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report, and are being made available for such purposes.
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NOTI CE

This report was prepared as an account of work sponsored

by the Congress of the United States, Ofice of Technol ogy
Assessnment. Neither the Congress of the United States nor

the Ofice of Technol ogy Assessment, United States Congress,
nor any of its enployees, nor any of their contractors, sub-
contractors, or their enployees, makes any warranty, expressed
or inplied, or assunes any l[egal liability or responsibility
for the accuracy, conpleteness, or usefulness of any infor-
mation, apparatus, product or process disclosed, or repre-
sents that its use could not infringe privately owned rights.
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EXECUTI VE SUMVARY

Study Scope and Content

This study is a conparative technical and economc
assessnment of selected synfuel technologies. It is a
conponent part of a nuch larger study being conducted by
the OTA on energy options. A key purpose of this study
is to provide technical and econom c conparisons anong
sel ected synfuel technol ogies which, to the extent _
possi bl e, provides a background and basis which may assi st
the OTA in its policy deliberations. The synfuel tech-
nol ogi es have been selected in consultation with and
gui dance fromthe OTA.  They generically represent: oil
shal e production; direct and indirect coal |iquefaction
(including Mobil-m gasol i ne s%nthesis); and coal gasifi-
cation (low, ~medium and high Btu) . The OTA Synfuels
Advi sory Board has been particularly helpful in providing
for and reviewing information on these selected tech-
nol ogi es, although by no neans are they held accountable
to or responsible for the study products.

The study effort built upon earlier work which attenpted
to the extent possible to standardize the engineering,
planning, and estinating base of many processes. These
efforts, as described in Chapters 2 through 4, were nodi-
fied and extended to include additional concerns such as
upgradi ng concerns and plant cost escal ation concerns.

These standard or generic process units have been
utilized, in conjunction with the assessnent of site-specific
pl anned/ proposed synthetic fuel projects, to develop a set of
alternate supply deploynment scenarios. Two scenarios--a
“busi ness-as-usual” scenario, and an accel erated “pushing-
the-limt” --have been developed in consultation with and
direction from OTA staff.

Constraints and concerns affecting the scenario assess-
nments have been discussed, as well as a discussion of the
consequent |abor needs. Supply site selection concerns,
as well as end-use utilization concerns have al so been
identified.

As specified in the Introduction (Chapter 1), the
study scope was confined to an assessnent of the technical
and econom c conparisons of the selected synfuel tech-
nol ogies. On-line guidance and direction was provided by
the OTA in making “m d-streani technical and econom c
choices in the study effort. No assessment or interpreta-
tion of the policy inplications was conducted as that was
strictly considered outside of study scope, design, and
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performance.  Such policy concerns were reserved for the
OTA, with its well-established and defined review
procedures.

Study Fi ndi ngs

The study anal ysis investigated nunerous technical and
econom ¢ aspects of the selected synfuel technol ogies.
Because of the very conplex nature of this topic--as well
as the need for cautious and critical qualification of the
findings-- each chapter attenpts to sunmarize its findings
inits own setting.

In brief, a snapshot of the study findings are as
foll ows:

1. There is a fairly consistent relationship between
the cost of the synthetic fuel product and the
“quality specifications” of the product, as it
is used in current end uses. Criteria used to
nmeasure product quality specifications include
hydrogen content; octane nunber, aronaticity,
lubricity, and a host of physical and chem ca
paraneters (discussed in Chapters 4 and 5) that
affect specific end use technol ogy performance.

2. Although perhaps an oversinplification, there
appears to be a high correlation, in a cost
dinension, with the product “quality specificity”
and the amount of hydrogen content and/or the
average range of distillation of the product.

Both coal and oil shale contain a [ower fraction
of hydro?en than petroleum Natural gas and

crude oil having the highest percent; oil shale
next; and coal with the |owest fraction. Crude
oil is a broad range material, with a broad range
of quality, in this sense, as well. If we are to
ngrade_coaI and oil shale to a series of products,
of varying quality and specifications, conparable
to the average yield of petroleum products, we can
expect that, in addition to the greater extrac-
tion cost of coal and shale, there will be a
greater reformng, processing or upgrading cost.
This cost reflects the necessary changes to be
made in physical, chemcal, and naterial properties
of the primary synfuels products to nake them
equivalent in use to existing refined products.
Goi ng beyond that, the cost Is proportional to

the specific product yield quality or quality mx
that is pursued. For example, it is nuch cheaper
to produce a Low Meal Btu gas fromcoal than a

Hgh Btu gas. Simlarly, it is mre costly to
produce a |ow boiling, high hydrogen contai ning
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fuel s such as notor gasoline than to produce a
hi gher boiling, [ower hydrogen containing fue
such as home heating type fuel oil products.

3. Specific process differences disappear to a large
degree under our analysis, and the cost of syn-
thetic product is nore dependent upon its conpo-
sition than u%on the particular process used.

On the other hand, certain processes (or process
approaches) may be nore selective for certain
type products or product-slates and hence nore
efficient and economcal routes to those specific
products.

Qur review and anal ysis of approaches to the
process of upgrading raw (direct) liquid fuels
to stable conbustion fuels and subsequently
refining themto transportation quality fuels
shows us the follow ng:

(a) At present, indirect Iiquefaction technol ogies
such as Fischer-Tropsch are known technol ogi es.
As such, there is limted technical risk. At
present, however, these processes are relatively
expensi ve because of the chem cal nature of
breaki ng down hydrocarbons and |ater
resynthes[2|ng them Mst of the initial
coal liquids projects will be indirect

| i quefaction processes.

(b) Certain resources favor certain product slates.
Coal ravors the production of highly aromatic
products, |ike high octane gasoline pool
maphthas.  Shale oil favors nmiddle distillate
products. Sour Crude contains many tinmes the
(high b0|I|q?) residual content as these
resources and favors the production of boiler
fuels, although it is certainly |ess expensive,
at present, to produce gasoline and mddle
distillates from heavy and sour crudes than
fromcoal or shale.

4,  Cost Comparisons (in 1980 $)

(a) Fully (risk) discounted cost estimates of
representative or generic coal-conversion
processes vary from $10.00 to $16.00 per
MVBTU of product.

(b) Future expectations of technology gains in
the form of capital productivity may reduce
these costs by over 30% (i.e., to about the
$12. 00 per MVBTWO.
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(c) Upgraded costs add as nuch as $2.00-$2.50
per MVBTU (or $10.00-$15.00 per barrel)
of product to the cost of oil shale liquids
and-direct coal |iquids.

Refined transportation fuels are expected to
have the follow ng cost ranges: °

(j; oil shale liquids - $60-70/barre
(i) indirect coal liquids - $70-80/barre
(iii) direct coal liquids - $80-90/barre

5. Transportation Concerns

(a) Transportation of synthetic |iquids and gases
are nost likely to De transported by pipéline,
with supplementary use of water borne carriers
(where available), and unit tank train railcars.

(b) Patterns of synfuel plant and refinery siting
are expected to be influenced by both” resouce
| ocation as well as existing infrastructure
(existing pipeline capacity; existing refinery
capacity) .

6. Synfuel Depl oynment

(a) The devel opnent of reasonable scenarios of
synfuel plant comrercial deploynent is extrenely
sensitive to the product role assigned to natura
petrol eum feedstocks, both domestic and inported

(b) From the assessnent of currently planned/
proposed conmercial projects (described in
Chapt er i}, whi ch provide the grassroot basis
for our devel opment of scenarios, we note that
nost commercial projects are directed toward
the production of high grade fuels. Furthernore,
due to the ever expanding cost of upgrading to
meet increasingly stringent product user
speci fications, processes are being chosen to
mnimze these costs, and maximze high grade
product yields. Gl shale, nethanol, an
Mobi | -M gasoline are three exanples of such
product choices. A perceived outlook for
natural crude supplies see higher volunes of
| oner grade crude oils available (sour crudes
from Alaska and Saudi Arabia; heavy crudes with
hi gh viscosity from Venezuel a and Bakersfield) .
These crudes will require nmajor refinery
ngrading and consequent refinery investnent,
al though this investnent is considerably |ess
than for synthetic fuels. Hence, redundant
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Investnent in the synthetics area may occur

if an integrated view is not taken. W believe
that an integrated view will nost |ikely be

t aken by conpanies engaged in regions considered,
al though these views may represent a regiona

and conpany specific optim zation.

Synfuel developnent will require the resolution
of nunerous technical, economc, and socio-
econom c concerns. Key anpbng these concerns

are a provision of naterials, as well as

engi neering and skilled |abor requirenents.

Drag lines, air conpressors, and |arge dianeter
reactor vessels are exanples of material needs.
Chem cal engineers availability is an exanple

of the latter needs. It is felt, however, that
these needs can be met, even in the high scenario,
with the early devel opnent of programatic plans.
Sinilarly, early planning can relieve or avoid
potential socioeconom c and community disruption
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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

1-1
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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) .
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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.

2-16
e j b&a



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

3.1 Ceneral Synfuel Processes

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

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

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

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

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

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

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

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

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

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

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

2. Coal Liquefaction

-by pyrolysis (none included)

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

- by catalytic liquefaction: Hcoal

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

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

- nmodified in situ: generic
- surface retorting: generic

3.2 coal Gasification

The process by which coal is gasified involves reactions of
devol atization of coal with steam at elevated pressures and tenpera-
tures to produce CO and HO  Gasification of coal involves basically

3-1
ej b&a



the followng reaction between steam and carbon:
c+ Ar or Oxygen + HO co + H,+ Heat

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

Coal gasification processes can be divided into three major process

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

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

2. Fluidized bed gasification in which the finely sized coa

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

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

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

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

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

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

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

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

2. Primary gasification of coal.

3. Secondary gasification of carbonaceous residue from
primary gasifier.

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

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

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

Pr et r eat ment

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

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

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

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

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

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

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

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

Secondary Gasification

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

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

Shift Conversion

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

co + HO + CO + H,
P4 Z PA

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

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

Met hanat i on

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

CO + 3H, > CH4 + HZO

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

2C0 - Co, + C

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

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

303.1 Gener al

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

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

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

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

The latter accounts for nore than 50 percent of the weight

of the feed coal and requires hydrogenation. Sonme anount

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

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

easily renoved fromthe gas stream But the liquid requires

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

Sol vent Extraction

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

3-8
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Catal ytic Liquefaction

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

I ndirect Liquefaction

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

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

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

(Reference No. 25) .

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

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

3-9
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3.3.2 Liquid Solvent Refined Coal (SRCI)

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

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

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

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

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

1. The coal is depolynerized and hydrogenated.

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

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

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

fractionated to recover the prinary

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

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

(Reference No. _ 25 ).

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

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

3.3.3. Exxon Donor Sol vent ( EDS)

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

an - sig ef erence . ) . e

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

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

i qui ds.

The major advantages of the EDS process are:

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

lignites (Reference No. 25 ). Avyield
3-14
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TABLE 3.2

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

Solid Fuel Distillate Fuel

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

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

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

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

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

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

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

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

No. _ 35 ).

3.3.4 H Coal

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

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

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

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

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

3-17
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TABCE " 373

DONCR SCLVENT PRODUCT ANALYSES

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

Estimated Heat Bal ance for a Commercial Scale EDS Plant

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

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

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

No. 25)

3.3.5 Fischer-Tropsch Process

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

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

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

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

PROPERTI ES OF H COAL DI STI LLATES

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

Sul fur (Bonb)
ASTM D129, wt - pet

Nitrogen, Kjeldahl,
- pet

Carbon residue
Conradson) ASTM 524,
- pet

SOURCE: Reference 25

FROM ILLINO'S NO. 6 COAL LI QU DS

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

H-Coal

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

SEVIAOMENTAL CONCEMS

e ir anlesions

sol1d vaste

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

. odet

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

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

BOURCES: Bavisonmental Aseesement of Cosl Ligquefection, 1978.

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

SOURCE: Reference 17

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

cal Pectore, BRDA 16-129/2.




Overviews on

LOCAT 1ON:
DESCR ! PTION:

SIZE:
STATUS:

YEARS OPERATION:

CQOAL TYPE:
MAJOR PRODUCTS:

LOCATION:
DESCRIPTION:

SIZE:
STATUS:
COAL TYPE:

MAJOR PRODUCTS:

SOURCE:

TABLE 3.7

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

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

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

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

10,000 bpd

I n conmer ci al
24

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

production since 1956

SASOL I
Secunda, South Africa
in Lurgi

Gasification gasifiers,

Fischer-Tropsch synthesis unit using the
Kellogg SYNTHOL process

Nominal 40,000 bpd
Antici pate

Subbituminous

ready for commissioning in 1980

Liquid fuels (gasoline is the major product).

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

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

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

quality of gasoline (Reference No. 29).

3.3.6 Methanol Process

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

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

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

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

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

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

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

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

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

Synt hesi zed Gasoline From Coal
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Tabl e 38

Thermal Efficiencies

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

6 Thermal efficiencies are highly dependent on product mix.

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

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

SOURCE : Reference 35
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Mat eri al Bal ance

Energy Bal ance:

TABLE 3.9
METHANOL- TO- GASOLI NE  BALANCES

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

YI ELDS FROM METHANOL

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

Yields, wt % of charge

Met hanol + Et her
Hydr ocar bons
Vat er

co, Q0,

Coke, Ot her

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

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

Fuel Gas, wt %

SOURCE:  Reference 25

775°F
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3.4 Ol Shale Retorting

3.4.1.  General

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

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

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

2. In situ (in place) retorting

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

3.4.2. Surface Retorting

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

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

!"

Shal e deposits {vi elding less taniogal l ons of oil per ton are
normal ly omtted Trom USGS resource estimates.
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Raw oi | shale is crushed to 1/2 inch and preheated to 500° F.
It is mxed with hot ceramc balls 3/4 inch in dianeter and at 1200°F
Ina retorting_l?}/]rol ysis drum (Reference No. 25) . About two tons
of balls mx Wth every ton of shale. The oil Shale is heated to
900°F, rel easing hydrocarbon vapors from the kerogen. The spent
shal e and the balls pass to the sealed accunul ator vessel, in which
the balls are separated fromthe shale by a heavy duty rotating cylinder
with nunerous holes. The balls are lifted by a bucket elevator to
the gas fired ball heater, which heats the balls to 1270°F by
direct contact heat exchanger. The spent shale goes through
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FI GURE 3.10

The TOSCO Il Oil Shale Retorting System

FLUE GAS PREHEAT SYSTEM
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SHALE - \f—j \/ o— FUEL = STRIPPER
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BALL z [~
SLUDGE" HEATER E
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“% HYDS,SPCS\F?SBON * | HYDROGENATION
UNIT «
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SOURCE Ot/ Shaie Retorting Technoiogy prepared for OTA Dy Cameron Engmneers.inc .1978
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a speci al heat exchanger which cools the shale for disposal
and produces steam for plant use. Then the spent shale is
quenched with water and noisturized to 14 percent, a |evel
proper for disposal.

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

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

TABLE 3.10

BASI C MATERI AL BALANCE FOR
A TOSCO Il RETORT MODULE

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

Pi pel i neabl e Shale G| Product

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

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

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

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

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

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

heat)

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

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

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

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

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

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

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

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

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

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

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

They are:

Plant operators
Operating suFerw sors

Mai nt enance | abor

Maintenance labor supervisors 30

Administration 30
Total 355

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

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

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

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

Notes for Table 3.14

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

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

for intensive beneficiation (Reference No. 17) .

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

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

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

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

N. A neans not applicable.

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

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

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

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

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

Derived from Reference 17.
Derived from Reference 7

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

a This table summnarizes the consumption of fossil carbon contained

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

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

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

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

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

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

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

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

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

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

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

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

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

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

of proauct (Reference No. 17) .

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

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

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

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

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

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

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

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

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

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

Tons of coal or shale.
Barrels of oil equivalent.

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

Coal Gasification Coal Liquefaction Q| Shale Retortina

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

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

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

SOURCE: E. J. Bentz &Associ at es
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4.1 CONVERSI ON COSTS AND PRCDUCT ECONOM CS

The follomﬁnP eval uation of a wide range of alternate fuels
produced fromcoal attenpts to build upon prior work in the field
that has, successively, estimated the plant construction and operat-
ing costs for each process, standardized the bases of estimation
(time of construction, size of plant, location, financing nethods,
etc.) and evaluated the quality of product produced.

Such work has been sponsored by the Departnment of Energy since
the early 1970's. The nost recent work was performed by the Engineer-
ing Societies Conmmission on Energy, Inc. (ESCOE)." That work col -
| ected prior analyses performed for DCE and others, made adj ust-
ments in each to account for differing assunptions regarding input
prices, plant scale, financing nmethods and costs, and thus reeval u-
ated themon a nore comon basis. The differences in product qual-
ity were factored for value based on current price relationship
anong natural petrol eum products.

Qur approach will differ in several regards:

First of all we shall use the baseline ESCOE plant nodels,
capital costs and operating cost relationships, updated to
a uniform 1980 dollar basis.

Second we shall scale all plants to a conmon output plant
Ssize” in order to retain conparability at other, down-
stream stages of processing and use.

Third we shall deal with differences in product quality
directly, and on a cost of product basis, by considering
the additional costs required to upgrade |ower quality
pro?uats and make them conparable wth the higher grade
synf uel s.

Fourth we shall then exam ne the nmethods and costs of fur-
ther processing and transporting the generic synfu3el pr o-
ducts to nake them available to end use narkets.

The ESCCE capital estimates were all adjusted to a 1980
dol lar basis by the use of the \Wolesale Price Index - Indus-
trial Conmmpdities Index. Qhers have frequently used the Chem ca
Engineerin? Plant |ndex, however we feel that no significant his-
torical difference exists and the WPl Index basis is a nore suit-
abl e bench mark for further forecasting since it is a conponent

'Coal Conversion Conparison, ESCOE Report FE-2468-51, July, 1979.

2ESCCE scaled all plants to a comon input size in order to sinplify
the costs - auxiliaries and off-siteS are normalized.

3ve did not exam ne differences in end use efficiency that exist
or are possible. This should be subsequently exam ned.
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of Us. macro-econom c forecasting nodels and the Chem cal Con-
struction Index is not.

Exhibit 4-1 displays the original capital cost estinmates of
ESCOE Exhibit 4-2 updates these estimates to a uniform 1980 cost
asi s.

Qperating costs are nore conplex. The major cost categories

are:
Coal
Uilities
Wat er
Power

Cat al ysts and Chem cal s
Labor

Over head

Mai nt enance

Coal prices are uniformto all processes - as are assuned costs of
water, power and labor. The costs of overhead are a uniformfrac-
tion of operating and naintenance |abor - they include adm nistra-
tive personnel costs as well as G&A expenses. The maintenance rule
i's made uni form anmong systens-al though differences should exist on
the basis of system approach.

~ The original ESCCE operating cost variables are shown on
Exhibit 4-3. These unit prices provide the bases for updating the
ESCOE costs to the val ues shown on Exhibit 4-4.°

The cost of produci ng hydrogen f or product upgrading is par-
tially inbedded in other estynates. The uniformconditron is that

hydrogen is demanded at a greater |evel then could be supplied from
excess char, residue, or filtrate from the process plant. There-
fore a hydrogen plant nust be built at the upgrgding plant site.
This plant is designed to reform synthesis gas. The cost of hydro-
gen can then be based on the hydrogen plant™s costs - including
syngas feed at the estimated syngas product costs of our conpanion
syngas plant. Alternately we could capitalize a coal gasification
plant in this area, however that seens to be an even nore unrealis-
tic node of system optim zation.

~ In the long run, as product slate demand for synthetic coa
liquids beconmes clarified, the optimzation of an integrated coal -
t o- product plant can be designed in a nuch nore sophisticated
nmanner .

*The input costs were in certain instances drawn from original
sources cited by ESCOE.

o reform synthetic fuel product - the cost is conparable $6.25 -
6. 75/ MM BTU
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4.2 SCALE OF PRODUCTI ON

Chenmi cal process plant economics are highly sensitive to
scale. Typical scaling factors or rules, are of the order of
60% -70% This neans that as plant size doubles the cost only
increases by 60% - 70% In the caseof decreased scale - the -
factor works in the opposite direction, a decrease in scale to
I\2 plant scale leads to only about |\3 decrease in cost, which
in turn leads to al nost 30% nore capital being required per unit
of output. In very capital intensive processes, the inportance
of this to product cost is great. Coal conversion processes
thicaIIy have 1/2 of their costs derived from capital charges,
therefore a doubling of scale could reduce total unit costs by
as much as 15%- 20%

For this reason the question of plant scale nust be very
carefully examined. ESCOE, in ordering the various estimates to
the values shown in Exhibit .4-1 applied “typical chem cal engineer-
ing scaling factors”. It is beyond the scope of the present effort
to audit that undertaking. However, it is Incunbent upon us to
avoid the distortion of fairly presented uniform cost data by
anot her exponential adjustment of capital costs. W nust rescale
the liquids’ plants since they have been standardized on an ‘input’
basi s, whereas we nmust exam ne costs on a plant ‘output' basis,
since we are also exam ni ng downstream processes and costs, which
in turn require uniformscal e assunptions.

Several difficulties are present:

1. The optimal size of plant and vessels for various
systems is not known, due to the fact that nost
processes are now being explored at 5 - 10% pil ot
pl ant scal e.

2. In a shift fromuniforminput scale to a uniform
output scale, the nost efficient processes wll
suffer the greatest penalty for their relative
downsizing. This is not realistic.

3. W are not aware of the relative changes that took
place in the initial (ESCCE) standardi zation, hence
are blind to the conpound effect of a second scal -

I ng adj ustnent. :

For these reasons, with the enphasis upon the above factors, in
order of their ranking, we have chosen to restate costs on an
out put basis through a linear method of cost adjustnent.

The principal justification for this apparently unsound pro-
cedure is found in the first factor above - there is no evidence
of commercial scale econony available in the case of any pro-

cesses, Wth the exception of gasification plants (or gasifier
reactors) . In that case, nultiple train Elants a?ﬁear at sub-
commercial plant scale. In general, the bulk of e solid feed

stock is so great, that initial reactor vessel sizes becone
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limted by available fabricating (rolling, bending, heat-treating)
facilities, as well as transportation constraints. Subsequent

pl ant stage econom cs do not determne. The gasifier-reactor
vessel size limtations are such that returns to scale may be
limted at a relatively low |evel of output.

For this predom nant reason, we have used a unitary cost
scaling factor to shift fromuniforminput sized plants (25,000
tons of coal per day) to a uniformoutput basis - 50,000 bbl
per day. A normal procedure would otherwi se unfairly penalize
the nost efficient processes. In the final analysis, efficiency
w |l determ ne economc advantage.

4.3 PRODUCT QUALITY (Reference No. 38)

The issue of product quality was resolved in a somewhat in-
direct manner by ESCOE. Their ‘rating scale’ value system (a nea-
sure of ordinal utility or value) which was based on present pro-
duct price relationships is not a suitable nmethod for |ong range
econom ¢ analyses. During the long-run,. values change, end use
patterns and conversion technol ogy devel opnents can create a sur-
plus of a once premer product, or contrariw se, create a shortage
of a previously unwanted by-product. Distillates and gasoline have
traded places once and are perhaps posed to trade places again in
their relative val ues

The setting of w despread synthetic fuels production and use
creates an entirely new franework for evaluating the ‘normal re-
finery slate of petroleum derived products. W have created a
slate of products that to sonme degree reflects the range of com
pounds present in crude oil and in sone degree reflects the tech-
nol ogy (now) available to separately produce these conpounds. In
some I nstances the products were specifically sought, in other
cases markets were sought for by-products that were avail abl e.

When coal is introduced in lieu of crude oil to a substantia
degree, the avail able range of Products and by-products nmay be
the sanme, but the proportions o availability wll be quite dif-
ferent, as will be the cost of producing different fractions. *

The proportion of each fraction that can be derived from
crude oils is highly variable dependi ng upon the nature of the

feedstock and the nature of the refining processes used. In gen-
eral, increasing the lighter fraction §-350°F) i nvol ves nore severe
reformng, and higher cost. The use of a heavy, sour feedstock

crude oil worsens this condition. The use of coal as the feedstock
significantIK exaggerates this condition in certain synthetic pro-
cesses - such as direct liquefaction. Indirect |iquefaction pro-
cesses are specific for alcohols, gasolines and the light ends.

It is reasonable to visualize a population of crude oil and
coal “refineries” with individually nmore specialized or limted
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product slates than are found in the universe of conventional re-
fineries.

_ Broad slate coal synthetic liquids plants are unlikely to be
wi dely deployed. This can be expected for several reasons:

1. Product uEgrading is difficult and expensive once out-
side of the basic process.

2. Afair range of limted slate coal-conversion processes
are beconm ng available, that nore selectively produce
various fractions.

