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A. W, Carey, Jr.} _
Senior Technical Adviser - Research
Cummins Engine Company, Inc.

Presumably, ] have been asked to serve éé moderator of this
session on;”Industrial Synfuels R § D Status”, because T have
iittle to contribute but questions. At the outset, let me make
it perfectly clear that neither I nor the company I Tepresent:
are engaged in any dctivity that could pass for "Synfuel R § D".

I am here to learn, not to teach.

Having set the record straight on my credentials and objectives,
let me now tell you about some of my concerns. I cannot assufe yaou
that they accurately portray all of the esngine industry's concerns,

but I believe they hit the high points.

First Concern

I am convinced that this country and the rest of the non-
communist world will enter a new era of petroleum insufficiency
within the next 15 vears. I also believe that the doubting
Thomases will fall silent and begin to bid the prige.of o1l up
rthrough the.ceiling even sooner---probably starting in the
.1985*1987 period---when it becomes inescapably obvious that a

crunch cannot be avoided.
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My concern, then, is for the availability of gap-[illers
‘[Synfuels) when the petroleum shortage materializes. .An ERDA
study suggests that the U. S. could experién;e a petroleum
shortfall of 18 MMBD by the year 2000. The sane study projects
‘our max1mum Synfuel capablllty-——assumlng a "no-holds- barred"
crash p;ogram---at 10 MMBD and a "reasonable’ maximum of 3 MMB
by 2000. " ;' -

ACCeptlng the shaky nature of these estimates, thn picture
still emerges of a very small boy {the Synfuel 1ndustry) trying
to shoulder an impassibly large burden. |

The guestion to my colieagues then is this: [Is the Synfuel
industry going to be able to rise to the bccééion;lor are we

~talking about bailing a torpedoed ship with a teaspoon?

Second Concern

- Given the decllnlng avallablllty of pctroleum and the rising
availability of byncrudes 1t appears that we are headed for a
period of increasingly unSettled fuel 5pec1f1cat10ns This is
a matter of considerable 1npqrtancc to the engine 1ndu5trf not
only witn resnecf to the.onerntiné charncteristics of newly manu-
factured engines, but dlSO to the operab:l:ty of millions of
~engines already in the fleld from whlch thelr owners expect mnny
years of satzsfactory service. _

Will the Synfual industry be able to malntaln fuel spec1f1—
cations within current limits as the percentage vf Syncrude rises?
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Third Cbncern'

Perhaps as a corollary to the previous concern is the
questicn of ultimate Synfuel-specifications. If we derive
fuels conforming to fradiﬁionﬁl ;pecificatiuns from our
Syﬁcrudés, are we naking thé bestlpossible use of those crudes?
Or should an optimization of the crude-refinery-fuel-engine
system be undertaken to insure that we are getting the maximum
usefﬁl work from oﬁr'respufces? And if ‘such an optimiiafion

is to be performed, how should it be organized?

Proposal o

After so many questions, let me propose a way-to bring our
Synfuel fufure into focus,

Right now, the engine industry has only a vague concept of
what is meant by the word "Synfuel”. The.fuel industry must
begin to define what Synfuel is. Assuminglthat it is an “umbrella"
name for a broad rﬁnge of possible fuels, we need to know how that
range differs from today's. ' ' -

The sooner the fuel indusffy can define specific candidate
Synfuels, the sooner we will be able to develop a meaningful
dialogue between the engine-builders and the fuel suppliseTs,

1 ekpecf that we ﬁill find that‘Syncrudé is sufficiently
~different from the petroleum crudes of today to make it difficult,
and perhaps unecanomic, to prﬁﬁuce fuels which are precisely like

today's fuels.
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II suggest that candidate fuels for spark and compression
ignition cngines should be made available to the enginé.industry
as soon as possihie. They should be representative of the speci-
fications which would Seem to make the most economical nse of our
combined resources. |

The engine industry, for its part, should experiment with
‘these candigate fuels in order td.define the kind of engine
modifications which would be necessary to adapt to these fuels
‘while retaining acceptable power, economy and Qmissi;ns
characteristics.

