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Chapter 3: OVERVIEW OF SELECTED SYNTHETI C FUEL
CONVERSI ON PRUCESSES

3.1 Ceneral Synfuel Processes

The General term* synfuel processes” applies to the follow ng:

1. Upgrading of coal. to gaseous, liquid or solid products
wth inproved characteristics.

2. creversion of the kerogen in oil shale to gaseous or
liquid fuels or products.

3. Recovery of petrol eum crudes from non-conventional o
resources such as heavy oils and tar sands

~ Upgrading of coal by subjecting it to a reaction with steam at

high tenperatures and pressures in the presence of air or oxygen, or

to hydrogen, with or wthout a catalyst, is called conversion. The

coal can be converted to gaseous (gasification) or liquid (lique-
faction) hydrocarbons. The products have a nuch | ower content of sulfur
than the original coal. Q1 shale can be retorted by subjecting it to
h|§h tenperature and pressure, also producing gaseous or liquid
hydrocarbons . Catalysts are used in synfuel processes when there

I's need to accelerate the reaction rates and affect the product state

In this report, the followng processes are included
1. Coal gasification

-to nedium Btu gas: generic
- to high Btu gas: generic

2. Coal Liquefaction

-by pyrolysis (none included)

-by solvent extraction: liquid solvent refined coal (SRCII)
o Exxon donor sol vent (EDS)

- by catalytic liquefaction: Hcoal

- by indirect liquefaction: Fischer-Tropsch (FT) Methanol

3. Q1 shale retorting using
-true insitu retorting (none included)

- nmodified in situ: generic
- surface retorting: generic

3.2 coal Gasification

The process by which coal is gasified involves reactions of
devol atization of coal with steam at elevated pressures and tenpera-
tures to produce CO and HO  Gasification of coal involves basically
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the followng reaction between steam and carbon:
c+ Ar or Oxygen + HO co + H,+ Heat

There are many processes by which coal can be gasified producing
| ow, nedium or high-Btu gas. The definitions of the heat content
of each of then arenot rigorous. LowBtu gas is a mxture of carbon
nmonoxi de, hydrogen and nitrogen It has a heating value of |ess than
300 Btu per ‘standard cubic foot'(Reference No. 25)=. This gas is of
interest to industry either as a conbustible fuel or as a raw materia
from whi ch ammonia, nethanol, and other conpounds may be sKnthesized
Due to the low heating value, it cannot command high enough prices to
justify long distance transport. MediumBtu gas is a mxture of
met hane carbon nonoxi de hydrogen, and other gases. It has a heating
val ue between 300 and 700 Btu per standard cubic foot (Reference No. 25) .
It is suitable as a fuel for industrial consumers, but because of its |ow
heating value, is not econom c to transport over great distances. Hi gh-
Btu gas consists essentially of nethane. It has a heating value of
appro approximately 1000 Bt u per standard cubic foot, and is conpatible with
natural gas in that it can be substituted for natural gas in existing
pi pel ine systens.

Coal gasification processes can be divided into three major process

txges according nainlg to the way in which the feedstock coal, steam
and the product gases ar e contacted. They are:

1. Fixed bed gasification in which the crushed, sized coa
is fed fromthe top of the reactor vessel. Steam air
or oxygen are Dbl own upwardly.

2. Fluidized bed gasification in which the finely sized coa

particles are “fluidized” by the steam air or oxygen, which
are piped through them

3. Entrained bed gasification: in which the even finer coa

particles are blown into the reacting gas streamprior to
entry into the reactor. The coal particles are suspended

in the gas phase, and are filtered and recycled until a
product gas with a suitable heating value I's produced.

Figure 3.1 (Reference No. 31) describes the main features of these
t hree processes.

;
Usual |y, low-Btu gas has a heating valwe below  200Btu per SCf;
and medium-Btu gas rarges i N heating value between 300 - 350 Btu per

Sf
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Figure 3.1: Basic Coal Gasification Processes
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~ Figure 3.2 (Reference No. 31) is a schematic diagram of coal
gasification. It represents the whole coal gasification fuel cycle,
Including the production of low, medium or high-Btu gas. Al of
these gasification processes share a nunber of process steps. |f
hi ?h'B.th pipeline-quality gas is desired, essentially all of the
fol'lowing process steps are required. In sone cases, sone of them
may be omtted, depending on the type of coal being processed and
the type of gas product desired. The process steps are as follows

(Reference No. 25)..
1. Pretreatment of coal’(if sizing or caking are problens) .

2. Primary gasification of coal.

3. Secondary gasification of carbonaceous residue from
primary gasifier.

4. Removal of CQ, HS, and other acid gases.

5 shift conversion for adjustment of the carbon nonoxi de/
hydrogen nole ratio to the desired 1:3.

6. Catalytic methanation of the carbon nonoxide/ hydrogen
mixture t 0 f or m net hane.

Pr et r eat ment

The coal received at the plant nust be further cleaned and crushed
or ground before it can enter the gasifier. Extaneous materials such
as shale, rocks, metal, etc. are renoved by conventional cleaning
methods . For fluidized or entrained gasification processes, the coa
needs to be finely ground. Crushin? and sizing may also be required
for other processes. In the case of certain bitumnous coals called
caking coal's, aggloneration of the material is observed when they are
heated. Treatment is needed if they are to be gasified by fluidized or
Moving bed processes, or even in fixed bed reaction. The caking
characteristics are destroyed when the coal is heated to |ow
tenperatures in the presence of air or oxygen.

2 Pretreatment Of coal by partial oxidation with air or oxygen i S not

in general a cost-effective approach to destroying the cakingcharacte-
ristics of certain coals, such as Eastern btuminous coal s, because of the
loss of Btu values of the coal in producing ™3 & HpP. The caking

problem i S a serious problemin the processing of such coals and [imts
the applicability of current commercial gasifiers such as the dry-bottom
Lurgi to \Western subbituminous coal s and |ignite.
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Figure 3.2:  Schematic Di agram of Coal Gasi fi cation
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Primary @Gasification

This is the heart of the process, and is basically a
pyrolysis process of the raw coal. The coal feed is con-
tacted with synthesis gas (carbon nonoxide and hydrogen)
The coal is devolatized according to the follow ng genera
reaction (Reference No._ 25 )

COAL + HEAT (Pyrolysis) + Methane, water, tars, phenols,
hydrogen sul fide, hydrogen,
carbon dioxide, char, etc.