The costs of achieving a given level of product quality increases
in a slightly non-linear fashion as the percent hydrogen is in-
creased or the boiling range is lowered. Exhibit 4-5 shows this
relationship graphically. Benchmark products and costs are shown
for several direct and indirect |iquefaction processes. The in-
direct processes - which catalytically synthesize liquids from
synthesis gas are specific for gasolines, alcohols and LPG  The
direct catal ytic hydrogenation processes tend to produce naphthenes
and crude oil equivalent range conpounds. The hydrogen sol vent
systens tend to produce a nore limted range of product with a
substantial (20 - 359% naphtha fraction, the majority product in
thedi stillate boiling range (350°F - 750°F).

X Increased yield of the higher quality products can be achieved
y:

I ncreased coking of bottons

. Addi ng nore hydrogen
. To process stream
By hydrotreatnent of products
The cost of the former is seen in the difference between SRC

[l and EDS on Exhibit 4-4. The Exxon donor sol vent system cokes

the bottons (or heavy distillates) to yield nmore naphtha and LPG
as follows:

SRC 11 EDS
(18% 13,000 bbl Naphtha 3699 27,500 Naphtha
( 8% 6,400 bbl #2 Fuel Ol 15% 10,000 LPG
(7399 52,900 bbl Distillate (499 37,200 bbl Distillate
72,300 75, 400

Sinmlarly changing the H Coal process froma fuel oil to a synthoil
mode increases cost as it lowers the average boiling range.

The distribution of product quality that is typical of each
process is shown on the follow ng page. (Exhibit 4-5).
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The range of quality is not entirely a function of the APl gra-
vity, the boiling range or hydrogen content, however, these related
indices are sufficient for our purposes. W can relate the cost of
producing a synthetic fuel to this scale. Exhibit 4-6 shows a graph
of the production cost of the whole Iiquid product from various syn-
thetic processes versus the average (50%distillation) boiling range
of the synthetic product.

This chart shows the increase in average cost per mllion btu's
as the average distillation range of the liquid is l[owered. Thus
gasoline costs nore to produce via indirect processes such as Mbil
“M or Fischer Tropsch, than naphthas, distillates and fuel-oils.

This scalegillustrates the relative costs of the ESCOE |iquid
fuel processes. It also contrasts the (1978) earlier ESCCE cost
estimates with later estinmates of shale oil costs deveIoPed by the

O fice of Technology Assessment (1980). The oil shale liquids
which reside in a higher boiling range than the coal |iquids, apPear
e

significantly nore expensive on this scale. In order to reconc
this discontinuity it is necessary to digress briefly. :

4.4  ESTI MATI NG METHCDS

The accuracy of conpl ex sKstenB cost estimating has been the
subject of several studies. These studies have been primarily be-
havioral rather than conceptual. As larger, nore conplex systems
projects have been conceived, -the amunt of unknown and untried
system conponents have necessaril¥ i ncreased due to the great cost
of large system prototypes. Pilot or process denmonstration units
and nodel s are devel oped at extrenely small scale for the sane eco-
nom c reasons; the subsequent scale-up is of a high order. Esti-
mates drawn from bench or small scale pilot plants are subject to
much greater estimating error.

Two overriding conclusions have been reached in this natter

1. Cost estimates tend to decrease in variation fromactua
costs as the el apsed time between estimate and construc-
tion is shortened.

2. The accuracK of the estimate is related to the degree of
detail of the design engineering.

Chem cal process plants,8 public works, ° and weapons Ssystens
devel opment and estimating histories have been analyzed, with

10

6Syngas (fuels) are not suitable related to boiling point nmeasurenent.
Twan Assessnment of O Shale Technol ogi es”, oTA - June 1980

8A Review of Cost Estimates in New Technol ogi es: Inplications for
Energy process Plants, Rand Corp. for the Dept. of Energy July 1979.

S«Systematic Errors in Cost Estimates for Public Investment Projects
Hufschmidt & Gerin, in The Analysis of Public Qutput, Colunbia Univ.
Press 1970.

101he Weapons Acqui sition Process: An Econom c Anal yses, Peck & Scherer,
Harvard univ. 1962.
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essentially the same range of variances found between early esti-
mates and actual results - growth in costs have occurred of the
order of 2-3 times the oriqginal estimate. The average of actua
toesti mat ed costs(%%), were found to be as follows:

Actual Cost/
System Type Esti mated Cost (Ratio)
Weapons System 1.40 - 1.89
Public Wrks 1.26 - 2.14
Maj or Construction 2.18
Energy Process Plants 2.53

The weapons system cost overruns were higher in the 1950's (1.89) than
in the 1960"s (1.40) nost |ikely, because of the greater degree of
pioneering efforts and the greater |ack of experience with |arge wea-
pons systens at that tinme.

Exhi bit 4-7 bel ow shows the cost growth experience in pioneer-
ing energy systems as a function of the type of estimte enpl oyed
(or available at that time). It can be seen that the prelimnary
estimates were nearly double that of the initial estimates - (84%
above the first estimate) and the definitive estimtes increased
al most as nuch again fromthe prelimnary esti mates (134% above the
first, or 50% above the prelimnary estinate)

The ESCCE data were largely taken from prelimnary estimates,
based on Process Denonstration Unit (PDU) develropment €xpert ence,
in one or two cases frompilot plant experience (at |less than 1%
scale) or fromforeign commercial experience under different site
and environnental conditions. The OTA shale oil values were de-
rived froma very highly definitized engineering analysis. The
degree of evolution which that estimate had undergone can be seen
on Exhibit 4-E

| f the other ESCOE liquid synfuel plants were to increase by
as nuch as have typically occurred between prelimnary and defini -
tive estimates, the cost's would increase by about another 500, 12
That would result in a shift of the cost line on Exhibit 4-6 as
shown on Exhibit 4-9.

Such an interprelation of the quality of the ESCOE estimates
woul d resol ve the discrepancy between the ESCCE estinmates and the
OTA estimates (for oil, shale liquids) and produce a nore continuous
scal e of synfuel cost relationships.

“An alternative method of calibrating the various estimtes for
conS|stenc¥ with respect to the status of process estimtes as well
as the methods enployed in the estimating process? would be to select

11Average Increase fromprelimnary to definitive cost estimates
for energy process plants.

2es Ref erence 3.
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Estimated cost ($)

EXH BIT 4-8

H STORY OF SHALE O L CAPI TAL COST ESTI MATES

25,000
A = Estimates based on C.F.Braun

. definitive engi neering St udy
20,000 | -
15,000 —
10,000 |

n
5,000 |

R

0 B n 1 | 1 3 | 1 | ! ] | | ] 1

1955 1970 1975

Estimated surface shale oil facility contruction costs
(capital  costs/barrel/calendur day; constant $ 1977)
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a sub-set of processes that were devel oped on the basis of the sane
| evel of engineering definition or maturity - preferably the nost
advanced projects in this sense.

There have been nore recent, updated design and estimating
efforts undertaken in the case of:

1) Indirect Liquefaction - Mobil MG 13

2) Methanol1

3)H gh BTU Gasification

4)Direct Liquefaction - H Coal 1°

14

These estimating efforts are essentially conparable with the
(OTA) G| Shale estimates in terns of the relative engineering and
devel opment maturity of the process plants invol ved.

Exhibit 4-9 also reflects the liquid fuel costs of ‘generic”
sanueI processes based on the selected “best estinmates” noted above.
These are not neant to be truly generalized processes (or generic
processes) , they are nonetheless representative, advanced menbers
of each synthetic liquid product class.

The costs of these processes are shown in detail on Exhibit
4-1o.

The effect of using the |atest, or best estimtes is approxi-
mately the sanme as was achi eved by the use of the Rand Corp. (and
others) cost estimating error factors. The original ESCCE val ues
are increased by about 50% on average.

The satisfactory conjunction of factored cost estimates arrived
at by the use of statistical variances derived from past estimting
histories with the “generic” estimtes taken fromthe nost advanced
projects, gives us an inproved nmeasure of confidence in the adjust-
ment of ESCOE synfuel production costs to the higher |evels dis-
Played on Exhibits 4-9 and 4-10. The revised functional form of the

iquid fuels is displaced to the right on Exhibit 4-9 by about $3.00-
$4.00 per mllion BTUs. The relative costs are not appreciably
af fected considering the probable differences in residual (estimat-
ing) error contained in these estimates. |t seens nost reasonabl e,
however, to presune that the najority of the estinmating errors have
been accounted for, and the values we are enploying are normalized
to the greatest practical degree possible at the present tine: i.e.
barring further engineering or denonstration plant design and con-
struction experience.

13Liquefaction Technol ogy Assessnent - Phase 1 ORNL-5664 Feb. 1981.

14Unpublished Anal yses
15Rand Corporation - Unpublished Analyses.
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The H coal process (in the synfuel node) has been used as a
surrogate for direct coal liquids. Updated estimates of an un-
publ i shed nature were used that draw fromthe cunul ative pilot plant
hi stories and the nost recent denonstration plant estimates. The
Mobi | Met hanol -to-Gas (MIG and nethanol estinmates were drawn from
a recently published study by Fluor Corporation for Oak Ridge Na-
tional Laboratory of indirect |iquefaction processes. The study
provided a (nearly) 100% gasoline option which virtually elimnates
the Dby-product costing problenms. The nethanol estimtes were
Ment hanol / SNG  joint production process schenes. The systens coul d
have been adjusted in keeping with the 100% gasol i ne MIG process
scheme by elimnating the direct costs of nmethanol to gasoline stages.
Alternately the by-product value of SNG could be directly priced by
using the high BTU gas plant costs fromthe SNG estimate bel ow.

Both synthesis gas processes are Lurgi systens.

The SNG process estimate was taken from unpublished estinates
drawn from advanced comercial design and estimating efforts. An
advanced Lurgi gasifier - the British Gas Corporation slagging bed
version - is used.

The costs of direct and indirect liquids - increase by about 50%
- to remain in approxi mately the sane relative cost relationship that
the ESCOE based data displayed. The hi-BTU gas estinmates only In-
creased about 25% above the earlier ESCOE values. This appears to
be reasonable considering the relatively nore mature status of (Lur-
1) ogasification technology. "~ The OTA oil shale liquids estimte of
48. 20\ bbl reflects the precommercial stage of devel opnent. The
| evel that we are attenpting to standardi ze at, versus the devel op-
ment stage of the foregoing direct and indirect |iquid systens.

Continuing Cost Escal ation

The earlier analyses of Rand Corp. and others suggested that
the potential cost increase fromeven a definitive estimate to the
actual project costs of pioneer plants and najor devel opnent al
systems is typically another twenty percent increase in cost. W
can add that i1ncrement to arrive at an upper value for all systens.

_ There have been and continue to be other relevant post-comer-
cial trends of comrercial series production plants that were not
c8n3|dered by the authors of the cost escalation - studies cited
above

Hi storical data regarding the chem cal process industry and
petroleumrefining industry denonstrates a strong pattern of capi-
tal productivity inprovenent or technol ogy advance, during post-
devel opment years. This can be denonstrated for the entire sector
as well as in the mcro-industrial setting of a single chemca
I ndustry segnent.

A capital productivity rate of |ess then 2% year can return
the 20% (actual cost to definitive cost estimate potential increase
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during the first 10 years of commercial deploynment. In 20 years at
| east a 35%)redu16ct|m1|nthe capital outlay per barrel of product
can be expected.

These two viewpoints provide us with m nimum and maxi num esti -
mates of the nost probable range of expected production costs for
synthetic fuels. Exhibit 4-11 illustrates the range of expected
val ues for synfuel |iquids based on these estimating limts.

This scale of values will be used to provide individual pro-
duct (or by-product) costs. The presence of a significant anount
of petroleumin the total supply equation, for as far as we can
see, creates many cost and pricing conplexities. W do not wish to
conplicate synthetic fuel supply economcs with Wrld QI Price dis-
ruptions, or any free-market or administered market conditions. W
w |l close our eyes to all of these dinmensions and construct our
cost schedule on the basis of coal based |liquid, gas and solid fue
options or opportunity costs.

16This rate (1.49% has been experienced by the entire chemcal in-

dustry throughout the entire post war period (1949 to date).
Specific industry sectors have experienced nmuch greater rates

of productivity i1nprovenment; viz, synthetic methanol experienced
nore than a 4%/ year productivity gain for over 20 years.
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4.5 PRODUCT UPGRADI NG (References 39, 40)

The typical (direct |iquefaction) coal |iquids possess several
characteristics that require upgrading in order to:
Provi de product stability

Permt mxture wth conventional
petroleumliquids . . . or

Permt common use of pipelines
and ot her infrastructure

The principal differences result from

Lower |evels of hydrogen - 9 - 10% versus 11 14% f or petro-
leum and 1T - I2% for shale oils.

~ Hgher levels of heteroatoms in both Iiquids and shale oil
(nitrogen and oxygen conpounds) than are found in petrol eum feed-

st ocks.

The | ower hydrogen and hi gher heteroatom conditions are resol ved
together by hydrotreatment. Raising the hydrogen |evels up above
10% results in the renoval of nost of the nitrogen and oxygen hetero-

atons, and al so decreases the aromaticity of the coal |iquids and
shal e oils.
The high aromatic content of coal |iquids makes the naphthas

excel l ent high octane blending stock - however the high nitrogen
and oxygen percent (2 - 3% in the heavy naphtha range requires the
use of fairly severe hydrotreatnment to renove the diolefins and
heteratons - which are present in the formof phenols and cresols

(oxygen).
In the synfuel distillates the nitrogen |evel is higher and

results in unstable conpounds With rapid gum formation, making
this avery unsatisfactory fuel unless upgraded.

There have been a succession of studies of synthetic |iquids
upgradi ng processes sponsored by DOE. They have been conducted
on both shale oil and direct coal Iiquids.

The principal neasures exam ned include:

Hydrotreating (Exhibit 4-12)
Hydr ocr acki ng
Fluid Catalytic Cracking
Catal ytic reform ng as well as hydrocracki ng are subsequently used

to upgrade (naphthas) to finished transportation fuels. (See Ex-
hibit 4-12 Dbel ow)

ej b&a



AB .
Uoj}23s uoije|jisia 19u3 JoJusuniedag  130¥N0S

e j béa

e |
I < |
I swojjog |
" % | I 11-2¥S ajoum
_ _ , Fo
| “ | Jojesedag basd Usald
| , _ 3Inssal
_ 2_.38@_,. \ _ s d
B P
| I |
I “ ! 10)esedas (sujes) Q
_ b33, \ _ 34Nssal d !
| Jowiojay \ . d ajdnInw) -
\ _ by §10)089Y
10jeUO}}R _
|
- 5 _ t .
aujjose9 juyvpq | 9 se9 0_u>uw~— [}
R TR fw uabo. pAy
- rl y dnayew

se9

110 11-24S 40 INiINI<3Y
4ILVIYI0YAAH 39VIS IScid nolAIHD
30 WYY¥9VIQ Mold QI1JI1T1dWIS Fet-v II9Inxa



Consideration has al so been given to variation in the hydrogen
source for hydrotreaters - the partial oxidation of raw coal |iquids,
reformng of refinery products and overheads, or outside gasses.

An additional issue is the |ocation of upgrading facilities;
at the coal liquids (or shale oil - retort) plant, or at a con-
ventional refinery, or both.

The factors which favor the synthetic oil plant |ocation are:

available resi due for hydrogen manufacturing
local upgradi ng permts comon carrier transportation

upgraded synthetic product can be blended with petro-
| eum feedstock (in pipelines and at refineries)

The factors that favor a refinery location for upgrading are:

Superior prospects for system optim zation
. Avai lability of hydrogen from naphtha reforners

Uses available refinery capacity idled by |ack of
petrol eum feedstock.

An alternative approach could be to perform a mnimum anount
of upgrading at the synfuels plant to facilitate transportation and
storage, with product finishing and blending perforned at a |arger
refinery site. The coal liquids in general do not require further
cracki ng because they lie in the atnospheric gas-oil and naphtha
range. The shale oils require cracking to produce nore usable
product fromthe higher distiTTate range such as jet fuel and die-
sel ol I's. The heavy distiTTates fromcoal liquids; if heavily hy-
drotreated (to 11% H bywyycan be used as a feedstock for a fluid
catgjgtic cracker (FCC) where the product can be significantly up-
gr aded.

~ Exhibit 413illustrates the cost of upgrading various direct
l'iquid process cuts.

The raw liquids versus the upgraded |iquids are conpared bel ow
I n hydrogen content.

Raw Li qui d Upgr aded
SRC Napht ha 11.33% 11.6%
SRC Distill. 7.71 11.0
H Coal Distillate 10.1 11.4
H Coal Fuel Ol 7.37 10.0

These cases cover the general conditions ex%erienced by the
range of nost direct coal liquids - the sanples being drawn from

experimental |aboratory investigations performed by Mbil Research
and Devel opnment Corporation upon SRC |ight and heavy fractions and
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Hcoal distillate and fuel oil fractions. This pretty well covers
the range of |iquids produced by SRC and H Coal (synfuel and fuel
oil node) and can be extrapol ated to the EDS case.

Addi tional work performed by U O P., Chevron and Suntech con-
firmthe general upgrading needs and the best approach - hydro-
treat nent.

The plant investnent required varies from $140 million dollars
for the mld hydrotreatnent required of the naphtha cuts (C;-
400°F) to as nuch as $465 million for a hydrotreatment plant for
the heavy distillate or residual SRC fraction and nearly that for
the fuel oil fraction of H Coal fuel oil process plants.

The average upgrading cost is about $2.00 per million BTUs -
varying from $4.00-to nearly $20.00 per barrel. The latter figure
represents an economc limt which suggests either a | ower grade
utilézation of the heavier products or a different refining app-
roach.

The direct liquids upgrading cost analysis can be conpressed
to a single representative-or “generic” upgraded coal |iquid

The general costs of upgrading are shown on Exhibit 4-14:

Napht ha’ s $ 4.06

L. Distillates 11.58

Heavy Distillates -

Fuel Gl 19.21 (19.11-19.32)

| ndi vi dual processes such as EDS SRC-11 and H Coal (fuel oi
node) will differ in raw liquid base costs,but since the quality
of product tends to vary in a reasonable relationship to their
costs”, the costs of upgrading, which are increasly related to
quality, lend to cause aclustering of upgraded direct Ilquid
costs.

If we utilize the costs of H Coal production of raw liquids
devel oped above as a base, the ‘generic’ costs for upgraded pro-
ducts would be as follows on Exhibit 4-14. The estinated costs
of nearly $75.00 per barrel or over $12.00 per mllion btu's is
fp{ F e;oduct that is equivalent to a high grade refining crude
oi eed.

The upgrading of shale oil to a suitable refinery syncrude has
been estimated by Chevron to cost $10.00 per barrel (1n 1980

dollars) or $1.72 per nillion btu. If this is added to the cost
of raw shale-oil liquids at the retort, the total cost of shale
oil “syncrude” is:

1

7SeeExhibit 4-6 above
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OL SHALE LI QU DS COST

($1980)
Per Barr el Per MIlion BTU
Retorted Shale O | $48.20 $ 8.31
Upgr adi ng 10.00 1.72
$58.20 $10. 03

These conpare favorably with upgraded direct |iquefaction production
in the *‘syncrude’ class as shown bel ow

SYNCRUDE PRODUCTI ON_COSTS

($1980)
Per Barrel Per MIlion BTU
Shale G $58. 20 $10. 02
Direct Coal Liquids 21.12 18. 5%
Shale G| Advant age 12% 9%

The shale oil has about a 21% cost advantage asa refinery feed-
Stock. This is reduced to less then a 20% cost advantage on a
heating value basis. However heating values are not the princi-
pal criterion to be applied to refinery feedstocks - quite the

opposite - the IiPhter crude demands a premum In certain in-
stances the coal [iquid with higher aromatic content will be pre-
ferred, at other refineries the shale oil, with a higher hydrogen

content, and a greater yield of distillate product will be sought.

Exhibit 4-15 illustrates how the process of upgrading shifts
the cost of oil shale and coal based synthetic crudes upward by
$1.75 - 2.50 per barrel

4.6 REFI NI NG SYNTHETI C LI QUI DS

The direct |iquefaction and oil shale synfuels have to be
further upgraded to end-use product quality in order to be com
parable wth indirect liquid products such as methanol from coal
or gasoline from nmethanol (fromcoal). In a wider sense, this
is also desirable in order to achieve conparability with synthetic
natural gas (SNG which can be used for a wi de range of end use
applications inits ‘raw nanufactured state.

The indirect processes produce refinery output (or inter-
medi ate) grade products, W thout the need for the “refining” of
crude liquids. In order to conpare direct |iquids and shale
liquids with indirect process liquids, we nust bring the forner
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into a state that is conparable. This requires the refining of
the synthetic liquids to finished fuels.

Refining of shale oils and coal liquids will vary in cost
dependi ng upon the size, location and degree of integration of
the refinery conplex. W will assume that this is not done in an
existing refinery (perhaps nodified to better handl & these feed-
stocks) , but is performed at a new refinery integrated at the re-
tort or conversion plant site. Such a reflnery I's under-scale

(50, 000 be/da% and remote from chenical nﬁlexes that m ght nake
better use of by-products and hence prOV|de i gher (by-product)

credits or other simlar econom c benefits.
The costs of upgrading the raw coal and shale liquids to high
grade (transportation) fuels is shown bel ow

REFI NERY COSTS FOR SYNTHETI C (RAW LI QUI DS
($1980)

Cost Per Barrel Cost Per MI1lion BTU

Shale Q|

(Hydrotreat & Hydrocrack) $18. 50 $3.19
Coal Liquids

(Hydrotreat) $18. 29 $4.02

The costs of refinin% synthetic liquids cannot truly be determ ned
W t hout specifying the product slate produced. The costs of re-
fining a particular feedstock can vary depending upon the product
cuts sought. The basis used above is not strictly conparable be-
tween the processes. It tends to slant the refinery approach to
the type of slate that is favored by the feedstock - Light distil-
lates 1n the case of shale oil, and gasolines and distillates in
the case of coal I|iquids.

Exhibit 4-16 illustrates the potential variation.

These costs can be seen to var% dramatically if different
product slates are sought. | f the highest grade transportation
fuels are maxi mzed, to provide the highest degree of conparability
with indirect I|qU|ds The costs are as follows:

REFI NERY SYNTHETI C UNITS TO 100% TRANSPORTATI ON FUEL

($ 1980)
Shal e Coal
$/BBL~ $/ W BTU $/BBL™ $/ MM BTU
Raw Liquid $48. 20 $ 8.31 $66. 47 $ 9.79
Upgr adi ng 18. 50 N. A 18. 28 N. A
Tot al $66.70 - $11.50 $84.75 . $14.61
Average Heat Content\
BBL 5.8 MIlion BTU 5.8 MIlion BTU
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Bﬁ conparison, indirect liquid (nmethanol to gasoline) costs are
about $78.00 per barrel; approximately in the mddle of this range.

The cost per nmillion BTUs is lower for shale and coal Iiquids,
refined to a transportation slate consisting of gasoline and dis-
tillate fuels (jet fuel and diesel oil). IT direct liquids are

refined to a 100% gasoline slate the costs would increase to $87.17
per barrel or above $19.00 per nillion BTU s.

Exhibit 4-17 graphically displays the finished fuels in a
framework which relates the product quality to the finished fue
cost.

Exhibit 4-18 calculates the total cost of refining coal |iquids.
A 50,000 barrel per day refinery for coal |iquids would cost between
$420 mllion and $690 nmillion. The |lower case represents a noderate
hydr ot reat nent plant producing #2 fuel oil and gasoline, the upper
case represents a hydrotreatnment and hydrocracking plant that pro-
duces 100% gasol i ne.

I nstead of using other indirect nmeasures of product value,18
we can use a cost based scale. The lighter fractions cost nore to
produce from both coal and shale, whether by direct or indirect
means. By-product credits do not have to be assigned to determ ne
the cost of a single cut |iquid. Up?rading pl ant has been assigned
to individual fractions so that the tull cost of the beneficiated
product cut is known. The costs of full refinin? the product are
devel oped increnentally by determning the cost of creating a 100%
gasoline yield, and two subsequently |ower grade m xtures.

The alternate product slate refinery costs of Exhibit 4-18
can be used to devel op a nmeasurement of the direct costs of pro-
ducts in a nmulti-product refinery run. The principal cost dif-
ferences result fromthe increased capital (per unit of product

i el ded) and the increased consunption of hydrogen associated with
I gher grade product slates.

