
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




1.0 ~8 ·25 

I. 
1 1111°~~ 

• I .. 

11111~~~ 

!1111.1.B 
111111.1 

1:1111. 
25 

111111.
4 

11111. 1.
6 

' I ' I • • : I ' • ( ~ ! : ' • ) I 



r 
l"l'l0«1 
I-" 10 I 

United Nations Industrial Development Organization 

Fourth Consultation 
on the Fertilizer Industry 

New Delhi, India, 23 - 27 January 1984 

* 

THEruFECT OF ENERGY AND INVESTMENT COSTS 

ON TOTAL FERTILIZER PRODUCTION cos~s* ( 

prepared by 

William F. Sheldrick 
Fertilizer Advisor 

Industry Department 
World Bank 

Diatr. 
LDITID 

IDjw0.406/3 
17 October 1983 

BWGLl91 

This paper was presented at the International Fertilizer Association (IFA) 
Meeting, London, Englan~, December 3, 1981 
The views expressed in this paper are those of the author and do not 
necessarily reflect the views of the secretariat of UNIDO. 
This document has been reproduced without formal editing. 

v.83-62924 



1.0 SUMMARY AND CONCLUSIONS 

2.0 INTRODUCTION 

3.0 GENERAL CONSIDERATIONS 

3.1 Energy Required to Produce Chemical Fertiliz,ra 
3.2 Investment Coat Estimates 
3.3 Basis for Calculating Production Costa 

4.0 HITROG!a !'ERTILIZERS 

4.1 General 
4.2 Energy Requirements 
4.3 Availabllity and Opportunity Cost of Natural 

Gas for Nitrogen Fertilizers 
4.4 Future Natural Gas Costs for Nitrogen Fertilizer 

Production in Specific Locations 
4.5 Estimation of Total Production Costs for Various 

Regions 

5.0 PHOSPHATE FERTILIZERS 

5.1 
5.1.1 
5.1.2 
5.1.3 

5.2 
5.2.l 
5.2.2 
5.2.3 

5.3 
5.3.1 
5.3.2 
5.3.3 

6.0 

6.1 
6.2 
6.3 

7.0 

Phosphate Rock 
Investment Costs 
Energy Costs 
Total Production Costs 

Phosphoric Acid 
Investment Costs 
Energy Cost:& 
Total P~oduction Costs 

Triple Superphosphate 
Investment Coats 
Energy Costs 
Total Production Costs 

POTASH FERTILIZERS 

Investment Costs 
Energy Costs 
Total Production Coats 

REFERENCES 

• 



-i-

THE EFFECT OF ENERGY Alm INVESTMENT COSTS 

ON TOTAL FERTILIZER PRODUCTION COSTS 

1.0 SUMMARY AND CONCLUSIONS 

Er.ergy and Capital Related Co~ts are usually two of the most 

important components of total production costs for fertilizers and 

the main objective of this paper has been to review the effect that 

these two items are likely to have on fertilizer production costs, 

and hence on fertilizer prices in the future. 

The paper updates the investment cost data for the principal 

nitrogenous, phosphate and potash fertilizers, particularly those 

vhich form the basis for the fertili7.er export market. The main cost 

factors in fertilizer manufacture such as raw materials, energy and 

investment can vary significantly for different site locations and 

it is important to take this into account when projecting total 

fertilizer production costs and prices. Sometimes raw materials 

and energy may be available cheaply but this advantage can be offset 

by higher investment costs and lover operating rates. 

In order to appreciate more fully the factors vhich influencP. 

fertilizer costs a "cost envelope" has been developed foi: the maj1Jr 

fertilizer materials which can be easily used to assess fertilizer 

investm~nt and production costs for different gituations. 

Nitrogen Fertilizers 

The study ahovs that for urea production, the cost of energy and 

capital related costs are equal:y important and that other costs are 

relatively small. Until recently, many developed countries had both 

the advantage of c~eap energy and lJw investment costs but this advantage 

ia disappearing ss natural gas prices ir. these countries rise to the 
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level of fuel oil equivalent energy prices and al~o as it becomes 

relatively cheaper to build. and easier to operate. plants in 

developing countries. At the present ti.me there is a trend toward 

a more balanced situation wh~re overall production costs in different 

locations are similar but undoubtedly the effect of increasing energy 

prices generally will eventually fuvor those areas where there is 

very cheap natural gas. For example in the Middle East, USSR, etc. 

amaonia and urea production and export is probably still one of th~ 

most attractive ways of utilizing low opportunity cost gas which 

would otherwise be flared. Based on the estimates made in this 

report, the total production cost of producing urea, including the 

capital charge to ensure an adequate ~eturn on uoew investment would 

probably have to be in the range of $275-300/ton. 

Phosphate Fertilizers 

Phosphate fertilizers are not so energy dependent as nitrogen 

fertilizers and overall the cost of ener~y to produce one ton of 

triple supe.a:;!?~sphate is 10% or less of total production ~osts. 

There is also still considerable scope to effect further energy 

recovery in phosphate fertilizer manufacture which ~ay to some 

extent offset future increases in en~rgy prices. Overall, capital 

related costs douiinate the coat of producing phosphate fertilizers 

indicating the difficulty of establishing phosphate mines and 

fertilizer coapl•!Xe& on new developing sites. The estimate11 also 

show the importance of the coat of sulphur on overall production 

costs and the dependency of the industry on this element. Using 

a presant sulphur price of $160 per ton c.i.f. the total cost of 

producing phosphoric acid in the future on a develop~d site is likely 

to fall withiu the range of $425-450/ton P2o5
• For TSP the total cost 
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of production is likely to fall within the_ range of $20~230/ton 

of product. 