I anticipate a long beriod of iteration before we agree on
‘what are acceptable Synfuel specifications from both the supplier’'s
and the user's points of view. But, it is important that we begin
the prucess soon if we hope to make a smooth transition to that
brave new world in which Syunfuels 5re expected to satisfy an

increasing sharte of our cnergy needs.
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BROADCUT FUELED ENGINES USING NON-HYDROCRACKED SHALE
OR COAL PYROLYSIS LIQUIDS AS FUELS —
AN ALTERNATIVE ENGINE/FUEL STRATEGY

Or. R. A. Rightmire
The Standard Oil Company
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Broadcut Fueled Fngines Using-

Non-Hydrocracked Shale or Coal Pyrolysis
Liquids as Fuels--An Alternative
Engine /Fuel Strategy

4n altermatfve to hydrecracking crude shale 6il and coal to refinable
liquids of compositions nearly identical to gasoline and diesel fuel is
needed. One approach is to develop engines which work on hydrocarbon
Iliquids derived by simple processing steps from shale oil or coal pyrolysis
_1iquids. This paper discusses this alternative and why we believe its s

"

valuable program to pursue,

Enexgy Costs
At the heart of this proposal is the search for ways to use coel amd

shale o1l .whiech on a BTU basis are no more costly than oil at todzy's world

‘oil pricé.

Continually rising oil demand and rising cost in the face of limited
production is at the heaff of the energy problem. ForecQs;s of world oil
supply and demand indicacte a high probability that oil will become motre
scarce and more .expensive during the late 1980's. Ar présent, world eil
production-is about 60 million barrels/day. 1t is not likely to exceed 70

million b/d in the future.*

Over the'paéc 15 moﬁths, a varigtylof industrial, governmental aﬁ&
academic groups have assessed the world oil outleook, The results demonstrate
a High ﬂegree of uncertainty. WMevertheless, these studies indicete a high
probabiliry that werld demand for OPEC oil will meet or exceed OPEC produc-
cion sometime  during the 1980"s. Any shortfall of OPEC production compared
to demand will make world oil markets tighten and o}l p&ices rise, How

much tightening and how much'price rises is highly uncertain,

* Draft of the National Energy Supply Strategy, D.0.E. document, April, 1978

Ty
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In the intermal D.0.E. document drafted for the House Science and
Tachnology Committee on a Wational Energy Supply Strategy, the.authors
atate that 1f "prices alome are velied upon to trim groﬁing consumption
to match static OPEC capacity, oil prices must rise sharbly for & number

of years. World oil prices could double sometime between 1985 and 1930".

U.5. Energy Picture

gur forecast of the U.S. energy picture 1s summarized in Table 1:

TABLE 1. ENERGY USE
(Expressed in Milliom Barrels/Day Crude Equivalent)

178 2000
011 18 23
Gas 10.5 10
Coal 6.5 13
Hydro/Geothermal 1.5 2.5
Nuclear . L5 15
Solar . 1
Total K1) : 64.5

of particular interest is the forecast liguid hydrocarbon supply-
demand picture. Table 2 summarizes our best guess for the year 2000. VWe
have assumed strong conservation moves and shifts to coal for utility and
industrial beoilers. We believe leglslative actlion and government
preésures will be & mejor force in directing energy developments slong
the lines shown in Table 2.

TABLE 2. LIQUID H/C SUPPLY-DEMAND

YEAR = 2000
MM B/D ENERCY - M B/'DGASOLINE
EQUIVALENT REFTNERIES . DIESEL
: JAUTO & LT. ¢ Derdnd o
COAL 3.y | PETROLEUM b—2 7 {TRUCK FUEL [
CRUDE

SHALE OIL 1.55, REFINERIES f—3p2.5 JET FUEL

“TRUCK DIESEL FUEL
& _ »3.5 ¢ ISTILLATE HEATING OIL
12.5 | INDUSTRIAL AVY HWEATING OLL
DOE%%E%C —3 ——> 3.5 %A}’}ou SLURRIES
IMPORTS .6 FUELS . »1.5 ASPHALT, LUBES,ETC.
—* | COMPLEXES

> 4.5 PETROCHEM, FUEL GAS -
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Table 2 needs some sxplanation. We believe that the petroleum
industry will lead the nation in energy advances through expansion into
"energy refinmeries!. These refineries 'will process coal .and crude shale

oll as well as conventional petroleum,

To meet the liquid hydrocarbon demand in the year 2000, we believe
that coal and shale oi{l will be required, Domesticcrude production 13
forecast at 12,5 million barrels/day, We believe imports will be limited ‘
to 6 million barrels/day--either by U.S. government limitationm or by
world competition for limited OFEC oll. This shortfall--4.5 million
barrels per day--will have to be made up by coal and shale oil.

