1.0 INTRODUCTION

1.1 ' PURPOSE OF STUDY

For many years the Federal Government has supported the development of
Processes for converting coal .to more desirable solid, ligquid and gas-
eous fuels under the auspices of the Bureau of Mines, Energy Research
and Development Administration (ERDA}, and recently the Department of
Energy (DOE}. Current interest is partlcularly high because of the
expressed Federal Government policy- to decrease dependence on forelgn
0il by the increased use of domestic coal Also,strlngent environmental
regulations are encouraglng utilities to con51der clean fuels for com-
pliance,

A considerable amount of R&D support work for many dlfferent Processes
has been partially or fully funded by DOE. Thls ‘support has included
concept designs and cost estimating for industrial operation. of many

of the Processes together with detalled economic studies. In addition
to a531stance to the prlvate sector for energy planning, many of the
'studles also assist DOE in budgetlng and program planning. Most of

the detailed feasibility and economic studies have been done by dif~
ferent private firms and have been based on various economic-.and tech-
nical assumptions. The quality of the engineering input .data .and
?englneerlng de51gns and thus the quallty of the conclu51ons have varied

considerably,

This study starts with adoption of uniform technical and economic
assessment methods. These methods are  -then used with available data
and published studies to: prepare analytlcal comparlsons for a variety

of coal conversion processes.

It is 1mportant to note that this study does not recommend the selec-
tion of any single process for development or appllcatlon. There are
many different markets to be served and various coals availabie,
Several of the processes under development may be chosen for commer-
¢ial application at different sites within the United States before

the end of the century.



Becauee of the U.S. raliance on foreign energy sources, the need is .
greater than ever to develop energy alternatives for the nation. A
similar need was voiced at the beginning of thls century. The need

was again expressed during World War I1I when Congress. passed the Syn-
thetic Liguid Fuels Act of 1944. In each case, a cheaper energy source
halted@ the development of alternatives and lulled the nation back into
a complacent attitude. g
This study consists of uniform technical and economic comparisons of
fourteen processes whlch convert coal to other energy forms. The major
energy media - fuel llqulds, fuel gas and electric power - were chosen
1ntent10nally to provide a broad comparlson on a consistent basis.

The techniques used may be easily applied to other processes not in-
cluded here. -

A prev1ous study by .C.F. Braun, Inc., (Ref. 1}, completed in 1976,
compared a number of gasification processes on a consistent basis. Aas
the Braun study was concerned only with pipeline quallty gas, reporting
cost solely as dollars per million Btu (S/lﬂthu) was 'completely satis-
factory. A cost per Btu basis has also been used for coal- derived
liguid products in many preliminary studles. 1t is a useful approxi-
mation for prellmlnary ‘studies and it also avoids the problem of
allocatlng costs to the variety of liquid products made by coal ligque-
faction plants. However, simply calculating total product cost as $/
105Btu is not satisfactory from a realistic market stand901nt. Assign-
ing product cost solely on a heating value basis gives relative fuel
prices which never have, and probably never will, prevail in the mar-
ketplace. Even with Federal price control, gasoline has a wholesale
price higher than home heating oil which in turn has a wholesale

price higher than residual fuel oil. Even worse, a fixed price per
Btu of heating value would invert the price ranking of these three
fuels which are sold on a volumetric basis since heating ocils have

a hlgher fuel value per gallon than does gasoline.

Because fuel .gas, liquids and electricity are traditional fuel competi~
tors, and will contlnue to compete in the future, it was necessary to
develop methods 'for objective economic comparison. Any method which
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does not consider inherent dlfferences in values and market preferences
for alternative fuels falls short of a reallstlc appralsal.

An important feature of this report is the use of a product value tech-
nique for estimating product pPrices which provides for the realistic
distribution of costs to the various products from multi-product plants
and for the meaningful a551gnment of all costs to the same 51ng1e
reference product for all technologies, ' '

In addition to descriptions and discussions of technical aspects of
the processes included, a section of this report is devoted to commer-
cialization prospects for coal conver51on plants. This section serves
to emphasize that the present barrlers to commercialization are not
Primarily technical. However, the analytlcal methods developed for
this study are limited to technical and economic aspects.

