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ABSTRACT

A joint effort by the Jet Propulsion Laboratory and the California
Institute of Technology Division of Chemistry and Chemical Engineering has
brought together sponsors from both the public and private sectors for an
analysis of the prospects for methanol use as a fuel in California, primarily
for the transportation and stationary application sectors. Increasing
optimisy in 1982 for a slower rise in oil prices and a more realistic
understanding of the costs of methanol production have had a negative effect
on methanol viability in the near term (before the year 2000). Methanol was
determined to have some promise in the transportaticn sector, but is not
forecasted for large-scale use until beyond the year 2000. Similarly, while
alternative use of methanol can have a positive effect on air quality
(reducing NOy, SOy and other emissions), a best case estimate is for less
than 47 reduction in peak ozone by 2000 at realistic neat methanol vehicle
adgption rates. Methanol is not likely to be a viable fuel in the stationary
application sector because it cannot compete economically with conventional
fuels except in very limited cases. On the production end, it was determined
that methanol produced from natural gas will continue to dominate supply
options through the year 2000, and the present and planned industry capacity
is somewhat in excess of all projected needs. Nonsubsidized coal-based
methanol cannot compete with conventional feedstocks using current technology,
but coal-based methanol kas promise in the long term (after the yeayx 2000),
providing that industry is =illing to take the technical and market risks and
that government agencies will help facilitate the environment for methanol.

Given that the prospects for viabie major markets (stationary applica-
tions and neat fuel in passenger cars) are unlikely in the 1980s and early

1990s, the next steps for methanol are in further experimentation and research
of production and utilization technologies, expanded use as an octane enhancer,
and selected fleet implementation. In the view of the study, it is not advan-

tageous at this time to establish policies within California that attempt to
expand methanol use rapidly as a neat fuel for passenger cars or to induce
electric utility use of methanol oa a widespread basis.
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EXECUTIVE SUMMARY

BACKGROQUND

The California Methanol Assessment was organized by the Jet Propulsion
Laboratory {JBL) of the California Institute of Technology (Caltech) through
an interagency agreement with the National Aeronautics and Space Administra-
tion. The 1l8-month study was a joint effort of JPL and the Caltech Division
of Chemistry and Chemical Engineering and was sponsored by various private
companies and public agencies that are potential stakeholders in methanol use,
productien, and distribution. An in-depth analysis was performed of the
status and prospects for methanol use as a fuel in California, primarily in
the transportation and utZlity sectors. Technical data were synthesized from
ongoing JPL studies, %tie sponsors, and other socurces. The data were then
analyzed for California markets to determine the role that methanol can play,
the gaps in the current state of knowledge, and the efforts that are warranted
to ensuve an efficient aad appropriate transition into the warketplace.

Methanol has long bsen used as & chemical and chemical feedstock. The
United States currently produces about 3 millien tong/year with an energy
equivalent of 100 trillion British thermal units (1014 Btu). Methanol has
many potential benafits as a fuel, On an overall basis, it has been argued
that it could be the lowest cost synthetic liquid fuel. The techunology sxists
to produce methanol from the country's extensive coal reserves as well as from
peat, petroleum, coke, natural gas, and biloenergy feedstocks. In automotive
and some other applications, the performance of methanol is supexior per Btu
to that of gasoline and other conventional fuels. Widespread methanol use
could have a net positive effect on the environment because it is a clean-
burning, low=~polluting fuel that ostensibly yields lower atmospheric contri-
butions of NOy and unburned hydrocarbons. Gasoline~fueled vehicles could be
built and stationary power plauts could be readily adapted to use of methanol.
Methanol can be produced from a variety of domestically available feedstocks
and used in a variety of spplicstions. In addition, it is noncarcinogenic.

Expanded production of methanol, unlike other synfuels, will require
dedicated storage facilities and delivery systems. Thus, because it is not
now in general use as a fuel, more extensive methanol use would requirve either
new dedicated delivery systems or conversion of current systems. On a volume
basis, methanol has half the energy content of gasoline, so both storage and
vehicular tanks would probably need to be increased in sire, with some mitiga-
tion because of better fuel performance. Although safety and toxicity
problems seem to be no greater than those for gasoline, they are different
from today's fuels, and their solutions would require additional education and
training. Methanol is hydroscopiec, but a small fractien of water can be
tolerated in its use as a fuel. Also, methanol could be transported in
existing pipelines if some adjustments were made for the fuel's greater

~miscibility, and if batched load delivery systems were set up.

For methanol £o become a viable transportation fuel in the long term,
both the fuel and automobile industries must participate in & strategy



involving risk on investments that will not be returned quickly. The issue of
scale is important, for it has been suggested that:

(1) Methanol must ultimately be made from coal in large (25, 000
tons/day or larger) western minemouth plants.

(2) Methanol must be pipelined to end-use markets in high~volume
pipelines (50,000 tons/day).

(3) Automobile manufacturers must mass-produce (at least 30,000
vehicles per year at a given company) optimized methanol-fueled
vehicles to achieve end-use economies of scale.

(4) Potential private paséenger car buyers must see an established fuel
distribution network before they will purchase neat methanol-fueled

vehicles.

Each of the above points has been evaluated for the California Methanol
Assessment to determine if it is a critical element in the viability of
methanol as a fuel in California. Once this basic characterization of the
methanol fuel system was made, the analysis focused on what could be done as
the next step to facilitate an efficient evolution into the marketplace.

The State of California was chosen as a Focus for the study because
methanol has many potential uses as a fuel for stationary and transportation
applications in California. There are unique benefits that could be derived
from widespread use of methanol in California because of the State's air-
quality problems and its number of potential feedstock sources for methanol.
Relative to the use of conventional fuels, use of methanol could reduce the
emissions of sulfur dioxide, nitrogen oxide, and reactive hydrocarbons into
the atmosphere of:.California urban centers.

During the past several years, there has been an increase in the number
of test programs for vehicles using methanol and methanol/gasoline blends.
The State of California has begun fleet tests, and in 1980 the California
Energy Commission (CEC) issued a policy resolution on alcohol fuels, Also,
utilities and policy-makers in California have shown an interest in methanol's
role in the utility sector, where it could have environmental and fuel
diversification benefits.

Clearly, methanol has the potential for much greater use as an altern-
ative fuel in California. Caltech and JPL were greatly interested in exam~
ining the realities of that potential, and together they were equipped to
provide a useful interdisciplinary study of the problems and potentials.

JPL's long~term commitment to the national energy program, coupled with the
Laboratory's 30-year hlstory as a leader in fuels research fox space and other
appllcat1ons, provided unique experience with chemical proceséhd ﬂcombustlon,
engines, turbines, fuel cells, envxronmental control, safety, tox1é1ty,
systems analysis, and pollcy analysis, Current methancl-based fuel cell
research at JPL and emissions characterization studies at Caltech provided a
rich data base. Related efforts, such as the Advanced Coal Extraction Systems
study, and detailed coat models being developed for photovoltaic and other new



enexgy systems, ensured a background and structure condicive Lo a well—rounded
overview of the problem.;

The emphasis of the California Methanol Agsecsment has not been placed
on generating new basic data, but rather on resolving conflicting information,
performing a more detailed market analysis in California submarkets than has
been publistiad to date, and synthesizing this information into a California
strategy. Some of the questions that needed to be addressed were:

' ; T/ ! P

(1) Could methanol become a significant fuel for California (and

elsewhere) beginning in the 1980s and 1990s?

(2) when compared to alternatives, which options for the use of
methanol should be encouraged for California?

(3) What are the attributes of methanol in terms of cost, value,
environmental impacts, supply reliability, safety, and health?

(4) What are the possible and probable sources of supply and modes of
transportation and distribution?

(5) What are viable near-term approaches for the use of methanol as a
fuel in Californial?

s

APPROACH
The goals of this research effort have been to:

(1) Synthesize, evaluate, and document key technical issues (e.g., neat
methanol engine efficiency, economies of scale in methanol
production, environmental effects of methanol use, etc.).

(2) 1Identify the essential features of a mature methanol fuel industry
if it should develop.

(3) Identify and characterize potentlal near—-term and long-term
methanol fuel markets.

(4) Characterize the next steps in terms of research or studies that
would further refine the potential role for methanol.

(5) fiztermine if selected policy alternatives can significantly alter
methanol potential.

After evaluating these key issues, a determination was made of the next steps
to be taken in the methanol market. These steps were then evaluated frcm the
perspective of each of the key participants (producers, users, equipment
manufacturers, distributors, regulators, legislators, etc.).

Thus, the end result 'of this study has been to determine if there are
useful transition-period strategies, policies, research activities, regulatory
changes, or avenues of cooperation among the participants in the methanol

‘y
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market that would facilite \hethanol achieving its longer-term role more
efficiently. This is a very difficult problem {nd challenges fuel producers
and distributors, automobile manufacturers, end \\sers, government agencies,
and researchers to determine sensible processes a\d policies within a
timeframe that will allow methanol to be efficienf'ly available for future
demands. r

The choice was made of the specific time p}riods used for near-term
(1982 through 1987), transition-period (1988 to |997), and long-term (1997 and
beyond) m4 /ket analyses because of constraints o< the evoletion of methanol as
a fuel, i.e.: S
"L
(1) The near-term period of 5 years is short enough so that changes in
methanol production capacity can be estimated with reasonable
accuracy (plants are already in planning or construction stages)
and the state-of-utilization technology is relatively fixed.

£2) The transition period from 1988 to 1997 is the timeframe in which
methanol use would have to expand rapidly if it were to make a
significant impact on fuel markets by the turn of the century.

(3) The long-term market is'simply defined as beyond 1997 becausge that
- is a period by which some results would have to be realized to
motivate action now in plannlng, technology development, and policy
implementation.

An effort of this study has been made to examine the possible transition
paths of methanol into long-term fuel and stationary source markets. There-
fore, this study looks more deeply than vther recent studies at the submarkets
in transportation, utilities, and industry that could be important in building
the supply, production, and delivery infrastructure necessary for widespread
use of methanol. For example, in the transportatlon fuel market potential
demand for methanol as an octane enhancer in Califonia is examined as a pomplex
market in itself. The perspective of large refiners and the independents in”
terms of the value each would place on methanol for octane enhancement is
quite different. 8imilarly, in tle case of utilities, an attempt has been
made to carefully differentiaté the value of mithanol in various types of
generating units and under a number of environmental conditions and regula-
tions. The results, when aggregated across the market sectors, provide the
framework feor identifying opportunities for structuring a transition strategy.
It is not suggested, however, that this study substitutes for the project—
specific analysis-a company would have to do to commit to a methanol veature.
The level of detail necessary for such an evaluation is simply beyond the
scope of this study.

“The study Has also taken a fairly detailed look at the methanol produc~
tion industry in the near term (1982 to 1987), as this period may also be
crucial to a transition strategy. This period is sigrificant because methanol
production is already in a period of transition. The deregulation of natural
gas that is now in progress will greatly alter the structure of methanol
supply in the long tetm and may lead to significant price changes in the near
term. :
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Tndividuals that contributed to this atudy represented a broad apactrum
of disciplines, includipg chemical engineering, econowmics, petroleum engxneexu
ing, policy analysis, and thermadynnmxcs. The sponsorsz of the study algo 2\
provided substantial data in the following areas: .

(1) Production: Atlantic Richfield fo., Chevron USA, Inc., Conocq Coal
Development Co., Exxon Res¢arch & Development Co., Phillips
Petroleum Co., Sun Co., and Texaco, Inc.

(2) Chemical: du Pont de Nemours and Co. o

(3) Utility: Electric Power Research Institute, Pacific Gas and
Eleetric Co., Southern California Edison Co.

(4) Autemotive technnology: Ford Motor Co., General Motors Corp.
(5) National synfuel incentives: Synthetic Fuels Gorp. (SFC),
(6) State roles: California Energy Commission {CEG).

(7) Production equipment: Litton Energy Systems.

The findings were synthesized into an assessment framework and reviewed by JPL
and by the Technical Advisory Grnup, which iz composed of representatives of
the sponmorss A key feature of the gssesswscl approsch was that the informa-
tion was exchanged and discussed by the Technical Aﬁvxsory Group in the same
meetinge that were held to review drafts of the interim and final reports.
Although agreement was nobt reached on all points, these meetxngs provxded an
opportunity te discuss specific issues from the perspective of companiss that
are or might be potentially invelved in methanol production, distribution, and
4se.  Thus, although the study does not represent a consensus position of the
sponsors (the conclusions are solely those of JPL), there was a free exehange
of ideas so that a wide range of positions could be considered. The reader is
referred to Appendix B in Volume IX: Technical Repoxt for the positions of the
various sponsors cn the findings.

FINDINGS
Competitive Environment

A review was made of studies of the present and projected competitive
environment for methanol in Califonia with emphasis on: (1) the availabililty
and price of natural gas and residual oil to Califoruia utxlltxes,1anﬁ (%) the
likely range of cost for motor fuels in California. Table 1 projects the
likely (base case) fuel consumption and cost for California for the utility
and transportation sectors. The precise values of the forecast prices and
quantities are not as important as the genersgl climate for synthetic fuels in
the transition period of 1982 through 2000, The key factors during this
period are:

{1) The United States and Californis will remain dependent upon
imported oil, although recent off-shore oil discoveries will
improve Galifornia's pogition.
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Table 1. Base Case Fuel Forecast Summary for California .

(quad/year)
1980 1985 1990 1995 2000
VEHICLES
CGasoline 1.44 1.23 1.10 1.08 1.05
Distillate 0.25 0.30 0.35 0.37 0.40
SUBTOTAL 1.69 1.53 1.45 1.47 1.45
ELECTRIC UTILITIES '
Natural Gas - ‘ 0.52 0.59 0.54 0.49 0.45
0i1 0.48 0.36 0.49 - 0,370 0.13
SUBTOTAL 1.00 0.95 1.03 0.86 0.58
INDUSTRY ‘ B
Natural Gas I 0.54 0.36 0.39 6.39 0.37
Distillate 0il 0.05 0.05 0.04 0.04 0.03
Residual 0il 0.04 0.04 0.03 0.03 0.03
SUBTOTAL 0.63 }§ 0.45 0.46 0.46 0.43
PRICES (1981 $/106 Btu)
Gasoline 16.66 2.85 12.42 14,39 15.97
Residual ©i1 (0.5% sulfur) 5.47 5,49 6.68 7.58 | 8.18
Distillate 0il 6.30 6.12 7.89 9.37 10.60
Natural Gas: Utilities 3.84 5.01 6.37 7.44 8.06
Natural Gas: Industrial 3.97 5.07 6.41 7.47 8.09

(2)

(3)

(4)

(5)

(6)

Natural gas after deregulation will tend toward parity with the
price of residual oil.

The contribution of synthetic fiels nationally will probably be
less than 500,000 barrels {(bbl)/day by the year 2000.

Although there is significant oil worldwide and unused capacity in
OPEC to supply anticipated demands in the next 20 years at real
escalation rates of 2% annually or less, political disruptions
could drive prices up much faster.

There is a plausible wide range of oil price scenarios in the
1990s, which work against those large-scale capital projects that
must rely on high-price scenarios for viability.

The real price decrease, since the peak 1981 oil price level, has
severely impacted the enthusiasm for synthetic fuels and will
probably negatively impact such projects even if another sudden
price rise occurs.




Air Quality

A special effort of the study that coincided with ongoing research at
Caltech was to perform a screening analysis of the likely impact of methanol
fuel on the air quality of the South Coast Air Basin., The Basin includes the
areas within the counties of Los Angeles, Orange, Riverside, and San Bernar-

- dino, which has a population of about 11 million people. The Basin has
persistent and severe problems of air pollution caused by a combination of
factors. There has been an extensive gathering of emissions and meterological
data for this Basin, which enabled the application of analytical models.

For this analysis, an existing Caltech air-quality model was further
adapted to treat methanol as a specific pollutant. The methanol chemistry was
included in the model for completeness to determine how methanol would contri-
bute to the formation of ozone. Thus, the model was able to distinguish seven
classes of reactive organic compounds: alkanes, ethylene, other olefins,
formaldehyde, other aldehydes, aromatics, and methanol. The various reactive
hydracarbons have different rates of reaction with NOy and with the
oxygenated species that promote the formation of photochemical smog. The
model uses a Langrangian form for representation of the equations of motion
that describe the diffusion and convection of chemical species within the
modeling region. It calculates the concentrations of chemical species along a
given trajectory of an air parcel traversing the Basin.

All calculations were based on the projected emissions inventory of
pollutants for the year 2000. The air-quality impacts of methanol use are
quite sensitive to this initial baseline, thus the findings discussed below
should not be attributed to the intervening years between now and the year
2000. At that future date, the potential benefits of existing pollution-
abatement regulations would have been realized. At the same time, it is a
feasible date by which, if methanol were to become an important fuel in
California, air-quality effects from this change would be felt. Calculations
were performed to indicate the likely effect on air quality of using methanol
as a substitute for gasoline; no estimates were made of the effects of use of
methanol for staticnary applica**ons or diesel vehicles because other study
findings indicated these uses to be relatively small contributors to the
emissions baseline.

Some cf the following conclusions apply to the complete substitution of
methanol for gasoline in the South Coast Air Basin, based on projected emis—
sions for the year 2000. Even though this is not a feasible scenario for
methanol use, the intent was to bound the air-quality implications of
substituting methanol for gasoline and to calculate a limiting case.
Therefore:

° Even with an optimistic rate of neat methanol vehicle adoption, the
maximum impact by the year 2000 would be only a 3% to 4% reductiowun
in the peak hourly-average concentration of ozonme.

] In the long term (beyond the year 2000), even the complete
substitution of methanol-fueled vehicles for gasaline-fueled
vehicles could lead to a reduction of 14%Z to 20%Z in the peak
hourly-average concentration of ozone.



) Peak ozone concentration decreases approximately linearly with
‘methanol subs itution, starting with the year 2000 emissions
inventor; .

o

* The photochemical veactivity of metnanol is relatively low.

© With use of methanol, peak ozone concentration is reduced as
emissions of NOy are reduced. The ozone concentration, however,
is much less sensitive to emissions of NOy, than to reactive
organic emissions.

. With methanol substitution, the ambient coﬁéentngtion of
formaldehydes would not increase sighificantly.

. Total suspended particulates in general would not be greatly
affected by methanol substitution; however, fine non-volatile
carbonaceous particulates would be reduced slightly if methanol
were substituted for gasoline. Methanol substitution for diesel
fuel would make this reduction much larger.

While the assessment of effects of methanol on air quality is only an
initial investigation and while the accuracy of the data used in the modeling
calcuiations couid possibly be improved, the study results clearly indicate
that the impact of methanol of the Sputh Coast Air Basin would be beneficial
in the long term. For some pollutants, the potential improvements are signi-
ficant. The most significant impact would be ko reduce the peak level of
ozone, but only if a major portion of vehicles in use were methanol-fueled.
Even a small reduction in peak level would cause a reduction in the number of
days that the smog episodes occur, and thereby would cause an improvement in
the air quality for the residents of the Basin. Obviously, the use of methanol
is no panacea for the problems of air pollution. Other pollution-~abatement
measures would still be needed. If neat methanol-~fueled passenger cars were
to become over-~the—road competitive with gasoline vehicles in 1990, and from
that point achieve a rate of sales consistent with the rate of adoption for
deisel~fueled vehicles since 1978, the vehicle stock would be about 12% neat
nmethanoi~fueled vehicles by the year 2000, With this percentage of
methanol-fueled vehicles on the road, the peak ozone would be reduced about
3.7% from the base case. Obyiously, the adoption of methanol vehicles could
occur more quickly, but this is unlikely given that neat methanol will not be
over—the-road competi~ tive for some time. Neat methanol has more barriers to
overcome than diesel, so its rate of adoption will tend to be less, if
anything, than the diesel experience since 1978. Therefore, the 3,.7% impact
on ozone by the year 2000 for neat methanol-fueled vehicles is probably
optimistic and, in any case, only a modest factor in that timeframe.

PROJECTIONS

One of the goals of the study was to charactexize the projected value of
methanol in the private marketplace. Such a determination will reveal whether
thetre are potentially viable markets for methanol in the near to mid term that
might help transition to widespread use of methanol as a transportation fuel.



Near Term (1982 through 1987)

The methanol supply industry is already in a transition period. Adding
to the progressing deregulation of naturxal gas and a worldwide oversupply of
methanol, there is a prospect for coal-based methanol plants supported by
S§FC. Also, there iz much uncertainty surrounding the near-term structure
of the industry.

Factors acting upon the methanol industry in the near term will be:

(1) By 1985, natural gas will be deregulated and will move toward
parity with the mid to low sulfur (approximately 0.5%) residual oil
price. In the study's baseline scenario, this is expected to be in
the $4.75 to $5.00 per 1 millon (106) Btu range in 1987 (1981 §).

(2) Contracts for inexpensive natural gas, currently supplying the
conventional feedstock for methanol in the United States, will
virtually all have expired by 1985 to 1986. As a result, domestic
producers will be paying deregulated market prices for feedstock
natural gas.,

(3) There will be excess capacity in methanol production to supply
traditional chemical markets. Even if demande in traditional uses
such as formaldehyde return to pre-recession levels (if the housing
industry expands), the 1985 excess supply capacity will probably
exceed 1 billion (109) gal/year in free-world markets unless fuel
uges expand.,

Production

Given the above factors that are cperating within the industry, three
possible marginal commurcial production sources by 1987 are: (1) methanol
from conventional natural-gas plants with unregulated gas feedstock cost, (2)
new remote natural-gas-based plants, or (3) SFC-supported coal-to-methanol
plants.

Virtually all of the existing plants will be operating on deregulated’
natural gas by 1987. Assuming a $5.50/100 Btu feedstock cost for natural
gas in fully amortized plants, the plant gate market price for methanol is
estimated at a minimum of $0.76/gal for methanol in 1987 (in 1981 $). It is
expected that these plants will remain viable at least through 1990, but that
no new conventional plants will be built based on pipeline natural gas.

The concept of barge-mounted plants producing 2000 to 3000\ibns/day from
remote natural gas may become viable in this period. The key assumption here
is that the remote natural gas used would be available at far-below-market gas
prices. Two plant locations were evaluated for feedstock and transport costs
appropriate for methanol: Cook Inlet (Alaska) and Indonesia. The implications
of these cost projections are that barge~mounted plants could yield a 20%
after-tax nominal return with a minimum acceptable delivered price of $0.58
to $0.66/gal (in 1981 §).



Coal-based methanol plants gupported by price or loan guarantees have
been proposed to SFC. The study modeled a western—gited coalwto—methanol plant
and unit. train transportation to the West Coast. It was found to require'a
price of $0. 82/gal delivered to California, even with loan guarantees. Thus,
even with SFC support, western coal-to-methanol production will not be ¢ompeti~
tive with the other options, and it seems likely that any coal-to-methanol
plants started in the 1980s will have to be subasidired with price supports. =
Further, subsidized methanol might tend to displace domestic production in the
chemical sector, rather than in the fuels market as intend=d, :

Although meths»ol can be used in utilities sdd in industry as a boiler
or peaking fuel, it must compete with conventional fuels. In the 1987
timeframe, resxdual 0il and natural gas are expected to post agproxim&tely
$5.50/106 Btu, and methanol should cost approxlmately $9.00/10% Btu.
Thus, the only potential for methanol use in the utility/industry sector would
be where environmental constraints force a willingness to pay a significant
premium ($3.00 to $4.00/106 Btu) for methanol. One utility application that
seems to have some promise to justify prumiums in this range is overfiring
boilers using 10% methanol with natural gas or residual oil. Full-gcale
boiler tests nust be done to confirm if such premiums can be J"ﬁ*afzed in
selected power plants where capacity is restricted because of emissions
limitations.,

o

T

As in utility and industry applications, there are significant near-term
barriers to the expansion of refining and blending submarkets on the West
Coast because of lack of availablility of other necessary blending agents such
as isobutylene for methyl tertiary butyl ether (MTBE) and tertiary butyl
alcohol ('fBA) for low-level blends. It is zxpected that methanol demand for
blending and refining will be only 300 to 500 tons/day in the near term
because of these constraints. ‘

There now exists a very small methanol market for commercial fleet
vehicles, supported by several small companies performing vehicle ¢onversions
to neat methanol., Even if factory-optimized mathanol vehicles were available
and the price of methanol,fuel was such thet these vehicles would have an
over—~the-road cost compeitiveness with gasoline, the near-term potential
market is probably still limited to 4000 to 10,000 vehicle sales per year in .
California. This is due to constraining factors such as uncertalnty of resale .
value, ready availability of methanol fuel, and required maximum trip lengths
fur the vehicleg. If methanol vehicles were in fact sold at this volume, it
would imply an increase in methanol demand of between about 20 and 75 tons/day.
Such a volume is quite small in comparison to a remote natural~gas methanol
plant size of 2000 to 3000 tons/day.

As shown in Figure 1, the most likely outcome in the near term is for |
very limited quantities of methancl being consumed within the state. The
maximum competitive market size would be approximately 4000 tons/day, even if
all the low~level blend potential of California were exploited. A more likely

outcome is that demsind will be approximately 1000 tons/day, with perhaps
800 tons/day to bleﬁdmng markets, 100 tons/day to vehicle fleetas, and 100 to
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Figure 1. Projected 1987 California Methanol Market (1981 §)

200 tone/day wtiliged for utility experimentation,  The only way that thie
auteema conld be significantly atfected would he fory (1) the West Coart THA
capacity to be expanded, {2) the regulatory climate in Galifognia to be essed
to Tacilitate the hleuding with a Mizner allowad Redd Vapor Pressuve, or

€3) utility overtiriug to be expanded if the potential gains ave proven in
large=acale tostw,

Transibion Pepiod (1987 to 199%)

A characterization has been made of the erfecta of letting the wmarketw
place determine methanol introduction and evolution For the timelrama of 1987
to 1997, The transition perivd is the moat interesting aspect of the evolue
tion of the methanel warket because it iy a timelrame in whieh produetion
methods and sourees will change, end=use tochnvnlegy will improve, and the fuel
market in which it competea may also experience significant changes. The
10=vedr period trom 1W37 to 1992 is Jdelfined for the purpeses of this atudy as
the transition period in which majur change’ must oecuy i methanol i3 to be a
gignificant fuel hy the vear 2000, Obviocusly the planning, teating, experiw
mentation, and poliey changes might begin avoner, but the impact of fhese
activities an the market will be felt in the 1987 to 1997 timelrame.
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Production

There are already capacity additions planned through 1987 based on
natural-gas feedstocks that may add as much as 1 billion gallons of excess
capacity relative to projected chemical demands, Thus, there is an ample
supply of methanol for early utility experiments, fleet use, and ogctane
blending in the next few years, Beyond 1987, the potential exists for
additional capacity. . N

After a detailed gomparison of the methanol productiocn costs from both
California feedstocks (bioenergy, petroleum coke, heavy oil in rock) and other
out-of~state resources (western coal, Alaskan coal and remote natural gas), it
has been concluded that only two options would be important to California's
transition period: remote &gtural gas, and SFC-supported coal-to-methanol
plants. S

N

A key factor in the conclusion that remote natural gas is the wmost
important source for methanol in the transition period is the expectation that
the markets will evolve slowly. Methanol from remote natural gas is not
likely to be extremely elastic in suﬁ%ly. At large levels of fuel demand,
production costs from this source would begin to rise for two reasons: longer
transport distances to California, and higher collection costs in le s=
developed remote sites.

The major findings in the production cost analysis are that:

(1) Methanol is most efficiently produced from remote natural gas
in the transition period.

(2) Production costs from remote natural gas vary from the
reference case of $0.53/gal in 1992 up to $0.66/gal at a 25%
return and down to $0.42/gal at a 15% return.

(3) The quantities of remote natural gas available on the Pacific
Rim at $1.50/106 Btu or less seem sufficient to support
California's near— to mid-term fuel demands.

(4) Rapid expansion of methanol supply from remote gas resources
will induce price increases as longer tramsport and higher
collection costs are incurred,

(5) California resources are not critical to a methanol fuel
transition.

(6) Methanol does seem to be in the competitive range with shale
oil or to be significantly cheaper than methanol-to-gasoline
or Fischer—-Tropsch ligaids.

~{7) A high oil price scenario may also tend to induce methanol

production cost increases, which offset some of the apparent
gains in viability.

