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ASSESSMENTS AND PROCESS SELECTION

OXYGEN PURITY

Introduction

The purpose of these subtasks is to consider the effegts of
oxygen purity on the operation and economics of a plant producing
medium Btu gas for pipeline delivery to various industrial users.
Medium Btu gas is to be produced by the gasification of Kentucky #9
c¢oal under pressure and using oxygen as the gasification medium.
Design coal feed rate is 20,000 57/D with a nominal gas production
eguivalent to about 300 % 10° Btu's/day for a total of four operating

modules. Gas heating value iz to be at least 285 Btu/SCF on a higher
heating value basis.

Figure 1 is a block diagram showing the system considered in
these assessments. This scheme applies equally to each of the five
gasification processes being considered in the overall study, i.e.
BGC/Lurgi slagging gasifier, Lurgi dry ash gasifier, Babcock & Wilcox
entrained flow gasifier, Texaco entrained flow gasifier and Koppers
Totzek entrained flow gasifier.

Oxygen Production

Total oxygen requirements are in the range of 2250 ST/D to 4500 ST/D
per module depending upon the gasification process. BDue to the
existing technology with the largest present plants having a capacity
of 2500 T/D in a single crain, the high oxygen demand gasification

Processes will require two air separation plants per module.

Several air separation unit process schemes are possible. These
are summarized in the following table.
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Relative Relative
Power Capital
l. Low Pressure with Reversing Exchangers 1.0 1.0
2. Iow Prensure with Regenerators . 1.05 1.03
3. Low Pressure with Molecular Sieve 1.06 1.05
4. Pumped Liquid-gplit Cycle 1.08 1.00
5. Pumped Liquid N Cycl» 1.08 1.00

While the above data are for an oxygen product delivery pressure
of 1200 psig, the conclusions are believed valid for the present con-
ditions. Accordingly, the low Pressure cycle with reversing exchangers
has been selected f>r this project.

The air plant will tequire air at about &5 psig and will deliver a
gasecus oxygen stream at about 0.5 psig, This stream must then be com-
pressed to meet gasifier requirements.

Oxygen Pu.ity

Alr plants typically produce gaseous oxyyen with purities in the
range of 95 to 99.8%. Purities of less than 90% can be obtained by
blending air with the product oxXygeil. nfnimu: Tnwer occurs at about
95% purity with slightly greater power usage required to oi:tain higher
purity due to the need for additional fractionation trays. The power
requirement increases below 95% due to tne greater volume of gas - aic
plus oxygen - which must be compressed to meet the gasifier require-
ments,

Variations in oxygen purity are limited by the final product
specification of 285 Btu/SCF GHV. The result of this limitation is

shouwn in Figure 2. The results are approximate as gasifier heat and

material balances were not generated for various oxygen purities.
Figure 2 shows that all three entrained flow gasification pro-

cesses are relatively sensitive to oxygen purity in terms of the 285
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BTU/SCF minimum heating value for the product gas. The minimum oxygen
purity which meets the gas product specification for the BsW and Koppers

Totzek gasifiers is around 88%. The Texaco Process requires that a

2
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portion of the carbon dioxide be removed from the product gas to

meet the minimum heating valve. At the 50% removal level for Co,,

The Texaco gasification process req =s a minimum of 93% oxrygen
purity.

The BGC/Lurgi slagging gasifier, due to the higher methane
content of the gas, is less sensitive to oxygen purity and can meet
the desicted gas specification with oxygen purity as low as 50%. The

Lurgi dry ash gasifier is assumed to behave in similar Ffashion to
the slagger.

Overall Effect

Figure 1 shows a block flow diagram for the plant. Variations
in oxygen purity have an effect on ~xygen compression, gasification,
purification, and product 'gas compression, Although a precise
analysis of the effect of oxygen purity was not attempted in this
assessment, valid conclusions can be drawn from the data developed
during the course of this'study.

Compression brake horsepower has been estimated For the oxygen
and air compressors. Each of these machines will requir: additional
horsepower as oxygen purity decreases. This increase in shown in
Figure 3. Incremental power from product gas compression has been
estimated as a function of oxygen purity. Figure 4 shows the effect
of oxygen purity on cOmpreésion requirements. The compressor power
requirement is total air + Oxygen power plus the incremental power
Eor product gas compressicon as the oxygen purity declines from the
base of 99.8%. This curve bottoms out at about 97 to 98% oxygen
purity.

Capital costs have been supplied by Air Product and Iotepro.
The Air Products numbers were used for convenience in preparing this

teport. Figure 5 shows the effect of oxygen purity on the turnkey

price of the oxygen plant of 2 units each as a function of purity
and tonnage per unit,

Decreased oxygen pruity effects the design of the gasification
facility and downstream equipment. This effect results from the

inereasing quantity of nitrogen flowing through the plant as oxygen
3
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purity decreases. Figure 6 was plotted assuminc that plant costs
vary to the six tenths power. Module costs varyings from 200 to
500 MM$ were assumed. The capital costs shown repitesents the cost
of the Air Plant plus the gasification portion incrementzl cost.

suenplier Contacts

The following potential suppliers for the air plants were
contacted regarding this muestion:

1. Air Products snd Chemicals, Inc.

Box 358
Allentown, Pa. 18105
215-398-8540

2. American Air Liguide, Ingz.
405 Lexington Avenue
New York, N.Y. 10017
Mr. Frank Wolff
212-867-3060

3. Lotepro, Inc.
11310 Avenue of the Americas
New York, N.¥Y. 10036
212-575-7878

4. Union Carbide Corporatioi
Linde Division - 8th Floor
270 Park Avenue
New ¥Yozk, N.¥. 10017
212-551-4293
Mr. Don Curran
Information was recesived from each of the suppliers. This
information was specific to this project and supported the work

done by Foster Wheeler in evaluating the question of oxygen purity.

¢onclusions and Recommendations

It is the conclusion of this study that oxygen of high purity
be produceé and used in the gasifier. Dilution of the product gas
with nitrogen will result in an overall increased aperating cost,
The air plants should be specified to produce 98% oxyaen which

appears a reasonable value based on the data shown in this assess—
ment.
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FIGURE 3
AIR PLANT COMPRESSTON 1)
REQUIREMENTS VS, OXYGEN PURITY
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SECTION 3.3

COAL WASHING
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ASSESSMENTS AND PROCESS SELECTION

COAL WASHING "

Introduction b
The objective of these subtasks is to assess benefits and costs

associated with coal washing prior to coal gasification. These as-—
sessments were made in the context of 20,000 TPD coal gasification
. plants using Lurgi dry ash and BGC/Lurgi slagging, or B&W, K-T, and
. Texaco entrained flow gasifiers. This section summarizes results

. and recommendations regarding coal washing.

Background
The overall process of coal preparation can generally be divided
into the following types of unit operations:

l. Comminution -

2, Clasgdication
3. twashing
i 4. Dewatering/drying

Comminution involves reduction in size from run of mine, typically
" x 0", down t¢ pulverized, typically smaller than 200 mesh. Classifi-
cation involves separation of the coal particles into various size
ranges. Washing generally involves treatment of the various size frac-

tions with a liquid media to separate, preferentially, ash and pyritic

| P

sulfur from coal. Dewatering and drying involves removal of surface

i

water frun the prepared coal by mechanical or thermal means.

- Run of mine coal passes through some of all of these operations
!; before becoming the desired end product. The unit oparations can be
o combined in various ways, with each operation using different types
b |

of equipment and technology, depending on the raw eoal characteristics
E and degree of treatment reguired to produce a specgified product. The
Ia objective of the overall coal Preparatien process, as related to a coal
gasification plant, }s to produce a material suitable as feed to the
selected gasification process within economic boundaries of tiigh Bku

recovery, low ash content and low sulfur content.
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With respect to the gasification processes being studied by Foster

Wheeler for TVA, the gasifier coal feed must meet the following reguire-
ments:

Gasifier Feed Properties

Gasification Process Size Range Moisture
Lurgi Dry Ash 2" x " 5 wk, 9
BGC/Lurgi Slagger 2" x v S wt. &
Entrained Flow Gasifiers =28 mesh/70%--200 mesh 2 wt. %/5lurcy (Texaco’

(B&W, K-T, Texaco)

In general, none of these gasification processes place limitations for
process reasons on the ash or sulfur content of the coal except in extreme
cases, although increased ash or sulfur content can have an adverse economic
effect an the overall coal gasification operation. The requirements for
gasifier feed dickate the choice and integration of coal preparation unit
operations. A generalized diagram illustrating these operations is shown
in Pigure 1.

The unit cperations of comminution, classification, and dewatering/
drying have been standardized to a significant degree in curuzent coal prep-
aration technoloyy, based on raw coal and product coal size and moisture
requirements. The decision to include a coal washing step and the type of
washing step to employ, however, is a matter requiring careful evaluation.
In &ddition, the characteristics of the coal washing step can dete:mine,'to
a large degree, the nature and extent of other ccal preparation unit opera-
tions. Fox purposes of the present study, consideration was given only to
coal washing processes using water and water-based media which are currently
employed in washing operations for over 95% of the coal that is subjected to
such treatment in the United States.

Coal Washing Tazchnology

The following aspects of coal washing technology were examined in the
study:
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1. The various water and water-based media washing processes
that are commercially available and proven.

A mild coal washing process incorporating the most adaptable
washing process of those identified in item (L) above.

3. A deep coal washing process incorporating the most adaptable
washing process of those identified in item (1) above,

4. A coal preparation process that does not include coal washing
but which will prepare coal to the size and moisture content
required.

The information developed in items 2, 3, and 4 was analyzed and

intepreted to provide recommendations regarding inclusien of a coal
washing step in TVA's coal gasification plant.

Coal Washing Processes — Water and water—based Media

General

Coal is a heterogeneous material containing:

N

@ organic combustible matter

R . o mineral non~coﬁbustible matter or impurities which can be broadly
: l divided inte

- ash-forming material (clays, slimes)

- sulfur containing material consisting of

a. organi¢ sulfur which is chemically bound to the coal and
which is not subject to removal by physical coal cleaning
methods,

pyritic sulfur which exists as a separate compound in the
heterogeneous coal particle and which can be removed by
physical coal cleaning methods.

In order to upgrade Btu value and lower the ash and sulfur content

- foibial - - ara 7 R saceiniad
g

of the raw coal, the washing process must selectively separate mineral
matter and pyritic sulfur from organic combustible matter.
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Fortunately, there are differences in the 5

Pecific gravity and the
surface wettability (for fine and ultra-

fine coal) between the desited

is to be rejected. These dif-
ferences are the operating basis of equipment used in the var

and water-based media washing processes,

Comparison of Washing Processes

The various water and water

commercially proven ang availabl

coal product and the mineral matter that

ious water

-based media washing processesg that are

¢ are listed in Tables 1 and 2. There
is considerable Published literature describing design and operating
modes of these Processes (see appended list of references) and th

ese
details will not be discussed in thig

study. Information shown in the
Tables was Prepared to provide a comparison of

Processes. Basged on thisg information,
sidered mogt adaptable to the milg and
sidered later in this study:

each of these washing
the following processes were c¢on-

deep coal washing processes con-

mild ceal washing - jig

deep coal washing - heavy media vessel and cyeclone

Each of the above washing processes were then subdivided into two
{2) classificatians of gasifier designs:
dry ash/slagging {Lurgi/BGC) - coarse 2% x %v

entrained f£low (RSW, K-T, Texaco

charge
) - fine mesh charge

It should be noted that although the Taexaco Cesign employs a slurry
charge, its entrained Flow regime is assumed to be similar to the B&W and
K-T designs for this coal washing assessment,

Mild coal Washing -~ Dry Ash and Slagging Gagsifiers

A flow diagram for mild coal washing to produce washed 2"
is shown in Figure 2. coal is first ary
and then washed in a jig where clean coal
clean coal is dewatered and crushed and sc
Fines from dewatering,
%" X 0 stream.

x 4" product
Screened to separate " x g fines
is separated fropm refuse. The

reened to produce 2% x %" product,
dry screening, and crushing are combined into a single

Refuse from the Jig is dewatered and sent to disposal,

4
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Mild Coal Washing - Entrained Flow Gasifier

A flow diagram for mild coal washing to produce a -28 mesh/70%-200
mezh clean coal is shown in Pigure 3. Coal is washed in a jig where
3" % 0 clean coal is separated from refuse. The =lean coal is dewatered
and the 3" x 1" fraction is crushed, Crushed coal is mixed with the
1" x %" fraction from dewakering and dewatered fines. The mixture is
then pulverized and dried (if required) to produce the fine mesh preduct.
Refuse is sent to disposal.

Deep Coal Waching - Dry Ash and Slagging Gasifier

A flow diagram for deep coal washing to produce a washed 2" x 4"
praduct is shown in Figure 4. Coal is first wet screened to produce
3" x I%", 1%" X %", and ¥" x 0 fractions. The largest fraction is
vashed in a hsavy media vessel. The intermediate size fraction is
washed in a heavy media cyclone. Washed 3" x 1%" coal is crushed and
screened and combined with washed 14" x %" coal to produce the 2" x %"
product. Fines from wet screening are dewatered and combined with fines
from crushing. Refuse is dewatered and sent to disposal,

Deep Coal Washing -~ Entrained Flow Gasifier
A flow diagram for deep ccal washing to produce a washed -26 mesh/
70%-200 mesh product is shown in figure 5. Coal is first wet screened

to produce 3" x 1%, 1" x %", and %" x 0 fractions. The largest fraction
is washed in a heavy media vessel while the intermediate fraction is
washed in a heavy mediz cyclone. The fines fraction is deslimed, thick-
ened, dewatered, and sent to pulverization. Washed 3" x 1" coal is
crushed, mixed with washed 1" x 28 mesh cocal, and sent to pulverization.
Crushed coal and fines are pulverized and drie@ (if required) to produce
the fine mesh product. Refuss is dewatered and sent to disposal.

