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CHAPTER 1: | NTRODUCTI ON

1.1 Role of Synthetic Fuels

Energy consunption in the U S. has becone increasingly
dependent upon foreign sources, especially in the |iquid
fuels area. Transportation energy usage Is a dom nant
user of foreign petroleum Mdtor gasoline alone accounts
for over 35% of all petroleum products consuned in the
Us. (Reference No. 1 ) ; petroleum jtself accounting
for over 43% of all "the energy consuned in the US

(Reference No. 2 ).

Unfortunately, over the past 35 years, the ratio of

U.S. oil reserves to total US. oil consunption has de-
clined, even with Al askan North Slope oil discoveries.
On the other hand, oil inports have been increasingly

filling the gap in petrol eum supply-demand i nbal ances.
From 1950 to 1977, donestic petrol eum production fel
from an average 85% of total domestic petrol eum consunp-
tion to 47% in 1977 (Reference No. 3 )* This trend
has been somewhat slowed down recentTy Dby increased
energy conservation measures--especially in the trans-

portation sector--but it has not stopped. The inpacts
of this |ncrea5|n% dependence on foreign crude oil and
refined products have been staggering. In addition to

the increased and continual exposure to_suppIY inter-
ruptions, and subsequent national security vulnerability,
the direct costs of these inports have increased enor-
mously (Reference No. 4 ;.'Fronla nodest plateu of

1-2 billion/year in the 1958-68 time period, the direct
costs have nushrooned to 25 billion in the enbargo period
21973-74) , and are heading for 90-100 billion in 1980

(Reference No. 5 ). The inpacts of this capital drain
in domestic investnents, subsequent jobs, and consumer
inflation has been notable. In the third quarter of 1979

al one, donestic prices for energy, housing; food, and

medi cal care rose at an annual 17.6% rate--wth energy
prices escalating at a 50.1% annual rate. Adverse im
pacts have not been confined to the U S. donestic economny.
Ol bills, being raised by OPEC faster than inflation--not
only account for 25-50% of total inflation rates around
the world, but also pose a global inflationary problem
apparently w thout end--unless alternate or substitute
fuel supplies are found\devel oped in sufficient quantities
and at conPetitive prices to put the lid on world crude
price escalation in a timely ftashion
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Al ternate Synthetic Fuels

Many recent studies (Reference No. 6) have estimated
the donestic energy and petrol eum supply-demand i nbal ances .
Most have credited conservation wth decreasing petrol eum
demand fromits historical rates of growh, and nost have
nonet hel ess projected a need for alternate domestic liquid
fuels to fill the increasing donestic petroleum supply-
demand i nbal ances.

Al t hough nost studies have agreed on the need for/and
future role-of alternate domestic-fuels, they have differed
in projecting their rate of growth in the narketplace, date
of |ntroductLon,_Prospectlve cost, ease of usage, and "raw'
resource availability--as well as their potentral environ-
mental, health, and safety inpacts. The U S. Departnent of
Enerﬂy has recently targeted synthet|c_Froduqt|on goals to
reach 5 mllion barrels daﬁ of crude oil equivalent from
all synthetic sources by the year 2000 (Figure 1.1%, and
the recently passed Energy Security Act (6/30/80) has
tarﬁeted goals of . 5 MVBD by 1987 and 2.0 MvBD by 2000.

Al though current forecasts vary, synthetics have generally
been forecast to provide between 12-13% of total domestic
energy by the year 2000, and even up to 30% of prinary
liqurd fuel supplies. Al though conposition of those
synthetic fuel targets and projections are varied (shale,
unconventional gas, biomass, solar,. ..) , coal--as both a
feedstock for synthetic fuels and as a direct conbustion
boi l er fuel--generally has been projected to play a large
and growing role. In many ways, this is a natural reflec-
tion of the abundant and regionally diverse US. coal
resources and reserves. This is simlarly true for shale
as described in Chapter 2.

1.2 Scope of Study

The study design of this effort is, in a broad fashion
to provide for a technical and econom c conparison of various
sel ected synfuel technologies. As outlined in the contract -
study Scope of Work, the study team was directed to use
exi sting published (and referenced) infornmation and data.
OTA staff and the Synfuels Advisory Goup assisted in the
acquisition of published data, as well as providing
gui dance and review. The study team was further directed
to look solely at technical and economc aspects of selected
synfuel technol ogies and specifically not at policy
implications, interpretations, and concerns. These very
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real policy considerations are the stated prerogative of
the OTA itself and its existing well-defined review
procedures.

~In consultation with the OTA staff, generic technol ogy
choi ces have been made (Chapters 3 and 4), and supply
depl oynent scenarios devel oped (Chapter 5). Each chapter,
and sub-section, specifically identifies the respective
referenced sources and assunptions used. \Were available
in the literature, conparative estimates have been
provided.  Scope, timing, and budget greatly limted the
degree of first-hand data verification. The recent ESCOE
coal conversion study, as referenced in Chapter 4, was the
scope directed starting point for the conparative economc
analysis, wth specific cost basis and assunptions provided
in the addendum to Chapter 4.