If we take the per barrel cost of producing a 100% gasoline
slate. and assign it to the gasoline fraction of a mxed slate as
t he appropriate cost of that portion of the output, the renain-
der of the total cost divided by the nunber of barrels of the other
product (jet fuel or #2 fuel oil) wll give us the unit cost of
the “secondary product”.

Exhibit 4-19 shows this costing procedure for the slates pre-
sented for direct liquids refining in Exhibit 4-17.

By using this nethod, we are not artificially lowering the
cost of gasoline production by assum ng a market equilibriumprice

18 broduct val ue ratios are commonly used. They are of absolutely
no nmeaning in a long-termand di scontinuous supply context. The
use of such ratios is a magjor violation of the nost elenentary

| aws or principles of economcs as a neasure of utility.
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for a lower grade (by) product. The nethod used is entirely an
assignnent of marginal cost to products. It would be nore desir-
able to operate in a reverse manner, i.e., from the |owest product,
assigning increnmental costs to the higher product on a margina

basis. We, unfortunately, do not have a process estimte for a
single slate of the |lowest value product. The distillation range

of all products is too broad to produce such an artificiality.
Therefore we have begun with the margi nal gasoline cost and assi gned
it as a by-product price to the |l ower value (m xed) slates, per-
mtting us to infer the marginal cost of the |ower grade products.

The results of this cost analysis are related to the costs of
indirect liquefaction end products and shal e products on Exhibit
4-20. The cost series increase as average distillation point is
| owered. The average distillation point of nmost useful transporta-
tion fuels lies between 180° - 400 F, with the mpjority of the com
pounds contained lying within this range.

There is a persistence of the earlier noted relationship be-

t ween product qualit¥ (as neasured by average boiling point) and
roduction costs of finished products. The relationship shows

ess than unitary cost increases per barrel, all greater then uni-
tary cost increases per mllion BTU  The latter case is due to
the generally lower heating value of the premer fuels that have

i ncreased hydrogen content. The increases in cost are about 7 1/2cents
per barrel of liquids for every degree farenheit that the boiling
range is |owered.

Exhibit 4-21 is a flow sheet of a process #exanined by Chevron
Research) for hydrotreating and hydrocracking of direct coal liquid
(SRC-11) whole oil to produce 100% notor gasoline product. This
Is the first case on Exhibit 4-16. Exhibits 4-22 and 4-23 il |l us-
trate the refining process used to upgrade the whole liquid to
?asollne and jet fuel by severe hydrotreating alone, and to a
ower quality slate of gasoline and heating oil created by |ess
severe hydrotreating of direct (SRCII) [liquids.

The latter case is nore conparable to an upgradi ng process.

4.7 TRANSPORTATI ON AND OTHER | NFRASTRUCTURE COSTS (Reference 41)

Al though we have differentiated between coal liquid s plant
site upgrading facilities and finished product refineries, we have
really not selected the site for refining. The upgrading nust in
nmost cases be done at the site of the coal liquids plant. The
degree of uEgrading we have enbraced (Exhibit 4-15) is sufficient
to permt the fuels to be used in as high a use as a conbustion
turbine, or transported w thout creating contam nation or incom
pati bl e sedi nents.

Transportation costs are directly related to the distance in-
volved, and indirectly related to the quantity noved or flow rate.

4- 36 ej b&a



eTuthatp ‘piarzburads ‘sajeroossy 3 zijuag -r d  1IAMAOS

(9 0.0 ) "LENEYd 43 LS00 LONAoY |

Co0°0018 00° 0% 00°09¢f 00° 0%t 00°*0er
—. | (*1 A .r;eZaﬁ RE SUUE SN BEILL)
palroyun IdMpoT s BT (1IST-0
cant 11T daserapr wh uoa aw_: Rl 10|
oL tH N pin' o aurep
K — V-~ - 4 xx. TATNDA L [y —— ] 5.2
~ \ auff sl - rou URENE 2 ©
Tonsu1 ALYy
\ pInilt o) 132410 -g
\ Lty qieyc-o "
000
%o
p 009
—hoxu 0008
. : 00001
| |
ﬁ
(4 s2ze ~q)

INIOd DNITING °0G

SAINCIT 1And OILUHINAS

0Z-t L191HX3

4-37



exsqla

EXH BI T 4-21:  SCHEMATIC FLOW DIAGRAM
REFINING OF SRC-11 OIL BY
HYDROTREATING AND HYDROCRACKING - CASE |

. . Gas lo Rg!_l_[\e_g ﬂ:e_l_‘_

.' . .
l 2RC-1 1ol Hydrogen to *“
Refinery Gas H,S Recovery l— - -] Hydrogen | Hydrotreaters
- Heaw Naphtha ] Plan-
Gas HoS
Sour Waler fr_om HaS : Sulfur Plant Sullur_
Refining Units | \yaste Water .
Trealing Ammonia_
]
Recycled Water
to Refining Units c To Hydrogen
2 Gas Plant Hydrogen  Gas
I
' % | Heaw I I
Whole SRC- 11 Oil '"g’;:’ '::'dt;a“’ || S | Naeehtha Naphtha i Catalytic Motor Gasoline
! Hydrotrealing Hydrolrealing l Reforming
' :
|
| Hydrogen Hydrogen |
| ' _— Gas  Heavy Gasoline
l 1
| | - Light Gasoline
' Recycle — |
‘ Hydrocracking
I
I l Hydrogen
I
|
L : Refinery Fuel

# Sleam reforming feeding gas and anphtha in Cases 4A, 4B, and 4D.
Partial oxidation feeding SRC-H oil in Case 4C.

SOURCE : Department of Energy
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EXH BI T 4-22:

SCHEMATIC F10W DIAGRAM

REFINING Of SRC-1i OIL BY
HIGH SEVERITY I{ YDROTREATING - CASETIT

SRC-ion_
7
ydleealedgas o) )
'!EP'-‘"‘? i i { Hydrogen la
. - Hydrogen Hydrolreallng
Refinery Gas HIS | . Plant«
i Recovery ! "
L Gas to Refinery Fuel
_____________ —
Gas S
Sour water Hy If
from o] Sullur Plant ST
Refining Unils | Waste Water ;
| Treating Ammonia
' —L 'Light Naphtha
Recycled Waler
lo Refining Units To Hydrogen
plant  Gas Hydrogen Motor Gasoline
I
N
Whole SRC-11 Oll| High Severity . % Heavy Naphtha | . Catalytic .
Hydrolreating a Reforming
[ E—
Hydrogen Kerosene Jot FuolA
To Hydrogen H
Plant !
H Gas Qi Reflnery Fuel

Lo

e G S G St S

« Steam reforming feeding gas and nabhlha In Cases IA, 1B, and 1D
Partial oxidatlon feeding gas oil and SRC-1 1 oll In Case IC.

SOURCE :

Department of Energy
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EXH BIT 4-23:

SIMPLIFIED F10W DIAGRAM
REFINING OF SRC-110IL BY
MODERATE SEVERITY HYDROTREATING - CASE | |

SRC-11 OB
- - 1 lyd t
Naphtha rogen to
e . s S Hydrogen Hydrolrealing
erinery Gas [ I Planl'
Recovery | —* l
. Gas L i o o _Gas_lo_Rgll[IeLy Eu.e_l.
Sour Waler - ———_— =
H,S H,S Sulfur
from o] Sulfur Plant g
Refining Unlls | Waste waler ‘ _
Treating Ammonia
Recycled Water ! : 10 H
ydrogen
10 Reflning Unlts Gas Plant Gas Hydrogen Molor Gasoline
Moderate Heavy '
Whole SRC-11 0l}  ‘seyerity Naphtha Naphtha Catalytic
" ‘1 Hydrotrealing Hydrolrealing Reforming
l
= [
Hydrogen Hydrogen
= —00%0 | - — No. 2 Furnace Oll
L--- -- X . Gas il and Refinery fuel

# Steam reforming feeding gas and naphtha In Cases 5A, 38, and SD.

Partlal oxidation feeding SRC-14ollin Case SC.
SOURCE :

Department of Energy



We cannot visualize any other form of transportation for these
upgraded liquids, or for further refined products except by pipe-
line. The daily volunme required to support a 6“or 8*“pipeline
Is approximately the size of one or two 50,000 bbl/day plants.

Consi dering the geographical concentration of coal and shal e de-
posits it 1s not difficult to visualize a m ning-conversion center
adequate to support either:

. An upgraded liquids pipeline to a refining center

or

. A product pipeline to major pipeline junctions or
product distribution termnals

The general location of all coal and shale resources is such
that deep draft water transportation does not figure promnently
in synfuels distribution patterns.

W thout siting specific plants and conducting the refinery
trade-offs - which would have to be done in context with both the
bal ance of foreign and domestic petrol eum supplies and the slate
of (regional) demand for all liquids - we cannot devel op very
meani ngful insights into either the operating (product) costs of
transportation and distribution, or the capital requirenments.

W will have to nake some nom nal assunptions and then estab-
lish unitary relationships. The future energy transportation pat-
terns and infrastructure requirements are inpossible to determne
without a specific scenario. W shall briefly exam ne a *cases:

Pipelining from Souther Illinois to Houston of syncrudes.
Pipelining from Womng to St. Louis
Pi pelining fromWstern Colorado to L. A of shale oil

Southern Illinois to Houston
Raw Li qui ds

(upgraded) 33c/MM BTU
Western Colorado to L. A
Shal e Liquids 40$/Mm BTU
Womna to St. Louis

Raw Li qui ds

m ' * 30 $/MN! BTU
Met hanol 68c/MM BTU

MIG - Gasoline 37%/ MM BTU

The additional capital investment required for synthetic fue
transportation is highly speculative to a greater degree. There
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Is a great deal of existing product and crude liquid pipeline as
well as gas pipeline in place, that can equally serve the synthe-
tic fuels industry. In all cases the pipelines are connected to
either markets or distribution termnals at the delivery end.
In nmost cases, the input end is originally either at a major re-
finery (and production) location or at a port |location. The re-
finery connection argues for up?rading of liquids (coal and shale)
at mne nmouth conversion plant [ocations, and transportation to
the existing refinery districts for product finishing. Such a
general pattern would involve the construction of a m ni mum num
3er of new “crude” synfuel pipelines fromcoal fields to refining
istricts.

W assume that the ultimate conditions would |ead to the con-
struction of several l|large dianeter pipelines in such a pattern.

_ “Methanol, which does not require refining, obviously will nove
in E|fferent patterns fromcoal field to the nmajor termnals and
mar ket s.

Pi pelines of that size (10-12") would cost an average of
$100, 000 per mile, considering material, labor, and right of way
and other expenses. Terrain would influence the cost, generally
I ncreasing construction costs but reducing right of way costs in
some cases by an equivalent anobunt. 20" or greater dianmeter pipe-
lines would cost $250,000/mle

A total construction budget of so000m | es of new pipeline

of 12" dianeter to 20" dianeter would cost between $5 billion and
$12 billion.
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4.8 ADDENDUM TO CHAPTER 4: BASIS FOR COST ASSUMPTI ONS

1) Basic Conversion Plant (ESCCE)
«Capital Costs

Year: Md (June-July) 1979 dollars

Scale: 25,000 tons of coal input

Base Plant to installed battery limts: 1.63
Conti ngency:  10%

Scaling exponential rule: C, _ G
“1
A =.65for vessel size

A .9 with trains

Qutlay of Capital: instantaneous plant

«Revisions to Capital Assunptions in This Report

Year: Md 1980 (June-July)

Scale: 50,000 bbl/day |iquids output
Plant to Battery Limts: 1.73
Contingency:  20%

Scaling: Linear -

Qutlay of Capital: Instantaneous plant

« Qperating costs

Coal Feedstock: $30/ton (delivered)
Coal : [I1inois #6

Catal ysts and Chem cals and Operating Supplies:
at cost for anounts proscribed by process
designer’s material bal ance.

« Labor Cost # Rat e/ Hr

Plant Qperators 120 $ 10.00

Qperating Supervisors 25 15.00

Mai nt enance Labor 150 12.00

Mai nt enance Labor Supervisors 30 16.00

Adm ni stration 30 11.00
Tot al 355 ¢ $I1II.79/hr avg.

Fringes @ 35%--changed to 40% =total [|abor rate
of $16. 50/ hr
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Mai nt enance Cost (Materials & Contracts)

3% of total plant capital cost

G&A

Local taxes and insurance, 5% capital cost
changed to total G&A - 5% capital cost

Capital Charge Rate

ESCOE basis not used. 30wof capital used as
recovery rate (as per guidance of OTA staff)

On-Stream Rate

90%--328.5 days/ year

2. Assunptions for Product Upgrading

Capital

Basis --Instantaneous Plant, md-1980 dollars
On-stream factor 90% 328.5 stream days.
Hydr ot r eat er

capitalized for each separate product stream
Hydr ogen Feedstock Pl ant Capital

Not included, only cost feedstock “across the
fence” fromthe plant conplex.

Hydrogen Reforner or manufacturing plant capital

I ncl uded

Battery Limts

Includes hydrotreaters, waste water treatnent,
sul phur plants (commercial grade)

Cont i ngency

Ceneral -- 25%

Battery Limts--15% _ _

Engi neer ---4% of investnent capitalized

Wrking Capital--45 days receivables; 30 day
chem cals catal ysts; 30 day feedstocks
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« Operating costs

Hydrogen Feedstock: Syngas @ $6. 74/ mbtu

raw gas |iquids @ $6=50/mrbtu

i ncl udes recovery of production
pl ant capital.

Hydr ogen Pressure: 500 PSI G for SRC |ight (naptha)
product --2000 PSIG all other

cases.

Plant Size. 20,000 bbl / day upgraded to
50,000 Dbbl/day for each product
cut

e Royalties

500 PSI G Hydrotreating - 0-
1500 PSI G Hydrotreating Fixed Bed  $30/Dbst feed
Sul phur pl ant - 0-

Waste Water
Initial project $75,000
First 5,000 units $14. 70\ uni t
Next 5000- 25,000 units $7. 35/ uni t
Next 25,000 + units $5. 25/ uni t

e Sal es Tax
5% of equi pment cost

« Mi nt enance

4% of depreciated capital/year
e (Qperating Labor
$11. 00/ hr

e Labor Burden
45%

e Adninistrative and Support Labor

30% of operations and nmi ntenance |abor
e G&A

60% 0f operations and naintenance |abor plus
property-tax of 2-1/2% of plant investnent
4- 45
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e« Uilities

Fuel $4/ mbut
St eam $3. 50/ 1000 | bs
Electricity 4c/ kwh

Water (nmake-up) 40c/ 1000 gal

e Hydrogen Bleed was assuned to be:

50 SCP/bbl @ 500 PSIG
100 SCP/ bbl @ 2000 PSI G

e By-product Credits

Ammoni a (anhydrous) $100/ton
Hydr ogen and Hydrocarbon off gasses (C-C)
$4/ mbtu ($1." 30/MSCF) K

3. Refining Cost Assunptions (Chevron Basis)

e 1980 costs: I nstantaneous plant (first quarter
adj usted to June/July)

e Md-Continent Location

e Cost correlations based on actual experience of
Standard G| of California, 1960-1970s adjusted for:

Lower field productivity

I ncreased safety

| mproved efficiency and reliability
Addi tional energy conservation
Stricter environmental regulations

e 10% Conti ngency
o Uilities
Wat er 30c/ 1000 gal

Boiler fuel, coal or refinery fuel
power 3%/ kwh

e Mui ntenance

2-1/2%yr of both on-plant and off-plant facility
I nvest nent

e GRA
Property taxes @21/2%of both on-plant and

of f-plant/yr

e Labor

Operating-- $110 000 per shift position/hr
($18. 30/ hr including fringes)

Support Labor (Admnistrative, security,
techni cian) 65% of Direct Labor
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CHAPTER 5 :  SUPPLY DEPLOYMENT SCENARI OS FOR SYNTHETI C FUELS

5.1 Factors and Constraints Affecting Synfuel Devel opnent

In order for synthetic fuels to play a role in in-
creasing donestic energy supplies, they nust beconme avail-
able in sufficient quantities, at conpetitive prices, in
a reasonable time frame. This is particularly true for
transportation’s needs for liquid fuels. Wth a relative
lack of fuel switching capability, transportation nore
than other sectors (e.g., utility fuel switching to coal)
nmust depend on increased conservation, expanded donestic
crude production, and alternate liquid fuels.

The central driving forces that characterize the
devel opment of a synthetic fuel industry are (Reference
No. 4 2 ):

(a) Depletion and cost escalation of conventiona
donestic energy supplies;

(b) Shortages of environmentally acceptable fuels;
(c) Constraints inposed on alternate energy systens;

(d The presence of existing, easily nodified fuel
di stribution systens;

(e) A seemingly chronic negative inbalance in
foreign trade and paynents accounts;

(f) National security; and

(g) Governmental incentives (such as those proposed
under P.L. 96-126 and the National Energy
Security Act)

The central concerns are:

(a) Technol ogi cal and economc factors

product costs/markets (interfuel conpetition)
Status of technology and technol ogical risk
Financial risk

Capital availability

(b) Environmental and social factors

Air quality

Water quality

Land recl amation
Soci al dislocation

5-1
ej b&a



(c) Availability of resources

Energy resources

- Water resources
Land/site availability
Skilled work force

(d) National, State, and local policies, especially
regul atory, taxation, and subsidy policies.

Key among the requirenents that characterize these concerns

ar e:

Eag Technol ogi cal needs
b) Significant lead tines

(c) Relative costs

In Chapter 3, we have |ooked at the technol ogical
needs; and 1n Chapter 4 we have |ooked at the relative

costs. In this chapter we will focus on the “staging”
over time of these technologies, so that we can appre-
ciate the necessary lead tines. In doing so we wl|

attenpt to devel op realistic “bottons-up” assessnents
for each generic fuel class.*These"scenario# will be a
‘ busi ness-as-usual " agstsHent and a h|gh "gushln -
the-limt” assessment. n-devel opi ng t hese scenari 0s

we have felt it crucial to build upon concrete actual
data and engineering plans for each project class,

rather than “top-down” estinates of aggregate growth.
We also felt it necessary, as explained in the intro-
duction, to limt our supply deployment scenarios to

the year 2000, which reflects the upper limt of sound
engineering judgnent and actual / proposed plans. Post
2000 considerations are nore dictated by an assessnent

of economc forces and prospective product nmarkets rather
than supply constraints. d The supply constraining forces
of the “transition” period (1980-2000) reflect industria
‘buil d-up” tines and constraints, rather than product
demand shifts.® Post 2000 considerations must consider
demand shifts, end-use technol ogy changes, anthe I n-
troduction of other technologies (e.g., solar) Thi s
necessitates a macro-economc |ong-term forecast aPproach
rather than a supply deploynent scenario approach

Because of the significance of “transition” period"
constraints in realizing deploynment schedules, it is use-
ful to discuss these constraints prior to our devel opnment
of the scenarios. In the followng section we will dis-
cuss the key constraints. Follow ng this discussion, we
will present the actual assessments devel oped and conpare
them with other assessnents referenced in the literature.

5-2
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5.2 Constrai ning Factors in the Transition Period:
1980- 2000

The construction of one 50,000 barrel per day synthetic
fuel facility is a nassive effort requiring huge dollar,
manpower, and material inputs plus the nanagenent skills
to integrate all these inputs into a workable system  Con-
structing a major synfuels industry multiplies the problens,

i ntroduces added conplexity, and increases the probability
that constraints of varying degrees will inpact the schedul e,
cost or feasibility of success.

Any Us. proposed synfuels construction program wl|
have to conpete for manpower and other resources with re-
| ated construction demands from the oil and chem cal fields.
U.S. refineries are undertaking a major upgradrng program
to enable existing refineries to handle |ower grade hi gh

sul fur crude and to increase efficiency in pro ucrng ful
product slates with |ess energy waste. Fluor oration
Is predicting that U S. refineries wll |n|t|ate 20

billion in construction programs in 1980, contrasted wth
aryearly average of on”y $2 billion in the late 1970s.

ef erence : roceeding wth the Al askan Natura
Gas Prpellne cou |a require $20 to $25 billion in new con-
struction costs. Srnrlarly the chemcal industry is
modi fying its petrochem cal plants in recognition of
dramatically higher feedstock costs. The situation is
further compounded by gigantic increases in construction
progranms abroad. For exanple, Saudi Arabia appears intent
on pursuing a five year $335 billion program of new re-
finery and petrochenical construction. These construction
programs Wi || use the same international construction
conpani es, technical skills and equipnent as will be re-
qurred for U.S. liquid synfuels construction. (Ref erence

43 ).

The purpose of this section is to discuss the range
of potential constraints to the devel opnent of a viable
liquid (and gas) synthetic fuels industry in the U S

This discussion of constraints is organized into the
foll ow ng categories:

Equi pnent avai l abi lity-- supply constraints
performance constraints
Critical Mterials

Manpower techni cal [aborforce
construction |aborforce

Coal Supply
Water Supply
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« Environnent, Health and Safety _
standards and requirements
permts and |icenses

e Siting physi cal |ocation
Infrastructure problens

Transportation
Technol ogy Uncertainties
Financial /Capital Availability

Economi cs operating costs
product costs

Chapter 3 has already covered the technol ogi es, and
Chapter 4, the economics. Capital availabilTity has not
been discussed here in this report. Additional assunptions
on nonetary policy and macro-economc policy over the next
20 years wll be needed to consider this topic.|]

5.2.1 Equi pnent Probl ens

Seven different types of equipment which mght cause
supply constraints have been identified as follows:

Availability - supply Constraints

1. Punps: Demand for punps in synfuels plants will be
very large. However, for small punps, |ess
than 1000 hp, there should be an adequate
supPIy since producers could expand to three
shift operations and European and Japanese
manufacturing is available (Reference No.

44 )= Large reciprocating punps would
be in very short supply assum ng that exist-
i ng baseline demand persists. The synfuels
industry could require between sowand 100%
RL czzrent wor |l d production capacity (Reference
: ).

2. Heat Exchangers: Demand is expected to exceed 25%
of total donestic and foreign production
capacity (Reference No.45 ). However,
the industries’ ability tTo increase capacity
i's reasonably good. The limting factors
woul d be availability of welders and of
heat-treated netal plate from primry
suppliers (Reference No. 44 ). Wthout
firm orders, the heat exchanger manufacturers
are reluctant to expand productive capacity.
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3. Conpressors and Turbines: Like heat exchangers, denand
for conpressors and turbines by synfuels plants
coul d exceed 25% of existing _production capa-
city (Reference No. 45 ). Traditionally,
there is a two year lead time for these equip-
ments. Manufacturers have expressed confidence
that they can meet peak demand in 1984. (Refer -
ence No. 44 However, failure to order well
I n advance of need coul d cause delays and
escal ate costs.

4. Pressure Vessels and Reactors: Although synfuels denand
w || exceed 25% of productive capacity, suppliers
are confident that they can nmeet demand (Reference
No. 45 ). There is slack in the system due
to sTow economc growmh and the absence of denand
for nuclear reactor vessels (Reference No.43 ).

5. Aloy and Stainless Steel Valves: Demand for special -
i zed valves will exceed 25% of current pro-
ductive capacity (Reference No. _ 45 ).
Manuf acturers’ ability to expand productive
capacity hinges on:

- adequate lead planning tine
availability of chromum nolybdenum

and cobal t
availability of quality castings and
forgings

availability of qualified machinists

(Reference No. 44 )

6. Draglines: Draglines, which are essential for coal
surface mning operations, have a lead tine
of 2-2-1/2 years. wever, no production con-
straints are likely if firmorders are placed
i n advance of need.

7. Ar Separation (C%¥gen) Equi prent: Reference No. 46
identified air separation plant fabrication
capacity as the “npbst severe single con-
straint. " The critical conponents identified
were alumnum distillation towers which are
currentlﬁ shop fabricated and brazed al um num
heat exchangers used in these towers. Tech-
niques for field fabrication (to maintain
quality control) have not been perfected.

Devel opment of acceptable field fabrication
could reduce this potential constraint. Added
reliance on production in Western Europe and
Japan could also help, assumng that trans-
portation facilities were available.
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8. Distillation Towers: A specially constructed facility.

The acconpanying Exhibits 5.1 and 5.2 (Reference Nos.

44 ) summarize the equi pnent sugplykconstraints
for a T MvBD and a 3 MVBD scenario (2000);

Performance Constraints--the possible failure to perform
to specifications at operating conditions.

Concerns with ability to nmeet specific performnce
standards have been expressed for five categories of
equi pnent as follows:

1 Gasifiers

2. Extractors

3. Hydrotreaters

4.  (OXygen conpressors
5. Coal slurry heaters

The available operational data for these five cate-
gories of equiprment are from useages in process environ-
ments which are significantly different from the coal
conversions reginmes in liquid synfuels facilities. Sub-
stantial development will be required to nodify and/or
scale up equipnent currently in commercial use (Reference
No. 47 ). Therefore, these five categories of equipnent
I mpose potential constraints to the synfuels industry
whi ch would result from equi pment failure or substandard
per f or mance.