Ceal Preparation Without Washing
Flowsheets for preparation of 2" x %" coal and fine mesh coal are

shown in Figures 6 and 7. 1In the former case, coal is crushed to 2" x 0
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and screened to separate ocut %" x 0 fines. In the latter case, coal

is crushed and then pulverized to procuce the fine mesh product for
the entrained flow gasifier designs.

Assessment of Washing Processes

Bstimated yields of prepared ccal are shown in Table 3 for the
mild, deep, and no-washing processes described above. Production of
2" x 4" washed coal for dry ash or slagging gasifiers results in a
yield of 63-65% on a Btu basis and 56-58% on a weight basis. The
product contains about 5% ash and 3.3% sulfur, equivalent to 66% and
25% reduction in these components, respectively. In contrast, the no~ .

washing case provides approximately 70% yield (Btu or weight basis) of

2® x %" product having the same ash ond sulfur content as the as-received
coal.

Production of fine mesh washed coal for the entrained flow gasifier
results in a yield of 86-90% on a Btu basis and 77-80% on a weight basis.
The product contains about 5% ash and 3.3% sulfur, equivalent to 66% and

25% reducticn in these components. The no-washing case for the entrained

flow gasifier provides essentially 100% yield of product having the same
ash and sulfur content as the as-~received coal.

In all of these washing cases, coal prepared for gasification has
signlficantly lower asl content than the as-received ccal. The use of
. low ash coal in gasification cam result in appreciable savings, particu-
larly in ash or slag handling facilities. The washing process, however,
results ir loss of a significant portion of the thermal value of the coal
o to washing plant refuse. This results in increased coal os#% fou thg gas-
ification speration. In addition, savings generated by reduced ash or slag
handling are likely to be offset by increased cost associated with handling
and disposal of washiné plant refuse.

Form MG, oh-17

Reductions estimated in sulfur content of coal as a result of washing

are not large, 22-28%. This level of reduction is not expected to provide

any significant savinys in the gasification plant compared to the use of
unwashed coal.
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Recommendations

Based on the above analysis, it appears that washing of coal for
TVA's coal gasification plant does not affer any significant economic
advantages compared to the use of unwashed coal. In the absence of
process regquirements for washed coal ~ which are not evident at the
present time - it is recommended that unwashed ¢oal be used for gasifi-

cation, after crushing, screening, and pulverizing and drying as required,

to provide ¢oal of appropriate size range and moisture content.
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SECTION 3.4

SULFUR RECOVERY
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ASSESSMENTS AND PROCESS SELECTION

SULFUR RECOVERY

Introduction

The objective of these subtasks is to identify the preferred form
of recovered sulfur and the preferred process f[or sulfur recovery.
These assessments were made in the context of 20,000 TPD coal gasifi-
cation plants using Lurgi dry ash, BGC/Lurgi slagging, Baly entrained
flow, Texaco entrained Flow, and K-T entrained flow gasifiers, This

section summarizes the results and recommendations of the assossments.

Background

The coal gasification plants being considered by TVA will process
approximately 20,000 TPD of eastern U.S. coal such as Kentueky No. 9
or Illinois No. 6. These coals have high sulfur contents, ranging from
about 3.5 to 2bvut 5.0%, The process of gasification, using ecither
Lurgi dry ash, BCG/Lurgi slagging, or BsW, Texacc, or K-T entrained flow
gasifiers, converts 90% or more of the sulfur contained in the cnal to
volatile sulfur compounds. These compounds, primarily hydregen sulfide
and carbonyl sulfide, must be removed from the raw yas to meet safety,
health, and environmental regulations. The volatile sulfur compounds
must then be converted to a form which is marketable four industrial use
or which ean be disposed of in a practical and acceptable manner. Ele-
mental sulfur and sulfuric acid arc the two major forms of sulfur which
are considered marketable in principle for large scale industrial usc.
Caleium sulfate is a form of sulfur which might be considerud for dis-
pesal.

The chemistey Of conversion of sulfur econtained in volatile sulfur

compounds resulting f£rom coal gasificvation is essentially that of oxi-
dation:
02 5 02
Hy§ —— 8 ——> s0, —=3 so,

Oxidation State -2 o +4 +6
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Sulfur contained in hydrogen sulfide {or carbonyl sulfide) is in

its lowest stable oxidation state, -2, Oxidation to the next higher
oxidation state (zero) produces elemental sulfur. Further oxidation
produces sulfur dioxide (+4), and finally sulfur trioxide (+6 oxida-
tion state). Elemental sulfur is thus the first marketable form of
sulfur produced in the oxidation sequence. Further oxidation leads

to the other major mazketable sulfur compound, sulfuric acid. The
major disposable form, calcium sulfate, represents a completely oxidized
form of sulfur,

Large guantities of hydrogen sulfide and other volatile sulfur
compounds are produced in petroleum refining operations, particularly
where high sulfur crude oils are processed in hydrotreating operations.
Petroleum refinery practice for many years has been to convery hydrogen
sulfide and similar compounds to elemental sulfur for sale to others.
This practice thus carries the oxidative conversion of sulfur compounds

only to the extent required to pioduce the first marketable product,
elemental sulfur.

Technoiogy for Sulfur Recovery from Hydrogen Sulfide Streams
Recovery as Elemental Sul fur

Claus Process y

The predominant commercial method of converting hydrngen sulfide |
to elemental sulfur is the Claus process. The process, as originally !
developed about the year 1900, involvel oxidation with air in the pre-

sence of a bauxite or iron ore catalyst in a reaction chamber. In the

early 1940's, a modification was generally adopted in which one-~third
of the hydrogen sulfide was burned with air to sulfur dioxide in a

waste heat boiler, The sulfur dioxide was then reacted with the re-

maining two-thirds of the hydrogen sulfide in the presence of a bauxite
catalyst.

Thete are four major variations to the Claus process availabls for

use depending on the concentration of hydrogen sulfide in the feed gas

to the process. These variations and typical ranges of sulfur recoveries
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are shown in Figures 3.4-1 to 3.4-4. For gas streams containing high concen-
trations of hydrogen sulfide (above about 50% st), the total stream

is fed to the burner in a furnace or boiler as shown for the straight
threugh variation. Alr is fed to the burner to oxidize most hydrogen

11—

sulfide to elemental sulfur. The furnace effluent is couoled to condense
sulfur. The remaining gas is preheated and fed to a catalytic reictor
where hydrogen sulfide veacts with sulfur dioxide toc form elemental
sulfvy and water. The reacted gas is cooled to condense sulfur. Ad~
ditional reactors and condensers can be included to increase sulfur
recovery. Typiecally, sulfur recoveries up to 95% are obtained with

the slraiyhl through Claus process.

For feed gases in which the hydrogen sulfide councentration is
between about 15 to 50%, the split flow process variation is used. In
this variation, up to two-thirds of the gas is bypassed around the
furnace and the remainder is burned in the furnace to suifur dioxide.
The furnace effluent is blended with bypass gas and the mixture re-
acted in one or more catalytic reactors to form elemental sulfur.
Preheating of the original feed gas would permit this method to be
used wherc hycrogen sulfide concentration is somewitat less than 15%.
Typical sulfur reccoveries range from 90 te 93% for split Flow operation.

For gases where the hydrogen sulfide concentration is too low to
provide stable combustion in the split flow furnace, sulfur recycle or
Girect oxidation variations can be used. In the former case, product
sulfur is burned in the furnace to produce sulfur dioxide. This gqas

is mixed with feed gas and then reacted in catalvtic reactors. In the

direct oxidation variation, feed gas is preheated, mixed with air and

.
-

reacted in catalytic reactors. Typically, suflur recoveries fange

P

Cram 75 to about 90% for these process variations. Technically, therco _
is no lower limit of hydrogen sulfide concentration in feed gas for e =

the sulfur recycle or direct oxidation . ocess variations. Economi.-—"

orm e, 1318
\
1}
)

-

cally, however, the lower limit is usually akout 0%, .o

n—ll:

Sperial design considerations are reqqi;&ﬂ’fgi Claus plant handling

feed gases containing appreciable amsurite of hydrocarbons or ammonia.

e

In the case of hydrocarbgps.'ééecial attention is paid to design ¢f the
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acid gas recovery process. Ammonia can be handled by proper selec-

tion of operating conditions in the Lurnace and downstream eguipment.

Tail Gas Cleanup
Sulfur recoveries up to about 95% can be oktained with Claus

sulfur recovery plants depending on the process variaticn and number
of catalytic ceactors used, 1n 1978, however, the Federal Environ~
mental Protection Agency established the following limitations on
emissions from new, modified and reconstructed petrcleum refinery
Claus sulfur recovery plants:

In gages discharged into the atmosphere -

302 250 ppmv
st 10 "
Total of HpS, COS and

CsSa as 505 300 ™

calculated at zero percent oxyden on a dry basis.

These standards apply to (1) any Claus svlfur recavery plant with
sulfur production of more than twenty long tons per day which is associ-
ated with a small petroleum refinery, and (2) any size Claus sulfur
recovery plant associated with a large petroleum refinery.

If these standards are applied to Claus plants in coal gasification
plants, 1t is necessary %0 achieve a sulfur recovery of about 99.9%.
This level of recovery can be obtained only by the addition of a tail
gas treatment process to the Claus plant. Two treatment processes that
have been develioped for tqi§u9ggpnec aiec tne Beavon Sulfur Removal Pra-

—

cessmggdmtﬁewscoT'oncess. The Beavon Process involves contacting the

“tail gas and a reducing gas with a hydrogenation-hydrelysis catalyst

to convert contained sulfur compounds essentially completely to hydrogen
sulfide. The reacted gas is fed to a Stretford process unit where hydro-
gen sulfide is oxidized to elemental sulfur in the presence of an aqueous

catalyst. Sulfur is removed from the adgueous phase by froth Elotation.
The solid is then filtered or centrifuged and melted.
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The SCOT Procass involvaes a reduction stage to convert sulfur
compounds to hydrogen sulfide and an absorption stage where hydrogen
sulfide is scrubbed from the gas and returned to the Claus plant.

Both the Beavon and SCOT processes are capable of cleaning Claus
plant tail gas to levels required by the above emission standarids.

In the SCOT piocess, the reduction step converts essantially
all sulfur containing compounds to st which is then absorbed in an
alkanolamine solution. The non-absorbed st, approximately 200-300
ppmv, appuwars in the final tail gas vent and must b¢ incinerated to
meci the H,S emission standards. Furthermore. a fractivn of the CO,
in the tail gas is co-absorbed with the HyS and is ultimately tecycled
to the Claus plant. The recycled gas has little effect on Clcous plant
operations as long as the C0O, content is low. As the COp content of
the SCOT feed gas increases, the amount Of recycled CC, becomes a
significant diluent. Therefore, the SCOT process may not be a good
seleckion for direet treating of the tail gas from a Claus plant which
processes o feed gas having a high CO, content.

In view of the potential disadvantages associated with the SCOT
process, i.e.

- need to incinerate final vent gas, and

- limitations on CO, content in feed gas

Foster Wheeler recommends that the Beaven process be incorporated
in the coneceptusl) design studies.

Recowvery as Sulfuric Acid

Contact Process

Production of sulfuric acid involves, firstly, the production of
sulfur dioxide from sulfur-containing feedstock and, secondly, cata-
lytic oxidation of sulfur dioxide to sulfur trioxide which is reacted
with water to form acid. Production of sulfur dioxide is carried ocut
by oxidation of slemental sulfur, metallic sulfides, hydrogen suliide,

or sulfuric acld sludges. Elemental sulfur is the predominant raw
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material for sulfuric acid plants, accounting for about 90% of the total
domestic acid production. Copper and zinc smeiter yases and pyrites
roaster gases comprise essentially all of the remaining sulfuric acid
feedstocks. Only about 13 of total acid production uses hydrogen sul-
i«.de as a Feedstock for suliur dioxide production.

The Chamber Process was used extensively until the late 1920°s to
produce acid from sulfur dioxide. In this process, nltric oxide was
used in effect as a catalyst for oxidation. The process, however, had
low productivity and could not preduce concentrated acid. Currently,
the Chamber Process has been essentially completely displaced by the
Contact Process.

A simplified flowsheet for a Double Absorption Contact Sulfuric
Acid Process is shuwn in Figure 3.4-5. Molten sulfur is filtered
and then burned with air that has been dried in a sulfuric acid drying
tower. The burner effluent contains approximately 12% sulfur dioxide
which is then diluted with dry air tc a concentration of about 91. The
gas flows through vanadium pentoxide catalyst arranged in several beds
in a converter vessel. When the conversion level reaches about 881%,
the gas is withdrawn from the converter, ccoled, and sent to an ab-
sorber where sulfur trioxide is absorbed in 98% acid. Gas Erom the
absorber is returned to the converter vessel where iL contacts addi-
tional catalyst beds to attain the final sulfur dioxide conversion.

Gas from the final catalyst bed is coolasd and sent to a second
absorber where sulfur trioxide is absorbed in strong acid., The f£inal
acid product is made by mixing acid from the drying tower and the
ahsorbers.