The outline of the report is as foll ows:

Introduction to Role of Synthetic Fuels and
Study Effort: chapter 1

Background on synthetic Fuel Processes
Chapter 2

Di scussion of Selected Synthetic Fue
Technol ogi es: Chapter 3

, . |

Di scussion and Conparison of Selected
Synthetic Fuel Technol ogi es Cost
and Product Economics: Chapter 4

Suppl'y Depl oyment Scenarios for
Synthetic Fuels: Chapter 5

Appendi ces

G ossary

Bi bl i ography
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Potential Next Steps

Potential next steps to the broad-based study effort
could include site-specific, technology-specific detailed
technical, economc, and socioeconom c evaluations. Site-
specific supply transportation and product distribution
needs and costs; assessnments of facility-specific
integration of synfuel facilities with existing refinery
capacity; and site and region-specific socioeconomc and
| abor/skill mx needs. Case study assessnent are sub-
exanpl es.

On the policy side, the OTA using this study, as well
as other conponent study efforts, wll be devel oping policy
i nterpretations.
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Chapter 2: BACKGROUND

(1) Description of the coal Conversion and O| Shale Retorting

Fuel Cycles
2.1 Overview of the Coal and G| Shale Fuel Cycles

In order to estimate investnents from mne to end user (excluding
automobiles) , or to assess the rates of potential devel opment of the
synthetic fuels industry, it is necessary to consider all phases of the
fuel cycles involved in the devel opment.  They include exploration for the
resources, their mning, local transportation, beneficiation, transportation
to conversion plants, conversion of the energy resources to fuels, and
finally, their distribution to end users. Figures 2.1 and 2.2 (nodified
from Reference No. 7) describe in a schematic manner the energy systens
involved in the case of coal conversion and of oil shale retorting.

2.2 Coal and Q1| Shale Resources

Coal and oil shale resources are defined as those deposits “that
can be extracted and processed to yield products that can be marketed
at a profit” (Reference w, Estimates of resources are not [inited
by vvhePher or not the deposits have been denonstrated, or whether ther are
extractabl e b?; exi sting technologies at conpetitive economc costs. [f
the resource has been denonstrated (i.e. its location, quality, and
quantity have been determ ned b¥ evi dence supported bY neasueftents) - and
I'ts extraction is economcally teasible, then it is classified as a
reserve. Resources may becone reserves as a result of changes in technical
or econom ¢ devel opment. The major coal and oil shale resources of the
cotermnous United States are shown in Figure 2.3 (Reference No. 9? and
2.4 (Reference No. 8) . The United States reserves and resources of coal
are estimated as 178 and 1,285 hillion netric tons (Reference No. 10) .
Cther estimtes vary wdely, depending on economc and technical assunp-
tions. For exanple a recent estinaté of recoverable reserves of coal
(Reference No. 1”13 places them at 38,000 quads’or equivalent to 150
billion netric tons of coal.

L A recoveranility factor of 50 percent is assumed for resources.

20uad isaunit Of energy equivalent to 1015 (quadrillion) Btu.

It IS approximately equivalent to 180 million barrels of oil or to 40
mllion metric tons of bitumious coal. On the average, one quad is
enough to supply all the present energy requirements of about 3 million
Americans for one year.
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Figuro24: QOil Shale Deposits of the United States

Terbary deposits

Green River Formation in
Colorado. Utan, and wyoming:
Monterey Formaton, Califorma;
meddie Tertary deposits in
Montana. Black areas are
known Mgh-grade deposits.

Mesozoic depostts
Manna shale in Alaska

é

Permian deposits

Phosphona Formaton,
Montana

.;’O
Devonian and  Mississihd

deposits (resource  estmates
inciuded for hatchured areas
only). Boundary dashed

where concealed or where
locabon is uncertan.

SOURCE D C Duncan ang \/ E. Swanson, Orgamc-Rich Shaies of the United States o nd World Land Aress.U.S Geological Survey Circular S23. 1965,
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Estimates of recoverable reserves and resources of oil shale
vary even nore broadly than those of coal because of the poor existing
state of know edge. An estimate by the Commi ttee on Nuc|ear and
Alternative Energy Systems of the National Academy of Sciences places them
at 3660 quads of recoverable oil at $21.50 -$27.50 in 1978 dollars
(Reference No. 9) which is equivalent to about 1.50 billion netric tons
of real. Schurr'sestimates of shal e oil reserves are only 1100 quads
which is equivalent to 44 billion metric tons of coal (Refefence No. 11)
O shale resources have bheen estinated by OTA (1980) as equivalent to
between 2,000 and 140,000 billion barrels of oil equivalent, or 440
to 3,090 billion tons of Coal.