Potash 

As most new capacity f~r potash outside the Centrally Planned 

Economies will be developed in Canada, total production costs in 

that region will have a major influence on future selling prices. 

The energy cost for dry underground mining of poush vill be 15% 

or less of total production coLts. Anticipated inereases in real 

energy costs in the next few years particularly in r.anada ar~ not 

likely to affect product cost ex-mine by more th.au a few dollars 

per ton. n,e capital related costs are by fai:· the main consideration, 

particularly in view of the very high cost of ainking new potash 

mines to a depth of 3,000-4,000 ft. Tot,..l production coats ex-111ine 

in Canada are estimated to !all betwe-en $8~90/ton but tnnsport to 

a port will cost about $30 aore. These costs do not inclucle reserve 

taxes. 

I 



Figure 1 - The Effect of Reduced Plant Utilization Related to 
the Equivalent Increased Cost of Gas to Maintain 
Same R.O.I. 

Figure 2 - Cost of Transporting Liquified Natural Gas 
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Locations and Investment Costs 
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2.0 INTRODUctION 

The cost of energy and capital related costs are normally the two 

most important components of the total factory-gate cost of producing 

f~rtilizers. This is perticularly so in the case nf nitrogen where 

hydrogen or hydrocarbon fuel is also required as f~edstock. 

The relath·e costs of mergy and project investment can vary 

considerably depending on locatiou. For exa.npJ.e, it is po&idblc to 

have similat production costs for a nitrogenous fertiJizer such as 

urea, in two different locations, where in u~e place energy 'il&Y 

represent about 60% of th•! total produccio~ costs and in the other 

case only 10%. 

Although it is relatively easy to predict the effect of energy 

costs on fertilizer production costs, it i& extremely 1if ficult to 

predict the future cost of energy particularly for natural gas at 

specific locations. At the present time th~ price of gas for anmonia 

plants in different parts of the worlJ, and even within some countries, 

can vary considerably. 

Overall tt.e effect of energy ar.d invegtment costs on production 

costs and hence on fertilizer prices is complicated by many factors 

usually very iiper.ific to each loc.atioc.. The main objective of thia 

pap~r has been to review the availability and cost of energy in 

various regions for fertilizer manufacture including the effect of 

niew technical davelopmenta on future energy use. The paper also 

examines th~ effect of fertilizer investment on overall production costs. 

The coet dat4 are baaed on those contained in a paper to the 

Fertill~•r ~is8ion in P.!J!H! 1980 {R~f. l) euit:bly edj~:t~d fer 

international inflation 8DCi technical developments. The major 
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coaponents of production are presented in graphir.al fora so that the 

relative com~onents of production cost s~ch as £ner1~ and capital 

related costs can be readily compared for different types of location. 
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3.0 GENERAL CONSIDERATIOllS 

3.1 Energy Requirements to Produce Chemical Fertilizers 

Before considering the impact that future energy prices are 

likely to have on fertilizer production costs, it is important to 

)tn()f.( the quantity of energy that is required to manufacture different 

fertilizers. Unfortunately many of the standard fertilizer handbooks 

on the subject, rel~ usually on information released by engineering 

coapanies, are based aainly on battery lindt requirements during 

equilibrium operation, and of ten significantly underestimate the 

overall energy requireaents. Allowance must also be made for the 

cost of operating infrastructure nr for transient operating con-

ditions when a plant is starting up or closing down, or periods of 

malfuncticming. 

!he Fertilizer Institute (T.F.I.) of the U.S. in 1980 carried 

out a very useful survey ~f its members (Ref. 2) which provided the 

following info:r:mation on energy requiremeuts for fertilizers. In 

order to be consistent with other inf~rmation in this paper, T.F.I. 

infonnation has been converted from short to metric ton of product. 

Average Requirement per Metric Ton of Product - OOO's BTU's 

Natural Gas 

Electricity 

Fuel Oil 

Imported Steam 

TOTAL 

ffitrogen a/ 
(Urea-46%NP 

30,552 

2,334 

26 

6,152 

39,064 

Phosphate 
(TSP-46%P 2o5)E.1 

920 

2,600 

730 

360 

4,610 

Potash / 
(KCI-60%K2o).£' 

1,356 

J, 063 

1 

2,420 

a/ Based on 8.JlllODia plants using centrifug~l comp=essors. 
'"i_! Total estimated energy including rock prod.uction and energy 

recovery fr..,. sulphuric acid manufacture. 
s_/ Based on shaft mining. 
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All ene~gy estimates have been expressed in terms of equivalent 

fuel requirements and electrical and mechanical power and steam have 

been converted into the amount of fuel required to generate them. It 

is assumed that a new major project would use an integrated energy 

scheme, and as far as economically possible all energy saving devices 

would be b1corporated. Nevertheless the energy consumptions estimated 

for each fertilizer are those considered reasonably attainable rather 

than based on theoretical considerations. In some cases it is assumed 

that a new plant will do significantly better than the average 

figures from the T.F.I. Survey. Where no other data are available 

T.F.I. average conFumptions have been used. 

In the case of nitrogen a number of scenarios have been examinE'd 

in which different gas prices have been assumed. In other cases an 

energy cost of US$5.5 per million BTU has been used as the 1981 

energy equivalent fuel oil price. It is appreciated that in some 

locations the price of ~nergy may differ from this assumption but in 

these cases the likely deviation in cost is discussed. 