The challenge facing ﬁs is to develop technology to convert shale
oil and coal to meet this gréwing liquid hydrocarben shertfall at costs
nearly competitive with the world oil-price as it is today. Prices of
$25 per barrel for synthetic oll {in 1978 dollars) to meet this shortfall

will have significant negative ¢ffect on our aconomy.

The conventional approach to synthetie fuels production is hydro-
Eracking. Shale oil requires about 2000 scf/bbl and coal in excess of
5000 scf/bbl, Current Hz costs of $2.20/bbl add $4.40/barrel to crude
shale oil cost and $11/barrel to coal costs. And we see no real hope
for lower cost hydfogen. Using hydrocracking for upgraﬁing shale and
coal to raefinable liquids almogt fnevitably leads to prices in the ranpe
520/barrel shale synerude and $25/barrel coal derived synerude. While
thege syncfudes may be hipher quality than typical crudes, this is not

nearly sufffcient to make up for the large differences in prices.

We are proposing an alternative approach., Qur aﬁproach is to use
simple processing steps, ﬁithqut hydrocracking, to produce acceptable fuels
to meet this shortfall. But the fuels are obviously going to be different
and would generally be considered of lower guality. Thﬁs, special engines
or burners need to be developed for these fuels. And there needs to be

an incentive to do so.

To underatand this approéch,ﬂI refer apain to table 2. Ap opportunity
to use low cost procesaing of shale oil and coal hinpes on three develop-
meata: (1) An engine which can operate on a broadeut IBP-700° non-hydro-
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5
(2) the wide spread use of coal/ofl
wixtures for industrial and certain utility bailers, and (3) fluid bed

‘treated shale or coal pyrolysis Iiquid,

combustion of coal or char for refinery process heat.

The basic approach 1is to:

1) Split shale oll into -two roughly equal fractions--a IBP-700°F
distillate cut and 2 700°F+ bottoms cut for coalfcil mixturesJ

..... " LI

3) Use char for coallail mixtures and for refinery heat via fluid bed.
combustion, . .
The IBP-700°F shale and coal pyrolysis distillaces would be combined
and stabilized for use as a broadcut fuel, The properties are given in
Table 3.% o T e TT s : '
STABLE- 3+ . .- &
.Possible Range ‘of. Propertles of a Reference

Broadcut:Fuel From. Shile and/or: Coal Syncrude

Prdperty Value

Specific gravity 0.85 to Q.93
bistillation,D-86, °F
1BP 100 min.
50% . 200 te AQ0
0% . 530 to 650
EP . 750 max.
Residus, vol?, max. 1 ’
Aromatics, vol% 30 to 50
Olefins,vol?% 10 to 25
suifur, wth, max. p.50
Nitrogen, ppm, max. 100
Trace metals, ppm, max.
Na+i 16
v 5
Ca 20
Agh,wt¥, max 0.03
Viscosity, cSt at 100°F l.4 to 6.0
Pour Polnt, °F,max 10
Flash Poinr, °F,min. 100

'Suchla fuel presents several problems for engine combustiom, e.g.:
(1) neéd to stabilize, (2) high nitrogen content glving N0z in exhaust,
{3) volatilization prnblems'in combustion.

Yet, it ia technically feasible

*Re ference. Tdentification of Probable Automotive Fuels Compositions. 1985-
2000. Comtract E?-?ﬁ-C-O&-BGBﬁ. D.0.E. '

160



to solve all these in relatively low cost ways. Embarking upon such a
program could lead to a significantly lower cost way to meet our enargy

needs,

Thie approach.does require new enginas. One promieing engine is the
direct-injected mtratified charge (DISC) engine. Such an engine can, 1in
principle, operate on the fuel described in table 3, provided chemlical
treatments are'devEIOped.to stabilize the fuel, A way to control fuel
contributed NOx will also have to be developed. One posmible approach
is simple extraction of nitfogen compounds vla solvent extraction. XVB,
for example, has such a process in devalopment.