Costs for products are estimated in terms of mid-1979 dollars on pri-
vate and utility financing bases. No attempts were made to predict
'results from future inflation nor from price reductions that may occur
with technology 1mprovements. Guessing as to long-term inflation is
not meaningful; price reductions for technology improvements are not

likely to he 51gn1f1cant

1.2 SCOPE

The processes which afe included in this study, and the abbreviations

used in this report are as follows:

Solid Solvent Refined Coal (SRC-I)

Liguid Solvent Refined Coal (SRC-IT)

Exxon Donor Solvent (EDS)

H-Coal, Fuel 0il Mode (H~FO0)

f-Coal, Syncrude Mode (H~Syn)

Fischer-Tropsch (FT)

Methanol ,

M-Gasoline (M)

CO; Acceptor, Substitute Natural Gas Mode {CO5-8NG)
e €02 Acceptor, Syngas Mode {CO5~Syn)



Hygas (HyG)
" Bigas (BiG)
‘- * gynthane (Synth)
) 'Lurgi (Lur)
' Westlnghouse, Syngas Mode (West-Syn)
WestlnghOUSe, Combined cycle (West)
Coﬁbustibn Engineering, Combined Cycle {CE)

L

To be included in thisfcomperieoﬂ,ﬂit was decided that:’
{a) Process must now be under development or considered a candi-
date for Federal R&D funds in the near future.
(b) Federal funds must be -supporting R&D.
{(c) Process is not a combination of other establlshed technologies.
(d). sufficient process data is available. '

There are several established coal processes which do not meet this
sriterion and therefore are not included in this comparison.

However, even though the Lurgi process has never baen supported by
Federal R&D funds, it is included as a reference standard because it
is one of the.few gasification processes that has been commercially
available for some time.

The COGAS process was not included because it is'a combination of

other established technologles which have been developed and modified
by a- prlvate group. In addltlon, care was taken €© av01d dlrectly
comparing technologies that were, at the time the report was prepared,
before the Federal Energy Regulatory Commlssxon for approval or, like .
COGAS, were in competltlon before DOE for commercial demonstratlon
plant approval. The Exxon Catalytic gas process is still in the

early development stage S0 data of sufficient reliability were not
available. DOE support of Occidental Flash Pyrolysis has been recent—‘
ly dropped and the data available did not warrant including the process
in the comparlson. None of the omitted processes &re expected to have
economics significantly different from the range enconpassedtw’the )
included technologies. :




No separate gasifier units are included because the gasifiers are com-
Ponents within integrated processes. These reactors are important and
Serve as key operations within Fischer-Tropsch, methanol and most of
the other processes studied, either as primary reactors or aé-sources
of hydrogen. Gasifiers warrant thorough study because of their signi-
ficant contribution to brocess efficiency. Such studies are best lim-
ited to the gasifier only. Electric Power Research Institute has spon-
sored several good reports on this subject (Ref. 23).

1.3 COAL RESOURCES

Enormous consumption rates for coal are being projected through the
end of this century. Projections range from 0.8 to 2.0 Billion Tons/
year (19 to 44 Quads*/yr), Ref. 22} . Additional production beyond
present rates is necessary to partially displace imported oil and to
~meet new energy demand. Reserves to meet these projections are pro-
ven. The location of these reserves is sufficiently well established
that it is felt that economic production will be a reality.

Coal, however, is a hetercgeneous raw material. This source of varia-
~tion has existed ever since coal has been in use. A detailed discug-

~8ion of this subject is given in Appendix 4.

1.4 MECHANICAL UPGRADING

Reducing the unwanted constituents of any particular coal can be accom-
plished in a number of fundamentally different ways. For coal from
some sources, a portion of the ash and sulfur can be removed by rela-
tively simple mechanical procedures, often inecluding relatively simple
water washing. Yet there are severe limits to the improvement of

coal by these means. 2 further discussion of this topic is given in

Appendix 4,

* Quad is the abbreviation for a quadrillion British thermal units
(1015 Beuy,



1.5 CHEMICAL PROCESSES | | .

Chemical methods hold the only promise for economic conversion of raw
¢oal into more de31rable end products. Coal is a relatively inert
materlal and, while it burns readily, most other reactions proceed
slowly. The chemistry of coal conversion is extremely complex and not
thoroughly understood. Many mechanisms and intermediate compounds
occur. Many react;ons involving hydrogen and steam are involved.