Sulfur dioxide and sulfur trioxide mist contained in the tail gas
of sulfuric acid plants can be a significant source of atmospheric
sulfur emissions. The Federal Environmental Protection Agency has
established for new acid plants a limitation of 4 lbs. of S0, emission
per short ton of sulfuric acid produced. This criterion corresponds

to an effective conversion of sulfur dioxide of about 95.7%. The

6
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double absorption variation of the contact process is the only feasible
means of approaching this level of conversion because of eguilibrium
limitations on conversion in the absence of intermediate absorption of
sulfur trioxide. Bven at high conversion, efficient devices For removal
of acid mist from the tail gas are required.

The use of hydrogen sulfide as a feedstock for sulfuric acid pro~
duction regquires special consideratior if the concentration of hydrogen
sulfide in the feed gas is lower than about 80%. With dilute hydrogen
sulfide streams, heat generated in combustion of the sulfide may not
be sufficient to heat the converter feed gas above the catalyst ignition
temperature. This problem can be overcome at the expense of adding ele-
mental sulfur to the burner. A further disadvantage of diluke hydrogen
sulfide streams is the increased gas flows resulting from diluents in

the feed gas which increase the size of most of the processing equipment.

Marketability Considerations

This assessment of :ulfur recovery for TVA's coal gasification
plant did not include a detailed market survey. The following items,
however, relate to the question of marketability of elemental sulfur
and sulfuric acid.

1, Elemental sulfur is a major industrial chemical and

raw material. It is produced either from naturally
occurring deposits (Frasch sulfur) or from various
pProcess gases containing sulfur compounds. Curtently,
Frasch sulfur accounts for about 60% of the total
elemental sulfur produced in the United States., Es-
sentially all {over 90%) of the sulfur recovered from
sour gas streams, petroleum refinery streams, and
other process streams containing sulfur compounds, is
recovered as elemental sulfur. Most of the remainder
is recovered as sulfuric acid, primarily in situations

where SO0p-containing gases are available as produced
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from roasting or smelting.cf non-Eerrous sulfide ores

and pyrites. Only about 0.5% of the total sulfur pro-
duction is made as acid from hydrogen sulifide-containing
streams.

Elemental sulfur can be shipped long distances in molten
form in bulk carriers including truck, rail, barge and
ship. Bulk shipments of molten sulfur began in the 1940's
and are widely used at the present time, The major advan-
tages of molten sulfur shipment are reduced handling costs,
reduced contamination of sulfur, and @limination of remelt-
ing operations. Precautions are required, however, in
storing, handling and shipping molten sulfur. Flemental
sulfur can alsc be formed into pxills if a solid form is
required that does not have the problem of remelting mas-
sive blocks of sulfur. Solid sulfur is classified as an
ORM-c material in the Department of Transportation
(Materials Transportation Bureau! Hazardous Materials
Table, which is essentially a non-hazardous material
category.

sulfuric acid is one of the largest volume industrial
chemicals produced in the United States with widespread
use in many industrial operations, particularly fertilizer
production. OQver 85% of the sulfuric acid produced in
the United States is made from elemental sulfur. Produc-
tion of acid from elemental sulfur in the eastern part of
the United states is shown in Figure 3.4-6. Production
in the State of Florida is about fifteen million tons per
year.

Commercial grades of sulfuric acid and oleum are shipped
in steel drums (returaable), tank trucks, tank cars, and
tank barges. Sulfuric acid is classified as a corrosive

material in the Department of Transportation Hazardous
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Materials Table. Shipments must be made in accordance
with DOT specifications and require a DOT label. Dedi-
cated fleets of tank trucks, tank cars, and tank barges
are often used. 1In general, sulfuries acid is more
expensive to ship than elemental sulfur on the basis

of contained sulfur since the acid contains only about
33% sulfur by weight., Industry practice in general has
been to ship elemental sulfur to the locality of end use

and to produce sulfuric acid at that locality.

Eccnomic Comparison

1.

A preliminary economic comparison was made of two alternatives
for sulfur recovery in TVa's coal gasification - elemental sulfur or

sulfuric acid. The following basis was used in makiny the comparison:

The 20,000 TPD coal gasification plant produces an acid
gas stream containing about 20% hydrogen sulfide at a
rate equivalent of 900 LTPD of recoveriwse elemencal
sulfur.

Elemental sulfur is recovered from the acid yas stream

in a Claus sulfur recovery plant equipped with a tail
gas cleanup unit (Case 1l). The plant consists of five
independent rcrains, four operating and one .pare, serving
the four modules of the coal gasification plant.

Sulfuric acid is produced from the acié gas stream in a
contact sulfuric acid plant (Case 2). 'The plant consists
of five independent trains, four operating and one spare,

serving the four modules of the coal gasification plant.

Economic calculations for Case 1 and Case 2 are summarized in
Tables 3.4-1, 3.4-2, and 3.4-3. Capital investments for the
plants were estimated from Foster Wheeler plant capacity-cost corre-
lations for sulfur recovery plants and licensor information on sulfuric
acid plan.s. Offsites for cach battery limit plant were taken as 30%

0f the battery limit investments. It was assumed that the total fixed
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investment for each plant was entirely debt capitzl. Insurance,
local taxes, and federal taxes were omitted from the calculations.
Shipping costs of 4¢ per ton mile for a distance of 300 miles were
included in the calculations.

The calculated rekturn on total fixed investment is 6.3% for
elemental sulfur and 24.7% for sulfuric acid assuming $70 and S6D
per ton selling price for elemental sulfur and sulfuric acid respec-
tively. If acid could be sold locally, production of sulfuric acid
would be economically favored over production of elemental svifur,
If long distance shipping to customers is required, as is likely for
relatively large production from TVA's coal gasification plant,

production of elemental sulfur would he economically favored.
Elemental Sulfur Form

Elemental sulfur is commonly recovered in its molten form.
This requires heated storage and transportation facilities as well
as precautions against the release of noxious and potentially ex-
plosive fumes. For these reasons, TVA has expressed preference for
producing sulfur byproduct in the form of solid prills, At TVA's
request, Foster Wheeler obtained evaluation information on twe
comnercial sulfur prilling processes, i.e.:

- Chemsource Sulfur Prilling Proccess

- Ciech-~Intcan Sulfur Air Prilling Process

Basically, these two processes differ in che ¢ooling medium
used within the sulfur prilling tower. Chemsource emplays a system
in which molten sulfur is sprayed into a posl of water where the
prills are cooled and solidified. Ciech-Intcan, on the other hand,
uses a stream of coolair to form the sulfur prills.

Typical characteristics of the two processes are summarized
below:

10
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Product Properties Chemsource Ciech-Intecan
Prill shape Spherical Spherical
Particle Size, 90% 2-6 mm 1.5 -5 mm
2Angle of Repose 35° 30°

Bulk Density 73 1lb/CF 80 1ib/CF
Moisture 4:2% £ 0.02%

Operating Requirements

Electric power, KWwH/Ton 3.1 4.5 - 7,0
Steam @ 50 per, 1lb/Ton 15 1s
Process water, lb/Ton 210 None
Cperators, Men/shift 1 2

Foster Wheeler recommends that the Chemsource process be
incorporated into the conceptuzl design studies because of the

following design features:

® Dust pollution is eliminated in forming and also in subsequent
handling of sulfur product. Moreocever, the nondusting charac-
teristic is obtained over the range of product type.

o The basic product is closely czized hard suxfaced spherical prill
as required for industrial use. At the other end of the scale,
the Chemsource Process can make a softer, more porous, irregularly
shaped wroduct used for agrigultural applications. Size also can
be varied within limits.

® Operation of the Chemsource process is simple and requires minimal
operator attention. The unit is fully instrumented to permit
operaticn from the control panel with the part-time services of
the operator.

e Normal precautions on startup and shutdown ensures reliable oper—
ation. If the unit has been properly drained on shutdown and the
reactor plate and feed system heated on restarting, specification
prills will be produced in a matter of minutes, with no appreciable
quantity of oversized product collecting on the grizzly of the re-

actor. Likewise, only a negligible amount of fines will be made

11
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on startup, provided the above precawtions have been taken and
the feed liquid sulfur is of the quality specified.

® The nondusting character of the prills affords the possibility

of economic outdoor storage. While storage and handling Facili-
ties of the sulfur product are not included in' the battery limits
of the unit, they may be included as requi:ed; Product with two
percent moisture or less is easily handled by standard bulk hand-
ling equioment. Further the 1 o 2 $% water as surface moisture
on the prill contributes to the prevention of dust formation

during subsequent handling and shipping.

@ The safety control effect of moisture on particulate sulfur is

widely recognized. While industrial users of sulfur prefer mini-
mal moisture, very often producers and shippers add water to their
particulate sulfur product to control the dust hazard. However,

where required, facilities to obtain dry prills may be included.

© Waste waters may be considered as makeup to the cooling tower of

the unit. While fresh water is specified, the lavel and character
of the dissolved solids may be compatible with the intended appli-
cation of the sulfur product. any dissolved solids would ultimately

coat the surface of the prill since part of the makeup water reports

as surface moisture which leaves a trace residue on evaporation.

Stack Gas Cleanu
Another aspect of sulfur recovery in TVA's coal gasification

plant is that of boiler stack gas cleanup. Production of steam for
process use of electric power production will be required in the

coal gasification plant. The extent of s<eam production will depend
on the coal gasification process used and decisions made concerning
steam vergus electric drive of major compressors and pumps. Coal is
the obvious choice as fuel for plant boilers since large quantities

of coal will be supplied to the plant. In additien, certain fractions
of the coal, such as fines, may not be suitable for gasification but
could be used as boiler fuel.

12
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Combustion of high sulfur coal in steam boilers produces a
significant amount of sulfur Gioxide ir the boiler flue gas. In
principle, this sulfur dioxide could be recovered from the Elue
gas and recycled to the Sulfur Recovery Plant to produce additional
elemental sulfur or sulfuric acid. An alternative is to remove
sulfur dioxide from the Flue gas as calcium sulfite or calcium sul-
fate for disposal. Either method provides significant reduction in
sulfur dioxide emission fromr the boilers.,

The quantity of coal burned in boilers in the coa) gasification
plant will depend upon the type of coal gasification process used.

In the case of Lurgi dry ash gasifiers, coal used as boiler fusi could
range up to 5000 tons per day because of large process steam reguire-
ments, Combustion of the high sulfur design coal at this rate would
produce the equivalent of about 250 tons per day of sulfur as sulfur
dioxide, Capture of thig quantity of sulfur dicxide as calcium sul-
fite or sulfate would result in production of up to 2000 tons per

day of solids for disposal. Since this is a relatively large quantity,
up to 50% of the coal ash generated in the plant, a process capable of
recovering sulfur dioxide from flue gas, such as the Wellman-Lord
process, could be considered. For smaller quantities of coal buzned
in boilers, fluidized bed boilers utilizing limestone to absorb sulfur
dioxide could be used since the solids produced for digposal could be
dry and would not be excessive in quantity. Wet scruibing of boiler

flue gas produces large Quantities of wet sludge which reguires large
sctiling/disposal areas.

A. Fluidized Bed Boiler
Technoloyy

The Fluidized bed boiler is a Fuel combustion-steam yeneration
system in which fuel is burned in a fluidized bed of solids
and steam is generated in boiler tubes immersed in the fluidized
bed. High rates of heat transfer to the boiler tubes and capture
Oof sulfur uxides ruleased during combustion are two of the many
advantages of the fluid bed boiler,

Particulate solids arc fluidizsd when gas flows upward thrcugh

13
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a mass of the solids at velocities up to about 15 feet per
second. Under these conditions, the sclids behave, in many
respects, as a highly agitated liquid. When a fuel such as

coal is introduced into a hot mass of solids £luidized by air,

combustion occurs rapidiy. Heat generated by combustion is
absorbed by boiler tubes immersed in the fluidized bed, pro-
ducing high pressure steam. Rapig agitation of the particiles
increases the heat transfer coefficient to the submerged tubes
by a fuctor of about 10 compared to convective head transfer.
i;; This provides an important cost savings compared to con-

i ventional boilers.

Present environmental regulations require some form of control
of sulfur oxides emissions when high sulfur fuels are burned

in boilerg. This control can be acecomplished in fluidized bed

boilers 'by the use of crushed limestone as the fluidized bed
metexial. The temperature of the solids is controlled at
about 1550-1600°F which is optimum for sulfur oxide capture.
NS Sulfur oxides react with the calcined limestone to foym cal-
fﬂ civm sulfate. Spent limestone is removed from the boiler for

disposal in dry form. This is an important cost and operating
advantage over wet scrubbing systems,

Another important advantage of the fluidized bed boiler com-—
pared to conventional builers is the capability of burning ash-
containing fuels at temperatures below the ash melting point,

Problens of ash deposition and corrosion that occur in con-

e ventional boilers are avoided.

In addition to capiure of sulfur oxides, fluidized bed boilers

produce lower Nox emissions than suspension or stoker Fired
boilers firing the same fuel. This is due to the relatively low

Form No, 130-171

combustion temperature used.

Based on extensive pilot plant testing and engineering work,
) Foster Wheeler has developed designs of industrial fluidized
bed boilers, typically as shoun in Figure 3.4-7. One feature of

this design is the concept of individual cells. Each cell of

14
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the steam generator can be operated independently, allowing a form
of load control bevond the range set by limits of fluidization
velocity., Separate operation of cells also simplifies start-up
procedures involving superheat and provides excellent super-
heater temperature control over the load range.

Application
The U.S. Department of Energy and the Electric Power Resear.:h
Institute are both sponsoring research and demonstration projects
concerning Fluidized bed combustion. Foster Wheeler has been
extensively involved in the development of fluidized bed com-

bustion technolugy as indicated by the following summary of
projects.