Referring sgain to table 3, the targeted coal and shale oil use wonld
yield about 1.5 million barrela per day of this broadeut fuel. " The re-
meinder of the coal and shale oil bottoms could ba consumed in fluid bed
combustion for process heat, coal/eil mixtures for industrial & utility
burners and for chemicals. These lavela of usage seem feasibie for the
yveax of 2000. | .
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PRODUCTION OF LIQUID FUELS FROM OIL SHALE

S.K. Alley
tinion Oit Company of California
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"PRODUCTICON OF LIQUID FUELS FROM OIL SHALE"

5. K. Alley

INTRQDUCTION

The United States i{s5 richly endowed with fassil fuel resourcés
recoverable using today's technology (Figure 1). -Thellargest 6£,
thése resources is in the form of ceal, but oil shale consti;utgs a

- significant resource, comparable to conventional crgde 0il in térms of
the rate at which it could be produced to help satisfy our energy needs.

0il shale is found in several areas of the United States (Figupé 2);
however, consideriﬁg s;zg,‘quality_and accessibility, the on1y depos£t
suitable for development with presént technology is the Green River for-
mation underlying 16,000 square miles in Colorado, Utah, and Wyoming.
{Figure 3). ‘

"0il éhale" is a term used tn.caver a wider range of matefials
than are properly classified as true shales. The organic Gnmpnnenl: of
oil shale, known as "ke;ogen,"-occurs in combination with a varilety ofl
sedimentary minerals.l The kerogen consists of complex, high meolecular
welght compounds which are rieh'in carbon and hydrogen. Kercogen under-

goes destructive distillation when heatéd to between 700°F and S00°F
to yield a crude o0il rich in hydrocarbons and contﬁining many sulfur.
nitrogen, and oxygen compounds. The process of nbtaining_the hydro-
carbons from oil shale is knmowm as "retorting.” 0il shales. being
considered lor development contain 30-45 gallons/ton, but shales

range from }0-70 gallons/ton.
i

]

—_
~ d
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SOME CURRENT RETORTING CONCEPTS

Beéause oil shale has wery low permeability, it must be broken
up to permit retorting. Bath "in place” and surface operations are
contemplated for commercial recovery of oil from shale. For above-
ground retorting, the shale is mined and crushed. -In-situ processes
involve blasting, hydraulic fracturing, or leaching to prepare the
shale for the retorting operation.

The three major concepts in above-ground retorting utilize (1)
gravity flow of shale down throvgh a vertical vessel; (2} upflow of -
shale moved by a solids pump; and {3) circulation of an inert solid
heat carrier. |

Four retorting processes currently-under consideration are:

{1} The Petrosix process, developed by Petrobras, the Brazilian national
oil company, is a downfloﬁ process using gas combustion: (2) The Paraho
kiln is another modification of the gravity flow concept. HNear required
for retorting comes from combustion of recycle gas._carbon residue or
externally heated recycle gas. .(3) The Tosco II process which uses

an 1nert-solid he%p transfer medium. " In this proﬁess, crushed raw shale
is preheated with hot flue gas and then fed.to a herizontal, rotating
pyrolysis drum where it is contacted with hot ceramic balls and ﬁeated to
retorting temperature, {4) The Hunion C1l Company rezo;ting process utilizes
the upflow of solids. Shale is pumped upward through.an expanding cone
as shown in Figure 4., & countércurrent stream of gas heats the rising
bed of shale to ‘the temperacture necessary for retorting. The upflow

technique achieves several wvery important objectives, as follows:
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(a) 0i1 liberated from the shale iz guickly forced downward by
the gas, toward cooler shale. This quenches the palymariz§tion reactions
which form heayy rasidues that are diffiﬁult toe refine. (b5 011l cen-
densing ;n the bed of cooled shale drains away from the retorting
zone. This elimingtes any cﬁance of refluxing and cuking of the product
oll as in a downflow retert. (e¢) Finally, retorting takes place near
the top of the retort. Here, the pressure between shale particles
is at a miﬁimum. With the rich Colorado shale, & plasrie conditiou