The pressures used for gasification range from at nos-
pheric pressure to 1000 psi. The heat required to maintain
the endotherm c gasification reaction is supplied from
burning coal. Air or oxygen are also needed to support the
combustion reaction. If air is used, the product Is |ow
Btu gas ranging fromessentially a carbon nonoxi de/ hydr ogen
m xture (Koppers-Totzek process) to m xtures containing
various proportions of carbon nonoxide, carbon dioxide,
hydrogen, water, methane, hydrogen sulfide, nitrogen, and
typical products of pyrolysis such as tar, oils, phenols,
etc. |If oxygen is used, medium Btu gas results.

The bulk of the original coal is transformed into a
solid char. Certain coals are nore “reactive” to gasifi-
cation than others. Thus the type of coal being processed
determnes to a large “extent the amount of char produced,
and the analysis of the gaseous products. The char is
usual ly gasified by additional processing steps, or is
mar ket ed.

Secondary Gasification

Secondary gasification involves the gasification of
char fromthe primary gasifier. This is usually done by
reacting the hot char with water vapor to produce carbon
nmonoxi de and hydrogen.

[f the desired final product is either [ow or nedium
Btu gas, secondary gasification is usually followed by
scrubbing and cleaning. Carbon dioxide and sulfur com
pounds are partially renoved, and the resulting gas is
used directly. If high-Btu gas is desired, shift conversion
and met hanation are further required.

Shift Conversion

In nmost gasification processes, a shift reaction is
enpl oyed prior to nethanation. |Its-purpose is to react
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a portion of the carbon nonoxide with steamto form nore
hydr ogen.

co + HO + CO + H,
P4 Z PA

By this exothermc reaction the ratio of carbon nonoxide
to hydrogen may be increased to 1:3 nole ratio needed to
produce methane. O herw se, deactivation of the catalyst
used in the nethanation takes place.

The catalytic shift conversion reaction is a well-
known process, but it has not been applied on the large
scale required for comercial coal gasification. For
coal gas shifting, conventional iron-chromum catalysts
may be used; however, the coal gas stream nust be purified
prior to shifting (Reference No. 25 ).

Met hanat i on

[ f carbon nonoxide and hydrogen are present in the
mole ratio of 1:3, the coal gas can be reacted in the
presence of a catalyst to produce nmethane. Goup Vi
transition elenents such as iron, cobalt, nickel, ruthen-
ium rhodium palladium osmum iridium and platinum
have been found to be effective catalysts. The follow ng
exotherm c reactions occur sinultaneously within the
met hanation unit (Reference No. 25 ).

CO + 3H, > CH4 + HZO

Co, +4H , ~» CH, + 2H,0
CO + H,O e co. + £ 9
& L

2C0 - Co, + C

Special care nust be taken to prevent deactivation of
the catal yst by temperatures above 750°F. It can also be
Poi soned by carbon deposition. These can be circunmvented
by ensuring that the mxture of carbon nonoxi de and hydro-
gen shall be fed to the nethanator in the ratio of 1:3.
Scrubbing of sulfur fromthe synthesis gas feed is enployed
to alleviate sulfur poisoning of the catalyst.

_ The final step to prepare high Btu gas for marketing
is to renove water to specified |evels. ~The product gas
usual | y undergoes conpression prior to storage ormarket -
i ng.
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3.3 Coal Liqguefaction

303.1 Gener al

_ Coal liquefaction processes are conversion processes
in which liquids are the primary products. Some gases and
solid char may al so be produced.

There are two basic routes to coal |iquefaction, namely
direct and indirect |iquefaction. In direct processes,
slurried crushed coal is reacted directly wth hydrogen
at high tenperature and pressure conditions to produce
liquid hydrocarbons. In indirect liquefaction, coal is
first gasified to produce a hydrogen-and carbon nonoxi de
mxture. Further reconbination with the aid of a catalyst
produces liquid products.

Direct liquefaction is further broken down into three
generic processes, namely: pyrolysis, solvent extraction
and catalytic liquefaction. The yields and physical prop-
erties of the produced liquid products depend directly on
the reactor conditions and degree of hydrogenation

Pyrol ysis
In pyrolysis processes, coal is heated to tenperatures
above 750°F. It is converted into gases, liquids, and char.

The latter accounts for nore than 50 percent of the weight

of the feed coal and requires hydrogenation. Sonme anount

of solids remain in the raw gas and liquid products. They

consi st of unreacted coal and ash, and can be relatively

easily renoved fromthe gas stream But the liquid requires

{hltra}[gm distillation, or some other treatment to renove
e solids.

Sol vent Extraction

This process nmakes use of coal derived |iquids known
as “donor” solvents to increase the fraction of the coal
that goes into solution. The “donor” solvents act as ,
source of hydrogen to the coal products, and are reacted
together at tenperatures up to 95C°F. Hydrogen may be
supplied under pressure in the extraction step, or it may
be used to hydrogenate the solvent prior to recycle. In
some processes the unreacted coal is used to ﬁenerate t he
necessary hydrogen. In other processes, the hydrogen is
genFrated from by-product gases or from additional raw
coal .
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Catal ytic Liquefaction

In this process, pulverized coal is mxed with 1-1.5 parts of
recycle solvent. A suitable catalyst is used to add hydrogen. Most
precesses of this type operate in the liquid phase with catal yst dis-
persed throughout or in a fixed bed. Some prccesses now in the devel opnent
stage involve the injection of catalyst-inﬂregnaﬁed coal into a stream
of hot hydrogen at about 950° F for a very short time (Reference No. 25) .

I ndirect Liquefaction

Two stage conversion of coal typifies indirect |iquefaction processes
Coal is first reacted with steamand oxygen to produce a gas conposed
primarily of carbon monoxi de and hydrogen. This gas streamis subsequently
purified to remove sulfur,nitrogen, and ash. The product gas is then
catalytically reacted to yield liquid hydrocarbon products

Figure 3.3 (Reference No. 31) presents a schematic diagram of the
basic Iiquefaction processes. Each of them produces several types of
products and sane gas, which may be used within the plant.

Removal of solids fromcoal liquids is a critical step in nost of
these |iquefaction processes. Although there is currently a trend
toward elinination of the solid-liquid separation step by the recovery
of a solids-laden vacuum bottons stream for 9asification,.nost exi sting
pl ant desi%ns call for some type of physical/chemcal solids renova
systen. 3 The three processes receiving the nost current interest are
critical solvent deashing, antisolvent deashing, and pressure filtration

(Reference No. 25) .

