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Because of the natural gas shortage, there is concern about mee~ing U.S. 

fertilizer needs. Planning must take into account the possibility that 

natural gas will be either available only at very high cost or unavailable 

at any cost, so alternate fuels and feedstocks have to be considered. 

The problem is urgent. At least one-thlrd of the food and fiber produced 

in this country iS attributed to fertilizers with nitrogen being the 

nutrient of major importance. Practically all nitrogen fertilizer is 

made from ammonia, which is in turn made from natural gas. If natural 

gas is unavailable, and the a~onia production is lost, a substantial 

portion of the food and fi~er produced in this cohntry will be lust. 

Neither this country nor the world can tolerate such a situation. 

The fertilizer industry uses onl~ about 3 percent of th~natural &as 

cm~sumed in the U.S. However, the total picture indicates that natural 

~as reserves in the U.S. are said to be about 240 trillion cubic feet 

and total annual consumption to be about 22 trillion cubic feet. Even 

including gas resources due to increased production from known fields 

plus gas likely to be discovered in the future, most experts predict 

that our gas will be depleted during the next 30 years or so. Between 

now and then, we expect gas to become increasingly costly or unavailable 

to those on interstate (regulated) supplies. 

Durin& the w i n t e r  o f  1976-77, about 730,000 tons of ammonia p r o d u c t i o n  

was lost because of natural gas curtailment. In 1975-76, about 350,000 

tons ~as lost and before that, a significantly lesser amount. Ammonia 

production losses due to gas curtailment are therefore increasing rapidly 

so there is a pressing need to develop the technology and economics for 

uslng alternate feedstocks. 
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Naphtha or fuel oll could replace natural gas ,  but they are also scarce 

and are expensive. Coal represents the only viable alternative for the 

foreseeable future. 

Coal  has  been used f o r  y e a r s  t o  produce ammonia, The Germane deve loped  

t h e  t echno logy  b e f o r e  World War IT,  aud t h e  t e c h n o l o g y  i s  s t i l l  i n  u se  

in Europe, Africa, and Asia. However, there is a need for the development 

and demonstration of U.S, technology uslnE U.S. equipment, methods, and 

expertise. 

During 1975 TVA and The Fertilizer Institute (TFI) identified the need 

to develop efficient U.S. technology for production of ammonia from U.S. 

coal as the number one priority need for the nation's fertilizer R&D. 

In August of 1975, TrY appealed to TVA's Board of Directors for TVA to 

undertake the development and demonstration of the production of ammonia 

from coal. About this time, other U.S. organizations also identified 

the solution to the ammonia feedstock problem as being the number one 

R&D need in the industry. TVA responded to this need and the A~nonia 

from Coal Project was initiated. 

The initial problem was to define a couTse of action. In view of the 

uncertainties involved as to the most appropriate gasi£1cation process 

to be used, initial plans were to construct pilot plants (0.9 metric ton 

of coal per hour capacities) which would test and demonstrate five of 

the leadlng processes as shown in Figure i. Common coal handllng and preparation 
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facilities, gas desulfurization and purification, and an ammonia synthesis 

section would be installed to serve the multl-pilot-plant facilities. A 

cost estimate was prepared for this system, but because the cost appeared 

excessive and the time involved in obtaininK useable results would be 

too lon8, this approach was abandoned. 

Further analysis revealed that the lowest cost and quickest way to meet 

the immediate needs of the U.S. fertilizer industry was to retrofit a 

coal gasification sysnem onto TVA's small, but modern, ammonia plant at 

Muscle Shoals. The TVA ammonia plant is a 225-ton-per-day, natural gas, 

steam reformlng plant, completed in 1972. The plant has two reciprocating 

compressors, each with 6Q-percent capacity; therefore, the plant can be 

turned down to 60 percent of capacity. The least-cost installation: 

therefore, would he a coal gaslficaulon facility that would produce 60 

percent of the gas needed by the ammonia plant. In order that the 

greatest use b e  made of the existing plants the gas should be introduced 

as near to the ~ront end of the ammonia plant train as possible as shown 

in Figure 2. Thus, the existing shift, CO 2 removal, methanation, and 

synthesis sections would be utilized to minimize the amount and size of 

new equipment required. The technical pro51em would he to provide a 

gas that would match the composition, temperature, and pressure of the 

8as coming from the existinE secondary reformer. With this arrangement, 

the plant could be operated wlth 60 percent of the synthesis gas from 

coal and 40 percent from natural gas or at 60-percent capacity with 

synthesis gas only. 
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A set of erlterla was developed for seleetlnE the Easlfloatlon process. 