3.2 Investment Cost Estimates 

Investment co~ts for fertilizer plants can vary widely depending 

on site location and infra~tructural requirements. Unfortunately so~e 

major surveys in the past have presented a misleading indication of 

the full pro~uction costs by using only battery limit investment 

costs. Although these procedures may be appropriate in evaluating 

expansion pr.ogr8JD8 on existing sites, for new proje~t:s on green field 

eites, the full cost of infrastructure and working capital must be 

included. 
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The range of investment costs used for·each fertilizer material 

is b-sed on many projects appraised by the Bank and others, all 

updated to mid-1981 U.S. dollars. As in Ref. 1 it has been found 

cunvenient to categorize projPcts roughly under three major headings. 

(a) A developed site ~ a site with existing infrastructure in 

which most of the supporting facilities will already exist. For 

example there will be roads, a port, railroad, a social infrastructure 

that could provide workers to build and operate the plants. Equip-

ment can sometimes be pxovided from local sources and can usually be 

maintained using local facilities. 

(b) A developing site ~ in this case there will be some 

fertilizer and social infrastructure already existing which can 

usefully contribute towards the project but not as auch as for case 

(a). Local specialized services will be limited. 

(c) A develop~ng site in a remote location -- in this case 

there would be no supporting facilities of any sort available and all 

roads, ports, railroatls, civil works amenities, etc. would have to 

be provided as part of the project cost. All equipment will have to 

be imported. Most of the labor to operate the plant will have to 

be brought in from outside. 

In specifying these categories it is intended that they be used 

basically as a gujde. For example it is appreciated that some projects 

in developing countries w4 th developed fertilizer infrastructure 

might well fall into category (a). Silalilarly there might be plants 

in remote locations in developed countries which would require 

extensive and expensi"ve infrastructure. In order to allow easier 

interpolation the investment data have been presented in graphical 
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form with a range o~ specific investment costs for each category. 

The value of investm~nt cost at the lef thand ordinate on the graph 

approximates to the battery limit costs of the plant on a developed 

~ite. The investment cost to generate steam and electricity starting 

with gas or other fuels has been incl~ded in the total plant cost. 

3.3 Basis for Calculating Production Costs 

By far the most important factor affecting capital related costs 

and of c~urse other fixed costs is plant utilization rate. Most 

projects are evaluated on the basis of a 90% utilization rate after 

allowing for a phasing-in period for the new capacity. In some cases 

particularly in developing countries this asSU11ption may be too 

optimistic. The effect on production costs of oper~ting at low 

ope~ating rates are covered in detail in Ref. l; Figure 1 also 

indicates the penalties of po~r utilization in gas price equivalents. 

For example for a plant with high investment costs such as a develop

ing site in a remote location, the effect of operating at 70% rather 

than 90% is equivalent to having to pay an increased gas price of 

US$2.0 per million BTU. 

A simplistic capit~l charge of 15% per annum on total annual 

investment has been ~scd. Other capital related charget for the 

fertilizer plants have been taken as; depreciation 8-1/3%; maint~nance 

3% of total plant investment cost and annual insurance 2/3% of 

total plant investment cost. In the case of ohosphate rock and potash, 

production and capacity are assumed to be the same. The mine is 

depreciated over 20 y~ars and the value of the ore in the ground has 

been consider~d as part of the initial invest.ent cost. For the 

process plants for nitrogen and phosphate fertilizers, 90% utili~ation 
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has been used. A delivered cost of sulphur· of $160 per ton has 

been used to calculate the cost of producing phosphate fertilizer. 

All monetary values used in the report are in mid-198i U.S. dollars. 
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4.0 NITROGEN FERTILIZERS 

4.1 Gene~al 

The use of urea as a fertilizer. baa exp1111ded rapidly during the 

past decade to about 35 million tons. Urea is the most dominant 

nitrogen fertilizer in international trade and as it is likely to 

remain so, it has bP.en used as a basis for \.he cost estimates in 

this paper. Although larger plants have been built, the fertilizer 

complex comprising plants to prodcce about 1,000 t.p.d. U110nia and 

1,650 t.p.d. urea is probably still the 111>st popular economic con

sideration. As natural gas is th~ most popular feedstock and fuel, 

the investment costs are based on the use of gas, but as presented, 

in terms of "investment per anni.1al ton of capacity" the data contained 

in the graphs can also be used for other feedstocks. 

Investment cost data used to represen~ the range for the varying 

scenarios have been based on the most advanced anaonia and urea 

technologies. There are som~ indications that in nitrogen fertilizer 

projects the relative costs of investment for developEd and develop

ing sites is diminishing somewhat and soae allowance has been made 

for this. This difference in coats should diminish further as 

developing countries build up their infrastructure and engineering 

capabilities. The establishment of industrial estates which is taking 

place in several Kiddle East countries and the erection of additional 

plants on exiating sites will also help reduce unit investment costs 

in developing count~iea. Even so, total inveataent coats for new 

nitrogen plants can still vary mo~e than two-fold depending on site 

location and infrastructural require11e.11ts. 
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Alternative uses of gas include the fertilizer and petrochemical 

industry s~ch as ~ethanol, or for I.HG aanufacture for overseas markets. 

Generally, because of their similar investment and processing costs, 

the economics of methanol and .->nia manufacture are similar. Where 

deposits of gas are small, ~nia and urea plants are usually the 

ldOst attractive proposition. Where deposits are large LNG manufacture 

may be feasible. Even so, the cost of liquification and transport 

of natural gas is expensive and as can be seen f roa Figure 2 the 

net-back value of the gas can var.y froa about $1.0 to $2.5 per million 

BTU, depending on location of deposit and market. 

Opportunity costs f~r mmaonia manufacture in many areas would 

vary between $1.0 - 2.5 ~er llli.llion BTU. In some cases, particularly 

where gas is being flared and has no apparent alternative immediate 

use, the opportunity cost for the gas is basically that of collection 

and sweetening which would usually be less than $1.0 per 2illion BT~. 