Pilgt Plant

A fluidized bed combustion pilet plant was installed and op-
erated at the DOE pilot plant facility at Alexandria,
Virginia. This facility provided basic test data on
combustion and heat transfer.

Rivesville Fluidizod Bed Beiler

Foster Wheeler designed and installed a nmulticell fluidized
bed boiler at Rivesville, West Virginia. This facility,
dusigned for generation of 300,000 lbs/hr o¢f superheated

_ steam, » ~vided additional test data and operating exper-
ience.

Georgetown Fiuidized Bed Boiler

Foster Wheelar designed and installed a natural cir-
culation fluidized bed boiler at Georgetown University
in Washington, D.C. This unit is designed to gencrate
100,000 lb/hr of saturated steam at pressures between
275 and 625 psig. The boiler contains two independently
operated Fired fluidized beds each 5 ft, 6 inches deep by
19 feet, 4 inches wide with a plan area of 106 Ft* At
full load conditions, the fluidized beds operate at =
temperature of 1600°F with a fluidizing welocity of
about 8 feet per second. Approximately 50% of the heat
transfer oceurs within the fluidized bed. Flue gas from
the Eluidized .eds is ccoled by a conventional boiler

bank in which the ¢old end tubes act ac downcomers and
15
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the remaining tubes are steam generating risers. The

two fluidized hed arrangement provides a 4 to 1 turn-

down.

During operation, approximately 95% of the fluidized bed
materjal consists of calcined and reacted limestone; the
remaining 5% is fuel. Coal sized to minus 1.25 inches

is injected inte each bed with overbed spreader feeders of
the same type used in spreader stoker boilers. 'These
feeders do not require dry coal. Limestone is fed by

gravity at the surface of each Fluidized bed.

The fluidized bed boiler ai Seorgetown University has
been in operation sivce July of 1979 and as has accumu-
lated over 2000 hours on %ime. The unit has operated
successfully with Lboth one 2nd two fluidized beds in
service, generating up to B0,U0C lo/nr of stear:. Full
load capability of a singie fluidized bed has been shown
to exceed design rates. Emissions of sulfur dioxide and .
nitrogen oxides from the Georgetown boiler were below
Federal and District of Columbia standards when measurad
in December 1979 while fire 2.3% sulfur coel.

Fluidized bed boilers provide an advantageous new method

©Of generating steam in an environmentally acceptable
manner. These bollers can accept a wide range of fucls

while simultaneously controlling emissions to levyels

within standards. Although commercial application of
fluidized bed boilers is relatively new, industrial boilers
having capacities up to about §00,000 lb/hr of steam can
be obtained on a commercial basis.

16
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Recommendacions

Consideration was given to various aspects of technology,
marketability, and economics of sulfur recovery in TVA's proposed

coal gasification plant. The following recommendations arc made
concrening Foster Wheeler's conceptuai design of the coal gasification
sing Lurqi dry ash, BGC/Lurqi clagging, Texaco, Koppers

Totzel, and BsW entrained flow gasifiers:

Sulfur should be recovered from acid gas streams in
the form nof elemental sulfur, preferably as solid

prills.

Sulfur recovery should be carried out in a Claus
plant equipped with a Beavon tail gas cleanup unit,
Sulfur dioxide should be recovered from boiler flue

gases using a Wellman-Lord stack gas scrubbing process
when the quantity of coal fired in boilers is larye.
For small guantitites of coal fired in boile.w, fluidized

bed boilers should be used,

17
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PRODUCTION COST AND SELLING PRICE ESTIMATE TABLE 3,4-1

Forant CLAUS PLANT + TAIL GAS CLEANUP CASE 1 \
Leapncyry 225 LTED = 112 . e ™
LOCATION TVA REGION INVESTMENT - B.L. 60.0 MMS |
OPERATING DAYS/YEAR 330 INVESTMENT - OFFSITES @ 30% 18.0 '
INTEREST DURING CONSTR.® 11% 3.6
ELEMENTAL SULFUR PRODUCED TOTAL FIXED INVESTMENT 86.6 i
PER YEAR = 297,000 LT WORKING CAPITAL ;
' EQUITY
----LONG_ 'ERM GENY GNITIALY.. — ... B6.6.. . _HMS_ |
UNTT UNTT COST PER
COST ITEMS LN1T PRICE CONSUMETTON ;
AW MAVEERIALS
ACID GAS STREAM NO CusT E
TOTAL RAW MATERIALS ___ 0.00 il
UPILITIES
|
SEE ATTACHED PAGE ‘
1
TOTAL UTTLIVIES 0.84 MMS CREDIT/YR q (2.83)
]
DIRECT OPERATING COST |
DIRECT OPERATING LABOR 2 OPERATORS/SHIFT @ $17,000/YR 0.50
OPERATING SUPERVISION @ 15% OF OPERATING LABOR 0.08 4
SUBTOTAL ] 0.58 |
MAINTENANCE 3% OF B.L. INVEST. + 1% OF OFFSITES INVEST. 6.56
TOTAL DIRECT QPERATING COST 7.14 U
INDIRECT ODPERATING COST
PLANT OVERHEAD 8 602 OF TOTAL DIRECT OPER, COST 4.65% .
1
DEPRECIATION @ 5% OF TOTAL FIXED INVEST. 14.58
INTEREST ON LONG TERM DFBT @ 11% 16.03 ]
TOTAL INDIRECT OPERATING COST “ 35.26 -
TOTAL PRODUCTION COST 39.57 i
SHIPPING COST FOR 300 MILES @ 4¢/TON=MILE 12.00
CREDITS }
NET PRODUCTION COST + SHIPPING 51.57 |
RETURN ON TOTAL FIXED INVESTMENT 6.33 18.43 !
| &
ESTIMATED SELLING PRICE 70,0 ..
Sy -
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VRUDULTIUN COST AND SELLING PRICE ESTIMATE TABLE 3.4-2
R — e == —— —
PLANT SULFURIC ACID PLANT CASE 2
capacITY 5 @ 750 TPD HpSO; = 3750 TYDF_INUEGTMENT FEaTIMATE CURVE
LOCATION TVA REGION INVESTMENT - B.I.. B85.0 MM$
OUERNIING DAYS/YEAR 330 INVESTMENT - OFFSITES € 30% 25.5
INTEREST DURING CONSTR.E11% 12.2
SULFURIC ACID PRODUCED POTAL FIXED INVESTMENT 122.7
PER YEAR = 990,000 WORKING CAPITAL -
EQUITY
LONG TERM DEQT _(IMITIAL) 122.7 = MMS
UNIT UNIT LOST PER
COST ITEMS UNIT PRICE CONSUMPTION [UNi{" PRODICT]
AW MATERIALS
ACID GAS STREAM ND_COST
TOPAL 1AW MATERIALS J 0.00 |
UTILITILS
SEE ATTACIED PAGE
}
-
TOTAL, TTILTTILS  1.20 MMS CREDIT/YR (1.21) |
DIRECT OPERATING COBT l
DIRCCT OPERATTIG LABOR 7 QPERATORS/SHIFT @ S$17,000/YR 0,52
QPESATING SUPERVISIGN ® 1%% OF OPERATING LABOR 0.08 J
SUBTQTAL { 0,60
MATNTENANCE 32 OF B.lL. [NVEST., +1% OF OFFSTTES INVEST. 2.79 !
TOTAL DIRECT OPERATING COST 3.39 K
i
IHDIRLCT DPERATING COST
IPLATE OVERIEADR 9 601 OF TOTAL DIRNCT OPGER. COST 2.18 |
;
DEPRECIATION & 5% OF TOTAL FIXED INVEST. 6,20 !
INTEREST OF LONG 'FERM DPIE @ 113 6.82 ;
TOTAL INDIRECT OPERATING COST | 15.20 ]]!
TOTAL PROBUCTION COST 17'38__!
SHIPPING COST FOR 300 MILES 8  4¢ /TON-MILE 12.00 1I
CREDITS
!
NET PRODUCTION COST 4+ SHIPPING 29.38 |
]
RETURN ON TOTAL FIXED INVESTMENT 24.7% 30.62 .
—— i
ESTIMATED SELLING PRICE §0.00 |
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Item
Steam
409 psig suphtd
4100 ¥ satd
50 ¥ satd
BEFW
Cooling Water
Power
Fuel Gas

Cat. u Chem.

Steam
404 psig suphted
400 " satd
50 " satd
BIfW
Cooling Water
Power
Fuel Gas

Cat. & Chem.

ECONOMIC CALCULATIONS

Unit

Case 1

M b
M gal
KWH
MM 3tu
M " fyp

M 1b
M gal

MM Btu
M $/yr

TABLE 3,4-3

UTILITY COSTS

Unit Price

§2.00
1.80
1.50

«25

«02

02,7
1.25

52.00
1.80
1.50

«25

«02

«02.7
1.25

Consumption

{252}

284/hr
S5.2/min

4560/hr

36/hr

TOTAL

(382/hr)

528/hr
52/min
13600/hr

Total

MM S/YR

(2.99)

0.56
0.05
0.98
0.35
0.20

{0.34)

{6.05)

|
l
|
|
i
I
l
B
i
i
E
i



ENATINS
IVININT13

A

T ’ ¥3ioao
i g
Svo L
VL ; e

< > 431000
HOLIYIH ! AIL

s B

- WyY3HLS
s%n

YALYIHINY uiY

¥010v3iy FIVYNHNS

AHIAGIIH HNAINS %+E6 -06
MO14 L11dS
SNOILVIHVA $S3004d SNV10

L¥'E FHMOW

EEEE I LT A
EPEET ST TT R TEP R E SLF L L T s R A




HNANS
IVLNINGTZ

A

SVD
THVL

vOLIVIY

H31VIHIU

H31002

H0Lov3IY

HILVIHIY

AHIA0I3H HNAINS %+56 -t6

MONOHHL LHOIVHLS
SNOILLYIHVA SS300Hd SNVY10

Ve 3undId

¥37000

FOVNHNS




Hn3mns
TVLIN3IWITT

\v
WY3HLS
¥31000 st

37000 «

YOLOVAY Y
HOLDVaY v
H31V3IHIHI
JIVYNENA

)

AHIAOI3IHY HNAINS %+06 0L
IT10A03Y HOAINS
SNOILYIHVA SS3304d SN2

EV'E IHNDI4




ynJiins

TVINIWINI
431003
#31002
SVY . TEVEL
w1 Wyats
s’n
ya1vaHaYd HOLIVIY y31vINILS
ﬂ_ HIY
AHIAQDIY UCHINS %0601
NOLLYAIXO 1234ia
SNOILYIHVYA SS3230Ud SNV10

ri'c 3HNOIL




dID¥ DTUNITINS

on
HITO00D 1 J4TI00D e HIV
HITC0D % > 23INOL
HATIOSAY ONIXdd
Sya TI¥L L
ONm
¥3T002D
o
¥ITO0D v\h M e ([\YAUIS mm: 80)
UNIINS
FoUNENd
[
quoxa
HIRIOSIY HOLOVIY
SS3I00ud dIDV DINNJINS LIVINCGD NOILJWOSEV J74N0d
S—-p € FUANHII
B O MaE N wene s . s ban N O




FIGURE: 3.4-6
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ASSESSMENTS AND PROCESS SELECTIONS

EQUIPMENT DRIVES

Introduction |

The objective ﬁf this assessment is to ifentify the major
. _ ' equipment drivers required by coal gasification plants employing
the following tybe of gasifier:

-~ Babrcock and Wilcox entrained flow

Texaco entrained flow

Lurgi dry ash

BGC/Lurgi slagger

- Koppers Totzek entrained flow

In addition, the candidate methods for supplying the driver

- power rgquirements are described and the rationale for selecting

| the preferred method, as incorporated in the baseline design studies,
is discussed, '

Major Equipment Drives

The major prime movers for ;otating equipmen£ incorporated in
' baseline gasification plant designs are summarized in Table L.
Common to all Eive types of gasification plants is the large
power usage needed to drive the compressors associated with the air
. separation saction. In general, the air compressors require the
.. largest single prime movers in the plant, the exception being the
product gas compressors for those designs employing low pressure
gasification processes. These compressors are rated at 20,000 to

40,000 BHP. The oxygen compressors, which are also large capacity
machines, fall into the 10,000 - 20,000 BHP range.

With the exception of the Texaco gasification process, all the
%l plants require product gas compressors to deiiver gas at 600 psig to
the plant gate. These machines vary in size from 4,000 to 30,000

- BHP depending on the gasifier operating pressure and, in the case of

s K-T gasifier, the degree of intermediate gas comp:ession.




FOSTER WHEELER ENERGY CORPORATION 7

Within the processing area, other large single drivers are found

in the acid gas removal section of each. plant. These are associated 5

with solution circulation pumps, recycle gas compressors, and refrig- I
eration compressors. The K-T based plant is unique in that the raw

gas, generated at essentially atmospheric pressure, undergoes jinter- l
medlate stages of compression in preparation for acid gas removal.,

Large single drivers, over 1000 BHP, are generally reguired in '

the cooling water system and water treating sections of the suppert

facilities. fThese are associated with the cooling water circulation

pumps and boiler feed water supply pumps.