The distribution of the coal and oil shale resources are given in Tables

2.1 (Reference No. 12) and 2.2 (Reference No. 8) . There are large
variations among the characteristics of coal and oil shale resources, as
well as the characteristics of sites at which they are found. These
characteristics affect the processes, econonic rests and resource requirements
of the devel opment of a synthetic fuels industry. The important variables
are the quantity and quality of the coal and oil shale in each site or
ErSVince* ownership, relationships to markets and processing facilities,

ed depth, seamthickness, availability of water resources, and conpetition
for surface area usage. These are discussed at greater length in
Appendi ces A and B (Reference No. 7) .

2.3 Exploration and Mning

Know edge about coal and oil shale resources is usually obtained in
stages. The ster begin with the assessment of geol ogi cal and geophysica
data and are fol lowed by surface and areal photographic surveys and
magnetic neasurenents. Finally, mapping and appraisal of regiona
deposits are done, based on seisnmic surveys and drilling. The steps
are explained in greater detail in references bel ow.

There are two basic methods of coal and oil shale mning, nanmely
surface nining and underground mining. The choice between them depends
mainly on the depth of burial and thickness of the seam |n the case
of coal seans that are relatively close to the surface (i.e. less than
180feet) surface mning is enployed (Reference No. 13) . In the case
of oil shale, where the deposit is within a few hundred feet (200 to
300 feet) fromthe surface, it can be surface mned (Reference No. 14) .
However, higher quality oil shale is comonly located at depths of
over 600 feet, so that it may be nmore efficient to apply underground
processes of retorting rather than mne the shale (Reference No. 8) .

A qualitative description of the mning methods and their inpact

are given references 7 and 8. appendix Ato Chapter 2 sunmarizes
the the major conponents, resource requirements, costs and pollutants
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TABLE 2.1
U S. BY STATES
RESOURCES- RESERVE = BASE- PRCDUCTI ON
Bl TUM NOUS- SUBBI TUM NOUS- LI GNI TE  COAL

(Millions of  Tons)

o Estimat ed
USGS Remai ni ng Yearly Remai ni ng
I'dentified Resources  Production Reserve Base
State January 1, 1974 1977 January 1, 1978
Al abama 15, 262 21 1,823
Al aska 130, 079 <1 11, 642
Arizona 21,234 11 308
Arkansas 4,938 <1 668
Col orado 148, 850 12 14, 815
Georgi a 1+ <1 1+
[1inars 146, 001 54 65, 286
I ndi ana 32, 868 28 10, 495
| owa 6, 505 <| 2,882
Kansas 18, 668 <1 1,385
East Kentucky 22,226 92 12, 360
\iest  Kent ucky 36, 120 51 35, 788
Loui si ana 1,000 0 800
Maryl and 1,152 3 1,027
M chi gan 205 0 118
M ssouri 31,184 7 9, 457
Mont ana 291, 639 29 108, 282
New Mexico 61, 387 1 4,344
North Carolina 110 0 32
North Dakota 350, 602 12 15, 954
Chio 41,116 46 20,736
Gkl ahoma 7,117 5 1,276
Oregon 334 0 57
Pennsyl vani a 63, 940 83 23, 335
South Dakota 2,185 0 428
Tennessee 2,530 10 932
Texas 139, 000 17 3,210
Uah 23,359 9 3,982
Virginia 9,216 38 29,225
\ishi ngton 6,194 5 1,932
Viest ViTginia 100, 150 9 38, 822
om ng 136, 891 44 53,182
her States 688 0 447
Calif., Idaho,
br., Nevada)

Tabl e From Solid Fuels for U. S. Industry, Cameron Engineers, 1979
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TABLE 2.2

POTENTI AL SHALE O'L IN PLACE IN THE O L SHALE
DEPOSI TS OF THE UNI TED STATES (billions of barrels)

Range0Of shale oil vyields,

gallons per ton

Location 5 - 10° 10 - 25725 - 100
Col orado, Uah, and Woni ng

(the Geen River formation) . . . .. ... .. 4,000 2,800 1,200
Central and Eastern States

(includes Antrim Chattanooga,

Devonian, and other shales). . . . . ... .. 2,000 1,000 (?)
Alaska. ™ * . f b Large 200 250
O her dEpOSitS.*.*.*** KR KkkKKKRQ 134, 000 22,500 (7)

Total *e*Q.. ¥**(Qrxxx Hxxxxxxx FxQkxx 140, 000+ 26, 000 2,000(?)

dOrder of magni tude estimte includes known deposits, extrapolation and inter-

pol ation of known deposits, and anticipated deposits.