These criteria were (i) that the synthesis gss be composed of primarily 

hydrogen, CO, C02, and nitrogen in the same concentrations that exist in 

the present plant downstream of the secondary reformer, (2) that the gas 

be at the same temperature and pressure at t h i s  point, (3) that the 

gasification process not produce a large amount of methane which would 

require separation for either reformlns or burning as fuel, (4) that the 

process accepts a variety of U.S. coals, (5) that the process not produce 

oils, tars, phenols, and other contaminants which would have to be 

disposed of in an aconomlcally and environmentally acceptable way, (6) 

that the process be developed at a commercial or near-commercial state 

of the art, (7) that the process be of U,S. development, and (8) that 

the process be economlcally competitive with other available coal-based 

processes. After a thorough review of all the processes that could be 

considered, it was concluded that the partial-oxidation process available 

from the Texaco Development Corporation, which had been commercialized 

with oil feedstock, best met the criteria, so it was selected for the 

TVA proSect. DasiEn conditions are to gasify 168 tons per day of coal 

at a pressure of 490 psig to produce 135 tons per day of ammonia. 

The TVA demonstrat ion f a c i l i t y  should provide a basis f o r  r e t r o f i t t i n g  

e x i s t i n g  p l an t s .  There are about t h i r t y  1000-ton-per-day n a t u r a l  gas- 

steam reformin8 a~nonia p lan ts  operat ing i n  the U.S. I n  t o t a l ,  there 

are about 100 na tu ra l  gas-steam reforming ammonia p l an t s  producing about 

17 m i l l i o n  tons of ammonia per year i n  the U.S. 
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Xt is recognized that differences from plant t o  plant~vlll require 

special consideration. A case in point is high-pressure steam generation 

for stesm turbines drivln 8 centrlfugal compressors. TVA's compressors 

are electrlc-motor driven. The typical 1000-ton-per-day ammonia plant 

has high-pressure steam generatlon in the reformers and waste heat 

boilers. If this steam were not produced because the reformers were 

e].~nateds the steam would have to be raised either by waste heat 

recovery or in coal, coal gas, or fuel oil-flred steam boilers. This 

requirement could be about 400~000 pounds of 1500-pslg steam per hour 

for a 1000-ton-per-day ammonia plant. It is unlikely that this total 

amount could be produced as waste heat at the gasifier, and additional 

boiler capacity probably would have t o  be pro~-Ided. 

Waste heat recovery fro= t h e  raw gases from the gasifler presents 

dlfflculn problems as to slag deposition on tubes, erosion, and metallurgy. 

For thle reason a waste heat boiler~-lll not be installed initially in 

the TVA project. Provisions will be made for possible future installation. 

The current status of TVA's Ammonia from Coal Project is as follows: 

Coatraote have been awarded to Foster Wheeler Energy Corporation, Badger 

Plants, ~nc., and Brown and Root Development, ~nc., to prepare definltive 

engineexing studies end cost estimates on the coal gasification and gas 

purification unit. These awards were made on the basis of competitive 

bidding after eight bids were received. The three contractor.q, in 

acceptlng the awards, have agreed that they will submit lump sum bids 

based on their snudles and cost estimates for the englnearlng, procurement, 
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and erection of the facility. A final contrac~ will be awarded for this 

phase in January 1978. An award has been made for the elf separation 

plant to Air Products and Chemicals, Inc., to provide the oxygen and 

nitrogen to the facility. Work by TVA forces is p~oceeding on the 

engineering, procurement, and erection for the coal handling and preparation, 

ash disposal, modi£ications to the existing ammonia plant, and services 

and utilities for the entire complex. The TVA facility will begin 

operation in late 1979. 