Driver Selection

Candidate drivers for supplying power for the majoz rotating
machinery include the pressure reducing or back pressure steam turbine,
the condensing steam turbine, and the elsctric motor, Gas turbines
are excluded from consideration due to their high operating costs,

i.e. the cost of natural gas or product medium BTU fuel gas is pro-
hihltlve.

e

|
!
|
The selection of electric motor or steam turbine drives for a ' |
casification plant Primarily depends on the plant steam system. 1In
general, this type of plant cannot Justify extremely high pressure I
steam, as do utility power plants. A typical system uses a variety
of steam pressuze levels in order to provide proper temperature re- !
quired by the process scheme. When process users require intermediate
or low pressure steam levels, such as 200 psig and 50 psig, this pro- ',
vides a good opportunity using pressure reducing steam turbines as
drivers.
A pressure reducing steam turbine consumes high pressure steam

delivered from the boilers and exhausts it at a lower pressure for use

t . in the process. The pPressure reducing turbine, in conjunction with a

! Process user, offers the distinct advantage over other equipment drives
of giving, by far, the lowest operating cost. The key to the low o
operating cost is the fact that while the turbine converts only a

2
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Eraction of the avallable steam énergy into shaft work, the remaining
heat energy in the exhaust steam, particqlarly the latent heat, ia
useable for process heating purposes.

A condensing turbine drive also uses high pressure boiler steam,
but éxhausts steam into a condenser operating at a pressure of a
few inches of mercury. This turbine uses a greater portion of the
system energy than does the non—-condensing type. ﬁcwever, the tom-
perature and pressure of the exhaust stemp‘;s teo low for process use,
and consequently the latent heat of steaﬁ;J%.lost by being transferred
. cIoling media. As a result, the condep;ipg turbine has the highest

e, + .=rating. cost of the three alternatives fpr small drives and its cost

approaches that of electric drives only foi- very large horsepower drives.
Electric motors are the most common equipment drives employed in

procéss piants. Their reliability is good and their efficiencies

range from 75% for small motors to 95% for 1000 horsepower and greater

units. The operating cost of electric motors depends on the plant charge

for electricity, but in general} it fails between the operating cost of

the pressurs reducing steam turbine and the condensing turbine. When

the choice is producing steam for a condensing turbine drive or pur-

chasing electric power for a motor dEive, the k:lance favors electric

drives when fuel costs for the power utility and process plant are equal,
A comparison of estimated mperating costs of the three types of

equipment drives is given below. This study was conducted by Foster

- Wheeler . for a conceptual design of a commercial industrial fuel

gas plant, based on coal, and the'results are generally confirmed by

independent literature sources

. Operating Cost of Delivered Power *

. , $ / MMBTU
;. Pressure Reducing Turbine 1.50 - 1,70
Electric Motor 6.10 - 6.50
Condensing Turbine 6.30 - 7.00

- * Based on fuel at $1.25/MMBTU and electric power
‘ at 50.02/KWH for large drives (> 1000 HP).

3
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Baged on this analysis, the recommended driver scheme for the
baseline wasification plant designs is to maximize the use of back
pressure stsam turbines and to provide electric motor drives for th.
balance of the rotating equipment. Of couzge the use of topping tur-
bines is limited by the need for the resulting low or medium pressure
exhaust steam in the particular plant design. 1In instances where
high pressure steam is generated via process waste heat boilers, con-
densing turbinesg a;é employed on large driving requirements to the
extent that tnppin? turbines cannot be fully utilized.

Steam and Poﬁer Supply

‘OE the Eive gasification plant concepts under consideration,
only the Lurgi dry ash and BGC/Lurgi slagging gasifier cases do not
generate significant amounts of waste process steam, by wvirtue of
their relatively low gasifier outlet temperature (900-1000°F} and
the need to quench the off-gases for tar removal. Consequeﬁcly,
the bulk of the process stean requirements has to be generated via
coal fired: boilers at elevated pregsure and let down to process
COnditioné via topping steam turbine drives.

The 6ther three gasification cases (BaW, Texa;o, and Xoppers
Totzek) employ relatively high tempexatdre gasifiegs which permit
heat rectvery from the off-gas via generation of high ®vressure steam.
In these situations, the need for separate cdal fired steam generators
is minimized since the steam from process waste heat bollers is gener-
ally sufficient to satisfy all process steam requirements. Excess
Steam can be utilized to provide driving power in condensing turbines.

Therefore, in all of the gasification plants consideced for this
study, the in-plaﬁt steam generation capacity, either from coal fired
boilers or waste heat boilers, is preferably des:.gned to satisfy only

the processing requirements, i.e. no substant1a1 steam generation

capacity is provided solaly for equ;pment drive purposes. Those equip-~
ment drives which cannot be accommodated by the plant steam balance are
delegated to electric motor drives.
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' This recommendation for selecting the type of plant drivers is
!,j " " based on the following criteria:
. - no substantial difference in investment cost exists
i - - - between electric motor érives and steam turbine drives,
when all asso;iated ancillarg.systems are included e.9.
motor controls, electric switch gear, steam piping, ete,

- when equal fuel cost is considered for both steam genér—
ation, driver operating costs favor electric morors over
condensing steam turbines, ' .

Following the above recommendation to employ elecltric motor
drives in preference to additional in-plant steam generation for
turbine drives, the other option that should be considered is on-
site electric power generation versus purchased electric power to
satisfy the balance of the plant power requirements. The choice
of electric power supply is influenced by the following factors:

. - availability of purchased power

~ relative costs of purchased and on-site generated
power

- environmental constraints for the gasification plant
camplex

Under the proposed design philoscphy for satisfying the gasifi=-
cation plant steam balances, the plants' electric power requirements
depend on the type of gasifier selected, e.g.

; ' Gasifier Approximate Power, MW
3 v B&W _ 250
% L Lurgi Dry Ash : 100
i BGC Slagger 80
: ' Texaco 100
K-T 450

iH? Assuming that purchased power is available to satisfy the above
. requirements from TVA's regionhal grid gystem, it is unliikely that on-
i . ) ) .

§ . site power generators would compete with TVA's relatively low cost

X -

power. This is apparent from the relative costs of coal fired electric
W powet plants (1978 cost basis):
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Capacity, M.W. Plant Cost, S/KW

100 - 1150
a50 600
1000 . 450

For eguivalent coal cost, an on-site power plant with capacity
of 100 to 400 Mw_will not ke able to produce power at a cost compar—
able .to that of TVA's large central power stations.
s Furthermore, on-site power generation would represent additional
emiscsions of sulfur dioxide, NO,, and particulates associated with
the gasification complex, as well as increased coal and ash handling
facilities. Thu:efore{ unless sufficient purchased electric power
is unavailable, the recommendation is to exclude on-site power gen-
eration from tﬁe scope of the gasification plants.

Fluidized bed steam generators have been recommended for this projec’ I
because of their capability to satisfy steam demands while simultaneously : E-“
controlling SOz, NO, and particulate emissions to levels within the

Federal and most state and local emission limits. Additionally, they can .
be designed to simultaneously burn uncleaned low 8TU gas produged in the
coal gasification process of this project. Fucthermore, high heat stream

T

may be ducted to thesc boilers utilizing them for the fluidizing media
wpile capturing their sensible heat. Consequently, costly emission _
problems are eliminated by combining “hese streams and handling their - ‘ ?ﬁu;?;
difficult emission pyvoblems in a.central facility offering a hxgh effxc:ez;y B
enerdy recovery. They can also be designed to handle surplus coal ‘Eines
p:oduce& by the coal handling facilities which is another advantage not
without significant 1mpo;tanve for this facility.

Fluidized bed steam qene:ators are offered commercially in sizes to
600, 0001b/h:., with superheated steam at desired pressure and temperatu:e
aAn yﬂdust:;al unit supplying 100,000 lb/hr of saturated steam is operating
satisfactorily in commercial service., Also a utility system supplying
300,000 lb/hr. of super—heated steam has shown that the fluidized bed

Form No. 130-171

technique can be integrated into plants requiring highex preséure
superheated steam to drive steam turbines. Numerous installations are in -

various stages of design, construction and start—up throughout the world.
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ASSESSMENTS AND PROCESS SELECTION

PLANT RELIABILITY, SPARES, AND GAS STORAGE

Introduction

Several of the tasks required under TVA contract number TV-53453A
involve an estimate of plant availability. An idzal data source for
such an estimate would be the existence of identical planﬁs with four
or five years of operating experience. Since suck a -iata base does not
exist, indireet methods must be used to estimate the availability of
the propo;ed designs.

The purpose of this report is to define these areas where major

equipment redundancies arc necessary to meet the required availability.

Also, this study should identify those areas where parallel lines of
equipment should be used. Finally, the merits of storage will be de-

veioved in torms of plant availability.

Basie Approach

The approach used was to consider process blocks and attempt to
estimanelthe availability of the assembly of these blocks in the plant
modules. Dlocks were subdivided when ﬁecessary to estimate the need
for redundant eqguipment trains to achieve the overall design availability.

The Process Block Flow Diagrams were rcviéwed to establish the num-
ber of units critical to the establishment of overall module availability.
1 A typical count of critical units is as follows: .

A B & W Gasifier 11 critical units

Lurgi Dry Bottom Gasifier 12 critical units

58 A AT T PTTTT

Critical units are defined as those which could shut down an entire
plant module due té unscheduled outages. Units which can be designed
so as to allow their shutdown without causing an immediate plant shut-

down are considered non-critical. Availability estimates were made for

each of the critical blocks to develop overall plant medule availability.




. o
FOSTER WHEELER ENERGY CORPORATION A7

Many of the critical blocks were treated as single units. These
v units were considered to have a high degree of availability as indicated
by past experience.

Several units were treated as consisting of several parallel trains,
This was done where redundancy was :equired'to increase module availabil-
ity or to justify storage for the same puzpose,

Three types of equipment and/or bleck arrangements ar: possible.
These are as follows:

1. Equal or unequal units arranged in series.

2. Unegual units arranged in parallel.

3. Equal units arranged in parallel.

The following formulas were used to eskimate the availability of
the arrangements given above:

Series

A= AgAp - - - Ay (1)

Unegqual Parallel

A=Y = (-A ) (1-Ap) . . . (1-AY {2)
Equal Parallel "
Z e SY N& N—x) . . X
A £= X };.E_E ex) txt @ (L-a) ()]

/]

Total number of units

Number of units sut of service

]

Availability of a single unit
Availability of the toal block

rF p X =
L]

1
I

F R

Equations 1 and 2 are straightforward and commony used in

i,

reliability studies. Equation 3 has also been used in reliability

studies. This last equation is a method of approximating the prob-

HIL ALt

abilities for one of two possible events,

Data Sources
A limited amount of published data exists te assist in this type

of analysis., Information used for this present analysis includes:
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a. Oxygen Plant Operating Data from several
papers by Air Products.
b, Lurgi Dry bottom gasifier operating ex-
perience as published by SASOL.
¢. Partial Oxidation Unit experience as pub-
lished by Shell for their process.
d. Claus plant operating experience published
by the Amoco'P:Oduction Company .
Ancother source of data are the Lurgi Single-Train Centrifugal-type
ammonia plant surveys. Data from the 1975—1556.su:vey foE 30 piants,
which covers the pericd from 1969 through 1976 reports on the operating

experience of 30 plants.

Available Data

nir plents outages have been reported as follows:
Scheduled 4.3 days/year
Unscheduled | 3.0 days/year
7.3 days/year
‘. It is assumed tha® scheduled ocutages for the air plant can be 2et
so ag to occur sSimultaneously with the scheduled outages for other units.
Tnus, the air plant availability becomes 0.9918. This is without oxygen
storage.

Information from air products indicates that a liguid oxygen storage
system has an availability of about 0.9996 which corresponds to an avail-
ability of about 3% hours per year. Parallel gaseous storage with a
capacity of 15 minutes should bring the tokal oxygen supply aystem to
an availability of 1.0000 and has been assured in this analysis.

SATOL reports that a design operating factor of 35% for the Lurgi
dry bottom gasifier is to be used for SASOL. 1I. This availability de-
rives From their mors than twenty years of cxperience with SASOL I.

The other gasifier with considerable cemmercial experience is the Kopper
Totzek. lowever, published gasifier availability data has rnot been
found for this process. Since the other gasifiers have not yet been
demonstrated in large commercial plants, the SASOL experience has been
used as a bench mazk.
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1

Amoco Production Company has reported availability data for five
. ' plarts. These show an average of 6.0 days outage per year for an
SR . availability of 0.9836.

Shell has reported gasifier ané overall plant availability for
their partial oxidation plants. The xeported data for oil fed gasifi-

s

cation plants shows an average gasifier availability of 0.9388. This

data was used Lo estimate the availability of each section of the plant.
This data is shown in Table 1.

TABLE 1 .
SHELL (1)
PO PLANTS
Availapility Days
“l. Air Separation 0.99828 0.4
2. Coal Prep - -~
. 3. Gasification 0.9478 19.1
i 4. Shift Converter 0.9988 0.4
S 5. Acid Gag' Removal 0.9s588 c.4
" 6. Gas Compression 0.9988 0.4
7. -Sulfur Blant 0.9988 0.4
B. Tail Gﬁsvgreating. ' - -
9. 'CO Removal _ 0.9948 . 0.4
ot 10. Ash Handling - -
11. Utilitw System 0.9988 0.4
12. Waste Treatment 0.9988 0.4
0.9387 22.4

F

ik
L FLF S

{1) PFor PO Plants known values are gas and overall
availability other egually distributed

Large single~train centrifugal type ammonia plants have baen

~orm vio.

surveyed for a number of years in relation to their operating experi-
ence. The survey for 1975-1976 for 30 plants shows outages as follows:

—
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_TABLE 2

shutdowns

Instrument Failures

Electricai“Failures

Major Equip. Fallures

Turnarounds
Others

{1)
(2)

5

5
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2y

down time in day/year/plant

number of shutdowns per year per plant

(1) Down Percent of ) '
.. Days Down Days Availability

1.5 0.9959

1.5 ¢.9959

22 a4 0 9397

20 .40 0.9452

S _i0 0.9863

50 100 {0.8630)

Major equipment failures average for the ammenia plants surveyed

into the categories shown in Table 3.