Data from D.C. Duncan and V.E Swanson, Organic-Rich Shales of the United

States and Wrld Land Areas, U'S. Geological Survey Circular 523, 1965.
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associ ated with generic surface and underground coal and oil shale m ning
in East and \est.

The followi ng conclusions can be drawn about coal and oil shale,
nanel y

1. The Northern Geat Plains and Rocky Muntain Provinces contain
approximately 70 percent of the coal resources in the United
States and most of the nations |owsulfur coal (References
No. 7 and 14a)

2. Mich of the coal likely to be developed in the near future can
be surface mned. This estimate is based on existing trends
of continued shift fromunderground to surface mned coal
(References No. l1& and 14c) , and on the abundant quantities
of coal that can be mned by existing surface mning techno-
logies (Ref erences 7and 14a) .

3. Conpetition for surface area usage is relatively lowin those
areas of coal mning (Reference No. :

4, The federal government controls the mgjority of the coa
and oil shale lands (References No. 7, 8, and 14a) .

5. \Wter resources can becone a constraint on coal devel opment
in the Rocky Mountain and Northern Great Plains Provinces

(References No. 7, 9, and 14d)

6. The devel opment of oil fromoil shale resources involves
tremendous quantities of materials that need to be nined and
di sposed.  The production of 1 million bbl oil per day from
oi| shale would require the mning and disposal of about 1.3
mllion nmetric tons of shale per day (Refer-e No. 15) .

1. Mst oil shale extraction is expected to be by underground
mning, wth only about 1.5 to 20 percent being extractable
by surface nethods (Reference No. 16) . This proportion
may change with technol ogical devel opments

2.4 Beneficiation

Coal and oil shale feedstocks require some preparation, called
beneficiation,prior to their feeding into the conversion process.

2-9
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The nature of the preparation depends on the characteristics of the
feedstocks, and on the type of conversion process adopted. In some
cases, mechanical upgrading is sufficient, and consists of any or al
of the following processes:

1. crushing and screeni ng
2. Ceaning
3. Drying

In some cases of coal feedstocks, further Processing IS required.
A portion of the ash and sulfur can be removed fromthe coal by sinple pro-
cedures such as water mashin?, or magnetic separation of iron pyrites
Further up radin? of the coal can involve chemcal processes, such as
reacting the coal with various chemcals, or convertin? it to nore
desirable products. A further discussion of coal beneficiation is
included in Reference No. Z_and Reference No. 13.

Appendi“x Tabl e 8 (Reference wno.17) , summarizes the ngjor conponents
and resource requirenments of coal beneficiation. Appendix A to Chapter 2
conpares the costs of various chemical coal cleaning processes.

O shale beneficiation consists mainly of crushing and sizing. The
process is further discussed in Reference No. 8.

2.5 Transportation

Local transportation is nainlr linited tO thetransfer of the coal
or Shale between different parts of the mning area. Truck, belt
conveyor, or rail transport are the nost used means

Coal also needs to be transported beneficiation pl ants, and
inlarge quantities and over large distances to coal conversion plants
There are a nunber of alternatives for transporting the coal, namely,
railroads (both unit and conventional trains) , slurry pipelines, and

to a lesser extent, barges and trucks. The tra%%portation of coal is
further discussed in Réference 7. Appendix to Chapter 2, References

7 and 18, summarize the nmajor conponents and resource requirenents of
transportation.

In the case of oil shale, siting of the conversion plan is near
the mning area is envisaged. This Is because of the tremendous
quantities of shale involved.

2.6 Cnver~si on

The Conversion of coal and oil shale to other energy products is

2-10
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covered in detail in Chapter 3 of this report

2.7 Upgrading and Refining

Raw synfuel s may be used directly in the market for same applications
without further upgrading; or they may require nodifications before
they can become substitutes for existing products. The need for different
variations of upgrading will be detemned by the characteristics of
the synfuels, and their uses. Liquid synfuels can be utilized in many end
uses, the nost inportant of which are the transportation, s%ace heating
ra|3|n? of steam in boilers and as chemcal feedstocks. ~Substitution
of coal or oil shale derived liquids for petroleumbased fuels particu-
larly in transportation, will create problens because of the differences
between them They differ mainly in the tYPes and quantities of
hydrocarbon species involved in the overall ratio of hydrogen to
carbon atons in the mxture, and to a |esser extent, an Increased
presence of ash, trace metals, and nitrogen conpounds.3 Vhile the
ratio of hydrogen to carbon is approximtely 2 for petroleum it.drops
in general to 1.9 for shale oil and in general 0.75 for coal derived
liquids (Reference No. 19) , although this depends on the specific product
slate and operating conditions. The addition of substantial amounts
of coal or shale derived fuels will mainly decease the hydrogen to
carbon ratio, and increase the aromatic, nitrogen, and trace neta
content of the refinery products

The concerns and costs associated with selective upgrading are
di scussed in Chapter 4. The key concern is To match anticipated product
demand sl ate specifications and tol erances with variable feedstock inputs
(from West Texas crude to shale oiI? at_least cost. The factors that
affect the cost are the kind of strategies that have to be devel oped
to neet the challenPe, and the decision whether to upgrade the synfue
at the conversion plant or at the refinery.