1

exists under certain retorting conditions. If the particle coentact

pressures are too high, agglomeratiﬁn oceurs (1, 2, 3, &4).

i

UPGRADING OF SHALE OIL TO LIQUID FUELS

Shale oil can be processed, using existing petroleuﬁ refining tech-
nology, into a full slate of Fuels and/or petrechemical feedstocks.
Shale oil does have some properties which differ significantly from
yecroleum crudes, and which require Specgal technology in refining.
Figure 5 lists properties of crude shale oils made in Union 0il's
retorting operations. Compared to petroleum crudes, the -shale oil
is markedly highér in ash, nitrogen and arsenic content. Thus, in a
senéa,_crude ghale oil is closer to coal than to petraleum.

"The liguid ‘product from retorting shale contains up to 2000 ppM
"of shale fines and other 'solids, and from 20 to 50 ppm of arsenic in
the form of organic compounds. Union O0il has developed proprietary
technology to remove solids and arsenic to any desirved lowel consistent _

with Use of the product as fuel oil or as a refinery feedstock.
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Removal of Solids and Arsenic

Figure 6 shows a schematic flnw diagram'fof the refih;ng of shale
eil. The pretyeatment steps'inﬁolve first the removal of the bulk of
the solids, and then a special step for the removal of arsenic. The.
reﬁoval of solids is necessary to pfevent ﬁlﬁggipg'nf the dovnstream
reactors. Arsenic deactivatés tha'hydrotreafing catalyst and markedly
affects éatalyst regenerability. Union Oil;s propriétary arsenic removal
process (5} operates at moderately 1ad pressure, considerably louer than
the pressure-uf the hydrotfeating section. Figure 7 shows a simplified -
flow diagram of the arsenic removal system which contains both guard chambers
" and absorbent reactors. This system is capable of réducing the arsenic
content of the oil fo less than 1 ppm. Afterlgns seﬁaration, the treataed

gil is ready for hydratreating.

gydrotreating of Shale 0il
The objective of shale oil refining work)haS‘peen the production
of a high-quality syncrude which cén'be further processed into trans-—
portation fuels using conventional refining technology. A typical shale
eil m;y contain 1.8% nitrogen; 0,75% sulfur and 0.9% oxygen. This level
of nitrugeﬁ is about tem times that of nermal crude oils. Because
nitrogen is a polson for many downstream catalytic processes, reductlon
of the nitrogen content is necessary to make shale oil compatible with
the prahess1ng capab111:1es of most existing ref1ner1es. Such hydrotreat-
ing can he carrled out in moderately hlgh presqure, but using conventional

equivnient. Proper reactor design is impcrtant however, beecsuse of 1}

-o'

the hiyh heat release from the hydrogenation reactlons, 2) the high
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conversion required, and 3) the‘high cost per unit of reacter volume.
With présent technology, a high quality syncrude, with a product
nitroge; of about 300 ppm, can be preduced with a hydrogen consumption
ef about 1500 scE/bbl (0.29 NmSIkg} of shale oil. 1In such a system,
hydrotreating catalyst cycle life of 1.5 years is expected.

Properties of Hvydrotreated Shale 011 and Fractions Therefrom

Some pfoperties of a faw and a hydrotreated full range shale oil
are shown in Figure B. This particular treating operation has produced
a 35.2°AP1 gravity oil w;th 500 ppm.nit;ogeﬂ, 14 ppm Qulfu;-and <50
ppm oxygen with nil arsenic. Substantial mid boiling poirt reduction is
seen for this hydrotteated_praduct.

In ?iéure 5 a comprehensive, crude assay—t}pe analysis is shown for
a full-range product sample hydrotreated to 670 ppm.nitrogen. The
naphthas, afrer ;dditiunal hydrotreatment to iawgr the nitrogen and
sulfur content, make good feforﬁing stocks on the basis ¢f the |
moderately high ring content, The turbihe and diﬁsel fuel steck show
properties which make them valuabie blending components. The diesel-
free gas ﬁil :an_ba used for charge stock to a fluid cat cracker. Thus,
it is seen that shale oil can be treated to ‘produce pood feadstocks for

making finished transportation fuels with modern refining .technology.