2y
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(8) There dces not appear to be a case in which unsubsidized
coal-to-methanol plants become commercial before the year 2000.

Use

Given the starting point illustrated previously in Figure 1 for the
bounds on the California fuel market for methanol in 1987, similar snapshots
of utility, industrial, blends and neat transport fuel markets are made for
1992 (rFigure 2). During the transition peried, the most important factor in
the status of the methanol fuel market in California will be the competltlve
environment in which it must compete. The pertinent submarkets are blends,
fleets, private passenger cars, industrial fuels, and utility fnels. All of
these market potentials are shown in Figure 2 in terms of both breakeven
prices and market sizes. Some significant changes from Figure 1 are evident,
especially in the scale of the potential stationary applications market and
the addition of & light—~duty vehicle submarket.

As shown in Figure 2, the transportation markets are the submarkets
where methanel can have a limited impact in the transition period. Low-ievel
blends (4.5%) of methanol and a co-solvent with gasoline should be competitive
at some level by 1992. The maximuiz methanol use would be about 3000 tons/day
in California for this purpose, but actual use given TBA limitations will

.
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(.
probably be'émaller, about 900 to 1000 tons/day. The ‘fleet market is the next
increment 1d¢methanol demand that would be competitive at prices up to about
$0.96/gal, bdt would imply a maximum methanol demand of 1200 tons/day and a
more likely demand of approximately 100 tons/day.

The passenger car market would also achieve parity in the early 199Us
with the over—the-road costs of gasoline, although the margin would be slight.
A key factor in this analysis is that only remote natural-gas feedstocks yield
methanol prices in the competitive range of fleets and passenger car markets. -
Because this feedstock source is not highly elastic, a very rapid penetration
rate for methanol-fueled vehicles would lead to methanol production-cost
increases. At rates of penetration consistent with diesel wvehicles in the
period of 1978 to 1982, remote natuyral gas is sufficient tc supply both fleets
and passenger cars through the 1987 to 1997 period,

Rapidly rising oil prices consistent with the high oil price,scenario
may improve methanol viability somewhat, but there will also be feedbacks in
methanol production costs that offset part of the apparent gain in competi-
tiveness, As a result, with either the base case or high-price scenatio,
methanol from coal does not seem viable through the transition period. 1In
the low oil price scenario, light-duty vehicles do not become over-the-road
rompetitive until beyond the year 2000, even for methanol from remote natural
gas. For this optimistic case scenario; the only viable methanol market is in
blending for octane enhancement or p0581b1y overfiring in highly selective
utility applications., v

The potential for methanol as a fuel in stationary applications is very
limited in the transition period because it cannot be produced competitively
with pipeline gas or even liquefied natural gas (LNG). This situation is
actually strengthened under a high oil-price scenario, where feedback effects
in methanol production costs will offset likely increases in pipeline gas.
Under the assumption that natural gas remains available to utilities (which
seems likely), the margin for error between costs for natural gas and methanol
is estimated to be sufficiently wide that methanol cannot compete on strictly
an energy basis.

The only other rationale for ysing methanol for stationary applications
in this timeframe would be that it has environmental value beyond its energy
content. The problem with environmental premiums is that there are current
programs in place that rely primarily on nuclear capacity, out-of-state coal
generation, and renzwables to achieve environmental compliance. Burning
methanol within the South Coast Air Basin is neither as cosié~effective as
these options nor as environmentally benign with respect to NOy and sulfur
output in the Basin. The one exception to the lack of environmental premiums
is the case where plants are operating well below capacity bécause of NOy
output limitations. These few plants are really the only transition-period
methanol market in the utility sector. If bench-scale tests are verified in
large-scale tests, the value of methanol may exceed that of oil or gas by more
than $3.00/10% Btu, which would make it a viable application.
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Long Term (1997 and beyond) %m stgfﬁ'g

Production

In the period beyynd 1997, if the preconditions on mathancl development
have baen asuccessfully achieved, there are really only two potential fesdstock
sources for mathanol: westarn coal and Alaskan North Slops natural gas. Both
of these feedstocks exist in sufficisent quantities to supply an astablished
and growing methano} fusl demand, and have Further strategic value as domastic
sources which are not subject to Middle Eastern political and social instz-
bility. For natural gas the supply elasticity is such that quantities of
10,000 to 20,000 tons/day can-probably be suppliad befora large supply cost
increases take place. These cost increasss rezult from increasingly highar
feedstock acquisition and collection costs, and also from costs associated
with longpr product transport times, As a result, these costs kould increase
until the potential for North Slopa gas could be sxploited (apput 10,000
tons/day). Of course, if the gas pipeline to the North Slopy is constructed,
mathanol will cease to be a relevant option. For coal-zo-methanol plante,
larger quantities might lower production costs for a pericd while production
and transport economies are expiloited. The minimum acceptabie salling price
for coal-to-methanol production, shown in Figure 3, is axpressed

100 1,000 10,000 100,000
3} rhseay B 3 useaes 335838 2
* , bR - L : ,
;zmgm 170 | reso-sxieies == DCTANE ENHANCENENT ' ' ' 26,18 pap
‘ v ' v L pamsneta)

tm R ' ! SIN B
T PR AN ! t ! o

LSQ- ; \ v t 4 i ] "’5‘1(\

1.40+ \ : REAWAR URLTADED t ' ' ,/.""“3‘“‘“

1.304 ' \ ' t ' 1 20,02

120 AN o v 18,02

1,18+ ; : : f v 16,34

205 MR \ \!;H\ﬂ;ital. \ , 15,40

um«\ \\ \ FROM COAL] ‘i

B30 \ : ZEN

0.gp R, :\‘ \\:\:\‘ 412,32

0.0 oo 10,78

g BT _va 0o THANL PR RN L B.04

U‘EQ ". '3 i

0.507 ¢ ' \ . 7.0

0,40 v ' i L 6,16

1 v
0,307 ) - ! ) .52
] § - '
U T 15 B S S 0 R 4
100 1,000 10,000 100,000 7

QUANTITY {TONS PER DAY)

Figure 3. Methanol Fuel Markets Beyond the Year 2000 (1981 §)

135



ag a range veflecting uncertainty about the potensizl economiea of scale,
required rates of raturn, and transport optiong. Even under the maost
optimistic &ssumpricns, coal-bazed methancl would not be cuampetitive in
stationary applications, while in the bazeline case (20% rveturn, modest
economies of scale and pipeline traansport), methanol would not he coxpetitive
with gesoline until bevond the year 2000, Thus, it is not antiicipated that
unsubsidized coal=to-methanol plants in the United States will be initiated in
this century.

Use

The dominant long-term market for methanol as a fuel, as shown in
Figure 3, is in light-duty passenger vehicles. That is not to say that there
will not be other important markets, but they will be much smaller in sige; in
this smaller but iwportant category, methanol may be used in utilities in the
period beyond the year 2000 for limited peaking requirements, and by industry
and utilities as & boiler fuel in enviroumentally sensitive aveass,

The highest value submarkets are for octane hlending, but these mar-
kets are very small, totaling to no more than 2000 tons/day. Light-duty -
vehicles should be the next highest value mavket which ig also small

e A

initially. Figure 3 glse shows that the prospects for methauol use in
stationary applications are not very optimistic in the case where natural
gas is available. In fact, as strictly an energy source, methanel iz not
likely to compete with LNG or medium Btu gas (MBG) as a fuel source for
combined~eyele plants or for repowering oil-firved boilers. There may be &
small utility role for wmethanol in dusl-fueling plants under striet control
for NO, omissions.

PUBLIC AND PRIVATE SECTOR ROLES

From Galifornia's perspective, there ave two overriding motivations for
examining methanel as an alternative fuel in stationary and trangportation
sppliecationst security of supply and environmental iwmprovement. However,
both of these factors may not be sufficient to induce methanol implementation
if their value is not sufficient to make methanol viable in specific applica-
tions. An examination was made based on the available data to see if therve is
Justification for government intervention in the private marketplsce to either
facilitate or sceelerate methanel production and use, given the projection of
what the conseguences would be of letting the market determine methanol Intro=
duction and evolution. Thus, the goal here was to determine from the data
developed in the study &ad other sources whether a governmant pole is justi=
find and, if s, what the impact of government policy would be on the methanol
fuel market.

The first step in detexmining the appropriate policies for the publie
sector. in the evelution of methanol as & fuel in California is to examine to
what degree the private mavket is not providing proper incentives for methanel
use, Rationales for justifying a public role were examined for an oil impor:
premium and an environmeantal premium based on lower emissions. Although
quantitative estimates on these types of premiums are admittedly imprecise,
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they do provide some rough guidelines on whether the social benefits of
methanol are sufficient to justify its cost.

In areas where there was simply too much uncertainty to formulate a
policy for methanol use in the state, the objective is to evaluate whether
the preconditions exist in terms of efficient markets and other institutional
mechanisms for the expansion of methanol-fuel use if it meets the market
test. Emphasis was placed on examining mechanisms that help the market
reflect the cost and benefits of methanol as they become known and that
efficiently transmit them to both potential producers and consumers.

The rapid changes in events and trends in the last decade are an
indication that our understanding is quite limited of how energy markets in
general and international oil markets ’m particular will evolve. During the
last 8 years since 1974, the forecasts of energy demand have changed dramate
ically in response to & better understanding of supply and demand elastici-
ties, Middle East politics, and the evolving policy of the United States.

0il Import Premium Policy

Implementing an oil import premium policy, such as a tariff on oil
imports, is more efficient than subsidizing a specific option {like methanol
or shale 0il) in that it does not bias the selection process, Based on a
recent study* which placed a bound on the likely value of a United States
import premium from $8.00/bbl to $20.00/bbl, Table 2 shows the impact of the
premiums on the baseline cost of gasoline. The implication is that if
methanol were competitive with gasoline at $1.74 in 1990, there would be
veason to believe that a national policy of imposing an import premium (for
inwstance through a tariff) would induce a methanol market, If methanol
required a gasoline price of more than $2.03/gal in 1990 (in 1981 $) to be -
competitive, then even a premium would not induce a methanol market. The
study analysis indicates that an increase in gasoline prices of $0.19/gal (in
1981 §) does significantly accelerate the period at which methanol becomes a ">
viable transport fuel (by about 4 years) for methanol made from remote natural
<)

Table 2. Gasoline Prices With thé United States Import Premium )

N

«\! Baseline ) Gasoline with
] -~ Gasoline Import Premium
Year Market Price, § $8/bb1 $20/bb1
1990 1.55 1.74 2.03
1995 1.80 1.99 2.28

*World Oil, Energy Modeling Forum, Ins;itu&é for Energy Studies, Stanford
University, EMG Report 6, February 19{2.
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gas. For methanol from coal, the breakeven timeframe is so far in the future
that an import premium would not have a significant impact.

The conclusions of this study on the issue of national security are
that: (1) if there is a value (§8/bbl) above the free-market oil price to oil
import reduction in the United States, there would be little impact on coal-
based methanol; (2) any attempt to implement such a policy should be done at
the national level, where the costs are spread among all beneficiaries; (3) an
oil-import premium should be implemented in a neutral manner (e,g., oil-import
tariff) to allow the market to selest the best alternatives; (4) an import
premium of $8/bbl would raise the retail price of gasoline about $0.19/gal,
which would accelerate the over-the-road competitiveness of metharol and other
synfuels 4 to 5 years if the premium wera believed to be of a stable duration;
(%) from a fuel security viewpoint, methanol is not significantly different )
from other synfuels that substitute for imported oil; and (6) within Cali-
fornia, the value which can be justified for a California-only oil import
premium is smaller because the market power component (impact of substitution
on lowering the world oil price) is reduced considerably compared to the
nation as a whole, as most of the benefits would accrue to others.

Environmental Policies

Another nationwide concern with special significance for Califormia is
the air-quality problem in its urban centers. In this regard, methanol does
have unique properties compared to other transportation synfuels such as ‘shale
oil, Fischer-Tropsch liquids, and products of direct coal liquefaction, as
well as conventional gasoline and diesel fuel. It is also clear that substi-
tution of methanol for oil in utility applications can lead to some benefits
as a result of reductions in NOyx, SOy, and particulate emissions. The
value of these benefits to the utilities, however, is not as clear.

Utilities in the South Coast Air Basin (Los Angeles and vicinity) and in
the Ventura Country Air Pollution Control District (especially Southern Cali-
fornia Edison and Los Angeles Department of Water & Power) are required to
reduce their NO, emissions by 60% by the year 1990. Use of methanol in .
some units could be included as part of an overall strategy to satisfy this
requirement. This could lead to payment of a premium for methanol. A similar
requirement is under consideration to limit SOy emissions in the South Coast
Air Basin, and there may be requirements to reduce particulate emissions.

The premiums for the values for methanol as a pollution abatement
strategy would be an additive for NOy and SOy. Thus, the potential
premium value is approx;mately $0 65 to $0.90/10% Btu, or about $0. OS/gal
of methanol. This size premium is not likely to induce use of methanol in
many plants. The cost difference that has been calculated between methanol
and conventional utility fuels is much larger than this value. WNevertheless,
in the longer term it would be highly desirable if a market syster were
established to create a stable mechanism for determining the value of the
premium that methanol or other clean fuels should have as part of an efficient
environmental program. Based on the data that exist to date, however,
implementation of a policy to internalize these environmental attributes of
methanol would not significantly accelerate methanol use.
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Subsidieu

As far as the State of California is concerned, there is little to be
gained from subsidizing production of methanol because the Federal Government
has already assumed that role. Eventually it may be jn'California‘s interest
to have a western coal-to-methanol project among those awarded assistance by
SFC. The State can improve the likelihood of this type of project by helping
prospective project sponsors and supplying data on California markets for
methanol. There does not seem to be a justification, however, for any
state—-sponsored production subsidy to either augment or dupllcate SFC's
program. :

The one area where the State, through its Public Utility CommlM/lon
(PUC), can make a contribution to lowering the cost of methanol production is
in further development and the eventual demonstration of the once-~through
methanol, coal-gasification, combined-cycle concept. Potential efficiency
gains in the once-through process imply that a cost saving of about 20% (aside
from utility financing impacts) may be possible from such a system when
compared with a dedicated methanol plant. Proposed experimental programs by
California utilities for development of this process should be given careful
congideration by PUC.

Near-Term Programs

To improve the acceptance of methanol as a fuel, the State of California
might implement the removal of institutiomal barriers arising from regulations
and restrictions not conceived with methanol in mind. The California Energy
Commission (CEC) has been active in searching for such unintended barriers and
has been successful in eliminating the most important obstacles, For example,
the state gasoline tax will be levied on methanol on a Btu basis equivalent to
gasoline rather than on a gallon basis. Taxing methanol on a gallon basis
would have penalized methanol relative to gasoline. The State has also
sponsored tax credits for converting vehicles to neat~methanoi use, which have
been responsible for initiating fleet conversions within California. In
general, CEC has been diligent in encouraging alcohol-~fuel use through barrier
elimination, developing test information through its alcohol fleet test
program, and providing incentives for vehicle conversion.

The focal point of the State's plan currently is the $5 million pro-
gram to purchase and support approxlmately 1000 fleet vehicles, to establish
50 to 100 commercial refueling statjons in California, and to test methanol-
fueled Caiifornia Highway Patrol pursuit vehicles. These activities are
intended to help develop market stimulus, which will eventually lead to a
self-sustaining methanol fuel market. Related efforts are also under way to
demonstrate methanol in heavy-duty diesel engines and in stationary applica~
tions (repowering and co~firing). These other programs for different types of
applications are important to CEC's strategy of developing methanol uses that
displace the majority of refined products from crude oil. The Commissions's
rationale for this strategy is that an alternative fuel that only displaces
gasoline, for example, could have adverse effects on the existing petroleum
product slate, necessitating refinery modifications and/or relative price
changes in refined products. The stated goal of these programs is to
accelerate the "take-off" point for self-sustained commercial market growth.
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Given the abrupt reduction in the expectation for conventional fuel
prices that has occurred in the past 2 years, and the significant rise in
projected cost of synfuels, it is important to assess what government programs
can realistically accomplish in this environment. Firat, it is clear that the
viability of synthetic~fuel projects has deteriorated significantly in this
2-year period, as evidenced by the cancellation or postponement of numercus
synfuel projects. Second, the excess capacity in OFEC oil production makes a
nesr-term oil disruption less likely than it was a few years ago. The net
effect of thess factors is that the market viability of the long-term neat
methanol-fueled vehicle market asupplied by western coal has been pushed back
until after the year 2000 in the moat likely scenarioa, The major fuel
producers have little incentive, in the view of this study, to move aggres—
sively toward creating the supply and distribution network needed for the use
of neat methanol as a large-scale transportation fuel in the foreseeable
future, There are, however, other selected markets where methanol will be
used successfully during this period: octane enhancement, some captive
fleets, and limited use by utilities. Programs that are oriented toward these
limited goals can be successful in the period before 1990, but not if they are
expected to lead to a private passenger car market.

In stationary spplications, the potential market with the greatest
promise for being economically viable is overfiring with a small percentage
(10% to 15X%) of methanol. This concept, if successful, can lead to a
justifigble premium for methanol sufficient to overcome its added cost if the
capacity factors of plants constrained by NOy emission restrictions are
expanded. In effect, the value of this additional operational capacity added
to the value of methanol fuel can be substantial, but it is limite&d to those
planCS that are N0x~c0nstrained. This study atrongly suppoxts the conduct~
ing of tests to confirm the potential performance of methanol in the over-
firing mode. To be of greatest value, however, it is important for overfiring
with methanol to be tested against overfiring with natural gas. A significant
proportion of the benefits of overfiring may be achievable at lower cost with
natural gas overfiring, which would reduce the justifiable premium for
methanol. This submarket of utility operations is relatively small (1750
tons/day of methanol) compared to utility fuel use, but quite significant
relative to current use of methanel as a fuel. Thus, although a major use of
methanol is not anticipated as a fuel substitute for residual oil or natural
gas in utilities, it may be benefically used in highly selective applications
(e.g., overfiring in environmentally restricted plants).

One possible method for achieving greater use of methanol within
California is for government policy to be used to promote (perhaps even
require) utility applications as a means to provide a base for expanding fuel
use into transportation markets. For s number of reasons, it is believed that
this policy would not be 2 desirable means to transition to 1axge~sca1e uge of
methanol as a transportation fuel. First, the value of methanol in transpor=
tation markets (especially octane enhancement) is considerably higher (i.e.,
at least double) than its value as a utility fuel. As a result, methanol will
be used first in these higher value markets and will be applied only to lower
value uses ay the methanol competition increases production and lowers price. -
Second, the cost of producing methanol in large quantities will be too high to
compete with conventional utility fuels. Thus, utility customers would have
‘to pay a large premium ($3/106 Btu for methanol from remote natural gas)
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over current utility fuels, which cannot be justified by any realistic
assessment of the benefits. Third, the ewyerience gained in transporting,
handling, purchasing, storing, and using methanol would be based on utility
use, which would not carry over to transportation fuel companies. Fourth,
although the quantities of fuels used by utilities are sufficiently large to
utilize the output of a coal-to-methanol plant {once thought to lower cost
through volume productlon) the cost of methanol wouid be considerably higher
than from much smaller plants based on remote natural gas. Thus, the strategy
of inducing utilities to use methanol through public policy as a means of
transition to more widespread use in other applications is mot attractive.
This conclusion is not intended to imply that public support of programs is
inappropriate to test methanol use in potentially viable utility applicatiens,
but rather that these programs should be justified based on their own merits
as to their ability to benefit utilities and their customers,

One often discussed obstacle in implementing widespread use of methanol
in transportation is that the retail distribution system must expand rapidly
in anticipation of automobile manufacturers producing and selling neat
methanol-fueled vehicles to the general public. The problem with distributing
methanol is that part of the existing gasoline distribution system (seals,
hoses, patches in tanks, etc.) would not be compatible with methanol use.
Compounding the problem is the fact that the most recent cycle of replacements
at retail outlets has been done with fiberglass tanks instead of steel, which
makes the existing system even less compatible with methanol. Creating a
parallel system for methanol by replacing functional equipment now used for
gasoline presents a significant cost and hence an obstacle to methanol. The
lead time that exists, however, before methanol can compete as a private
passenger car fuel provides time to create a threshold distribution system
much more efficiently. Currently in California there are approximately 18,000
retail gasoline stations supplying transportation fuels to the public. As a
general rule, the tanks and pipes in these stations have an expected life of
20 years, which, with a uniform replacement rate, would imply about 900
replacements per year. Even a single company therefore could create a
threshold distribution system in a short lead time. For example, if 20% of
the regularly scheduled replacements (tanks, pipes, pumps) were made for
methanol-compatible systems each year, that would imply approximately 150 to
180 conversions per year. Thus, if this program were started in 1990, by 1996
about 1000 systems would be in place that could be used to distribute
methanol. Some cleaning of the system would have to be done when the
conversion actually took place, but that would not impose a major cost.

The cost of methanol-compatible systems versus conventional systems installed
without this program is a crucial factor in its usefulness. The cost for
replacing a tank, piping, and two pumps at a typical service station is
approximately $50,000 (in 1981 $) for a fiberglass system, and somewhat less
expensive for a steel system. The latter, although less expensive, has a
lifetime that can be considerably smaller, depending on the climatic condi~-
tions to which it is exposed. 1In addition to the costs of more frequent
replacements with a steel system, there are additional costs arising from
station disruption and the risk of damage caused by undetected leaks. With
the relatively dry climate in much of California, the added cost for methanol-
compatible systems should not be great or a major impediment to methanol use,
The costs of such a program would seem to be fairly modest when compared with
a coal-to—methanol plant. For example, if the extra cost for a methanol-
compatible system were $5,000 per installation, then 150 stations per year
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would coat $750 000. Although this is not a trivial sum of money, the cost
over 5 years is $4.5 miilion to create a threshold distribution system of 900
retail outlets, which is less than 1% of the cost of a 5000 tons/day coal-to-
methanol plant. If instituted in this type of incremental fashion using the
normal replacement cycle, the retail distribution barrier need not be a
maseive obstacle to widespread methanol use, Obviously, the transport system
would involve more than the retail distribution outlets, but the dellvery
system is well within the capability of the przvate sector if the economxc
viability of methanol is favorable, ;

CONCLUSIONS

A successful strategy for making a transition to widespread use of
methanol as a fuel must be consistent with the realities of the fuel market in
which it must compete. It is clear that in the last year and a half, the
climate for introduction of synthetic fuels has changed dramatically. In
1981, oil prices in constant dollars reached a peak from which they have since
Eallen approximately 20%, but even more important is the change in expectatlcns
for the future. It is w1de1y believed that real oil prices will f£all in 1983
and then remain constant in real terms through 1985 and only rise to 1981
levels by the end of the decade.

When this study was first conceptualized in 1980, the expectation was
that more emphasis could be placed on actual mechanisms to implement large-
scale methanol use in the next 10 to 20 years. However, as a result of
changes in the oil market as well as more realistic estimates for methanol
production costs, elaborate transition strategies are not possible at this
time. Methanol is simply too costly for large-scale implementation (e.g.,
substitution for utility fuels or gasoline as a neat transportatxon fuel) to
be feasible.

These general conclusions, and the more specific ones that follow,
reprasent the best judgment of the study's authors based on the data and
analysis incorporated in Volume II; Technical Report. Not every finding can
be rigorously proven, because this subject requires some judgment on future
behavior of fuel markets, technologies, and government policy, which cannot be
known with certainty. Thus, the conclusions are offered as logical
interpretations of the existing data.

Supply "
® The sources of methanol in the near term will be dominated by
natural gas as the feedstock. After deregulation of pipeline gas,
no new plants are likely to be built based on this resource,
although it is anticipated that most existing plants will continue
to operate for the rest of the 19808 and early 1990s.
9 New plants throughout the world, already under construction or in

planning stages using remote natural gas, will be sufficient to
satisfy modest fuels demands through 1987.
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Demand

The projected excess methanol production capecity relative to
chemical market demands through 1987 could exceed 1 billion gal/
Yeara. '

Wnile large gquantities of western coals exist that are potentially
available for metisanal wonversion for use in California (in
particular, the subbituminous coals of Black Mesa, San Juan, Yampa,
and Powder River), substantial support including price supports and
loan guarantees would be required to be viable,

In the near-term and transition periods, the likely quantities of
methanol demanded could not justify a methanol pipeline from
western coal fields.~”

Where large volumes or distances are required, there is a clear
economic advantage of transporting methanol by means of tankers or
pipelines when dgapared with rail or truck.

Indigenous California resources are either too limited in supply
(bioenergy, petrolewm coke) or too expensive (heavy oil im wock) t&
support a major transition to methanol fuel within thi State.

Small selective markets, however, will probably be setved by these
in-gtate resources.

Existing methanol producers will compete suaceasfu’iy in chemical
markets at production costs of $0.67/gal thkrough 1987,

There is sufficient vemote gas to supply Galifornia demands for the
next 15 years at prices that would undercut any unsubsidized
coal-to~methanol project.

One of the implications of SFC's proposed support of coal-to-
methanol plants may be to displace methanol produced by the United
States chemical industry. .

Methanol producers should be able to compete for use of some remote
natural gas with LNG producers given that methanol has a higher
value per Btu in transportation applications than LNG and methanol
has a production advantage in smaller gas remerves. :

The stationary applications market will be small. If the dual-
fueling concept can be demonstrated to work effectively and plants
currently limited in opewation by NO, regulations can be operated
at rated capacity using 10% methanol, the implied premium may be
sufficient to make methanol competitive in these plants. The
maximum market in this case is only. 1500 tons/day, and the
dual-fueling, technology is yet to be demonstrated at full scale.

No economic use exists for methanol as a fuel for repowering

boilers, even with the credit for ellmlnatzng the need:for o, i
environmental controi technology. { 3 ’
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Strategy

= - 7

A small market will exist for methanol as“a gasoline blending agent
by the smaller (topping and hydro-skimming) refineries. This
market seems to be presently existent at current methanol prices.

Blends (low-level) have a maximum market in California of approxi~
mately 4000 tons/day of methancl, but it is limited by the
availablitiy of tertiary butyl alcohol. Thus, the actual demand
will probably be small in the near term. o

Neat methanol-fueled vehicles will experience a slow growth rate
because they will not achieve even a slight over-the-road cost
advantage (based on remote natural gas-based methanol) until after
1990, although this advantage will increase over time (coal-based
methanol would not be competitive until beyond 2000).

If methanol-fueled vehicle use were to grow as quickly as the
diesel market, which is doubtful, the proportion by é;e year 2000
would be about 12%, which would present a level of demand
consigtent with remote natural gas~based methanol from the Pacific

Rim.

With likely improvements in conventional gasoline vehiéles,
projected fuel factors as low as 1.3 for neat methanol-fueled
vehicles are unrealistic in the long term. Potential improvement
from a 1.7 fuel factor (existing technology) to al.6 fuel factor
in the long term (advanced technology) is possible.

Methanol availability in the long term can be effectively aided by
the State of California by facilitating methanol transport by
tanker and pipeline. In the near term, port facilities at Long
Beach and San Francisco Bay, and at coastal power plants are suffi-
cient for any anticipated needs. In the long term, pipelines from
western coalfields will be crucial links in efficient systems if
the methanol demand expands, '

Given proper incentives to act, utilities would need a 4—~ to 8-year
development period for widespread conversion and use. The trans-—
portation sector would require a 20-year period. At current
prices, however, there is little incentive to begin this process.

Artificial demand created by regulations to induce greatly
increased methanol use (i.e., 59,000 tons/day) will lead to rising
methanol supply costs as longer transport and higher remote gas
collection costs are incurred, and thus would be self-defeating.

Attempts to favor the use of in-state feedstocks will only slow the
methanol transition by raising methanol production costs.

Methanol can form part of an effective strategy for the control of
photochemical smog and fuel diversification after the year 2000.
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Ap selective target markets where methanol may command a pramium

rrafxnars, ete.

Even in the absence of government intervention, the private sector
is fully capable of 1mplementing large~scale use of neat methanol
a8 a tranaportatlan fuel when it kzcomes viable.