Although the opportunity cost will set the lover level of gas 

price on which econoaic returns are calculated, in llAllY cases 

financial prices are set at a higher cost depending on what the 

market will bear. 

4.2 Energy Requirements 

'nle coat of natural gas used as a fuel and feedstock for ammonia 

and urea production is bec01ling increasingly important in determining 

the ecoDOllica and location of future nitrogen fertili2er planta. 'nle 

Fertilizer Inatitute Survey ind~cated that the average energy con

auaption to pr~~uce one metric ton of urea in the U.S. is about 

39 aillion Bro which t. in good agreement with the uauaption 

uda in Ref. 1 of 35 aillion BTU. Although significantly lower 



-10-

f igur~ are now claillled for energy consuaption it is assumed ln this 

paper that the energy consuaption will fall to 32 million BTU per 

metric ton of urea. This figure however would als~ include bagging 

operation costs which would be about 0.6 &illion BTU per ton of 

product bagged. Energy costs have been calculated for a range of 

gas prices froaa US$1.0 to US$5.5 per million BTU. The results are 

given in Figure 3. 

4.3 Availability and Opportunity Cost of Natural Gas for Nitrogen 

Fertilizers 

As natural gas is expected to remain the dominant feedstock for 

nitrogen fertilizer plants throughout the 1980's, those countries 

which are well endowed with g&s are likely to have a competitive edge 

in nitrogen fertilizer production. The reserves, pr~duction and dis

position of natural gas throughout the world are shown in Table l. It 

is of interest to note that in 1977 about 207 billion M
3 

of natural 

gas were flaretl, sufftcient to feed about 400 x 1,650 t.p.d. urea plants 

or almost twice the current world production of nitrogen. The mr 

deposits of natural gas are in Eastern Europe (including USSR) 

the Middle East and North America. Significant quantities of gas 

are being flared in Middle East countries, in the USSR and in several 

African countries such as Nigeria and Algeria. 

One of the mo~t important factors determining the feasibility of 

8DIDOn!.a or urea production in any country will be the economic (oppor

tunity) value of the particular gas resource available, or to be made 

available for such production. It is difficult to generalize about 

the ec:.oDOIU.c value of gas because it varies froa location to location 

~epending on the size of the resource and in the alternative 
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(cpportunity) uses of the gas if it were ·not to be used for fertilizer 

production. If the gas can be used ~or oil substitution for example, 

then the economic value of the gas would be linked to the value of 

oil which in this pa~er for the basis of comparisons is as~~~ed to 

be US$5.5 per million BTU. However in 1111!.ny countries. particularly 

developing countries, there are many occasions where this fuel oil 

substitution alternative is not available and where th~ economic 

value of gas is deteraineci by other alternatives in which gas has a 

lower value. 
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1/ 
Table l PRODUCTION AND DISPOSITION OF NG (1977) 

~Billion m
3

} 

Proved Total Coaaercial 
R/P(l) 

Nations Reserves Production Re injection Flared Proouction 

North America 7,580 699.3 37.3 5.2 656.8 10.8 

U.S.A. 5,940 597.6 26.5 3.8 567.3 9.9 

Canada 1,640 101.7 10.8 1.4 *89.5 16.l 

Latin America 3,070 88.7 25.6 13.l so.a 34.6 

Mexico 850 21.2 0.1 4.1 *17.0 40.l 

Venezuela 1,160 37.5 19.9 2.8 14.8 30.9 

Other 1,060 30.0 5.6 6.2 18.2 35.3 

Western Euro2e 3,870 192.l 1.0 11.7 179.4 20.1 

Netherlands 1,700 96.9 *96.9 17.5 

England 820 44.2 3.5 40.7 18.6 

West Germany 210 19.2 1.1 18.1 10.9 

Other 1,140 31.8 1.0 7.1 *24.6 35.8 

Africa 5,&70 75.7 7.6 40.9 27.2 77.5 

Algeria 3,540 26.6 6.2 11.8 *8.6 133.l 

Libya 730 20.0 4.2 *#15.8 36.5 

Niget'ia 1,220 21.5 21.0 0.5 56.7 

Other 1,590 7.6 1.4 3.9 2.3 209.2 

Middle East 20,370 161.0 18.2 101.3 41.5 li.6.5 

Iran 14,150 58.5 9.4 27.9 *21.2 241.~ 

Saudi Arabia 2,410 48.7 6.8 37.4 4.5 49.5 

Abu tiiabi 570 15.3 12.l 3.2 37.3 

Other 3,24'J 38.5 2.0 23.9 #12.6 84.2 

Asia & Oceania 3,480 64.1 2.1 11.5 50.5 54.3 

Afghanistan 70 2.5 0.1 *2.4 28.0 

Indonesia 680 15.l 2.1 7.3 *5. 7 45.0 

Brunei 230 9.8 0.9 *8.9 23.5 

Australia 910 6.9 0.1 6.7 131.9 

Cllina 710 13.2 13.2 53.8 

Japan 20 2.8 2.8 7.1 

Other 860 13.8 3.1 10.8 62.3 

E&1tern EuroEe 26,360 425.8 22.9 402.9 61.9 

USSR 26,040 365.0 18.8 *346.1 71.3 

Other 320 60.8 4.1 56.8 5.3 

TOTAL 70,600 1,677.3 91.8 206.6 i.,397.0 42. l 

Note (1) Proved re1erves/total production. 
(2) Asterisked figures include exports. 
(3) Figures with #marks include reinjection. 