In addition to the TVA Ammonia from Coal Project, there are two other 

coal  g a s i f i c a t i o n  p ro j ec t s  appl icable  to ammonia tha t  are  being conducted 

by the U.S. Energy Research and Development Adminis t ra t ion (ERDA). One 

is a contract with W. R. Grace & Company, in conjunction with Ebasco 

Services, Inc., and the other is an agreement to negotiate a contract 

with Air Products and Chamlcals, 7nc. The Grace/Ebasco plane would use 

the Texaco process and gasify 1700 tons per day of coal at a pressure of 

2500 pslg. The gas would be scrubbed, purified, and sent to a new 

ammonia plant not funded by ERDA. A feasibility study will be made 

first and operation is scheduled for mid-1982 if a "go" decision is 

made. This is one of two contracts competing :or funds available for 

one plant. The other contract is with Memphis Light, Gas, & Water 

Division, which does not involve mmnonla. The Air Products Plant would 

use the Koppers-Totzek process and gasify 1210 tons per day of Texas 

lignite to produce H 2 and CO which are to be distributed through an 

existing plpellne to chemical industries in the gulf coast region. 

Operation is expected to begin in late 1981. The ERDA and the TVA 

projects complement each other in that the ERDA plants involve grassrooEs 

preJeets, and the TVA plant is a retrofit project. Also, the TVA 
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project is on an accelerated schedule that should provide useful information 

for the ERDA ammonia from coal projects scheduled to come on stream 

later. 

In addition to the pro~ects mentioned above, ERDA is engaged in numerous 

synthetic natural gas and low-Btu fuel gas projects. One of these 

involves the installation of LurEi Easifiers on the Powerton Pro~ect in 

conjunction with Co~onwealth Edison and the Electric Power Research 

Institute. 

Aside from the TVA and ERDA efforts, there is a great deal of work being 

done around the world based on German coal technology and Shell and 

Texaco petroleum technology. At present, there are at least fourteen 

coal-based ammonia plants in operation: one Lurgi, ten Koppers-To~zek, 

and three Winkler. None of these plants are in the U.S. There are also 

larger numbers of Shell and Texaco petroleum-based partial-oxidatlon 

plants in operation producing ammonia, some of which are in the U.S. Of 

the current world ammonia capacity of about 77 milllon short tons N, 54 

percent is based on natural gas, 13 percent on naphtha, 12 percent on 

coal or noke, with the remainlnE ii percent equally dlvided among other 

feedstock sources. 

I n  order to assure havlug as much backgrouud Informatlon as possible for 

the pursuit of the TVA project, and to obtain Informatlon to present to 

the U.S. fertilizer industry, members of TVA's Ammonia from Coal Project 

staff traveled to South Africa, India, and Germany duriuE the summer of 
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1977 co v i s i t  operaCin E p l a n t s  and process  developiug  f i r m s  who were 

concerned wi th  producing a ~ o n i a  from e i t h e r  coa l  o r  pe t ro leum produc~s,  

The group t r a v e l e d  to  South A f r i c a  and v i s i t e d  the  South Af r i can  C o L ,  

O i l ,  and Gas Corpora t ion  Limited (SASOL) p l a n t  i n  Sasolburg and Afr ican  

Explosives and Chemicals Tndustrles Limited (AE&C~) in Modderfonteln. 

The SASOL plant is large, complex, and relatively old, The SASOL staff 

were quite outspoken in their praise for the LurEi process and considered 

Ic to have major advantaEes over other coal Easlficaclon processes. The 

plant consists of 13 Lursi coal gaslflers that produce Eas used in four 

different ways as shown diagrammatically in Figure 3: (I) to gu~nlsh 

town gas, (2) to feed the Synthol (developed from the old Kellogg process) 

Piseher Tropsch unit to produce gasolines and light hydrocarbons in a flnidized 

bed unit, (3) to feed the Arge (based on old Ruhrchemie/Lurgi techuoloEy) 

Pischer Tropsch process to produce heavy oils and waxes in a fixed-bed 

nl~It, and (4) to produce ammonia in a 230 mtpd ammonia plant. 

The coa l  used con ta ins  21 pe r cen t  v c l a t i l e s  and 30 to  36 pe r cen t  ash .  

The ~sh fu s ion  t empera tu re  i s  b e ~ e e n  2460 ° F and 2730 ° F. Oxygen 

i s  produced wi th  a p u r i t y  of  98 p c : c e n t .  The g a s i f i e r  o p e r a t i n g  p r e s s u r e  

i s  about  400 p s i a .  G a s i f i c a t i o n  tempera ture  i s  around 2190 ° F. The raw 

gas from the g a s i f i e r  c o n t a i n s  s l g n l f i c a u t  quancir.~es of  condensibles~ 

such as  a ~ o n i a ,  phenols ,  and t a r s  which a re  r ecove red  f o r  f u e l  usage or  

s a l e .  Water from b i o l o g i c a l  t rea~nenc i s  used Co t r a n s p o r t  the ash .  