Separation of ash and unreacted coal particulate from coa
liquids is difficult because of the small size and large quantity of
the solid particles, the snail density difference between solids and
the liquid, and the high viscosity and melting point of the |iquids.
The Kerr MGee Corporation has been devel oping a separation technique
which utilizes solvents such as benzene, toluene, xylene, ﬁyridene
and cresols near their critical tenmperature and pressure, hence the
term sol vent deashing (Reference No-. 25) .

Solid\liquid separation is a critical step only in direct |iquefaction
process. Mst nodern coal hydroliquefaction processes in the pilot
plant stage of development, such as SRCII , EDS, HCoal (syncrude rode)
do not require a solid/liquid separation stage
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3.3.2 Liquid Solvent Refined Coal (SRCI)

The SRCI process was devel oped to convert high-sulfur, high-ash
coals to lowsulfur and ash solid fuels. The SRCI is the sane kind
of process, except the product is a liquid rather than a solid. This
Is achieved by adding nore hydrogen through the follow ng steps

1. Recycling of a portion of the product slurry as solvent for
the feed coal

2. Hgher residence time in dissolver
3. Hgher pressure.

4. Use, of vacuumdistillation to separate solids from |iquid,
rather than the troublesome filtration step enployed in SRC .

Figure 3.4 is a schematic diagram of the SRCII process (Reference
No. 35) . Table 3.1 sunmarizes the conponents, resource requirenents
and potential inpacts of this process (Reference No. 17) . The feed
coal is first pulverized to less than 1/8" size, dried and mxed with
process derived solvent in a slurry mx tank (Reference No. 35) . Feed
coal is limted to those containing certain trace mneral elements
which may be reﬂuired to act as catalysts for the breaking of solids to
liquids in the |iquefaction reaction”(Reference No. 291. However,
In cases where the problemis concentration rather than the presence of
specific trace elenents, a recycle of residue may broaden the allowable
coal feeds (Reference No. 29) . The coal slurry 1s then mxed with
hydrogen generated by gasification of the vacuumbottons from the
|1quefaction step and reacting with steam and oxygen in a gasifier-converter
The slurry is punped through a preheater (700 to 750°F) and passed
through a dissol ver éZOOO psi, 820 to 870°F) to dissolve about 90
percent of the coal (Reference No. 35) . The follow ng additiona
reactions take Place in the dissolver (Reference No. 35) .

1. The coal is depolynerized and hydrogenated.

2. The solvent is hydrocracked to formlower nolecul ar weight
hydrocarbons, ranging from light oil to nethane

3. Muchof the organic sulfur is renoved in the form of
hydrogen sul fide.

The sultry stream from the dissolver is split into two. One iS
recycled to provide solvent for coal slurry mxing. The other is

fractionated to recover the prinary

4 Opinions differ about the role of the trace minerals as catalysts.
The primary “catalyst” in the SRCII process may well be the pyritic
mneral mafter contained in the coal and not “trace mneral elenents. ”
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products which consist of naphtha, |ow sulfur fuel oil

and a vacuum residue which is separated from the solution
ina filtration unit. The residue consists of heavy oil,
ash and undi ssolved organic material from the coa

(Reference No. _ 25 ).

The gases from the dissolver are treated to renove
hydrogen sul fide and carbon dioxide. Liquid petroleum
gases and pipeline gas are separated in a cnyogenic sepa-
ration unit. Unreacted hydrogen is recovered and recycl ed.

Recent devel opnents have resulted in increased
efficiency of the SRCII process. A conbination of solid
and liquid products are produced. A w de range of pro-
ducts can be obtained depending on the severity of re-
cycling. Table 3.2 (Reference No. 25 ) shows the
properties of atypical mx of products.

3.3.3. Exxon Donor Sol vent ( EDS)

~The process is simlar to SRCII, except that the major
portion of the hydrogen supplied as part of the solvent Is
chem cally combined rather than in the formof a free dis-
solved gas (Reference No. _ 29 ). A schematic diagram of
the process is illustrated 1n Figure 35 (Reference No.
8'8%%—')' ’ %gghed 2%%% |s_I|q(uF§f1!e in al\rbeactz%r at 8$R

an - sig ef erence . ) . e

reaction is non-catalytPc, in the presence of nolecul ar
hydrogen and the hydrogen-donor solvent, which transfers
hydrogen to the coal. The product from the |iquefaction
reactor is separated into two portions. (One part is sent
to the solvent hydrogenation unit to produce donor solvent.
It is a catalytically hydrogenated recycle stream which is
fractionated fromthe mddle boiling range of the liquid
product, and has a boiling range of 400 - 850°F (Reference
No. 25 ). After hydrogenation, the solvent is mxed wth
fresh coal feed, heated In a furnace, and punped into the
l'i quefaction reactor.

The other portion from the product |iquefaction re-
actor is a slurry. It is separated by distillation into
gas, naphtha, mddle distillate, and a bottom product that
contains heavy liquid, untreated coal and mneral matter
rhe ygcuunmbottons slurry is cooked to produce additional

i qui ds.

The major advantages of the EDS process are:

1. High yields of low sulfur liquids are obtained
from bitum nous and sub-bitum nous coals or

lignites (Reference No. 25 ). Avyield
3-14

ej b&a



TABLE 3.2

TYPI CAL PROPERTI ES OF SRC FUELS
USING RECYCLE SRC I PROCESS

Solid Fuel Distillate Fuel

Gavity: ‘APl -18. 3 5.0
Approximte Boiling Range: ‘F 800+ 400- 800
Fusion Point: ‘F 350

Flash Point: ‘F 168
Viscosity: SUS at 100°F 50

Sul fur*: Percent 0.8 0.3
Nitrogen*: Percent 2.0 0.9
Heating Value: Btu/lb. 16, 000 17, 300

* Assum ng Vestern Kentucky coal feed with a%Sulfur and 2% N trogen.

SOURCE: Ref erence 15
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of 2.6 barrels of |iquids per ton of dry coal is
typical for an Illinois bitum nous coal (Reference
No. 25 ).

2. The only by-products of significance are ammonia
and elenental sulfur (Reference No. 25 ).

3. There is wide flexibility in product distribution
by varying liquefaction conditions or adjusting
sol vent properties (Reference No. 25 ).

The typical properties of the products from the EDS
process are shown in Table 3.3 (Reference No, 2 :
An estinated heat balance Is given in Table 3. eference

No. _ 35 ).

3.3.4 H Coal

The H-coal process converts coal to hydrocarbon Iiquids
bg hydrogenati on with a cobal t-nol ybdenum catal yst. An’
ebul 'ated bed reactor is enployed. The liquid products
may range from a heavy boiler fuel to a synthetic crude
product (Reference No. 25 ).