5.2.2 Critical Mterials

_ Materials critical to the synfuels program are cobalt
ni ckel, nol ybdenum and chromium  After two independent

anal yses, only chromum was identified as a potential con-
straint (Reference NO. 44,46) . U S. currently inports over
90 percent of its chromumuse and will remain highly de-
pendent on foreign su%ply. Demand for chrom um by synfuels
progranms could reach 7% of total U S. demand. Exhibits 5.1
and 5.2 depict this concern

5.2.3 Manpower
Techni cal Laborforce

Engi neering design manhour requirements for construction
of synfuels facilities are 1.5 to 3 times greater than those
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EXHBIT 5.1 (Reference 44 )

POTENTI ALLY CRI TI CAL MATERI ALS AND EQUI PMENT

REQUI REMENTS FOR COAL LI QUI DS PLANTS
AND ASSOCI ATED M NES

(3MVBPD Scenari 0)

Cat egory

Us.
Producti on
Capacity

Peak Annual

Units Requi renent s

Requi renent s

Percent
Producti on

Chrom um
Val ves,

al I oy and
st ai nl ess
st eel
Dragl i nes

Punps and

tons 10, 400 400, 000"

tons 5,900 70, 000

yd 2,200 2,500

drivers (less

t han 1000

20, 000, 000

hp) hp 830,000

Centri fugal
Conpr essors
(less than

10, 000 hp)

Heat Ex-
changers

Pressure
Vessel s
(1.5-4"
Vial | s)

Pressure
Vessel s
(greater
than 4"
wal | )

hp 1, 990, 000 11, 000, 000

ft? 36, 800, 000 50, 000, 000°

t ons 82,529 671,000

tons 30, 785 240,000

88

18

74

12

13

1CUrrent

consunpti on

2Total for surface condensers, shell and tube, and fin-type.
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needed for refinery construction. Indirect synfuel pro-

cesses are the nost engineering intensive since they are,

in effect, two separate systems, ‘e.g., gasificatio and

synt hesi s. However, even the direct™|iquefaction process
requires significant anounts of engineering design nmanpower
(Reference No. 45). The need for chem cal engineers would,

be the area of greatest concern. Under a scenario projecting
3 milion B/D by the year 2000, demand for chem cal engineers
increases significantly between now and 1985 (Reference No.

440. An additional 1300 chem cal engineers representing a 35%
increase in this specialty, 1.e , a 35%_|ncrease_ in theé process
engi neering work force, as found in previous design and project
work at present (in 1979: 3600 chem cal engineers) in |ess
than six years would be required for the synfuels pr$9ranr

Engi neering school's can generate new inexperienced chem ca
enﬁlneers_to meet this demand and qualified cheE£cal epgineers
wil'l remain a scarce and expensive commodity. mand T or

other engineering skills will also increase but at a nore
manageable rate. It should also be realized that potential
growth in other sectors--such as defense needs for engineering
and construction skills--may also place an added demand On
skill availability.

Construction Laborforce

_ Skilled craftsnen such as welders, boilernmakers, pipe-
fitters and electricians are already in short supply. These
shortages have been exacerbated over the |ast decade by in-
creasing reluctance on the part of craftsnen to follow
construction work and relocate. Since many of the synfuels
devel opnent projects would be located in areas with exist-
ing overall nmanpower shortages and virtually no existing
pool of skilled manpower, |abor could become a significant
constraint. Using the 3 mllion B/D scenario, this in-
dustry would require 73,000 construction enployees in
1986, the peak year. This is approximtely 2%of the
entire construction enploynent force (Reference No._44 ).
More training prograns and use of “nonjourneynmen” or
“hel pers” to supplenent the workforce could reduce
potential shortages. Recruitnent of wonmen and minorities
woul d help also. However, sone of these steps mght be
opposed by labor unions. Labor unions are particularly
concerned that open-shop (non-union) construction conpanies
will gain a foothold in this program The acconpanying
Exhibits 5.3, 5.4 and 5.5 (Reference No. 44 ) , sunmmarize
the construction manpower requirenments under the 1 MVBD
and 3 MVBD scenari 0s.

5.2.4 Coal Supply

Chapter 2has discussed U.S. coal supplies. In brief,
the U S. coal industry currently has approximtely 100
mllion tons of productive capacity which is not being
used. In addition, the coal industry traditionally has

5-9 _
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EXH BIT 5.3 (Reference 44 )

TOTAL ENG NEERING MANPOWNER REQUI REMENTS
FOR COAL LI QUIDS PLANTS AND
ASSOCI ATED M NES

3 MMBPD SCENARI O

( Persons)
Scenari o 1984 1990 2000
Al Engi neering Disciplines
Desi gn and Construction 8, 500 5, 200 6, 300
Qperation and Maintenance 2,200 4, 800
Tot al 8, 500 7,400 11,100
Chem cal Engi neering
Desi gn and Construction 1, 300 740 920
Qperation and Mintenance 1, 050 2, 250
Tot al 1, 300 1,790 3,170
5-10
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EXH BIT 5.4 (Reference No. 44 )

PROJIECTED PEAK CONSTRUCTI ON LABOR REQUI REMENTS

(Persons)
1 MVBPD 3 MVBPD
Craft 067 ° > 966) °
Pipefitters 7,170 16,920
Pi pefitters-Wlders 2,400 5,600
El ectricians 3,020 7,190
Boi | er makers 660 1,570
Boi | er maker - wel ders 130 310
[ron Workers 1,760 4,250
Carpenters 2,700 6,400
Q her 12,830 30,660
Tot al 30, 670 72,900
5-11
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EXHBIT 5.5 (Reference No. 44 )

REG ONAL MANUAL LABOR FOR CONSTRUCTI ON AND
MAI NTENANCE FOR COAL LI QUI DS PUNTS
AND ASSCCI ATED M NES

Current Union Coal Liquids Program

Craft Craf t smen Peak Requirenents’
3 MVBPD 1 MVBPD
Scenari o Scenari o
Pi pefitters

(rnclTuding wel ders)

East North Central and
East South Central Regions 37,672 10, 300 6, 300

West North Central and
Nort hern Mountain Regions 14, 498 11, 800 6,900

Boi | er nakers
(TnclTuding wel ders)

East North Central and
East South Central Regions 5,260 900 500

West North Central and
Northern Mountain Regions 2,075 1,100 600
El ectricians

East North Central and
East South Central Regions 36,860 3,300 2,000

West North Central and
Nort hern Mountain Regions 12, 662 3,700 2,200

lSource: Construction Labor Research Council

2 Sour ce: Obt ai ned by conmputer run of Bechtel Corporation Energy
Supply Planning Mdel, as described in reference 44.
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surge capacity which is brought on_|ine whenever the spot
price of coal increases sharply. The lead tine for open-
Ing up new mne capacity, both surface and deep, ranges
between three and five years. Since the construction

of major synfuels plants takes the same |length of tine,
adequat e new coal supPIy can be brought on line in a
timely fashion. Finally, the U S. coal resource is so
large that it is very unlikely that there would be supply
shortages over the next century. For all these reasons,
coal supply poses no constraint to synfuels devel opnent.

5.2.5 Water Suppl y"

Chapter 2 has discussed water supply concerns. Al so
reference 31 discussed these in detail. In brief, while
the U S. has abundant water supplies in aggregate, there
are certain specific geographic |ocations where water
supply could become a constraint to devel opment of a
| arge synfuels program This is particularly true in
the sem-arid portions of the West where significant
coal reserves are |ocated.

», . sufficient water physically exists to
support a significant-sized synfuel in-
dustry in the Upper M ssouri and Upper

Col orado River Basins, the primary western
fuel resource areas.” (Reference No. 33 )

The problens wth mater_squIy in these areas are institu-
tional and highly political and often enotion-laded. Thus
far energy devel opers have been able to purchase water
rights from farmers or Federal and State water inpound-
ments. As long as a relatively full market exists for

the transfer of water rights, energy devel opers can afford
to bid away the required water supply. In addition, cor-
porate planners will need to consider water supplies for
the construction/operating |aborforce, their famlies,

and the communities which-will support them

526 Environnental Health and Safety

St andards and Requirenents

The liquid synfuels technol ogies “appear to have no
absol ute environnental protection constraint that would
universally limt or prohibit deploynent.” (Reference
No. 33 ) However, the direct |iquefaction processes
have some potential to expose workers or the public to
toxic and carcinogenic materials. Such risks could be
judged politically and socially unacceptable and could

5-13
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becone a devel opnent constraint. The Prevention of Signi-
ficant Deterioration program under the Cean Ar Act
coul d pose absolute limts to the nunber of plants able
to locate in a specific geographic area since the allow
able increnents of anbient air quality could be fully
utilized. In the case of oil shale where the resource
base is concentrated in a s?ecific area in and adj acent
to Northwest Colorado, PSD limts are very likely to con-
strain the nunber of facilities permtted. These limts,
still to be devel oped, have not yet been set. Ranges of
capacity vary, however, on what is possible."In addition,

“Sone yet-to-be-defined regulations, if pronul-
gated in their stringent fornms, appear capable
of severely limting a nunber of synfuel tech-
nol ogies. These regulations include air quality
em ssion control measures for visibility, changes
in the original prevention of significant deter-
ioration (PSD) regulations, extension of PSD
limting increnents to other pollutants, short-
term nitrogen oxide anbient standards, devel op-
ment of hazardous waste tests and regul ations
and special waste regulations, toxic product
regul ati ons, and occupational safety standards.

(Reference No. 33 )

A detailed assessment of the environnental, health, and
soci o-econom c inpacts is found in reference no. 31 .

Permts and Licenses

The permtting and |icensing process is conplicated
and tine consum ng. However, it poses no direct constraint
on the synthetic fuels deployment program  The process
generates procedural delays and provides nultiple access
to various public interest groups opposed to specific
projects, specific technologies, or specific sites.

More inportantly, the process can be used by I ocal

political jurisdictions to either force project relocation
or extract concessions from the project devel opers. Permt
consi derations are specifically discussed in the project

di scussions to follow

5.2.7 Siting
Siting constraints are discussed in detail by the
author in reference 31 . In brief, Physical availability

of sites is not a constrarnt. However, optimal siting by
industry using their objective function often conflicts

with the goals of other interest groups. Since nuch of the
synfuel s devel opnent will occur in areas with |ow popul ation

5-14
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density, “conflicts will arise between the rural socia
order which currently exists in the region and the new
urbani zed society which will acconmpany growth. Early
Qlanning Is required to handle these inpacts.”

Ref erence No. 45 )

To overcone the “locate your plant anywhere but not
here” syndrone, corporate planners wll have to work
closely with state and local officials as well as wth
numerous civic associations. This requires full con-
sideration of the secondary effects of devel opnent on
the infrastructure of the i1Immediate and surrounding
areas. These by their very nature are site specific
anal yses.  \Wat new roads, schools, services, homes and
institutions will be required? How wll these require-
ments be funded? Can the community be protected against
the worst features of the “boonf scenario and fromthe
downside risk of bust? \Wat does happen if the project
fails and is abandoned? These are reasonable questions
whi ch often do not have reasonable answers. References

31 and 32 have discussed these key problens’

5.2.8 Transportation

Transportation constraints can be a ke¥_concern. They
must be considered on a reglonaI/S|te specitic basis.
Reference 18 has treated these concerns

As discussed earlier in Chapter 4, transport costs
can be a key part of delivered cost. As discussed |ater
in this chapter, the availability of inexpensive bulk
transportation is crucial to project devel opnent.

5.2.9 Tradeoffs

Hence, energy supply deploynent will be affected by
many conpeting constraining factors. Any specific project
consi deration nmust provide for a best optinmum solution
This is clearly seen in Exhibit 5.6 in the variation to
which oil shale tar?ets woul d be achi eved subject to
different goals (Reference No. 8 ).

VW will now look at our devel opnent of alternate
supply scenari os.

5-15
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EXH BIT 5-6

ALTERNATE SHALE OL PRODUCTI ON TARGETS (reference 8)*

-The Relative Degree to Which the Production Targets Would
Attain the Objectives for Development

1990 Production target. bbyd
100,000 200.000 400.000 1 miftigr

To position the industry for rapid A
development. .. ................. ...

1" R A

7 Fo
TO maximize energy supplies ........... 1

To minimize Federal promotion.........

To maximize environmental information|-
andprotetion . . . . L Lo

To maximize the integrity of the social
environment . ...

To achieve an efficient and cost-effective
energy supply system . ..............

Lowest degreeot attainment ..’;_3;.’6 Highestaegree of attainment

SOURCE Ottice of Tacnnology Assessment.

Shale oil product ion targets are affected by many technical,
environnent al, and socioeconomic factors. As described in
reference 8, the OTA has assessed the variation of 1990

production targets with regard to many of these key factors.
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5.3 Devel opnent of Supply Depl oyment Scenarios and Conparisons

(A

With Oher Estinmates
Shale Q|

The oil shale industry*is in an advanced stage of
devel opnent conpared to other synfuel processes such as
direct coal liquids. Design and construction (not in-
cluding permting) for an oil shale facility is typically
inthe 3-5 year tine franme. Permting requirenents vary
with two years being a typical time period. Mst pro-
posed/ bei ng devel oped projects are located in the Wst
In the Geen Rver Formation in Colorado, Uah, and
Womi ng (Piceance, Unta, Geen Rver, Fossil, Geat
Divide, Washakie, and Sand Wash Basins) . Eastern shale
devel opment using prom sing new technical advances, dis-
cussed in Chapter 3are likely to come on later. As
di scussed in the opening section, constraints center about
resolution of land |ease issues (the federal governnent
owns over 80% of oil shale lands) , environnental and water
avai l abi I'i t% i ssues, and availability of skilled |abor,
especially hard rock mners.

Table 5-1 lists the potential comrercial scale pro-
jects, identifying their proposed |ocation, process,
estimated start up, and project scale (production). In
addition, the Departnent of Energy is conducting above-
-ground and advanced retorting projects.** At present,
pernmiting has been obtained for: Colony (final ES, and
a conditional PSD for 50,000, BPD conplex), Union (final EIS
for a 10,000 BPD conmerci al denonstration nodule unit) ,
Cccidental (conditional PSD), Superior (final EIS) , and

Paraho (draft EIS) . Based on the above projects planned,
as well as individual surveys, scenario build-up rates are
shown in Table 52. Conparisons of these rates with

other estimates are shown in Table 5-3. This information is
current as of 12/80.°

_ Initial production of shale, expected in the West,

I's expected to be treated (up?_raded/ref ined) in the Rocky
Mountain region, and wll utilize existing spare refinery
capacity. The next anticipated sequential market area

Is the Mdwestern refinery region utilizing current in-

pl ace pipeline capacity (to the extent that anticipated
new crude finds in the Overthrust Belt will not absorb

pi peline capacity) . The key markets envisioned for shale
oil is as refinery feedstocks producing a |arge niddle
distillate slate for anticipated growng mddle distillate
needs (such as diesel oil). Shale oil residuals have also
been proposed for use in turbines (current tests bei n(t; _
sponsored by EPRI at Long Island Lighting) . Using a typical
refinery product slate, estimated shal e-derived products
are depicted in Table 5-4.

*I.e., the industrial interests (oil, chemcal, as identified
in table 5-1) that are conprising the newy created shale
I ndustry.

Private comruni cati on, DCE 12/80.
5-17
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TABLE 5-1: POTENTI AL COMMERCI AL SCALE PROJECTS - SHALE Q'L

PROJECT

SITE

PROCESS

PROJECT
SI'ZE

EST APPROX.
START COST

(1 CooB/D) WP (BS)

COLONY DEVELOPMENT
(Exxon, Tosco)

STATUS :  $75 million spent
to-date; planning, detailed
engineering design and cost-
ing conpleted; construction
suspended; Exxon recently
bought 60% share with con-
tingencies tied to 1985
start-up; Tosco may seek
Federal |oan guarantee to
raise its share of capita

co

Surf ace
Ret ort

47

1985 1.7
(19

UNFON AL

STATUS. Al permts received
to construct and operate
9000B\D experinental retort
which will be done with pri-
vate financing (and $3 tax
credit) ; 50,0008/ D project
depends on results of experi-
nmental retort.

co

Surf ace
Ret ort

50

1983
(9000B/D)

Tosco SAND WASH

STATUS.  $2 million spent by
end of 1978; planning ex-
ploration, and environnental
anal ysis; TOSCO coul d use

t echnol ogy devel oped for

Col ony project, but would
have to raise capital for
both projects.

Surf ace
Ret ort

47

1988

RIO BLANCO (GULF, STANDARD
OF | NDI ANA)

STATUS:  $245 nmillion spent
to-date; shaft sinking &
surface construction activit-
ies; further action pending
Federal incentive prograns.

co

Md In
Situ &
Sur f ace

76

1988

5-18
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TABLE 5-1 (Continued)

PRQJIECT EST APPROX.
SI ZE START CosT
PRQJIECT SITE  PROCESS (1000B/D) wp )
OCCl DENTAL- TENNECO co oxY 50 1986
. : , Modi fi ed

STATUS :  Site preparation In-Situ
& shaft sinking; detailed
devel opnent pl an.
WH TE R VER SHALE PRQIECT ur Surface 50
(Phillips, Sun, Sohio) Ret ort to
STATUS. Detailed devel opnent 100
plan conpleted. Environmental
nonitoring continuing. $86
mllion spent to-date. Title
status cleared by Supreme
Court deci sion.
SUPERIOR QL co Surface 13 +
STATUS. Pilot studies com Retort m neral s
pleted; environmental analysis
underway at BLM feasibility
studi es underway; pending |and
exchange appears to be con-
trary to current DO policy.
PARAHO DEVELOPMENT ut Surface 30 1984
STATUS.  Beginning feasi- Retort
bility study (DCE funded) .
GECKI NETI CS ut Surface 2 to 1985
STATUS:  Beginning DCE funded Retort 8
feasibility study.
TRANSCO ENERGY KY | GT 50 1984
STATUS:  Beginning DOCE funded Hytort
feasibility study.
CHEVRON co Surface 50
STATUS.  Recently announced Retort
initiation of feasibility
st udy.
SOURCE: E. J. Bentz & Associates
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TABLE 5-2: SHALE O L BU LD UP_SCENARI OS*

(in units of 50,000 MVBP
OF CRUDE O L EQU VALE

Scenario 1980 1985 1990 1995 2000
A Capacity
added in
period .5 7.5 .5 0
Total
Capacity .5 8 9 9
B Capacity
added in
peri od .5 9.5 8.5 .5
Total
Capacity ) 10 18.5 19

NOTE: Mbst shale plants are estimated to be sited in the
G een River Formation (Colorado, Utah, Wom ng)

* Shale oil build-up scenarios were constructed
using interviews and referenced literature as
cited in table 5-1, text, and footnot,p.

SOURCE: E. J. Bentz & Associ ates
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TABLE 5-3: 0IL SHALE DEPLOYMENT SCENARIGS @ 1980- 2000
(thousands of barrels per day of crude oil

equi val ent)

Sour ce 1980 1985 1987 1990 1992 1995 2000
U S. DOE - - 80 225 400 450 450 450
(2/80)
Scenario A .- 25 400 450 450
DR1° - - 185 350 700 800 925 950
(10/79)
Nat i onal 900-1300
Energy Plan
[
(5/79)
U.S. DCFE -- 25 160 400- 500 550-800
(11/80)
Scenario B - - 25 500 925 950
OorA' 400
(6/80)

5
Shel | 150

*NOTE:  Mbst proposed shale projects are in the West, inthe Geen River
Formation in Colorado, Uah, and Wom ng.

Interpreted from
ly.s. DOE “Gl Shale Industrialization Action Plan,” Feb. 1980.
2Denver Research Institute, 10/79.

3U. S. DCE synfuel Corporation Planning Task Force, private
conmuni cation, 11/80 and 12/80.

4OTA--An Assessment of Q| Shale Technol ogies, 6/80.

U.S. National Energy OQutlook 1980-1990, Shell QI Co., 2/80.
Shell--U'S. National Energy CQutlook, Feb. 1980.

SOURCE: E. J. Bentz & Associates
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TABLE 5-4: ESTIMATED TYPI CAL SHALE O L PRODUCT SLATE. * 1980-2000
(thousands of barrels per dayof crude oil equivalent)

Scenari o Product s 1980 1985 1990 1995 2000
Gasol i ne 4.25 68 77 77

A Jet Fuel 5.0 80 90 90
Di esel Fuel - 13.5 216 243 243
Resi dues 2.25 36 41 41
Gasol i ne 4. 25 85 157 162

B Jet Fuel 5.0 100 185 190
D esel Fuel - 13.5 270 500 513
Resi dues 2.25 45 83 86

Tabl e values derived using Table 5.2 values, and typical yield slates

(Chevron Research, 1978 reference: “Refining and Upgrading of Synfuel
From Coal and Q| Shale by Advanced Catalytic Processes”) discussed

in Chapter 4, Section 6.
Because of relatively higher hydrogen content and |ower aromatic

concentration (than in general to coal liquids) , a “natural” product
slate fromshale oil is a mxture of gasoline, di €esel, and jet fuel.

SOURCE: E. J. Bentz & Associates
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(B) Coal Gases

As shown in the acconpanying project tables, there is
a significant level of varied activity in the coal gases
area. Key generic processes are |ow medium Btu gas and
pi peline quality HBtu gas.’

Low Medi um Btu Gas

As discussed in Chapter 3 and in the Appendix, |eading
t echnol O?I es include the reqular and slagging Lurgi gasifier
(especially in earlier years) , Texaco, \estinghouse, Koppers,
and Wnkler gasifiers.

Since |ow nedium Btu gas offers industrial and utility
users a relatively curtailment-free source of high quality
fuel and chem cal feedstock, it is expected that they will
penetrate into the utility and chem cal market. The Energy
Security Act specifically exenpts nmedium Btu gas from
al location and pricing regul ations.

LowBtu gas finds key market use as industrial fuels

In such applications as kilns, snmall boilers, and chem cal
furnaces. At present it has been estimated that there are
about 15-20 donmestic facilities (Reference No. 48
that are beginning to use low Btu gas for these appli-
cations. These include chemcal firnms such as Dow
I\?hbtem cal as well as autonotive giants such as CGeneral

ors.

~ The Gen Gery Corp. has itself four facilities gasi-
\I:\I%/_I ng coal to produce a fuel gas to fuel their brick kilns,

ile Caterpillar Tractor plant in York, Pennsylvania
produces fuel gas for heat treating furnaces. NCA (8/80)
estimates there are nine comercial plants (in operation,
under construction, or in proposal/planning stage). It
has been estimated (Reference No. 50 ) that low Btu
gasifiers are feasible at approximtely 3500 industri al
plant sites. These lol ants are expected to be geographi-
cally located at coal/adjacent to available coal suppliers.

Medi um Btu gas serves several markets. Anong them
are utilities and chem cal feedstock markets. Medi um
Btu gas could be used as a synthesis gas for producing
chem cal products (ammonia, fertilizers, plastics) , as
well as utility power. Simlarly, steel industry uses
fuel for blast furnaces and anneal i ng operations.

A potential co-product, nethanol, could also be used
as a utility peak showing fuel in turbines, or as an
autonotive fuel (Reference No. 51 ). Medium Btu
gas can also be used in utility use rn a conbined cycle
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power generation nmode. NCA (Reference No. 48 ) esti-
mates there are five comercial scale plants in the
proposed/ pl anning stage. Key denonstration plants at
TVA, Menphis Industrial Fuel Use Plant, and Cool Water
California (Southern California Edison) , are in advanced
stages. It has been estimated (Reference No. 50

that there are approxi mately 350 potential sites for
single user or limted distribution nedium Btu gasifiers.
In addition, there are combined-cycle markets (Reference

No. 51 ). As shown on the acconpanying tables (and
NCA“survey) , likely locations for nediumBtu facilities
i ncl ude Louisiana, Texas, Arkansas, Pennsylvania, New
Mexi co, California, Tennessee, Mntana, Virginia, and

Il1linois. Table 5.5 lists the key proposed projects under way.

Tabl e 5-7 gives the scenario deploynments of medi um
Btu/L Btu gas. The rate build-up was estinmated by review
of the cited data tables, on-line surveys, and judgnenta
interpretation with alternate conparative estinates.