!/ Reference 3. 
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4.4 Future Natural Gas Costs for Nitrogen Fertilizer Production in 

Specific Locations 

North America 

In 1980 the average gas price to the U.S. fertilizer industry 

was just under $2.0 per million BTU with prices varying from less 

than ~0.5 to ~bout $3.0 per million BTU. Although the 1978 Natural 

Gas Policy Act was designed to allow ~ gas to reach free market 

levels by 1985 this was based on an energy price of oil that was 

then assumed to have reached $15 per barrel. In 1981 the U.S. 

Cabinet Council on Energy and Natural Resources recommended speeding 

up decontrol of welll1ead prices of newly discovP.red gas. In 

addition it was urged that prices of currently produced gas also be 

decontrolled over a three-year period, something that would not 

occur under present law. HowP.ver it~ November 1981 it was announced 

that the further decontrol of natural gas was likely to be delayed. 

The natural gas situation in the U.S. is complex with more than 

22 categories of gas pricing. Although it is intended to achieve 

decontrol of gas by 1985 many analysts in the energy field do not 

expect that gas will immediately reach prices equivalent to fuel oil 

by 1985 but are more likel~ to average about 70-75% of oil prices. 

On the basis of oil prices equivalent to $5.5 per million BTU it 

is assumed that gas prices by 1985 will approach $4.0 per million BTU. 

Thereafter the difference between energy prices from gas and oil 

will narrow very slowly. 

In Ca-aada the situation is somewhat clearer. A new National 

Energy Agreement of September 1981 is such that the "parity relation-· 

ship" between the wholesale price of gas at the Toronto City Gate 

and the average price of crude oil at the Toronto Refinery Gate will 
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be approximately 65%. From this agreement 1t would appear that the 

price ~f gas netted back to its source in Alberta ccJld be as low as 

50% ot equivalent energy prices fror oil - say between $2.5 and $3.0 

per million bTU. 

As a result of the favorable gas prices now prevailing in 

Western Canada several ~ew projects are being studied in addition to 

four new plants that will go onstream there in the next five years. 

Western Europe 

Although a few companies in Europe mainly in Ho!land, IrelanJ 

and UK have favorable gas contracts, most others do not. Europe 

is alrEady importing natural gas from North Africa and Eastern Europe 

and in conside~ing the future of nitrogen fertilizers in Western 

Europe it is assumed that the overall average price of gas will 

approach the equivalent energy price of fuel oil by 1985. 

East Europe (Including US5R) 

This region has the largest proven reserves of natural gas and 

is also the largest producer of gas. The region has also become 

the largest producer of aumonia and is expected to have a surplus of 

4-6 million tons of nitrogen by the mid-1980'F., which should make 

it the lar0est exporter of nitrogen fertilizers. It is difficult 

to put a price on natural gas to ammonia plants in the USSR in the 

future, as this is likely to depend ~n political as well as economic 

considerations. The USSR has already exported ammonia at very low 

prices equivalent in some cases to a negative energy cost. Although 

the USSR will increase its sales of gas to Europe by pipeline which 

could net-back to about $3.5-4.0 per aillion BTU, nevertheless with 
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its large resources of gaa it i.a still in a positicu to ma.lntain a 

large nitrogen fertilizer export: business with gas at a lov political 

price if it wishes to do so. 

Kiddle East 

In terms of gas availability at low econoaic prices, the Kiddle 

East region is ext~emely well placed to produce nitrogen fertilizers. 

For many countries in the region flaring large quantities of gas, 

the opportunity cost vill be ,...1i, equivalent only to collecting 

and sweetening the gas which is likely to be below $1.0 per million 

!TU. When considering LNG as an alternative, the opportunity cost 

of gas depending on the market would be between $1.0 and $2.5 per 

million BTU. Taking into account the very large quantitie~ of gas 

available in the region and the fact that the LNG market 11UlY not 

develop as quickly as expected it seCllS likely that gas will be 

available at about $1.0 per aillion BTU and even below, although as 

mentioned earlier, gas prices in financial terms may be related to 

market conditions. 

Other Countries with Gas Available for Ammonia Production 

Several other countries are in position to provide cheap gas 

for the manufacture of amEOnia and urea for the export business. 

These include Nigeria, Mexico, Indonesia, etc. 

4.5 Estlllation of Total Production Costs for Urea for Various Regions 

Baaed on the data io Figure 3 some estimates have been made for 

total production costs for variou.a locations. In doing this, 

esaumptiona have been .. de for gaa prices, investment costs and piant 

utilization. The gas pricea are baaed on tl1e diacu11ions of the 

previowl section, inv~st:llent costs are a judgement figure based en 
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experience and inforaa~ion of Eimilar proje~ts in specific regions. 

The plant 11tilization in. e.a::h region is difficult to predict. Many 

projects are appraised and juntified on plant utili%&tions which in 

practice are not achieved. In this case. reference has been ma~e 

to the data base of the World Bank/FAO/UNIDO Fertilizer Working 

Group which monitors plant utilization for each country. Allowance 

has been mace for the fact that in some developing areas these 

averages may be depressed because of the relatively high percentage 

of total capacity which is currently being phased into production. 

Table 2 

Total Production Costs for Urea for Various Regions 

Region 

North America 
U.S.A. 
Canada 

Cen~ral America 

Westen Europe 

Easten: Europe 

Middle East 

South iast Asia A 
B 

Ga& Price 
$ per 

Mill. BTU 

4.0 
::i.o 
1.0 

5.5 

1.0 

1.0 

2.5 
1.0 

Investment 
$ per 
ton of 

Annual Cap. 