Figure 3.6 (Reference No. 35 ) is a schematic dia-
gram of the Hcoal process. Coal 1s first crushed to ninus
60 nesh, dried, and then slurried with recycled oils at
pressures of approximtely 200 atnospheres (Reference No.

) « Mxing of the slurry with conpressed hydrogen
%5?Iom5, and the mxture is preheated. he material is
punped to the bottom of the ebullated bed reactor, with
t he-upward flow of slurry through the reactor maintaining
the catalyst in a fluidized state (i.e. random notion) .
The catal yst needs periodic additions of fresh catalyst
and withdrawal s of spent portions. Typical tenperatures
of the slurry entering the reactor are 650 - 700°F
(Reference No. 25 ). The finely divided coal and ash
particles flowng through the ebullating bed are renoved
with liquid and vapor products.

The reactor effluent is separated into recycle and
net product streams. Conventional processing equipnent
is used. The liquid streamis distilled to produce a
mxture of light distillate and a heavy distillate pro-
duct. Gaseous products conposed of hydrocarbon gas,
hydrogen sulfide and ammonia are separated. A portion
of the heavy distillate is recycled as the slurrying nmedi um

The operating conditions of the H Coal process can be
altered to produce various types of primary products. For
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TABCE " 373

DONCR SCLVENT PRODUCT ANALYSES

Heavy Na|ohtha~l 200 C+ Fuel O
Raw Hydr ot r eat ed Raw Hydr ot r eat ed
Li qui d Li qui d Li qui d Li qui d
Nonminal Boiling Range, ‘c 70/ 200 70/ 200 200/ 540 200/ 540
Distillation, 15/5°C
10 wt. % 106 92 247 239
50 wt. % 180 157 368 347
90 wt. % 199 182 433 412
Density (g/cm?) 0.87 0.80 1.08 101
El emental Analysis, W. %
c 85. 60 86. 80 89. 40 90. 80
H 10. 90 12.90 7.70 8. 60
0 2.82 0.23 1.83 0. 32
N 0.21 0.06 0. 66 0.24
S 0. 47 0. 005 0.41 0.04
H gher Heating Val ue M/ kg 42.6 44.9 39.8 42.1
‘Excludes C/70°C naphtha cut
SOURCE:  Reference 25
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Tab | e 3.4

Estimated Heat Bal ance for a Commercial Scale EDS Plant

Btu/day Percent of Total
(10 Btu’'s) Energy Input
System Products
Liquids 323,071 61. 72
Sulfur, ammonia 8,309 1.59
System Losses
Ash, combustibles and sensibl e
heat 26,082 5.13
Stack losses 20, 039 3.83
Energy losses via water and air 136, 853 26.14
Liquefaction and SOl vent
hydrogenation (9.80%)
Flexicoking ( 6. 44%)
Hydrogenation and recovery
(6.72%)
“ By-product recovery, offsites,
and miscellaneous (3.18%)
Other miscellaneous 8,309 1.59
Energy Input
Coal (cleaned)* 488, 761 93.37
Electrical power** 34,702 6.63
* Coal - lllinois No. 6; 10,574 Btu/lb as received prior to cleaning
= Power based on 8,500 Btu/kwh to generate
SQURCE:  Reference 35
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exanple, relatively high tenperatures and high hydrogen partial.
pressures are used to produce a synthetic crude products. Vacuum
distillation is used to separate the solids fromthe liquid phase. If
gas and oil are desired, |ower tenperatures and pressures are used
(Reference No. 25) . Conversion and yield structure are determft ned by
reactor conditions, catalyst replacenent rate, and recycle slurry oi
composition (Reference No. 29) .

Table 3.5 (Ref erence No. 25) summarizes the properties 0f both the
fuel oil syncrude products from Hcoal.

Table 3.6 (Reference No. 17) summarizes the conponents , resources
and potential inpacts from H-coal process. It requires between 14,000
and 20,000 standard cubic f eet of hydrogen for each ton of coal produced.
Fwdrogen consunption depends on the type of product produced, with
| ess hydrogen required during the production of residual oil (Reference

No. 25)

3.3.5 Fischer-Tropsch Process

A comercial plant using a modification of this process is currently
operaing in South Af ri ca éRef erence No._ 36).This is theonly
commercial sized pl ant produci ng synfuels. Table 3.7 (Referencé No. 35)
I's an overview of this plant. T

I n the Fi scher-Tropsch process the coal is initially gasified
(for description of gasification see section 3.2 of this report) . The
synthesis gas is then converted to largely aliphatic hydrocarbons using
an iron or cobalt catalyst.

Figure 3.7 (Reference No. 35) is a schematic diagram of the SASOL
| plant, which utilizes the Fischer-Tropsch process. Thirteen high
pressure gasifiers convert coal in the presence of steamand oxygen to
medi um Btu gas containing mainly carbon nonoxi de, tars and oils. The
product gas is then cleaned of carbon dioxide, hydrogen sulfide, organic
sulfur, amonia, and phenols. The cleaned gas is then subjected to
the catalytic Fischer-Tropsch reaction which produces a mxture of gases,
liquid hydrocarbons, and an aqueous chem cal mxture that nust be
further processed to set the desired plant output

The cleaned gas fromthe Lurgi gasifiers is partitioned into two
streams . One streamis reacted in a fixed bed catalytic reactor to
produce straight chain and mediumboiling oils, diesel oil, LPG and
sone al cohols. Qperating conditions are 450°F and 360 Oi)sig (Reference
No. 35) . Theothersteami S combined with reformed product gas to
increase the hydrogen to carbon ratio. It is reacted in a fluidized bed reactor
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TABLE 3.5

PROPERTI ES OF H COAL DI STI LLATES

Property
Specific gravity,
60°/ 60°F
Gavity, ‘APl
Pour plg_zi nt, ASTM D97,
Col or, ASTM D- 1500 or
(BuM nes description)
Kinematic viscosity
@100°F, ASTM D- 455,
Saybolt viscosity, SUS,
100°F

Sul fur (Bonb)
ASTM D129, wt - pet

Nitrogen, Kjeldahl,
- pet

Carbon residue
Conradson) ASTM 524,
- pet

SOURCE: Reference 25

FROM ILLINO'S NO. 6 COAL LI QU DS

Ql Syncr ude
<203°C >203°C <197°c >19/0C
distillate distillate distillate distillate
0.864 0.979 0. 838 1.025
32.3 13.0 37.4 6.6
<5 <5 <5 <5
Br owni sh Br owni sh
NPAG bl ack NPA4-1/ 2 bl ack
1.08 3.87 0.96 14.90
39 77
0.13 0.29 0.06 0.35
0.420 0.446 0.212 0.871
0 2.33 0 5. 44
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TABLE 3.6