H Btu Gas

As shown in the acconpany table (Table 5-6) , of
proposed commercial scale projects nost earIY H Btu gas
devel opment will occur in the West, especially in the
states of North Dakota, Wom ng, Utah, New Mexico, and
Montana (Northern Geat ‘Plains Regions and Rocky Mountain
Region) . Construction is at present underway in North
Dakota on the Geat Plains Gasification project. As shown
in the table, this plant could be producing by 1984, with
a productijon of 138 mmscf/day, at which tine a second plant
woul d begin (an additional 138 mmscf/day) . Later plants
are expected to be deployed in the Southwest (Texas,
Loui si ana, Arkansas, Oklahoma) , and in the East (Pennsyl -
Yania) , and capture the use of existing transportation

i nes.

_ The predom nant end use for HBtu gas is space heat-
|nP (industrial/comercial) . Industrial use of the gas
will be in the chemcal, wutility, and steel, iron and

gl ass products industries (i.e., large current users of
natural gas) . Market penetration wll be affected by
the pricing treatment of gas (e.g., rolled-in pricing)
over the estimation period (period of natural gas de-
regulation) . Table 5-7 gives the scenario deploynments
of HBtu gas over the estination period. It Is based on
judgnental interpretation of the plant-specific build-up
data cited, and on-line survey results. Table 5-8 gives
the conparison of the scenario estinates with those of

ot her sources.
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TABLE 5-5 : POTENTI AL COWERCI AL SCALE PROJECTS - LOWMED BTU GAS

. THE FOLLOWNG PRQIECTS ARE CURRENTLY UNDER DEVELOPMENT

( 12/80)
PRQIECT APPROX .
Sl ZE COST

PRQIECT SITE PROCESS ( 1000BCE[ D) (BS)
REYNOLDS ALUM NUM CO. VA
APPLI CATI ON: Power Generation for
Al 'um num Reduction
can-/do* PA
APPLI CATI ON: [ ndustrial Gas
MUNI Cl PAL UTI LI TIES BOARD AL
APPLI CATI ON: [ ndustrial Gas
PANHANDLE EASTERN X 8
APPLI CATI ON: [ ndustrial Gas
MEMPHAS GAS* TN 0.3
APPLI CATI ON:  UWility\Feedstock
(construction begins in 1982)
SAN DEGO P & L CA
APPLI CATION:  Utility/Feedstock
| LLINO S POWER COVPANY I L 2 0.1
APPLI CATION.  Wility--Conbined
Cycle (1982 target)
SOUTHERN CALI FORNI A EDI SON CA 3 0.3
APPLI CATION.  Utility--Conbined
cycle
HOUSTON NATURAL GAS LA
APPLI CATION.  Utility/ Feedstock
COOLWATER CA 100MV 0.2

APPLI CATION.  Utility-Conbined
Cycle (1984 target)

*These projectsarecurrently funded as part of the Fossil Energy Technology
Demonstration Program  (12/80)
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TABLE 5-5: (I Continued)

PRQIECT APPROX.
SI ZE CosT
PRQJECT SITE  PROCESS (10 00BCE/D) (B9)
M D- WEST ENERGY COAL I L
ALTERNATI VE, | NC.
APPLI CATION : Industrial Fuel/
Feedst ock
CARTER QL TX
APPLI CATION : Industrial Gas
and Feedstock
ENERGY CONCEPTS H
APPLI CATION: Electric
Generation and/ or Feedst ock
SOURCE: E. J. Bentz & Associates
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TABLE 5-5 (Conti nued)

1. THE FOLLON NG PROQJECTS RECENTLY RECEIVED DOE FEASIBILITY GRANTS (PL-96-126)

PRQAJIECT EST
SI ZE START
PRQAJIECT SITE  PROCESS (1000B/D) UP

UNI ON CARBI DE > Texaco 21.550 1988
APPLI CATION :  MBG+H, for fuel
and feedstock
CGENERAL REFRACTORI ES KY Vel | man- 1.034 1983
APPLI CATION.  LBG fuel to kiln Gal usha
for Pearlite Mg.
CENTRAL MNAI NE MVE Texaco 14,100 1987
APPLI CATION.  Conbined cycle
power - (new)
FLORI DA POAER FL BGC—l 7.458 1985
APPLI CATION  Conbi ned cycl e Lurgi
repower
TRANSCO X Lurgi 21.550 1985
APPLI CATION.  MBG to existing
power plants
PHI LADELPHI A GASWORKS PA TBD 3. 448 1985
APPLI CATION.  MBG fuel gas
E&G MA Texaco 28.500 1986

APPLI CATION:  Conbi ned cycle
power & nethanol

NOTE:  Over 40 proposals were received in response to 3/79 Notice of Program
Interest. About 50 proposals were received in response to Feasibility
and Cooperative A?reemant Solicitations under p.L. 96-126. pr, 96- 304
programs are not listed due-to the funding uncertainty associated
with the current recission order.
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TABLE 5-6:

POTENTI AL COMWERCI AL SCALE PROJECTS--H GH BTU GAS

PROJECT

SI TE PROCESS

APPROX.
CosT
(B9)

EST
START
UP

PRQJECT
Sl ZE
( L000BOE\ D)

GREAT PLAINS GASI FI CATI ON ND Lur gi

STATUS . $40 million spent
for project design and en-
vironnental work. Al per-
mts obtained but final FERC
tariff to market the gas.

DCE cooperative agreenment &

| oan guarantee under P.L. 96-
126. Plant could be producing
by 1984. A second Plant W th
additional 138 mscf/day is
contingent on the results of
Phase 1.

1984 1.5

25
(138mmscf/ d) earliest

wycoaL GAS | NC. Lurgi

STATUS.  Recently received
DCE cooperative agreement to
devel op definitive design
estimate costs, secure per-
mts and approval s, obtain
financing and identify Iong-
|ead delivery items; market

I's conpany owned pipeline

to md-Vest. Second phase
woul d add a second 150 mmscf/d

wy

Texaco

25
(150mcf / d)

&

EL PASO NATI ONAL GAS NM

STATUS: Initial 1972 appli-
cation to FPC placed in
abeyance.  Coal conmtnent
obt ai ned; water |ease ex-
Bected; FERC tariff required

Lur gi

earliest
1986

13
(72mscf\ d)

efore construction.

TEXAS EASTERN/TEXACO Wy Lurgi
STATUS: Water and coal from

Texaco' s Lake Desmet Reservoir

property. Recently announced

privately financed feasibility

study.

could be
operative
by 1990

50
(275mscf/ d)

-28
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TABLE 5-6 (continued)

PRQIECT EST APPROX .
S ZE START CosT
PRQJECT SITE PROCESS  ( 1000 BOE/D) uP (BS)

PANHANDLE EASTERN PI PELI NE W Lurgi 25 2.

COVPANY

STATUS :  Coal and water commit-

ments have been obtained. No

filing yet before FERC.  Second

135 mmscf/day stage if justi-

fied by first stage results.

MOUNTAI N FUEL COVPANY ur Lurgi 50 1990

STATUS:  Feasibility study (275mmsct/ d)

under way. No filing before

FERC to date.

NATURAL GAS PI PELI NE CO ND Lurgi 50 | ate

OF AMERI CA (275mscf/d)  1980s

STATUS. Prelimnary engineer-

ing design conpleted. No

filing before FERC.

TEXAS EASTERN SYNFUELS NM Lur gi 43 | ate

STATUS:  Beginning DCE funded (sng+VECH 1980s

feasibility study.

CROAE TRIBE OF | NDI ANS Mmr Lurgi 22 1987

STATUS:  Beginning DCE funded

feasibility study.

"Refers only to PL 96-126 feasibility and cooperative agreements. PL 96-304

project progranms are not listed due to funding uncertainty associated wth

the current budget recission order.

SOURCE: E. J. Bentz & Associates
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TABLE 5-8 :  SYNTHETI C COAL GASES COVPARI SONS

Sour ce 1980 1985 1990 1992 1995 2000
Nat i onal Energy Plan?
(May 1979) .8-1.0
Frost & Sullivan? .8 2.2
Exxon3 .9 .7-1.5
U. S. D$4 .05 . 36 .63
Shel | ° 19 .49
Scenario A . 085 . 355 .680 .9
Scenario B . 085 . 65 1.15 1.5

1U.S. National Energy Plan I1.

‘As reported in Synfuels, 2/80.
3Exxon Energy Qutl ook, 12/79.

4Private conmuni cation, DCE

5Shell Nat i onal

SOURCE: E. J.

Energy Qutl ook, 2/80.

Bentz & Associ ates
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(c) Coal Liquids

As discussed in earlier chapters, coal |iquids con-
sist of indirect liquefaction of coal (Fischer-Tropsch
| 'iquids, methanol, methanol-gasoline) , and direct liquid
processes (Hcoal, EDS, SRGI? . As shown in the accom
panying Table 5-9, all early (to 1990) commercial scale
proj ects receiving current governnent support are in the
I ndirect category, although several direct |iquefaction
proposal s have been received. Assuch, indirect I|ique-
faction liquids are expected to dom nate coal |iquids
product in the later decades of the century. At present,
the only comercially denonstrated coal |iquefaction pro-
cess is the Fischer-Tropsch process used in the SASQL
plants in South Africa (described in Chapter 3) . This
process technology, an indirect |iquefaction technol ogy,
I's being adopted and inproved for use in the US. The
other key indirect |iquefaction processes are nethanol
production-- a well known commercial process Iechnolo?y,
and Mobi | - M et hanol -t o- gasol i ne process, which should
be commercially denonstrated within several years. In
addition to several U S. funded domestic studies for M
gasoline (see Table 59), there is a pilot plant denon-
stration project in Germany (Reference-No. 48 ) , and
a natural gas-nethanol - M gasoline commercial project
schedul ed for operation -in New Zeal and by md-80"s
(Reference No. 49 ). At present, there are no “comer-
cially available direct Liqyefaction processes. The
government has jointly (with industry) funded an SRC 1l
denonstration plant and an
EDS, and H-coal pilot plants for operation in md-80's.
I ncluding the government sponsored study projects, there
have been a total of 13 commercial plants, 4 denonstration
plants, and 4 pilot plants are proposed/or in operation
In the US (Reference No. 18 ).

The anticipated deployment, based on judgnenta
interpretation of individual planned projects, current
survey work, and individual project reviews, is depicted
In the acconpanying Table 5-9. As expected, indirect
| i quefaction processes dom nate throughout, with direct
l'i quefaction Frocesses comng on stream late in the
century. Early deploynent is expected in the Northern
Geat Plains and Sout hwest region to capture existing
product pipeline capacity (and water transport) and to
fill energy product demands. Direct |iquefaction devel op-
ments are projected to cone on in the 90's, and focus
their activities in the Appalachian and Interior coal
regi ons.
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Direct liquid conversions naturally produce a high
fraction of heavy oils. Since the traditional market for
heavy oils éutility and industrial boilers) wll probably
convert to direct conbustion of coal and medium Btu gas,
upgradi ng of product slates into other market fuels Is
probable. Qulf's “Phase Zero Study” to DCE (al so see
Mar ket Aﬁplications for SRC-11 products, Proceedings of
the Sixth Annual International Conference on Coal Gasifi-
cation, Liquefaction and Conversion of Electricity, Univ.
of Pittsburgh, July 31-August 2, 1979) identified a sub-
stantial market where coal-derived liquid boiler fuels
woul d have a distinct econom c advantage over coal
combustion with flue gas desul furization primarily in
congested areas of the Northeast where retrofitting to
include flue gas desul furization is expensive. As an
exanpl e, projected EDS product slate usage could consist
of stationarr turbine fuels, special marine diesel fuels,
and potentially hone heating oils.

I'n general, direct coal |iquefaction yields a high
fraction of heavy fuel oil products. Current R&D work
(at the laboratory stage) ains at upgrading this yield to
the mddle distillate, and naptha portion, thus mnim zing

t he residual portion. However, this requires considerable
upgradi ng by hydrogeneration or hydrotreating, as discussed
in Chapter 4. In general, the products will be much nore

aromati c than equival ent petrol eun-based products (private
comuni cati on, Exxon Conpany, USA, 10/ 80)

Indirect liquids such as Mbil-M gasoline and
met hanol have projected use in transportation, and
transportation/utility peak usage respectively. These
and other product slates (Fischer-Tropsch) have been
identified and discussed in Chapters 3 and 4.

Tabl es 5-10 and 5-11 depict the scenarios con-

structed fromthis data. Table 5-12 conpares the
scenario Wi th other data.
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TABLE 5-9 :  POTENTI AL COWMMERCI AL SCALE PRQJECTS--COAL LIQUIDS (12/80)
(SOURCE: E J. Bentz & Associates; note feasibility study
refers only to PL 96-126 prograns)

PRQIECT EST APPRQX.
Sl ZE START COsT
PROJECT SITE PROCESS (1000BCE/ D) wp ( BS)

WR.  GRACE TN Texaco 6 0.5

STATUS:  DCE cost shared demo; wggnol

conceptual design near com

pletion; construction schedul -

ed for 1984,

TEXAS EASTERN SYNFUELS KY Fi scher 56

STATUS. Feasibility study Tropsch

conpl eted; entered into

cooperative agreement wth

DCE.

HAMPSH RE  ENERGY W Met hanol 18 1985

STATUS:  Beginning DCE funded M Gas

feasibility study.

NAKCTA CO. ND Met hanol 40 1987

STATUS:  Begi nning DOE funded
feasibility study.

WR GRACE co Met hanol 14 1986

STATUS:  Begi nning DCE funded
feasibility study.

AMAX MN Met hanol 1985

STATUS:  Beginning DCE funded
feasibility study.

HOUSTON NATURAL GAS/ TEXACO LA Met hanol 11 1987

STATUS.  Beginning DCE funded
feasibility study.

COOK I'NLET REG ON AK Met hanol 23 1987

STATUS.  Beginning DCE funded
feasibility study.

CELANESE > Met hanol 10 1986

STATUS.  Begi nning DCE funded
feasibility study.

CLARK OL & REFIN NG IL Met hanol 12 1987

STATUS:  Beginning DCE funded M Gas
feasibility study.
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TABLE 5-10: COAL LIQUI DS BU LD-UP RATE SCENARIOS : I NDIRECT AND DI RECT*
(12/80 ) (In Plant Units of 50,000 BPD)
of Crude G| Equival ent

SCENARI O 1980 1985 1987 1990 1995 2000
A Capacity added 3 3 3 5
in period
Total Capacity 3 6 9 14
B Capacity added 3 5 10 12
in period
Total Capacity 3 8 18 30
A Capacity added 2 2 2
in period
Total Capacity 2 4 6
B  Capacity added
in period 2 8 10
Total Capacity 2 10 20

*Coal liquids build-up scenarios were constructed using interviews
and referenced information as cited in Table 5-9, text, and
footnotes p and r.

SOURCE: E. J. Bentz & Associates
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TABLE 5-11: COAL LIQU DS BU LD-UP RATE SCENARI OS* (12/80)

(I'n plant Units of 50, 000BPD)
of Crude G| Equivalent

Scenario 1980 1985 1987 1990 1995 2000
A Capacity added 3 5 5 7
in period
Total Capacity 3 8 13 20
B Capacity added 3 1 18 22
in period
Total Capacity 3 10 28 50

*Val ues derived from Table 5-10.

SOURCE: E. J. Bentz & Associates
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TABLE 5-12: COAL LIQUI DS COVPARI SONS
(MVBD) of Crude Q| Equivalent

Sour ce 1980 1985 1987 1990 1992 1995 2000
National Energy Plan .7-1.8
Frost & Sullivan* 1.0-1.5 9.5
U S. DCE .14 b 8

12 .37 .57
Shel1l’ .03 .25
Scenario A o 15 4 .65 1.0
Scenario B .15 5 1.4 2.5

'National Energy Plan I, 5/79.
2Synf uel Week reported 2/8/80.
3private communi cation, DOE, 11/80.

4SheII National Energy Qutlook, Prelimnary Version, Feb. 1980.

SOURCE: E. J. Bentz & Associates

ej b&a



(D) Summary Tabl es and Conparisons

Tabl e 5-13 depicts the summed synthetic fuel deploy-
ment schedules. Table 5-14 conpares our “grass root”
scenario build-up with other estimtes devel oped by _
different approaches. As seen in Figure 5-1, the scenario
brackets nost estimtes.’

_ Next we will l[ook at the |abor requirenents associated
with the scenarios, as well as identify other inpacts and
concerns associated with their synfuel deploynent.
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TABLE 5-13 : SUMMED SYNTHETI C FUEL DEPLOYMENT SCHEDULES*
(in plant units of 50,000 BPD)

of Crude Q1 Equivalent
1980 1985 1995 2000
Shale O | 9 9
Coal Liquids 13 20
A Coal Gases 1.7 13.6 18
Tot al 2.2 35.6 47
( MVBD) (. (1.78) (2.35)
Shale O | 18.5 19.0
Coal Liquids 28 50
B Coal Gases 1.7 23 30
Tot al 2.2 69.5 99
( MVBD) (.11) (3.48) (4.95)

*Derived from addi ng Tables 5-2, S 7, and s5-11.

SOURCE: E. J. Bentz & Associ ates
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TABLE 5-14 COVPARI SON OF TOTAL SYNTHETI C FUEL PRODUCTI ON
ESTI MATES ( TARGET GQALS)

MVBD
of crude BI ngui val ent

Sour ce 1985 1987 1990 1992 1995 2000

Energy Security
Act .5 2.0

Exxon OJtIook2 1.2-1.5 4.0-6.1
Banker s Trust3 .5
Mel | on Institute4 2.1

Nat | . Energy5
Plan (I1) 2.4-4.1

NTPSCS

(Low Meal) 0-.02 03-.18 .28-1.27 1.34-5.34

Shel | ! .22 .89
2/ 80

Scenario A J11

Scenario B J11

lenergy Security Act, PL 96-294 6/30/80, Sec. 100(a) (2) .
2Exxon Energy Qutl ook, Dec. 1979.

3Bankers Trust Forecast--as reported in Synfuels, 8/15/80.
‘Mellon Institute Forecast --as reported in synfuels, 8/22/80.
SNational Ener gy Plan |1, My 1979.

SNat i onal Tr ansportation Policy Study Conm ssion Report, July 1979.

"Shel | Nati onal Energy Qutl ook, prelimnary version, Feb. 19, 1980.

SOURCE: E. J. Bentz & Associ ates
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5.4 Labor Requirenents Associated Wth The Scenarios

There are two categories of labor needs: construction

| abor and operations |labor. As discussed in Chapters 2,
3 and 4, construction Tabor represents a peak enploynment
situation whereas operations represents a steady-state

| abor requirenent associated with the useful life of the
facility. In addition, as discussed earlier, there are
addi tional |abor requirenents in the geographical (and
sectoral) area associated wth provision of goods and
services for the facility or for its |abor force. The
peak |abor force is confined to a linmted nunber of years
(4-6) and often is several times the size of the resident
population. This is especially so in the West. The im
pacts of this surge in peak |abor can cause nunerous com
munity and environmental concerns in addition to severe
strain on local infrastructure and even erosion of this
infrastructure. Reference No. 52 discusses in detail

sone of these site inpacts and their consequences. In
addition, several studies, such as the Sec. 153a Studies
of the 1976 H ghway Bill, have |ooked at “Coal Roads”

| ssues, and the recently passed Energy SecuritY Act
mandat es further studies to assess and hopefully suggest
mtigation to energy inpacted comunities. The Nati onal
Transportation Policy Study Commssion in its final report
(July 1979) specifically addressed the large and grow ng

I npacts of coal novenent either in unbeneficiated or
product form (pp. 141-149: The Commission forecast a

| arge growth in the novemrent of coal. Associated with
these movements will be: Physical capacity concerns of a
carrier nature; adequacy of service issues associated wth
carrier capabilities, and potential disruptions associated
with these |arge scale nmovenents)

5.4.1 Operations Labor Needs

~ Based on Chapter 4 results, a typical |abor conpo-
sition for operation of a 50,000 barrel/day svnthetic
fuel facility is as follows: :

Oper ati ons _ 120 peopl e
Qperator supervisors 25 peopl e
Mai nt enance | abor 150 peopl e
Mai nt enance supervisors 30 peopl e
Adm ni strative 30 people
Tot al 355 people

Hence, upon applyin? this typical labor force participation
to the scenario deploynent estinmates we arrive at the
follow ng aggregate estimate of needs: (See Table 5-15).
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TABLE 5-15 AGGREGATE OPERATI ONS LABOR NEEDS (WORKERS)

Wr kers 1985 1990 1995 2000
A B A B A B A B

Operators 264 264 2773 3960 4272 8340 5640 11,880
Operator Supervisors 55 55 578 825 890 1738 1175 2,475
Mai nt enance Labor 330 330 3465 4950 5340 10,425 7050 14,850
Mai nt enance Super vi sors 66 66 693 990 1068 2085 1410 2,970
Admini strative 66 66 693 990 1068 2085 1410 2,970

Total s 781 781 8202 11,715 12,638 24,673 16,685 35, 145

Table 5-15 entries derived upon applying Chapter 4 typical l|abor force estinate
to values developed in Table 5-13.
Chapter 4, based on ESCOE process estimates.

SOURCE: E. J. Bentz & Associates
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5.4.2

Construction Labor Needs

For a typical 50,000 BOED synthetic fuel plant, the
follow ng construction |abor skill mx needs are repre-
sentative for the generic process as described in
Chapters 3 and 4 (rmanpower requirenments provi ded by
Chapter 4 reference information and Reference No. 53 ).
These estimtes, as described in the reference citation
are associated with the conversion process above. In
addition to these estinmates will have to be added | abor
needs associated with mning, transportation, potential
upgrading, distribution, and retailing. These requirenents,
however, w |l depend upon the specific product produced, the
particul ar resource (fuel or coal) selected, the nature of
the site, and other specific features. The Appendix to
Chapter 2 gives a representative sanple for different
specific conditions. Manpower rates used are those based
upon the previously referenced ESCOE work, which was part
of the original study design.

A Direct Coal Liquids and Shal e:

Engi neers 958 nan years
Dr af t smen/ Desi gners 625 nman years
Manual , blue collar 9160 man years

(including pipefitters,
wel ders, skilled |abor)

B. I ndirect Coal Liquids:

Engi neers 1985 man years
Dr af t smen/ Desi gner s 1330 man years
Manual , blue collar 16,185 man years

i ncludin ipefitters,
vslel ders, gkipl Iped | abor)

(. coal Gases

Engi neers 1000 man years
Dr af t smen/ Desi gner s 700 man years
Manual , blue collar 9000 man years

i ncludin ipefitters,
\/$Ie| ders, s?kipl Iped | abor)
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The typical construction period is spread such that the
spread used for construction personnel |abor demand is
as fol | ows: (This does not include permtting require-
ments or del ays)

Year
% Depl oyment 1 2 3 4 5
Engi neers _ 30 40 15 10 5
Dr af t snmen/ Desi gner s 30 40 15 10 5
Manual / Bl ue Col | ar 0% 10% 30% 40% 20%

Using the above estimates, and the previously derived supply
depl oyment scenarios, we estinmate the follow ng incremental

| abor construction requirements (for each indicated tine
period) for each generic process and scenario (Tables 5-16
to 5-19 ).
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exqls

8v—-¢

TABLE 5-19 : COAL GASES *

| ncrenental Construction Labor Requirenments for Plants Com nOn-line in Period Ending

( Man- Year s)

1985 1990 1995 2000
Scenari o: A B A B A B A B
Engi neer 1,700 1, 700 5,410 11, 330 6, 480 10, 000 4,400 7,000
Dr af t smen/
Desi gners 1,190 1,190 3, T8+TTTT 7,910 4,543 7,000 3,080 4,900
Manual ,
Bl ueCol | ar 15, 300 15, 300 48,690 101, 700 58, 410 90, 000 39, 600 63, 000

*Tabl e 5-19 values based on process construction |abor needs identified in
Section 5.4.2 applied to values in Table 5-7.

SOURCE: E. J. Bentz & Associ ates



5.4.3 Regional Deploynment of Synthetic Fuel Plants Wrk
Force

_ Not all construction [abor needs will be uniformy
distributed. As discussed earlier, different generic
processes will favor siting in different regions:

(i) a1l Shale: Alnmpst all shale plants will be sited
In the West until the close of the century. Hence
al | | abor needs--both construction |abor and opera-
tion labor--will be centered at the sites specified

earlier (Piceance, U nta Basin) .