There are Several strategies that can be used to adopt synfuels
to product demand. One is to nodify the engines using at present
petrol eum derived fuels to match the characteristics of synthetic fuels;
another is to nodify the synthetic fuels; a third is to devel op an optinum
conbi nation of changes in both the supply and end use sections. Still
it should be pointed out, that many variations of upﬁrading can be
concei ved, not necessarily requiring conversion of the total raw synfuel
streans to refined products Rather, some Synergistic effects can be
used to incorporate synfuels upgrading into a variety of refining
schenes, with significant inprovement in economics .

3 .
Raw coal distillates contains 100 times the nitrogen of conven-
tional petrol eum (Reference No. 19) .
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Early analysis (Reference No. 19) suggested that in the short run,
sel ective synthetic fuel upgrading can alleviate fuel distribution
concerns. Mre recent analyses (Reference No. 20) suggest that
transition solutions will probably entail synthetic fuel finished
groducts —such as nmethanol in nodified automotive fleet engines.

hese matching concerns reflect the sensitivity of conbustion engines to
t he hydrocarbon makeup of the fuel. Experience has * that the
conmbustion of fuels [ow in hydrogen content and rich in aromatics results
In an increased formation of soot, in addition to various other in-field
mai nt enance probl ens.

Existin? and anticipated petroleumrefining technol ogy can up%rade
synthetic oils to neet current engine and turbine specification. This

is primarily done by the hydrogeneration of crudes. For nost existing
refineries, the devel opment of such upgrad|n% capabilities would require
costly changes in the reactor vessels to withstand high pressures, and

a further sgfply of hydrogen. Therefore, an economc eval uation needs

to be carried out for each specific situation. It would deternine

whet her product upgrading is nore cost effective when conducted together
with the primary coal hydroliquefaction step, thus forcing the conversion
process to produce finished, nore prem um hydrocarbon liquids; or

whet her upgrading should be conbined with refining

Gl fromshale with hydro?en to carbon ratio of 1.9 (vs 2 for
petrol eun) can be substituted for present fuels with sone relative
ease. G| fromcoal conversion with hydrogen to carbon ratio of 0.75
requires more upgrading

Prelimnary studies indicate that the upgrading of the HC ratio
and reducing the aromatic and organic nitrogen contents of synthetic
crudes is feasible but expensive in terns of costs and energy |osses.
chapter 4 di scusses these cost conparjsons‘. Various estimates have
been prepared for upgrading. Among themare references for coa
conversion and shale . Estimtes have been prepared by Chevron, U S A

4 = uncertain still. surrounds the costs of alternate fuels for
heat engines since absolute costs will not be established until fue
production plants are built and operated. However, for the purpose
of initial screening of alternate fuels, relative rests can be
established from published studies . Conparing these studies on a
consistent basis in terms of total delivered costs and engine effi-
ciencies is more inportant than the assesment of absolute product
costs shown by such studies.

5 Other authors (Reference Nos. 21, 22, 23, 24 and 25) indicate and
describe processes for upgrading shale oil but no comparable cost and
energy estinmates are given.
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putting the cost of up?rading crude shale oil for a 100,000 bbl/d
facility at $6.50, in first quarter 1978 dollars, equivalent to about
$7.80 in 1980 dollars (Reference No. 8) . Total cost of upgrading and
refining crude synthetic fuels vary according to the caPaC|ty an
location of the refinery, the nature of the crudes involved and the
available facilities and options at the refinery. Estimates of the
refining costs for crude shale oil ranged from $8.00 to $12. 00/ bbl
(Reference No. 8) . In the case of refineries nodified for crude shale
oi |, estimates as low as $0.25 to $2. 00/bbl are reported (Reference
No. 8) . Upgrading of these crudes may also result in energy |osses
as large as 25 to 50 percent of the original energy in the coa

(Reference No. 19) .

There are several studies underway to define capabilities of
state-of-the-art petroleumrefineries for syncrude yp ragin an
devel opment of new refining methods specifically tailgre tgwa S
syncrudes (Reference Nos. 22, 23, 26, 24 and 21) . The prelimnary
conclusions that can be drawn are:

1. Syncrudes can be refined by conventional methods
2. Products are interchangeable with petroleum derived products.

3. There are serious econonmi ¢ and energy penalties in upgrading
(Reference No. 19) , but research leading to inproved refining
processes to @ the syncrudes and enqgine devel opnent to
use then are expected to reduce the penalties.

