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This paper discusses the ongoing TVA Ammonia From Coal

" Project for which plant startup is expected in 1980, The .
paper also discusses anticipated investment and production
costs for both retrofit and grass roots ammonia from coal
projects. '

Ammonia producers in the U.S. ave concerned about gas shortages.
Most ammonia today is produced from natural gas. Natural gas supplies
are expected to be in short supply in the future. “Where will this lead
us? Imported ammonia is cheap today, but just like oil, the price can
be raised. Forruaately, the U.S, has extensive deposits of coal which
can serve as a substitute feedstock for the production of ammonia. ‘

There are about 100 natural gas-steam reforming plants in the
U.S. and abeut 30 of these are large, 1,000-toh-per-day plants. IF _
these plants can be retrefitted so that they ¢an use coal, the present
investments. in these plants can bz protected.

Why 'TVA?

The National Fertdilizer Development Center (NFDC) was established:
within TVA tec assurxe the ll.S. fertilizer and agricultural industries

of continuing research and development in cthe field of fertilizer production
and usage. Consistenl with this chargg, TVA has developed a demonstration
progran for ammonia frem coal. This pfogram will involve retrofitting an
existing ammonia plant but it will also provide information for 'grass .
roots" ammonia from coal produccion facilitles.

‘ ‘Many of the problems involwed in retrofittinpg ave different
Erom those with grass roots plants. Others, such as W, R, Grace and
Company and Ebasco Services, Incorporated, are pursuing grass roots
ammonia from coal technology on a U.S5, Department of Energy project,

Dempnstration Project

The TVA Ammonia From Coal Project (Figure 1) consists of
retrofitting an B-ton-—per-hour ceal gasification and gas purification
facility onto the front end of an existing natural gas-steam reforming
ammonia plant located at the National Fertilizer Development Center at
Muscle Shoals, Alabama. .



Papnclty of Dnmonstration Plant

: - The ammonia production capacity of the TVA plant is 225 tons/day.
© The plant can be operated ar a turndown rate of 60%.  The coal pasifieation
" faeility will be designed to produce 00X of the gas required to operate
the ammonia plant at 100% rate. ' Therefore, the ammounla plaat can be’
operated at the desipn rate wiih 607 of the feed gas supplied from coal
and the remaining 40% £from natural gas; or, the plant can be operated at
60% of desigu rate (135 tons/day of ammenia) with all of the feed gas
supplied from ccal. The pasification unit is being designed for-a coal:
feed rate of about 8 tons/ hr,  The capability of dpurating the ammonia
plant with 100% natural pas feed will be rerained.  This.arrangement
should make the greatest use of the existing plant and wminimize the

amouitt and size of new equipment reguired. Also, the cozl gasificativn

. facilities can be operated independently from the ammonia plant by
burning the carbon monoxide and hydroger gas in an existing sLeam boilex.

The coal gasification. unit will be based on the Texaco partial
oxidation process. The engineering, procurément, and erection of the
coal gagsification and gas purification Eacility are being performed by
Brown & Root. Development, Inc. The aly separation plant required to
pravide high purity oxygen and nitrogen for the process will be handled
similarly by Air Products and Chemicals, Inc. The engineering, procurement,
and construction of the coal handling and preparation arna, interconnections
to the existing atsimonia plant, slag disposal, and services and utilities
required for the complex will be performed by TVA.

To Use Several Types of Coal

- The plant is being dealgned ta use 1llinois No. 6 coal.
Pilot~plant Lests weve run by Texaco with this coal to determine the
design conditions. . This coal was selected because it has the largest
reserve in the U,5. and is located in the Midwest where there is the
greatest consumption of fertilizer.  Sufficlent flexibllity is being
designed inte the plant to allow for test operation using coals with
different heat, ash, and sulfur contents, and with diEfereut grinding
characteristies.

A Elow schemwe for the TVA ammonia from coal project is shouwn
in Eigure 2. Coal 1s received by rail and is sither sent to open storage
and later recovered by front—end loader or it is crushed in a primary
crusher to minua 1/2 inch and couveyed directly to the coal slurry
preparation area.

Coal is pulverized in 'a wet pulverizer as required for the -
gasifier operation. From the pulverizer, the slurcy poes to one of two -
mix tanks vhere fine adjustments to the slurry concentration can be made.
The slurry is pumped to a 10-hour capacity feed tank and then metered to
the reactor (gasifier) at the process rate of about 8 tons of coal/hour.
Gaseous oxygen. from the alir separation plant is fed ‘to the reactor at
‘about 8 tons/h through a metering system interlocked with the coal

glurry feed system.