(ii)  Coal Liquids: Coal liquids, like coal gases, wll
pe more W dely dispersed due to the abundant and
regionally varied U S coal supplies. As discussed
earlier, nost of the earlier plants will be of the
indirect variety. Later direct plants wll be de-
ployed in the Interior and Appal achian regions.
Usi ng our previous build-up estimates, and those
of other references, (34) , we estimate the follow
ing regional work force for coal |iquids:

Tabl e 5-20: Regional Share of Increnmental Construction

VWork Force tor Plants Comng On-Line 1 n
Peri1 od Endi na:

(% Share of Totals in Man Years)'

_ 1990 1995 2000
Scenari o: A B A B A B

South Atlantic 0 11% 29% 15% 0 6%
East North Central 37% 30% 29% 35% 50% 41%
East South Central 13% 13% 14% 13% 17% 12%
West North Central 25% 21% 14% 15% o 18%
West South Central 0 0 0 5% 17% 12%
Nort h Mbuntain 25% 25% 14% 5% 17% 11%

(iii) Coal Gases: As discussed earlier, coal gases’
characteristic size units are smaller, nore

numerous and nore regional ly dispersed. It is
expected that they will share the same regional
share depl oynent as do coal liquids reflecting

sitings at coal resources, and reflected in the
t abl e above.
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5.5 Additional Concerns and | npacts: Product
Acceptabi i1ty Concerns

W have already identified key inpact concerns and
constraints: associated with synfuel devel opment al ong
the entire fuel cycle (Chapter 2); associated wth
i ndi vi dual technol ogi cal processes (Chapter 3); wth up-
grading (Chapter 4); and with actual proposed synfuel
plants (Chapter 50. W also have identified and dis-
cussed the supply-oriented needs and constraints asso-
ciated with synfuel development. Many of these concerns
are characteristic of the site-process selection (see
Footnote to Chapter 5) , and others are characteristic
of the entire industry build-up to meet synfuel ob-
jectives.

In addition to these concerns, there are other con-
cerns associated with synfuel product acceptability in
the user marketplace. Traditional end use technol ogy--
such as internal conmbustion engines--have been optim zed
to nmeet performance specifications based on power fuel
speci fications, i.e., fuel product specificity must match
eng]ne tol erances on a physical and material basis. In
addition to these performance specifications, additional
institutional requirenents have been placed on the
utilization of end use technol ogies. Choosing t he
aut onobi l e again, autonotive em ssion standards for
criteria pollutants have been established wth schedul ed
decreases in enissions over time. In addition, autonotive
fleets are subject to neeting the CAFE standards for fue
economy. Hence the optimzation process of matching auto-
nmotive performance with fuel specifications is a con-
strained one.

The potential changes in autonotive standards
(em ssion standards for diesel exhaust), as well as the
potential introduction of new regulations and procedures
whi ch inpact on fuel production (such as regulations
ursuant to TSCA, RCRA, and Hazardous Waste Act) , wll
urther constrain the choices available and the tine
available to find them Aso in the achievement of these
choi ces, tradeoffs between preservation of perfornmance
oals and renoval of potential contam nants nmay have to
e made. Several exanples of the types and nature of
these product acceptability concerns follow

«Severe hydrotreating of syncrudes may alter or
destroy certain fuel characteristics such as
lubricity. In recent tests (Reference No. 54
of hydrotreated Al askan crude, the Navy found
that the hydrotreating affected the lubricity
of the resultin? fuel, which in turn affected
the operation of their fuel punps in aircraft
engi nes.
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« The handling and burning of heavy fuel oils,

especially from coal, my raise gotential concerns

due to their high aromaticity and potentia

toxicity.

Potential carcinogenic concerns have also been
rai sed (Reference No. 55). These concerns require

further testing.

« Nitrogen renoval: Several concerns have been
rai sed about the relatively higher concentration

of nitrogen in synfuels. Anmong them

H gher nitrogen content in synfuels has

been found by Navy to be a factor in
“gunming” (reference above)

Meeting present NQautonotive em ssion

standards (1.2 grams/mle) has been

difficult for the industry. Wth the
hi gher fuel -bound nitrogen content of
oil shale liquids, this difficulty is

expected to increase. Although severe

hydrotreating of the oil shale would
certainly inprove this situation, it
i nvol ve, as discussed in Chapter 4,

woul d

addi ti onal up?rading costs. (I'n general
wou

shal e oil

| d be hydrotreated to reduce
nitrogen content prior to pipelining to

refinery. Aso arsenic contam nants woul d
be renoved as-they would poison refinery
catal ysts, a key question in the degree of
upgrading to neet anticipated specs, and at

at cost?)

Mbst SRC |iquids have been found to be too

high in sulfur and nitrogen content.

Recent

tests sponsored by EPRI at Con-Ed in New

York with SRC-Il liquids have required

conmbustion nodifications.

« The storage of inconplete refined or upgrated
products may pose disposal problenms (and costs)

esPeciaIIy In nore fragile ecosystens (see
re

erence 56 for discussion of aggregate waste

requi rements)
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Next Step(s)

Next Step(s) will require that additional research
and testing be perforned both at the fuel supplier and
end-user levels so that optimum changes can be nade
bet ween fuel upgrading requirenents and end-use conbustion
changes. As shown in Chapter 4, s¥nfuels can, in principle,
be processed to resenble current fuel production “specs”
T(e. g., gasoline produced fromthe Sun G| refinery at
oledo fromtar sands feedstocks) . Simlarly, redesign
of end-use technologies to neet |ess expensively
produced synfuel yields are potential research options.

The potential use of the higher aromatic content of

coal liquids for efficiency inprovenents in higher-
conpression engines is one exanple. The use of neat
net hanol is another. The essential series of sub-

optim zation “match-ups” --constrai ned by health,
environmental, safety and other concerns such as
liability for technology warantees--will also reflect

the utilization of current infrastructure (e.g., refinery
capacity) , and the projected conposition of natura

crude supplies (A askan and Saudi sour crudes, Venezuel an
and Bakersfield heavy crudes; Overthrust production), to
whi ch synthetic fuels contribute. This, however, is
beyond the scope of this study."
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5.6 FOOTNOTES TO CHAPTER 5

a. (1) The general nethodol ogy used in devel oping the
“bottons-up” assessnents has used the follow ng sources
of information:

(1) referenced literature and data cited in text
and footnotes

(2) nunerous interviews with industrial and govern-
nmental sources, including nenbers of the OTA
Synfuel Advisory Goup

(3) Broprietary i nformation heretofore devel oped
y EJB&A, as cited

*Mich of the interview information built upon

exi sting and on-going studies being performed by
EJB&A.  As such, the data base used was nuch

| arger than the study scope allowed in itself.
Among the key sources of 1 nterview information
wer e:

(1) Governnental interviews were conducted with
nunmerous federal - and state offices including:
the U S. Department of Energy [Policy Ofice,
Fossil Fuel” Ofice, Resource Applications,
Conservation Ofice, National Laboratories
(Cak Ridge)], the U S. Environnental Protection
Agency (Toxics Substance Ofice, R& Ofice),
Kentucky Departnent of Energy; California
Energy Conm ssion; and the Mssachusetts
Energy O fice.

(2) Industrial interviews were conducted with
nunerous staff of the major oil conpanies;
chem cal conpanies; autonotive conpanies;
and utility conpanies.

The OTA Synfuels Advisory Goup, as well as the
OTA staff, were particularly helpful in their sound
advi ce, judgment, and insights in devel oping

I nformati on.

(ii) The overall guiding general assunptions used in the
met hodol ogi cal approach were:

(1) There will be no nmajor international conflict

whi ch woul d preclude supply of foreign raw
materials and manufactured equi pment.
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(2) There will be no dramatic increase in the
consunption of energy related materials or
equi prent by other segnents of industry
which will inpact on the synfuels fuels
program

(iii) The overall approach methodology is given in
footnote p.

(iv) Specific assunptions associated with the devel opnment

of each of the scenario assessments have been given in the
text, and in footnotes: p ggeneral and for shale oil);

q (for coal gases); and r (for coal Iiquids. Furt hernore,
reglonal|zat|on techniques are cited in footnote t.

(v) Scenario scope was chosen in consultation with OTA
staff at initial and interimbriefings, and as reflected
In contract study scope.

As discussed later in the individual scenario sections,
“high” refers to a maxi mum depl oyment schedul e, which
pushes the limts of material and skill mx availability.
However, it does not represent an energency, supply
interruption contingency scenario. Developnent in the high
scenario is conducted by the private sector wth fiscal
and R&D incentives being provided by the governnent so as
to mnimze commercial risk, and to accelerate the pace
of devel oprent . The “busi ness-as-usual” depl oynent
schedul e represents a nore historical growh characteristic
of capital-intensive new growmh industries, as discussed
in Chapter 4. H gh capital demands, technical uncertain-
ties, and other factors discussed in Sections 5.2 and 5.3
dictate a nmore cautious approach that mnimzes financial
exposure.  The governnental role is mainly an R&D role,
especially in high-risk, yet potentially high payoff
beneficial technol ogies. ~ Government fiscal incentives
are very mninmal as conpared to the high scenario. High
and | ow scenario choices were chosen in conjunction wth
gui dance from the OTA staff in initial, and subsequent
Interim briefings.

l.e., in the mid-term (1980-2000), we have attenpted using
existing information on schedul ed supply projects to natch
supply concerns with demand needs. An aggregate approach
reveals little as to the “nake-up” of the fuel conposition
al though macro aggregate techniques can be valuable in

l ong-term analysis, and in investigating macro-economnc
effects such as capital formation and nonetary effects.

Post 2000 fuel demand slate requirenments are dictated

more by an assessment of |ong-term econom c market forces,
and post 1980 m d-stream supply corrections that by 1980
“current” supply deployment constraints. This is especially
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so since there is anple time (for the 2000+ peri od)

to renedy longer-term constraints and because of the

I nherent uncertainties associated with projecting |ong-
tern1squIy projections. This will be nmore fully dis-
cussed later in footnote p, subsection (v).

“Transition period” here sinply refers to the time period
1980-2000 in which we are introducing new fuel supply
sources to conplenment our existing sources. Post 2000
fuel supplies nmay consist of considerable nunmerous, non-
renewabl e, and renewable fuel sources contributions. As
such, the 1980-2000 period reflects a period of decision-
maki ng and change to achieve alternate fuel goals.

Exanpl es of these are: fuel cell use in autonobiles;
electric vehicles; and extensive use of active device
solar heating and cooling. For a nore detailed descrip-
tion of potential autonotive end use technol ogy changes
see Report of the National Transportation Policy Study
Comm ssion, June 1979, p. 93.

As an exanple of an alternate integrated approach see
Forecasts of Freight System Demand and Rel at ed Research
Needs, National Academy of Sciences, June 19/8;
“Transportation Mdeling and Frei ght Demand Trends,
po 33, E. J. Bentz & Associates

Al ready defined in (e) above.

These alternative assessments, as referenced, reflect the
use of a variety of different techniques. The specific
techni ques used differ greatly. \Wereas some forecasts
rely heavily on the use of nacroeconomc nodels (e.g., DRI,
\Wharton, Chase) , others use nore industry-specific survey
approaches. In the cited references for each alternative
forecast, the specific nethodol ogy enployed is identified.
I't should be clearly recognized that there are no “best
and only” afproaches, since different technique highlight
different effects, e.g. , an industry survey may give good

I nsight on industry-specific technology changes, but give
littTe insight on the inpacts of how potential external
changes in national interest rates nay affect the industry.

Capital formation concerns including availability and rate
concerns are a key ingredient to synfuel project devel op-
nent.  However, scope, budget, and time precluded a

di scussion of an analysis of these concerns. A genera

di scussi on of these concerns can be found in “Synthetic
Fuel s,” Report by the Subconmittee on Synthetic Fuels

of the Conmttee on the Budget, U.S. Senate, Septenber 27,
1979, Chapter 1V, p. 23, and Appendix I, p. 55.

Exhibits 5.1 and 5.2 identify respectively the potentially
critical material and equipnent requirements for coal
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liquid plants (and associated m nes), and overall
sel ected naterial and equi pnent itens required.

They both represent a series of conputer runs using the
ESPM nodel described in reference 44. The key inplica-
tions of these tables and reference 44 are:

for nost equipnment itens, projected requirenments
represent a relatively small percentage of
overall manufacturing capacity

in general, donmestic manufacturers can expand
production as demand devel ops

in addition to domestic capacity, there is
foreign manufacturing capacity that can suppl e-
ment U.S. donestic capacity

there are key items, as discussed above in the
text (such as draglines), where there may be a
potential constraint of a capacity or |eadtine
nat ur e

Furthernore, as illustrated in Table 5.2, reference 44
assessed for two different deploynment schedul es, peak
needs for equipnent as a function of current production
capacity. In this regard” “peak” was used to represent
the maxi num annual equi pment requirenents associated with
t he depl oynent schedules.- Once again, we see that

“dragl 1 nes” and “heat exchangers” are items of concern

in that peak requirenents are _a significant fraction of
existing donestic capacity. These peak concerns are
further constrained In that sone itenms such as draglines,
air separation plants, and large punps and reactor vessels
require substantial supply leadtimes. A though foreign
purchases may alleviate potential shortfalls, earl¥
programmatic planning can facilitate donestic manufac-
turing expansions. These plans would include not onl

equi pnent planni ng but planning concerning: transporta-
tion needs, capital formation, siting concerns, water
needs, and technical personnel needs. These wll be

di scussed later in text.

Overal | enploynent statistics are of limted value in
assessing potential |abor constraints. The short ages
whi ch may occur will be for a particular technical or
craft skill. For this reason, exhibits 5.3-5.4 are
broken down by skill mix. Simlarly, since project
construction-- as described in later section--is |ocation
specific, an overall regional assessnment is illustrated
in exhibit 5.5. As reference 44 discusses, the key

| abor constraint concerns are:
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the availability of chem cal engineers may be
a key limting factor in the availability of
engi neering manpower

the nost serious challenge in neeting engineering
requirenments will Erobably be in the early peak
years, as Exhibit 5.3 shows for design and
construction. This sinply reflects the early

I ntensive use of these skills in normal project
depl oynment

that the supply of civil, electrical, industrial

and nechani cal engineers wll probably not present
as severe a concern as neeting chem cal engineering
requi renents (Exhibit 5.3)

of skilled construction |abor needs, the critica
needs are those of pipefitters, welders, boiler-
makers, and electricians (Exhibit 5.4). For sone
SEarse[y settled regions of the nation where
there is a limted skilled |abor force, this wll
mean bringing in considerable new |abor (such as

in the Al askan pipeline) . Exhibit 5.5 illustrates
thlg regional pattern of potential skilled Iabor
needs.

Vat er suPpIy and availability is of key concern to the
siting of synfuel plants. As mentioned in the text

(p. 5-13) and in Chapter 2, this is particularly true for
arid regions of the West- Under the prevailing system of
purchased water rights, nost of the available surface

wat er S%Fply in these Western regions has already been
allocated. ~Assuch, these rights will have to be

acquired for prospective projects. It has been estinated
in The Nation's Water Resources, the Second National Wter
Assessnent, U S. Vater Resources Council, "Washington, D.C.,
vol.  A-Z, April 1978, that the characteristic maximm

wat er consunption in the nost water-scarce areas likely to
contain synfuel plants would be about swof current
consunpti on. State Water Law in the West: | nplications
for Energy Development, Los Alanps Scientific Laboratory,
January 1979, gives a conprehensive discussion of current
water rights, and transfer in the West, especially as they
affect potential energy site devel opnent.

Ranges of shale oil capacity vary greatly depending on key
assunptions. As an exanple, the OIA's "An Assessnent of
Ol Shale Technologﬁ, " June 1980, lists a 1990 production
target of 400,000 barrels/day as being “consistent with
achieving an efficient and cost-effective energy supply
systenf (p. 10) and an alternate 1990 production target

of 200,000 barrels/day as a target “to maximze ultimate

environnental information and production” (p. 11). Sinilarly,

Exxon, in its 1980 Report to the Business Roundtable, lists
a target of 8 million barrels/day by the year 2010 in the
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Pi ceance and Uinta Basin. These ranges which depict
the uncertainty of many key technical and soci oeconom c
variables are illustrated in Tables 5-3 and 5-4.

As discussed earlier, the determnation of site
choice for different processes is affected by many
factors. There are several critical factors that are
common to the siting of any synthetic fuel facility.
They have been discussed at length in the literature of
both coal and oil shale facilities (Reference Nos. 31,

32 and 33 ). One such review (Reference No. 32
Includes a detailed evaluation of seven representative
facilities for various critical factors, which include
both physical and institutional aspects. The situations
assessed are representative of potential siting situations
for coal and oil shale conversion facilities. The critical
factors considered are:

e Capital availability

) Industrial_narketin? deci sions such as
transportation availability

e Resource depletion

e Air pollution control

e Water availability

e Surface mne reclanmation
e Soci oeconom ¢ disruption

e ownership of land and the nanagenent of
federal |y owned | ands

The main objective is to determne on a regional
basis the potential for devel opment of a synthetic fuels
industry wth mniml conflicts. Assessnent of the
ability to mtigate sone of the environnental con-
straining inpacts have been studied (above references)

Among the characteristics that have been identified
and assessed are:

(1) Air Quality Characteristics: Special attention
has been paid to constraints due to Prevention of Signi-
ficant Deterioration and non-attainment areas.

(2) Water Availability: Institutional factors
(e.g., conpeting uses, allocation policies, water ri%hts)
as well as physical factors (e.g., stream flows, quality
of the water) have been identified.
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(3) Socioeconom c Capacity. The capability of
comuni ties to adjust successfully to the potential

soci al disturbances associated with the construction

and operation of large synthetic fuel facilities have

been identified as the key factor in affecting public

acceptance. This factor Is particularly inportant for

synthetic fuel facilities to be |located in western states
ere the comunities are small relative to the size of

the facilities. Socioecononm c capacity is evaluated with

respect to population size of the affected comunities,

their infrastructure level of services, and growth

hi story.

_ (4) Ecological Sensitivity. This factor is eval uated
with respect to susceptlblllt¥ of natural ecosystens to

di sturbances associated with large scale industrial activity.
Waste disposal operations and reclamation of mned |ands

and di sposal sites of spent shales are considered inpor-

tant considerations.

_ (5 Human Health. There is an undeterm ned potentia
risk to both the health of occupational workers enployed

in the synfuel plants, and to the popul ation surrounding
the plants. As discussed in reference 31 , the
risk factors are still largely undefined because know edge
I's lacking about the kinds and quantities of toxic materials
to be released from actual synfuel plants. (See

(6) Lﬂﬂd_ﬂ¥ﬂ$L%th. This factor, and particularly
the management of federally owned lands, i1s particularly
important in the West. There, the federal government is
a major land holder, and sonme critical |ands are owned
by Indians. Policies established under the Federal Land
Policy and Management Act of 1976, as well as existing
managenment practices are in conflict with extensive ex-
ploration and devel opnent of coal and oil shale resources

“and with the siting of synfuel facilities.

Tabl e s2shale oil build-up scenarios were constructed
using the following iterative process. This sane approach
was used in the buirld-up scenarios of coal |iquids and
gases:

(1) Utilize CGeneral Methodol ogi cal Assunptions stated in
footnote (a) (1.e., not supply interruption concerns)

(2) Specific Approach:

(i) From Table 5-1 develop initial project schedul es
basel i ne reflectln?_“ usi ness-as-usual conditions.
I n devel opi ng baseline schedules utilize specific
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(i)

(iii)

(iv)

project information; interviews with industr
and government officials and conparisons wt
ot her individual and aggregate conpani ons
(referenced in Table 5-3

After developing initial baseline, iterate by
reviewi ng agai nst above referenced conparisons
and additional interviews. Using a nodified
Del phi -type approval, develop a final baseline
schedul e.

using final baseline schedule, repeat steps

(i) and (ii) above, under new "upper limt"

condi tions. These conditions reflect a maxinum
possi ble rate-of-growmh schedule consistent with
pushing material, manpower, and siting concerns
di scussed in Sections 5.1 and 5. 2. They nostly
closely reflect an environnment of significant
governnental fiscal incentives to mnimze narket
commercial risk and accel erate devel opnent, as
reflected in the economic climate of the fall of
1980. They do, however, reflect utilization of
private market forces, and not |arge-scale direct
governmental intervention. For a nore detailed
di scussi on of governnental assistance see
“Synthetic Fuels, Report of the Senate Budget
Committee, Septenber 1979, Chapters |V and V.

As such, this “high” scenario does not reflect

an emnergency planning, oil suPpIy di sruption
scenario. Such-a scenario, although very useful
inits ow right, was not in the directed scope
of work, and would require significantly different
met hodol ogi cal assunptions and techniques.

After developin?_a final “high” and "|ow'
scenario, specific scenario characteristics,

such as differences in rate of growth, peaking

of schedul ed outputs, and leveling “off”

phenonena were conpared to above referenced
Interviews and literature. A conparison of
several of these alternate “scenarios,” albeit
using different, and nostly proprietary techniques,
Is given in Table 5-3.

post 2000 depl oynment schedules are nostly "second-
round” decisions which would be based on both
results of first round (1980-2000) successes and
failures, as well as an assessment of the narket
needs for synthetic fuels in light of the supply,
availability, and price of conventional fuels,

as well as end-uses. For these reasons, extrene
values (at 2000) reflect first round decisions on
depl oyment, and not second round decisions. As
such, they are subject to nore uncertainty. A
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| ong-term overal |l energy supply, demand, and
price forecast was outside of the scope of this

effort.
in Sect
and net
range f
| ogi cal
ener gy
System

Al'so, for the nunerous uncertainties
ions 5.1 and 5.2, as well as the technical
hodol ogi cal uncertainties inherent in |ong-
orecasting. A discussion of the methodo-
and data needs associated wth |ong-range
forecasting is given in Forecasts of Frelght
Demand and Rel ated Research Needs, National

Acadeny of Sciences, 1978, p. 33; "Transportation

Model i ng

and Freight Demand Trends,” E. J. Bentz

& Associates. A discussion of the supply and
availability of energy for future transportation

needs i
Part B,

s given in Alternate Energy Sources,
Academ ¢ Press, 1981, p. 733, Transporta-

tion and Energy, Qutlook to 2000, E. J. Bentz &
Associ at es.

(vi) There are additional product quality and accept-

abilit
synf ue

concerns associated with the use of the
products. These concerns, already

introduced in Chapter 4, are discussed in
Section 5.4 and acconpanying footnote. They

add an

additional element of uncertainty into

the deploynent schedule, but at this early research
stage are at best difficult to bracket.

From Tabl es 5-5
interviews, the

and 5-6and referenced literature and
| ow/ reed Btu and high Btu coal gas build-up

scenarios were constructed from Table 5-7, using the
iterative methodol ogy described in foot note p, and the
general assunptions outlined in footnote a. As discussed
In the text (Section B), particular reference 50 was

made to the Nati
reference as wel
devel oped by E.

onal Coal Association Coal Synfuel Survey
| as detailed proprietary information
J. Bentz & Associates, and nunmerous private

communi cations with industry and governmental officials
(federal and state). As stated on p. 5-24, the eventua
regul atory treatnent of high Btu gas (pricing, advances to

‘pipelines) wll

greatly affect the scenario schedul es.

Al though the scenarios assured that high Btu gas will be
treated as natural gas, this realization will be affected

not only by the

treatment of high Btu gas, but also on the

pricing schedule of natural gas itself (i.e., natural gas

deregul ation)

Table 5-8 sunmarizes conparisons wth

current alternative forecasts. Note, as discussed in
f oot not e P,dthese alternative forecasts enployed a
0

variet¥
As suc

From Tabl e 5-9,
using the iterat
and the genera
was constructed.
and 51, as well

ifferent proprietary nethodol ogical techniques.
“bott ons-up” conparisons are not appropriate.

and identified literature and interviews,
i ve nethodol ogy described in footnote E,
assunptions outlined in footnote a, Table 5-10

O specific assistance were references 50
as proprietary information devel oped by
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E. J. Bentz & Associates, in the deploynment schedul es.
In brief, indirect liquefaction technology is a known,
commercially proven technology. Although on-going R&D
will inmprove this technology (such as alternate gasifier
designs), it is building upon a known baseline. Al so
much of the equi pment needed is conmercially avail able.

As such, early developnent in the coal liquids area wll
utilize indirect liquefaction techniques (including the
Mobi | -M gasoline process) . Direct liquefaction offers

great promse, but requires nore R&D to achieve a
simlar commercial-type status. Also, as discussed in
Chapter 4, many of the direct products wll have to be
upgraded, at additional costs, for use in existing end-
use technol ogy. Hence, “direct liquids” will be intro-
duced later 1n our deploynent schedules. Because of the
variety and conplexity of coal |iquid sources, as well

as the shale oil liquid contribution to our liquid supply
(discussed earlier), additional iterations had to be
undertaken sequencing individual supply sources (e.g.
shale and indirect liquids earlier) and then reiterating
the sums against independent numbered conparisons and
previous interview results. As such, the “coal |iquids”
scenari os-- high and | ow-represented the greatest nunber
of iterations. The conparisons of the devel oped build-up
rates with alternate estimtes (derived using different
proprietary nethodologies) is given in Table 5-12.