400 
430 

600 

420 

550 

700 

600 
600 

Plant 
Utilization 

% 

90 
90 

85 

90 

80 

80 

85 
85 

Total 
Production 
Cost $ per 

ton Urea 

275 
250 

245 

330 

242 

294 

293 
245 

The figures in Table 2 can only be regarded as an approximate 

guide to total production costs and hence !ut.ure selling prices. 

The figures contain two main assumptions. The first is that the gap 

between energy prices for various locations vill increase and the 

other ia that the relative advantage in investment costs of the 

developed over-developing locations will dildllish. The overall 

effect of this trend is to narrow the gap betve.m overall production 
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costs for the various regions. Taking freight ~~sts i:lto account 

it wou!d appear that no one produce1: will have a ma.1or overall 

advantage vith regard to world nitrogen fertilizer markets with the 

possible exception of Eastern Europe exporting to Western Europe. 

The position iu the U.S. is finely balanced. If natural gas prices 

stay below equivalent en~rgy r~ices of oil as indicated, U.S. domestic 

production for most areas of the co·.111try should be able to meet 

outside competition although Cauada and Central America (Mexico) 

have the possibility to increase their exportP to c~rtain areas of 

the U.S. and particularly so as gas prices i:l the U.S. increase to 

equivalent energy prices for oil. 

The case for Japan will be siailar to that of Western Europe 

and in this situation the prospects for new plants in South East 

Asia such as in Indonesia and Malaysia exporting to Japan and other 

Far Eastern markets look good. 

Although there are many doubts about the parameters for assessing 

the position of Eastern Europe and particularly the USSR as a major 

exporter in the future, undoubtedly this area has the potential to 

maintain and increase its position as the world's largest producer 

and exporter. 

Based on this analysis it seems likely that the realization 

price range to justify new inveatMnt would have to be about 

$275-300 per metric ton of bagged urea. 

l 
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5.0 PROSPBATE FEllT!LlZERS 

In order to assess the effect of energy and investaent related 

costs on the total cost of producing phosphate fertilizers in the 

future in different locations, triple superpbosphate bas been used 

aa a basis, aa it is the aajor concentrated siugle nutrient phosphate 

fertilizer. 

The production of triple 3Uperpboapbate iuvolv~s three main 

operations; the mining of phosphate rock, the production of sulphuric 

acid and phosphoric acid and f il:ullly the production of granular 

triple auperphoaphate froa phosphate rock and phosphoric acid. Each 
/ 

of these operations has been considered GVer a range of investmeAt 

costs likely to prevail at different loeationa, and the main components 

of production co9ts have been estimated for nev pl.ants that would come 

onstreaa in the mid-1980's. Finally the overall coaponents of 

production costs have been estimated in order to assess the overall 

effect of capital related and energy coats on total production 

costs for triple superpbosphate in a fully integrated project which 

iccludea the mine and process plants and the illportation of elemental 

sulphur. 

5.1 Mining of Phosphate Rock 

5.1.l Invutllellt Coats 

lffnfng and investment coats for phosphate rock can vary widely 

for different places and even within the same a:lne, depending on 

quality and on o:tractiou of rock and other geological collbiderations 

such aa nature and thickness of overburden etc. The overall production 

co8ta can also vary a great deal for different locations depending 

on infrutructural consideration• such aa rail llDcl port facilities, 
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fresh water availability, etc. For a good quality rock witn simple 

benef iciation neeJs and high recovery rates the investment require-

ments can still be as low as $50 per annual ton of product capacity. 

For a new mine at a remote location where all infrastructure has to 

be provide~, the cost of investment can rise to more than $200 per 

annual ton of product capacity. 

The estimated components of production cost for ~ining a rock of 

good average quality in different locations is shown in Figure 4. It 

is assumed that the cost of rock in the ground is included as part 

of the initial investment cost and the mine has- been depreciated 

over 20 years. The average cost figures used are based on a review 

of many mining operations in different countries and assume that open 

cast mining and wet beneficiation techniques are used. It is important 

however to appreciate that mining costs can vary widely - much more 

so perhaps than the chemical processing operations considered sub-

sequently and so the figures used must be regarded mainly as average 

or typical costs essentially to demonstrate the relative effect of 

energy and capital related costs on total production costs. 

Energy Costs 

According to The Fertilizer Institute Survey, the average energy 

requirements for the unit operations used in phosphate rock mining 

in the U.S. are as follows: 

0peration 

Mining and Reclamation 

Benef iciation (wet) 

Rock Drying 

Energy Required Million BTU per Metric Ton 

0.29 

0.39 

0.44 
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Within the laat three years, a great deal of infor.nation has been 

made available on the mining operations in Florida and elsewhere beth 

from studies commissioned by the U.S. Bureau of Mines and also from 

several multi-client studies carried out by major consulting companies. 

In assessing the energy costs in Florida it has to be appreciated 

that this locatiou is a relatively ~igh level energy user. The 

average grade of ore mined in Florida is about 10% and recovery is 

about 60% whereas i~ many North African countries and also in Jordan 

the grade of ore as a.~ned can f~ll in the range of 25-30% P2o5 and 

of ten only simple beneficiation operations, involving a low energy 

requirement, are needed. 

The average energy consumption in the U.S. to produce one metric 

ton of rock varies from about 0.8 million BTU up to about 1.6 million 

BTU with an average of about 1.1 mi~lion BTU. As energy is mainly in 

the form of electric power and also because in most areas of the world 

where phosphate rock occurs, cheap gas is not normally available, an 

energy cost of $5.5 per million BTU is as~umed. On this basis it is 

estimated that a typical cost of energy per metric ton of rock in 

the future will be about $6.0 of which about $2.0 is required to dry 

the rock. 