. Righ Temperature and Pressure

. The gasificarion. process takes place in the reactor at a,
pressure of about 510 psig and at a temperature 'in excess of 2 200 L.,

The carbon in the coal is reacted with steam to:'produce carbon monoxlée

. and hydrogen. Oxygen is injected to burn part of the coal to provide
‘heat for the endothermic reaction. In addition to the carbon meonciide
and hydrogen, carbon dioxide is formed from-coal combustiuhl and sulfur

. compounds in the coal are gasified in the reacto? ‘reducing . -acmosphare te
produce primarily hydrogen sulfide {8,883} and  some * *rbonyl sulfide
(C0S). Small quantities of othar compounds such . wamonia and methane’
‘are also formed. Accorviing to Texaco's pilot-plant experience, essentlally
no long—chazu ot aromatic hydrocarbous are formed., -~

. Slag produced from the ash in the coal is removed from the
reactoy through a lockhopper system, The slag ls glassy in appearance
and is very similar to the bottom ash produced in a coal-fired powkr
plant boller. Tnitially, trucks will be used to transport the solids to
a. disposal area. A slurry pumping system may be installed later ro
handle and transport fhe slag to the disposal area as a slurry. In such
a system, .the slag would be washed and screened Lo rengve oversize
material which is crushed to a size suitable for slurrying and pumping.

lho gqe 1Laving the reictor is water-quenched and partlculaLe
matter (fly ash) is removed’ in a scrubber. A blowdown stream is taken
from the reclrculating water leop and pumped Lo a wastewater treatment
factiity, which uses Both choemical and bislogical treatment processes.
In the chemical creatmant unit, wastewater is firvst clarified by addition
of feruus sulfate and h}drated lime te floceulate solids. The Lliquid
fraction from the clarifier is steam-stripped to vemove ammonia which is
recovered and routed to the coal slurry preparvation area Lo neutrallze
the acidie¢ slurry. The stripped agqueous mater{sl, containing owganic
mstrer as formates and cyanates, along wich water from washdown operacions
from all sumps, is seat Co an equalization-cooling basin for pH control,
mixing, and cooling. The effluent fromw the equilization cooling basin
flovs te an activated sludge unit for biological treatment.  The overflow
from the activated sludge unit is meterfed and sampled on its way to
discharge. The sludge from the biolngical treatment is combined with
flocrulated sludge from-the clarifier and conditioned with ferric chloride
to improve filtration. The conditioned siudge is pumped to the filter
press uhere the - solids are removed for disposal.

Dovastream Processigg

Two shift converters are employed to adjust the H /CO ratio to
the desired value. A sulfur-resistant shiSt catalyst supplied by Haldor
Topsot is employed.

Following shitt conversion a hydrolvsis wnit containing a-
catalyst alse developed by Topsoe is empluved to hydrolyze the C0S
produced during gasificatlon. By this means the €O0S is reduced to very
low (PPM) levels, T ' '

Acid gases (C0, and H S) arc removed in-a physical solvent _
absorption system (Allied Chemical's Selexol Process). Sulfur is reduced
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ta less thaﬁ bhe (1) PPM. A Stretford aystem dcsignéd by Péabody Process
Systens is employed to recover sulfur from the two (2) offgas streams
Erom the Selexol unit.

Nitrogen from the air separatlon plant is added to the process
gas to adjust tha R /N ratio te the degsived 2/1 value needed fox ammonia
. synthesis. Steam is tﬁen added and the gas Ls introduced to the existing
ammonia train dowustream of the high temperature CO shift converter.

The pressure and composition of this gas is essentially the same as thact
in the present natural gas based plant. The composition is given in
Table 1. o

Plant Cost

The ammania from coal facility s total plant cost ie estimated
to be about $<3.2 milllon. Since the TVA Ammonia from Cozl Project
contains developmental and first-time-cdut design features, this cost
should not be scaled up to obtain the investment for commercial size
plants. Iostead, Brown & Root prepared conceptual designs.and cost
estimates for retrofit and grass roots!facilities. These imnvestment
estimates are based on actual and estimated costs of the TVA Ammonia
from Coal Project and other studies prepared by Brown and Root; they are
for a 1000T/D ammonia plant in mid~ 1979 dollars. The results are as
follows: :

Case 1 - $120 million for a ﬁetrofit plant which uses the
existing shife, aecid pas removal, smmoenia loop and
ammonla storage. :

Case 2 - $126 million for a Tetrofit plant which uses all new
' shift, and acld gas femoval bul uses the exlsting
ammunla loop and mmnoaia storage.

Case 3 - $157 millicn for & grass”roots plant.

- A breakdown of these estimates is shown in Table 2. Case 1 Is
for retrofitting an ammonia plant and uses existing shift and acid gas
removal systems. The acid:gas removal system in che existing ammonia
plant is assumed to be based upon chemical ‘absorption. Shift and acid
gas removal units would still be required in the retrofit plant so that
the pas can be acceptred upstream of the shift converter in the existing
ammonia plant. In all cases, the Selexol Process developed by Allied
Chemical Company is used in the retrofit facility The Selexol unit
uses physical absorption with relatively lew steam requirements compared
with chemical abgorption systems,

: Case 1 used a coal-fired boiler for steam generatiom. - The
- investment is estimated te be about §6 million less than for Case 2,
which is for a retrofit plant that uses all new shift converters, ncid
gas removal units, and steam generation using waste heat boilers on the
coal gasifier effluent. - The steam requirement in Case 2 and Case 3 is
lower than in Case 1 because the acid gas removal system in the existing
~ammonia plant is not operated. In Case 3, additional investment is
required for the gemneral plant, the ammonia loop, refrigeration, and
ammonia storage. .