Thexre ;s no av;dence that the “derived lxkaiy roles" for methanal
rasulting from government policy to correct externalities signifi-
cantly affects the free market ¥ate of methanol use in the period
through )1995 N 2 R

oo

RECOMMENDATIONS . = S

"ya

Tachuclogy deve10pment should be putsued to improve methanol P
viability in the long term. Production technologies (e.g.,
co~production, once~through concepts), utilization technologies o
(e.g., advanced nedt methanol automobile engines, methanol .
ovarfiring), and demonaggaC1ons (e.g., California fleet program)
can contribute to improving the viability of methanol versus o
conventional fuels. 7

i N Lo o
Further work may be done to improve the demand analysis of methanol 5

value: performance automobifes, selected fleet operators, specific

In the policy area, the most productxve activities would be to
create better institutions to take into acgount “the environmental
value of methanol (e.g., markets for %}censes to emit NO, or

80, «

P s}

The selactive markets that seem viable in the near term (octane )
enhancements, utility boiler overfiring, selected eentrally—fueled ¢
fleat Operators) should be »ursued to gain the experience in”
handlxng, malntaxnxng, and cperatlng with mathanol fuels.

Policies” thab attempt tc rapldly expand meth&nol use through ° ‘
mandates should not be enacted because they would be self- T
defeating. Relntxvely inexpensive feedstocks cannot supply & large
methanol”fuel market, opportunitiés for technological advance would

be lost, and the chance:to use the normal reglagement eyele for
distribution systems could not be taken advantage of 1&~ﬁethanol

‘were forced into the fuel market too rapidly. ; e o

e
o >

2

25

oty

S




CHAPTER ONE

INTRODUCTION

The technical support for the conclusions in the Summary Report is
embodied in the chapters which follow. These chapters are a result of a
critical review of the recent literature on the subject, information supplied
by the study sponsors, and our own analysis.

As a means to facilitate covering a very broad subject as efficiently as
possible, many of the major parts of the study were done in parallel (e.g.,
methanol production, utilization in vehicles, utilization in stationary
sources, and air quality implications of methanol use). There was a common
framework established for each examination, i.e., the emphasis was on covering
the status of each technology, the long-run potential, the transition period
analysis, and finally the policy options which might influence the transition
paths. This techical volume divides each technology into a separate chapter.
A different approach is attempted in the summary volume, where many of the
sections are organized by timeframe rather than by techmology. The intent is
to have the summary report be a cross-cutting presentation of our findings.
Threugh this type of organization it is hoped that the reader can focus on the
most relevant form of the information for his own purposes.

Within the technical report, we have used Chapter 2 to define most of
the different routes or end-to-end systems by which methanol could be brought
to alternative end-use markets in California. This chapter serves as both a
framework and a synthesis of the alternatives which are pertinent to both the
long-run methanol market and the transition analysis.

As the starting element in an end-to—-end system, the feedstock.
alternatives are reviewed in Chapter 3. Relevant sources for feedstock
include options within the state (petroleum coke, heavy oil in rock, and
biomass), those which could be imported directly (western coal) and those
which could be used for conversion at their source (western coal, Alaskan coal
or remote natural gas). The scale of these resources, locations of deposits,
and resource quality are characterized in this chapter.

For each of the different feedstock classes for methanol production, we
have performed a production cost analysis. First, the conversion techinologies
are briefly discussed to identify the most important characteristics of each.
A prototype plant is then specified and costed in a consistent manner.
Finally, a product cost analysis is done using a present value type of
analysis. A representative set of sensitivities are run to identify how
production costs are influenced by such factors as changes in rates of return,
plant capacity factor, higher feedstock costs, capital cost overrun and
changes in the start-up date. These plant specifications, plant cost
estimates, production cost estimates, and sensitivities were made for methanol
plants based on coal, natural gas, petroleum cake and bioenergy. Since
methanol may be competing not only against conventional oil and gas sources,
but also against other synfuels, a cost comparison has been made with uncon-
ventional sources such as coal liquefaction, coal gasification, and shale oil,



e ot o g gy L4 A g A 3B

The next component of an end-to-end system is the transport, storage,
and distribution needed to bring the product or feedstock to its end-use
market or conversion location, respectively. In Chapter 5, the distribution
and transport problems are identified, possible solutions discussed, and the
cost of alternative options evaluated. The importance of tramsport is illus-—
trated by the significant range of transportation-related costs which can be
experienced among rail, pipeline, tsnker and truck modes. Another aspect of
methanol transport and storage is the necessity for keeping water out of the
system and the potential difficulty with corrosion in existing tanks and
pipelines.

One of the most desirable attributes of methanol is its environmental
characteristics. Since all sulfur is removed prior to methanol synthesis, the
fuel can be burned sulfur free. In addition, the NOy emissions from end-use
combustion cf methanol are zlso significantly lower than from oil-based pro-
ducts. A concern has been raised that aldehyde emissions may pose problems
which offset some of these benefits. In Chapter 6 the issue of the environ-
mental consequences of widespread methanol use is evaluated, primarily with
respect to its use in vehicles. A model of the Los Angeles Alr Basin is used
to examine the air quality consequences of different levels of neat methanol
vehicle use in the basin, compared to projected emission profiles for the year
2000.

As a means to establish the starting point for the evolution of the
methanol fuel market, a brief description of the chemical market is given in
Chapter 7. The current sources and uses of chemical methanol are identified
and a projection obtained from other sources is included. Of particular
interest in the transition period to fuel methanol is the expanding methanol
production capacity throughout the world. These new sources are identified
together with their expected impact on the demand/supply balance.

One of the most significant motivations for examining synfuels is to
develop an alternative transportation fuel to conventional petroleum. Uses of
methanol in alternative transportation markets are examined in Chapter 8. One
potential market is as a blending agent for octane enhancement or in higher
level blends as a volume expander. Another possible market is for neat
methanol use in vehicles, where a particularly important issue is how effi-
cient neat methanol-fueled vehicles will be in terms of the fuel factor
required compared to gasoline-fueled vehicles. Two possible transition
markets for neat methanol vehicles, medium- and heavy-duty vehicles and light-
duty fleets, are also examined. In each of the above submarkets dealing with
vehicles, a review is conducted of the technical issues, the economics
involved in the application are assessed, transition path constraints are
identified, and finally, policy options which might alter the tramnsition path
are examined.

Another area where large-scale fuel use occurs in California is in
electric utilities and industrial beilers. The potential in California for
methanol use in both of these applications is significant for one major
reason: environmental concern. Althuvugh methanol is not likely to compete
with natural gas or residual oil on an energy basis, it has additional value
in high pellution areas such as the Los Angeles basin. This additional value
may arise from using methanol to achieve NOy emission standards, thereby



(6) California has unique fuel requirements because of enviroamental problems
that make it a valuable study focus.

The basic framework of the study was constructed by assembling as
sponsor organizations, which are either involved now or would be instrumental
in a successful methanol market. The intent of this approach has been to work
directly with many of the most knowledgeable sources of information on: fuel
production (ARCO, Chevron, Conoco, Exxon, Phillips, Sun, and Texaco), chemical
methanol (du Pont), utility potential (EPRI, PG&E, SCE), automobile technology
(Ford, General Motors), national synfuel incentives (Synthetic Fuel Corpora-
tion), state governmental roles (California Energy Commission), and production
equipment (Litton), and to synthesize the collective wisdom of this group and
subject it to analysis by JPL teams. Thus, the emphasis has not been placed
on generating new basic data, but rather on resolving conflicting information,
perferming more detailed market analysis in California submarkets than has
been published to date, and synthesizing this information into a California
strategy.

Although many sponsors were involved in supporting this study, provid-
ing data, and reviewing its findings, the conclusions are not necessarily
agreed upon by each of the sponsors. This document does not represent a
consensus view in any respect; in fact, with such a diverse set of sponsors,
it is not surprising that there are many divergent viewpoints (see Appendix B
of the Technical Report for sponsor comments).

Although the focus of the study is on methanol utilization within Cali-
fornia, examination of methanol production, however, was not so constrained,
as it would have artificially distorted the results. This broader view was
given to policy issues as well, and includes an examination of national policy
toward synfuels, but concentrates on options that can be implemented at the
state level., Thus, although it is recognized that there is a world market for
methanol with inherent supply/demand implications, the study has concentrated
on California's particular markets, regulations, air quality problems, and
competitive environment.

C. ORGANIZATION

This Summary Report contains eight sections that are drawn from the Cali-
fornia Methanol Assessment =~ Volume II, Technical Report, JPL Publication
83-18, JPL Report 5030-562, March 1983. The technical chapters deal with
particular subjects (e.g., feedstocks, methanol production, transport, util-
ization in vehicles, etc.) throughout the analysis period from 1982 through
the year 2000, covering the pertinent aspects of technology, economics, and
policy. In this Summary Report, these topic areas are synthesized by time-
frame (near-term industry, transition paths, and long-term markets), and
cross—-cutting topics (policies, environmental implications). The choice of
the specific time period used for near-term (1982-1987), transition-period
(1988-1997), and long=-term (1997-beyond) market analyses was made partly for
convenience in organizing the discussion and partly because of real constraints
in the evolution of methanol as a fuel. For example, the near-term period of
5 years is short enough so that changes in methanol production capacity can be
estimated reascnably accurately (plants are already in planning or construction




CHAPTER TWO

OVERVIEW OF CALIFORNIA METHANOL
ENERGY DELIVERY SYSTEMS

A, INTRODUCTION

This chapter provides an overview of California methanol energy delivery
systems based on the results of the detailed analysis in the following chap-
ters. This overview is intended to serve as an introduction to the various
systems that have been proposed for supplying methanol to California, and for
using it as a fuel within the state. The overview also provides an indication
of the relative significance of the methanol options in terms of potential
supply and demand quantities and price competitiveness with alternatisve fuels.,

The general approach was to set up energy delivery systems consisting of
subsystems for resource extraction, conversion to methanol, transportation and
distribution, and end-use, and to quantify for each system such key factors
as resource supply, end-use demand, the minimum required price of delivered
methanol based on production cost and the target price for methanol based on
prices of competing fuels. To facilitate comparisons, all rescurce and fuel
quantities are expressed in terms of quads (quadrillions Btu at the higher
heating value) or quads per year of delivered methanol (i.e., with conversion
efficiency taken into account), and all prices are expressed in 1981 dollars
per million Btu ($/106 Btu) of methanol.

B. DATA COMPILATION AND ANALYSIS

Preliminary investigations led to the conclusion that, in practically
all cases, methanol produced in large quantities from a specific source will
not necessarily be targeted for one specific use. Instead, the methanol can
be applied to a variety of uses. Thus, rather than focus on individual energy
delivery systems that cover all the ground from resource to end use, it was
decided to split the systems into those that supply methanol and those that
use it. The end point of the first type of system is a set of methanol distri-
bution centers located near California metropolitan areas. This concept is
illustrated in Figure 2-1, which identifies the systems covered in this
chapter. All logical combinations of subsystems studied to date were included
in this analysis. The one exception to the distribution center path is the
dispersed production of methanol from biomass for use in dispersed agricul-
tural applications. It should be noted that in the approach illustrated in
Figure 2-1, the distribution center may be a dummy ncde: e.g., methanol could
be shipped directly from a production facility in Indonesia to a coastal power
plant in California, without passing through a real distribution facility.

Data compilation and analysis for each of the systems identified in
Figure 2-1 are discussed in the following subsections. Worksheets used in this
process are included as an addendum to this chapter.

The bottom line for the supply worksheets is the minimum required price

of methanol in dollars per million Btu delivered to the distribution center in
the first year of operation. This was estimated by starting with the feedstock

2-1
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cost and adding the value added for transport and conversion. The conversion
cost computation method used in Chapter 4 assumes escalation of the methanol
selling price at the same rate as for competing fuels so that competiveness in
the first year of operation assures competitiveness over the life of the plant.

The focus of the demand worksheets is a target price for methanol at the
distribution center which would make it competitive with the fuel currently
used (or likely to be used). This was obtained by starting with the projected
price of ths competmng fuel and subtracting out distribution costs, desler
mark~up, differences in efficiency, etc. The process of comparing the minimum
required price at the distribution center with the target price to determine
the competitiveness of methanol is illustrated in Figure 2-2.

1. CASE A: Western U.S, Cosl/Minemouth Counversion/Pipeline Shipment

Western resources were divided among six regions, each with rela-
tively uniform coal properties, feedstock cost, and transportation constraints
(see Figure 3-3, p. 3-14). The total resource figures are those reported in
Chapter 3. Strippable reserves identified in Chapter 3 are shown for
comparison in Table 2-2,

Coal prices and projected escalation rates were taken from Reference 2
and substantiated via discussions with suppliers. A number of seansitivities
on feedstock escalation rates were examined (seg Chapter 4), although ouly the
baseline case of constaunt real feedstock costs is summarized in this chapter.
Fifty-five percent conversion efficiency was assumed, resulting in a feedstock
cost per million Btu nearly double the coal price. Some potential constraints
on the rate of expansion of coal mining were identified.

The estimated pipeline cost was taken from Chapter 5.

The value added in the conversion of coal-to-methanol was taken from the
reference case in Chapter 4 for the Texaco gasification and ICI methanol
synthesis combination sized at 10,000 tons/day.

The value added for conversion was combined with the feedstock and
transport cost to obtain the minimum required price of methanol delivered to
the California metropolitan area distribution center. The conversion cost was
found to be the biggest part of the requlred methanol selllng price and its
gensitivity to such factors as plant size is investigated in Chapter 4.

2. CASE B: Western U.S. Coal/Mivemouth Conversion/Unit Train of Tank
Cars

The transport costs here are taken from Chapter 5. The first three
coal~producing regions would require new railroad construction. The existing
capacity for transport into California is represented as the unused capacity
of the two rail lines connecting California with the coal regions. (The
capacity estimates for cases B-4, B-5 and B~6 should not be added.)
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3. CASE C: Western U.S. Coal/Unit Train/California Conversion Plant/
Pipeline to Distribution Center, and CASE D: Weztern U.S.
Coal/Slurry Pipeline/California Conversion Plant/Pipeline to
Distribution Center '

These cases assume that any large coal-to-methanol plant located in
California will have to be sited at a considerable distance from any metro-
politan area, and that additional transport will be needed to convey the
methanol from the plant to the distribution center.

4, CASE E: Alaska Coal/Minemouth Conversion/Pipeline to Port/Ship

Chapter 5 identifies enormous coal reserves in Northern Alaska (3.5
trillion tons) and moderate reserves in the Cook Inlet area which could
present less of a logistics problem. Since the Northern Alaskan resource is
currently of little value, the feedstock cost for methanol production was
assumed equal to the cost of underground extraction (about $30/ton). However,
this cost is based on Continental U.S, operations and could be much higher in
Alaska. The feedstock cost for the Cook Inlet coal was based on estimates for
the Beluga coal-to-methanol project.

In the Cook Inlet case, a port facility could be built at the conversion
plant site. For Northern Alaska production, it was assumed that either a new
pipeline would be built to a southern port or that connections would be made
with the existing petroleum pipeline (availability of excess capacity is
doubtful). No cost data were available to distinguish between these options.

The conversion economics are based on the Beluga project, which plans to
use a Winkler gasifier with ICI synthesis (see Chapter 4).

5. CASE F: Remote Natural Gas/Barge-Mounted Conversion Plant/Pipeline
to Port(Alaska North Slope only)/SHIP

Remote natural gas is defined here as gas for which pipeline
shipment to market is impractical. Since the worldwide supplies of such gas
are very large, it has zero opportunity cost and the cost to a methanol
producer was set equal to an estimated extraction cost ($1/MBtu of gas). The
Alaska pipeline considerations discussed in the preceding case also apply
here. The conversion economics used here are for the Chapter 4 reference case
for a barge-mounted plant sized at 3,000 tons/day.

6. CASE H: California Petroleum Coke/Conversion at Refinery
This is a straightforward case, but feedstock availability may be

constrained by other uses within the retinery. Feedstock and conversion ¢osts
are from the reference case in Chapter 4.
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7. CASE J: California Biomass/Truck or Rail/Locai Conversion
Plant/Truck or Rail/Local Uses or Central Distribution

For existing biomass resources, it is assumed that they will be
converted in local plants and the resulting methanol will be used locally.
For energy crops, which represent a potentially larger resource, rail
transport and central methanol distribution were assumed.

Resource costs and energy crop quantities were taken from unpublished
data compiled in the JPL Bioenergy Mission Analysis Task. Conversion eco-
nomics are discussed in Chapter 4. The conversion costs in Chapter 4 were
based on a conventional field-erected design. Recent studies by Interrnstional
Harvester have indicated that conversion costs can be reduced by use ot small
factory-assembled units drawing on biomass collected over a small area., Plant
gate costs as low as $10/MBtu may be achievable.

Methanol users with tax liability can currently benefit from a "tax
credit" for biomass-based methanol. The so-called "credit" is actually
treated as a deduction and is worth $.20/gal ($3/MBtu) to a 50 percent tax
bracket user.

8. CASE N: Existing 0il-Fired Utility Boilers/Supplied by Existing
Pipeline System, Rail, or Ship (for coastal plants)

Projections of demand for this and all other stationary applica-
tions were taken from Chapter 9. Prices of oil and gas for the baseline and
high oil price scenarios are discussed in the Summary Report. Prices for
other alternative fuels were based on production costs in Chapter 4 and are
summarized in Table 2-1. Natural gas is shown as a competing fuel for this
* and other utility cases, but its long-term availability is very uncertain.

Differences in efficiency when burning methanol, and cests of
distribution and of modifications to existing facilities are discussed in
Chapter 9. Distribution of methanol to existing utility boilers would be a
complex problem. Several power plants are located on the coast with marine
terminals for easy supply by ship. Southern California Edison (SCE), the
largest potential methanol user, supplies about three-fourths of its oil
through a network of pipelines. Other plants are supplied by rail and a few
swaller ones by truck. The target prices for Case N are based on use of the
SCE pipeline system, but they can be easily adjusted for other methods.

9. CASE P: Industrial Boilers and Heaters/Suﬁplied by Rail or Truck

This case applies to industrial fuel use in boilers, process
heaters, furnaces, etc. Both existing and new or replacement units are
included. Some industries have low value by-products available as fuel (e.g.,
refineries) and others have narrow fuel specifications (e.g., steel makers) so
that only a part of their energy use is included. Most of the considerations
in establishing the target price are similar to those in the preceding case,
except that these units generally use distillate oil rather than residual oil.
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10. CASE Q: Existing Combined~Cycle Units

This is a special case of two SCE facilities that are viewed as
likely near—term users among stationary applications because of their
environmental sensitivity and relative simpiicity of supply. Both are located
at likely distribution centers: one at the port of Long Beach and the other
at Cool Water, inl&nd from the Los Angeles basin and adjacent to key rail
lines. Modification costs are the same as for Case N,

11. CASE R: Other Stationary Applications/Supplied by Rail or Truck

This case includes several dissimilar applications tha* have
similar target prices.

Repowering of existing steam turbine units to increase capacity,
while improving efficiency and emissions is discussed in Chapter 9. The
modification costs in the worksheet represent only the difference between
repowering to burn methanol and repowering to burn oil.

Fuel cells have the potential to capture a portion of the utility
peaking and intermediate load demand, although the economics are not clear at
this time.

Utility peaking turbines could be a likely near-term methanol applica-
tion, but fuel use is quite small and likely to remain so as a result of
successful utility load management programs.

New industrisl cogeneration units based on gas turbines could represent
a substantial market for methanol. The demand shown here is only the
electricity generation portion (the industrial use is included in Case P).

12. CASE S: Fleet and Private Neat Methanol-Fiueled Cars and Light
Trucks (Supplied by Conventional Methods with Additives Blended at
Distribution Centers)

Demand and cost adjustment factors for this and other mobile
application cases are discussed in detail in Chapter 8. Distribution costs
are considered to be the same per gallon as gasoline, resulting in a differ-—
ence per million Brtus. Dealer mark-up and excise taxes are assumed to be the
same per gallon for both fuels. The ratio of efficiencies in the worksheets,
expressed in terms of higher heating value, are somewhat misleading. When
expressed in terms of lower heating values {(more commonly used by auto engine
analysts) a more substantial improvement is found for methanol.

The worksheet lists a current fleet demand of 0.15 quads/year, but the
near~term fleet market for methanol would be limited to about 0.0l quad/year
by several factors, the most significant being the absence of a resale market
(see Chapter 8).
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13. CASE T: VFleet and Private Cars and Light Trucks with Dissociated
Methanol Engines (Supplied by Conventional Mathods with Additives
Blended at Distribution Centers)

This case is essentially the same as Case § except that the
vehicles would use advanced techunology engines (e.g., dissociated methanol
engines) to provide substantial efficlency improvements.

14. CASE U: Hoavy Trucks and Buses Burning Neat Methanol (Supplied by
Convantional Metliods with Additives Blended at Distribution Centers)

The competing fuel is distillate (diesel oil). Methanol engine
efficiency was assumed to be the same as diesel.

15. CASE V: A 4.5-Parcent Methanol Blend with Gasoline for Existing
Cars (Supplied by Pipeline for Blending at the Refinery)

There are three blending situations that result in differsut
methanol target prices, with a fucther differentiation between regular and
pravium gasolines. The highast price would be paid by small refineries
(toppars and hydro-skimmers) that must buy octans enhancers on the open
market. An intermediate tarvget price applies to an integrated refinery and is
based on eliminating high value octane enhancers while adding methanol to
maintain the same octane number. The low target price in the worksheats
applies to a refinery that has an excess of octane enhancers and would use
wathanol only for its added volume. The target prices in the worksheet are
derived in Chapter 8.

16. CASE W: Agricultural Uses (Supplied by Truck from Local Biomass
Souxrces, Gase J).

Agricultural applications now use a variety of fuels with gasoline
being the wost significant.



C. SUMMARY OF RESULTS

The supply and demand data from the worksheets are summarized for
comparison purposes in Tables 2-2 and 2-3. The methanol target prices at the
distribution center (Table 2-3) can be compared directly with the minimum
required supply prices (Table 2-2).

Making these comparisons, the most obvious conclusion is that methanol
will become competive with gasoline in automotive applications long before it
is competitive with other fuels. In the baseline oil price scenario, methanol
from remote gas should be competitive by 1990, but methanol from coal will be
competitive only for advanced technology engines. In the high oil price
scenario, the results indicated that coal-based methanol would compete with
shale-based gasoline for the automotive market.

In the stationary applications sector, the situation is not nearly as
promising for methanol. Methanol would play a role in this sector only under
the high oil price scenario and then only if natural gas and LNG from remote
gas are not available (an unlikely combination of circumstances).

In most cases, the resource quantities are sufficient for many decades
of demand, but this is not true of Cook Inlet gas, which would be the source
of the lowest priced methanol for California. It should be noted that some of
the demand elements are substitutes for each other (e.g., turbines and fuel
cells), and thus the quantities should not be added.

A further note of caution in regard to using the results in Tables 2-2
and 2-3 is that they represent averages and/or baseline cases for groups of
methanol sources and applications that have much internal variation and can be
very sensitive to a broad spectrum of variables. These variations and
sensitivities are explored in the following chapters,
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CHAPTER THREE

ENERGY FEEDSTOCK SOURCES FOR METHANOL

Potential raw material resources for methanol production were identi-
fied, characterized, and quantified. Resources identified were those within
California or readily accessible to California, and applicable for methanol
production systems contributing significantly to California‘s liquid fuels
supply. Established and potential conventional resources (natural gas,
petroleum, petroleum coke, coal, and biomass residues), and unconventional
resources (heavy petroleum shale o0il, and bioenergy crops) were addressed.
The most promising methanol alternatives appear to be those which utilize
coal or natural gas feedstocks at the source, or en route to California.

A, INTRODUCTION

The purpcse of this subtask was to provide identification and quanti-
fication of the poterntial energy resources that may be used as feedstocks for
the production of methanol for California, and to provide a tabulation of the
quantities and locations of the energy resources. This display of methanol
resources according to availability is intended to aid in economic, technical,
and policy analysis of alternative end-to-end methanol production systems.

Methanol feedstocks will critically influence the location, production
process, product distribution, and scope of the methanol industry. The feed-
stock resource, in effect, may become the principal determinant of the nature
of the industry. This overview is intended to guide resource considerations
for preliminary feedstock selection; a more focused examination of the
preferred candidate resources follows the selection of preferred options.

1. Approach

The study concentrated upon major industrial resource availabil-
ities, distinct from the smaller-scale, regional resources that wmight support
"neighborhood" production. Although small-scale, local methanol production
facilities may be feasible, the diversity and scattered nature of local
resources defies the scope of the study. Starting with current methanol
feedstocks, such as natural gas, the study ranged through the likely raw
materials occurring in the state and in areas capable of supplying methanol
feedstocks, with some broad concern for economics., LNG from Africa and from
Saudi Arabia was not considered among the candidates, nor was coal from
Colombia or Appalachia; it seemed probable that in addition to unfavorable
transport economies, these resources would be sought by competitive users.

The description of raw material resources potentially available for
methanol production was based upon the existing literature and a familiarity
with the state's geography and its natural resources. The study commenced
with a survey of the extensive literature describing the classic processes and
the raw materials adopted elsewhere in the world's methanol industries,




Data and conclusions relative to coal resources were derived from an
active research program conducted by JPL for the U,$. Department of Energy
and dedicated to the definition and design of advanced underground coal min-
ing systems. A significant component of that program enlisted the University
of Kentucky to assess and classify both surface and underground U.S. coals
according to mining conditions., The resulting basin-by-basin study fully
describes the western coals potentially available for methanol production.
Supporting information was obtained from the 1981 Keystone Coal Industry
Manual, other coal resources publications, and discussioans with coal company
representatives.

Data concerning California's biomass resources for methanol production
were drawn mostly from information published by the State of California.
Natural gas, petroleum, and unconventional petroleum resource data were taken
from publications issued by the California 0il & Gas Division, Department of
Conservation.

The study screened candidate raw materials for California methanol pro-
duction against a framework of criteria that specified the nature and charac-
teristics of the desirable feedstocks. In this consideration, the influences
of economics and process selection were excluded from the resource considera-
tions, and were purposely left to other chapters of this study.

In order to determine feedstock candidates worthy of consideration, it
was decided that, as prerequisites, the acceptable methanol raw material can-
didate should:

o Be a carbon-based substance, natural or synthetic, having molecular
chemistry that makes carbon exothermally available to the methanol
molecule simply or with few process steps and, preferably, that
provides hydrogen in association with the available carbon.

o Permit conversion of the raw material feedstock molecules to the
methanol molecules with a significant net gain to energy.

o Be reliably consistent in nature and in chemistry.
o Be regular in supply.

o Be abundant in California or abundantly available to California by
secure means of transportation.

In order to display the spectrum of methanol raw material candidates for
consideration in California's evaluation, a classification system was devised.
Two main classes were created to distinguish between "established" and "poten-
tial" resources. The established are taken as those now flowing, or immedi~
ately ready to flow; potentials are those that probably exist in the measures
indicated and have potential if technology and economics permit exploitation,
The established resources can be quantified with reasonable accuracy; the
potentials tend to be hypothetical, and are subject to additions from
discovery, consumption draw-down and recovery limitations.
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A principal subgrouping separates each main class into the conventional
resources and the unconventional. Each subgroup thereafter has been divided
into domestic and imported (i.e., outside California) raw materials.

The following sections of the report provide au overview of California's
resources in order to establish a background against which candidates can be
evaluated as part of a range of options, together with descriptions and
classifications of the potential resources.

B. OVERVIEW

An analysis of California's potential methanol raw materials, without
reference to economics, longevity of supply, centralization of resources and
political controls, can view a wide array and generous supply of candidates.
The state has been among the leading producers of crude oil in the United
States, has been a major natural gas supplier, and has a large production of
biomass incidental to crop and forestry harvests. However, the forces that
make methanol production worthy of consideration at this time are also those
forces that have worked to make California an energy importing region; the
state's population and energy dcmands have increased, its fossil fuel resour~
ces are being depleted, and its energy imports are becoming more costly.
Moreover, the time frame required for a widespread introduction of methanol
for significant substitution implies a continuation of these trends. Accord-
ingly, California's energy future, including methanol production and use
potential, must increasingly rely on non-California feedstocks.

In 1978, the state produced only about one-third of its petroleum con-
sumption. It was part of a pattern that had seen the state's consumptions
grow, productions wane, and resource discoveries diminish. Imports grew to
fill the gap. In 1981, the official estimate of the state's recoverable
petroleum resources stood at about 5 billion barrels. These resources are
being drawn down at the rate of about one million barrels daiiy by production.