As discussed in footes a, ‘p, ¢, and 5, Table 5-14

depicts alternative macro-estimtes devel oped by the
referenced sources using alternate (and often proprietary)
t echni ques.

Tabl e 5-20 deveIoPed by distributing on regional basis each
of the incremental construction work forces for each of

the processes, described in Tables 5-16, 5-17, 5-18, 5-19
and then adding regional sums. ~In tiers, these regiona
factors were first™ obtained using follow ng iIndependent

sour ces:

reference 34 regional factors devel oped for

~ coal |'i quids
. Tables 5-1, 5-5, 5-6, and 5-9
reference 20 for coal liquids (indirect) and

reference 6 for all synthetics

proprietary information devel oped by E J. Bentz
& Associ at es

NOTE: 1t should be noted that Figure 2-3 on p. 2-4
represents the geological coal resource region. Because
such a breakdown does not include all supply resources
e.g., shale) as well as the fact that site location is
ependent upon a variety of factors (see footnote o), the
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Ar oma-
tics

(W %
Benzene

Tol uene

Al kyl -
benzene

‘8°°13

regions chosen for regionalization were the well-known
and used (in all the above references) census regions.

An exanple of the diversity of aromatic chemn cal

properties associated with coal-derived gasoline is
given in the follow ng table.

Gasol i ne Gasoline from (Gasoline from Gasoline from

from SRC-11 Naphtha EDS Napht ha H Coal Gas-Q |
Petrol eum Hydrotreated Hydr ocr acked Heavy Hydrocracking
12 18.0 .08 5.1
21.8 19.0 12. 6 6.5
7.0 27.9 43. 6 14.6

SOURCE: U.S. Environmental Protection Agency, Research
Triangle Park, 1980
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APPENDI X TO CHAPTER 2

Typical Mning Characteristics: Tables 3-8
From Reference: “Technol ogy Characterizations”
U S. DOCE, June 1980
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exqls

TABLE 6 -

Burface

01l 8hale Mining

BAcT SI5THG

S118 o 73,100 tong of vaw shale par doy
o 8.41) Ioh Btu/dey

° Btu/pouad of tav ehale

. Llone/tea shale ol) conteat

® slae o'u‘lon 320.9 deye/yenr

o 14.2 5 107 tens of shals sined/yes

.

[ ]

totsl sanusl eutput 1o 136.67 & uh e
alee l1ife Lo 30 years

pRsCH TTION
o In surfece nining, the ovesburden (o
removed exposiag the underlying sha
ained using the bonch toc
fractured through drfllilag
and blesting and tremsported by truche
to primesy ciuehing site.

T
e deliliag equipment
. lom equipment ( )
® ttushese
® truche

AL _CORCRans
e sir quality deterferacion
o ssaise
@ vaterl requissment
® contemination of undasground wetas
oupplies vith saline aine weter

(1) This raprecents Jand commitiod te vae over the 1ifetine of the plant, divided by the anaual output of the ploat, enpressed Ia teillien Ku.
(2) Thie represents total coot of comstructiog the plaat, divided by the sasusl eutput af the plaat, ¢

SGUACES! LRavirommeats! Protection Agency, Momilorim

RESOUBRC s
(Per 1077 o |M Produced)

NEL
Tevw uasined shale

[ 11 1]

electeicity for operating
deilling squipment and
truche

CoMrosITIoN
evganic meterisal
weter

inorgentic materia)

-u_-!(l)

aise developaent

dlepossl of permaneat
ovarburden

speat shale

diepassl of speat shale

WATER
slaing and crushing

[ 211
construction
nanpovet

metexlale

® Qutpmoat

e cher cost

total
opssation b msintensace

)

FRASOMMEL
construction
opetation b nelntensnce

Lav lronmea

Camaron Ingtineers lacorporated, Syntheric Puels Wendbook, 1973,
Oepartaent of Pmergy, Dreft Cavironmentsl lepact Statemeat tor the (updated) Pyototyps Of) $holg Leppieg Progigy. 1979,

Univareley of Ohlakoss, £

sgy Altesnatives:

Sechtel

Cotporation, Enetgy Supply Planning Wodel,

Toae

1%

3 (by wetght)
U
.

> o -

Acce
0.8
1.4

1.1
11

Acree-Yes
1T - Ly

Pollavs (1978)

216,033
18,009

I, 640
14,192

609,283
A

A Comparstive Anslyeis, 1975,
TN T

RESIDUALGE AND PRODUCTS:

(Pev 30°° Bt Produced)

AlR POLLUTANTS Tone

e artlcdolso ﬂ‘ﬂ'

501 .
1.9

nylcocarbone 3.4

co 1.00

VATER POLLUTANTS
probabilftyol ¢« | 10C
contaninstion of uader~
ground wates by sise weier

SOLID WASTE
negligtble (.00 Precessing)

ENEACY PRODUCT
eined shale rech

sssad ln tzilliton Beu.

. $00/7-11-01%, Tebruscy 1977,




eyqgle

TABLEY

Under gr oundQ | Shal e

M ni ng

ENMERCY SYSTDN:

13,700 tone of tewv shale per day
0.413 » 1012 Beu/day

2,800 Btu/pound of tev ehale

30 pslions/ton ahale oll content
tes 328.% days/yaar

alne life ta M0 y

ascairtion

24.2 a 10" tons of shale .l-a‘lu-h
total sanual output fs 133.47 & 10°° Beu

deposit le
ough & tumnel dug Inte the

otde of o valley where am outcrop sppesre.

Pillese o
suppost

laft in

sppropriate intervale.

tlon 1s aleo accompliohed by drilling ond
blastiag. The bioken shale 1o trameported
te potiable cruasher for primsry crushing.

CONpOuE NTS
o dellling oquipment
® sscevaiion aquipsent (ctemes)
® cfushese
® teuchs

EEVIROMENTAL CONCERNS

® waler requizement

with ssline sine water

tlea of uadergrouad weter supplies

RESOQURCES USED)
(Par 1032 Bty Produced)

FuEL Tone
tov uasiaed ¢ halo I’l.i&o
EnEACY
electricity for operetiing [ 7Y
deilllag equipment ond
tsuche
COMPusSITION  § we § g
orgenic asterisl t7.1
ve 1.4
tncrganic matesial 0.3
lMD‘" Agree
0.1%
ctuahing 1.9}
wATER Acte-Fae
wlaing and crushing IR e B KN R
cos1s n Dollarg (§978
cnnuucﬂu(
menpowel 164,224
metezisle 4,249
e qulpanc 234,042
other cost 821,34
totsl 344,659
® Nrttl= & malateasace L
PERSOWMMEL Worhese
construction 484
oparstion § maintenancs L)

Illl.l:t’ AND PRODUCTS)

(Pac ) Btu Produced)

AlR POLLUTANIS Toa
pstiiculates I.Ai
“l o.o012
no o.1?
lylvocubou 0.019
co e.10

VATER POLLUTANTS

probability efe dIBO
contamination e r under-
grouad valet with ¢ IMm4 wetes

SOLID wWaASTE
negligible (see Processing)

EMERCY PRODUCT Tons
o trod « IM10 rech 178,1%0

(1) Thie sepresents lond committed to use over the lifetime of the plant, divided by the sanusl output of the pleat, expressed la trillice Biu.

(2) This sepcosents total coot of constructing the pleat, divided by the annusl output of the plent, espree

SOURCES: Eavirommentsl Protection Agency, Monltoria,
Cameron Ragineers lncotporated, Syn
Depestment of Energy, Diaft Bavirormental T

d (a trillton Biu.

Eaviromment sl lupacts of the Cosl end 011 Shale lndustrias, 600/7-77-013, February, 1917,

ynthetlc '\uh WenJbook, TUTS,

wpact Statemsnt for che (updated) Prototype Oi) Shale Lessing Program, 1979,

Universicy of Oklehoms, Unergy AlternetIves: K Comparallve Raalyale, 1973

Bechtel Corporation, Enargy Supply Flsnning WodeY, TY7¥
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TABLE 8 - Coal Beeneficiation

RESQURCES USED: azs i, AND PRODUCTS:
fReacy sraTEn: Wer 107 Bte Praduced) (Por l:“ By Produced)
$128 @ Procese 2,037,000 cons of rua-of-mine (BOW) e Toue AlR_roLLVTANTS Iai_iimﬂ zome' P (wag)
coal sach pear te produce 2 million tens of run-ef-eine (ROM) or tow coal im! particulates 11 [X]
clesn cosl (ssouning eee ton of AN cosl ”‘ 1. 9.00%
® Mourly cepecity 930 tese of MON ces) hes o8 onergy comtomt o 1 11 1.9 0.6
® Opesrstes 1,000 houre per year, vaprecenting e Iltloa WBtws per 300) hy‘uulbou 1.} e.3
ten shifce pos week, 230 doye por year w o 3.4 .2
o 10 year plant life [ 171 N n
o 81.92 ellictoncy (in tovrme of Bive) electricity 3.0 u. [ IAII: :(‘xuml:! ‘e to:: {Cgegs) -; Y
3.9 2 10 S1w tots ssclved selids
o yleld by weight ta 08 eoll . .2 5007
pLscairTion un acresld) ssagences 0.2 0.0
o Cosl bemeficintion 1o o precess lor wpgrading vashing plaat [ R slualnes 1.1 0.04
coal prior te Lts wee for mecallurgical ont Joading faciiity 1.6 slac 0.04 0.003
wtility pucposes. The putpose of bensficie~ settitag pond 1.} aichel 0.01 0.00)
tioa 10 ke ¢ e lapuritios (1.0, soh and/et eullotes ] 10
sulfur) frem sev cosl. The degree of beneli- WATER Acge-Pg. total ousponded oollde 3,070 0.6
cation depends on the Lype of coal sad its consuapt ios g.i irom 4.4 0.08
The system desctibed on thie samoais 0.2 0.0%
(level £ pos Milldpe &k al.) COsSTS .iliq gl;)q )
1o & reletively & [ - It conetruction .3 10 MAIR VALTE Jesa
wore oulfus snd esh thaa wost ether types of epetation and matatensnce 3.2 2 100 primery luah‘ 0
besaliclotion, and 1t 10 aloe more costly. costee cleantngl$ ]
The resultent cleened ceal weuld ba weed lov PERSOWNEL Vorkers tov—cosl oising [ ]
wstalluegical purpeses. construction () yesr) i.l prisary clesning 10,197
opetation snd selatensace 1.9 troth flotetion ’-“1
CoranenTs thormal drying .
o ecelplag ecreen Sresking 004 ® [tIS@ 1
o crusher tetal 13,%12
e tetary be-bar
o vibrater scseons [ 17} 9
o jige 1itcle Or wome
® 4o0uatorlagmtpt w158
: ::::h“" Nolse mey o ffoct werheze favelved in
o concontrating tables ¢ 1 hydreclones clesaing ceal, but thete should be
o lletation ciscuite 1ittle or ne adverse impact oa Tacepiers
o thermal deylng ' sear benaficletion PIOO10.
THVIBOMMENTAL CONCERNS ENERGY PRODUCT Toas Beat Conton
® e articul.t. ewlostons clesned coal 36,300 hj” TS

contaninotion frem sottitng

low and/et vetuse pile ruaell

o peseible ground vater contmination from
°

(1) Thees figuree war. calculoted soouniag an enargy contont o 12,000 deu/lb o t coal (Rittmea, 1974). They.

. e otlooal avessges (sseuming
r o t91.78) sad 40 cat ® PQ1? to elabesste (1 fa pasticuler,

1) esmmy b. ® ojoct to e rsor e laco the date ecurce smouat of lead ueed vithout ® pecifying the
n@*l ewtpute f cool. la celculating these coefficlents, It W00 ¢ acad hero that plamt eutput vasthe. x . 8 thac ® paclfios
se™ section o f thie sheat.

o e ro walghted ¢ Ocliciaal aversges based upea regtonai coellicients projectied by SEAS for 1979, The regions] coelfficionte

were weighted o terms o t Btus used. Rach o 7 the coolficients showm on this sheet i o qtrol to tetel sstienal tens of residual divided
by tetel natlensl Bty output. These figures Include testiduala (roe refuse piles ¢ d the bemeficistion process 1(sell. They ¢ OO W 4 that
801+ t coade rporotica plantee r. clesed cycle e .4 that o it setusela trested. agq @ tticloacy e f %08 {in Btue) was ¢ 0au004.

(4) Ddased oa ¢ ottooal o ve ®la o Ittmm.

BOURCES: Phillipe, Peter ond Paul Dellense, “Assessing the Economice of Stean Coal Preparatio

o« Coal Nialang sndé Processing, Septembar, 197).

808 end ETA, Engineeting/Bconomic Analysts of Cosl Preparation with 50 Cleanup Proces 1938,
Bittaon Acsociates, Environmental lmpac 2fficlenc and Cost of Enelgy Sy I and_In se, 1974,

The NITRL Corpecstion, Annu fnvitonsentsl Anslyeis Repovt, 1917,
Ualversity of Oblishoms, !_n"“ Alternstives: A C arstive Analyets, 1979,
Schatde, Richard 4., Coal In Amer .
NcCraw BL1) Minlng » feystone Cosl Imdustsy Manvel, 1977,

Surcov of Lond Mansgeawnt, Federal Cosl Mansgesent Peogrea, Pinal Envirommentel Statement, 1919,




APPENDI X TO CHAPTER 5, A:  STATUS OF PROCESS DEVELOPNMENT

The status of devel opnent of coal conversion and
oil shale retorting both in this countr% and abroad are
reviewed at length in the literature (Rogers and Hi I,
1979; National Coal Association, 1980; Fluor Engineers
and Constructors, Inc., 1979a,b,c)

The status of synfuel commercialization is
sunmarized in the follow ng tables:

- “Table A° Coal Gasification (Fluor Engineers
and Constructors, Inc., 1979%) .

Table B: Coal Liquefaction (Fluor Engineers
and Constructors, Inc., 19790) .

Table c: Shale G| Retorting (Fluor Engineers
and Constructors, Inc., 1979c) .

These tables also review the nmajor characteristics
of these technologies. Mre details about the processes
are given in Bentz, E J., 1980.
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Appendi x B-1:

(Courtesy: "Low and Medi um Btu Gasification Systens:
Technol ogy Overview'U. S. EPA, 1978; EPA-600/7/78-061)

Gasifier

Lurgi
Wellman-Galusha

Woodall-puckman/
Gas Integrale

Koppers-Totzek
Winkler

Chapman (Wilputte)
Ri | ey Morgan

Wellman Incadenscent
BGC/Lurgi Slagging

Bi-Gas
Foster Wheeler/Stoic

Pressurized wellman-
Galusha (MERC)

GFERC Slagging

Texaco

BCR Low-Btu

combustion Engineering
Hygas

Synthane
CO, Accept or

Foster Wheel er

Babcock & wilcox

U-Gas

Westinghouse

Coalex

‘under construction.

EXI STING U.S. AND FOREI GN LOWN AND MEDI UM BTU GASI FI CATI ON SYSTEMS

Number of gasifiers currently operating (No. of gasifiers built)

Licensor/developer Low-Btu gas Medium-Btu gas Synthesis gas Location Scale
Lurgi Mineralbltechnik GabH 5 (39) (22) Forei gn Conmer ci al
McDowel] Wellman Engineering Co. 8(150) Us/Foreign Commercia
Woodall-puckham (USA) Ltd. (72) @ (8) For ei gn Commer ci al
Koppers Conpany, |nc. (39)*+ Foreign Cormer ci al
Davy Powergas (23)** 6(14) PForelgn conmmer ci al
Wilputte Corp. 2(12) - - us Commer ci al
Riley Stoker Corp. 1 - - us commer ci al
Applied Technol ogy Corp. (20)ee - - Us/Foreign Commercial /
Denonstration
British Gae Corp. e nd Lurgi 1 Foreign Denonstration
Mineraldltechnik Gebh
8ituminous Coal Research, Inc.' ’ ' 1 us Denonstration
Foster “Wheeler/Stoic Corp 1%(2) s - - us Denonstrati on
ERDA 1* us Denonstration
ERDA - 1e us Denonstration
Texaco Development Corp. - 1* us Denonstration
Bituminous Coal Research, Inc. 1* us Denonstration
Conmbustion Engi neering Corp. 1* us Denonstration
Institute of Gae Technol ogy - 1 us Demonstration
(High-Btu)
ERDA - 1 us Denonstration
(High-Btu)
ERDA - 1 us Denonstration
(High-Btu)
Foster wheeler Energy Corp. 1 us Pilot
The Babcock & Wilcox Co, 1 us Pilot
Institute of Gas Technol ogy, 1 us Pil ot (400
Phillips Petrol eum Corp. 1b/hr coal)
Westinghouse Electric Corp. 1 us Pilot
Inex Resources, Inc. 1 us Pilot
(1e)

Demonstration scale indicates 2000 to 10,000 I1b/hr coal feed.
Pilot scale indicates 400 to 1500 1b/hr coal feed.

ae
Undetermined number overseas currently £n operation




Appendi x B-2: Conti nued

POPULATI ON OF LOW MEDI UM BTU GASI FI ERS

Gasifier type

Gasifier name

L icensor/Developer

Stacus

Fixed-Sod, Dry Ash

Lurgi

\iél | man- Gal usha

Chapman (willputte)
Woodall-Duckhan/Gas lategrale
Riley Morgan

Pressurized Wellman~-Galusha
(MERC)

Foster Wheeler/Stoic

Kilngas

Kellogg Fixed Bad
GECAS

Counsol Fixed Bad
IFE Two Stage

Ksxpely Producer
Marischka

Pintsch RAillebrand
U.G.I. Blue Water Gas
Power Cas

Vellman Incandescent
BCR/Katser

Pixed-Bed. Slarging Ash

BGC/Lurgi Slagging Gasifier

GTERC Slagging Gasifier

Luena

Thyesen Galocsy

Amarican Lurgt Corp. (USA)
McDowell Wellman Eagr. Co. (USA)
Wilpuets Corp. (USA)
Woodall-Duckhas, Ltd. (USA)

Riley Stoker Corp. (USA)

Morgantowm
Center/ERDA (USA)

Energy

Yoscter Whealer Energy Corp. (USA)

Allis Chalmars Corp. (USA)

M. u. Kallogg Go. (USA)

General EZlectric Rasearch and
Development (USA)

Counsolidacion Coal co.
(USA)

International Purnace Equipment
Co., Ltd.

Buresu Of Mines/ERDA (USA)
Unknown

Uskoown (Germany)
e | .COrp. e (Usa)
Powar Cas Co. (USA)
Applied Technology (UDA)

Uaknown

British Gas Council (G8)

Lurgi Mineraloleechnik (\W. Germany)

Grand Forks Energy Research
Car eer/ ERM (USA)

Unknown

Uaknowm

Present commercial operation

Pr cial

Present commercial o p e
Preseant commercial operacion

Present demouscration UNit t esti
commercislly available

develop unit testin

Demonstration unit placned

operation

r a

ng,

Prasent developmsnt unit testing ;

commarcially e vallabla

Prasent 18v'dome unit

testing

Prasent developmsnt unit tescing

Pr develop

Pasc commercial operatioca

Past commercial operation

t unit testing

Pasc commarcial oOperation; sathracite

or coka ouly

Past commercial operation
Past commercial operacion; coke
Past commercial operation
Present commercial opon:io.a

Past developmsnt unit testing

only

Present development UNit testing

Present development unit testing;

lignite only
Put Commercial operation; coke

Past commercial operation; coke

only

only

ejbg?



Appendi x B-2

Cont i nued

POPULATI ON OF LOW MEDI UM BTU GASI FI ERS

Gasifier type
Gasifier hame

L icenser/Developer

Status

Fluidized-Bed, Dry Ash

Winkler
Hygas

Synthane

Hydrane

Cogas

Exxon

BCR Low-Btu

CO,Acceptor

Electrofluidic Gasification
LR Fluid Bed

HRI Fluidized Bed

BASF-Flesch-Demag

GEC3 Marchwood

Heller

Pluidized-Bed, Agglomeracing Ash

U=Gas
Bactmlle/Carbide
Westinghouse

City CollageofNY Mark 1

Two~stage Fluidized

ICl Mowing Burden

Eatrained-Bed, Dry Ash
Garrect Flash Pyrolysis

Bianchi

DavyPowergas Co. (USA)
I nstitute ofGasTechnology(USA)

Pittsburgh Energy Research
Center/ERDA (USA)

Pittsburgh Energy Research
Cencer/ERDA (USA)

Cogas Development Co. (USA)
Exxon Corp. (USA)

Bictuminous COal Research (USA)
Consolidation coal co. (USA)
lowa Scace Univ./ERDA (USA)
Unknown (Germany)

Hydrocarbon Research I nc. (USA)

Badische Anilia und Soda Fabrik
(Vest Cermany)

Unicnown

Ooknown (GefMAny)

Instituce Of Gas Technology (USA)
Battelle Memorial Inscituce (USA)
Vestinghouse Electric Corp. (USA)

HBydrocarbon Research Inc./
A.M. squires (USA)

British Gas Council (England)

Isperial Chemical Industries, Ltd.

(England)

g;méz)Research and Development

Unknown (France)

B-3

Present commercial operation
Present development UNit testing

Present development UNit testing

Present development UNit tescting

Present development unit testing
Present development unit testing
Present development unittescing
Present development unit testing
Present development unit tescing
Past commercial operation

Past development unit tescing

Past developwmant UNit testing

Past development UNit testing

Put development unit tescing

Present development UNit resting
Present development UNit testing
Present development unit tescing

Present davelopment UNit ctesting

Present development uatt testing

Past development unit testing

Present development unit tescting

pasc development unit testing;
1ignice ONly

ejbg?



Appendi x B-2 :

Cont i nued

POPULATI ON OF LOW/MEDIUM-BTU GASIFIERS

Gasifier type

Gasifier name

L icenser/Devel oper

Scatus

Panindeco

USEM Annular Recort

UsSBM Electrically Heaaced

Encrained-Bed, Slagging Ash

Koppers-Totzek

3i-Gas

Texaco

Coalax

PAMCO/Poster Whealer

Combustion Engineering
Irigham Young University

Babcock and Wilcox
Ruhrgas Vortex

ICT Cyclounizer
Inland Steel

USBM, Morgantown

Creat Northern Railway

RS Cycloue

Molten Media, Slagging Ash

Kellogg Molten Sait
Atgas/Pacgas
Rockgas

Rusmel Single Shaft

Sun Gasification

Otto-Rummel Double Shaft

Unknown (France)
Bureau of Mines/ERDA (USA)

Bureau of Mines/ERDA (USA)

Roppers Co. (USA)

rtgATLmu Coal Resesrch, Inc.

Texaco Development Corp. (usa)
Inax Resources, Inc. (USA)

Pittsburgh e od MidwayCoal co./
Foster Whealer (USA)

Combustion Enginsering (USA)

righam Young University/
Mtuminous Ceal Rasearch (USA)

The Babcock end Wileox CO. (USA)
Ruhrgas A. G. (Hui Germany)
Institute of Cas Technology ( USA)

lalend Steal CO. (USA)

Morgant: Rasearch
Cnm/nn:“( EBAY
Great Northern Railway Co. (USA)

Unknown (England)

M. W. Kallogg CO. (USA)
Applied Techaology Corp. (USA)
Atomics Iaternactional (USA)

Onion Rheinische Braun Kohlan
Krafeseoff A, G. (West Germany)

SUO Resesrch and Development CoO.
(USA)

Dr. C. ottoand Co.

Past development unit testing;
ligaice only

Past developsent unit tescing;
lignite only

Pasc development unit tescing

Present commercial operation

Present development UNit tascing

Presenc development unit cating

Preasent dcnlop.qn: unit tescing;
commercially ¢ milabla

Present development unit testing

Present development UNIt testing

Present development unit testing

Past commercial operation
Past commercial operacion
Pastdevel oprent UNit testing
Past dcvdopment uait tescing
Past developmant unit tescing

Past developsent unit testing

Past development unit tescing

Prasant development unit testing
Present development unit testing
Prasenc development unit testing

Past commercial operation

Past development UNit tescing

Past development unittesting

B-4
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APPENDI X TO CHAPTER 5, C

COCPERATI VE AGREEMENTS AND FEASI BI LI TY
STUDY GRANTS FOR SYNFUELS

(Source: U.S. DCE 7/80)
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£-2

Wycoal Gas

$13,155,000

Wycoal plans to construct a facility using Lurgi and
Texaco gasification units to process 16,000 tons of
sub-bituminous coal daily to produce high Btu gas.
All liquid by-products will also be gasified. The
facility i1s to be located in Douglas, Wyoming. The
Statement of work proposedwill involve developing a
definitive basis for plant design estimating costs,
securing permits and approvals, obtaining financing
and identifying long-lead delivery items. There is
a market for the SNG via a pipeline system to the
midwest owned by the participants. The project would
produce the equivalent of 51,000 barrels of oil per
day.