Total Days Qutage

Calendar Year

Syn. Gas Compr.

Tubes, Risers &
Manifolds

Piping, Flanges &
Relief Valves

Exchangers

Waste Heat Boilers
Transfer Header
Air Compressor
Ammonia Conv.

Htr. Convert. Coils

Total Days

For Reasons Listed

TABLE 3
50 45.5 49 590
1969-1970 1971-1972 1973-1974 1975-1976
% Days/ t |Days/ 3 Days/ $ | Days/
Year Year Year Year
13 6.5 16 7.3 16 7.8 25 12.5
19 9.5 17 7.7 19 9.3 i3 «5
- - - - 5 2-5 11 5-5
10 5.0 9 4.1 2] 3.9 11 5.5
21 §10.5 10 4.6 - - ) 4,0
-] 3.0 - - 6 2.9 7 3.5
- - 11 5.0 9 «d - -
- - 8 3.6 - - - -
5 2.5. - - - - - -
3z7.0 32.3 30.8 37.5
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The outages shown in Table 3 ware used to calculate the avefage ’
availabilities shown in Table 4.

TABLE 4
Item Availaﬁiiitz
Syn., Gas Compr. 0.9767
Tubes, Risers & Manifold 0.9774
Piping, Flys & Relief Valves 0.9891
Exchangers 0.9873
Waste Heat Boiler 0.9825
Transfer Header 0.9914
- Air Compressor D.2871
Ammonia Conv. 0.9901
Convection Section Coils 0.9932

Project Reliability Requirements

Three gasification schemes were selected to set the approximate
availability requirements for each section. These are shown in Tables
5, 6, and 7. The selected processes were:

Lurgi Dry Bottom Gasifier
BGC/Luxgi Slagging Gasifier
BeW Slagging Gasifier
These tables were used to egstimate the need for sparing of major
equipment t¢ achieve the design module availability of 90%. An avail-

ability requirement of (.95 was set for the gasifiers so as to meet

the overall avallability requirement. The critical item in *his analysis

is the gasifie: availability.

Figure 1 shows the results for the B&W Gasifier. In this case, a
total of three would be installed per module with two operating units
required. From Figure 1, it can be seen that a single gasifiers'avail-

ability of about 0.875 would be required to achieve a gasification unit

availability of 0,95 at the 100% plant capacity. Since this requirement

is somewhat above the single gasifier availability achieved at sasOL, a

1

L

~ .
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second case was plotted in Figure 2. This figure shows that with four
units installed and two operating, the single gasifier availability
dropé to about 0.75. This case was chosen as the design case.

The Lurgi dry bottom is shown in Figure 3. This shows that for
seven operating gasifiers, 10 uniﬁs are required te achieve a single
yasifier reliability of 0.850.

Similarly, .Figure 4 shows that {ive BGC/Lurgi Slagging Gasifiers
are reguired with three operating units to meet the system recuirement.
Fiqure 5 shows three operating Texaco Gasifiers with a total of five
units installed. )

The B&W and Texaco Gasifiers require the use of coal pulverizers.
These units are believed to be somewhat less reliable than the gasifier.
A single unit availability of 0,775 was selected for the design. It
was agsumed that one pulverizer per module would be required for a
total QE four pulverizers. The total installed ruguirement is seven

to meet the desigi's availability. This calculation is summarized in

Figuze 6.

Figure 7 shows a plot of oxygen availability versus hours of
UXYgen storage. Curve 1 shows that a system availability of 1.00
can be achieved with a minimum of six hours liguid storage. Short
term gaceous storage - say about 15 minutes - should be provided to
handle unusual situations such as a stuck valve. )

The above analysis has looked at process éystems as complete
blocks. Examination of specific equipment iteme has not been con-
sidered necessary for the present effort. The final design should
include the type of redundancies and backup typically found in Process
Plants. Exampies of this are spare pumps, spare tﬁrbine driven pumps

with automatic start systems, and handwheels in control valves.

Produgk Gas Storage
Product Gas Storage is an alternative method of achieving the

plot design cperating Eactor., 'various forms of skorage include:

LE
v
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Line Packing
Underground Storage
Pressured above ground storage

N Atmospheric ahove ground storage

The volume of gas is quite large. One days' storage is abmut
284 MMSCF. Storage costs, excluding any compression costs will run
in excess of $1.00/Ft.3. Previous work by the contractor has demon-

strated that large volume storage is too costly to merit serious con-

sideration for this project.
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TABLE 5
TVA STUDY

LURGI DRY BOTTOM

e Availability fDutage Days/Year

1. Air Separation - 1.0000 (1 0.0
2, Coal Prep 0.99%8 0.1
3. Gasification 0.9500 18.3
: 4. Gas Cooling & Scrub 0.9945 2.0
5. Acid Gas Removal 0.9945 2.0
6. Gas Compression 0.9918 3.0

7. Sulfur'Plant - 0.9974 0.9 8

8. Tail Gas Treating 0.9974 0.9 '
9. Gas Liquor Sep. 0.9945 2.0
10. Ash Handling 0.9945 2.0
11. utility System 0.9945 2.0
12. waste Treatment 0.9945 2.0
0.9066 34.1

(1) Based on liquid & gaseous backup storage
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TABLE 6

IVA STUDY

BGC/LUFGI SLAGGING

Availability Outage Day/Year

1. Air Separation 1.0000 ‘Y 0.0

2. Ccoal Prep. . 0.9998 0.1

3. Gasification 0.9500 ‘ 18.3

4. Gas Cooling & Scrub 0.5945 2.0

S. Acid Gas Removal 0.9945 2.0

6. Gas Compression 0.9918 3.0

7. Sulfur Plant 0.9974 0.9

i 8. Tail Gas Treating 0.9974 0.9

I ¢. Gas Liquor Sep. G.9545 2.0

| 10. Ash Handling 0.9945 2.0

l 11. Utility System 0.9945 2.0

3 12. wasté Treatment 0.9945 2.0
f CT -
o - :

0.9066 34.1

{1} Based on liquid & gaseous backup storage

io

Form ido. 130-171
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10.
1l.
12,

Alr gepacaticon
Coal l'rep.
Gazniiicawviom

-

Gas Snollag L Serub

CAclu Gaz Rrameral

Gas Compiossitn
Suliw Plant

Tail Ses treatipn
Gas Liaucr Sep.
Asn Handdling
ygtility Svstem

wagihe: TNreatment

il} Based on

TABLE 7

TVA STUDY

B&W

Availability
i.
0.
0.
0.
C.
0.
0.
0.

0.
0.
0.

.

11

0000
$@850
2500

9945
9945
9918
9974
9874

9945
9945
9945

898l

1)

Qutage Days/Year

0.0

liguid & gaseous backup stcrage
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FOoSTER WHEELER ENERGY CORPORATION

ASSESSMENTS AND PROCESS SELECTIONS

GAS DELIVERY PRESSINRE

Introduction

iélis recognized that variations in gasifier pressure can have
gsignificant impact on plant operation. The optimum operating pressure
is that pressure where minimum capital and operating cost occur. Re-

liability of cperation is axother factor that is considered when an

operating pressure level is selected.

Benefits of OpLeration at Increased Pressure

In general, an increase of pressure is beneficial for the following

reasons:

1. It may be possible to eliminate raw gas comp.ession,
thus decreasing both capital and operating costs, and
alsc ‘uur=asing plant reliability by avoiding raw gas
compr.: -ur downtime and possible plant shutdown. The
compression cost of oxygen increaqes, but since the
oxygen volume 1s approximately one-third that of the

'-ﬁroduct gas, a considerable compression savings is
realis~t by increased gasifier pressure operation.

2. There will be lower capital and operating costs in the
equipment downstream of the gasifiers due to the reduced
volume of gas at higher pressures.

3. Higher pressure operation provides greater flexibility
for rapidly controlling gasifier response to load varia-
tions.

4. Acid gas removal systems operate more efficiently at
higher pressures; this is particularly true For absorbers
in which a physical solvent (for example, SELEXOL) is
employed. Also, the investment cost for the gas purifi-

cation system is reduced.
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Higher pressures enhance heat transfer and also provide
reduced heat losses.
Increased pressure results in higher gasification rates/

unit reactor volume. Both capital investment and heat

loss are reduced.

Disadvantages of Increased Pregsure Operation
The disadvantages of increased gasifier pressure operation, especi-

ally applied to the production of a medium BTU gas, are:
1. As the pressure increases the methane yield alsc increases.
Phis would be benefizial for high BTU (SNG) production,but
for MBG product necessitates the incorpcration of a-reform-
ing step to convert the unwanted methane into hydrogen and

.carbon mohoxide. The effects of higher pressures on methane

yieid can be counterbalanced by opezating the gasifier ab

higher temperatures, however.

Higher pressure operation usually increases the -difficulties
associated with feeding a gasifier through a lock. hopper sys-
tem. Also, it can be anticipated that the design of casifiers
not already capable of cperatiny at elevated pressurzs would
have to be modified. Possible benefits relating to the gasi-
fier itself might be: a) more efficient gasification by im-

proved gas mixing, b) reduction in the number of gasifiers.

Specific Gasifiers
Despite the obvious advantages of increased pressule on gasification

plant design, the limiting Eactor is the highest operating gasifier oper-
ating pressure stipulated by the gasifier developer. For the gasifiers
considered in our study, the recommended pressure conditions recommendad
by the gasifier licensors are as follows:

Gasifier Pressure (psig)

Lurgi Dry Ash 4§0
BGC/Lurgi Slagger ‘ 450
Bahcock & Wilcox . 525
Koppers-Totzek ' .15
Texaco . 680
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significant impact on plant operation.

ASSESSMENTS AND FROCESS SELECTIONS

GAS DELIVERY PRESSURE

Introduction

oberating pressure level is salected.

Benefits of Operation at Increased Pressure

recasons:t
1.

ol el el

It may be possible t¢ eliminate raw ga}‘compression.
thus decreasing both capital and opefating ﬁoqts, and
alsoc increasing plant reliability by avgidi?gf}gw gas
compressor doewntime and possible plant shutdown. The
compression cost of oxygen increases, but slnce the
oxygen volume is approximately one-third that of the
product gas, a considerable compression savings is
realized by increased gasifier pressure operation,

There will be lower capital and operating costs in ths
equipment downstream of the gasifiers due to the reduced
volume ol gas at higher pressures. ‘

Higher pressure cperation provides greater flexibility
for rapidly controlling gasifier response to lcad varia-
tions.

Acid gas removal systems operate more efficiently at
higher pressures; this is particularly true for absorbers
in which a physical solvent (for example, SELEXOL) is
employed. Also, the investment cost for the gas purifi-
cation system is reduced.

It is recognlzed that variations in gasifier pressure can have
The optimum operating pressure
is that pressure where minimum capital and operating cost occur,

Re-

liability of operation is another factor that is considered when an

In general, an increase of pressure is beneficial for the followiag




FOSTER WHEELER ENERGY CORPORATION @

S. Higher pressures enhance heat transfer and also provide

raeduced heat losses.
6. Increased pressure results in higher gasification rates/
unit reactor volume. Both capital investment and heat

loss are reduced.

Disadvantages of Increased Pressure Operation

The disadvantages of increased gasifier pressure operation, especi=
ally applied to the production of a medium BTU gas, are:

1. As the pressure increases the methane yield also increases.
This would be beneficial for high BTU (SNG) production,but
for MBG product necessitﬁtes the incorporation of a.reform-
ing step to convert the unwanted methane into hydrogen and
carbon monoxide. The effects of higher pressures on methane
yield can be counterbalanced by operating the gasifier at
higher temperatures, however. i

2. Higher pressure operation usually :.ncreascs the difficulties
associated with feeding a gasifier through a lock hopper sys-
tem. Also, it can be anticipated that the design of gasifiers
not already capable of operating at elevated pressures would
have to be modified. Possible benefits relating to the gasi-
fier itself might be: a) more efficient gasification by im-

proved gas mixing, b) reduction in the number of gasifiers.,

Specific Gagifiers

Despite the obwious advantages of increased pressure on gasification

= plant design, the limiting factor is the highest operating gasifier oper-
§§ ating pressure stipulatad by the gasifier developer. For the gasifiers
; considered in our study, the recommended pressure conditions recommended
E by the gasifier licensors are as follows:
E Gasifier Pressure_ {psiq)

Lurgi Dry Ash 450

BGC/Lurgi Slagger 450

Babcock & Wilcox 225

Koppers-Totzek ) 15

Texaco ' E. : 0

la
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We have confirmed these levels of gasifier operating pressures
with each licensor and cite below this rationale. For the Dry ash,
Slagger, B & W and K-T gasifiers these levels pretty much represent
the pressures at which actual units have operated, and are thus
guaranteed. The Texaco gasifier has operated over the range of 350
to 1200 psig; the selection of 680 psig was made to maintain the
gasifier at the level necessary to generzte product gas at the requ;:ed

600 psig level with no attempt made to optimize the operating pressure
with respect to praduct gas cost.

Rationale Provided by Licensors for Selection
of Gasifier Operating Pressures

Babcock and Wilcox Gasifier

"Phe gas side pressure in the B&W gasifier, designed for TVA
was established at 240 psig for metallurgical reaéons. At
all times the steam side pressure should be greater than tha
gas side pressure so that any leukage will be of steanm int&
the gas stream instead of dirty:gas into the steam. Because

of HZS corrosion, the maximum O.D. temperature has been limi-

ted to about 650°F, so as to give a 20 year predicted life
time for the tubes. A temperature of 650°F corresponds to

a steam pressure of 250 psig".