The ash improves the  wa te r  c o l o r  and p r e c i p i t a t e s  f l u o r i n e  from the wa t e r .  

P P 
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Of the 13 8aslflers, SASOL runs ll and maintains 2 on standby. Four 

larger gaslfiers are currently under consttuctlon. The existln E 13 

~asifiers are about 12 feet in diameter and the 4 new gasiflers are 

about 13 feet in diameter. It was sald that two of t~e new gasiflers 

would supply a ll00 stpd ammonia plant. The present gaslfier availability 

was given at about 85 percenu. 

The AE&CI plant was designed to produce 1100 stpd total combined NH 3 

plus methanol. The methanol plant is rated at 57 stpd and was completed 

late in 1974, but they are Just now getting good operation. During the 

give days preceding the visit of the TVA team, 1025 stpd of NH 3 plus 75 

stpd of methanol were produced. The plant has six Koppers-Totzek gaslflers. 

All six are normally used, but if necessary, full production can be 

malntalned with five gaslfiers only, 

Zn early operations there was ~rouhle with serious loss of the refractory 

in the gaslflers. The remedy for this was, inltlally, to operate at a 

lower temperature, with lower efficiency hut, subsequently, modifications 

were made to the system. Despite the other difficulties encountered, 

raw gas composition has always been satisfactory. 

The coal, conts/nlng ? percent moisture, is dried and pulverized to 90 

percent passln~ 175 mesh size. The Easlflers are two-headed and jacketed; 

each head is provided with two screw feeders. Oxygen and steam are 

admltteld into the screw feeder where they are mixed with the coal, thus 

eonveyln8 it into the gasifier by entrainment. The geslfler reactions 

take place at 2900-3600 ° F and slightly above atmospheric pressure. 
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After gasification and water scrubbln~, the raw gas is stored in a gas 

holder as shown in Figure 4. It then passes through two electrostatic 

precipitators to centrifugal compressors~ which compress the gas to 450 
J 

pslg and later to 750 psi 8. It is then sent to furthe~ processing in a 

Rectisol unit, a shift converter, a liquid nitrogen wash tower, and an 

mamonia synthesis unit. 

~n the compressor hou:;, there is a 12-polnt CO monitor that monitors 

specific equipment points at which CO is most llkely to be present; 

general atmospheric monitoring is cons Tdered to be inadequate. 

The Fertilizer Corporation of India (FCI~ Talcher, coal-based plant is 

designed to produce i000 stpd ammonia and 1650 stpd urea. Zt will 

receive 3300 stpd coal and 15 million gallons of water per day, and use 

55-MW of electric power. Tt is on an 830-acre slte and is said to have 

cost about $184 million. 

The coal-based ammonia plant at Ramagundam is to be essentially identical 

to the Taleher plant. The Talehar plant is 98-percent complete and 

Ramagundam is about two months behind Talcher. The previously announced 

plant to be built at Korba has been indefln~cely postponed. 

The Ramagundam and Talcher plants  have three Zoppers 4-headed ~as i f i e r s ,  

each equlvalent to about 330 stud of ammonia, for a total gasification 

capacity equivaleut to i000 stpd of am~onla at each plant. 
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Deslgn gaslfleation temperature is 2900 ° ~ at 16 inches of water pressure. 

Gas and enuralned slag, after quenchinE Eo 1600-2000 ° F, will flow 

upward into a large waste hea~ boiler. Slag will flow out the bottom of 

the gasifier into a water quench seal and collecting pit located below 

the gas!fief. Ash solidified and separated in the waste heat boiler 

will also fall through a duct into the colle~tln~ pit. 

The waste heat boiler is a larEe cyllndrlcal vessel containin8 a radiant 

section and a two-part convection section. The eases will be cooled in 

the radiant section at very low velocltles to a temperature of 930-1100 ° 

F, which is well below the ash fusion temperature. For the most part, 

the ash partlcles will agglomerate and fall through the duct into the 

collecting pit. After the radiant section, there is a convection section 

with slanted tubes to allow the ash collected on them to fall off. This 

section is followed by a horizuntal tubed section. The gas exit temperature 

will be 570 ° F. 