California's domestic natural gas resource declined through the
1970s. Currently, California has about 4 trillion cubic feet of natural gas
resources. Natural gas consumption in the state is about 4.7 billion cubic
feet/day; 1 billion cubic feet/day is produced in the state, and the rest is
imported. Import supply potentials are very great, and given stimulating
prices, a generous supply to California seems assured during the remainder
of this decade. '

4

Coal available to California in nearby states is generous. A recently
completed JPL/University of Kentucky study identified a potential 900 billion
tons of bituminous and subbituminous coals in Arizona, New Mexico, Colorado,
and Utah; about one~half of this resource is mineable. This is the "front
tier" of significant coal resources that might support methanol production
for California. Beyond, in a second tier of states, a potential 1.4 trillion
tons, mostly subbfiiminous and lignite, occur in North Dakota, Montana, and
Wyoming. These ressurce estimates are derived from a geologic interpretation
of the coal-bearing basins of the western United States,



Coal occurs in many counties in California as a mineral paeusaenon, but
only in five counties as significant deposits, The total resource identified
is 90 million tons, mostly lignite in unfavorable mining environments.

Biomass resoures are significant in California as a result of extensive
agricultural and forestry activities. In bulk, each class of biomass resource
seems great; however, agricultural residues have collection and storage prob-
lems, and are seasonal in nature. 1In addition, the potential of dedicated
crops that might support a methanol production industry is not significant.
To generate 1,500 tons of feedstock daily (at about 7,000 Btu per pound),
cultivation of about 30 square miles of land would be required, and economics
may not permit the dedication of land, water, labor and other resources to
biomass production for methanol. However, biomass may emerge as a suitable
candidate for supplying regional or local productions of modest scale, par-
ticularly in areas where the concentration of biomass residues in centralized
facilities already exists. Municipal solid wastes, for example, may well
support modest local methanol productions,

This overview has been prepared as a framework for a classification and
description of the substantial resources.

C. DESCRIPTIONS AND CLASSIFICATION OF RESOURCES

To assist the processes of resource evaluation, a classification scheme
was devised. Potential methanol resources, according to the classification
scheme, are identified in Table 3-1. The raw materials identified are the
classic feedstocks for methanol production, or are the natural alternatives
available in and near the state, All of the selected resources conform to the
requirements established in Chapter 3,

Not all the rescurce statistics are firm data. The fossil hydrocarbon
estimates, for example, are subject to resource discovery and increased exploi-
tatfon efficiencies. Others, like some biomass candidates, are summary esti-
mates of annual yields, and are considered forecasts dependent upon seasons,
weather, crop rotation and the markstplace. Some data describing offshore
candidates, such as Mexico's natural gas resources, are highly uncertain, and
a reasonable éstimate fias been provided. :

The description of potential methanol resources has not addressed
economic, transportation and competitive factors. Those influences are
studied and reported in other parts of this study.

In classifying the resource spectrum, a major subdivision between the
developed and the potential resources seems useful. The developed are those
flowing, or available to flow now or in the immediate future. The potential
division incorporates the developed, and adds the resources which can be
identified but are not yet on-stream. Thereafter, each of the two principal
divisions branches to two subc¢lasses, the conventional and the unconventlonal
These are further divided into California and imported categories.
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i. Established and Potential Conventional Resouices

a. Domestic Resources (within California)

Natural Gas. The state produces about 20 percent of its
natural gas consumption, drawing principally from onshore resources and adding
from offshore productions (Figure 3-1). The 0il and Gas Division Supervisoz's
Report for 1979 records 4.4 trillion cubic feet as the established in-state
resource in December 1979. Assuming no additions through discovery, the
resource was approximately 3.7 Tcf in 1981.

However, it is characteristic of the natural gas preduction industry
that resources are critically influenced by market price, and the state
resource at any time should be assessed in consort with the ruling price
level. The June 1980 Staff Report (CEC) advises that a doubling of the gas
price, for example, would act to expand greatly the volume of established
resource. In accord, and judging that price increases will follow devegu-
lation, it seems reasonable to indicate California's potential gas resource at
twice its established quantity.

Coal. The state produces no significant quantity of coal.
Ninety million tons of lignite are scattered through five counties, mostly in
geology discouraging to mining (Figure 3-2).

Petroleum. The state's crude oil production has verged on a
million barrels per day since the 1950s. 1In December 1979, the known recover-
able resource remaining was estimated at 5 billion barrels. The principal
production iocations are Wilmington, Elk Hills, Midway-Sunset, Kern River,
Belridge South, San Ardo, and Huntington Beach. Together, these
fields produced 63 percent of the state total ia 1979.

The state's exploration is considered nearly complete, with the impli-
cation that resources will be depleted as production centinues. However, a
significant residual volume of petroleum lies in all of the reservoirs repre-~
senting the majority fraction of identified oil that would not respond to con-
ventional drilling techniques. Extraction efficiency in the state has been
approximately 25 percent of oil in place. Advanced extraction techniques may
increase that efficiency, and methods may be developed to exploit the
residuum; thus, the recoverable resource quantity may be significantly
increased,

Agricultural Industry Wastes., In 1979, the A. D. Little
Company examined California's biomass energy potentials in a study for the
California Air Resources Board. Data from the Little study were used in
assessing bioenergy resources. Wastes from harvested crop processes and
animal dressing are dispersed throughout the state. Cenerally, they are
subject to decay, are diverse in character, and need some intense preparation
prior to processing. Overall, they aggregate nearly 900 thousand tons/year,
but their potential use in methanol production is discouraged by problems of
collection, preservation and storage.
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Figure 3-1. CALIFORNIA OIL AND GAS FIELDS
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Agricultural Field Residues. Rice stalks, corn stalks and
other crop wastes are produced at an annual weight of about 8,600,000 tons.
However, high moisture content, contaminants and the dispersed nature of much
of this rescurce suggest that as little as 1,000,000 tons (about 15 TBtu)
annually might be usable. These resources, however, are dispersed in location
and seasonal in occurrence,

Dairy Feed Lot and Poultry Wastes. As a collected resource,
these manures amount to about 3,500,000 tons in California every year. About
47 percent of these wastes is returned to the soil, and 28 percent is marketed
for other purposes. A. D. Little's study determined that in only three areas
of the state would there be concentrations of industrial significance.

-

Municipal Solid Wastes. The total annual production of MSW in
California approaches 19 million tons. A. D. Little reported that 31 of
California's 58 counties each produce less than 200 tons per day. Eight
counties with concentrated populations each produce 1500 tons or more daily,
and in aggregate, about 13 million tons annually, If 70 percent of that mass
were collected, with its 61 percent combustibles (4800 Btu per pound), and
were converted in processing with 60 percent efficiency, about 50 trilliom Btu
would be realized.

Forestry Wastes. Slash, toppings, limbs and brush constitute
the work site residues from logging. Sawdust, bark, offcuts, trim and shav-
ings are the wood wastes from milling., The former has traditionally been left
to enrich the forest soil; the latter has usually been disposed of in waste
burners or boilers. Presently, much of the mill waste is used in particle-
board processing.

Approximately 4,615,000 tons/year are wasted in California's forests,
and 5,068,000 tons/year in mills. One~third of the forest wastes might be
collected and that value salvaged. However, competition exists, and will
probably increase, for the milling coproductions.

b. Imported Resources

Natural Gas. California imports gas from the southwesteru
states, the Rocky Mountain states, Canada and Mexico via pipelines. The
resources upon which these supplies depend are indefinite because they expand
with discovery and in response to price. Much of the data is proprietary. A
California Energy Commission Staff Report (1980) advises that the state's
needs can be met for the next 100 years at gas pricing of $3/Mcf (at the tims
of this study, market price was in the neighborhood ot $2.20/Mcf). Beycnd
that time frame, an extended supply life will vary with pricing and technology
improvements. '

The Canadian and Mexican gas resources are not fully explored. For the
purposes of this report, we have assumed that the present rate of supply from

3-9



Canada to California will be available for the next 80 years. It has also
been assumed that Mexico's gas supply to the state will increase from 100 Bef
to 600 Bcf/year and will hold that pattern for 100 years.

Potentially, even more important than the extent of natural gas reserves
within the state are remote gas deposits on the Pacific rim which could be
converted to methanol and shipped to California ports. There are a number of
rationales why such gas could be used as a methanol feedstock and supplied at
prices well below that for pipeline gas.

There are a number of developing countries with significant gas re-
sources on the Pacific rim, including Mexico, Indonesia, Colombia, Ecuador,
Chile, Peru, Bolivia, China, and Malaysia. In addition, of course, there are
significant natural gas reserves in Alaska which should be.distinguished
between north slope and southern resources. The key to utilizing these
resources for methanol production are:

(1) Countries with large gas reserves and small existing and potential
domestic gas markets.

(2) Countries with significant gas reserves but without means to
establish pipelines and other infrastructure to utilize the gas
directly.

(3) Undeveloped countries with need for foreign exchange who will make
decisions on whether to sell remote gas to methanol producers or
LNG conversion strictly on the basis of greatest return.

The available information on gas reserves, production rates, consumption in
these Pacific rim areas is summarized in Table 3-2,

In addition to the reserve base, we have made a quick analysis of what
limits exist on methanol production from these gas resources, The first
implication of this table is that there are large quantities of natural gas
(most of it associated) being reinjected, flared or exported (approximately
1,325 trillion Btu/year, not counting Alaska). For estimating the limits from
these scurces, it is important to note that we are not predicting in any way
that this gas will be or is economically justified to be converted to methanol.
The intent is to see how far the resource base in non-pipeline gas could carry
the transition to fuel-based methanol in the most optimistic case that methanol
is the most attractive option for utilizing these gas reserves. Thus, the
intent is to derive physical rather than economic limits on the resource base.

Given these qualifiers, the results on the far right-hand side of Table
3-2 show that there is a significant potential for methanol production from
natural gas in the next 15 years. Using the quantity of natural gas currently
reinjected or flared in Pacific rim countries (excluding the U.S. and Alaska)
would support over 20 full-scale (3,000 tpd) methanol production plants, or
about 6.6 billion gallons per year. 1In addition, the resource base is
sufficient to support these plants for their full 20-year lifetime.
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Another simple way to bound the potential methanol production limit is
to assume that the current proportion of natural gas flared, injected, or
exported will diminish over time as internal demands increase. As an example,
we have assumed that internal consumption doubles and that the remaining
resource is available for export as methanol or LNG. The product limit
measured this way is larger; about 44 plants* and over 14 billion gallons of
annual production could be sustained for 20 years. Of course, in reality such
plants would be built sequentially rather than all at once. Thus, on a
resource limit basis there are adequate resources to sustain the building and
operation of one 3,000 tpd methanol plant each year for 20 to 40 years and
supply them with feedstock in the Pacifi« rim. The transition period
implications of these resource limits are dealt with in Section V of the
summary report, entitled "The Transition Period." On the basis of what has
bren learned, it is clear that low opportunity cost gas could provide
sufficient feedstock to begin a methanol transition. On the other hand, there
is clearly not sufficient resource to supply a large proportion of the U.S.
fuel market. Thus, our evaluation confirms the conventional wisdom that
remote gas is a transition fuel for methanol, and it is of sufficient quantity
to sustain west coast markets through the remainder of this century at any
realistic neat methanol vehicle penetration rate.

Syngas (SNG). SNG, derived from coal and produced at mine
mouth or in California from imported resources, offers a very large downstream
option for gas supplier and user. The technology of this resource supply is
not yet in place.

Liquid Natural Gas (LNG). LNG is an essential resource in the
world marketplace, but is not yet available in California because of con-
straints surrounding delivery arrangements.

Coal. Kaiser Steel Corporation's operation at Fcatana,
California, imports coking coals from Utah and New Mexico at a rate of about 2
million tons/year. This established traffic draws upon captive mines that are
located among resources estimated at 631 billion tons (JPL estimate). About
one~half of that resource estimate is considered exploitable with today's
mining technology. These coal resouices are partly bituminous (typically 24
million Btu per tomn) and partly subbituminous (typically 19 million Btu per
ton), with sulfur and ash in the low range.

Western coal resources in the states of Arizona, New Mexico, Utah,
Colorado, Wyoming and Montana, as well as Alaskan resources may constitute a
vast potential feedstock for methanol production. A recent JPL/University of
Kentucky study has indicated that the Rocky Mountain Prcvince may have overx
2000 billion tons of coal reserves. Table 3-3 illustrates the characteristics
of these reserves.

* If Alaska's south slope resources are added at 50 percent dedication to
methanol, three plants and 800 million gallons annually could be added, and
the north slope has the potential for 8 billion gallons per year if 50
percent of the resource base were converted to methanol.
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Table 3-3, ROCKY MOUNTAIN PROVINCE COALS*

1} Remaining resources in beds not faulted or intruded and dipping
less than 15 degrees, by depth of cover:

£-500 ft. 500-2000 ft. 2000-4000 ft. 4000 ft. Total
190 428 630 832 2080

2) Remaining resources under 2000 feet of cover, by seam thickness:

50 ft. 50-15 ft. 15'-42" 42"-28" 28"-14" Total
19 81 375 72 71 618

*All figures in billions of tons.

This report concentrates on seven coal regions containing significant
resources that could support potential methanol oroduction for California
(Figure 3-3). These regions are:

(1) Arizona (Black Mesa)

(2) Southern Utah (Kaiparowits, Kolob-Alton, Henry Mountains)

(3) New Mexico—Colorado {San Juan)

(4) Central Utal-Colorado (Piceance, Uinta, Wasatch, Emery)

(5) Wyoming-Colorado (Green River, Yampa)

(6) Wyoming-Montana (Powder River Basin)

(7) &4laska (Beluga, Susitna, Kenai)

The characteristics of these individual regions, including potential
constraints on resource availability, are discussed below. Potential coal

resources and ¢oal quality data for the six regions, compiled for the JPL coal
resources study, are summarized in Table 3-4.

Arizona (Black Mesa). According to the 1981 Keystone Coal
industry Manual, the Black Mesa area has 2100 million tons of reserves, mostly
0-1700 feet from the surface. Strippable reserves are estimated to be 980
millicn tons, mostly within 0-130 feet of the surface. The coal resources
study by JPL/University of Kentucky has indicated that the Black Mesa region
may have a potential 50 billion tons of resources buried under less than 2000
feet of cover. Most of the coal seams are 42-inches to 15-feet thick.




i
i
4
i
$
H
k1

ORIGINAL PAGE I3
OF POOR QUALITY

1. Black Mesa
2. Southern Utah
MONTANA 3. San Juan

4, Emery, Uinta,
Wasatch, Piceance

5. Green River, Yampa

6. Powder River Basin

b
WYOMING
0s C
UTAH
4
COLORADO
{,22&
L3
ARIZONA
NEW MEXICO

Figure 3-3. SELECVED WESTERN COAL REGIONS

3-14



R
L

3-15

0tL’s
118605 |-488°L | 4 11-€'%] S 1%~ 12z91 66 9°8T 9°Lot | 0" LL 0°LSE [3TA 5°9¢ Le %°99¢ 1°0L5| 32aTy 29pmog| 9
4404 wduex
119405 |-086'L | €°S1-2°2| y°S-z7° 8LL0TY L&A Lo61 v€8 |zo¢ 6°289 £°96 kA 8°81 S°L8L £°908 ¢1aaty uasang| S
oLty .
118 [-0%0°1T1] 2°6-Z°€] 6°1-%° $99¢¢ L8 18 6°T |v U1 E°LHT | E°92 8°62 881 9781 ©° 10z 2ouURPIL
m 00z ‘z1
n-m oy ] 114 |-069°01| €°€1-9°9] 1-2-8° T95‘c 9°0 9°0 5y g9l 6°€ 81 6°1 1°81 0°0Z LE ]
< .
< D K
o sze'zl
o 119 [-LZL1T] 0°L-1°9]60°T-6%° Logts 9°1 Lee st |te § oL 0°el 1-or 1t L9 866 yoIvenp
e
=0 08E‘HT
nlu Q, 118 {-00%‘11} 8°€I-5"S| §°G~6£" 9c£0°T 10 %0 Tz L1 0°z L0 181 181 Kaoug
o,
©o coz‘ot| . ¢
. 1I9490S [<006°8 [7°0Z-0°ST} 9g--9* 8yz ot 64z 9°91 oL fitt G LY €€y €69 [4FA L 9°zo1 8°6L1 ump usg
601 ’
118 [~SE6°L | 9°€1-L"L] B°G-%9° 016 S0 1°0 5°S L0 L] Ly 0z st 1°¢1 uo31v-qouy
€SZ 11 .
118 |-000°11) L°0T-5°6] 8°T~L8° 681 €0 L0 70 80 z°0 1 9°1  wurwaunoy Lauay | <
orzut
119 [-60£°6 | T°t1-0°L] 88°-89° 120°1 1€ £c 86T [2°S 821 It £°0Z 9°Z 919 FAL 4 s31MdaBdTEY
09021 :
L1I9ENS [-6T1°S | 8°05-%°€| z'z~g* £€20%y Lc 8 1°6% . L 74 [Af44 9° 1% 9° 18 ®EIR MoRig
>
wve | a1 (OHSV | (x)uansi (~1= *bs) ) | 41-,81) 82-u2t| w29, c1).c1< | .000z< 1000z-00¢ |, 006-0 || o°T < oSt *3OYNNOL| HOID3IY TVOD
ALTTVRD v 3IVHILSH (NEQUNIEAD ,000Z> ) *SSANNDTHL, »d10 30 F2¥03d TVLOL
328N0SAN¥ ¥SSANIDIHL KVAS X9 AOVNNOL NIQUNHY3A0 X4 FOVNNOL Ad HOWNNOL
40 vady

VIVQ d0¥00SH¥ TV0D v -¢ °1qel




Wt Qe
S

The Black Mesa coal region is totally within the jurisdiction of the
Navajo and Hopi tribes. Currently, Peabody Coal has lease agreements with the
Indians for 64,858 acres. Peabody operates two coal mines in the Black Mesa
area; almost all of the coal produced is supplied to electric power generating
plants .under long-term contracts. Coal from the Kayenta Mine is shipped via
electric rail to the Navajo generating plant in Page, Arizona. Coal from the
Black Mesa mine is transported via slurry pipeline to the Mohave generating
plant in Nevada. Coal from these two mines has approximately 10,700-10,800
Btu/lb, 4.3 percent ash, and 0.46-0.49 percent sulfur.

The possibility exists of a third mine opening in the Black Mesa region,
making more coal available in the near future; however, final say on exploi-
tation of coal resources in this area rests with the Navajo and Hopi tribes.
Coal transportation from this region is only via private rail and slurry
pipeline.

Southern Utah (Kaiparowits, Kolob—Alton, Henry Mountains).
These coal fields have bituminous coal resources, somewhat higher in sulfur
than most western coals, that are largely undeveloped. The JPL/University of
Kentucky study indicates that there may be approximately 60.7 billion tons of
resources in these coal fields. The largest coal field, the Kaiparowits, may
have over 30 billion tons of potential resources with relatively low sulfur
and ash contents; the Henry Mountains field has about 1.4 billion tons of
potential resources of similar quality. The Kolob~Alton fields have about 15
billion tons of coal that are relatively high in sulfur and ash. Data from
the JPL study for these coal fields are summarized in Table 3-4.

The Kaiparowits coal field, which is currently undeveloped, contains
over 30 percent of Utah's coal resources. The JPL study indicates that there
are about 44.2 million tons of resources in this field; the U.S. Geological
Survey has estimated that there is a potential 30 billion tons. Some of the
utility-owned coal reserves in this area, originally intended for the cancelled
Kaiparowits power plant, may be used in a planned cozl gasification project.

In addition, a 400 MW power plant may be planned for the area.

In the Kolob-Alton fields, there are no mines currently operating.
Keystone estimates that the Alton coal field may have 200-400 million tons
of strippable reserves. Much of the Alton coal is under less than 60 feet
of overburden, much of which is soft and will not need to be blasted. Over
28,000 acres with coal rights are currently held as federal leases by Utah
International and Nevada Power. 1In addition, a planned power plant mear St.
George, Utah, will probably use coal resources from this area. The Kolob coal
field has coal that is of relatively poor quality (high ash and sulfur
contents).

According to the JPL study, the Henry Mountains coal field has a poten-
tial 1.4 billion tons of reserves. Keystone estimates that the area has 340
million tons of coal in place at depths of 1400 feet or less, in beds more
than 4-feet thick. Most of the valuable coal land in this area is held by
Amax Coal Co., bui there are currently no operating mines in the Henry Moun-
tains field. Plans for the Intermountain Power Project may involve use of
Henry Mountains coal.
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These coal fields are located mainly on federal and state land. Several
environmentally sensitive areas (Zion National Park, Cedar Breaks National
Monument, Bryce Canyon National Park, and Capitol Reef National Monument) are
in the region and may impede development of these coal fields. Other con-
straints on development include remoteness, rugged topography, and lack of
railroad spurs.

New Mexico-Colorado (San Juan). The San Juan coal basin in
northwestern New Mexico and southern Colorado contains a potential 180 billion
tons of resources, according to the JPL study. Over one-half of this tonnage
is in seams 42-inches to 15-feet thick, and under less than 2000 feet of
overburden. These subbituminous coals are low in sulfur, but moisture and ash
vary widely. Characteristics of the San Juan coals as defined by the JPL
study are shown in- Table 3-4.

According to Keystone, the San Juan Rasin contains 6.5 billion tons of
strippable reserves. Companies owning reserves in the San Juan area include
Utah International, Consol, El1 Paso Natural Gas Co., Pittsburgh & Midway, and
others. The best-known and best-developed coal field within the San Juan
Basin is the Navajo Field, within the Navajo Indian reservation. Coal mined
from Utah International's Navajo and San Juan mines, which ranges from 8600~
9200 Btu/lb, is all committed to the Four Corners utility and transported
there via a short railroad line that runs from the mine to the utility.

Much of the land in this area is owed by Indian tribes. The rest is
owned by the federal gcvernment, the state, railroads, and other private
industries. Access by rail is currently a problem for many of the coal
regions within the San Juan Basin; new railroad spurs are needed for other
markets.

Central Utah-Colorado (Emery, Wasatch, Uinta, Piceance). This
area has predominantly bituminous, low-sulfur coals, with high heating values
(11,000 - 14,380 Btu/lb). According to the JPL study, this area has a poten-
tis. . 2source total of 335.3 billion tons; about 62.8 billion tons are in
sezms thicker than 42 inches, under less than 2000 feet of overburden. The
Emery field is the smallest, with potential resources of 20 billion tons. The
Wasatch field, adjoining the Emery field to the north, has a larger amount of
resources characterized by much greater coal thicknesses (some resources occur
in beds thicker than 15 feet). The Uinta Basin has coals of similar quality,
but the total coal thickness is substantially less. The Piceance Basin
directly to the east of the Uinta Basin has large amounts of coal resources
mostly concentrated in seams thicker than 42 inches. A large prcportion of
the coal in these four areas occurs at depths greater than 2000 Ieet. The
characteristics of these coals as defined in the JPL study as shown in
Table 3-4.

According to Keystone (1981), the small Emery field has 630-900 million
tons of coal considered recoverable; 140 million tons of this coal may be
recovered by surface mining. This field may eventually supply coal for the
Intermountain Power Project (planned to be on-line by 1986), but no railroad
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serves the field at present. The Wasatch &rea, with I4 currently active mines,
has a potential resource of 10.2 billion tons in #eams greater tham 4—feet
thick, under 3000 feet or less of overburden. The JPL estimates are much
higher. Constraints on mining this resiource include thiek overburden, fault-
ing, and water problems. Presently, tlie northern part of the Wasatch area is
served by three rail spur lines; southern area producers must trucli coal, The
Piceance and Uinta areas together have large amounts of resources; much of the
coal currently mined is coking coals from underground mines.

Lands in this area underlain by coal are mainly federal, state, and
privately owned. The Uinta-Piceance areas also have vast oil shale resources
on federal lands, and potential conflicts may arise concerning leasing for .
coal/oil shale resource extraction. Competition for scarce water supplies may
also be a constraint. In addition, many coal resources in this area are
high-quality or coking-quality coals, deeply buried and faulted. Transpor-
tation problems exist in this region, because many areas are not served by
rail spurs, and much of the existing trackage is not adequate for heavy unit
trains.

Wyoming-Colorado (Green River, Yampa). According to the JPL
study, the Green River Basin of southwestern Wyoming and northwestern Colorado
has a potential 800 billion tons of reserves of mostly subbitumincus coals,
ranging from 8000-12,000 Btu/lb, with ash and sulfur percentages similar to
other Central Rocky Mountain Province coals. Most of the coal is in seams
greater than 42-inches thick, but much of the resource is buried under more
than 4000 feet of overburden. Characteristics of the Green River Basin coals,
from the JPL study, are given in Table 3-4.

Keystone (1981) and the U.S. Bureau of Mines estimates that there may be
2.9~3.6 billion tons of strippable coal in the Green River Basin area of
Wyoming and Colorado. Presently, about 37 percent of Colorado and Wyoming's
coal production comes from this area. There are 20 active mines in this area;
15 percent of them are surface mines, which produce 98 percent of the region's
coal. Most of the coal is used for electric power generation in Colorado,
Wyoming and other states.

Most of the land in this area is federal land, administered by the Bureau
of Land Management and the U.S. Forest Service. Parcels of state and private
land occur within the federal land. Some of the coal areas are located near
Rocky Mountain National Park and other wilderness areas, preservation areas,
national wildlife refuges, national monuments, and state recreation areas and
parks. Large areas of strippable coal deposits are located near existing
railroad facilities.

Montana-Wyoming (Powder River Basin). The Powder River Basin
contains 30 percent of the resources of the entire Rocky Mountain Province.
The JPL coal resources study indicates that the area may have as much as 570
billion tons of coal resources. About 40 percent of these resources lie
within 2000 feet of the surface; one-third are in seams greater than l5-feet
thick. Powder River Basin coals generally have low ash and sulfur contents.
Table 3~4 presents JPL study results on the Powder River coals.
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According to Keystone (1981), the Powder River Basin has nearly 23
billion tons of strippable reserves. The U.S. Bureau of Mines estimates that
there are about 31 billion tons of strippable reserves; individual state esti-
mates are as high as 47 billion tons. The area is known for strippable "super-
beds" of coals 50~ to 250-feet thick under less than 300 feet of overburden.
Most of the current and planned activity in the Powder River Basin is in the
northern and eastern parts. Many private companies and utilities operate
strip mines and own reserves in the Powder River Basin. The coal is primarily
used for electric power generation in Wyoming, Montana, and about a dozen
midwestern power plauts.

The federal government administers about 25 percent of the land in the
Powder River Basin; of this land, one-~quarter is owned by Indian tribes. Six
percent of the land is state-owned and the remainder is private land.

Many strippable deposits are located near existing rail facilities with
access to the Pacific Northwest and the Midwest, but the area is somewhat
remote from California.

- Reclamation. A majoy potential constraint on exploitation of
all the western coal fields is th# requirement for reclamation of surface-
mined land. Most state laws requive that the land must at least be reclaimed
to a condition capable of supporting its existing use prior to mining.
Reclamation activities are monitored by the states and the U.S. Office of
Surface Mining (0OSM) in the Department of the Interior; reclamation on Indian
lands is under the jurisdiction of the OSM and the individual Indian tribes.

Returning the land to its previous use is difficult in the semiarid

and arid West. Land uses in the Rocky Mountain Province coal-bearing areas
include cattle and sheep ranching, dryland farming, some irrigated farming,
and forestry, depending on elevation and rainfall. Large tracts are covered
by vegetation communities including sagebrush scrub, prairie and grassland,
and pine forest. In some areas, irrigation may be necessary during the first
year of reclamation to revegetate surface-mined areas with vegetation compa-
rable to what existed prior to mining. Some areas of higher elevation, such
as Black Mesa in Arizona, may not need irrigation for reclamation. Some of
the strippable areas in the Green River and Powder River Basins may also have
sufficient rainfall to ensure reclamation success. Both surface and ground
water resources need to be evaluated in the water-scarce areas before mining
is planned.

The generally poor soils of the Rocky Mountain Province tend to compound
reclamation and revegetation problems. Scil horizons are poorly developed,
humus content is low, and sufficient topsoil for revegetation is often
absent. Erosion rates tend to be high.