Total Production Costs 

Phosphate rock production costs for different locations and 

investment cost• are given in Figure 4. Transport costs from the 

mine to the port are included both in the investment and operating 

costs and the results indicate a total production cost of between 

about $28 per ton on a developed site and up to about $60 per ton on 

~ developing site. The most important component of cost is capital 

related which varie• from about 40 tu 70% of total production cost. 
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"Other Costs" which include labor and administration, chemicals, 

transport, etc. is the se~~nd most important component. Energy costs 

are significant but they normally amount to less than 20% of the 

total costs and are not therefore an overriding factor. If we assume 

for example that energy price !ncreases in real terms by about 3-1/2% per 

annum in five yenrs this would mean an increase in total production 

costs of less than $1.5 per ton of rock. 

Phosphoric Acid 

Investment Costs 

The cost estimates are based on a phosphoric acid-sulphuric 

acid complex to produce 1,000 t.p.d. P2o5 
as merchant grade acid. It 

is assumed however that the acid plants would be near the rock 

mine and that wet phosphate rock would be used. The complex would 

alsc include a totally integrated energy system. In order not to 

overestimate the cost of infrastructurl?, it is assumed that the main 

infrastructural facilities are included in the overall investment 

costR for phosphoric acid. The transfer price of wet rock for each 

scenario has been taken as $35 per ton of rock calculated on a 

dry basis. A conventional dihydrate process ia consi~ered in the 

assessment. The phosphoric acid plant on a developed site would 

apply mainly to Florida and to some locations in North Africa and 

elsewhere where there is already an established phosphate industry. 

Although the investment costs are presented in the form of investment 

cost per annual ton of P2o5 
capacity, for a developed site and a 

1,000 t.p.d. P
2
o

5 
pl~nt, the actual investment cost is likely to 

fall in the range of $150-200 million, for a developing site about 

$200-250 million and above for $250 million for a remote location. 
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Energy Costs 

The Fertilizer Institute Survey shows the following average 

energy usage for the manufacture of phosphoric acid in the U.S. 

Operation Energy Required Million BTU per Metric Ton of P2o5 

Filter Grade Acid 
(from wet rock) 3.5 

Concentration to 
Merchant Grade 5.9 

9.4 

On average the average energy recovered from burning sulphur to 

produce sulphuric acid is 3.5 million BTU per ton of P2o5 produced. 

This means therefore that the average energy input per ton of P2o5 

produced is 5.9 million BTU. 

This energy requirement is very high taking into account the 

potential to recover heat from sulphuric acid manufacture and is due 

largely to the fact that because energy prices have been so low in 

the U.S., there has been little incentive to recover maximum heat 

during phosphoric acid production. Some plants in the U.S. however 

do reasonably well as can be seen f~om the lower inte~quartile T.F.I. 

figures. 

Operation Energy Requi.:ed Million dTU per Metric Ton P2o5 

?ilter Grade Acid 2.5 

Concentration to 
Merchant Grade 4.4 

Energy Recovered -5.7 

Net Energy Required 1.2 

In the cost estimates it is assumed that the energy consumption for 

new plants should not be in excess of about 2.5-3.0 million BTU 

which at present oil-equivalent energy prices of $5.5 p~r million BTU 

wo•.\ld result in an energy cost of $15 per ton of P 2o5 when starting 

with wet rock and sulphur. 
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Total Pr~uction Costs 

For a developed site the total production cost for phosphoric 

acid will be between about $42~470 per metric ton of P 2o5• For 

developing sites the cost is much higher. The main component is 

the cost of the raw -terials - phosphate rock and sulph.ar. Energy 

and other coats fora a relatively 811&11 part of total cost - less 

than 5%. Capital related costs are a significant item particularly 

for developing sites and emphasize the advAntage of building new 

plants on sites with existing infrastructure. 

If energy costs increase at a rate of 3-1/2% per annum during 

the next five years it would only increase the cost of producing 

phosphoric acid by about three or four dollars. However there are 

certain developments now underway such as the increased use of the 

hemihydrate process, increased heat recovery from sulphuric acid 

production, etc. that could actually reduce or eliminate the energy 

required for phosphoric acid production. 

5.3 Triple Superphosphate 

5.3.1 

It is assumed that the triple superphosphate plant is part of 

an integrated phosphate complex and the costs for 1SP have been 

calculated on two bases. In the first, it is assumed that the starting 

materials are phosphoric acid and phosphate rock. AJJ in the previous 

case for phosphoric acid the transfer price of rock has been taken 

as $35/ton. In the second case the overall production cost of 

phosphoric acid had been calculated by integrating the costs of 

phosphate rock, phosphoric acid and TSP production. 

Inveatllent Costa 

The investment coats ar~ baaed on a slurry granulation process 

with an output of 1,200 t.p.d. of gruwlar TSf. The effect of 
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location on investment coat ia aaiDl.y COYered in the transfer price 

cf phosphoric acid so that the d:l.f ference in inveac.ent for the 

three regions is due mainly to the additional storage and working 

capital needed on the developing 11ites. !he cost of a large TSP 

plant with supporting facilities on a developed site would be about 

$35 million and with working capital at about $12 llil.lion the total 

investment would be equivalent to $120 per anm•al ton of capacity. 

5.3.2 Energy Costs 

The main energy costs for TSP productlon are for electricity for 

the granulation and drying plant and gas or fuel oil to dry 

the product. According to The Pertili.zer Institute Survey, about 

1.6 million B'lU are required per .etri.c taa TSP with an interquartile 

range of about 1.2-3 aillion BTU. For a nev plant it has been 

assumed that 1.4 aillion BTU would be required equivalent to an 

energy cost of $8 of which about one-third would be required for 

electricity and the remainder as gas or oil for drying. 