H-Coal

MISOURCR} USED: AZSIDUALT AND PROGUCTS:
ENERCY STSTEN: (Par |§“ Bty Produced) (Per l;i Ste Produced)
S128 o 30,000 bbi/dey
e .31 » 1012 Buu/dey UEL Al poLLUTANTS
e 103.12 » 1032 Beu/year coal: Bituminous 57,136 toas perticulates
o %01 plant o bty energy coateat 11,900 Beu/1d 80,
® operstes 328.9 days/year »0,
e elliciency 0% } W13 1ght hydsocarbons
o plant Jile )0 yesre 1.} co
3.3 o tammic
pescairyion fined cosbon 3.0 codalim
@ Coal 1o crushed to sbout /4 faches ouller 3.0 mercury
and them ground to mlaus 60 sesh ond soh 1.1 o lbr
alned with vecycled oil. The olursy chromium
te then prehostod sad lod to the (1) Acs e Ich*l
teactor and hydrogenated s It comes plaac fectitey l.i lesd
ta contect with the sbulatiing bed of oolid wagte dlaposel 0.3} polymuclear @ SSMIC
catalypat. Resctilion tespessture io saterial [ 7Y
sbout 130°C. Caces and vapors ace CARSNPTIVE WATER USE Acre-Py.
thea vithdrova from the top of the ptocess veter [8) MATER  POLLUTANTS
teactor sad p d thiough cond cooling water 101.6 oo direct dlechacge late say welar seurce
for product separation. The heavier weote wates 1.8 (3
product o withérown as & side-otrean potasis .3 w lﬁ
from the Teactor and pumped Lo os other (utility, queach, otc) _1_*_ Iy tes equivelest 3,)¢
stacsphere distilletion uatt. Total 2.
EMERCY P Ba
cuemons coate ™ otiere (1973) Teuid Tue 154,230
e crushere construction 4,200,000 (ensrgy centent Beu/Bdl) (RN l..
o éeylag uatt spetaticn 3,700,000
o Mydrogen plast (gesifier)
o B-coal resctes PERM gL ﬁ:.%u
o §as vtecevery plaat tonsttuction
o dletillation wsit opateticn & malntenance 4.3

SEVIAOMENTAL CONCEMS

e ir anlesions

sol1d vaste

weter pelivtion frem runcll and leaching
sccupations] hasards and health sftecte
. bolse

. odet

SThe date presented sre based on o conceptusl design of o commercisl facility. The dets will ba updated whea wste curgent dots becoms
avalleble. Thg date should ot ba veed directly for comparicos with ether cosl liquelaction precesses.

(1) Thie coprosente land committed to oo over the Lifatime of the ploat, 41
(2) ™
(3) Does sat Include selld weste from atae burial sad tatllings pond.

BOURCES: Bavisonmental Aseesement of Cosl Ligquefection, 1978.

of Coel Wese Envisonmentel Data Boaok, Volume 1V, 1978.
v.s. iu—u" Resserch and Development Admiaistretion, Syathetic Liquid Fuels Devalopment: Ascessment of C
Plusr Bagineers sad Cometructors, Inc., W-Cosl, Cowmevcis vTﬁ_._‘%n- f2-2

SOURCE: Reference 17

by the snnusl outpus of the pleat, expreseed is tstlifen Bru., (403 acres v 103.12 = ).9 actes)
tepsoseats totsl coot of comatructiag the plant, divided by the aanusal eutput of the pleat, sapreseed fa trillion Btu] (9650 willlea o 103.42 = 06.2 atllica).

cal Pectore, BRDA 16-129/2.




Overviews on

LOCAT 1ON:
DESCR ! PTION:

SIZE:
STATUS:

YEARS OPERATION:

CQOAL TYPE:
MAJOR PRODUCTS:

LOCATION:
DESCRIPTION:

SIZE:
STATUS:
COAL TYPE:

MAJOR PRODUCTS:

SOURCE:

TABLE 3.7

SASOL | and SASOL Il, based on reference 8, follow:

SASOL 1
Sasol burg, South Africa
Gasification in Lurgi gasifiers
Two Fischer-Tropsch synthesis units;

1)  ARGE fixed-bed unit, tenp. 230°C,
press. 23 atm; catal yst, pelleted
precipitated iron.

2)  Kellogg SYNTHOL pr ocess, high-
velocity entrained-flow reaction
using a doubly promoted I I ON
cat al yst.

10,000 bpd

I n conmer ci al
24

Subbi t um nous
Liquid fuels, chemcals, and fuel gas.

production since 1956

SASOL I
Secunda, South Africa
in Lurgi

Gasification gasifiers,

Fischer-Tropsch synthesis unit using the
Kellogg SYNTHOL process

Nominal 40,000 bpd
Antici pate

Subbituminous

ready for commissioning in 1980

Liquid fuels (gasoline is the major product).

Ref erence 35
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at 620% and 330 psig, (Reference No. 35). The main products are gasoline,
fuel oil fractions, and various chemcal products. The gasoline has a

| ower octane rating than the one derived from petroleum crude. The
products produced do not fit well into existing markets. However, Mobil

O | Corporation has devel oped catal ysts that inprove the quantity and

quality of gasoline (Reference No. 29).

3.3.6 Methanol Process

The production of methanol fromsynthesis gas is a specialized app-
lication of the Fischer-Tropsch reaction. Wereas the F-T process produces
liquid fuel s and chenical products, the Mbil nethanol process produces
gasolines . The schematic outline of this process is given in Figures
3.8 and 3.9 (Reference No. 35) . Table 3.8 '(Reference No. 35) presents
a comariso, Of  the thermal efficiencies of the Fischer-Tropsch and the
Mobi 1 net hanol -t 0- gasol i ne process.

In the Mbil nethanol |iquefaction process, synthesis gas is produced
from coal by any of the mediun-Btu coal-gasification processes. The
synthesis gas is converted to methanol by a number of catalytic processes .
The reaction is exothermc. The yield of methanol is optimzed by using
high pressures and |ow tenperatures, optimum type and shape of catalysts,
and of recycling of the unreacted gases.

The conversion of methanol to gasoline is a separate catalytic
conversion process. The Mbil conversion process dehydrates nethanol,
then rearranges the carbon and hydrogen atoms. The zeolite catalysts
enpl oyed in the process (called ZSM5 class catal ysts) have a uni que

rhanna The pore oPeni ngs are of the right size to limt the
size of the product nolecules that Can ﬁass through™ t hen.

the conversion proceeds to conventional high quality gasoline Reference No. 25 ) .