4. Direct coal liquids may require more severe upgrading than
shale oil (Reference No. 19) .

The processing details of upgrading of various coal conversion
and oi | shale derived crudes as well as their properti“es relative to
petrol eum mal es are given in references 22, 23, 26a and 26b.

Crude synthetic fuels can be upgraded either at the synfuel plant
or at a refinery’. The upgrading process is sinmlar in many respects
to the refining of crude petroleun. Therefore, there may be economic
and technical 1ncentives to conbine the two operations in one plant.
Uilization of existing facilities, and the available options of
existing refineries to mx syncrudes and petroleum crudes to ease the
upgrading process are other advantages. Furthernore, upgrading
requires water, so that the location of many potential synfuel conversion
plants in dry areas may dictate the separation of the two. However,

6 Mst existing refineries wll need to be nodified before they
can handl e syncrudes
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a decision on whether to upgrade synfuels at the conversion plant or
in the refinery should be based on a detailed analysis with consider-
ation given to location and marketing factors.

2.8 Distribution to End Users

There is simlarity between syncrudes and petrol eum crude oil.
It is therefore nost |ikely that the node of distribution will. be
through the presently existing crude oil pipelinesshown in Figure 2.5
(Reference No. 27) . Some new pipeline additions or extensions wll
undoubt edly be built, depending on the location of the syncrude plan
However, it is likely that the |ocation of crude oil mpghne& sm&?
as the availability of coal, water, etc. , will be taken into account
in siting the plants. Once the syncrude has entered the pipeline
distribution system it wll probably be treated as another source of
crude, as is presently done wth syncrude from Canadian tar sands, and
districted to refineries as a supplenent to natural crude supplies

(Reference No. 27) .

( I _1 ) Synfuel TE€Chno| ogi es Paraneters

2.9 Common El enents

There are about one hundred different processes for converting coa
or oil shale to gaseous, liquid or solid fuels. Still there are inportant
simlarities anong then. They relate to the physical size of the plants
their conplexity costs, conversion efficiencies, and the requirenments
for resources such as manpower, feedstocks, land, water, and equipment.
These factors are inportant for the understanding of the various conversion
processes; the situation of constraints and tine tables of inplenentation
and for understanding the uncertainties involved in projections

2.10 Physical. Size

LarPer sizes of synfuel plants do not cost propotionately more
than smaller sizes. AS a result there is an incentive to nminim ze costs

by designing |arge capacity plants of the order of 50,000 to 100,000
barrels per day oil equivalent producti“on. Such large plants can provide
the equivalent energy requirements of a city of about a quarter to half

a mllion Feo?le. The investnent required for a 50,000 barrels per

day synfuel plant is estimated between $2 and $4 billion (Reference No. 28)
The constucti“on of the plant will be a major engineering endeavor and ~
require about five to eight years. The size of the plant is measured

in square mles’. The anounts of material that have to be handled by

7 Two squares mles of land are required for a 125 mllion CFD gasi-
fication plant producing the equivalent of 22,000 barrels of oil per day
(Reference No. 28) .

2-14
ej b&a



WHOM L3N 3ININ3did 0 30NYHI :G°T 3HNOI4

TIINNOD NN3IT0HL3d TVYNO! - 3IHNOS

NOHINYISNOD WIANN HO QINNVI  =--
viuv onNid3y O
VIWVY DNIONOOHd HO 30N¥D @

[ LX)

2-15

ejbéa



the con@ron plants are also very large. In the case of a 50,000
barrel per day src |l coal liquefaction plant, coal feed is estimated
at 32,000 tons per day and solid wastes at 36,000 tons per day on a
dry basis (Reference No. 25) . This is equivalent to one railroad

car every three minutes . In the case of a simlar capacity oil shale
retorting plant, the ?uantities are doubl e those for the coa
liquefaction plant (Reference No. 28) .

2.11 Conplexity

Al of the synfuel processes reviewed in this paper have varying
degrees of overall conplexity’(Reference NG5 28, 29, and 30)

This is because many individual steps are required. However, although
SOMe CO |ex|ty S _unavoi dabl e, redundant Con'pl EX|ty I'S COStly In terns
OP sucthactors.as investnent and operation costs, efficiency, Ia?

time between initiation and finalization of projects, and reliability
of operation. Rogers (1979) divided conplexity into the follow ng
categories, which can apply to all coal and oil shale conversion
processes, and comrents on their inplications

. “Reaction conplexity. A process which requires several
consecutive reactions is less desirable than a process
involving fewer reactions . The sensitivity of any one
reacti“on to changes in any of the inportant variables,
such as tenperature, concentration, etc., may have strong
effect on quality control and reliability. Coal is a
het erogenous material and inposition froma given mne often
varies with tine. This further aggravates the reaction
bl em.