Lurgi Dry Ash Gasifier

"at present, Lurgi offers only one gasifier design which is
capable of going to 450 psig. This pressure level is there-
fore the limit for Lurgi's commexcial offering. The 450 psig
design was originally selected by Lurgi for coal gasification
plants to give overall economy: i.e. high gasifier throughput
and downstream gas processing. Presently, pilot scale work
at 170 TDP is being conducted to 1500 psig. The Lurgi gasi-
Eier can be operated at pressures less than 450 psig. Low
pressure operation results in lower ‘throughput per gasifier
as well as less methane in the raw gas. Atmospheric units
are in operation in Pakistan, but Lurgi would not recommend

this approach”.
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Koppars=-Totzek Gasifier
"The Atmospheric Entrained Bed Coal Gasification (EBCG)
Process nhas provided its commercial application in the

past 30 years using a large number of different solid
feedstocks, including 0U.S. coals. The main advantage
L of the EBCG Process are: high reliébility, easy opera-
' ' tion and maintenance, suitability for a wide rzange of
solid feedstocks, no environmental :estfictions, and

flexibility with regard to load changesl The main ex-
pected advantages for a future entrained bed high-pressure
coal gasification process are:

5 - 1. Higher thermal efficiency because of energy savings

due to oxygen compression instead of raw gas compres-
sion and a higher yield of useful gas per KG of coal
- especially in case of feeding a low reactive ccal.

2., Higher throughput per gasification stream.
None of the processes under development at present has

proven its industrial maturity and appears to be commer-
cially available for large plants before the second half
of this decade”.

Texaco Gasifier

vphe Texaco Coal Gasification Process has been Dperatéd
successfuliy on a l5~-ton-per-day pilot-unit scale with
pressures up to 1200 psag and on a 160 ton-per~day dem-
onstration scale at pressures up ko 590 psig. The closely
related Texaco Synthesls Gas Generaticn Process, using
liqui@ hydrocarbons as feedstock, has been operated suc-
cessfully on a pilot-unit scale at pressures up to 2500

psig and on a commercial scale at pressures up to 1200

psig.

Form No. 130-171

Since the Solicitation of Proposals issued by TVA for this
project specified a delivered gas pressure of 600 psig and
since the Texaco Coal Gasification Process can operate over
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a wide ranje of pressures as indicated4in the above paragraph,
it was decided that the optimum gasification pressure would
be that which would be just high enough to eliminate any in-
termediate compression of product gas., Thus, a gasifier
pressurce of 750 psig was selected and usecd to prepare the
Conceptual Design dated February 11, 1980, which was sent to.
. you as a basis for your study. We believe that a pressure
close to 750 psig takes maximum advantage of the pressure
flexibility of the Texaco Coal Gasification Process since,
after allowance for pressure drops downstream on the gasifier,

jt will deliver a product gas close to 600 psig.

& gaskfier pressure in the 750-psig range does not present any
preblems in obtaining an adequate Supply of high-pressure oxy-~
gen since, as indicated above, oil-based gasification plants
are now operating commercially at pressures up to 1200 psig

with significantly higher oxygen delivery pressures"”.

Effects of Pressure on Product Gas Cost

An internal study at Foster Wheeler has explored the effects of
pressure or product gas cost for a selected gasifier. This study dem-
onstrated that there is a definite advantage to raise the gasification
pressure to a level just high enough to eliminate the raw gas compressor.
A reduction in product gas cost of 10.8¢/M¥ BTU was attained by operating
the gasifier at a pressure 75 psig above distribution requirements. By
raising the pressure 400 psig above the distribution pressure, the gas
cost can be reduced by an additional 3.5¢/MM BT.

For the two pressuce levels cited, the compression investment costs
represented the largest effects. At the lowar pressure, a 75% decrease
in net (oxygen, raw gas) compression costs was ‘achieved over the normal
gasifier operating (75 psiq) pressure; at the higher level only a 40%
decrease was achieved. This was due to less savings in the oxygen com-
pressor at the higher level. However, the use of a higher pressure was
more than compensated for by a decrease in the operating requirements.
The principal advantage of the higher pressure level was due to the large
net change in auxiliary steam generation, which vas ¢redited at fuel gas
equivalent value.
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EFFECTS OF SCALE
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An important consideration in the planning of a coal gasification
project is the napacity of the plant to be installed. There are ob-
viously many aspects to this consideration, including the Qize and
nature of the market available for the product, availability of Ifeed-
stock, type and amount of Finanzing that can be arranged for, and
economies of scale of operation affecting the production cost of the
product. The last aspect - economies of scale of operation - is the
subject of this assessment task for TVA's proposed coal yasification
demonstration plant project. For the purposes of this assessment, it
is assumed that market considerations, feedstock availability, etc.

do not impact on plant sizes which can be considered.

Components of Product Cost

Before discussing the specific aséécts of economies of scale, it
i8 necessary to recognize the major components of coal gasification
product cost and to indicate the effects of scale of operation on each
component. A variety of methods can be used to carry out "cost of
product® calculations depending upon specific business requirements.
The main components of product cost included in these calculations,
however, are generally those listed in Table 1. This table was pre-

pared for a coal gasification plant operation and reflects TVA's

approach to product costs., In the case of a coal gasification plant,
cost components include raw materials, utilities, direct cperations,
and indirect charges.

The raw material for the plant is coal. Dtilities include elec-
tric power, raw water, and catalysts an€ chemicals. Incihded in the
utilities category is the annual cost of disposal of ash. Direct
operations includes shift operators andAsupervision as well as piant
maintenance - labor and materials. Indirect charges include plant

overhead, payments in lieu of taxes, depreciation of plant,'inte?est

on debt, and TVA corporate overhead.
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Effects of Scale

Cost items listed in Table 1 tend to,Qary with plant capacity but
the extent of variation depends on the specific cost item considered.
The raw material - coal - and utilities - raw water, electric power,
and cgtalyst and chemicals, as well as ash disposal are usually con-
sidered to be directly proportionally toplant size, although this is
noi necessarily true for small plants, for example, less than 1000
TPD coal consumption. The contract price cf delivered coal could be
appreciably higher for small plants than for large plants since the
latter would represent a base load customer for a large share of the
output of a given mine or group of mines. Efficiency of motors and
drivers in a small plant would tend to be lower than that of similar
equipment in a large plant. Large electric power customers currently
benefit from lower unit cost rate although this situation may not
exist in the Future. '

Plant operating labor required per unit of plant capacity tends
to decrease with increasing plant size since large capacity eguipment
can be operateé by about the same number of operators assuming adequate
instrumentation and Eont:ol systems. Multiple modules, however, usually
require national staff. Maintenance labor and materials are usually
expressed as a percentage of plant investment so that the cost of these
items for unit of product drecreases with increasing plant capacity in
a manner similar to the variation of plant cost with capacity. Indirect
charges are also expressed as percentages of plant investment and con-
seguently, vary with plant capacity in the same mannec.

The major factor in the consideration.of economy of scale is the
relationship between installed cost of plant and plant capacity. Ex-

perience indicates that this relationship is given by the equation:

= CA=x
1= Io‘ic;)

Where T is the installed cost of plant having capacity C, Io is
the installed cost of a reference plant having capacity Co and x is a
dimensionless exponent. The value of x vhries betwern about 0.6 and
about 0.9 depending on the type and capacity of plant. The exponent
has a value of abont 0.6 for processing plant consisting primarily of
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l equipment such as process heaters, boilers, filters, and solids kandling

equipment for which an increase in capacity is achieved by a proportional
increase in surface area of tubes, filtering surface, etc. A value of
0.7 to 0.75 for x usually applies where the processing plant contains

a mixture of different types of equipment.

_ The exponent x is approximately constant, however, only over a

3 limited range of ééyaeity{xthe limits of the range being definec a-
capacities where multipie trains or modules of - juipment afg required

‘ because of technical or practical limitations on equipment éizes. At

these points, there is usually a discontinuity in the cost capacity

relationship. A two train plant, however, generally costs somewhat
less than twice a single train plant of the same total capacity bo-
cause of savings in support facilities. '

Product Cost Estimates as a Function of Plant Capacity

Approximate calculations were made of the cost of medium BTU fuel
gas produced by a coal gasification plant over a range of plant capa-
cities. Purpose of these calculations was}to illustrate the effects
of scale of operation on product ¢ost. These calculations were made
in accordance with the patameters given in Table 2 which specify the
variation of cost components discussed previously. It should be noted
that the parameters of Table 2 do not represent any of the specific
designs developed by Foster Wheeler in this study for TVA but are
typical of such designs.

The base or reference plant capacity was taken as 2500 TI3D of

.coal. At this capacity, it was assumed that coal cost is §35/ton and

1!

that this cost varies as capacity increases with exponent of -0.1.
Power cost was taken as $30/MWH and raw water cost was taken as $0.40/
M gal. These costs were also assumed to vary with a capacity exponent
of -0.1. Operating labor for the 2500 TED plant waz taken as 32 opera-
tors/shift. This parameter varies with capacity with an exponent of
0.25.

I Yo— p—i N
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Lorig term debt was assuméd to be 100% of total fixed investment
with an interest rate of 12%. Payment in lieu of taxes and plant’
depreciation was taken as 28 and 5% of total fixed investment respec-
tively. Investment for processing units and offsitas for the 2500
TPD plant was assumed to be 300 million dollars. This investwent

varies with capacity as shown in Fiqure 1. Variation in investment

cost was estimated using an exponent of 0.7 up to the limit of a

module - 5000 TFD.

petails of the economic calculations are given in Tables 2, 4,
5 and 6. Calculated cest of product fuel gas is plotted as a function
of plant capacity in Figure 2., Gas cost was about $8.0/MM ETU for the
2500 TPD plant. Gas cost decreased rapidly with increasing plant size
up to a capacity of about 10,000 TPD and then decreased slowly as
capacity increased to 20,600 TPSD. The results indicate that most of
thé econonic benefits of large scale operation are available in plants
having capacity of 15,000 TPD or higher. TVA's selected nominal ¢apa-
city of 20,000 TPSD is in this category.

variation in product cost with plant capacity has been reported
by Farnsworth(l) am@ in the Department of Energy report on large scale
methanol from coal plants. Variations described in these publications
are gsimilar to the variation shown in Piqure 2. Cost variaticu reported
by Kermode (2) was also similar.

{1) Farnsworth, J.F., Koppers Company, IGT meeting Augqust 1973.

{(2) Kermode, R.I., Nicholson A.F. and Jones, Jr., J.E., Chemical
Engincering, February 25, 1Y%80.
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TABLE 1

EFFECTS OF SCALE

COMPONENTS OF PRODUCT PRODUCTION COST

COAL GASIFICATION PLANT FOR FUEL GAS PRODUCTION

¢

Raw Materials
Coal - gasification
boilers
Operation and Maintenance
Utilities :
Eiectric ﬁower
Raw water
Catalyst and chemicals
Ash disposal
Direct Operations
Shift Operators
Operating Supervision
Maintenance labor and materials
indirects
Plant overhead
Annual payments in lieu of taxes
Depreciation of‘plant
Interest on long term debt
Corporate overhead




TABLE 2

EFFECTS OF SCALE

GAS_COST DPARAMETERS

Basis:
Range of Plant Capacity, TPSD Coal 2500 - 25,000
Maximum module size, TPSD Coal 5000
Parameter Base Value Capacity Exponent

Plant Capacity, TPSD as received LV 25040 9.0
Coal Cest, $/Ton K} -0.1
Pawer Cost, $/MWH kit -0.1
Raw Water Cost, $/M gal. 0.4 ~0.1
Operating Labo./shift 32 0.25
Debt, % ¢ 100 -
Interest on debt, % 3 12
Payment in lieu of taxes, % TFI 2 -

Depreciation, % TFI

L
.

Plant Investment, BL & Offsites, MM 300 per Fig. 1




TABL(: 3

PLANT: TVA Coal Gasification Plant -~ Fucl Gas Product

CAFACITY: 2500 TPD Coal TYPE INVESTMENT BSTIMATE: Conceptual
LOCATION ZINVESTMENT - B.L. 204
: OPERATING DAYS/;YR 328.5 INVESTMENT -OFFSITES 96
- INTEREST DURING CONSTR. 36
i FUEL GAS PRODUCT WORKING CAPITAL 5
' 45 MMM BTU/SD STARTUP AND TESTING M
K TOTAL FIXED INVESTMENT 356 MMS
- LONG TERM DEBT 100%
ITEMS OF COST UNTT UNIT UNIT CLST PER
1 OPERATION OF PLANT PRICE CONSUMPTION UNIT PROD.
9 ,
, PAW MATERIALS
. COAL Tons $35.0 2500,D 1.94
!
. TOUTAL RAW MATERIALS 1.94
OPERATION AND MAINTENANCE
UTILITIES
ELECTRIC POWER MWH 530.0 240/D 0.16
RAW WATER M Gal. $ 0.40 40Cu/D u 0.04
CATALYST AND CHEMICALS $600,000/Year . : 0.04
ASH DISPOSAL t $810,000/Year 0.04
TOTAL UTLILITIES C.28
. DIFECT OPERATIONS :
. SHIFT OPERATORS 32 GPERRTORS/SHIFT @ § 20,000 JYR. G 0.19
OPERATING SUPERVISION @ 20% SHIFT OPER. 0.04
SUBTOTAL . 0.23
. MAINTENANCE .
SECTIONS 100 - 1000 & 4% B.L.iw 0.55
SECTIONS 1200 - 2200 € 2% OFFSITES 0.12
SURTOTAL 0.68
TOTAL DIRECT DPERATICONS v.91
Ly IND1RIXCTS
N l PLANT OVERIEEAD € 60% OF TUTAL DIRECT OFER. 0.55
B ANRUAL PAYMENT IN LIRU OF TAXES 2% TFI 0.48
3 URPRECIATION OF PLANT 5% TEI 1.20
. l INTEREST ON LONG TERM DERT 12% TFI , 2.89
} CORPORATE OVERHEAD @ 1% QF OEM - .05
&V ! TOTAL INDIRECILS 5.17
o
§ TOTAL OPERATION AND MAINTENANCE 6.08
‘ l TOTAL PRODUCTICN EX CAPITAL RECOVERY 8.02
.