Table 3.9 (Reference NO. 25) summarizes the overal| material and
energy bal ances of the nethanol-to-gasoline conversion process.

Table 3.9 (Reference No. 25) shows typical product yields produced
from nethanol by this conversion process.

S Even though MO cammercial demonstration plants of the “indirect” coal-
methanol-gasoline process has been built as of this date, this route is
considered Dy many authorities to be a very pramising way t0 get gasoline
fram coal . There are several proposed studies and plants under 1nstruction
inthe US. using this process (see Appendix chart) . Also, New Zealand
Liquid Fuel s Trust Board (Report No. LF 5502, 10/31/79) has a |arge Mobil-
|\1/|98gsag)oline plant under construction (expected to became operational by
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e Gasoline

coal Synthesis .
Coal Gas Methanol Methanol | Mobil
Oxygen Gasitier Process * Process
Steam |
1
1 i v
W
Ash Methane ater
SOURCE:  Reference 3S
Figure 3.8

Synt hesi zed Gasoline From Coal
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Tabl e 38

Thermal Efficiencies

Met hanol -t 0- Gasol i ne Fi scher - Tropsch’
Btu/ hour  Percent of Btu/hour  Percent of
(1C Bt u) | nput (106 Btu) | nput
Input
coal 19,383 19, 708
coal Fi nes ( excess) (872) —
Met hanol : 3
Total | nput 18,511 19, 711
out put
SNG 6, 067 32.8 7,243 36.8
Q LPG 247 1.3 176 0.9
CLPG 385 2.1 26 0.1
10 RVP Gasoline 4,689 25.3 2,842 14.4
Di esel Fuel 514 2.6
Heavy Fuel Ol 147 0.7
subt ot al 11,388 61.5 10 ,948 55.5
Al cohol s 290 1.5
sul fur 19 0.1 19 0.1
Amoni a 83 0.5 83 0.4
Power 18 0.1 11 0.1
Total Qut put 11, 508 62.2 11,351 57.6

6 Thermal efficiencies are highly dependent on product mix.

7 The indirect |iquefaction processes shown here may be Considered as
gasification processes for NG, With the major coproduct being galosine,
e.g. , for the "Fischer-Tropsch process” shown, the yield of NG is 1.45
BE/ton Of coal, with a gasoline yield of 0.58 BoE/ton of coal. It is
thus not representative of the sasoL-II process which emphasizes the
production of liquid fuels.

8 Direct thermal equivalent val ue (thermal efficiencies are highly
dependent ON product mx (see Section 7. 5) .

SOURCE : Reference 35
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Mat eri al Bal ance

Energy Bal ance:

TABLE 3.9
METHANOL- TO- GASOLI NE  BALANCES

Met hanol -+ Hydrocarbons + \ater
100t ons 44 tons
100 Btu 95 Btu

YI ELDS FROM METHANOL

Average Bed Tenperature, °F
Pressure, psig
Space Velocity (WHSY)

Yields, wt % of charge

Met hanol + Et her
Hydr ocar bons
Vat er

co, Q0,

Coke, Ot her

Hydrocarbon products, w %
Li ght gas
Propane
Propyl ene
| - But ane
n- But ane
Butenes
C + Gasoline

Gasol i ne (including alkylates),
w, % (96 RON, 9 RVP)
LP Gas, wt %

Fuel Gas, wt %

SOURCE:  Reference 25

775°F
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3.4 Ol Shale Retorting

3.4.1.  General

oilshal e resources varywidely in their oil yields. Hgh grade
shal e isnormally defined as a deposit that averages 30 or nore gallons
of gll per ton of shale. Low grade shale averages 10 to 30 gallons per
ton°(Reference No. 7) . Several factors determne whether or not an oi
shal e deposit is recoverable. These include oil yield (usually equal
or above 20 gallons per ton) , zone thickness, overburden thickness, the
presence of other materials in the shale, availability of needed
resources such as waterand servi ces, and location relative to markets.

There are two major routes for converting oil shale to liquid or
gaseous fuels. They are:

1. Conventional nmning followed by surface retorting (heating) ,
and

2. In situ (in place) retorting

In addition, there is nodified in situ. In this process, the perne
ability (i.e., void volume) of oil shale deposits is increased in order
to enhance the in situ retorting by renoving some of the shale. The
methods Of rei n@or increasing the permeability of the oil shale deposits
are explained in reference 8_

3.4.2. Surface Retorting

In surface retorting of oil shale, the heating takes place above
ground. The shale is crushed to the right size, and fed into a retorting
vessel.  Heati ng the shale to between 800°F and 1000” F renoves abut 75
percent of the kerogen fromthe shale (Reference No. 8) . Different
retorting precesses apply heat to the shale in different ways. Gas or non
conbustible solids such as sand or ceramc balls can be used as heat
carriers. The vapor produced during the heat@is condensed to form
crude shale oil. It can be further upgraded and refined to produce
more marketable products.

As a generic surface_retortin%_ process, TOSCO Il is described.
itsschematic diagramis given in Figure 3.10 (Reference No. _g).

!"

Shal e deposits {vi elding less taniogal l ons of oil per ton are
normal ly omtted Trom USGS resource estimates.
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Raw oi | shale is crushed to 1/2 inch and preheated to 500° F.
It is mxed with hot ceramc balls 3/4 inch in dianeter and at 1200°F
Ina retorting_l?}/]rol ysis drum (Reference No. 25) . About two tons
of balls mx Wth every ton of shale. The oil Shale is heated to
900°F, rel easing hydrocarbon vapors from the kerogen. The spent
shal e and the balls pass to the sealed accunul ator vessel, in which
the balls are separated fromthe shale by a heavy duty rotating cylinder
with nunerous holes. The balls are lifted by a bucket elevator to
the gas fired ball heater, which heats the balls to 1270°F by
direct contact heat exchanger. The spent shale goes through

3-3la
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FI GURE 3.10

The TOSCO Il Oil Shale Retorting System
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SOURCE Ot/ Shaie Retorting Technoiogy prepared for OTA Dy Cameron Engmneers.inc .1978
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a speci al heat exchanger which cools the shale for disposal
and produces steam for plant use. Then the spent shale is
quenched with water and noisturized to 14 percent, a |evel
proper for disposal.

Hot flue gas fromthe ball heater is used to |ift
raw shale to a point at which it can subsequently flow
by gravity into the pyrolysis drum The flue gas al so
heats the raw shale to approximtely 500°F.

