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coal Synthesis .
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Oxygen Gasitier Process * Process
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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

3-30

ej b&a



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
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FI GURE 3.10

The TOSCO Il Oil Shale Retorting System

FLUE GAS PREHEAT SYSTEM
TO ATMCSPHERE STACK
A —
WATER VENTURI BALLS e
WET SCRUBBER
RAW O :
CRUS=ED SEPARATOR 1 FOUL WATER TO
- TN FOU. WATER
SHALE - \f—j \/ o— FUEL = STRIPPER
‘ ‘ CERAMIC _)\ AIR - : NAPHTHA
BALL z [~
SLUDGE" HEATER E
- s |cAsownToGAS O
“% HYDS,SPCS\F?SBON * | HYDROGENATION
UNIT «
S
| S
/‘_ \ s
2 BALLS BOTTOMS OILTO | 2
g ot ACCUMULATOR DELAYED COKER |
> PRE UNIT -
2 ” -
2 weD Skta: o ;
- -5 AL
7 Q
y
£ :
Y <
w
v o
2 BaL C! RCULATION
3 SYSTEM STACK
VENT a1
WET
SCRUBBER
l WOT FLUE GAS FLUE GAS
PRENEAT SYSTEM HOT FrROM sTEAM Y StUDGE
(INCLUDES INCINERATOR) PROCESSED | SUPERHEATER

COOLER

v
MOISTURIZER

COVERED PROCESSED
SHALE CONVEYOR

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.
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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.

3-40a

ej b&a



b oY €°6v-6"8¥
(8°86 (8°86
BLL BLL
9 L9
00T 5" 66
00T €°L6-b"96

M3TS UT POTITPOW S0eIInS

butjaolsy areys 10
9 S

0°yS-8°¢ck 0°€9-0°S¥

(8°86 (8786
700T-56 356-SL

LS-8Y 0L-¥9

5°86 5°86

€°L6-¥ 96 € L6~V 96

J0SITPUL  309I1d

uotTjoeanb1T 10D
b 3

(usoasd uI)

SojeroosSsy ¥ zjued L ‘d  1ERNNOS

6°vS-b'PS C°6L-V°I9L SOTOUSTOTIId
Abroug Trexsa0
TL°L6 yb 96 I9sn pud
’ O3 uoTINqIIISTJ
9 '¥'N A piuTuTIay
pue butpeabdn
6G £8 o 19ndg
03 UOTSISAUOD
1= S'86 qiuetld
UOTSIDNAUOD O
uotjElaodsuel],
€°L6-%°96 €°L6-V"9E pUoTIRTOTIBUSY

mg-yYbTH Njg-unTpe

uoT3EOTIISEH) TR0D
[4 1

sueysAs Abxoud Tongd OTISURUAS OTIBUSH JO SOTOUSTOTIFH UOTIRZT[TI) S0IN0SdY § ¢ SIdRL

3-41



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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