airstream. The main 
advantage of the process is the utilization of the heat of reaction 
rfather than fuel for making a dry, granular fertilizer. 
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Mining Techniques 

Frasch Mining--A method for recovering sulfur from underground
deposits by pumping superheated water into the deposit to melt 
the sulfur which is then pumped to the surface. The hot water 
is pumped into the deposit through an "injection well" and molten 
sulfur is recovered from the same well while the water, after 
passing through the sulfur-bearing formation, is removed through 
one or more "bleed wells." 

Shaft. Mining--A method for mining underground deposits by
constructing one or more shafts (usually vertical) to provide 
access to the deposit for men and machines to extract the ore. 
The shafts also are used to hoist the ore to the surface for 
further processing. 

Solution Mining--A method for mining water-soluble underground 
ores, such as potash, by injecting water or brine into the deposit 
through a well. The water dissolves potash salts, and the result
ing solution is withdrawn from another well. The injected water 
usually is heated to increase the solubility and to provide a more 
concentrated solution. 

Fixation of Nitrogen 

Nitrogen Fixation--Conversior, of uncombined (elemental) nitrogen
from the atmosphere into a compound of nitrogen by causing the 

nitrogen 

nitrogen to combine with other elements. 

Biolog ical Fixation of 
by living organisms. 

Nitrogen--Fixation of atmospheric nitrogen 

Symbiotic Fixation of Nitrogen--Fixation
by micro-organisms (bacteria or algae) 
relationship with the plants. These 

of atmospheric nitrogen 
which live in symbiotic 
micro-organisms supply 

to the plants. These organisms, on the other hand, 
receive nutrition and energy from the plant in the form of 
carbohydrates. 

As, Lmbiotic Fixation of Nitrogen--Fixation of nitrogen by micro
organisms in soils or, water without any direct association with 
plan ts. 

Rhizobia--Bacteria found in nodules on the roots of certain plants
(normally legiumes) that are capable of' fixing atmospheric 
nitrogen. 
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Ozonization--Conversion of oxygen molecules (02) in air to ozone 
(03) in the earth's upper atmosphere by solar radiation. The 
"ozone layer" of' the earth's atmosphere begins at a height of 
8-10 miles above the earth's surface. Ozone is a highly reactive 
form of oxygen, and it is known that oxides of nitrogen (NO and 
NO2 ) are formed in the ozone layer although there is some uncer
tainty as to what reactions occur. The oxides of nitrogen react 
further with oxygen and moisture and eventually reach the 
earth's surface as nitrates or nitrites dissolved in rainwater. 

Nitrogen Loss Mechanisms 

Volatilization- -Generally, refers to conversion of a liquid to a 
gas. As used in this study it refers to loss of nitrogen from the 
soil or floodwater (in flooded rice field) due to volatilization of 
ammonia that is formed by chemical changes of nitrogen fertilizers 
(urea or ammonium salts) in the soil or floodwater. 

Nitrification--Conversion of nitrogen compounds in the soil to 
nitrates by microbiological processes. The term usually refers to 
soil reactions that convert nitrogen, originally applied as urea or 
ammonium salts, to nitrates. -lowever, the nitrogen in organic 
compounds is also subject to nitrification. Nitrification occurs 
only when there is a supply of oxygen, such as from the air. 
Nitrification usually is beneficial since most crops prefer to take 
up soil nitrogen in the nitrate form. 

I)enitrification--Conversion of nitrates to nitrites and ultimately to 
elemental nitrogen and nitrous oxide in the soil. Flemental nitro
gen and nitrous oxide are gases which are lost to the atmosphere. 
The reaction occurs only in anaerobic conditions (absence of 
oxygen) such as in waterlogged soil. 

Miscellaneous Terms 

Biomass--Generally refers to nonfossil organic matter, such as 
wood, straw, leaves, and manure, derived from plants and 
animals. 

Caprolactam--An organic chemical that is used to produce nylon. 

Cultivr--A specific variety of' a cultivated crop. 

Feedstock--A raw material used for manufact.u ring a product, 
such aIS a11s-mmonia or plastic f'ilm an cl fiber used for making bags. 
The t.ermI Isually is applied to raw materials derived from petro
leul o1" coal. 
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Filter Acid--As used in this study, it, refers to phosphoric acid 
(usually 28%-30% P2 0 5 ) derived directly from the filtration step as 
opposed to acid that has been concentrated by evaporation. 

Atmospher'ic Pressure--The pressure exerted by the earth's 
atmosphere, which is about 14.7 psi at sea level. 

Battery_ Limits--A term used to define an operational unit within a 
manufacturing plant, usually for the purpose of defining the 
responsibility of' the engineering and construction firm which 
supplies that unit. 

Fertilizer CapaciLy--The amount of* fertilizer that a fertilizer plant 
or a group of plants is presumed to be capable of producing when 
not limited by market demand, supply of raw materials, technical 
difficulties, or extraneous factors. Capacity may be expressed in 
mtph, ntpc, or mtpy . Annual capacity usually is considered to 
be :330 times daily capacity. When part of the output is used for 
nonfertilizer purposes, the fertilizer capacity is the total capacity 
less the estimated nonf'ertilizer use. 

Econo_ny of Scale--The extent to which the cost per unit of' out
put of an operation such as fertilizer manufacturing can be 
lowered by increasing plant size. 

I.,aw of DiminishingRPturns--The input-output relationship that 
for a given fertilizer response function each successive additional 
unit of fertilizer use results in a relatively smaller amount of 
incremental crop yield. 

law of Interaction--The principle of interaction refers to the 
relationship among a given set of' plant nutrients and their impact 
on crop yield. For example, positive interaction implies that the 
additional crop yield in response to an application of a given 
amount of' N and P20 5 applied together is more than the sum of 
additional crop yields when these nutrients are applied
separately. 

Law of the Minimum--The concept that crop growth is limit ed by
that nutrient which is in minimum supply relative to crop needs. 
Application of nutrients other than the most deficient is ineffec
tive in increasing crop yields unless the deficiency is remedied. 
For example, crops may respond poorly or not. at all to nitrogen
when phosphorus is extremely det'icient. There are 13 elements 
that are essential to plant growth (not including those supplied
by air and water), and deficiency of' any one of them can limit 
crop yields. The law of the minimum may be expanded to include 
other crop growth f'actors such as moisture, light, and 
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