~Table 3.10 (Reference No. 25 ) summarizes the
basic material balance for a " TOSCO IT retort nodul e.

TABLE 3.10

BASI C MATERI AL BALANCE FOR
A TOSCO Il RETORT MODULE

Gl Shale
Feed rate, TPSD 10, 700
Fi scher Assay, GPT 20

Pi pel i neabl e Shale G| Product

production rate, BPSD 4,500
Properties
Gavity, *API 28.6
Viscosity (SSU @ 30°F) 800
Pour Point, ‘F 30
Table 3.11 f(Ref erence No. 35 ) _sunmmarizes the
energy balance for a plant producing 47,000 barrels per

day. Table 3.12 (Reference No. 17 ) summarizes the
conponents, resource requirenments and potential inpacts
of surface oil shale retorting.
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Tab | e 3.11

Estimated Energy Balance For a TOSCO Il Plant
producing 47,000 BPSD* Upgraded Shale Oil
From 35 Gallons Per Ton Oil Shale

Btu/hour Percent of Total
(lo Btu’s) Energy Input

Product output
Product oil 10. 30 58. 00
LPG 0.70 3.94
Diesel fuel 0.11 0.62

System Losses
Spent shale and moisture 1.78 10.02
Residual carbon (coke) 0.93 5.24
Ammonia 0.11 0.62
Sulfur 0.06 0.34
Cooling water 1.07 6.02
Water evaporat on on shale 0.25 1.41
Losses (includ ing flue gas 2.45 13.79

heat)

Energy Input 17.76 100.0
Raw shale 17.00 95.72
Steam 0.53 2.98
Electrical energy 0.23 1.30

* BPSD = barrels per stream day
SQURCE:  Reference 35
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3.4.3 Mdified In Situ Retorting

Cccidental nodified in situ oil shale retorting pro-
cess is selected as representative. It involves the mning
out of about 10 to 25 percent of the shale deposit. This
m ned portion would presumably be retorted by one of the
surface retorting processes, or if its oil content is too
low, will be treated as waste (Reference No. 37 ).

Figure 3.11 (Reference No. 8 ) represents in
schematic forma generic nodified in situ oil shale re-
torting process. ‘Figure 3.12 (Reference No. 37 )
is a nore detailed description of the Cccidental nodified
in situ retorting process. As observed in Figure 3.12 |,
in steps A or the pre-detonation phase, drifts (chanbers)
are excavated at the top and bottom of the shale deposit,
which is about 300 feet-thick. An interconnecting shaft
I's dug to connect the drifts. Roons with a volunme of
about ‘15 to 20 percent of the eventual volume of the
pl anned chanber are then mned. Shot holes are drilled
to allow blasting of the shale oil to produce the desired
fragnment ation.

In the burn phase, the explosives in the shot holes
are detonated. A rubble-filled chamber is created which
can function as a batch retort. The percentage of void
space and the particle size distribution of the rubble
are a function of the explosive |oading. Connections are
made to air/gas recycle and air supply conpressors. An
outside heat source (e.g., off gas or oil fromother re-
torts) is used for heating the rubble at the top of the
retort. G shale and hydrocarbon gases are produced
mﬂifh move downward. Residual carbon is left on the spent
shal e.

_ The retortin% reaction is termnated after a predeter-
m ned anount of the rubble has been retorted bg hal ting

the external heating supply. The residual carbon is
utilized to continue the conbusion process, which now does
not need external heating. The flane front noves downwards,
preceded bg the liquid and gaseous products retorted from
the shale by the hot, oxygen-deficient combusion gases. The
l'iquid hydrocarbons collect in a sunp, from which they are
punped to the surface. The gaseous by-products are used
partially, with steam as a recycle streamto control the
oxygen content of the inlet gas. The four distinct zones
that develop during the retorting are shown in Figure 3.11 .

Table__3.13 _(Reference No. 17 ) summarizes the
conponents, reésource requirements, and potential inpacts
of modified in situ retorting.
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Fi gure 3.11: Modified in Situ Retorting
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3.5 comparison of the Various Synfuel Systems With Respect to
Rresource Requlrements

~ Inorder to estimte the resource requirenents of the coal and
oi | shale fuel cycles we need first to assess their energy utilization
efficiencies. These are sunmarized in Table 3.14.

The resource requirements of coal and oil shale energy sgst ens per
10°Btu of Froduct delivered to end user are given in Tables 3.15 and
3.16. Tables 3.17 and 3.18 convert these requirements to energy
systens producing 50,000 barrels of oil equivalent per day.

Manpower I €QUI I enents for operating and maintenance |abor of
coal conversion plants are given in Reference 29.

They are:

Plant operators
Operating suFerw sors

Mai nt enance | abor

Maintenance labor supervisors 30

Administration 30
Total 355

These manpower requirements are for a basic (ESCOE) coal conversion
plant that consumes 25,000 tons of coal per day with 22.4 nmillion
Btu/ton and produces 50,000 bbl/day liquids output.

Very considerable variations exist in the literature in respect
to manpover requirements for the other phases of the fuel cycle. They
depend on such variables as nethods of mning, |ocation of mne, kind
of transportation systemand extent of beneficiation. A table indicating
the ranges of variables is given in the footnote in respect to the
conversion plants.

10 Limitations Of Data Sources: Evaluations carried out in this report are
often sub ject to great uncertat nties because:

(1) The information available is only of prelimnary nature. There are no
full scal e operating synfuel plants in the U S (subject to U S. siting
considerations) , SO that data needs to be extrapolated fram pil ot
plants with many uncertainties of scale and dissimlarities associated
Wi th the extrapolation, as well as specificC siting and f eedstock
characteristics discussed below.

3-40
ej b&a



w(cent’ d)

(2) There are variations among sources which are of ten due to different
assunptions or local influences. Changes in design account for
sone differences as the technol ogy changes and the environmental
regul ations change. Many of the assunptions are not stated - or
even referenced. Budget and time |imtations, however, nessitate
t he need to use exist& databases, rather than the devel opnent of
new data.

even estimating the range of uncertainties is often a value judgenent
process , unless noreextensive on-site interviening with site and
process specific sources of information are devel oped.
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However, in some cases it may be expected t

Notes for Table 3.14

Estimtes of [osses of coal and oil shale frombeneficiation (in

ternms of Btu's) vary broadly anong authors, depending on the assumed
degree of upgrading and the kind of coal or oil shale used. Estinates
vary from O% (Reference 37a) ; 2.7-3.6% (Reference 7) ; and 12.5%

for intensive beneficiation (Reference No. 17) .