Ssome of the reactions are endothermic and others release significant

- amounts of heat. ' '

when coal is subjected to high temperature, it passes through stage-
'wise changes and decompositionﬁ” Volatile compounds are released as
vapors and the remaining solid becomes plastic, swells and then re-
golidifies. -The plastic behavzor 45 a function of heat, particle sxze,
pressure and type of coal. As heating continues a second variety of
volatile matter is released 1eav1ng a seml-coke residue. The volatile
matter from both stages consmsts of gases ~and condensable lxqulds.
Subbituminous and lower coals behave differently than described above.

Disgsolving coal in a solvent was a laboratory technlque used more than-
a hundred years ago to study its structure. The bitumen fraction is
first to dissolve. The presence of free hydrogen or use of solvents
able to-donate hydrogen to the coal molecule was found to increase the .
fraction of ‘coal liguefied. Hydrogen has the effect of opening ring

- compounds and cracking long’ hydrocarbon chains. Liguid solvent may

- alsoc serve as a transfer medium for hydrogen.

The liguids derived from direct break~down and hydrogenation-fragmenta-
tion of the coal melecule are principally aromatic hydrocarbons with
naphthenlc and aliphatic compounds comprlsing the remainder. Many of

Ithe compounds ‘contain oxygen, nitrogen and/or sulfur atoms.

When gas is the desired product, the liquid may be hydrogasified, which
is a pyrolysis aided by hydrogen. Hydrogasification of aromatics gives
gas plus coke. Coke reacts to a lessexr degree with hydrogen to give
more gas plus a residue charr




Whether gas or liquid products are desired, the properties of the Pro-
ducts are all important. The scientific tools available to effect and
control conversion are pressure and temperature and the use of heat
rate,.hydrogén, Steam and catalyst.

There is an excellent review and discussion of coal conversion reac-
tions in the dissertation by Li. (Ref. 9).

Higher temperature and pressure are known to give a higher degree of
conversion to liquids and gases and thereby leave less char residue.
Hydrogen is an active reagent for breaking large molecules and forming
more gas products. Steam has the effect of contributing hydrogen to
react with the coal and supplying oxygen which reacts with carbon.. It
is the effective amount of hydrogen present in the reactor which is
the main factor in determining product slate.

Catalysts are materials which accelerate reaction rates and since -
they typically affect particular reactions, they can strongly influence
product slate in a multi-reaction system. There are problems main-
taining catalyst activity since their activity is normally dependent
upon surface effect involving adsorption mechanisms. The catalyst
surface is subject to two types of interference problems. The first
is mechanical, e.g.'masking by a coating such as coke or fusion by
high temperature. The second is a chemical surface change -due to.
combination with any of many “poisons." Coals contain many potential
catalyst poisons including sulfur and most of the heavy metal elements.
All of the liquefaction processes involve catalysts in some way to
accomplish and accelerate the conversion. Independent research.con-~
tinues to develop catalysts which will improve coal conversion. . -

Liquefaction technologies are often catagorized as "direct" and "in-
direct". Indirect liguefaction technologies first convert all coal

to a synthesis gas and then convert the gas to desired liquid products.
Direct liguefaction technologies use processes that work directly with
the solid and liquid phases though they usually add hydrogen as a gas.



pDesired results from a successful coal conversion process include:

1. High products efficiency - energy value of products close’
' to input energy.

2. Ability to handle variety .of coal types -~ particularly
including caking coals.

3. Preferred product characteristics to. replace either present
petroleum-derived products or natural gas.

4. Low product cost.

The fact that coal, as a raw material, has increased in price dramaii—
"cally with increases in petroleum price has confused the outlook for
coal conversion processes. (Ref. 26) it is'obvious that the end
product must always cost more per energy unit than the raw material.
The gains because of the conversion processes are decreased pollution
and increased convenience due to better handling characteristics of o

the derived fuels.




2.0 COMPARISON METHODS

The'hany different coal cdnveréion proéésses which are cﬁrrentiy'béing
developed. have significant differences in'desigh concepts and product
mixes. Some have limitations with respect to the tyﬁe of coal which
may be used. - The general problemihefe isftb debéibplandfapply useful
comparison criteria. Because the ultimate objective is coﬁmercial
use, the criteria which will be mgst;meaningful_éfe those which recog-
nize the market potentiél'forIthéhéthEESioﬁ,pfodﬁcts.'

The convenience of the energy form is effectively dealt with by use
of the product value technique_for_p;oduct.price_es;imating which will

be'discussed in detail later.