The gas w-Ill pass to a cooler-washer where most of the remaining flyash 

will be removed and the gas cooled to 100 ° F. Further particulate 

removal will be accomplished in Tyss~.n separators and two primary and 

one seconder 7 electrostatic precipitators. 

The 8as will then Eo to a 8as holder after which turblne-drlven raw gas 

compressors will deliver the Eas at 460 psia to HCN removals desulfurIzatlon, 

shift converslon~ CO 2 removal, and nitrogen wash. From here, the Eas 

will go to a standard ammonia synthesis unit. 
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The Talche~ plant is in the final phase of. construction and initial 

commlsslonlng. One of the two air separatlon unlts had been run for 

several days and the other was started the day before the ~Islt. The 

steam boilers ware also in opezatlon. 

In Germany, rip, its were made to the process developing firms of Lurgl in 

Frankfurt, Krupp-Koppers in Essen, and Davy Powergas, which offers the 

Winkler process, in Cologne. 

It was suggested at T urgl that part of the condenslbles~ the "oil," 

could be hydro-treated over a catalyst to convert organic sulfur to H2S , 

to reduce the CO content to five percent, and to reduce the HCN to 

me,hans and ammonia. The resulting purified naphtha could be used as 

fuel. It was also suggested that the other part of the condensibles, 

~he "tars," misht be used directly as a fuel under some conditlons. 

Lurgl stated that the most economical scheme would be to treat the 

=ondenslbles separanely by convertln 8 them to marketable byproducts and 

to use the purified synthesis gas for ammonia production. It was suggested 

that methane and CO could be separated in a cryogenic unit and sold for 

town gas or be fed by compression to a steam reformer. 

7 t  was pointed out  t h a t  Lurg~ has the lowest  oxygen requlrement  o f  a l l  

c o m m ~ c l a l  g a s l f l e r s .  Other  cond i t ions  be ing  e q u a l ,  the  requlremene 

ranges ~rom 0.Ii sc f  oxygen per scf of synthesis gas for active llg~ites 

to 0.21 scf/sc£ synthesis gas for anthra~/tes. In addition, it was 

stated that Lurgl requires an oxygen purity of only 90 percent, which 

should reduce the cost of the air separation plant by about I0 percent. 
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At Da~-y Powergas (DPG), it was learned that DPG has the experience of 

havil~bui~t 16 plants wiuh a total of 36 ~inkler generators using a 

wide variety of coals. Twelve of these 16 plants have been for the 

production of a~onia, end 3 plants are still in operation, All of 

these plant& were operated at near atmospheri~ pressure. However, a DPG 

task force has been working on a pressure system for about 3 years. DPG 

is now ready to offer, with guarantees, a process operating at 45 pslg. 

The reasons for choosln8 ¢5 pel 8 lot ammonia synthesis applications are: 

(1) I t  does not involve the use of novel equipment. 

(2) The pressure is sufficient to allc~ final particula~ 

removal in venturl scrubbers rather than electrostatic 

precipitators. 

(3) 

(4) 

The slight increase in methane content caused by operation 

at 45 pslg can be counteracted by a slight increase in 

temperature. The modern Winkler generators with a 

radiation ring boiler near the top of the generator 

allow operation at higher temperatures as has been proved 

at a plant bttilt by DPG in Turkey. 

The gas needed f o r  a i i 0 0  tpd Nil 3 p l a n t  can  be produced 

i n  2 W i r i e r  g e n e r a t o r s  o f  a commerc ia l ly  p roven  s i z e  

i f  opera ted  a t  45 p s l g .  
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Major savings in capital cost and compression costs 

can be obtained at this pressure level without increasing 

the msthane content of the ss~Ithesis gas. 1"ne ash 

leaves the 8asifiermai~Lly in the form of a flyash. 

This Wiv/~ler flyash is a combustible char contai~ng 

about 6-12 percent of the carbon in feed depending on 

coal properties. Over 90 percent of this £1yash is 

removed in a dry state and used as an auxiliary fuel for 

producin 8 additional high~pressure steam which is needed 

in coal-based ammonia plants. The ash removed at the 

bottom of the generator and the ramainin 8 flyash removed 

in the wet scrubbln8 seculon, contain only about 2-3 

percent of the carbon in the feed; thus 97-98 percent of 

the carbon values in the feed are utilized within the 

ammonia plant. 