5.3.3 Production Costs 

W\,_ ... considering the manufacture of TSP separately, the major 

coat of production ia the cost of rav .. teriala which COiiea to 

about 75% of total production costs. Capital related costs amount 

to about 15% and the remaining 10% or less is for energy and other 

coats such as labor and overheads. 'lhe841! costs are shown in Figure 6. 

The costs of production when coa.s:ldering TSP in a completely 

integrated process with only the purcbue nf sulphur are shown in 

Figure 7. I119ut-1lt per annual ton ot capacity includes the coat 

of aining and prod11cing both phosphoric aci.cl and TSP. Overall the 

capital related costs vary frOll about .50-70% of total production 

costs, and eaergy costs are between 10-7%. T'ae relatively low 
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energy requirements to produce phosphate fertilizers is due aainly 

to the heat re.:overed when burning sulphur to procluce sulphuric 

acid. The total beat released is equivalent to about 5 aillion BTU 

per ton of sulphuric acid or about 15 ail.lion BTU per ton of sulphur 

burned. This is roughly equivalent to about 0.3 tons of fuel oil. 

In practice not all of this heat is recOVP-red and only about 40% 

recovery has been a&SUlled in this paper. 'Die tocal cost of energy 

to produce one ton of TSP is about $20 ad if eDerl7 price increases by 

about 3-1/2% per annua for the next five years in real teras this 

would increase the cost of TSP by $4-S per tan. llolN!ver it seems 

likely that new plants will incorporate facilities for energy 

recovery that could compensate to a large extent the increasing 

energy prices. 
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POTASH FERTILIZERS 

Like phosphate rock, the wining and beneficiation of potash 

varies significantly from location to location. However it seems 

likely that as most new capacity outside the Centrally Planned 

Economies will be developed in Canada. this lCM:ation has been taken 

as a basis for est:iJlating investment and production costs. 

6.1 Investment Costs 

Costs estilllates are baaed on a aine in Canada using underground 

dry mining with convenCional flotation and crystallizer scavenger 

circuits for beneficiation. The capacity of the aine is assumed to 

be 2 million tons of product per year. Although direct operating 

costs are relatively cheap in C&nada, invest:aent costs a~e rather 

high because of the difficult clillatic conditions there. Although 

there is only liaited information available on investment costs for 

potash in different locations. based on the information available 

for nitrogen and phosphate fertilizers a range of investment costs 

have been projected for different locations. It is assumed that 

Canada would coae toward the higher range of investment costs for a 

developed site 'fhen cODSidered as an ex-mine cost basis (about $300 

per annual ton of capacity) but tovard the center of the range for a 

developing one when account is taken of the cost and facilities 

required to transport the product to a port. 

6.2 Energy Coats 

The average energy c:oaaumption for potash by shaft mining in 

the U.S. according to ?be Pertilizer Institute Survey is: 

Energy Required ll111J.oD ITU per Metric Ton Product 

.Q!!. Electricity Total 

1.36 1.06 2.4 
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These figures are higher thau those reported for Canada but this is 

most likely due to the fact that the U.S. figures contain some 

plants with high energy usages. In Canada most new plants will use 

physical rather than thermal me~hods of benef i~iating p~tash and 

will therefore require less energy on average. It has been assumed 

therefore that the energy usage per ton of potash product ex-mine 

is 1.8 million BTU. At $5.5 per million BTU this energy would cost 

about $10. 

6.3 Total Production Costs 

Total production costs including return on investment and 

interest charges for a new mine in Canada would fall in the range 

of $80-90/ton ex-mine and exclusive reserve taxes. Allowing a 

transport cost of around $30/ton this would give an f .o.b. total 

production cost of $110-120/ton. In terms of ex-mine costs, energy 

would amount to about 10% of total production costs assuming that 

energy costs rise to equivalent energy costs for oil. In fact in 

Canada as discussed earlier, gas prices are only likely to rise to 

about 65% of their value. Energy is therefore not likely to be an 

overriding factor in future potash costs or selling prices. Capital 

related costs \1ill remain by far the most i~portant component of 

production costs comprising on average about 70r. of the total. The 

costs for potash are shown in Figure 8. 
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FIGURE 1 

THE EFFECT OF REDUCED PLANT UTILIZATION 
RELATED TO THE EQUIVALENT INCREASED COST 

OF GAS TO MAINTAIN SAME R.0.1. 
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FIGURE 2 

COST OF TRANSPORTING LIQUIFIED NATURAL GAS 

Netback Value of Natural Gas Uqui:actlon Costs Freight 
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AGURE3 

UREA PRODUCTION COSTS FOR DIFFERENT LOCATIONS, 
INVESTMENT COSTS AND ENERGY PRICES 
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F1GURE4 

PHOSPHATE ROCK PRODUCTION COSTS 
Ft'lR DIFFERENT LOCATIONS AND INVESTMENT COSTS 
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RGURE 5 

PHOSPHORIC ACID PRODUCTION COSTS FOR DIFFERENT 
LOCATIONS AND INVESTMENT COSTS 
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RGURE 6 

TRIPLE SUPEAPHOSPHATE PRODUCTION COSTS FOR 
DIFFERENT LOCATIONS AND INVESTMENT COSTS 
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AGURE 7 

OVERALL PRODUCTION COSTS FOR TRIPLE SUPERPHOSPHATE 
INCLUDING ROCK AND PHOSPHORIC ACID 
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AGUREB 

POTASH (600/a K20) PRODUCTION COSTS 
FOR DIFFERENT LOCATIONS AND INVESTMENT COSTS 
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