‘Some chsible Schemes for
Upgrading Shale Oils

As shoun abave, full range raw shale oil can be de-ashed, dearsenited
and hydrotreated to produce intermediate streams fer further processing

in a conventional refinery. There are other options for uwpgrading shale
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oil, some of which are shoun below. All these upg_r#ding scﬁemes involve
to & greater or lesser degree, remcval of unwanted contaminants (i.ev
water, ash, arsenic, nitrogen, sulfur, oxygen) and increass of hydrogen
content of the hydrocarbons.

Basically, one can coke :ha shale oil directly and treat the
resulting liquids, ar hydrotreat the raw shale to provide feed for
further downstream conversion unir_s. These two routes are summarized
below, along with a minimum upgrad:.ng case: ' -
I -~ Raw Shale 0il — Coking —— Hydrotreating “—» Distillation —+

—— Liquids for Further Processing o

II ~ Raw Shale 0il —~+}8plids | — Hydrotreating -—+ Distillation —
|Removal '

—— (a) Hydrocracking of 650°F+ Fraé_t'ion or
—~— (b} Fluid Catalytic Cracking of 650°F+ Fraction
Both (a) and (b) produce liguid fuels for
further upgrading. :

O IXTI - Direct Utility Fuel

Raw Shale Oil —|Solids

——+ Feed to Power Plants
Removal .

.

The partlcula.r upgrading scheme employed m.ll be detetmmad by the in-
tended use of the Emished fuel, the qual:n.ty of the raw shale feed "and
nearness of rctortiﬁg site to refining fac:tl:r.ties, and ather factors

7. 9.
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Use of Catalysts in Refining
of Shale Oils

-

In mOST proposed schemes for shale oil upgrading, catalysts which
are other than conventiunal are neaded Eor nnly two operations The
arsenic removal step is best carried out with;g.lnngnlived, efficient
catalyst {and absorbenmt), and the hydroprocessing of zaw shale oil for
deep nitrogen removal taquifes a ruggedlcatalys;.: Suﬁh catalﬁsts

Have already been devaloﬁéd by tﬁose activé iﬁ_nil shﬁle upgrading tech-
nology (1, 7, B, 9). pounst?eam procgssing_of coier liquid fractions
or of fréﬁtiﬁns from hydrotre;ﬁéﬂ whole shale oil c¢an be carvied cut
with convenrional refining ca:alysté; and afJﬁpre or less conventicnal

operating cenditions.

HISTORY AND CURRENT STATUS OF THE SHALE OIL INDUSTRY

Although there has been research and_deégiﬁpmant activity in the
oil shale field.éince the early 1520's, the shale eil industry has ¥et
to reach cummér:ial importance. Tﬁe shale o%l depﬁéits have -been well
defined, analyzed, characterized and evaluated for mining and retorting
ease. Various demonstration plants h#ve been cqnatrﬂctéd and oparatad
to demﬁnstrate technical feasibility (9, 11). An experimental retort
was built and eperated over 25 years ago by thg Bureau of "Mines 1in
Colorada. In thé Iat; 1950'5,'ﬁnion 0i£ICompany of California constructed
and operated a 1200 tons/day plant near the same arezg in Colorado (10).
Laramie Energy Research Center has operated a 150—ton batch unit at thefr
Laramie, Wyoming facilities. The Colony Shale projent (Tosco-I1 process)

was operated for several years and produced many thousands of barrels
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af shale oil (11). Occidental ‘Petroleum has been conducting in-situ
retor;ﬁng'stqdies for several years (12). There are varipus other in-
situ operations being conducted en U.S. govérnment leases. The Paraho
demonstration plant in Colorado has aperated for several years to
produce ~100,000 barrels of raw shale oil. Thih 0il has been shipped
to Schio's Toledo ﬁefinery;for praparation of fuels for testing by the
U.S. Navy.