All of the p;oceéses studied are bgliéqed to be capablg of meeting
existing envirgnmental,regulationsf All costs used in this study. in-
clude systems within the process pPlant needed to achieve legal require-

ments.

~ Before comparing the various coal conversion processes, it is necessary
to be sure that key standards for comparison are well understood and
have the same meanings for all users. Aside -from simple costs, the
only common standard which applies is efficiency.

2.1 EFFICIENCY

There is a universally recognized definition for thermodynamic effi-
ciency which can be. applied to any of the conversion processes con-
sidered. The definition,in simplest terms,is total output energy
divided by total input energy. This definition includes all utility
inputs and credits for temperature &nd pressure of products above
ambient conditions. This definition does not relate to the basic
purpose of providing fuel products as well as a modified efficiency
definition.



The mpdifieq Qefinition which i§ called "product.efficiency" in this
repoﬁt has been iin common use'by others for years. cheré have also
callediit bf other namés;suéh as "cold products” or"fuels" efficiency.
This definition is the "higher heating value" (HHV) of all fuel pro-
ducts divided by total energy input of coal feed and electric power.

As a practical consideration, where electric ‘input is reéuired for the
energy balances, this.report, and many others, use 10,000 Btu/kWhlrﬁther
than 3,413 -Btu/kwh to ‘allow a realistic conversion loss for electrié
power generation. - - ' ' ' S

2.2 PROCESS COMPLEXITY

When cdmpafing'pfocesses, it is desirable to arrive at some measure_of
hoW‘cdﬁplicaﬁed'systeﬁs ére; relative to each other. If the same‘p:o-
duct can be made by several processes, it is axiomafic thaﬁ; given Ehe
same feed materials and final products, the simpler the process, the
less prone it is to process upsets, the less the plant should cost,
and the less the final product should cost. However, it is difficult
to provide a simple definition or critérion of process complexity.
Process complexity involves many intangible elements which require &
careful and realistic appralsal. These include:

- Reaction complexity. A process which requires several con-
secutive reactions is less desirable than a process involv-
ing fewer reactions. The sensitivity of any one reaction . -
to changes in any of the important variables, such as
.temperature, concentration, etc., may have strong effect
on quality control and reliability. Coal is a heterogeneous
material and composition from & given mine often varies
with time. -This further aggravates the reaction problems.

-  Operational complexity, A process with many steps which
entails multiple handling of solids and fluid streams will
be prone to more -equipment failures and consequently greater
downtime. As detailed in the section on reactor complexity.,.
the methods used for gas/solids contacting and catalytic
conversion can also greatly increase process complexity.

As a general rule, solids. cause more problems than fluids,

and liquids are more troublesome than gases.

- oOperating regime. The chemistry of coal conversion pro-
. . cesses normally involves high operating temperatures and
pressures. Very high pressures . or temperature involve
more difficulties. Special materials and equipment such
as high pressure solids feeders and non-standard items
must be built and maintained with much higher standaxrds

. than required for simpler conditions.
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- Auxlllary facilities. The number of reguired support facil-
. . ities such as catalyst . reclalming, by-product recovery plants
- - and special utility services will make the process inore
: " complex. Each auxiliary service brings with it its own -
complexity factor with an influence on cost and reliability.

a relatlvely comprehens:ve system of rating complexlty was used by a

: DOE Energy Technology appraisal grcup* in mid-1978 to rate several
ga51f1catlon processes. They also identified their system ‘as sub-
jectlve but their values were produced using thée opinions of a num- -
ber of knowledgeable people. They rated the processes for both Eastern
and Western coal and assigned values to each in a technical and also
an Operabllzty/Complexlty/Flexlbll1t?cateqory. Three of the processes
they rated are included in this report and there is full agreement

~ with their ranklng order. '

2.3 ECONOMICS

The final, end,usually most important, criterion for seiecting one
coal conversion process from among a group of proven processes is
based on economic projections, This is why cost analyses typically
begln while a process is still bench scale and continue to be revised
and refined throughout development.

2.3.1. véost'Per Unit of Enerqgy

The simplest cost calculation is the determlnatlon of cost ‘per energy
unlt, typlcally $/10% Btu. .This is suff1c1ent for processes producing
only SNG but has limited value for the other processes. To make such
a calculatlon, all that are required are estimates of capltal invest-
ment and some reasonable assumptlons for operating cost, fuel cost

and product effzclency. This is one of the methods used in this report.
Costs are shown for both private and utility financing. This report
uses the costing guidelines and recommended financial parameters set
forth in the ESCOE "Guldellnes for Economic Evaluatlon of Coal Con=~
veraion Processes"(Ref 27)}. BAll data are presented so that calcula-
_tions on different bases can be made if desired.