Figure 3 is a ploe of estimated investment cost versus capqcity
for retrofit and graas roots plants.
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There' is a degree of uncertainty regarding the accuracy of
these investmeit costs because they were estimated on the basis of
conceptual degigns., Results from the TVA demomstration unlt operation
will assist in improving design and eSLimatcd investment Ffor these
units. : .

»

In the following discusaion, thu productlon costs For Case 1
‘are . considered to be equivalent to Case 2 with the savings in capltal
charges gffset by an increase 1n operating costs.

For retrof;ttlng a partxcular plant, 1n—depth investlgations

w°uld be necessary to detzrmine how much of the existlng shift and acid
gas removal systems should be used. -

 Ammoénis Production Costs

o Figure 4 shows a typical production cost calculation for
ammonia from coal both for a retrofit situation amd a grass roots plant. -
As' shown, production cosats for a 1000 T/D ammonia plant are estimated to
,be” §161 per tom of ammonia for a retrofit and $185 per ton for a grass
‘roots coal plant. Estimated production costs are also given for a range
" of plant sizes from 800 to 1500 1/, TFor any particular installation,
the calculation would be repeated using financial parameters, etc.
appropriate for the operating company involved.

Constant figures for utilities, catalysts, and chemicals and

aperating labor have been employed in figure 4, as they are small compared
to the overall production cest. These f1gulcs have ‘been raken from
raferenca 1. In the case of the retroflt plant, Eigure 4 does not

include charges for the book value or capital investment of the existing
nartural gas based ammonla plant. Depending on the remaining book value
for the existing ammonia plant, depreciation could range from zero £
perhaps $60 40llars per ton of ammenia. (See Table 3.} \

. In many cases, the existing ammonia plant wmight be considered
a “sunk" cost for which no capital charges really are valid. This would
be appropriate in the case in which natural gas was not available and
the plant would not be operated otherwise.

. The production costs (figure 4) must be compared to current

" ammonia prices, In September 1979, the price of ammonia delivered to
retail dealers in the Midwest was about $150/ton and on the Gulf Coast,
the price was about $135/ton. These prices reflect recent ilncreases from
a depressed market for ammonia. Recent indications are that ammonia
prices are cnntlnuing to rvise.

Currenc plans are to operate the TVA Demonstratiou Plant fox
.three (3) years and obtain data which should help in design improvements
and cost estimates, As the project goes on, it is possible thzt results
. will enable ammonia From coal plants to be designad with a lower cost
. than' the information presented in this paper indicates. The Future
_economlc picture will depend on availability and costs of feedstock., We
expect that natural gas costs will continue to increase, We also expect
- the cost of coal to increase. It would appear that coal costs will not
increase as wuch as natural gas in the next 10 to. 15 years, but there is
no certaincy of this. Oone main objective of rhe TVA project ls to
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Eimlir establish the economics of producing ammonia from coal. Accomplishment
.of thisa objective will provide a useful yardstick for U,5, industry as

» producers consider alternatives fox meeting the Mation'®s nitrogen fertilizer
demand in the .future. ‘ A '
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FIGURE |

MODEL OF TVA PROJECT
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INVESTMENT ($ MM-MID 1979)

Irue. 3
AMMONIA . FROM COAL

 INVESTMENT
.S,
CAPACITY (OF NH3z)

Wt

300

250+

GRASS ROOTS PLANT

200
1504

100w

‘ \RETROFIT

0‘ , | ™7 —rT T T T T T
800 1000 1200 1400 1600 - 180OC 2000
o AMMONIA RATE (ST/D) '

-1y
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TABLE |

APPROXIMATE COMPOSITION OF GAS MANUFACTURED

FROM COAL AT THE TVA DEMONSTRATION FACILITY
| | % BY VOLUME

COMPONENT : _ WET BASIS DRY BASIS
HYDROGEN 420 60.6
NITROGEN a0 203
CARBON MONOXIDE® 2.3° | 3.39
CARBON DIOXIDE ‘ 10.8 15.6
ME THANE o 0. |
ARGON : 0.1 Q.1
WATER \ 0.6 -

TOTAL | 100.0- 100.0

BASIS: TOTAL SULFUR = O.!ppmv MAXIMUM
STEAM-GAS RATIO = 0.44
HYDROGEN-NITROGEN RATIO=3.0
NOTE: “THE CARBON MONOXIDE GCONTENT OF THE GAS IS

BASED ON END-OF-RUN CONDITIONS FOR THE
SHIFT CONVERSION CATALYST. :
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Table 3

ADDITIONAL CHARGES FOR RETROFIT CASE
{TO PAY OUT EXISTING NHy PLANT BOCK VALUE)

Basis: 1000 .._.ozm?mm of Nig

et

Baok Value Remaining Added Charges To

For Existing My Plant, § MM Retrof it Case (Fig. 4) $/Ton KHj
75 o 57
50 . 38
25 o 9

. 0 ‘ 0