Union 0il Company of California has announced plans to construct,
with its own fupds, a $lOD mil;ioq experimental oil shale project if
Congress creates the necessary inﬁes;ment qnd-regulatory ¢limate for
the oil shale industrf (2)1 :This'plant-would be laocated on Union 0il
lands in Grand Valley, Colorado and would process 10,000 tons/day pf
41 gallens/ton oil shﬁle {9,000 barrels/day of raw shale oi;). This
shale oil would be used directly as boiler fuels in electrical generating
plants. |

FUTURE OF FUELS FROM SHALE OIL

As indicated in the foregoing text, serious entriés into oil
shale development are being made. The sucﬁess of these ventures is
quire dependent on evolution of the proper political climate to get the
shale ecil industry_competitiva. Once the prototype plants are operating,
evqutionar? improvements will increase the efficiency of this tech-
nology and make it even 'more competitive. Howevgr{ it must be emphasized
that the outlock for tha oil shale industry is uncertain at this time.
The large capital investments regquired, tha availability of foreign eil,

the envircnmental hurdles and the ewergence of competitive energy Sources.
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(nuciaar, éélar,-coal' eééfj“aii Esﬁﬁribd;eH£o tHis uncertéincy
Official prOJeCtlnns of the sizé of the shale ail industry in 1985
have declined in magnitude over the past three years (13) However,
ccn51der1ng the size of our oil shale reserves our gruwxng dependence
on nen-domestic 011 sources and the slowness of'development of ocher
energy sources, it is simply a matter nf time until the U. 5. must
develop a viable oll shale 1ndustry The exact path that this develap—
Iment will take is not certain at ‘this time, but Union Oil s announcad
prototype plant rePrasents a giant firs: StEP towards evolvlng a sound
shale oil industry.. Nhatever ultimate path is establisbed for pfoductinn
of 1iqu1d fuels from shale oils, all 1nd1cations are that the quality
af these shale-derlved fuels will be such that they will ptesent no
1nsurmountable problems for current and PIDJECtEd englnes and lubri~ -

cation systems. ,
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FIGURE 3

THE GREEN RIVER SHALE FORMATION
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COMPOSITION OF TRANSPORTATION SYNFUELS

. Synfuels R&D Status and Projections Panel Contribution

R. G. Jackson

"Synfuels” for.transportgtion are potentially available
frém a variety of sources such as oil shale and coal. Processes
exist for transforming coal to alternative fuels, and what is
needed today is a way of félating their use to the supply.of'
transportatiﬁn fuels for the next twenty years or so.

| There is little difference between coal gasification and
coal liquefaction from an economic viewpoint, and there is a
surprising amcunt of technicalloverlap in the leading gasifica-
‘tion and ligquefaction schemes. The most striking differen&e
lies in the markets they satlsfy and in the deqree and method
of regulatory control present in these markets, dlfferEnce
which may be crucial to the strategy for'introducing coal-based
altérnative fuels. |

The current energy problem predates the oil embargo and
popularizaticn through.the media.  Indeed I was asked to.comé
to the U.8. tc work on energy problems ip 1870, agreed to come
in 1371, and arrived in 1972. My experiénce since than seems
to indicate that R&D programs have become bigger, bﬁt nbt neces-—
sarily better, and have been dedicated more toward éreating
problems rather than solving them. It is time to put engineprs,

blue collar workers, and white collar employees to work bu1ldlng

-
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plants with present day téchnolcgy,'and produqing measurable
guantities scon of fuels th&t may be desperately needed in lagge
quantities within a generation.
| Private industry and the free market system have diffi-

culty doing thié job as soon as reguired because the magnitude
of each individual investment, delays in obtaining regulatory
approvals, the long lead-times before production, and the inability
of the market system to monetize the value of protection againét
foreign supply disruptipn are-barriers requiring federal assistance
to insure timely penetration. The key issue is to determine
what the federal government can do better than anyone else and
then to convince the government to do only what it must do, and
leave the rest to industry.