. Qperational conplexity. A process with many steps which
entails multiple handling of solids and fluid streams will
beprone wmore equi pment failures and consequently ?reater
downtine . As detailed in the section on reactor conplexity,
the nethods used for gas/solid contacting and catalytic
conversion can also greatly increase process conplexity. As
a general rule, solids cause nore problens than fluids, and
liquids are nore troublesome than gases

. Operating regine. The chemstry of coal conversion processes
normal |y involves high operating tenperatures and pressures.
Very high pressures or tenperatures involve nore difficulties.
Special materials and equi prent such as high pressure solids
feeders and non-standard items nust be built and maintained

8 Shale oil retorting and upgrading systems may not be as conplex
as sone coal . conversion systens.
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with nuch higher standards than required for sinpler conditions.

. Auxiliary facilities. The number of required support facilities
such as catalyst reclaimng, by-product recovery plants and
special utility services will nake the procezs conpl ex.
Each auxiliary service brings with it its own conplexity
factor with an influence on cost and reliability.”

Conpr ehensi ve tables conparing the process complexity of various
coal conversion processes have been Fubllshed (Reference No. 29) . It
should be noted that many of the coal conversion and oil shale retorting
processes share many common unit operations. These include such steps
as grinding, drying, preheating, reaction, ash separation, flashing
hydrotreating, distillation, storage, and many auxiliary operations
such as hydrogen generation, renoval of sulfur and nitrogen conpounds
waste processing, electric power production and plant maintenance.

Many of these unit operations are famliar and can be designed with
confidence. There are, however, a few steﬁs which are either difficult
or inpossible to acconplish with known technology. They are the ones

t hat adg|Uncertainty to synfuel technology with respect to costs and
tim tables.

2.12 costs

- Synfuel plants are capital intensive. As discussed in Chapter 4,
capital cost ranged significantly as a function of product cost over
the technologies. This nakes the plant cost estimate very inportant in
any econom ¢ study. However, existing cost estimates of synfuel processes
have many uncertainties. They are primarily due to uncertainties
associ ated with unproven technol ogies, changing inflation rates, and
wide fluctuations of primary energy prices. There are therefore wide
fluctuations among economsts, particularly with respect to feedstock
rests, price of products, the capital investment needed to build the
facilities, and the rates of return on investnment.

one can expect that capital investment in first-of-a-kind (pioneer)
plants is going to be higher, in equivalent dollars, than later plants
designed and built with the benefit of operating experience for the
process involved. 9

9

Learning experience cost reductions can be very significant. An example
applying t0 a rapidly emerging industry is the chemical and allied
products industry, where real non-energy rests declined by nearly 3%
yearly for more than two decades.
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Larger size plants cost less per unit of product than smaller ,
lants . ~“The rel ationshi ps between capital cost and plant size is
IVEN (Reference No. 28) by the equation:

, x 10
Capital Cost =ks

where: k is a constant
S is a plant production rate

The exponent, x, is generally somewhere between 0.4 and 0.9, although
usually between 0.6 and 0.8. The exponential rule” only applies for
process plants which are simlar in all respects except size. It is
general Iy not applicable for situations where sizes differ by nore than
a factor of ten.

There are no quantitative estimates of anticipated cost reductions
due to experience in building synfuel conversion plants. On the one
hand,t he i mmature and undenmonstrated nature of many of the synfuel
precesses suggests cost reductions when the industry will reach
maturity. On the other hand, experience has shown that cost overruns
in major projects utilizing uncertain technologies are frequent — and
perhaps unavoi dabl e occurrence. Exhibit 4-16 depicts cost growth in
pi oneer energy process plants.

2.13 Conversion Efficiency

Hi gh conversion efficieny is an inportant factor to be desired.

It affects not only the product costs and the conservation of resources,
but also reduces undesirable health, environnental and socio-econonmc *

I npacts which are related to the quantities of needed feedstocks that
need extraction, transportation, and processing and to the size of the
Flam . Efficiency is often defined as the ratio of the useful energy

eaving the plant in the formof products and by-products to the energy
in the input streans, including feedstocks and ancillary energy. In
desi gni ng conversion plants, optimumefficiency is selected to give
the least costIY_synfueI Froductﬁona The calculations are relatively
sinpl e when applied to balancing of investments with consideration of
savi ngs eercted on nore efficient processes or equi pnent versus the
costs of the investments. However, the cal cul ations become verﬁ
conplicated when they take into account the energy bal ance of the plant
and assune credits for the sensible heats contained in the feedstocks
or the products. Since the price of coal, oil shale and many by-
products is relatively low on the basis of energy content (relative

<\J

Thi S exponential rule doeS not apply to multiple trai n systems.
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t 0 other econonic factors) , there are econonic constraints to increase
absolute efficiency. Aso in tires of crash prograns, the pursuit

of the most efficient design and equi pnent may need to be conprom zed
to reduce delivery times of equipment and services

Table 2.3 (Reference No. 29) , summarized process efficiencies for
various coal conversion processes. They range between 65 and 70 percent
for the coal gasification and direct coal |iquefaction processes. They
are estimated to be between about 50 to 60 percent for indirect coa
liquefaction. Wen gasification and electric power production are
conbined, the efficiency drops to about 40 percent.