Reclamation costs in the Rocky Mountain Province coal-bearing areas
average about $3000/acre. Areas with poorer soils and extremely low rainfall
may have much higher reclamation costs, or reclamation may not be pcssible at
all.
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Alaska (Beluga). According to a recent study* of the Depart-
ment of Natural Resources, the State of Alaska has coal resources of 1.4
billion short tons of "measured" resources, 110.7 billion short tons of
"indicated and inferred" resources, and "hypothetical" resources of 1774
billion short tons. A large proportion of these resources are located in
northern Alaska in the NPRA. 1In the southern area, the coal fields around
Cook Inlet (Beluga, Susitna, Kenai) are particularly interesting as potential
sources of coal for methanol conversion to California. The coals in these
fields are mostly subbituminous with approximately 9500 Btu/pound. In
addition, they are mostly low-sulfur coals which can be surfaced mined.

The state of Alaska eatimates that "indicated and inferred resources" in
the Beluga, Kenali and Susitna fields at about 10.5 billion short toms. Since
a 5000 ton—per—-day methanol plant would require about 6 million tons per year
of feedstock, there is ample coal in the Cook Inlet region to support a number
of methanol conversion plants. Much of this coal is located within 25 miles
of the coast, which would reduce transportation cost by rail to terminal
facilities for shipment to California by tanker.

. In northern Alaska, the resource base is much larger with a much higher
proportion of bitumipnous coals. The "measured" resources alone in this area
are nearly 500 million tons, while the "indicated and referred" resources are
over 200 billion tons. Thus, the Alaska resource is very large compared to
near—-term and mid-term demand for methanol which could utilize this feeds*ock.
In the near-term, the most likely area foér development is the Beluga field
which, with low opportunity cost for the coal, the potential for inexpensive
tanker transport for methanol, and possible SFC support, is the most likely
coal-to-methanol concept which would affect California methanol markets
directly.

Crude 0il. The state currently imports by tanker vessel about
270 million barrels of crude from Alaska's North Slope production via Valdez.
A fraction of the state's annual crude stocks comes from Indonesia, whose
sweet crude goes to specialty products. Other imports represent transfers,
mostly from the Gulf Coast, to balance produst streams.

2. Established arnd Potential Unconventional Resources

a. Abandoned Reservoir Crude. About 66 billion barrels of crude
oil unavailable for extraction by conventional technology exist in Califormia's
reservoirs. This figure represents that component of the original resource
which would not respond to conventional drilling techniques. 1Its volume
approaches 74 percent of the original, in-~place resource measurement, or about
thrice the total volume produced. This very large potential resource may
become exploitable by advanced procedures. Presently, this resource is
unconventional, but known and measured.

* McGee, D. L., and Emmel, K. S., Alaska Coal Resources, State of Alaska,
Alaska Department of Natural Resources, April 1979.
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b. Heavy 0il in Rock. Widely scattered in California, mostly in
the coast ranges, is a series of rock occurrences bearing concentrations of
heavy oil fractions. These appear to ke exposed reservoir members from which
*he volatile hydrocarbons have fled. Several outcrops are very extensive. A
“»w have been investigated, while others are not well known. The McKittrick
diatomite, for example, in its exposure along the Kern River, is well explored
whiere it outcrops updip from a major heavy oil reservoir. This singular occur-
wence offers a mineable hydrocarbon resour:e with recoverable crude estimated
at 800 million barrels. Other significae.it oil-rock resources occur at Santa
Susanna, Edna, San Arde, Casmalia and Point Arena. Established reserves are
estiraated at 1,850 million barrels; potential reserves are estimated at 4,000
million barrels.

These resources appear amenable to surface mining techniques. Proces-~
sing to extract crude may tend to be resource-specific, as this genre of oil
host rock exhibits varying characteristics; some may present separation
difficulty.

c. Kerogen and Kerogen Derivatives. Exploitation of the exten-
sive kerogen~rich marlstones of the Piceance Basin in northwestern Colorado
and those of the Unita Basin in northeastern Utah has been sought and planned
since the 1920s. Development of this resource potential now appears imminent,
and pilot mining and processing programs are in progress. Large-scale produc-
tion is still to be realized, and until such facilities are on-stream,
California can only comsider kerogen or its syncrude as another potential
resource.

The order of that poteatial is between 400 and 600 billion barrels in
place as a national resource based upon criteria of formations at least 15-
feet thick and containing at least 25 gallons of kerogen per ton. Exploi-
tation by conventional mining practices would degrade that potential
seriously. Unconventional procedures are being tested.

With few exceptions, development activities in the "oil shale" basins
are being conducted by the major U.S. petroleum producing corporations.

d. Biomass. Unconventional biomass resources are those of more
or less ordinary character cultivated and dedicted to unconventional purposes,
in this case methanol feedstock probably derived by pyrolysis or anaerobic
activity. Several potential resources are sugar cane, short rotation tree
crops, eucalyptus, desert plants, and marine kelp. In some circumstances,
one or more of these potential rescurces may merit in-depth investigation,
but land, irrigation, and preprocess handling requirements may discourage
first-place consideration.

D. CONCLUSIONS

California offers a varied, favorably distributed and generous selection
of raw material candidates for methanol production. There are choices avail-
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able between domestic and imported, plant and mineral, and dedicated and co-
product supplies.

As would be expected, the flow crossroads of the imported vaw materials
tend to coincide with the population centers. The agricultural and silvi-
cultural resources tend to cluster in areas which are less well served by
transportation networks.

The diversity of the potential raw material suppiies for s methanol
industry dedicated to California's fuel neets makes ptoduction location a
component of the industrial decisions to be studied. The potential long~term
and reliable raw material candidates lie out of state. Some are currently
being imported; others may be available for import to the state. The domestic
resources are either short lived or less consistent in wakeup than are the
coal, gas and petroleum supplies situated outside California. Methanol pro-
duction from coal or naturci ras at the source, or en route to talifornia for
transport to the state, emerges as the most promising methanol alternative
from the perspective of potential exploitable resources.
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CHAPTER FOUR

METHANOIL. AND OTHER SYNWFUELS:
PRODUCTION OPTIONS AND COSTS*

A. INTRODUCTION

In this chapter, an attempt is made to characterize the pertinent process
technologies, calculate production costs, perform sensitivities, and compare
the alternatives for methanol and other synfuels. It is important to acknowl-
edge that the cost estimates used in this chapter are based on existing pub-
lished sources; JPL has not performed any detailed engineering cost estimates
for the study. For methanel production alternatives, we have compiled a
fairly comprehensive set of recent estlmates, compared them, attempted to
resolve inconsistencies through discussions with some of the project sponsors,
and preserited our findings based on a consistent set of financial and
technical parameters. For competing synfuel alternatives, we have not made as
detailed an evaluation, but we have taken public documents and imposed a
consistent set of financial parameters as in our methanol production cost
analysis. Given the tremendous uncertainties involved in the estimation of
costs for these large-scale projects, it is important to maintain the perspec-—
tive that point estimates of cost for any plant which is undemonstrated
commercially are unreliable., In this repprt an attempt has been made to apply
contingencies of appropriate levels to technologies at different stages of
development to help generate more meaningful estimates. We have also per-
formed numerous cost sensitivities to important cost drivers to generate a
range of product cosis associated with alternative systems. More important,
however, than these these mechanical procedures, we have based our conclusions
on the premise that absolute decisions cannot be made on the basis of small
differences in estimated production costs for alternative synfuels at this
point in time. As a result of our evaluation, however, we do feel that some
options tend to dominate others under any reasonable set of assumptions.

Thus, firm conclusions can be drawn about 2 few of the relative options and
they will be identified and discussed.

The organization of this section of the report is to identify and
characterize the alternative methanol production technologies, discuss their
status, and project their investment and operating costs. A similar analysis
is then done for the competing synfuels which would be alternatives to methanol
in various applications. Finally, an evaluation is performed of the production
economics of all the options on a consistent basis, and sensitivities are
performed.

B. METHANOL PRODUCTION TECHNOLOGIES

The production technologies of relevance to methanol production for
California applications are influenced by the resource base which would supply
feedstocks. In our analysis we have considered Western coal, Alaskan coal,

* All cost or price figures in this or subsequent chapters are in 1981 dollars
unless explicitly stated otherwise.
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remote natural gas, petroleum coke, and biomass as potential feedstocks.* Each
of these options is discussed below.

1. Western Coal-to-Methanol Plants

The basic process for converting coal to methanol is to gasify the
coal, producing a synthesis gas which is then synthesized into methanol through
different processes. The existing (first generation) technologies to perform
this gasification process are the the Lurgi Dry Bottom, Winkler, and Koppers-
Totzek technologies. Of these, the Lurgi Dry Bottom is probably the most
thoroughly commercially proven approach. For methanol synthesis there are two
commercial technologies: ICI and Lurgi. Major improvements in gasification
technology are under development including the following technologies: Texaco
Partial Oxidation, Shell Koppers Entrained Bed, Lurgi moving bed slagging
gasifier and the Winkler fluidized bed gasifier.

a. Capital Cost Overview. In examining coal-to-methanol produc-
" tion costs, we attempted to obtain sufficient receat estimates so that the
variocus sources could be checked against one another. Three basic sources of
data were evaluated: (1) plant cost estimates provided to JPL by sponsors

of the study,** (2) published cost estimates funded by the Department of
Energy,***% and (3) cost estimates on plant concepts which are currently in the
planning stages by companies other than sponsors of this study.**** These
estimates are shown in Table 4-1, where adjustments have already been made to
put all dollar values in 1981 terms, place contingencies on a consistent (15%)
basis, use a plant utilization factor of 90 percent, and combine account

* See Chaptér 3 for a detailed discussion.

%% Estimates were obtained from three of the energy production companies
involved in our study. This data is not public information and we cannot
cite the specific sources, except to indicate that the plant cost
estimate used for the basic reference case (Texaco Partial Oxidation
gasification technology for 5000 tons-per-day of methanol output in 1992)
is JPL's synthesis of these three industry sources.

*%% Recently, Oak Ridge National Laboratory has completed work on a two-phase
study for the Department of Energy: Phase I, "Indirect Liquefaction of
Coal-To-Methanol and Gasoline Using Available Technology" and Phase II
(available only in draft form) "Indirect Liquefaction of Coal-To-Gasoline
Using Texaco and Koppers-Totzek Gasifiers." These two in-depth studies
were used to check the accuracy of our industry estimates. ‘

%*%%% Two other estimates were obtained on actual projects which are in the
planning stages for near-term construction and implementation. The first
project was a detailed cost estimate of the Hampshire project published
in Synfuels on September 24, 1982. The second project involves an
industry source not among this study's sponsors which asked not to be
identified in the report, thus we have made some slight modifications to
the project scale and description, but have retained the basic
information content of the cost estimate.

4-2
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Table 4-1.

ORIGINAL PAGE IS
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CAPITAL COST ESTIMATES:

COAL TO METHANOL (millions 1981%)

PLANT COST ESTIMATES

SOURCE;| JrLa JpLb JpLE ORNLY ORNLY HAMPSHIRE®
GASIFICATION TECHNOLOGY:|] TCGP Lurgi Winkler Lurgi Lurgi Lurgi
COAL SOURCE:| West West Alaska East East West
PLANT SITE;|Minemouth | Developed | Minemouth| Developed | Developed| Minemouth
OUTPUT: MeOH (108 gal/yr) 498 242 74h 693 1091 -
SNG (109 Bru/day) - 59 - 145 37 -
GASOLINE (105 gal/yr) - - - - - 277
DIRECT FIELD COST )
Coal Preparation $62 $57 $142 $152 $159 $65
Air Separation 145 71 121 113 174 163
Gasification 268 105 226 139 139 206
Gas Processing 63 20 29 48 52 62
Acid Gas Removal 114 55 74 92 117 96
Gas Separation - 46 - 53 31 -
Methanol Synthesis 92 71 140 150 206 77
Retorming & Compression - 38 49 - 12 -
Emission Control 62 24 15 79 88 61
Steam & Power 150 175 205 252 264 61
Produet Storage 24 17 24 2 56 32
Utilities 66 102 110 162 168 109
Offsites 145 85 488 99 113 255
€0y Drying & Compression 43 34 - - - -
Methanol Conversion - - - - - 79
Purge Gas Methanation - - - 29 8 1
Contingency * * 243 306 349 *
SUBTOTAL | $1191 $900 41906 $1702 41936 $122]1
INDIRECT FIELD €Q3T - - - 629 714 270
Woikeamp - - 168 *k *k 90
Engineering 119 106 144 bk w¥ 207
Owner Admin. & Engr. 39 35 - wk fded 213
TOTAL INSTALLED PLANT | $1349 $1041 $2158 $2331 $2650 $2001
INDIRECT CAPITAL COST
Start-up & Training 101 38 131 122 138 74
Land 3 2 3 - - -
Working Capical 68 56 121 130 143 19
Paid-up Royalties 7 6 10 13 29 *hk
Initial Catalysts & Chem. 7 6 20 okl hoded o]
TOTAL CAPITAL REQUIREMENT { 91535 $1149 $2443 $2596 $2960 $2094
Derived from data obtained £rom this study's sponsors.
Derived from data obtained from this study's sponsors.
Derived from data obtained from Placer Amex.
Derived from data contained in liquefaction Technology Assessment ~ Phase 1: Indirect

onoe

Liquafaction of Coal-to-Methanol and Gasoline Using Available Technology, Oak Ridge National

lab, ORNL-5664, February Ll98l.
¢ Synfuels, "Hampshire Projects 7.8 percent Real Return -on Syn-Gagoline Project," September 24,

1982, p 3.

*Contingency included in direct field cost subsystems.
**No breakdown of indirect field cost available. :
**kNo cost given for these categories. As an estimate paid-up royalties and initial catalysts and
chemicals would be approximately $8 million each.




categories into a consistent framework. In spite of the above adjustments,
the basic data in Table 4~1 are not readily comparable. Differences exist
between the estimates resulting from differences in process technology, plant
location, coal characteristics, plant scale and product slate. In additionm,
there are some differences in protedures in the basic¢ cost estimates for
identifying the allocation of direct versus indirect field costs. We have not
attempted to correat for any changes in this latter type of costing procedure.
As a result, the comparison which we will make is at the total capital
requirement level, which subsumes these allocation problems between direct and
indirect costs.

In order to make meaningful comparisons betweer these plant estimates,
corrections must be made for plant scale, plant location and output slate.
These factors are important influences on plant capital cost. First, with
regard to scaling we have analyzed in Sections B.l.c and E.3 various factors
to be considered in scaling-up coal-to-methanol plants. Our judgement is that
a conservative scaling factor would be 0.65 up to 4000 tons-per-day (tpd) and
then 0.83 for plants larger than 4000 tpd. Thus, in Table 4-2 we have used
these values for adjusting plant scales. A seconi adjustment was made for the
site of the plant construction. In discussions with Chevron, Conoc¢co, ARCO and
Fluor, it was suggested that in the absence of a plant designed and costed for
a specific site, it is essential to at least correct for cost differences
usiig "location factors'" which represent a broad adjustment for the difficulty
of building plants in more remote locations. Al#bough the specific location
factors of the companies cited based on theilr owi: experience varied somewhat,
a representative set of factors is shown in Seztion B.l.c of this chapter.
Using these location factors, we have adjus:u:d %astern (Illinois) sites to
western (mine-mouth) sites using a 14.3 percent increase and would expect a
Cook Inlet site to be approximately 16.7 percent higher than a Western mine-—
mouth site. Obviously, the site conditions at an actual plant site would
affect these figures considerably, but actual experience has shown that these
adjustments are reasonable averages for the locations in question. Finally,
some adjustment must be made to the product outputs of the estimates in Table
4-1 to normalize for the mix of products produced. This normalization has
been done by taking the relative values of the products in question and
converting into ''methanol value" equivalent. For example, some of the plants
in question produce significant quantities of SNG and LPG along with either
methanol or gasoline. Since energy content does not adequately represent* the,

Table 4-2. RELATIVE WHOLESALE PRODUCT VALUES IN 1992
TO WHOLESALE GASOLINE (1981$/10%Btu)

GASOLINE . 1.00
METHANOL 1.15
SNG .59
LPG «59

* In the case where a plant produces both gasoline and SNG, for example, the
mix of these two products significantly affect %the value of the output since
the plant-gate price of SNG is forecast to be only 59 percent of the
wholesale gasoline price in 1990.



output of a plant with joint products, a gasoline~equivalent value has been
computed. Consistent with the DRI forecast foc 1992, the following relative
plant-gate values in Table 4-2 have been used for product normalization. This
particular normalization is for use of methanol as a transpoivtation fuel in an
optimized neat methanol vehicle (which may achieve a 15% efficiency gain over
gasoline on a Btu basis). Clearly, if methanol were considered as a utility
fuel the relative price corresponding to distillate or residual oil would be
appropriate. In this case the main function is to achieve consistency, which
makes this choice somewhat arbitrary.

The results of these attempts at making a consistent comparison are
shown in Table 4-3 on the basis of the total capital requirement in 1981
dollars per annual gallon of methanol capacity. In the first row of the table
there are no area or scale adjustments, thus only the product outputs have
been normalized according to the relative values in Table 4-2.

The differences in total capital requirements per annual gallon of
methanol capacity appear fairly significant in the baseline case, ranging from
$3.27 for the Winkler plant in Alaska to $2.32/annual gallon for the Lurgi
plant in southern Illinois. The JPL baseline case for the TCGP process at a
Western mine-mouth site is $3.09 per annual gallon at a plant scale of 5000
tons—-per-day or 498 million gallons-per~year. The methanol plants not cost-
estimated at Western mine-mouth sites in the baseliue case are adjusted in the
second row of Table 4~3 using the independently derived area adjustment
factors in Section B.l.c of this chapter. ‘he net effect of this change is to
raise the estimated cost of all non-mine-mouth plants approximately 14 percent
to account for the difficulty of moving men and machinery to remote sites,
loss of labor productivity in difficult environments, and added infrastructure
costs in relatively undeveloped locations.

In the third row of Table 4-3 an adjustment is made for scale differ-
ences in the alternative plants. A scaling factor of 0.83 was used to bring
the capacity of all the plants to 996 million gallons—per-year of methanol.¥
This scale factor was independently obtained from estimates supplied to JPL by
industry partizipants in the study and sponsors.** The result of the scale
adjustments significantly affect only those plants which were much smaller
than the 996 million gallon-per—-year capacity chosen for the normalization.
Thus, the JFL reference case for a TCGP plant of 5000 tons-per~day falls from
$3.09 to $2.75/annual gallon, the JPL Lurgi plant falls from $2.75/gallon, the
JPL Lurgi plant falls from $2.88 to $2.38/annual gallon and the Hampshire
plant (converted to methanol output) falls from $3.23 to $2.96/ annual gallon.

The most interesting comparisons are for the cases shown in row four
where both site and scale adjustments have been made. As an overall observa-
tion, the capital cost estimates are very consistent. Four Lurgi plants are

* At smaller plant capacities (i.e., below 4000 tons-per-day) the scaling
factor would be more significant, falling to perhaps 0.65, however, none of
the baseline estimates were this small.

** Tnformation supplied by ARCO, Conoco and Chevron was used to derive this
scale factor. .
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shown which vary from $2.70 to $2.96/annual gallon with the reference case
used in subsequent analysis at $2.82/annual gallon. For the TCGP case there
is also very close agreement with the JPL reference case at $2.75/annual
gallon and the ORNL estimate for their TCGP case adapted from coal-to-methanol-
to~gasoline estimate at $2.80/annual gallon. In fact, the only plant which is
more than 10 percent different from these used in this study is the Cook Inlet
case which is $3.12/annual gallon. Ac#ually, the location of the plant in
Alaska would easily account for this zwmall difference in capital cost in
addition to the fact that it is a less efficient technology which would
require additional coal handling facilities relative to most of the other
plants. Thus, in our examination of coal-to-methanol plant costs, there seems
to be a fairly consistent perception among these very recent estimates that
the total capital requirement would be approximately $3/annual gallon for a
Western mine~mouth plant of a 500 million gallon per year scale, and that this
might be reduced somewhat, to about $2.75/annual gallon if the plant scale is
doubled.,

b. Near-Term Technology. For commercial plants which might be
completed in the late 1980s, we have assumed that the Lurgi Dry Bottom gasi-
fier and methanol synthesis is the appropriate technology on which to base our
estimate of coal-to-methanol production costs. This choice is primarily
motivated by the full commercial status of this approach in which both Lurgi
gasifiers and methanol synthesis units have a successful history of operation.

The key characteristic of this type of process is that the temperature
within the gasifier is kept below the ash fusion temperature so the ash can be
removed in that form rather than as a slag. As a result, the process is more
effective with coals which have a relatively higher ash fusion point (most
Western coals have this property). Other important charvacteristics of this
system are:

) Coal is gasified under pressures of 350 to 450 psi.

o Residence time within the gasifier is approximately one hour.

0 Product gas has a high methane content.

o Nori~<.king, high ash fusion temperature coal: must be used in this
syscem.

0 Devolatilization takes place at 1150° to 1400°F.

The implications of the above characteristics are that because of low
operating temperatures, relatively large volumes of by-products are produced
(e.g., tar, oil, phenols and ammonia). Second, since the temperature in this
system is conducive to methane formation, the Lurgi process is more likely to
be used when joint production of methanol and SNG is desired. The system
could be modified by adding steam methane reforming of the purge gas to
convert the methane into synthesis gas, but this would add complexity and cost
to the process. As a result, the application of this technology matches the
requirements of electricity and methanol co-production where the methare could
be used directly in downstream processes without loss of energy value
associated with reducing its pressure and temperature.
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As a result of the above considerations, the baseline plant specifica-
tions for the near-term Luxgi Dry Bottom technology are as shown in Table
4-4, ‘the key features of the system are: about 36 percent of the output is
in the form of medium Btu gas, the overall thermal efficiency is high at 53
percent, and there are significant sulfur and ammonia by-products. It should
be noted that this is not suggested to be an optimized plant in terms of
product slate, but rather just a representative plant of near-term technology.

Based on the plant characteristics shown in Table 4-4, the capital and
operating costs were estimated by industry sources in 1981 dollars and are
summarized in Table 4-5. Total expital ruquxremeut is approximately $1.2
billion in 1981 dollars with a net operating cost of approximately $152
million annually. The detailed capital cost breakdown of this particular
plant concept is shown in Table 4-1 as case B.

The product costs from this type of Lurgi plant under a wide range of
assumptions are presented in tables at the end of Section C.3 in this chapter.
However, it is useful to present a summary of the production cost results as
the technical systems are discussed to make the technology versus cost rela-
tionship clear. Thus, following each technical description, a figure will be
included which gives the production costs for a reference case* and sensiti-
vities for: lower (15%) return-fo-equity, higher (25%) return-to-equity, 85
perzent capacity factor, 6 percent product escalation rate, 8§ percent feed-
stock escalation rate, 33 percent higher feedstock base costs, 25 percent
greater cost for plant investment and for a 1987 start-up.

A few factors which are particularly important in the production cost
analysis from this type of plant are: the Lurgi technology is most suited to
co-production of methanol and either MBG or SNG, this technology is proven at
commercial scale and thus a modest contingency of 15 percent has been assumed,
and because of the low caking tendencies and relatively high ash fusion
temperatures of most Western coals they would work well in this system. As a
reference case assumption for feedstock, it has been assumed that the
delivered cost of coal to a California site would be $38 per ton. A summary
of the produsction cost anslysis is shown in Figure 4-1 for the Lurgi Dry
Bottom Plant.

Production cost for the reference case is $1.32 per gallon in 1981
dollars for a 1992 start-up. This cost figure is biased upward by the fact
that the co-produced product (MBG) was assumed to be valued at che 1992
forecast price of natural gas to a Califernia utility of $6.67/100Btu.

Thus, all the excess costs of production over market value was attributed to
the methanol product. Since our emphasis is on methanol, this assumption

* The reference case is discussed in wore detail in Section C.2 (Table 4-31)
of this chapter. A summary of these agsumptions is: 20 percent nominal
return-to~equ1ty 100 percent equity financing, 20-year lifetime, 90 percent
plant capacity factor, 1992 start-up, 10 percent investment tax credit, 5
years ACRS depreciation on 95 percent of capital, 8 percent capital cost
@scalation through 1986 and 7 percent thereafter, 7 percent escalation on
0&M, 7 percent escalation on feedstock costs, 2 percent for insurance and
local taxes and a combined state and federal income tax rate of 51 percent.
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Table 4~4. DRY BOTTOM LURGI COAL-TO-METHANOL
PLANT CHARACTERISTICS

PLANT CAPACITY (10° Btu/day) 106.8
METHANOL (tons~per-day) 2425
(106 gal/year) 242
(10° Btu/day) 47.4
MBG (10%5tu/day) 59.4
THERMAL EFFICIENCY 63 %
COAL FEED: (106 tons-per~day) 8564
(10% Btu-per-pound) 9900
BY-PRODUCTS  SULFUR| (tpd) 40
AMMONIA| (tpd) 62
CARBON DIOXIDE (106 SCFD) 115
PLANT LOCATION California
OPERATING FACTOR 0.90
WATER REQUIREMENTS (gals per minute) 3900
PURCHASED POWER (megawatt hrs) 78

seems appropriate and it illustrates a problem with this type of technology.
Methanol is a higher-value product than MBG on a Btu basis and thus co-pro-
duction of MBG¥ is not desirable from a profitability point of view, unless
the by-product is competitive on its own werits. In this case, the gas
by-product in effect would have to ke subsidized by the methanol sales,
resulting in a price of $1.32 per gallon. One should not interpret this
approach to imply that this process can produce competitive fuel gas, but
rather that any by-product can only be sold at its market value.

The sensitivity analysis shows clearly that the required return-to-
capital on such capital intensive plants is the key cost driver. At a 15
percent return, the required price is reduced to $0.98 per gallon, while at
a 25 percent return, it would increase to $1.76 per gallon. For feedstock

costs, an increase in the escalation rate from 7 perceént to 8 percent over the

plant lifetime increases product cost by $0.06 per gallon, while an increase
of 33 percent in basic feedstock cost from $38/ton to $50/ton raises the
product cost from $1.32/gal to $1.42/gal. An earlier start-up date (1987)
reduces cost to $1.27/gal, since some real escalation in capital cost is
avoided.

*Approximately 600/Btu/cubic foot.



Table 4~5. LURGI PLANT COST DATA (millions )981$)*

CAPITAL REQUIREMENTS

Erected Plant Cost* $ 900.0%*
Detailed Engr. and Cons't Mgm't 106.2
Owner Admin. and Engr. 34.5
Paid Up Royalties 6.0
Initial Catalysts & Chemicale _6.0
Total Plant Investment $1052.7
Personnel Training $ 6.9
Start-up Cost 84.0
Land 0.6
Working Capital 60.0
TOTAL CAPITAL REQUIREMENTS $1204.2

OPERATING COSTS

Coal $ 107.5
Water & Electricity 21.1
Catalysts & Chemicals 2.8
Supv. & Operating Labor 12.2
General & Administrative 3.7
Operating Supplies 0.6
Maintenance 26.3
Insurance 2.6
State & Local Taxes 18.4
By-Product Credits (43.3)

TOTAL OPERATING COSTS $ 151.9

*Includes 15 percent zontingency

*The data for this particular plant were cbtained from
one of our study sponsors and checked against the QOak
Ridge study cited earlier.

**¥A detailed breakdown of these erected plant costs can
be found in Table 4-1.
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c. Second Generation Technology. In our transition and long-run
analysis, we must also consider improvements which will take place in coal
gasification technology. There are numerous candidates including: the
slagging Lurgi, Koppers-Totzck, Winkler and Texaco Cost Gasification Process
(TCGP) technologies.

Technology Options. Each of these second generation tech—
nologies offer certain advantages depending upon the coal feedstock available
and the desired product. For the purposes of this study, the Texaco Coal Gasi-
fication Process (TCGP) process was chosen in our mid-1990's case for methanol
from Western coal. This selection was based on four key consideratious.
First, unlike the Lurgi processes the TCGP technology produces a relatively
pure synthesis gas in respect to CO and Hy content with little or no tars,
liquids or other hydrocarbons requiring further conversion, recovery or
treatment. While this additional processing (e.g., steam reforming of the
purge gas to produce synthesis gas) could be done, it would impose additional
capital costs and some efficiency loss. Second, for gasification where
further processing is to be done, as in methanol production, it is desirable
for the operating pressure to be high enough to provide the makeup synthesis
gas at the methanol-synthesis process pressure, thus eliminating the need for
makeup gas compression and more process energy. Third, the TCGP process will
be demonstrated at commercial scale in the near future (e.g., Cool Water coal
gasification plant where 1000 tpd of Western coai will be converted to medium
Btu fuel gas). Fourth and finally, this process has been demonstrated at
least at small scale to work on Western coals.