Average value of losses are 1.5% (time from Reference No. 7) . In the
case of oil shale, where distances are shorter, O .5%is assuned.

The @t efficiencies (rather than the process efficiencies) were
used. The efficiencies for coal conversion processes are derived from
Ro?er.and HIl. (Reference 29) . In the case of H Coal, the syncrude
efficiency was used. In the case of oil shale retorting processes,

the efficiencyes are derived from DCE (Reference No. 17) .

Data on efficiencies of upgrading and refining syncrudes is very
limted and unreliable (see Section 1.7) .

N. A neans not applicable.

Overal | yields for SRC Il of finished fuels range between 83 and 98
liquid volume percent of SRC Il syncrude, depending on the product
slate and how refinery fuel and hydrogen plant feed are supplied. An
average of the net product yields ranging between 88 and 91 was
assumed (Reference No. 22) . However, these val ues apparently do not
include coal use for the_producti‘on of hydrogen needs for the upgrading
process. |f coal -derived hydrogen is to be used gas agai nst hydrogen
from nuclear fission or from biosynthesis) , then the upgrading and
refining efficiencies for coal conversion ﬁroducts becone 75 percent

_ : ted that all of the hydrogen and
energy required for the Upgrading/refining process would be obtained
fromresiduals, higher boiler fractions, and nethane produced in the

process or plant refinery(which may include the use of P?troleum
derived vacuum . Inthe“case of indirect |rquefaction

Processes, all the needed hydrogen is accounted for in the gasifier,
ang higher upgrading efficiencies can be achieved, depending on product
slate .

Derived from Reference 26a. However, MS oil is easier to upgrade, so
that higher efficiency my be in order.

Derived from Reference 17.
Derived from Reference 7

Derived from Reference 7 and 10.
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Notes to Tabl e 3. 15

a This table summnarizes the consumption of fossil carbon contained

inthe f eedst ocks or products during the various phases of the
various synfuel cycles.

b The nunbers in the table are based on the follow ng assunptions:

(i) The resource utilization efficiencies are those devel oped in
Tabl e 3.14.

(ii) The carbon content of bitum nous coal averages 87.8% lignites -
72. 5% and sub-bituminous~ reals - 73. 5% The carbon content
of the kerogen (i. e., crude shale oil) averages 80. 5% (Ref. 26b) . For

conveni ence, an average figure of 80% for the carbon content™
of coals and kerogen is used.

(iii)The loss in fossil carbon is directly proportional to the |oss
in coal or kerogen.

(iv) The Btu content of a ton of coal is 24x10°Btu and of ton crude
shale oil is 36x10°Btu.

¢ A sanple calculation for nediumBtu coal gasification is as follows:

A ton of feedstock bituninous coal has 24x.10°Btu, of which

18. 34x10°to 19. A x10°Btu is delivered to the end users (74.4 to
79. 2% overal | energy efficiency - see Table 3.14) . Since a ton

of feedstock coal. has 80% fossil carbon content, and 20.8% to 23.6%
of it is consumed during the nmedium Btu coal gasification fuel crcle,
(see Table 3. 1%) , the total fossil carbon consumption o, the cycle
I's between 0.1664-0.1888 tons per 18.34x10 to 1”5) 0 x16 Btu delivered

t O end users.Thi s translated to 0.009 to 0.010 tons of fossil carbon
per 10°Btu.
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Notes to Table 3.16

The water required for mning and preparation of thecoal Or shal e
and for the disposal of ash or spent shale is a function of [ocation,
mai nly through the amount of material that nust be nined or disposed;
and the degree of attested surface reclamation. Assumng 2/3 of coa
Is surface-mned and 1/3 is undergroundd mned, water consunption

for surface mning ranges between 0.55 and 0.98 gallons per 10'Btu
of product, and for under%round mning - 0.75 gallons per 10°Btu

of proauct (Reference No. 17) .

Assume 2/3 of oil shale is surface nined and 1/3 is underqground m ned
Wt er consunption or both kinds of operations range between 0.7 and
1.1 gallons per 10 Btu of product (Reference No. 17).

Consunption of 1.2 ?allons of water 10° Btu O product is assuned
for beneficiation of coal (Reference No. 17) and none for shale oil

Consunption of water for the conversion of feedstock to fuels depends
principally on the overall plant conversion efficiency, degree of
water recycling, and the water content of the coal or shale. Consunp-
tion figures range from13-24 gallons per 106 Btu of groduct_for coa
gasification; 7-26 for direct coal |iquefaction; 13-26 for indirect
coal liquefaction; 9-32 for surface shale retorting; and 9-13 for
modified in situ shale retorting (Derived from References 17, 37b,c) .

Water consunption for upgrading and refining is not available in the
literature. The estimates ﬁresented for shale oil upgrading are based
on private conversation with M. Bobby Hall and Ray Young of the
Anerican Petrol eum Institute 3/81. For shale oil - 100 gallons per

barrel are needed to make the raw shale oil suitable for punp|n?

and 40 nore gallons per barrel to convert it to transportation fuels

Pol ling of a large nunber of oil conpanies and API ex?erts did not result
in water consunption estimtes for upgrading of coal |iquids (nanely:
Robert Howell, Bonner and Moore, Fred Wlson Texaco, Patton, Nanny

Hal | and Young of APl - 3/81) .
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Notes to Tabl e 3.17

Same assumptions and references as those in Table 3.14
Ol has energy content of 5.8 x 10°Btu/barrel
Coal has energy content of 24 x 10°Btu/ton

Q| shale has energy content of 3.45 x 10°Btu/ton (based on 25
gallons of oil per ton) .

Tons of coal or shale.
Barrels of oil equivalent.

N.A is not applicable.
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Table 3.18* Annual \Wat er Consunption of Generic Synthetic Fuel Energy
Systems producing 50, 000 bbl O | Equivalent per Day to End User
(In mllion gallons pervear)

Coal Gasification Coal Liquefaction Q| Shale Retortina

Medium-Btu High-Btu Direct Indirect Surface Modified in Situ
M ni ng 64- 95 64-95 64-95 64-95 74-120  74-120
Benef iciation 130 130 130 “ 130 0 0
Transportation to
Conversion Plant o] 0 0 0 0 0
Conversion to Fuel 1400- 1400- . T40- 1400- 950- 950-

2500 2500 2800 2800 3400 1400
Upgrading and
refining ) 0 2500 2500
Distribution to
End User 0 0 0 0 ‘0 0

* Sam assunptions and references as i n Table3.s.

SOURCE: E. J. Bentz &Associ at es
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