* (The system devised by this group has DOt yet appeared in a. publishea
' report.)
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2.3.2 Energy Products Market

The problem becomes more difficult when product costs are to be deter-
mined for the purpose of comparing processes, each with a variety of
products of different properties. For liquld products, assigning cost
directliy proportional to heating value is entirely unrealistic and .
cannot be supported by marketplace hlstory. Price for any commercial
fuel is dependent upon availability, convenience, environmental suit-
ability, productlon costs and demand; i.e., value in a competitive
market. Gasoline should and does cost more than boiler fuel because
of its convenience in the very large transportatlon market. Natural
gas is more valuable than coal because it is clean~-burning and now,
after many years of extremly low regulated prices, is being prlced at
a premium value above coal. Fossil fuels have no more reason to be
priced the same on an energy content basis than should various foods
be priced the same by such an over-simplified system.-

Coal-derived fuels are going into. an existing market dominated largely
by natural gas. and petroleum- derived fuels. Initial efforts are to
tailor the new products to serve as replacements. So long as petroleum
is available as the major energy SOuUrce, it will tend to control the

market.

ESCOE has developed a technlque for product cost estlmatlng that recog-
nizes varying product values. This product value technique first c¢al-
sulates a price for a reference fuel. All individual fuel’ ‘prices are
fthen determined from the reference fuel price. The initial choice of
which fuel form to use for the reference product does not affect the
final results for individuval product prices.

2.3.3 Product Value Technigue

The value method of determining estimated costs for individual products
is based on the assumptlon that future energy prices for partlcular
products will maintain a fixed ratio to each other. All prices are
ncrmalized relative to a reference product. although we have used
the relative values of products as existed in 1978 as the assumead
relative yaluea in the future, any other slate of relative values can
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be assumed.

Since all plant production costs must be recovered, the Sum of all
~Product sales in a particular time period must equal all costs (1nc1u6-
ing profit) attributed to that time perlod Thus ' s

£P;"B, =F ffg ¥ ke ~” B ” ' (2.1)
where: P; = individual product brfcé”in'$/105 Btu -

B; = annual produétioﬁ :b} proﬂqet‘i iphlds-Etu'
F. = annual coal cost in -§ |
M = total annual cost for' labor and all other

operating expenses in $ : :
k = capital factor which allows for all interest,

taxes, return, and recovery of capital investment

C = total invested capital for project in §

- For each individual product, the value factor, £/, is defined as:

fo_ o |
i P, {2.2)
'_ﬁhere- :"Pr é the price of the reference product

substltutlng Pi from Equation 2.2 .into Equatlon 2.1 ylelds-
Pr I £; B =F +M + kC

_F + M + kC
or: Py = 3 B, - (2.3)

'Thus, the necessary market price for the reference product if the sub-
ject technology is to be competltlve 1s, from Equat1on 2.3, a 51mple
function of annual costs, annual productron of the various products,
and the relative market values of the various products.

L I.I ¥
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Once the reference product price is calculated, the individual product
prices are determined simply, from Equation 2.2, by multiplying the
reference product price by the respective value factors, £i.

For this report, premium gasocline has been chosen as the reference

product.

The cost components data and associated calculationé are presented and
discussed in Appendix 2 and k is explained in Chapter 5 where it is
used. The values for k in this report are based on and discussed
further in the ESCOE Economic Evaluation Guidelines (Ref. 27).

To calculate value factors, fi; it is first necessary to select a com~
plete set of market values for all products. This price set is for a
particular point in time and the choice of the time is reflected in
the value factors. For the present study, £; for. liquid products

were determined from mid-1978 published market prices., All liquid
fuel products were subject to Federal price controls to some degree

in 1978 and this is reflected to the same degree in all value factors.