Although we selected the TCGP process as the gasification technology for
the Western coal case in the mid-term, it is recognized that other processes
are more appropriate in particular cases. For instance, if a utility were to
co-produce methanol with SNG or medium Btu gas at an electric generating
plant, then the Lurgi process may be superior. In the case of utilizing
lignites or subbituminous coal in Montana, Texas, or Alaska, the Winkler
technology may be the dominant choice for that case. Thus, the selection made
here is dictated by a range of considerations peculiar to our West Coast
methanol scenario.

Two candidate commercial methanol synthesis processes were considered;
ICI and Lurgi. From the standpoint of performance, no major distinction was
r.'de. The ICI process was selected as the basis of this study mainly because
there are a larger number of commercial plants worldwide using this process.
Also, as a matter of convenience, some of the reference studies which were
used for cost estimation had also used the ICI process.

Texaco Coal Gasification and JCI Process. T“he overall
production facility is self-contained including the coal-to-methanol plant
itself along with the on—site support facilities, utilities, and oxidation
process under high pressure using oxygen as the oxidant. A diagram of the
coal-to-methanol process is shown below in Figure 4-2.

In the coal preparation process the coal is received, conveyed, crushed
and mixed with water to form a pumpahble slurry, which is then pumped under
pressure into the gasifier. The oxygen process consists of air compression,
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Figure 4=2. COAL-TO-METHANOL PLANT CONFIGURATION

oxygen soparation, and oxygen comprassion to add oxygen to the gasifier for
improved combustion. After tha gas leaves tue gasifier, particulates are
vemoved, the gas is cooled adequately by the quanch procass which allows
unlinad stael aquipment to be utilised. After ghift conversioun, the gas
passas an acid gas rewmoval process prior to the ICL methanol synthesis loop.
The product steam from the overall procass is cowposed of the main wmethanol
product, sulfur, along with by-products and ash. Plant specification and
process requirements are summarized in Table 4-6.

Plant Production Rate. 1wo factors are partieularly important
to the selaction of the plant production vatas for garly and mid-term coal-to-
mathanol production plants: economies of scale in gasification and metbanol
synthasis and considarvations of efficient transport quantities. As will be
discussad in a latter parct of this technical section, the economies of scale
in mathanol production are significant up to approximataely 4000 to 5000
tong=paor-day of mothanol output. At this level of output ona full train is
utilised of the critical subsystem processes, thus larger output levels
primavily requirves a duplicating of the procoss traing. A second factor in
selozting an optimum plant scale is to achieve asonomies in feedstock and
prodact transport. One of tha determining factors for a coal-to-methanol
plant usiug coal shippad to it by rail would be the use of unit train
quantitites. A unit load consists of 100 hopper cars, each carrying
approximately 100 tous or up to 10,000 tons per trainload. From a bulk
trangport viewpoint, it would appear that a plant producing Sty tons-per~day
(tpd) of mathanol would consume coal in the range of 7000 to 10,000 tpd.

Thus, & nominal scale of 5000 tpd methanol output is reasonable in the wid
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Table 4-6. TEXACO COAL GASIFICATION - ICI METHANOL
SYNTHESIS PLANI' SPECIFICATIONS

PLANT SCALE
5000 tpd ] 10,000 tpd

PLANT CAPAGITY (1098tu/day) 97.5 195.0
Methanol Output (tons-per-day) 5000.0 10,000
(gallons~per-year) 497.5 995.0
OVERALL THERMAL EFFICIENCY 55% 552
COAL FEED (108 tous-per-day) {| 6788 13,576
(100 Btu-per=-1b) 12,500 12,500
BY-PRODUCTS: Sulfur (tons~par-day) 26.0 52.0
PLANT LOCATION Western Westorn
Minemouth | Minemouth
PURCHASE POWER None Nown
OPERATING FAGTOR 90% 0%

term: it capturgs the most sigsificant scale economies, can be supplied in
unit train load, represents a reasonable scale-up in that time period and is
appropriastely scaled to potential California markets. In our analysis a
10,000 tpd wmethanol plant will also be costed and evaluated as a possible
production option in the longer texm (e.g. 1997).

It is also interesting to observe that whevever the plant is sited,
i.e., at the coal source or in California, the shipment of methanol by rail
tank car could be as high or higher in numbers of cars than the coal coming
into the plant. For example, depending upon the tank car capacity, the volume
from a 5000 tpd plant would be as shown in Table 4=7. The transport unit cost

Table 4-7. METHANUL TRANSPORT BY RAIL

Gallouns/Car ‘No. of Cars/Day
10,000 150
15,000 100
20,000 75
30,000 ; ‘ 50
34,500 (max) ‘ b4
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of methancl could easily outweigh the advantage of siting the plant at the
coal source, depending on how the methanol is shipped and in what unit-size
cars.

Pipelining the product methanol from a 5000 tpd plant is not feasible.
This would call for only an 8-inch diameter line not fully used over a year's
production., For a special case of a single or central consumer, such as a
utility, this might be practical over short to moderate distances. Pipelin-
ing methanol from a 10,000 tpd plant (about 2006 gpm) would call for a 10-inch
line. This size pipeline could be practical from the plant to a central dis-
tribution center.

Capital and Operating Costs. The cost estimates used in this
study for the Texaco Coal Gasification/ICI methanol synthesis process were
obtained from industry sources within the study sponsors and checked against
published studies. Thus, although the cost projections are not specific to a ,
particular company, they are representative of those currently being used in
the liquid fuels industry to make decisions on methanol projects. The cost
estimates are shown below in Table 4-8 for both 5000 tpd and 10,000 tpd plants.
The factor used to scale from 5000 tpd to 10,000 tpd was a 0.85 exponential
scaling factor, which will be discussed in detail, together with its implica-
tions in a later section of this report. Although it does not imply major
economies of scale relative to those traditionally achieved in the chemical
process industry, it does reflect the limitations of the methanol production
technology, which limits single produciion trains in key subsystems to about
5000 tpd.

Western Coal. In addition to the coal costs shown in Table 4-8
(p. 4-16), which corresponds roughly to a Kaiparowitz (Utah) type coal source
delivered to a California plant site, other cases were also considered. For
example, other possible Western coal sources are the San Juan Basin (New
Mexico) and Rosebud field (Montana). In addition, we have also considered
alternative prices for coal which are appropriate to a mine-mouth location for

the plant. Coal characteristics and feed rates are summarized below in Table
4"'9«

In a general sense, Western coals are more highly reactive, have more
oxygen content, and have less sulfur content than Eastern coals. All of these
factors are positive for methanol production since gasification cost is

Table 4-9. REQUIRED WESTERN COAL FEED RATES (tpd)

KAIPAROWITZ SAN JUAN ROSEBUD
5,000 | 10,000 5,000 | 10,000 | 5,000 | 10,000

COAL 6,787 | 13,575 7,872 | 15,743 7,528 | 15,056

~ SULFUR 26 52 49 97 81 162
ASH 440 879 1,267 2,534 683 1,366
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Table 4-8. TCGP/ICI METHANOL PLANT AND OBEBATING COST SUMMARY#
(millions 1981 §)

PLANT SCALE

COST CATEGORY 75000 tpd ~ 10,000 tpd
CAPITAL REQUIREMENTS ,
Erected Plant Cost** $1,190.6 $2,146.1
Engineering & Construction Management Il 119.1 214.6
Owner Administration & Engineering 38.8 - 70.0
Paid-up Royalties ’ 6.8 12.3
Initial Catalyst & Chemicals 6.8 12.3
Total Plant Investment $1,362.1 $2,455.3
Personnel Training 8.0 10.0
Start-up Cost 93.0 147.5
Land | 3.0 5.0
Initial Working Capital 68.1 123.0
TOTAL CAPITAL REQUIREMENTS $1,534.2 $2,740.8
ANNUAL PLANT OPERATING COSTS

Coal¥x $ 78.4 $156.8
Catalysts & Chemicals 3.4 7.1
Supv. & 9Operating Labor 14.6 17.4
General & Administrative A 5.2
Operating Supplies 0.7 1.4
Maintenance 34.4 » 54.5
Insurance 3.4 ' 6.1
State & Local Taxes 24.1 43.1
Sulfur Credit ‘ (0.7) (1.6)
NET ANNUAL OPERATING COSTS (193}) $162.7 $290.0

*The cost data for the 5000 tpd plant was synthesized from data pro-
vided by Conoco and Chevron and then checked against independent
estimates shown in Table 4-1.

**Includes a 15 percent contingency.
*%*Other sensitivities will be considered for feedstock cost, in this case
$1.30/million Btu delivered to the plant was assumed.
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potentially lowered (all else equal) by reducing the size of the oxygen plant
and the sulfur removal unit.

d. Coal-To-Methanol Plant Cost Estimates. In comparing our

capital costs estimates for coal-to-methanol plants with earlier published
studies*, it is clear that our estimates are relatively high. This dis~
crepancy is not simply a matter of increased conservatism, it is attribut-
able primarily to two sources:

o Western plants will cost more to construct than in Eastern loca-
tions. This difference is e¢specially important at mine-mouth
locations. As a general guideline, location factors will have the
following relation to erected plant cost.**

Gulf Coast 1.00
Illinois 1.05
Western Site 1.20
Cook Inlet 1.40

These differences arise out of added costs of moving men and equip-
ment to remote locations and lower productivity of working in
difficult climates with high turn-over rates.

o Perhaps the most "suspect' single factor in estimating plant costs
is the scaling factor*** for projecting the cost of larger plants.
In many of the studies on methanol conversion we examined, a much
more optimistic scaling assumption was made. For example, in the
Acurex study®%**% cited earlier, the sc¢aling exponent was assumed to
be 0.6 to reconcile different plant sizes, while the Kentucky
Department of Energy derived a 0.73 scale factor. In our view,
there is far too much uncertainty at this point about coal-to-
methanol production to anticipate significant cost reductions

*%

*hx

Kk

For example, see Clean Coal Fuels, Acurex Corp., Volume III "Evaluation
of Clean Coal Fuels," July 1981, p 3-18; Coal To Methanol, EPRI AP-1962,
August 1981, pp 6-18; The Potential for Methanol From Coal, Kentucky
Department of Energy, December 1979, p 26.

These location factors were compiled through discussions with cost
analysts at Chevron and Fluor, but the specific values shown are JPL's
synthesis of this information. These values have been used to reconcile
cost estimates in Table 4-1.

The scaling factor (@) is defined as the exponent which is used in the
following equation: Cp = C1 (S/S;) where C; and Cp are

the capital cost of plants one and two respectively, and Sj and S,

are their respective coal feed rates.

Clean Coal Fuels, Volume III, "Evaluation of Clean Coal Fuels," July

1981.
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through economies of scale. This conclusion applies to both
economies projected through traditional scaling factors or direct
plant estimates at large scale (e.g., Badger report¥).

A more reasonable approach at this point in time is to evaluate
plants which utilize one full train in gasification, shift conver-
sion, emission controls and coal handling, which is achieved in the
4000 to 5000 tons-per-day of methanol scale. Once experience is
gained in an actual production environment, the potential economies
of scaling can be better evaluated. Until that point, more conser-
vative projections are warranted. Since plants larger than 5000
tpd would essentially be duplicating production trains, a scaling
factor at 0.85 was used in increasing capacity from 5000 to 10,000
tpd.® JPL obtained estimates for scaling factors from three of
the project sponsors which ranged from 0.8 to 0.9 for a coal-to-
methanol plant larger than 5000 tons-per-day. Also an internal
estimate was done by scaling each of the plant sections from 5000
to 10,000 tons-per—day to determine whether new trains had tu be
added or subsystems could be expanded in scale. Our findings are
that of the major process units in a coal-to-methanol plant (coal
handling, oxygen production, gasification, methanol synthesis, gas
processing and power) only coal handling and power units display
major scale economies (i.e., 0.6 scaling factor), whereas the other
major process units are nearly proportional to scale (scaling
factors of 0.9 to 1.0). Offsite units (mainly utility systems) do
display major scale economies in the range of 0.6, but as a result
of these economies offsites tend to become a smaller proportion of
total plant investment as the plant scale grows.

In scaling up from 5000 tons-per-day to 10,000 tons-per-day, as
shown in Table 4-8, JPL has used the following scaling factors
applied to the cost categories in Table 4-1. These results, shown
in Table 4~10, yield the estimate for the 10,000 ton-per—day plant
summarized in Table 4-8.

In an recent study by ORNL¥** an estimate was made of scaling coal-to-

methanol plant which concluded that a 0.7 scaling factor was appropriate for
scaling from an 1800 tons-per—day plant to a 7200 tons-per-day plant. This

* Conceptual Design of a Coal To Methanol Plant, Badger Plants Iunc.,

February 1978.

*% This scaling factor is, in fact, a derived value specific to methanol

AxX

production facilities beyond 5000 tpd. Since measured scaling factors
vary from under 0.4 to over 1.3 for specific processes, but only average
0.6, it would only be appropriate to use this average if better informa-
tion were not available.

"Liquefaction Technology Assessment - Phase 1l: Indirect Liquefaction of
Coal-to-Methanol and Gasoline Using Available Technology," Oak Ridge
National Laboratory R. M. Wham, et al., ORNL-5664, February 1981, Appendix
A, pp. 85-104.
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SCALING FACTORS BY PLANT SECTION FOR

TCGP SCALE-UP FROM 5000 TO 10,000, TPD

HRN 0 WA

COST CATEGORY

SCALING FACTOR

E

. 10,000 TONS
| DAY PLANT COST
(millions 1981%)

DIRECT FIELD COSTS (DFC)

Coal Preparation

Air Separation
Gasification

Gas Processing

Acid Gas Removal

Gas Separation

Methanol Synthesis
Reforming & Compression
Emission Control

Steam & Power

Product Storage

Utilities

Offsites

CO, Drying & Compression

2

Start-up & Training

Land

Working Capital
Paid-up Royalties
Initial Catalysts & Chemicals]

TOTAL CAPITAL REQUIREMENT]

 INDIRECT FIELD COSTS (IFC)
INDIRECT CAPITAL COSTS (ICC)

0.60
0.93
0.95
0.80
0.80
0.80
1.00

- 0.80
0.60
0.60
0.60
0.60
0.60
0.80

o

o a 0

(1]

0.837

$ 9%
276
518
110
198

184

198
227

36
100
220

75
285

158

123

12
12

$2,741

o anon

Estimated
Estimated
Estimated
Estimated
Estimated

at
at
at
at
at

13.25% of DFC

6.5% of DFC plus IFC
$5000 per acre

5.0% of DFC plus IFC
0.5% of DFC plus IFC
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much lower scaling factor results primarily from the base plant upon which the
analysis is done. First, starting from such a relatively small plant, one
would expect significant scale economies in process units which would be ex-
hausted at larger scale. We concur that at plant scales below 5000 tons-per-
day, scaling factors of 0.65 to 0.70 would be appropriate. Our scaling factor
is only appropriate for scaling up from 5000 tons-per~day. Secondly, the
scaling analysis done by ORNL was for a Lurgi plant co-producing SNG, which
differs significantly from the TCGP plant scaled in this study in the
distribution of plant costs among plant sections. One would expect a larger
proportion of plant costs in gasification, air separation and methanol
synthesis in the TCGP plant, all of which exhibit modest, if any, economies of
scale once 5000 tons-per-day of output is reached. The Lurgi plant, on the
other hand, has more of its costs in steam and power which have more favorable
returns to scale. The net result of these two factors (baseline scale and
technology differences) that the apparent disaggrement on scale effects is
much less than implied by the absolute scale factors used.

A few points are suggested by our examination of scaling coal-to-methanol
plants. First, scaling factors should not be expected to be constant as plant
scale is increased significantly. For relatively small plants, the indirect
costs for utilities, infrastructure, etc., tend to be a larger proportion of
total plant investment and these categories have significant economies of
scale (@= 0.6). Also, some of the direct process units can be increased in
size without proportionally adding additional process trains. At larger plant
scales the proportion of offsites to total plant investment tends to diminish
and the limit to up-sizing process units is reached. Thus, the scaling factor
has a positive relationship to plant scale.* Second, a large part of coal-to-
methanol capital cost is in gasification, air separation, and methanol synthe-
sis units which, should have scale factors near unity at 5000 tons-per-day and
larger plants, and thus will not likely have major scale economies in these
large plants. Third, the technology and plant location will also affect the
cost impact of scaling since these factors do influence the relative propor-
tion of plant costs in plant sections which scale relatively well (coal
handling, offsites, utilities) versus plant sections which scale relatively
poorly (gasification, air separation, methanol synthesis). Thus, for example,
small Lurgi gasification plants located at Western mine-mouth locations may
show economies of scale (@= 0.7 to 0.75) for a wider range of scales than an
Eastern TCGP plant. Clearly, site-specific and technology-specific analyses
must be done to accurately estimate the cost of major scale changes.

As a means to evaluate the sensitivity of methanol production costs to
the potential economies of scale in larger plants, we did consider a lower
bound case for the scaling factor. Aside from our baseline estimate (most
probable case) of scaling up from 5000 tons-per—-day with a scaling factor of
0.84, an alternative case of 0.70 was used with the result shown in Figure
4-3, indicating that scaling is not likely to be a driving factor in
coal-to-methanol viability by itself.

e. Production Cost Summary. The production cost c¢alculations for
methanol from coal using the TCGP/ICI technology are presented in Section C.4

* Economies of scale diminish at the margin.
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Figure 4-3. SENSITIVITY OF METHANOL PRODUCTION COST TO ECONOMIES OF SCALE

of this chapter. A summary, however, is presented here in Figure 4-3. Com~
pared to the Lurgi system, the most significant difference is that the absence
of the large MBG by-product improves the methanol production economics. Under
the reference case assumptions, production costs are $1.00/gallon for TCGP/ICI
compared to $1. 31/gallon for the Lurgi system. As in the earlier case, the
return-to-capital is the most significant sensitivity factor, reducing the
production cost to $0.73/gal for a 15 percent reture and up to $1.36/gal for a
25 percent return.¥*

Other sensitivities illustrate that changes in feedstock costs are not
major drivers of methanol product cost. Raising the escalation rate on coal
from 7 percent to 8 percent (from 1% to 2% in real terms) raises the product
cost to $1.03/gal, while increasing the initial coal cost 33 percent raises
the p-cduct cost to $1.05/gal. One factor which does change the production
costs significantly is the expected escalation rate for the product. The
reference case assumption is that methanol escalates at 8 percent per year,
along with expected oil and gas prices. If a company were to assume that

* A 20 percent nominal return, after taxes is the reference case assumptlon on
100 percent of the investment.
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product prices would only keep up with inflation (6%) after operation begins,
the initial cost would increase to $1.14/gal.

Similar calculations for the plant represented in Figure 4-4 were done
for 10,000 tpd plant to understand the impact of scale on production econ-
omics. For the 10,000 tpd, the production costs under the reference case
assumptions were $0.90/gal, or about $0.10/gal less than for the 5000 tpd
plant. In any event, the potential for these economies to be realized will
depend upon successful demonstration of the TCGP process at smaller sale, thus
any realization of such economies is far into the future. Our base case
scenario to be discussed in the transition analysis is that only a 5000 tpd
plant is a realistic candidate for construction in the mid 1990s.*

2. Methanol From Remote Natural Gas

Remote natural gas (RNG) is another potential feedstock for the
production of methanol. It is interpreted here to mean natural gas that
exists in sufficient quantity to support a full-scale (2000 to 3000 tpd)
methancl synthesis facility for several years (10-20 or more), and which is
now not readily transportable by pipeline to end-use markets.

There have been many studies and proposals made over the last decade
outlining scenarios to exploit gas resources which fit this category. Most of
them revolve around the use of offshore barge-mounted plants or prefabricated
ocean transported plants. One rather ambitious concept, based on converting
Alaskan north slope gas to methanol, involved a very large complex of several
units at Prudhoe Bay to produce metharol, sharing 25 percent of the capacity
of the Alaska pipeline to Valdez, and ocean tanker transport to California.
This yiternative is discussed elsewhere in the report in more detail,

The predominant factors involved in the selection of possible systems
include: gas sources, locations, production facilities, transportation of
product in bulk, technical feasibility and gas cost. It appears that all of
the potential sources which are large enough to support a large conversion
unit (2000 tons-gzr-day of methanol and greater) would involve ocean trans-
prtt either totally or partially. The four main sources considered as most
likely after considerable review were:

* Although we will not present a detailed description of the plant and process
technology, we have aiso considered one final near to mid-term coal-to-
methanol option. That option is Alaskan-Cock Inlet coal, converted using
Winkler gasification. The overall capital requirement (in 1981 dollars) for
this plant was assumed to be the sum of a total plant investment of $1,624
million and $209 million in other owner costs for a 5000 tpd plant. Net
operating and maintenance costs were $43.6 million and feedstock costs were
$84.9 million in the base case and $113.2 in the higher feedstock cost
sensitivity. The production cost result was $1.13/gal for the reference
case assumptions at the plant gate. Although this is higher than the
TCGP/ICI case, it must be recalled that transportation costs are not yet
added in this part of the report.
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o Alaskan North Slope Gas

o Alaska Cook Inlet

o Foreign Offshore or Near Shore
0 Canadian and Mexican Sources

a. Alaskan Gas-To-Methanol Sources. The Alaskan methanol concept
involves converting natural gas, liberated as a by-product of North Slope oil
production, to methanol. The conversion would be at the gas source, i.e.,
Prudhoe Bay; the methanol would be pipelined, either concurrent with crude oil
or in slug flow, to Valdez and then shipped by ocean tankers to Los Angeles
fnr subseqment distribution and use. This concept has been proposed as an
alternative to pipelining the gas to the lower 48 states,

The resource, pipeline and tankers involved, dictated a very large
system, somé¢ 70,000 tons-per-day of methanol product. This volume, over 20
million gallons-per-day, would require a 24-inch pipeline if a separate line
were built for the methznol alone, Another concept would be to transport the
methanol with crude oil in the existing oil pipeline using 25 percent of that
line's capacity, if that capacity were available, which is not likely in the
near-term.

The sharing of the existing line has been challenged and may be a weak
point to the concept. The necessity of such a large facility all but rules it
out as a near-term practicality for methanol for California and thus is not a
transition option. The 70,000 tons-per-day would be very large relative to
the size of near-term methanol markets in California. For example, this plant
would provide about 25 percent of the gasoline equivalent for the year 1990
for the State of California. This seems well in excess of the most optimistic
published estimates of the displacement ‘f current fuels even if this were
shared with utilities on a fifty-percent basis.

Furthermore, for a facility this large to be economically feasible, it
should be able to support its own dedicated pipelines. In addition, the
product might be distributed to other Western states. Since this scenario
involves such a large quantity of methanol and would therefore require a large
market, it is not considered as a near-term transition option for the Calif-
ornia Methanol Assessment. In this chapter the focus is upon nearer—term
options which involve smaller markets and hence production facilities.

b. Domestic U.S. Western Dffshore Gas Sources. The building of
methanol plants on barges, floating platforms, used tankers, etc., has been
proposed by many companies (Litton, Swedyards, Conoco, Mitsui, et al.) as a
means of developing gas reserves in remote areas. An excellent case can be
made for such facilities to supply methanol to the U.S. from distant gas
sources, such as Indonesia and elsewhere. As the distance increases so does
the contribution to methanol cost due to ocean transport.

If the basic concept is valid over long distances, then it should be as
valid or more valid for sources closer to the U.S. shores. There would also

L 4-24



be more opportunity for tankers to play a part in collecting and transporting
methanol from smaller offshore converting stations which could not justify
separate pipelines and land based terminals. The added advantage of a domestic
supply versus foreign would be a longer-term strategic factor.

Using a combination of barge-mounted or floating-station plants and
tankers servicing several offshore stations and port terminals, the economic
plant size might be broadened to include some much smaller than the maximum
current land-based plants. The maximum capacity would still be practically
unlimited since multiple units could always be employed.

Assuming there is sufficient gas available from severzl nffshore oil
stations to provide enough methanol to occupy the unit tankers, the total
transport distances could be equivalent to the foreign stations and still be
feasible. The concept szlected as more favorable than a large Prudhoe Bay
plant was an offshore barge at Alaska's Cook Inlet. The advantages are:

No major pipeline for product.
Flexible plant size.

Prefabrication cost savings.

c & o O

U.S. source,

The Litton barge concept* and size was used as a basis for capital and oper-
ating cost estimates after it was compared with other estimates. It involves
a floating barge fed by gas from a near-shore source producing fuel-grade
methanol at a rate of 2,800 metric tons-per-day. From Litton's estimate, the
barge would be about 500 ft x 320 ft, would consume about 100 million SCFD of
gas, and have on-board storage capacity of 18 million gallons of product.

c. Foreign Off-shore or Near-Shore Gas Sources. A single case
was selected and based on the development of a gas supply offshore southeast
Asia. It is asgssumed for purposes of this study that this would be somewhere
in Indonesia. Costs of tanker transportation to Los Angeles were taken as
proportional te great circle distances in comparing other published estimates
from Indonesia to Los Angeles, Yokohama and Gulf Coast, and from Valdez to Los
Angeles. No specific site was selected, bui the distances were taken as being
to Los Angeles from the general ares of Djakarta.

This case has been included mainly for its comparative value. It is
noted here, however, that this may be an alternate fuel chemically from
foreign crude oil-derived fuels, but it remains a foreign source and subject
to some hazards of price change and cut-off risks.

* Although Litton is no longer in the business, their plant concept and cost
data were retained because it is quite consistent with estimates of
comparable plants offered by Swedyards and Mitsui. The data on the Litton
¢oncept was taken from their publication, '"Barge-Mounted Methanol Conversion
Plants," Litton Energy Systems; plant cost data obtained from Dr. A. L.
Baxley, then of Litton.
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As noted above, no specific sites were selected. For the Western U.S.
offshore base, the transport distances from offshore stations to Los Angeles
was taken from Cook Inlet. For the Indonesian base, the transport distance to
Los Angeles is so great, about 9000 grea: circle statute miles, that slight
variations from site to site would be insignificant. There is no basis at
this time to allow specific site selection, and the barge-mounted concept is
relatively independent of site-~specific variables.

d, Barge-Mounted Plant Concept. The use of a floating or barge-
mounted facility for chemical processing instead of a land-based plant has
been proposed regularly over the past 20 years. Designs have varied from
shipboard desalinization units to supply freshwater to arid areas, to con-—
verted tankers for chlorine production to barge-mounted ammonia synthesis
units. Standard designs are now available from several suppliers for methanol
barge-mounted plants, such as Swedyards of Sweden, Mitsui, and others. The
concept was developed for remote locations, where land-based construction and
overall infrastructure were very expensive or prohibitive. It has been
extended to include offshore and near-shore locations and in combination with
product tankership transport to get around other difficulties such as lack of
pipelines, long construction schedules, etc.

The advantage claimed for this concept include:

0 Shorter overall schedule from contract to start-up.

o Economy of shop fabrication and modular construction.

o Elimination or significantly reduced land-site and infrastructure
requirement.

o Development of remote resources whicl. would be uneconomic for

land-based facilities.

o} Overall reduced cost compared to land-based facilities of
comparable service in remote locations.

The concept has been developed to a detailed design, and the cost factors hive
been analyzed and numerous applications considered. It has been generally
accepted as technically and economically feasible in many regions of the world
but still awaits final applications. The problem up until now has been that
with regulated gas in the U.S. and the import duty on chemical market methanol,
there has been no economic advantage to such plants. With market gas rising
in the U.S. to residual oil prices and fuel applications exempt from the
import duty, these plants are potentially more economic in the future.

In the time frame of this study (before 2000), it seems likely that
several of these units will be in operation worldwide in the conversion of

natural gas tc metharol,

In 1976, a study for use of a floating plant for methanol from remote
gas was completed by Conoco and Mitsui. It concluded that:

o - The concept was technically feasible.
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0 The coat of plant and bavge was lass than land-based plant
constructed at vamota sites and less subject to unforeseen cost
incrossaes.