DPG is currently looking at higher pressures, at least 200 psig. This 

is the minimum pressure needed for co~ined cycle power generation 

processes. 

A wide variety of coals has been  gasified in the Winkler 8asifier. 

However, lisnites and subbituminous coals are preferred. The Winkler is 

a nonslasBin 8 gasifler operating at temperatures lower than the ash 

fusion temperature but still hiEh enough to prevent fo~tion of methane 

a~ condansibles. Coals with r~ctivity lower than that of li~xltes and 

subbiL~m/nous coals can also be 8aslfled by operatln8 the generator ~rl~h 
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a closer approach to the ash fusion temperature in the suspension zone. 

This is done by including a radlant ring boiler in the upper section of 

the gaslfler. 

DPG feels that the major advantages for the Winkler Easifier are its 

simplicity and high capacity per uni~ and ~hat the nonslagglng operation 

Elves a hi@h on-stream efficiency. The large inventory of the fluidized 

bed provides a safety a~ains~ oxygen h~eakthrough and tends to even out 

the variations an the quality of feedstock. Additionally the process is 

not sensitive to feed size distribution. The unit can operate successfully 

on run-of-talcs coal fines -0.79 in + 0 in. The preferred range is -0.39 

in + 0 in, wlth the natural dlst~ibutlon obtained during simple crushing 

operations. This is an advantage, especially, when gasifying low-grade 

hlgh-ash coals since no pulverization of coal is required. 

At Erupp-Koppere t h e  Koppers-Totzek pro~eBs was r e v i e w e d  in detail. 

Koppers staned that the Shell-Koppers development proEram at the RarburE 

refinery of Deutsche Shell A.G. ~ near Hamburg, involved the installation 

of a demonstration gasifler that has a coal feed rate of 165 st of coal 

pc. ~ day at a pressure of ¢40 psia and is expected to reach mechanical 

completion in Dece~i~:~.r 1977. Initlal operatlon will begin shortly 

thereafter. Dry pulverized coal feed will be used. About i0 mi11Ion 

SCFD of synthesis gas will he produced. 
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Visits were also made to the following firms: 

(a) Fredrlch Uhde, GmhH, Dortmund; the englneering offices 

and computer facilities. 

(b) Braunkohlenwerka, A.G., Cologne; a coal gasification 

pilot unit under construction, based on the hlgh~pressure 

(45 psla) Winkler process. 

(c) Ruhrchemie, A.G., Oberhausan; a 7-ton-per-hour Texaco 

coal Easlfler is under construction. The plant will 

produce a CO-H 2 synthesis gas to be used in the Oxo- 

process plant for the manufacture of aldehydes from 

olefins. The facility features direct wet-grlndlug of 

coal In a concentrated slurry wlth water and a waste 

heat boiler in conjunction with the Texaco gasifier. 

At each point visited specific questicns were asked about Incldencs, 

experleneass and histories of (i) air and stream pollutlon. (2) occupational 

health, particularly results of exposure to carcinogens or cancer- 

producing materials such as coal tars, and (3) safety problems. 

Air p o l l u t i o n  problems are 5 t i n t  handled in varying degrees,  depending 

on the emission regulations i~ effect at the particular location. 

Generally speaking, air pollution controls in the U.S. will have to Be 

much more extensive than uhose seen during the nrlp. S~OL has, up 

until recently, released H2S through a boiler stack, but they have now 
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installed a Stratford sulfur recovery unit. The coals used inmost 

places visited were low-sulfur Goals. Carbon monoxide release to the 

atmosphere was allowed in some of the plants. 

Water pollution in South Africa is rigidly controlled because water is 

scarce and plant water effluents go into the community water supply 

system. Close monitoring for heavy metals has been practiced but no 

corrective action has been needed. 

Incidents with toxic fumes were reported. There have bean fatalities 

from carbon monoxide and nitrogen asphyxiations. Incidents have also 

occurred with methanol fumes. Effective corrective action has Been 

taken By installing suitable detection devices and making plant modifications. 

At no plant was there any report of cancer being caused by exposure Eo 

coal tar chemicals. At Ruhrchemie, where coal chemistry has been practiced 

since the early 19301s, it was stated that they were unaware of any 

problem. SASOL established a health program 23 years ago and monitored 

the workers for cancer, and there has not been a single cancer case. It 

was reported that the incidence of colds and flu was lower in their 

plant workers than in other persons in the area. 