In the civilian economy the federal government does two
things more effectivelf than any other organization:

1. It redistributes money.

2. It molds pﬁblic opinion directly and indirectly.

Marginal sources of refined products cost about $3.00
© per MMBtu in bulk réady for distribution. Typical sources are
foreign oil, Alaskan gaé and oil, etc, but while there is a sub-
stantial .spread in the cost of.these sources, $3.00 per MMth
is 2 workable év:grage. Unconventional supplies of liquid and
gas from ccal or oil shalerwould cost about'$4.50 per MHMBtu at

today's prices. DPresent imports of foreign oil are roughly

equivalent to 8 MMBpd of oil or about 45 million MMBtu, and cost
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about $35 billion per year. Their replacement by synfuel would
cost about $75 billion per year, a difference e€qual to about
§0 cents per person per day. |

How do we try to achieve this? First I think by establisgh-
ing an attainable goal, say the prbduction of the eguivalent of
one MMBpd of oil by '1990.

The federal government cannot unilaterally award projects
or major subsidies to lndividual companies no matter how meri-
torious. Also, since direct government management should be
limited as much as possible and because the whole economy would
benefit from a synfuels capability, then the government should
lock toward creating a limited market in which the various forms
of unconventional energy could compete on an equal footing with
each other. It would be unwise to try to do this by mandating
enexrgy cohpanies to produce a fixed percentage of their output
~as synthetics. Doing this could cause complexity in adminis-
tration, pelitical manipulation to provide exceptional relief,
and difficulty in scheduligg synfuel plant development. There
is one limited market, howgver, where the federal government can
do as it likes — that is its own use. Thus, if the government
were to say that all civil and military transportation fuel paid
for by the federal government must include 10 percent from non-
petroleum scurces by 1985, 20 percent by 1990, and maybe 50 pe%—
cent by 2000, the basic problem of creating a market could be

solved. ’
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In these cxrcumstances what shculd R&D do in the ¢uture7

Because the autemobile is the laxge§t_tran§p9;tatloq
energy consumer.andIbgcauseitrgnspo:;§§ignm;oﬁspm@s\aboq£ S0
percent of the crude oil used, I ;Hinghtpgugiggt pr;o;ity 5P991§_
be given to developing an engine {or engines) which is not gu%}\q
sensitive.. Fortunately, support is already being given both by
DOE and industry to éngiﬁes which are capable of,acp;evipg £ﬁis
end. As Serge. Gratch 5ai§fgtw5§nt§*g}§5§,”§bng;E§ctlipjection
gtratificd charge engine,. for, small, vehlcles,fand the gas turw
hine, for larger ocnes, are alrcady almoqt w1th us, dnd the
stirling engine may be not too ﬁg;.awag:__OQly‘ﬁq_ext;a pﬁsﬁ-
is needed to make these engines 3ble to digest eitherﬂﬁafréw
or brcad cut dlstlllate of any comp051t10n from any source.
When that is achieved it should be straight forward to provide
part of the fuel aes a synfuel, maybe as methanol through gasi-
ficatiecn of coal or bicomass, maybe from shale ovil or tar sands,
maybe from liguefaction or extrative distillation of coal.
whichevér will not be important if the product can be usgd
without too much further processing. SR

and where do we stand today? There axe two 011 shale
projects in the commercial demonstration stage whzch uotent1ally.~
© and with the right support, could be providing synfuel by 19285.

Thefe are 2 number wi coal gasification processes which
could be built starting tomarrow, and others which could move

into the commercial demeonstration stage. Unfortunately almost
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all of them were conceived to pioduce gas rather than liquid
fuel so that today liquid fuel, such as methanol, can be oro-
duced at a reasonable efficiency only if it is a co-product
with SNG. Perhaps, therefore, the transportation synfuels
effort should be directed towards those precesses which can,
with minimum'modification, most readily produce liquids without
too much loss of'enexgy;

cgal.liquefaction technolpgy‘neéds to be further developed,
and commerqial demonstration plants are still needed to establi;h
more definitive economics and reliability.

For some time to come, therefore, I can only see syn-
fuels for ttansportatioh cqﬁing from oil shale or from coal
through gasification or displacement of oil fuelﬁ, for instance,

in boilers;

R. G. Jackson
October 4, 197B

Continental 0il Company
Ponca City, Oklahome
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