TECHNQLOGY

FEASIBILITY STUDY GRANTS

|
REQUESTED _ FROM _ DOE

DESCRIPTION/SITE.

Coal Liquids

Cook Inlet Region
Anchorage, Alaska 99509

W. R. Grace
Denver, Colorado 80223

Clark Oil & Refining
Milwaukee, Wisconsin 53227

$3,900,000

$786,477

$4,000,000

Feasibility study of producing 54,000 barrels per day
of methanol from low sulfur coal using Winkler gasi-
fier and ICI methanol synthesis.

Site: West side of Cook Inlet, Alaska

“Stage 111 of a feasibility study of a coal sourced
methanol plant using a Koppers/Totzek Gasifier.
Site: Moffat County, NW Colorado

Feasibility study of producing synthesis gas from
coal, steam, oxygen & methanol from synthesis gas
using a KT Gasifier, ICl & the Mobil M Process.
Site: S. Illinois
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Republic of Texas Coal
Co. and Mitchell Energy
Corp.

Houston, Texas 77002

Mountain Fuel Supply Co.
Salt Lake City, Utah 84139

Peat

Minnesota Gas Co.
Minneapolis, Minnesota
55402

Shale Liquid Upgrading

Union Ol Energy Mining
Los Angeles, CA 90017

$1,810,762

$3,996,554

$4,000,000

Feasibility study of gasification, in-situ deep

Texas lignite and conversion of remaining medium

Btu synthesis gas to methanol and high octane gasoline.
Site: Calvert, Robertson County, Texas

Two-year feasibility study of unconventional natural
gas in the Pinedale field. Product is natural gas
and condensate.

Site: Sublette County, Wyoming

Nineteen month feasibility study for the production of
high Btu substitute natural gas from peat.
Site: Minnesota

Feasibility study for operation of a 10,000 BPD up-
grading plant producing premium quality syncrude.
Site: Grand Valley, Colorado
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GLOSSARY (Courtesy:

absor pti 0 an imprecise term suggesting the taking up of one
substance by another by either aphysical process or a chemical
combination.

acceptor — calcined carbonate that absorbs carbon dioxide evolved
during gasification. liberating heat.

acid gas removal — the process of selectively removing hydrogen
sulfide and carbon dioxide from a gas stream.

activated carbon — carbon obtained by carbonization in the absence
of air, preferably’in a vacuum; has the property of absorbing
large quantities of gases. solvent vapors; used also for clarifying
liquids.

o diabatic — any process where heat is neither given off nor
absorbed.

o dsorption — the process by which the surface of a solid or liquid
attracts and holds any atom. molecule. or ion from a solution
or gas with which itis in contact.

¢ gglomerate — assemblage of ash particles rigidly joined together.
as by partial fusion (sintering).

e nttmcits coal — hard coal containing 86 to 98 percent fixed car-
bon and small percentages of volatile material and ash.

APl — American Petroleum institute.

API gravity— a scale adopted by the API for measuring the density -

of oils; "API = 141 5 - 1315

Specific gravity. 60° F 60° F

e romatic hydrocarbon — a cyclic hydrocarbon containing one or

more six-carbon (benzene) rings.
¢ sh — solid residue remaining after the combustion of coal.
ASTM — American Society for Testing Materials.
autoclave - avessel, constructed of thick-walled steel for carrying
out chemical reactions under high pressures and temperatures.

bench-scale. unit — a small-scale laboratory unit for testing process
concepts and operating parameters as a first step in the evalua-
tion of a process.

. binder — carbon products. tars. etc.. used to impart cohesion to
the body to be formed: a coai-extract binder may be used to
prepare formed-coke pellets from non-coking coals.

bituminous coal — a broad class of coals containing 46 to 86 percent
fixed carbon and 20 to 40 percent volatile matter.

blow down— periodic or continuous removal of water from a
boiler to prevent accumulation of solids.

bottoming cycle~ — the lower temperature thermodynamic power
cycle of a combined-cycle system.

Btu — British thermal unit. the quantity of energy required to
raise the temperature of one pound of water one degree
Fahrenheit.

BTX— benzene. toluene. xylene; aromaticc hydrocarbons.

caking — the softening and agglomerartion of coal as a result of
the application of heat.

calcination — the process of heating a solid to a high temperature
to cause the decomposition of hydrates and carbonates.

calorific value— the quantity of heat obtaincd by the complete
combustion of aunit mass of a fuel under prescribed conditions.

G1

Coal Liquefaction
Quarterl 3/ Report, U.S. DoE,
May 1979

carbon river - fine filaments of carbon about eight microns in
diameter which @I € used in composite materials. being bound
with resins.

carbonization — destructive heating of carbonaceous substances
wit h the production of a solid. porous residue or coke. and the
evolution of a number of volatile products. For coal. There are
two principal classes of carbonization. high-temperature coking
(about 900" C) and low-temperature carbonation (about
700° C) .

catalyst — a substance that accelerates the rate of a chemical
reaction without itself undergoing a permanent chemical change.

centrifuge — an apparatus rotating at high speed which utilizes
the centrifugal force generated to separate materials of different
densities. e.g.. undissolved residue from coal solution in the

process.

char — the solid residue remaining alter the removal of moisture
and volatile matter from coal.

Claus process— industrial method of obtaining elemental sulfur
through the partial oxidation of gaseous hydrogen sulfide in
air followed by catalytic conversion to molten sulfur.

coal — areadily combustible rock containing more than 50 weight
percent and nore than 70 volume percent of carbonaceous
material including inherent moisture. formed from compaction
and induration of variously altered plant remains similar to
those in peat.

coalification — metamorphosis of vegetable debris into coal.

coke — strong porous residue cons] sting of carbon and mineral
ash formed when bituminous coal is heated in a limited air
supply or in the absence of air. Coke may, al so be formed by
thermal decomposition of petroleum residues.

coke breeze — the fine screenings from crushed co kc usually pass-
ing alz2inchor 3 4inch screen opening.

combined cycle — two sequentai thermodynamic power conver-
son Systems operating at different temperatures.

combustion gas — gas formed by the combustion of coal. e.g..
burning.

combustor — aVvessel in which combustion taken place

coupon — a polished metal strip used to measure the rate 01 cor-
rosion of the metal in a specific gaseous or liquid environment.

cracking — the partial decomposition of h I~h-m~)lecuiar-weight
organic compounds into lower-molecular-weight compounds.
generally as a result of high temperatures

crude gas — impure gas produced in a gasifier

culm — the waste or slack from anthracite mines or preparation
plans consisting of fine coal, coal dust. and dirt.

cyclone separator — essentially a settling chamber to separate solid
panicles from a gas. in which gravitational acceleration is
replaced by centrifugal acceleration.

degasification — a process for removing nat
ane from coal seams.

delayed cokinq — a process wherein coal 1s subjected to a long
period of carbonization at moderate temperatures to form coke.

demineralization — removal of mineral matter (ash) from coal by
solvent extraction. usually under hydrogen atmosphere.

urally occurring meth-

ejbga



depolymerization — the change of a large molecule into simpler
molecules usually accompanied by the substitution of hydrogen
for oxygen in the molecular structure.

destructive distillation — the distillation of coal accompanied by Its
thermal decomposition.

desulfurization — the removal of sulfur from hydrocarbonaceous
substances by chemical reactions.

devolatization — the removal of a portortion of the volatile matter
from medium- and high-voiatile coals.

diatomaceous earth — a yellow. white. or light-gray, siliceous por-
ous deposit made up of opaline shells of diatoms: used as a
filter aid. paint filler, adsorbent. abrasive. and thermal insula-
tor. Also known as kieselguhr.

diatomite — See Diatomaceous Eart h.

dissolution — the taking up of a substance by a liquid with the
formation of a homogeneous solution.

distillation — a process of vaporizing a liquid and condensing the
vapor by cooling: used for separating liquids into various frac-
tions according to their boiling points or boiling ranges.

dotomite~ — a carbonate of calcium and magnesium having the
chemical formula CaMg( CQg) 2

Dowtherm — trademark for a series of eutectic mixtures of diphenyl
oxide and dlphenyl used as high-temperature heat-transfer
fluids.

obullated bed — gas containing a relatively small proportion of
suspended solids. bubbles through a higher density fluidized
phase with the result that the system takes on the appearance
of ,boiling liquid.

economizer — beat exchanging mechanism for recovering heat
from flue gases.

effluent gas — gas given off from a process vessel.

etutriation — the preferential removal of the small constituents of
a mixture of solid particles by a stream of high-velocity gas.

e ndoth_mic reactton — aprocess in which heat is absorbed.

rtthdpy change — the increase or decrease in heat content of a

substance or system which accompanies its change from one

state to another under constant pressure.

ntrmncd bed (flow) — a bed in which solid particles are suspended

in a moving fluid and are continuously carried over in the

effluent stream

eutectic that combination of two or more components which
produces the lowest melting temperature.

e xotttermte reaction — a process in which heat is liberated.

extraction — a method of separation in which a solid or solution
is contacted with a liquid solvent (the two being essentially
mutually Insoluble) to transfer components into the solvent.

o xtractlve coking — similar to delayed coking process. with the
emphasis on high tar yieids to produce liquids.

filter s — finely divided solids used to increase efficiency of
filtering.

filter cake -- the moist residue remaining from the filtration of a
slurry to produce a clean filtrate.

filtrate — a liquid free of solid matter after having passed through
a filter.

filtration — the separation of solids from liquids by passing the
mixture through a suitable medium. e.g.. cloth, paper. dia-
tonaccous earth.

Fischer assay — method for determining the tar and light oil yields
from coal or oil shale: conducted in a retort under an inert
atmosphere with a presribed increase in temperature to 500°C.

Fischer-Tropsch catatyst — catalysts developed for the catal ytic syn-
thesis of liquid fuels from coal-derived svnthesis gas; catalysts
contain principay iron. cobalt. nickel. or ruthenium.

Fischer-Tropsch process — method of hydrogenating mixtures of

carbon monoxide and hydrogen produced from coal. lignite.
or natural gas by means of steam. at 1-10 atmospheres and
360-410°F to yield liquid and gaseous fuels. and a wide spectrum
of industrial chemicals.

fixed-bed —- stationary solid particles in intimate contact with fluid
passing through them.

fixed carbon — the solid residue. other than ash. obtained by
destructive distillation; determined by definite prescribed
methods.

flash carbonization — a carbonization process characterized by short
residence times of coal in the reactor to optimize tar yields.

ftue gas— gaseous combustion products.

fluidization (dense phase) — the turbulent motion of solid particles
in a fluid stream; the particles arc close enough as to interact
and give the appearance of a boiling liquid.

fluidization (entrained) — gas-solid contacting process in which a
bed of finely divided solid particles is lifted and agitated by a
rising stream of gas.

fluidized-bed — assemblage of small solid panicles maintained in
balanced suspension against JI' aV| t Y by the upward motion of
agas.

fly ash— a fine ash from the pulverized urned in power
station boilers. or entrained ash carried over from a gasifier.

fractionation — distillation process for the separation of the various
components of liquid mixtures.

freeboard — the space in a fluidized-bed reactor between the top
of the bed and the top of the reactor.

free swelling index — a standard test that indicates the caking char-
acteristics of coal when burned as a fuel.

Friedel-Crafts reaction — a substitution reaction. catalyzed by alum-
inum chloride in which an alkyl R-) or acyl (RCO-) group
replaces a hydrogen atom of an aromatic nucleus to produce
a hydrocarbon or a ketone.

fuel cell — a galvanic cell in which the chemical energy of a con-
ventional fuel is utilized to produce electricity.

fuel gas — low heating value ( 150-350 BTU, scf) product generally
utilized on sitc for power generation or industrial use.

gasification of coal — the conversion of solid coal into a gaseous
form by various chemical reactions with steam.

gasifier — a vessel in which gasification occurs. usually utilizing
fluidized-bed. fixed-bed. or entrained-bed units.

he@ capacity— quantity of heat required to raise the temperature
of one pound of a substance one degree Fahrenheit.

high-Btu gas— a gas having a heating value of 900 to 1,000 Btu
per standard cubic foot. which approaches the value for natural
gas.

higher-heating value (HHv) —tk- heat liberated during a combus-
tion process in which the product water vapor is condensed
to a liquid and the heat of condensation is recovered.

hydroclone — a small cyclone extractor for removal of suspended
solids from a flowing liquid by means of the centrifugal form
set up when the liquid 1s made to flow through a tight conical
vortex.

hydrocoking — coking of tars. SRC. etc.. under hydrogenating
conditions to form liquid products.

hydrocracking — the combination of cracking and hydrogenation
of organic compounds.

hydrogasification — gasification that involves the direct reaction of
fuels with hydrogen 10 optimize formation of methane.

hydrogenation — chemical reactions involving the addition of
gaseous hydrogen to a substance in the presence of a catalyst
under high temperatures and pressures.

hydrogen donor solvent — solvent. such as anthracene oil tetralin
(tetrahydronaphthalene), decalin. etc.. which transfers hydro-
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gen to coal constituents causing depolymerization and conse-
quent conversion to liquid products of lower boiling range
which are then dissolved by the solvent.

hydrotreating — a process to catalytically stabilize petroleum or
other liquid hydrocarbon products and or remove objection-
able elements from products or feedstocks by reacting them
with hydrogen.

Ideal gas— any gas whose equation of state is expressed by the
ideal gas law, namely PV = nRT where P isthe pressure. V is
the volume. R is the gas constant. T is the absolute temperature,
and n = number of moles.

Ignition temperature— the minimum temperature necessary to initi-
ate self-sustained combustion of a substance.

Industrial gas — see fuel gas.

Inerts— constituents of a coal which decrease its efficiency in usc.
e.g.. mineral matter (ash) and moisture in fuel for combustion.

In situ—inits original place. @ndeyground gasification
coal scam.

intermedi at e- Bt u syathesis gas product with a higher heating
value between 350 and 500 Btu per standard cubic foot.

lignite— brownish-black coal containing 65-72 percent carbon
on a mineral-matter-free basis. with a rank between peat and
subbituminous coal.

limestone— sedimentary rock containing 50 percent carbonate
(COs3) of lime or magnesia. Chemical formula (for calcite lime-
stone) is CaCOs3

liquefaction— conversion of a solid to a liquid: with coal. this
appears to involve the thermal fracture of carbon-carbon and
carbon-oxygen bonds, forming free radicals. These radicals
abstract hydrogen atoms yielding low molecular weight gaseous
and condensed aromatic liquids.

liquefied patroleum gas (LPG)— those hydrocarbons that have a
vapor pressure (at 70°F) slightly above atmospheric (such as
propane and butane): kept in liquid form under a pressure
higher than 1 atm.

lock hopper — a mechanical device that permits the introduction
of a solid into an environment of different pressure.

low-Btu gas — a gas having a heating value up to 350 Btu per
standard cubic foot.

lower heating value — the heat liberated by a combustion process
assuming that none of the water vapor resulting from the process
is condensed, so that its latent heat is not available.

MAF— moisure and ash-free; a term that relates to the organic

fraction in coal.

mesh — measure of fineness of a screen. e.g.. a MO-mesh sieve
has 400 openings per linear inch.

nethanati on —the production of methane (CHa4) from carbon
monoxide or dioxide and hydrogen.

net hane a CH, acolorless. odorless. and tasteless gas. lighter
than air; the chief component of natural gas.

methane — methanol alcohol. CH3OH.

micron — a unit of length equal to one millionth of a meter: 10°

meter.
moving bed — particlized solids in a process vessel t hat are circu-

lated (moved) either mechanically or by gravity flow.

natural gas — naturally occurring gas extracted from sedimental
structures consisting mainly of methane and having a higher
heating value of approximately 1,050 Btu per standard cubic
foot.

noncoking coal — a coal that does not form coke under normal
coking conditions.

of

G3

olefinic hydrocarbon — a class of unsaturated hydrocarbons con-
taining one or more double bonds and having the general chem-
ical formula CnH2n

open cycle — athermodynamic power cycee in which the working
fluid passes through the system only once and is then exhausted
to the atmosphere.

peat— an unconsolidated. hydrophilic. yellowish-brown to brown-
ish-black. carbonaceous sediment. formed by accumulation of
partially fragmented and decomposed plant remains in swamps
and marshes which retains more than 75 percent inherent mois-
ture and less than 12 percent mineral matter in saturated natural
deposits.

petrochemicals— those derived from crude oil or natural gas. or
their coal-derived substitutes: they include light hydrocarbons
such as butylene. ethylene and propylene. the raw materials for
the production of plastics by polymerization.

phenols— a group of aromatic compounds having the hydroxyl

group directly attached to the benzene ring.

pilot plant — chemical process plant containing all the processes
of @ commercial unit, but on a smaller scale. for the purpose
of studying the technical and economic feasibility of the process.

pipeline gas— a methane-rich gas that conforms to certain stan-
dards and has a higher heating value between 950 and 1.050
Btu per standard cubic foot.

plenum chamber — an enclosed space through which air is forced
for slow distribution through ducts.

present — layer of suitable filtering medium. e.g.. diatomaceous
earth. laid down on a rotary filter cloth prior to operation.

prilling tower— a tower that produces small solid agglomerates by
spraying aliquid solution in the top and blowing air up from
the bottom.

process development unit - a system used to study the effects of
process variables on performance: sized between a bench-scale
unit and a pilot plant.

proximate analysis— analysis of coal based on the percentages 01
moisture, volatile matter. fixed carbon (by difference). and asn.
using prescribed methods. Reported on different bases. such as
as-received (or as-fired), dry, mincral-matter-free (mmf), and
dry mineral- matter-free (dmmf).

purification — removal of a wide range of impurities present in
gases from coal gasification.

pyrolysis — thermal decomposition of organic compounds in the
absence of oxygen.

quenching — cooling by immersion in oil. water bath. or water
spray.

Raney nickel catalyst — specially prepared nickel catalyst used in
the hydrogenation of organic materals and the methanation
of synthesis gas to methane.

raw gas— see crude gas.

reactivity — susceptibility to chemical change: for example, in coal
liquefaction. the reactivity of the coal for conversion to liquid
products is a function of the coal rank. among other things.

reactor — vessel in which coal-conversion reactions take place.

Rectisol process— a process for the purification of coal-gasifica-
tion gas based on the capability of cold methanol to absorb
all gas impurities in a single step: gas naphtha. unsaturated
hydrocarbons. sulfur compounds. hydrogen cyanide. and car-
bon dioxide areremoved from the gas stream by the methanol
at temperatures below O°C.

reducing gas — a gas which, at high temperatures, lowers the state
of oxidation of other chemicals.
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reforming processes — a group of proprietary processes in which
low-grade or low molecular weight hydrocarbons are catalyt-
ically converted to higher grade or higher molecular weight
materials: also applies to the endothemic reforming of methane.
for the production of hydrogen, by the reaction of methane
and steam in the presence of nickel catalysts.

refractory — a material capable of withstanding extremely high
temperatures and having a relatively low thermal conductivity}'.

residence time — time spent by a typical particle in a particular

zone.

saturated hydrocarbon — a carbon-hydrogen compound with all
carbon bonds filled; that is. there are no double or triple bonds
as in olefins and acetylenes.

scrubber — apparatus in which a gas stream is freed of tar.
ammonia. and hydrogen sulfide.

seam coal — coal which is intermediate in rank between bituminous
coal and anthracite: contains 8 to 22 percent volatile matter
and from 9 | to 93 percent carbon.

semi- water gas — a mixture of carbon monoxide. carbon dioxide.
hydrogen. and nitrogen. obtained by passing an air-stream mix-
ture through a hot bed of coke. having a higher heating value
of about 120 Btu per standard cubic foot.

sensible heat— that heat which results in only the elevation of the
temperature of a substance with no phase changes.

shift conversin — process for the production of gas with a desired
carbon monoxide content from crude gases derived from coal
gasification; carbon monoxide-rich gas is saturated with steam
and passed through a Catalytic reactor where the carbon
monoxide reacts with steam to produce hydrogen and carbon
dioxide. the latter being subsequently removed in a scrubber
employing a suitable sorbent.

sintering — the agglomeration of solids at temperatures below
their melting point, usually as a consequence of heat and
pressure.

slag — molten coal ash composed primarily of silica, alumina
iron oxides. and calcium and magnesium oxides.

slurry — a suspension of pulverized solid in a liquid.

solvation — the assocation or combination of molecules of solvent
with solute ions or molecules.

solvent — that component of a solution which is present in excess:
liquid used to dissolve a substance.

solvent extractlon — Selective solution of coal constituents from
finely divided coal particles into a suitable solvent after intimate
mixing, usually at high temperatures and pressures in the
presence of hydrogen, with or without a catalyst. followed by
phase separation.

solvent refined coal (SRC) — a coal extract derived by solvent
extraction; a brittle. vitreous solid ( m.p. 300° F to 400° F) con-
talni NQ about 0.1 percent ash and about 10 percent of the sulfur
in the original coal feedstock; calorific value is about 16.000
Btu per pound: may be used as a clean fuel for power genera-
tion by combustion: utilized for the production of h:gh-grade
metallurgical coke. anode carbon. and activated carbon by
coking. or hydrogenated to produce synthetic crude oil.

space Velocity — volume of a gas (measured at standard tempera-
ture and pressure) or liquid passing through a given volume of
catalyst in a unit time.

spacific gravity — ratio of the weight of any volume of a substance
to the weight of an equal volume of water at 4°C.

specific heat — heat capacity of a substance as compared with the
heat capacity of an equal weight of water.

standard cubic fool {SCF) — the volume of a gas at standard condi-
tions of temperature and pressure. The American Gas Associa-

tion uses moisture-free gas at 60° F and 30 inches of mercury
(i.0037 atm) as Its standard conditions. The pressure standard
IS not universal in the gas Industry: 14.7 psia ( 1 .000 atm) and
14.4 psia (0.980 atm) are also used. The scientific community
uses 32°F and ! atm as standard conditions.

stoichometry — the definite proportions in which molecules react
chemically to form new molecules.

stripping — the removal of the more volatile components from a
liguid mixture of compounds.

subbituminous coal — the rank of coal between bituminous and
lignite. classified by ASTM as having a range of heating values
between 8.300 and i 1.000 Btu per pound on a moist mineral-
matter-free basis.

substitute natural gas (SNG) — a gas produced from coal. oil sands.
or oil shale conforming to natural gas standards.

Superficial velocity — the linear velocity of a fluid flowing through
a bed of solid particles calculated as though the particles were
not present.

superheater —a heat exchanger ,which adds heat to the saturated
steam leaving a boiler.

syncrude — synthetic crude oil: oil produced by the hydrogenation
of coal.. coal extracts. oil sands. or oil shale. which is similar
to petroleum crude.

synthesia gas — a mixture of hydrogen and carbon monoxide which
can be reacted to yield a hydrocarbon.

tail gas — a gas issuing from a gas-treatment unit which may be
recycled to the process or exhausted.

tar (coal) — a dark brown or black. viscous, combustible liquid
formed by the destructive distillation of coai.

therm — a unit of heat used as a basis for the sale of natural gas;
equal to 100.000 Btu.

topping cycle — the higher temperature thermodynamic power
cycle of a combined-cycle system.

turndown ratio- the minimum ratio Of actual flow rate to design
flowrate at which a process unit can be operated.

ultimate analysis — the determination by prescribed method of
carbon and hydrogcn in the material as found in the gaseous
products of its complete combustion. the determination of
sulfur. nitrogen. and ash in the material as a whole and the
estimation of oxygen by difference: may be reported on differ-
ent bases. such as as-received (or as-fired). dry.. mineral-matter-
free (mmf). and dry minerai-matter-free (dmmf).

Venturi scrubber— a gas cleaning device which involves the injec-
tion of water into a stream of dust-laden gas flowing at a high
velocity through acontracted portion of a duct. thus transferring
the dust particles to the water droplets which are subsequently
removed.

volatile matter — those constituents of coal, exclusive of moisture.
that are liberated from a sample when heated to 1750° F for
seven minutes in the absence of oxygen.

water gas— gas produced by the reaction of carbon (in coal or
coke) and steam to yield mixtures of carbon monoxide and
hydrogen: similar to synthesis gas.

water gas shift — { he reaction between water vapor and carbon
monoxide to produce hydrogen and carbon dioxide or the
reverse: CO + HO & H: + COz.

working fluid — a gas stream which directly does work. e.g.. power-
ing a gas turbine.
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