It is apparent then that the experience levels of the German coal-based 

processes and similar oil-based processes are entirely adequate for the 

design and construction of ammonia from coal plants. These firms are 

contlnulnE to advancc their process technology and are anxious to have 

their processes put into operation in the U.S. 
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Each coal gasification process studied has certain apparent advantages 

in given situations. The Lurgl process would have prime application 

where there would be a use or market for a multiplicity of products 

conslstln 8 of synthesis gas, methane~ oils~ tars, phenols~ etc. Its 

best use is with those coals that have noneaking characteristics. 

The Lurgi process requires the lowest oxygen consumption. 

The Koppers-TotzeM process is said to be applicable for coals having varying 

ash melting behaviors and temperatures, reactlvICies and where coal Car 

eondensibles are no~ desired. The Koppers-Totzek process produces high- 

pressure steam in a commercially proven waste heat boiler. The Winkler 

process performs well wlth certain coals but cannot be used with others. 

Winkler does not produce condensibles, but iC does produce a char that 

must be burned or disposed of; this would not be a problem in NH 5 

production because of high-steam requirements. The Texaco process is 

not advanced to commercial use with coal hut offers the potential of 

operating at elevated pressure and is expected t o  accept a variety of 

coals without producing condenslbles. 

Development work is being carried out with both the Winkler aud Koppers- 

Totzekprocesses on Easlflcatlon at elevated pressure. Lurgi is dev~lopin E 

a slagging type gaelfler. 

Very little capital or operatin 8 cost information was available during 

the TVA team's visit. The information obtained was either inapplicable 

to U.S. conditions or was out of date. TV& has, however, recently 

prepared a series of conceptual designs and cost estimates on lO00- 

short-ton-per-day Erassroots ammonia plants. The estimated cost of a 
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natural gas-steam reforming plant is about $75 million, and a coal 

partlal-oxldatlon ammonia plant is about $140 million. The estimated 

ammonia sales price, f.o.b, plant, for lO00-ton-per-day planes is shown 

on Figure 5 for various feedstocks, The sales price includes the cost 

of raw materials and chemicals, operating labor and supervision, utilities~ 

maintenancej simple depreciation at 15 years, insurance, plant and 

administrative overheads, a 50-50 deht-equity capital structure, interest 

at I0 percent on borrowed capital, marketing and a 14 percent 8fEet-tax 

return on ownerWs equity. ~onla could be produced in a natural 8as- 

steam re~orminE ammonia plane built in 1977 at a sales price of about 

$120/ton, using $2/MCF natural gas. The sales price for a coal-based 

plant would be about $150/ton, using $25/ton coal. It can be seen that 

if natural gas rises to $3/MCF, coal would be competitive at $25/to~. 

Naphtha, heavy oil, and elect~olytlc hydrogen are also shown on the 

curve and can be seen to be noncompetitive with coal at current costs of 

$13/bbl for fuel oil, $120/ton for naphtha, and 20 mills/kWh for electricity. 

In order to brin E all of this into perspective, ammonia prices delivered 

to re~ail dealers in the Hidwest are currently about $125-130/ton, about 

$100/ton on the Gulf Coast, and less for spot prices on small shipments. 

Coal costs at Muscle Shoals are currently between $25 and $30 per ton. 

The cost would he about $17-23 per ton foz a coal-hased plant located at 

the coal mlne (hiKh-sulfur, bituminous). 

The conclusion reached at this point is that both the technical and 

econemlc aspects of coal-based ammonia productlun are unclear. Iu is 

apparent that no one gasification process will be applicable for all 

ammonia from coalappllcatlons in the U.S. ~n addition to the selection 
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of the 8 asification process, there are numerous other technical alternatives 

that the a~onia producer must consider~ dependi~ on his particular 

circumstances. The economic picture will depend on fuuure availability 

and costs of feedstocks. We expect that natural 8as costs w~ll continue 

to increase in the future. We also expect the cost of coal to increase. 

It would appear that coal costs will not increase as much as natural gas 

in the next 10 to 15 years, hut there is no certainty of this. One main 

oS~active of the TVA project is to firmly establish the economics of 

producin8 amonia from coal. Accomplishment of this objective will 

provide a useful yardstick for U.S. indusnry as producers consider 

alternatives for meetin8 the nation's ninrogen fertilizer demand in ~he 

future. 