0 Conatructicn time would ba 7 months less than land=bassd and less
subject to unforasaen delays.

0 The concept is applicable to west offshore or naar-shore gas
ranourcaes aexcept aread of savere waather such as the North Saa.

The study was based on a plnnn produeing 2000 cons~pau~dny of fual-
grade wathanol from rewota gas in southeast Asis, mavketing in Japan and the
U.S. and teansporting by 45,000 dead weight tons (DWL) tankers.

@, Capacity of Plant Facilities. The base size of a bargae-
mountad methanol plant used was the design offered by the supplier of a plant
with a capacity of 2800 wetric tona~per-day (mtpd) or approximately 3100 shoxt
tons~par~day (stpd). This was to be sarved by 30,000 DWI tankers. Assuming
18~days stovage capacity on gach bavga, this trunxlnnes to about 55,000 to
36,000 tona stovage capacity.

A single plant would be tha standaxd design of 2,800 nipd requiving
about 100 willion scfd of supply gas. Plants lacger than this size would
vequive multiple units which ware not consideved in this study. Depending
upon tha lecation and the distance to Los Angales, the tanker capacities would
be sized basad upon roundnnrxp tima, stovage capuclﬁy at the barge, long-term
versus shovt-term optimum costs, ete. 'This study fixed the tankers at 30,000
DWE for both Alaska and Tudonesian locations for simplicity.

A vough caleulation shows the vound-trip time from Indonaesia to los
Angeles would be about 41 days. In that time the 2,800 mtpd plant praducus
127,300 shovt tons. A single tanker would need a capqc;ty, at a winimum,
Oquvqlcnt to 908,800 bbls, or approximately a million bavrels. Two tankers
would call for a winimum of 63,650 DWT ov 454,000 bbls and three would call
for 42,400 or 45,000 pwr. ?on purposes of risk spraading and to allow a
cartain amount of staggerad maintensnce so that when one ship is out of
sarvica the plant can also schedule maintenance or reduce production to only
two~thivda, a flaot was assuwad for this study. Operating coats were scaled
baged on Litton studies for 30,000 DWY tankers oparating from Gook Inlet to
Los Angales by adjusting frow the longer distances from Indonesia.

£.  Production Procasy Oporations, Tha complete plant includas
all the processing stagoes frowm gas feadstock intake to the final and productk.
It also includes all the necessary utility processas, such as electric power
generation, steam sad fresh water genevation. Apaxt from gas feadstock,
chamicals, and catalysts, the plant is complately self-suppovting.

Tha feedstock 18 natural or associated gas. The natural gas consumption
for the plant is about 35,700 SCF per wmatric ton of mathanol. This amount
sarves not only as feedatock but also as tha waln enargy source for the
pracess plant as well as for the utility and sevvice systems.

427



g The Methanol Process. A proprietary process operates on
various feedstocks. After desulfurization the feedstock is mixed with steam
and passed through a reformer. Heat is recovered and water separated from the
process gas thus formed., The gas is compressed before entering the methanol
synthesis loop, where it is converted to methanol it proprietary converters.
The methanol is separated from the synthesis gas by condensation and then
distilled to produce quality requirements,

The utility systems produce all the necessary steam, electriccl power,
and fresh water for plant operation. Depending on plant requirements, the
utility system can include:

o Auxiliary boiler and superheater.

o Sea water desalinization.

o Cooling water.

o Compressed air for instruments and pneumatic tools.

o Inert gas to be used during start-up and shut-down.

o Diesel generator.

o Control and instrument systems with date recorder.

o Fuel systems for auxiliary boiler, superheater, and gas turbine.
o Fire-fighting systems. ‘

A summary of the basic plant specifications and other data is siiown below in
Table 4-11.

Table 4~11. BARGE-MOUNTED METHANOL PLANT SPECIFICATIONS

PROCESS FLOWS |
Natural Gas Input 100 miilion £t3/day
Methanol Output 296 million gallons/year
Storage Capacity 18 miilion gallons

OVERALL THERMAL EFFICIENCY T'57 percent

BARGE SIZE :500 ft x 320 ft

PLANT LAYOUT , ‘two ‘independent parallel trains

with common utilities
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h. Relative Efficiencies. A coal-fed methanol conversion plant
produing a fuel-grade product may have a coal feed~to-product ratio on a
weight basis from about 1.55 to about 2.00 lbs/lb. Using 12,000 Btu/lb as the
higher heating value (HHV) of the coal feed and 9,763 Btu/lb as the HHV of the
product methanol, the overall thermal efficiency, assuming no imported power
or fuel and no byproduct heat value, would range from 40 to 50+ percent.

Various natural gas-fed methanol synthesis processes claim gas-feed
rates from 26.7 x 10®Btu/short ton of methanol to 35 x 100Btu/ST. Using
the same HHV for methanol of 9,763 Btu/lb above, the overall thermal effi-
ciencies range from 52 to 68 percent.

It would appear that from a straight thermal efficiency viewpoint,
natural gas-fed plants enjoy an average of 15 percentage points advantage. A
gas plant enjoys a lower capital cost by several factors, These advantages
are almost totally cancelled by the lower cost of coal on a Btu basis versus
conventicnal natural gas. It becomes clear that gas which may be priced at
some opportunity cost near coal on a Btu basis such as remote natural gas,
will produce a product which would compete nggressively as a fuel. The added
transportation cost component becomes a critical factor in the economic
feasibility of methanol fuel, even with a very favorable gas-feed cost. And
the relative remoteness to the market will probably determine the ultimate
delivered cost and perhaps influence strongly the bid price for remote gas
supplies.

Table 4-12. METHANOL PLANTS - BARGE-MOUNTED CONCEPT (millions 1981 $)*

CAPITAL REQUIREMENTS

Total Plant Investment $ 350
Contingencies 60

Plant Investment $ 410
Initial Catalyst & Chemicals $ 9
Paid-up Royalties 2
Start-up Expense 8
Working Capital 20

Total Capital Requirement $ 449

OPERATING COSTS

Operation aand Maintenance $ 42.2
Feedstock Costs** ($1.00/106Btu) 33.6
Transport Costi#** 13.1

Total Operating Costs $ 88.9

*Cost data supplied by Dr. Al Baxley of Litton Industries and checked
against other estimates as shown in Table 4-13.
*%At $1.50/106Btu feedstock cost would be $50.3 million ‘annually,
**%For Indonesia it would be $49.5 million per year.
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i. Capital, Operating and Product Cost Estimates. The capital
and operating cost estimate (Table 4~12) for the RNG barge-mounted plants were
based largely upon similar estimates prepared by Litton Energy Systems and
supplied to JPL by private communication from Litton. Estimates for barge-
mounted plants by other sources when adjusted for scale differences were quite
comparable (see Table 4-13 for this comparison).

Adjustments were made to the capital costs in minor areas such as
contingencies and format to make these gas-fed plants on the same basis as the
estimated coal-fed plants. Treatment of financing costs, rates of return,
evaluation, etc., are according to the economic program used for this overall
study. Operating costs were taken directly, but the cost of gas was varied
over a wide range. Product transportation by ocean tanker was used directly
for the Cook Inlet case. This was adjusted for distance and turn-around time
to derive a consistent unit rate for the Indonesian case.

In order to verify that the cost estimate used in the analysis for our
baseline case was consistent with the best data available, it was compared
with other available sources. As a result, plant investment estimates made by
Conoco, Mitsubishi, Mitsui, Nissho Iwai, Swedyards and the World Bank were
obtained. The comparison in Table 4-13 shows that the estimates are very ,
consistent, with the exception of the Mitsui estimate which seems too low even
for construction of a natural gas methanol plant built on the Gulf Coast, ‘

A summary of the production costs of methanol for the barge-mounted
concept is shown in Figure 4-5. The reference case assumptions are the same
as those used in the coal-to-methanol plants. Significant differences from
the earlier cases are attributablé to two driving factors. First, the plant

Table 4~13. PLANT INVESTMENT ESTIMATES FOR BARGE-
MOUNTED METHANOL PLANTS (1981 §$)

PLANT INVESTMENT
CAPACITY PLANT INVESTMENT PER ANNUAL GALLON
ESTIMATE SOURCE )] (millions gallons)| (millions 1981 §) (1981 §)

Litton* 296 $410 $1.39
Conoco¥** 211 . 288 1.36
Company 1*%* . 190 245 1.29
Company 2%*%* © 211 220 1.04
Company 3%%* 207 290 1.40
Company &4%%* 211 293 1.39
World Bank¥*¥#% 199 295 1.48

*Dr. A. L. Baxley, Litton Energy Systems, 1982.

**Conoco, "Indonesian Gas Utilization Project,”" 198l. Various estimates

'{ by companies which were interested in supplying barges to Conoco, but

| whose names must remain confidential.

' ***World Bank, "Emerging Energy and Chemical Applications of Methanol:
Opportunities for Developing Countries," 1982.
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investment for a natural gas*plant is approximately $1.50 per annual gallon of
capacity, whereas the coal-to-methanol plants were nearer $3 per annual gallon
capacity measured in constant dollars. The second major factor is the higher
process efficiency of 65 percent for natural gas plants versus 55 percent for
the TCGP process and only 45 pevcent for the Winkler system operating on Alas-
kan coal. With the feedstock cost of only $1.00/10%Btu to $1.50/106 Btu

and a higher efficiency, the barge-mounted concept is less expensive on a
feedstock basis as well.

The reference case results show $0.53/gal as the plant gate production
cost. Decreasing the required return-to-equity to 15 percent decreases the
production cost to $0.42/gal, while increasing it to 25 percent raises the
production cost to $0.66/gal. Raising the feedstock cost is an important
sensitivity since remote natural gas costs will vary significantly deperding
on both collectinn costs and the value of the gas in altezmative uses. At
prices of remote gas of $1.50/1008tu and $2,00/1068tu, the production cost
rises to $0.58/gal and $0.64/gal, respectively. The barge-mounted concept is
less affected by a 25 percent capital cost overrun than the cos} plant with
much less total investment required. This capital overrun sensitivity is to
raise the cost to $0.60/gal from $0.53/zal.

3. California Feedstocks

In the analysis of alternative methanol production technologies for
California markets, it is important to consider indigenous feedstocks. In
particular, California has two resources which are potentially interesting:
petroleum coke and bioenergy. Other potential resources such as California's
deposits of heavy oil in rock or residual oil, which becomes available as
heavier crudes are refined in the state, are simply too expensive to extract
in the former case, or two high in opportunity cost to utilize economically as
a methanol feedstock.

a. Petroleum Coke. Petroleum coke is a combustible, solid
by~product of coking processes and oil refining. The solid coke contains a
very high percentage of caxbon, some sulfur, nitrogen and heavy metals.
Because of its low reactivity, coke produced from low sulfur crude oils finds
wide acceptance for use as metallurgical coke. But as increased quantities of
heavy crude oil containing substantial quantities of sulfur are processed in
refineries, the coke will not have a preferential value because of its high
sulfur content. Its use as a direct fuel in California is preemptad, because
its combustion products produce excessive air pollutants. Petroleum coke can
be easily gasified to produce a clesn syngas which can be synthesized to
methanol, a high-value clean fuel, Capital and operating costs are summarized
in Table 4-14.

In the first case, the cost was estimated as if the plant was a grass-
roots facility, while in the second case the plant is assumed to be located
right at a refinery site, which is the feedstock source and provides economies
in support facilities. In addition, the plant is scaled at 2000 tpd in order
to be consistent with the coke by-products at California refineries. Thus,
although the plant may appear to be sized small relative to the coal cases, it
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Table 4-14. PETROLEUM COKE-TO-METHANOL CAPITAL
AND OPERATING COSTS (millions 1981 $)*

STAND-ALONE F{ REFINERY
PLANT SITE
PROCESS DESCRIPTION
Feedstock: Petroleum Coke (tpd) 3,100 3,100
Product: Methanol (tpd) 2,000 2,000
Plant Capacity Factor: (%) 90 90
CAPITAL REQUIREMENTS
Erected Plant Cost $527.6 $418.0
Engineering & Construction Management 52.0 42,0
Owner Administration & Engineering 17.0 13.6
Prepaid Royalties 3.0 3.0
Initial Catalysts & Chemicals _3.0 _3.0
Total Plant Investment i $602.6 $479.6
Personnel Training 3.2 3.2
Start-up Cost 37.2 29.7
Land - -
Working Capital _30.1 39.1
TOTAL CAPITAL REQUIREMENTS $673.1 $542.6
ANNUAL PLANT OPERATING COSTS
Petroleum Coke (1.80/106Btu) $ 55.2 $ 55.2
Catalysts & Chemicals 1.4 l.4
Supv. & Operating Labor ‘ 8.2 8.2
General & Administrative 13.7 13.7
Operating Supplies 6.0 6.0
Maintenance , 21.1 16.7
Insurance 1.4 1.1
State & Locsl Taxes 9.2 1.3
TOTAL ANNUAL PLANT OPERATING COSTS $116.2 $109.6

*Cost Estimate made by JPL using the Texaco Coal gasification and ICI
methanol synthesis plant costs described in Table 4-8.
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is appropriate to the overall production facility. It is further assumed that
the process technology involves TCGP gasification and ICI methanol synthesis
processes.

The key considerations in estimating the cost of a petroleum coke-~to-
methanol facility compared to a coal feedstock is that the plant in the former
case would be situated at a refinery site, This lncation would take advantage
of reduced feedstock transportation and achieve economies on certain process
trains. For example, the facility could share utility capacity with the
refinery operation. Another savings compared to a grassroots coal-to-methanol
plant would be the much reduced ash recovery subsystem and reduction in cost
for support facilities (roads, security, etc.) being at a developed site.

The production cost summary in Figure 4-6 reveals that petroleum coke
would be a fairly high cost methanol option in the nearer~term. The reference
case feedstock cost of $1. 80/106Btu is fairly expensive, although it must be
remembered that it represents a delivered cost at a California plant site. In
addition, the higher cost compared to the TCGP process is partly attributable
to the smaller plant scale (2000 tpd) which is necessitated by the quantity of
petroleum coke available at refinery sites. Thus, although performing the
production cost sensitivities at a larger-scale plant would reduce the esti-~
mated cost somewhat, it would be a meaningless estimate since plants of that
scale would not be built. The approach in selecting plant scales for evalu-
ation throughout the study has been to consider the whole end-to-end system
from feedstock to final user.

The cost sensitivities are basically self explanatory. First, for the
grassroots plant, the return-to-capital is the most important cost driver as
evidenced by a reduction from $1.32/gal in the reference case (20% after-tax,
nominal return-t o-equity) to $1.01/gal with a 15 percent return in comparable
terms. Changes in petroleum coke cost from the $1.80/100Btu reference case
to either $2.40/106Btu or $1.20/106Btu would result in product costs of
$1.41/gal and $1.23/gal, respectively.

For the plant built at the refinery site, the reference case cost is
reduced to $1.07/gal. At a 15 percent after-tax return the cost would be
$0.86/gal, while at a 25 percent after-tax return the cost would be $1.37/gal.
In the case where feedstock could be obtained for $1.20/106Btu instead of
$1.80/10%Btu in the reference case, the minimum required revenue falls to
$0.99/gal. Thus, it would take a combination of events to bring the petroleum
coke case into the competitive range with remote natural gas. If a plant built
at a refinery site would be acceptable with a 15 percent after-tax return and
the opportunity cost of the petroleum coke were $1.20/106Btu, then the
required revenue would be approximately $0.78/gal, which is still too high to
compete in the near term.

b. Methanol from Biomass. The conversion of biomass feedstocks
by thermochemical means generally involves technologies that utilize high
temperatures to convert the carbon constituents of the biomass to more useful
alternate energy forms, such as:

Combustion: to produce heat, steam, and/or eleckricity.
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Pyrolysis: to produce low or medium Btu gas, liquids, and char.

Gasification: to produce a synthetic gas converted to SNG, methanol,
ammonia, and/or Fischer-Tropsch liquids.

Liquefaction: To directly produce gasolines, distillates, and heavy
fuel oils.

The alternate biomass feedstocks available to produce the above products
include agricultural and industrial wastes as well as wood produced by
silviculture, (the intensive controlled farming of cellulosic forms).
Agricultural waste products, which are conducive to a central gathering or
collection depot with minimum gathering or transportation costs and in
sufficiently large quantities to construct and build economical conversios
facilities, include corn stover, corn cobs, sugar cane bagasse, rice and wheat
husks, and straw. Industrial waste products with similar parameters to the
above agricultural wastes include municipal solid wastes, pulp mill wastes,
sawdust, and the residue left after wood harvesting.

Feedstock Selection. The feedstock options for methanol from
biomass involve utilizing agricultural and industrial wastes or production of
a biomass feedstock by silviculture methods. In the latter alternmative,
technologies are employed similar to growing agricultural crops, including |
systematic intensive planting, fertilizing, cropping, and selective harvesting
of the material. In the near future, the feedstocks which are considered to
have the highest potential for thermochemical conversion are woody plants and
trees. Using waste products tends to constrain the scale of the conversion
facility because of rapidly rising transport costs of collecting dispersed
residues for feedstock. Thus, in order to achieve overall system economies,
the more energy intensive silviculture forms are assumed.

Wood consists principally of cellulose and lignin. An analysis of wood
on a dry basis shows the carbon content to be about 50 percent, the hydrogen
content about 6 percent, and the oxygen content varying from 35 toc 40 per-
cent. Sulfur and nitrogen contents are very low, and ash content varies from
0.1 to 3 percent. The analysis of wood used in this assessment is indicated
in Table 4-15,

The moisture content of green wood varies from 50 to 60 percent on a
weight basis. Field drying of wood reduces this to about 20 percent mois-~
ture. For purposes of this evaluation, the moisture content of the wood, as
received, was considered to be 50 percent on a weight basis.

Conversion Facilities. The conversion of wood biomass to
methanol can probably be accomplished with commercial fixed bed gasifiers,
although there would be costs associated with cleaning tars and oils from the
gas. Development of advanced gasifiers which maximize the co-hydrogen yields
and reduce tar and oil formation would therefore improve costs significantly.

Other gasifier technologies considered for wood gasification were the
fixed (moving bed), fluidized bed, entrained, molten bath-type, and catalytic
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Table 4-15. ANALYSIS OF WOOD FEEDSTOCK

ULTIMATE ANALYSIS
(wt. %)
Carbon 54
Hydrogen : 6
Oxygen : 38
Nitrogen : 0.2
Sulfur 0.1
Ash 2
TOTAL 100%

Higher Heating Value Btu/lb 9000
106 MBtu/dry ton 18

gasification reactors. Most of these options are in very early stages of
development and will not become commercially available during this decade, the
exception being fluid bed gasifiers. Although those systems currently operate
at atmospheric pressures, they will undoubtcdly be adapted to operate at high
pressure for synthesis to methanol since this reduces the cost needed for
syngas compression. In summary, then, low-pressure fixed-bed gasification

is assumed in the near—term with a shift to high-pressure technology by the
mid-1990s.

Process Description. The following facilities process 2000
tpd (wet) of wood to produce 570 tpd of methanol fuel. The wood is gasified
in a 500 psi fixed-bed gasifier along with 500-tpd 98 percent oxygen. The
resultant syngas is synthesized to methanol by the ICI methanol synthesis
process. The overall energy balance of the system is assumed to be 55
percent, including process energy and feedstock in relation to methanol
output. The overall plant and operating cost data for the system are
summarized in Table 4-16. This cost estimate was derived from work done by
JPL as part of another study* for POE. As a way to verify its accuracy, it
was checked against a comprehensive study** of fuels from biological processes
done by the Office of Technology Assessment. In that study the total plant
investment of a wood-to-methanol plant was estimated at $88 million in 1979

* Gershman, R., Dutzi, E. J., Ekman, K. R., and Walton, A. L.; Methodology
Development for Evaluation of Bioenergy R&D Options, Jet Propulsion
Laboratory, JPL D-282, September 1982,

** Energy from Biological Processes, Volume II - Technical and Environmental
Analyses, Office of Technology Assessment, Washington, D. C., September
1980, pp. 139-141.
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Table 4~16., WOOD-TO~-METHANOL PLANT AND OPERATING COST SUMMARY
(millions 1981 §)

PROCESS DESCRIPTION

Methanol Output (tpd) 575
Wood Feedstock (dry short tons) 1,000
Construction Schedule (%/yr) 20,40,40

CAPITAL REQUIREMENTS

Erected Plant Cost¥* $149.9
Engineering and Construction Management 15.0
Prepaid Royalties 0.7
Initial Catalysts and Chemicals _0.7

Total Plant Investment $166.3
Personnel Training 1.0
Start-up Cost 8.3
Land 0.5
Working Capital _8.3

TOTAL CAPITAL REQUIREMENT $184.4

ey

ANNUAL OPERATING COSTS

Feedstock $ 10.6
Catalysts & Chemicals | 0.8
Supv. & Operating Labor 5.2
General & Administrative 3.2
Operating Supplies 1.9
Maintenance 2.9
State & Local Taxes 2.9
Insurance _0.4

TOTAL ANNUAL COSTS $_30.5

*Includes 15 percent contingency.
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dollars for a 40 million gallon-per-year plant. This estimate is equivalent
to $111 million in 1981 dollars or $2.78 per annual gallon. The JPL estimate
for total plant investment is $166.3 million or $2.91 per annual gallon.

Thus, the JPL estimate is consistent (less than 5 percent difference) with the
OTA estimate, although it was derived independently.

Production Costs. The production costs f.oom biomass feed-
stocks are heavily influenced by the non-availability of a gasifier speci-
fically designed for this feedstock in small-scale operations. Resulte in
Figure 4-7, therefore, are applicable to "commercial" technology and will
probably be improved with time. In the reference case, the production cost
estimate is $1.12/gal, which decreases to $0.89/gal with a 15 percent return.
An increase of 33 percent in feedstock cost from $16/ton (wet) to $21/ton
increases the production cost to $1.18/gal. The impact of a capital cost
gverryn of 25 percent is quite significant, as it raises the methanol cost to

1.27/gal.

Although these plant-gate costs are high relative to remote natural gas,
it must be considered that thers are tax credits which may make wood-based
methanol viable for certain small-scale applications. There is also the
potential for new technology to reduce costs througih innovative concepts
designed specifically for wood fecdstocks., The Energy Systems Division at
International Harvester, for example, is working on a gasifier which would be
manufdctured and delivered to the plant site nceding only modest site develop-
ment. Through personal communication from International Harvester we have
been informed that the estimated cost of the system they are developing is
approximately $7.4 million investment cost, $2.24 million annual operations
and maintenance cost, and $1.37 million iu feedstock cost. Methanol production
from this system would be 6.7 million gallons-per-year. If these figures are
taken as accurate (JPL has no way to verify their accuracy since the gasifier
is proprietary), the resultant cost of methanol is $0.62/gul in 1981 dollars.
This cost is without any adjustment for bioenergy credits, which would reduce
costs further. Obviously, this concept could be important in the neaxr texrm if
the system is developed with the cost and performance goals now envisioned.

It would be very speculative at this point for JPL to make any prediction on
whether there is a reasonable likelibood for this to occur, since we do not
have access to the proprietary information necessary to evaluate the system in
deC&lil.

4.  Advanced Technology

One of the more interesting advanced concepts which might lower the
cost of methanol production in the long run is by means of the once-through
methanol process associated with an integrated combined-cycle coal gasifica~
tion plant. This concept has been studied by the Fluor Corporation for EPRI*
and offers ths following advantages: (1) by employing a once~through methanol
synthesis process, the overall methanol conversion efficiency can be raised to

* Economic Evaluation of the Co-production of Methanol and Electricity with
Texaco Gasification - Combined Cycle Systems," Electric Power Research
Institute, EPRI Report AP 2212, January 1982.
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68.8 percent from 57 percent in a dedicated coal-to-methanol plant, (2)
unconverted synthesis gas 1s not recycled to methanol reactors, thereby
eliminating power for compression of recycled gas, (3) energy is also saved by
avoiding the need for gas shifting, and (4) heat liberated during methanol
synthesis can be fuily utilized in the power plant's steam system. This,
there is potentially some rzal gains which can be made in the cost of methanol
production, but this result relies on a few key qualifications: (1) new
technology for once-through methanol synthesis must be developed, since this
concept currently exists only at the small laboratory scale, (2) electricity
from the combined-cycle coal gasification plant must be competitive on its own
to justify the add-on methanol synthesis unit, and (3) the gasification concept
has yet to be demonstrated on a large scale. If these obstacles can be
satisfactorily overcome, Fluor has estimated that approximately a 30-percent
cost reduction in methanol could be achieved with a utility-owned plant
co~producing methanol and electricity versus a privately-owned dedicated
methanol plant. Of this 30-percent cost reduction, Fluor attributes about 18
percent to efficiency improvements and 12 percent to lower financing costs.
Although these cost figures are quite soft, given the state of technology
development for this system, it is certainly a concept with merit which
deserves further research and development effort. Given its current status;
it would seem unlikely to be fully commercial as an integrated system until
the mid to late 1990s.
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G SYNTHETIG FUEL ALTERNATIVES

Since the nation is examining wany synfuals as altecnatives to imported
petroleum, methanol wust compate againat a whole range of altaernatives which
way bacome available in the next few decades. Tha uncertainties surrounding
many of these optlons are very great, however, as process development wust be
completed in some casas and none have operated at commarcial scale in the U.S.
Thus, the coat rauges and cowpavisons developad in this saction ara primarily
useful to determine if sowe options ave dominated by others in the near- or
mid=tarm. In this contaxt, the term "dominated" is used to mean that those
optiong do not appear cowpetitive with others under a vary wide sat of future
conditions. The graatest potential for discovering these relationahips is
whare sequential processing stepa ave vequirved for making higher quality
products foe the same applicatioms.® It is also necessary to stress that JPL
hasg not made coat estimates of any of thean procasses. An attempt has been
made at obtaining the bhast public data available and making some adjustments
in eacalation, atart Jdate, and feedstock cost in order to wake compavisons
with the methanol production costs described earlier in this chapter.

The synfuyels which are most interesting for comparison with methanel as
a fuel for both vehiclas and atationary applications are:

Shale 0il

Fischer-Tropach Indirect Liquifaction
Divact Liquefaction

M~Gasa

Tranaportation Foels:

Liquefied Natural Gas
Stationavy Application Fuels: { Medium Btu Coal Gasification
High Btu Coal Gasification

With the exception of shale oil and LNG, which originate from distinct
feodatocks, the remaining synfuels can be synthesized fvom coal and thus azre
related to one another in a processing sense. A diagram which illustrates
thia product £low s shown in Figure 4-8, where rectangles indicate processes
and eivelas indicate fual products. In order to meke these comparisouns
econaiatent, and thevefora weaningfual, thare have been a large number of
asgumptions wade which are summarized in Table 4-17.

The format for waking the cowpavisons will be to give a brief descrip-
gion of each process and then give the capital and oparating cost data.
Product costs will be listed in tables for all fuels in Section C of this
chapter, but figures will be presented with each syunfuel description to
summarize the vesults., The basis of the plant estimates is for large-scale
plants, which dmpliea that earlier developwent work at smaller scale (pilot
plants) have been succeasfully completed. In addition, there is an implicit
assumption that vapid cost escalation due to bottlenacks in construction and
engineering does not take place. Iun the future evolution of tha synfuels
industry, the plant cost of various options will tend to accelevate if

applications or uwsing wethanol ov M~gas in vehicles.
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Table 4-17. SYNFUEL PLANTS TECHNICAL ASSUMPTIONS

DESCRIPTION VALUE

Plant Location Utah - Minemouth

Plant Capacity

Gasification 250 102 Btu/day Product
Liquefaction 25,000 tpd coal feed
Operating Basis 90% (330 days per year)
Project Operating Life 20 years

Commercial Operating Date 1992

Construction Expenditure Rate

Year 1 10

Year 2 20

Year 3 30

Year 4 20

Year 5 20

Coal Feedstock

Source Kaiparowitz
Btu/1b 12,500

Energy Content (106Btu)
Barrel of 0il Equivalent 5.8

expansion takes place too rapidly in a particular option. Some bottlenecks
(e.z., engineering and design) affect most synfuel projects equally while
others are more specific to a particular option (e.g., acquiring water rights
for shale plants). In this study it was not possible to examine the
alternative scenarios sufficiently to take into account these second order
impacts.