TABLY: 4

PLANT: TVA Coal Gasification Plant - Fuel Gas Product

CAPACITY: 5000 TPD Coal TYPE INVESTMENT ESTIMATE: Conceptual
LOCATION , INVESTMENT - B.L. 343
UBERATING DAYS/YR: 328.5 . INVESTMENT -OFFSITES 147
INTEREST DURING CONSTR. . 59
FUEL GAS PRODUCT WORKING CAPITAL 10
80 MMM BTU/SD . STARTUP AND TESTING 24
TOTAL FIXED INVESTMENT 583 MM$
LONG TERM DEBT 100%
ITEMS OF COST URIT UNIT UNIT C¢OsT PER
OPERATION OF PLANT PRICE CONSUMPTLON UNIT PROD.
RAW MATERIALS
COAL : Tons $32.% 5000/D 1.81
TOTAL RAW MATERIALS l.8)
OPLRATION AND MAINTERANCE
UTILITIES
ELECTRIC POWER MWH $28.0 480/D 0.15
RAW WATER M Gal. 0.37 8000/D 0.03
CATALYST AND CHEMICALS $1,200,000/Year 0.04
ASH DISPOSAL £1,000,000/Year g.04
TOTAL UTILITIES 0.26
DIRECT OPERATIONS
SIUIFT OPERATORS 38 OPERATORS/SHIFT @ § 20,000 /YR. 0.11
OPERATING SUPERVISION @ 20% SHIFT OPER. 0.02
SUBTOTAL 0.13
MATINTENANCE
SECTIONS 100 - 1000 & 4% B.L.I. 0.46
SECTIONS 1200 - 2200 @ 2% OFFSITES 0.10
SUBTOTAL 0.56
TOLAL DIRECT OPERATIONS 0.59
INDIRECTS
PLANT OVERHUEAD & 60% OF TOTAL DIRECY OPEK. 0.41
ANNUNL PAYMENT IN LIEU OF TAXES 2% TFI 0.39
DEPRECIATION OF PLANT 5% TFI 0.98
INTEREST ON LONG TERM DEBT 12% TFI . 2.37
CORFORATE OVERHEAD € 1% OF OEM 0.05
POTAL INDIRECTS 4.20
TOTAL OPERATION AND MAIRTENANCE 5.15
TOTLL PRODUCTION EX CAPITAL RECOVERY 6.96
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PLANT: TVA Coal Gasification Plant - Fuel Gas Product
CAPACIM'Y:14,000 TPD Coal TYPE INVESTMENT ESTIMATE: Conceptual
LOCATION INVESTMENT ~ B.L. 855
OPERAT LG DAYS/YR INVESTMENT -OFFSITES 255
INTEREST DIRING CONSTR. 109
FUEL GAS PROLUCT WORKRING CAPITAL 18
180 MMM BTU/SD STARTUP AND TESTING 45
TOTAL FIXED INVESTMENT - 1082 MM$
LONG TERM DEBT 100%
ITEMS OF COs% UNIT UNIT UNIT CCST PER
QPERATION OF PLANT PRICE CONSUMPTION UNIT PROD.
RAW MATERIALS
COAL Tons $30.5 10,000/D 1.69
POTAL RAW MATERIALS 1.69
OPERATTION AND MAINTENANCE
UTILITIES
ELECTRIC POWER MwH $26.1 920/D 0.13
RAW WATER M Gal. $0.35 16,000/D .03
CATALYST AND CHEMICALS $2,400,000/Year 0.04
ASH DISPOSAL $2,000,000/Year 0.04
TOTAL UTILII'IES 0.24
DIRECT OPERATIONS »
SHIFMT OPERATORS 45 OPERATORS/SHIFT @ 5 20,000 JYR. 0.06
OBERATING SUPERVISION @ 20% SHIFT OPER. 0.02
SUBTOTAL . 0.08
MAINT'ENANCE
SECTIONS 100 - 1000 @ 4% B.L.I. 0.44
SECTIONS 1200 - 2200 € 27t OFFSITES 0.09
SUBTCTAL 0.33
TOTAL DIRECT OPERATIONS 0.6l
INDIRRCTS
PLANT OVERHEFAD @ 60% OF TOTAlL DIRECT OPER. 0.37
ANNUAL PAYMENYT IN L1EU OF TPTAXES 2% TFIL G.37
DEPRECIATION OF PLANT 5% TrI 0.91
INTEREST ON LONG TERM DEBY 12% TFI . 2.20
CORPORATE OVERHEAD @ 1% OF OBEM 0.U3
TOTAL INDIRECTS 3.%0
TOTAL OPERATION AND MAINTENAMNCE 4.75
TOTAL PRODUCTION EX CAPITAL RECOVERY 6.44
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PLANT: ‘I'VA Coal Gasification Plant - Fuel Gas Product
CAPACITY: 20,000 TPD Coal TYPE INVESTMENT BSTIMATE: Conceptual
LOCAT IO INVESTMENT - B.L. 1343
OLELATLNG DAYS/YR 328.5 INVESTMENT =QFFSITES 46"
, INTEREST DURING CONSTR. 214
UL, GAS PRODUCT WORKING CAPLYAL . 34
‘ 360 MMM BTU/SD STARTUP AND TLESTING 90
{ , TOI'AL FIXED INVESTMENT 2129 AMS
¥ LONG YERM DEBT 1004«
ITEMS OF CUST ONIT UNIT UNIT - COST PER
OFERATION OF PLANT PRICE  CONSUMPTION UNIT PROD.
EAW MATERIALS
COAL Tons $28.4 20,000/D 1.58
TOTAL RAW MATERIALS 1.58
OPERATION AND #MAINTENANCE
UTILITIES
ELECTRIC POWER MWH 524.4 1843/D 0.12
RAW WATER M Gal. $0.32 32,000/D 0.03
CATALYST AND CHEMICALS $4,600,000/Year 0.04
ASH DISPOSAL $4,600,000/Year 0.03
POTAL UTILITIES D.22
DIRECT OPERATIONS
SHIFT OFERATORS 54 OPERATORS/SHIFT 2 $ 20,000 JYR. 0.04
QPERATING SUPERVISION @ 20% SHIFT OPER. p.0}
SUBTOTAL 0.05
MAINTENANCE
: SECTIONS 100 -~ 1000 & 43 B.L.I. 0.45
SECTICNS 1200 - 2200 @ 2% OFFSITES 0.08
SUBTOTAL ’ 0.53
POTAL DIRECT OPERATIONS 0.58
INDIRECTS
PLANT OVERHEAD @ 603 OF TOUTAL DIRECT OPER. 0.35
ANNUAL PAYMENT IN LIEU OF TAXES 2% TFI 0.36
DEPRLCIATION OF PLANT 5% TFI Q.90
INTEREST ON LONG TERM DEBT 12% TFL . 2.16
CORFORATE OVERHEAD @ 1% OF OEM 0.35
. TOTAL INDIRECTS ) 3.82
TOTAL OPERATION ANU MALNTENANCE 4,62
TOTAL PRODUCTION EX CAPITAL RECOVERY . 6.20

: e 10
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FIGURE 1
ESTIMATED VARIATION IN PLANT INVESTMENT

DEPENDENCE ON PLAWY CAPACITY
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FIGURE 2
DEPENDENCE OF FUEL GAS PRODUCTION
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LOAD CHANGES
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ASSESSMENTS AND PROCESS SELECTIONS
LOAD CHANGES

The coal gasification plant being considered by TVA produces a
medium BTU product gas which can be used as an industrial fuel gas.
TVA is presently discussing use of the gas with potential customers

but definite commitments to purchase gas have not yet been made.

2 result, the demand pattern on a daily and seasonal basis is not
known at this time.

As

Although gas demand will undoubtedly vary on both short and long

term basis, TVA decided to base the conceptual designs of coal gasifi~

cation plant on continuous operation at design capacity,

The capabili-
ties

and limitation of the plants with respect to load changes would

then be considered., Those considerations are the subject of this assess-

ment.

General

Foster Wheeler carried out, as part of its work for TVA on this
study, designs for Eive coal gasification plant producing medium BTU
fuel gas at a rate of about 350 billion BTU per day.

The plants use
one of the following coal gasification processes:

Lurgi Dy Ash

Koppers Totzek

Bsw

Tenaco

BGC/Lurgi Slagger

The plants consist of four operating modules, each module being

assentially independent of the others except for certain spare systems
which are shared among the four modules,

Production of Ffuel gas in these Plants involves, in genaral, a

sequence of pProcessing steps which are directly involved with gas pro-
duction:

Air Sepaxation
Coal Gasification

Acid Gas Removal

Treated Gas Compression
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N There are other processing steps - sulfur recovery, sour water
‘ stripping, ash/slag handling in all plants, gas liguor separation,
phenol recovery, ammonia recaovery, in Lurgi Dry Ash and BGC/Lurgi
slagger plants. These steps are, however, auxiliary to the main gas

production sequence and are less severely affected by changes in
plant output,

The main processing sequence involves gas production or gas
i treatment and there is no practical method of providing surge storage
. capacity of any significance for intermediate product from each pre-
i cessing step. As a result, changes in plant output are directly re-
flected in each processing step in the sequence. Each processing
system in the sequence must respond to changes in load in concert
with other systems in the sequence. If this-.cannot be accomplishéd,
gas must be flared until conditions are satisfactory in 2ll systems.
\ This situation in gas processing plants indicates, in general,
that operation at & plant cutput which is essentially invariant is
the preferable method of operation. Under these ideal circumstances,
operation of each system can be lined out at optimum levels and product
yield and quality can be maximized. This type of operation is also the
most economical if the constant plant output corresponds.to design ca-
pacity. k

In practice, however, the circumstances of gas use in industrial
plants result in variable gas demand on & daily, weekly and seasenal
basis. The fuel gas producing plant will be required to follow these
changes although;the magnitude of the changes may be modified by the
inherent storage capabilities of gas delivery pipeline and equipment.
The transient response of the gas delivery pipeline to changes in gas
input and output rates will be important with respect to shert term

variations.
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Capabilities of Plants with Respect to Load Changes
Capabilities of the coal gasification plants with respect to

load changes can be exemined in terms of the individual processing
steps in the gas production sequence. .Table 1 lists for each of the

A S 52 a0 ) S
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l Eive plants, the number of operating processing trains per module in
air separation, gasification, raw gas compression, acid gas remcval é

l znd clean gas compression sections. All of the plants contain multiple
gasification trains - three in the case of Texaco gasifiers, up to

i

eight in the case of Koppers-Totzek gasifiers. Assuming opecability
down to about 50% of design capacity for each train, raw gas output
could he varied as follows: )

i Lurgi 7% to 100% in steps of 14%
K-T 6% toc 100% in steps of 12.5%
) B&W '12.5% to 1003 in steps of 25%
Tendco 16% to 100% in steps of 33%
] BGC/Lurgi 12.5% ko 100% in steps of 25%
Otheor sowvtions of the plant are less fiexible, however, since the
l number of operating trains is less than that of the gasification section.

In the case of the plant based on Lurgi dry ash gasifiers, the air sep-
aration, acld gas removal and clean gas compression sections are zll

single train. The plant based on BGC/Lurgi slagging gasifiers is similar
in this respect.

- teata

Plants based on K~T, B & W, and Texacc gasifiers all have two trains
; ) of air separation, and are thus more flexible than plants based on Lurgi
dry ash and BGC/Lurgl slagging gasifiers. Raw gas compression (for the
#~T plant]), acid gas removal, and clean gas compression (for K-T and '

3 B & W plants), however, are all single train. The limitation in these

: plants may be the compresscrs which generally experience surge problems
at flows below about 70% of capacity. This limitation can be avoided

by recycling gas to the compressor section.

& ot
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Effects of Load Changes

Effects of load changes include loss of heat recovery efficiency
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and increased regquirement for equipment. The loss in heat recovery
efficiency occurs since heat loeses tend to be independent of throughput.
Additional equipment may be recuired to provide flexibility to melt a .

given pattern of load changes. gExamples are coolers to recycle product

i gas to compressor suction, wmultiple trains, etc. Complete detailing of
these effects requires definition of the load variation pattern.
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TABLE 1
TYA Coal Gasification Demonstration Plant Study
Task ... hssessment: Effect of Lead Changes
Nimber ©f Dperating Processing Trains per Modules
Erocess Lurgi Koppers BGC/Lurgi
System Dry Ash Totzek B & W Texaco Slagqger
Air Separation 1 2 2 2 1
Gasification 8 ] 3 3
Raw Gas Compression - 1 - - -
Acid Gas Removal 1 1 1 1
Clean Gas Compression 1 1 1 - 1
-t
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