Becauge natural gas prices are just now being released from crippling
price controls over the last 25 years (the regulated well- head price
for new natural gas in the interstate market has increased some eight—
fold in the last six years and wlll be deregulated in another 5ix
years) it is impossible to measure the value of natural gas in 1978,
However, because of its convenience for most stationary uses and its
high environmental advantages, we have assumed market value for natural
gas equlvalent to premium gasollne on a Btu basis. The slopes of
recent price curves for oil and natural gas also support this as a
reasonable assumption (see Ref. 26). Recent FERC approved prices for
supplemental supplies also bracket this value. Since there has been
no significant production of lower-Btu fuel gas in recent years in

the U.S., there is no market and thus no 1978 market prlce. We have
assumed here that all gas fuels have the same value per Btu regardless
of heating value per volume.
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There has been no market for SRC-1 clean solids since there are
no commercial production facilities.

The solid fuels are priced on their heating value relative to fuel coil.
Clean SRC solid fuel is discounted ten percent to allow for the added
handling costs. Char is further discounted_to_allow for higher ash
contents. The value shown for char would be too high for a matericl
‘with a significant sulfur content. The amount of sulfur contained in
a char depends strongly on the feed coal analysis and the process used.

Tar oil is a material peculiar to gasifiers. There is a potential for
recovery of valuable chemical by-products.

Fuel oil in this report refers to industrial fual commonl} referred to
as No. 6, Bunker C or residual fuel. There are variations in the phy-
sical properties for the oils sold in this category. It is not uncom~
mon for residual fuels with a higher heating value to sell for less
per barrel due to high viscosity and resultant extra handling cost.
‘No. 2 oil is considered synonymous with diesel fuel in this report.

Naphtha is a generic term for a distillate product which is not com=-
monly 501df0n the open market. It is an intermediate refinery stream
which ends ﬁp as gasoline, diesel fuel and specialty products. Naphtha
physical properties and hence value varies considerably depending upen
crude oil source and pretreatment. The naphthas from coal conversion
processes also vary both between processes and even from a given process
depending upon feed coal and operating conditions. PFor this report,

all naphthas were assigned a singlelfi value related to cost necessary
to upgradelthe product to gasoline,

Liquid petroleum gas (LPG) is a commercial product consisting mostly
of propane and butane. It is shown as a lower enexgy price than the
pPrincipal components which reflects market conditions and value of the
purer materials as feedstocks for higher valueldhemicals. .
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The gasoline shown in Table 2.1 is low octane such as obtained from

a simple Flscher-Tropsch process. It is lower guality than the regular
grade sold in the U.S. market. The premium gasoline is 93 Research
Octane Number and the same as sold in the U.S.

Methanol is sold commercially but not on the scale reguired for the
transportation fuels market. Thus the mid-1978 commercial price has
no relation to future cost as a major fuel. For this study pure
methanol was assigned an energy value egual to premium gasoline since
it can be used in the same type engines as an acceptable replacement.
Methyl fuel is priced prdportional to the héating value for pure
methanol. It is discounted to allow for water.

The value factor for electricity was determined from a typical mid-1978
cost to medium size users.

16




Table 2.1

Value Factors for Energy Products
(Reference to Premium Gasoline)

Product 1978 Price Heating Value Energy Price Value Factor
L e At erioteey’ oy,
SRC S0ldd (1) -/t 320 L35 . so
Char X $26.32/ten | 16,0 T 1les 47
Tar 0i1 . 14.88/bb2 - - 5.0+ - 2,98 . :pgss
Fuel 0il 12.35/bbY° <603 0 qigge . " 56
No. 2 0il {Diesel Fuel) 14.92/bbl 5.2 2.87 .82
" Naphtha : 14.92/pb1 - 5,2 . 2.87 - g9
LPG 12.04/bbl 4.0 3,01 - .86
Gasoline 15.75/bbl 5.0 . 3.15 | .90
Premium Gasaline (2)  17.50/bbl 5.0 , - 3.50 : 1.00
' Methanol (3) - /bbl 2.2~ " 3.50 1.00
Methyl Fuel (4) - /bbl 2.6 3.36 .96
Butane 13.11/bb1 3.5 3.75 1.07
Propane 12.10/bbl 3.2 ' 3.78 - 1.08
All Fuel Gases (5) S — . 3.50 ' 1.00
Electricity 31.06/106wh 3.4 .10 2.60

(1) No sales in 1978, Energy Price assumed 10% less than fuel oil.
(2) Prerdium gasoline is reference fuel. fi.= 1.00 .

(3) WNo significant market in 1978. Energy value assumed same as premium gasoline,
(4) No market in 1978.. Energy price 4% below methanol for water.content.

(5) Severe price regulation for natural gas in 1978. Energy value set at 1.00.
See text. .
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