2.14 Other Requirenents and Concerns

In addition to the above nentioned factors that characterize
synfuel technologies (size, conplexity, costs, conversion efficiencies. ..) ,
txere are additional requirements and concerns that the devel opnent of
a synthetic fuels industry have. Among them are:

. Labor Require ments. Large |abor requirenents, both during
construction and for operation of the synfuel Plants are typical
They are also closely associated with potential socio-economc
inpacts due to the relatively sudden increases in demand for services
and resources* These inpacts are mainly influenced by the size
of the demand for Iabor relative to the size of the communities
involved. For oil shale facility devel opment in the West, these
potential inpacts can be large (Reference Nos. 31, 32 and 33) .

. Feedstock Requi‘r enents. As stated earlier, the anount of feedstocks
that are required for a generic conversion plant producing 50,000
barrels of oil per day equivalent are very large. About 30,000 -
40,000 tons of coal per day are needed by a FYP'Cﬁ| coal conversion
plant and doubl e that amunt of shale by an oil shale retorting
Blant. The demand on coal feedstocks al one has been projected

y the EPA (Reference Nos. 31, 32, 33) to increase from about
5% of projected U.S. coal output in 1985, to over 25% in 2000.

. Land Requi‘renents. As discussed earlier and specifically in
Reference No. 3I. the land requirements for synthetic fuel
devel opment includes not only the on-site land requirements of
the physical plant, but also the land associated with extraction
(mning) and with disposal

. Mter Requipnents. As discussed earlier, and specifically in
Reference Nos. 31, 32 t synthetic fuel plantsrequire signiticant
quantities of water. In the coal conversion industry, water is
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exqle

Table 2.3: PROCESS SUMMARY

Process Developer Pri mary Secondary Feed Coal | Year | ome. | & etticencyll | nemarke
Product Product Type/Slze Beun Index | Procesa/Product
8¢ - I 12 |southem . |50lid Boiler | Naphtha All types 1962 | B3 )
Services + Pusl
PRI + DO
+ Gult
SKC - I Gulf + DB Liquid Boiler | Gas All  types 197¢ e /70
Fusl PG with ash
Naghtha reatrictions
s Boon Liquid Boiler LFG All acoeptabl| 3966 c-) 66/64
Pusl Naghtha
Gas
H-Coal Fusl 0Of) Naphtha c-2 Vgl
Fuel ail MRI Gas
H-Cpal Syncrude c-2 /69
Syncrude
Flscher- Standard Tech- | Range of LG All coal {s | Before | A-2 o /48 Depends an
Tropach mology used M | Hydrocarbons Alcchols gasified 1930 gasifier
50 years NO. 2 oi} efficiency
) Fuel oil
Gas
W-Gasoline | mMabl) for Premium LG Any gasifier c-) e
Methanol to Gasoline to methanol
Gasoline Can- process may
version be used
]
Msthanol Methanol Depends on A2 /57
gasifiar

11 pfficiencies are hi ghly dependent ONn product i X.

12 The src | process as presently designed for the src | precomercial demonstration pl ant
would be a two-stage process which produces |iquid fuels, as well as src solid. sk |l
and EDS produce a distillate syncrude.

SOURCE: Reference 29
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mainly used for hydrogen production, coding, waste dis-
posal, and revegetation (Reference Nos. 31, 32, 33). In
the case of the oil shale retortirg industry,the main uses
are for oil shale rein@ retorting, fuel upgrading, revege-
tation, and spent shale disposal (Reference Nos 87 31, 33)

. Equi pment_Requi renents. There are many kinds of equi pment
that wlT be required by the synthetic fuel industry. Anong
these itens are:

For coal conversion: fabricated vessels, heat exchangers,
rotating machinery, mterials nhand|jng equipnent, packaged
plants, turbine generator sets, po’fuPion cgntror evicé%
pi ping, valves, and instruments and controls. The |argest
Itens are fabricated vessels, instruments and controls. They
al one have been considered (Reference No. 34) to anount for
over 50% equi pment needs

For shal e conversion: steel castings valves, air coolers,
shell and tube exchangers, fired heaters, and boilers, preps,
conpressors, and pressure vessels, and tanks.

In the follow ng chapters, we will look at these factors in nore
detail. Chapter 3 will discuss the individual process technologies
chap* 4 will discuss the inportant assesment of costs; and Chapter
5 wll discuss the projected deployment schedules of synfuel production.
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