1. Shale 0il

Within the Western states of Colorado, Utah, and Wyoming, there are
high grade* deposits of oil shale with the equivalent of nearly three-quarters
of a trillion barrels of oil. These Western scurces cover approximately
25,000 square miles in mostly remote areas.

* 20 to 30 gallons of oil per ton of shale.

444



R T L ———

i
is

Two basic approaches are being studied for shale o0il recovery: above-
ground retorting and in-situ gasification. In the former approach, the shale
is wined, crushed and transported to the rétorting facility to break down the
kerogen in the shale and finally the organic vapors are condensed to form a
usable feedstock. With the leading in-situ concepts, the shale is fractured
underground, heated (either with self-combustion or by an external source) to
break down the kerogen, and the vapors and condensates are brought to the
surface. Because it is further along in development, the focus in this report
will be on the surface retorting technology. A number of technical approaches
have been suggested for above-ground retorting, but there ie limited commercial
experience and none is likely to be economic at current oil prices.

A major issue in shale oil development is the cost of providing offsite
support facilities or infrastructure development. In this case, these costs
are included in the basic capital cost estimate* (Table 4-18) along with
production-related support faciiities. Costs of building such plants have
changed quite rapidly in the past year as more detailed engineering and cost
estimating have been completed.*¥

The cost data-in Table 4-18, when adjusted for escalation and interests
costs during construction, bring the total capital requirement at the date of
commercial operation to nearly $5.4 billion. At this plant cost, the crude
0il product from shale is quite expensive relative to 1982 oil prices. Obvi-
ously, a great deal of uncertainty exists concerning the eventual cost of such
a facility as indicated by the substantial disagreement between TOSCO and
Exxon concerning the Colony project. In order to reflect this uncertainty, we
have made a sensitivity calculation with a 25 pe&rcent additional capital cost
to our reference estimate and consider only the cost range as meaningful.

In order to provide a check on the cost estimate developed by Bechtel,¥
a recent source was obtained late in this study from the Office of Technology
Assessment*** which expanded upon a major assessment**** of oil shale

* Cost of plant and operating equipment for all the synfuels comparisons
were drawn from the following reports which were updated to 1981 dollars
and put on a consistent basis,

a. Acurex Corp., Alternative Fuel Strategies for Stationary and Mobile
Engines: Evaluation of Clean Coal Fuels, Volume I[I, July 1981l.

b. Bechtel, Economic Feasibility of Synthetic Fuels Projects, November
1981.

c. ESCOE, Coal Conversion Comparisons, DOE EF-77-C-Cl-2468, July 1979.

d. ESCOE, Synthetic Fuels Summary, DOE DE-AC01-77-ET-10679, March 1981.

%% The estimate for the Colony project prepared by TOSCO in January 1982 was
for $3.77 billion while the Exxon, U.S.A, estimate also in January 1982
was $4.94 billion and the Exxon Research and Engineering's estimate is
$5.3 billion for the 50,000 barrel per day facility.

*%% Office of Technology Assessment, "Increased Automotive Fuel Efficiency
and Synthetic Fuels," September 1982, pp. 170-172.

*%%% Office of Technology Assessment, "An Assessment of 0il Shale
Technologies," pp. 179-200.
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Table 4-18. SHALE OIL PLANT AND OPERATING COSTS (millions 1981 $)*

PROCESS CHARACTERISTICS
Output (bbls. per day) 50,000
CAPITAL REQUIREMENTS
Erected Plant Costs $2,100
Infrastructure Investments 734
Engineering and Construction Management 210
Start-up Costs 75
Working Capital 105
TOTAL CAPITAL REQUIREMENT $3,224
ANNUAL OPERATING COSTS (1981 §) $ 273
CAPITAL COST (1981 $/BOE)** $64,480

*Bechtel, 1981; Office of Technology Assessment, 1982,

*%As a means to compare alternative synfuel processes
a summary value of capital costs in 1981 dollars per
annual Barrel of 0il Equivalent (5.8 million Btu) will
be calculated.

technology completed in 1980. The most recent OTA cost estimate for shale
capital cost is in the range $2.6 to $3.5 billion after adjusting to 1981
dollars. This capital cost is consistent with the estimate in Table 4-18.

As shown in Figure 4-9, the reference case results for shale oil produc-
tion costs are $72/bbl in terms of upgrading the shale oil to gasoline. The
reference case in crude shale oil terms is $60/bbl. The adjustment to gaso-
line was made to facilitate the comparison with methanol, methanol-to-gasoline,
and Fis:her-Tropsch liquids.

Also shown on the left-hand side of Figure 4-9 is the projected cost of
wholesale gasoline in 1992 on a per barrel basis in 1981 dollars. The base
case assumption (solid line in bar graph) is $52.50/bbl with the pessimistic
scenaric price at $68/bbl and optimistic scenario price at $38/bbl. The basis
for these alternative price scenarios is discugsed in Section III.C of the
Summary Report. These estimates are presented just to give a basis of
comparison for the synfuel estimates,

The only case which appears to produce comparable costs in the 1992 time
frame is where the return-to-equity is 15 prcent which results in wholesale
gasoline from shale per barrel at a cost of $50/bbl and a crude shale cost of
$41/bbl. The other cost sensitivities of higher O&M costs, 25 percent capital
cost overrun, and slower product price growth, all increase the shale-to-
gasoline cost to over $70/bbl and over $60/bbl for crude shale oil. 1In all
the shale sensitivity cases, the feedstock is treated as an operations cost
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and thus does not appear as a separate entity. Thus, even in 1992 shale oil
will be above the price of conventional oil and gasoline in the baseline
scenario at a 20 percent return requirement.

2. Coal Gasification

As illustrated in Figure 4-8, coal gasification is the first pro-
cessing step to producing a wide range of products. Low Btu gas, which is
composed of carbon monoxide, hydrogen and nitrogen having a Btu content of 100
to 200 per standazd cubic foot (SCF), can be used as a fuel or further pro-
cessed into hydrogen. Another possible product, medium Btu or synthesis gas,
contains approximately 200 to 600 Btu/SCF and can be further processed iunto
ammonia, methanol or hydrocarbons, or used directly as an industrial fuel or
chemical feedstock. The higher quality product, high Btu gas or substitute
natural gas (SNG), can be produced through methanation, which converts carbon
monoxide and hydrogen to methane (600 to 1000 Btu/SCF) in the presence of a
platinum catalyst. This last product can be mixed with natural gas and
pipelined for use in utility, industrisl or residential applicationms,

Many gasification systems exist, including wmoving bed, fluidized bed and
entrained suspension coucepts. They differ with respect to size of coal feed,
Flow of reactants and products, residence time of coal particles, reaction
temperatures and pressure.

The Lurgi gasifier has been used in the gasification cost analysis
bacause it is fully commercial and can be used on a variety of western coals.
The basic dats was obtained from Acurex, ESCOE, and Bechtel, and then modified
to be cousistent with the assumptions utilized in our wethanol plant estimates.
All costs in Table 4-19 are in 1981 dollars; contiangencies are as indicated in
the footnotes for each process. The sources used for estimating the plant
costs for the high and medium Btu gas cases are shown in Table 4-19. Adjust-
ments have already been made to place all the figures in 1981 dollars and to
adjust for construction at a Western mine-mouth site (where needed).

None of tha cost estimates in Table 4~19 are based upon definitive
engineering and design cost studies, thus, the discrepencies among them are
not surprising. ‘The range estimated by OTA does bound the three estimates
obtained For high Btu gasification even though the OTA estimates were basad on
different scenarios. As a vesult, we feel these estimates are representative
of the best data publicly available. As more detailed engineering and design
takes place and actual experience is obtained (e.g., Coolwater), the accurscy
of the estimates will improve. Based on the experience that more detailed
engineering for site specific plants has resulted in higher cost estimates,¥
it is our judgement that cost figures near the upper end of the range in Table
4-20 should be used for planning purposes and even then a range of capital

*Merrow, E. W., Chapel, S. W., and Worthing, C., A Review of Cost Estimation
in New Technologies: Implications for Energy Process Plants, R-2481-DOE,
RAND Corporation, Santa Monica, Calif., July 1979.

4-48

T R T IR



Table 4-19, CAPITAL INVESTMENT ESTIMATES FOR COAL
GASIFICATION PLANTS (1981%)

CAPITAL COST
PER DAILY
CAPACITY CAPITAL BARREL OF OIL
(109 Btu REQUIREMENT EQUIVALENT
SOURCE PLANT TYPE | PER STEAM DRY) | (millions 1981 §) (1981 $)
Bechtel* High Btu 250 $2,500 $58,000
Acurex*¥ High Btu 216 2,134 57,350
(Lurgi DB)
DOE*** High Btu 250 2,147 49,800
(Lurgi) »
OTAX ¥k High Btu 290 2,350 - 3,019 47,000 - 60,400
Bechtel¥* Medium Btu 250 _ 1,790 41,500
DOE*** Medium Btu 282 1,919 39,500

*Bechtel, "Economic Feasibility of Synthetic Fuels," November 1981.

*%Acurex Corp., "Alternative Strategies for Stationary and Mobile Engines:
Evaluation of Clean Coal Fuels," Volume III, July 1981.

*%%[J,§, Department of Energy, "Cost Factors: Capital and Operations and
Maintenance Factors of Representative Energy Systems and Facilities,"
DOE/MA-0063, Vol 3, April 1982.

*%xx%0ffice of Technology Assessment, "Increased Automobile Efficiency and
Synthetic Fuels: Alternatives for Reducing Imports," September 1982.

costs should be used for decision making. As a result of these considerations,
the cost figures in Table 4-20 which have been used for the baseline coal
gasification estimates are consistent with the Bechtel estimate in Table 4-20,
with approximately $58,000 and $41,500 per daily barrel of oil equivalent for
high and medium Btu gasification, respectively. '

Using the plant cost and operating data in Table 4-20, the production
cost estimates for each of these gasification options has been made and
summarized in Figures 4-10 and 4~11 for the SNG, and MBG plants, respectively.
In each of these figures, the left-hand bar represents the likely competition
in terms of natural gas to California utilities. In the reference case
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Table 4-20. PLANT INVESTMENT AND OPERATING COSTS*

FOR COAL GASIFICATION (millions 1981 §)

LURGI LURGI
(SNG) (MBG)
PROCESS FLOW:
Coal Input (tpd at 15.6x/106Btu/ton) 27,500 27,500
Yields: MBG (106Btu/strﬂam day) - 282
SNG (10%Btu/stream day) 245 -
Phenol (BPD) 702 960
Naptha (BPD) 763 -
Tar 0il (BPD) 1,640 1,645
OVERALL THERMAL EFFICIENCY 57% 65%
CAPITAL REQUIREMENTS (106 1981%)
Total Plant Investment** $2,034 $1,771
Other Owner Costs $575 $501
TOTAL CAPITAL REQUIREMENTS $2,609 $2,272
1981 §/BOE*** $58,000 $44,700
OPERATING COSTS (109 1981$):
Feedstock¥*** $124.6 $129.3
0&M $128.6 $124.6

*Synthesis of data in Table 4~19 and sources for Table 4-19.
*%*Includes 15 percent contingency for Lurgi Dry Bottom and 20 percent
coatingency for Lurgi Slagger.
***BOE stands barrel of crude oil equlvalent at 5.8 million Btu per barrel.
*xxkAt $0. 80/10 Btu mine-mouth coal price, also evaluated at $1.10 and
$1.40/106Btu.

assumptions, none of the plants appear competitive in the 1992 time frame with
the base case scenario of gas costing $6. 68/100Btu to Callforn1a utilities

in 1992 in 1981 dollars. The higher bound of $7. 51/108Btu and the lower

bound estimate of $4.38/106Btu, all in 1981 dollars represent the pessimis-
tic and optimistic scenarios, respectively, discussed in Section IIIL.C of the
summary report. Even in the case of a 15 percent return,* the medium Btu gas
case and the Lurgi SNG Plants produce gas at costs above the base case costs
of natural gas. Only utilities with their types of financing** would find

* Nominal, after—taxes.

%% In leveraged financing cases the nominal return in our terms which would be
consistent with utilities would be approximately 12 percent.
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thase systems potentially interesting in the 1992-1995 period; however, we do
not expect sigeificant activity in adding capacity of this type during the
19805,

Other sensitivities are not particularly interesting since the projected
costs are so high relative to expected natural gas costs. A wmeasure of the
rigk in cach plant, however, :s provided by the 25 percanc capital cost overrun
sensitivity, which implies an increase in product cost of $1.66/100%Btu to
$2.05/106BCu in the three gasilication cases. Thus, even with lower zost
financing, the products could be uncompetitive if capital costs rise above the
reference case levels.

3. Indirect Liquefaction

Synthesis gas produced in the gasification process describad above
can be further processed into higher valued products: methanol, M-gas or
Fischer-Tropsch liquids. All of these products have the desirable property of
being sulfur-free, since it must be removed from the synthesis gas prior to
further processing. The methanol process has been described in detail in
Section A. Thus, only the M-gas and Fischer=Tropsch processas are described
in this section, although the methanol plant has been increased in scele to
comparable levels with the Fischer-Tropsch plant.

In the M-gas process, crude methanol is vaporized in a reactor and
passed through a catalyst where the methanol is converted to water and hydro-
carbons. This reaction is highly exothermic and can be accomplished through
different processes which include both fixed and fluid beds. The key aspect
of the M-gas conversion is that the thermal efficiency of the process, although
high (approximately 90 percent), still involves a loss to the heat conteuat of
the product. In addition, there is an increase in capital cost over a coal-
to-methanol plant of approxiately 8 percent for costs associated with the
M-gas process reacror. Thus, there is nearly an 18 percent increase in costs
as measured in dollars per million Btu of product compared to methanol produc-
tion. As will be discussed later, there is also a significant and-use
efficiency loss compared against optimized neat methanol vehicles.

The Fischer-Tropsch process was developed first in the early 1920s.
This process was used by Germany during the 1940s and is currently opérating
commercially in South Africa. As in methanol production, the Fischer-Tropsch
process is "indirvect" because first a synthesis gas is produced, then a cata-
lytic process under pressure converts the synthesis gas to hydrocarbons. Two
processes are currently in operation. The Lurgi ARGE process employs a fixed
bed reactor and an iron catalyst, while the synthol procass utilizes an
entrained bed reactor. The primary difference between these processes is that
the synthol technology produces relatively moxe light products and gasoline,
while the ARGE process yields relatively more diesel fuel and heavy oils. The
Fischer-Tropsch, M-gas and methanol processes are summarized in Table 4-21 at
comparable scales.

The data for the wmethanol and M-gas plant costs in Table 4-21 were

derived by scaling and adjusting the basic methanol plant data in Table 4~8,
in order to preserve consistency of the cost estimates. A scaling factor of
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Table 4-21,

PLANT AND OPERATING COSTS FOR INDIRECT PROCESSES

METHANOL® M-GASP | FISHER-TROPSCHC
(TCGP) (TCGP)
PROCESS DESCRIPTION
Coal Input (tpd) 28,735 28,735 28,735
Product Yield:
Methanol (IOGgal/yr) 1,865 - -
Gasoline (BPD) - 62,250 29,418
LPG - - 3,121
Jet Fuel - - 6,336
Fuel 0il - - 9,503
Overall Thermal Efficiency 55% 50% 392
10%98tu input/day 665.2 665.2 665.2
109Btu output/day 365.9 327.0 261.2
CAPITAL REQUIREMENTS (millions 1981$)
Erected Plant Costd $3,597 44,053 $2,786
Other Owner Cests 1,037 1,169 804
TOTAL CAPITAL REQUIREMENTS $4,634 $5,222 $3,590
1981 $/BOE 73,500 92,600 79,700
OPERATING COSTS (millions 1981$)
Feedstock® $173.0 $173.0 $173.0
0&M 182.6 191.3 157.3

a Derived from the 5000 tons-per-day Texaco/ICI plant cost shown in Table
4-8 and scaled up using a 0.84 scaling factor as shown in Table 4-10.

b Derived from the methanol plant cost estimates shown in Table 4-8 using
the scaling factors shown in Table 4-10 and adjustment factors for
capital costs of methanol conversion and efficiency losses supplied by

Conoco and Chevron.

¢ Acuyrex:

Fluor Corp., "A Fluor Perspective on Synthetic Liquids:

and Problems," 1979.

"Alternative Fuel Strategies for Stationary and Mobile Engines:

Evaluation of Clean Coal Fuels." Volume IIX, July 1981

Their Potential

OTA, "Increased Automobile Fuel Efficiency and Synthetic Fuels.,"

September 1982,

d Plant cost contingencies are assumed to be 15 percent for all three

systems.

e $0.80/106Btu mine-mouth coal cost.
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0.84 was used as discussed in Table 4-10 to scale the methanol plant up to
approximately 19,000 tons-per-day. For the M-gas plant, a capital cost

ad justment of 12.5 percent was used along with an efficiency loss of 10
percent to convert the coal-to-methanol plant costs to coal-to-methanol-~
to-gasoline.* As a check on this conversion, an independent estimate for
M-gas was obtained from an ORNL study.** After adjusting for base year
dollars to 1981 and western site location, the ORNL estimate for M-gas capital
cost was approximately $81,200 per daily barrel of gasoline output, while the
estimate derived indirectly from our methasnol plant cost is $83,900 per daily
barrel of gasoline output. This 3 percent difference is extremely minor given
the uncertainty band surrounding the cost estimates in all these synfuel
plants.

The Fischer-Tropsch plant costs were derived from three sources
footnoted in Table 4-21, which imply that the range of expected capital
requirements is from $65,000 to $81,000 per daily barrel of crude oil
equivalent in 1981 dollars. The estimate used in Table 4~21 is consistent
with an $80,000 per daily barrel capital cost and, thus, is on the more
conservative end of the range. ,

The production cost results for these plants {(Figures 4-12, 4-13, 4~14)
illustrate some reasonably clear choices among systems. Fischer-Tropsch
products appear to be extremely expensive versus M-gas, shale, or neat
methanol as a transportation fuel. The system is too inefficient and produces
a significanc quantity of low-value products, making it less viable against
the other synfuel options or conventional oil to gasolime. In effect, it is a
commercial option .which has been eclipsed by other alternatives for tranmspor-
tation fueis. As shown in Figure 4-12, the reference case assumptions imply a
cost of about $95/bbl in terms of gasoline value equivalent,*** compared with
a comventicnal baseline of $52.50 in 1992. Even lower cost financing of 15
percent return only lowers the cost to $70/bbl. ‘

The relative sensitivities of the methanol production case have already
been discussed thoroughly in Section A of this chapter. One change which must
be noted is the effect of the scale increase on the reference case. Costs are
projected at $0.77/gal which is reduced from the 5000 tpd plant of approxi-
mately $0.95/gal just on predicted scale economies.**** Although such improve~

*Suggested capital adjustment and efficiency loss given to JPL by
discussions with technical staffs at Conoco and Chevron.

**"Liquefaction Technology Assessment - Phase 1: Indirect Liquefaction of
Coal~To-Methanol and Gasoline Using Available Technology," ORNL - 5664,
February 1981.

**%For the Fisclier- [ropsch process, the slate of products was converted into
dollar values using the relative prices of gasoline, LPG, jet fuel and
fuel o0il and then the weighted value of all the products converted to
gasoline equivalent value.

*%%%The 5000 tpd plant production cost figure has been adjusted for mine~mouth
coal costs of $0.80/106Btu.
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ments are somewhat speculative at this point and should be used with caution
for the absolute value of the cost level,* it is appropriate for comparison
with these other large-scale plants, which are also assumed to benefit from
scale economies,**

The choice between M-gas and neat methanol becomes clearer when they are
converted to either Btu equivalence or, even better, performance equivalence.
This conversion has been performed in Table 4-22 for three cases: Btu equiva-
lence, 1.7 fuel factor for neat methanol to gasoline and a 1.5 fuel factor for
neat methanol to gasoline. These examples bound the realistic possibilities
for neat methanol in comparison to gasoline or M-gas.

It is spparent from Table 4-22 that neat methanol, from a production
viewpoint, is superior to M-gas as a potential competitor to conventional
gasoline. There is a benefit in capital cost of production, higher conversion
efficiency and end-use efficiency. The far right-hand column indicates that
the end-use efficiency is a key factor in the long-run, as optimized neat
methanol vehicles may become available. It is important to realize that the
comparison above is not a prediction that neat methanol is viable versus
gasoline in the 1992 time frame, rather that M-gas is not competitive on
comparable terms and the relative economics of M-gas and neat methanol become
more clearcut as utilization technology improves. Transportation costs and
dealer mark-up would be higher per gallon of methanol and close this gap

somewhat, but not enough to offset the overall advantage of neat methanol over
M-gas.

Table 4-22. NEAT METHANOL VERSUS M~-GAS REFERENCE CASE COMPARISON
(1992 in 1981 $§/gal)

BTU 1.7 . 1.5
EQUIVALENCE FUEL FACTOR FUEL FACTOR

Methanol $ 1.57 $ 1.31 $1.16

M-Gas 1c74 1-74 1.71“

*In looking at near and mid-termkmarkets, the production costs from the
5000 tpd plant have been used. Methanol production costs based on the
large plant in this section is only useful for comparative purposes.

**The methanol and M-gas plants were scaled usiag a 0.84 exponential scaling

factor reflecting some economies in engineering, coal handling, utilities,
and offsites.
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4. More Advanced Synfuel Processes

There are other processes undr: development which could compete
with those discussed above if they perform successfully at their targeted
costs. Among these processes are a number of direct liquefaction technologies
which share similar processing concepts. Generally, coal is slurried with a
solvent and then heated and put under pressure in order to dissociate the coal

structure. Coal liquids are subsequently separated from the remaining coal
structure.*

Among those technologies which appear most promising are the solvent ;
refined coal (SRC) system, the Exxon Donor Solvent (EDS) process, and the :
H-Coal process. The primary advantage of these systems is the potential for
much higher efficiencies (e.g., 65% for SRC) than the indirect liquefaction
technologies, which will lower costs for coal and coal handling. Pilot plants
are scheduled for these processes in the 1980s which should improve our know-
ledge of their potential. For the near-term, however, it is our judgement
that these systems are too experimental to enter significantly into the near-
term transition analysis. Thus, we have not made cost prcjections of these
plants because it is simply too early to judge their merit.

I
i
:

* Acurex Corp., Clean Coal Fuels, Volume IILI, p. 347.
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D. PRODUCTION COST OVERVIEW

The decision to proceed with a large-scale capital investment is, of
course, a highly complex process which involves a great deal of detailed
analysis. While we cannot attempt to duplicate this process in this study, we

have assembled a consistent set of data for comparison and applied a consistent

economic methodology to provide a useful figure of merit. It must be realized,
however, that the degree of uncertainty in some of the estimates which follow
makes some of the perceived differences among them inconsequential. The dis~
cussion which follows will indicat2 where the data quality does not warrant
making choices on processes or alternative systems which are overwhelmed by

the uncertainty in the basic estimates. Particular attention will be devotad
to looking for dominant choices where one system will be superior to others
over a very wide range of dimensions and energy market conditions.

Production cost estimates in this chapter represent the full cost of
supplying methanol from various feedstocks. By this definition of "cost" we
mean the minimum revenue requirement. The basic approach is to derive an
~stimate of those costs incurred by a privately-owned company as a result of
engineering, constructing, and operating and maintaining a methanol production
facility. These costs, appropriately aggregated over the system lifetime and
converted to a yearly basis, are divided by the expected annual methanol
output of the specific system analyzed. The result is an estimate of the full
cost per gallon of methanol from that production system: that is, if the
system were to produce exactly its expected output and if that output was
"sold" at a price equal to the "minimum revenue requirement," the resulting
revenues would exactly recover the full costs of the system over its lifetime,
including a return on the investments of stockholders and creditors.

The full costs referred to above include a compensation to investors for

the opportunity cost of their committed funds, and thus the model is inherently

a discounted cash flow approach. It differs from a conventional venture
analysis, however, in that the revenus stream is derived rather than input.
Required revenue per gallon (or million Btu) is found as the minimum energy
price consistent with recovering all costs.

The minimum required revenue approach can be explained in terms of
standard concepts from capital budgeting theory. First, the project repre-
sented by the methanol production system is constrained to have a net present
value of zero. Alternately, the required revenue is defined as that which
gives the methanol project an internal rate-of-return exactly equal to the
opportunity cost or kurdle rate-of-return to the owning company.

The baseline assumption used in the study is a hurdle rate of 20% in
nominal, after-tax (current dollar) terms on the entire project (i.e., 100%
equity). This assumption was discussed at length with a number of the project
sponsors and judged to be appropriate for the types of projects being analyzed
in this study.. While some firms may decide to leverage themselves at the
corporate level, the major fuel producers in the U.S. are not likely to make
specific project decisions on this basis. For the sake of making sensitivity
analysis calculations, cases with 15% and 25% nominal returns have also been
made. It is our view, however, that the industry would need to expect at
least the 20% nominal after-tax return (approximately 15% real) on methanol
plant investments to make the decision to proceed.
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A graphical representation of the revenue requirements approach is shown
in Figure 4-15. The cost of the project, represented by the "cost of capital"
area, is the annual capital cost of the plant on both a per-unit product basis
(left axis) and annual basis (right axis). Thus, all the comstruction costs,
equipment costs, inventories, working capital requirements, contingencies,
etc., have been present-valued and reduced to a constant annual equivalent,
which provides for capital repayment and an assumed after-tax return. The
variable costs grow over time as feedstock, material, labor, etc., escalate
due to increased scarcity and general inflation.

gy p e o

BN heriey s o 0

One typical feature of capital intensive energy process plants is that
once installed, their total production costs are less semsitive to changes in
the general price level than non-capital intensive systems. Thus, even though j
the early production costs may tend to be higher than the competition (as :
depicted in Figure 4-15), they may be overtaken by more rapidly escalating i
fuel prices. Obviously, to make such investments on the expectation of making i
up for early losses in later years is a highly risky undertaking, as the ’
recent drop in oil prices in 1982 illustrates. In a later section on
near—-term investment decisions in methanol production, the criteria for
investments in methanol capacity expansion will be discussed in some detail. :
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In the results to follow, we will present a range of production cost
information which involves many sensitivities on capital cost, fuel cost,
escalation, required rates of return, year of operation and inflation. These
sensitivities are important for two reasons. First, we want to understand and
distinguish those cost drivers which are particularly important to methanol
production cost. Second, many of the cases considered are particularly per-
tinent to a distinct phase of the development of the industry. For example,
we have computed the impact of scale and required equity return on unit
production costs. This information will be useful in characterizing the
evolution of the industry where the earlier investments in coal-to-methanol
capacity will be both smaller scale to gain experience and command a higher
required return to compensate for scaling and market risks.

Thus, the material which follows is part of the raw material for our
transition analysis on the industry production side, but does not lay out our
production scenarios. The latter analysis is presented in the Summary Report
in the section on methanol transitions (Section V). Obviously, required
methanol prices in no way indicate that the value of the fuel in various uses
is high enough to justify that price. The interaction of industry required
prices and value of the fuel in various uses will determine its market value.
In later sections we will also look explicitly at methancl value.

1. Captial Cost Summary

The detailed derivations of the capital and operating cost require-
ments are given in Sections B and C. This brief summary (Tables 4-23 & 4-24)
is simply intended to present again in a concise fashion, the actual figures
used in the required revenue calculations. It is important to note a few key
facts about the methanol production plant specifications in Tables 4-23 & 4-24.

o Although the scales of some of the plants are different, it is our
contention that the plants are appropriately scaled given the
overall system configuration. For example, the collection and
transportation of wood mitigates against large plant scale. In the
case of natural gas, we are considering only remote barge-mounted
synthesis plants, thus limiting potential scale. As a result,
although some systems may appear to be at a disadvantage due to
scale, this is not true when the end-to-end system is considered,
which is done in another part of the report.

o Not all of the technologies in Tables 4~23 & 4-24 are at the same
stage of development as of the writing of this report. We have
adjusted for this inconsistency by assuming larger contingencies
for processes in earlier stages of development. For example, since
the Lurgi dry bottom gasification process is commercial, we have
assumed a 15 percent capital cost contingency. Similarly, a low
contingency is assumed for the barge-mounted methanol synthesis
process (17%), but larger contingencies (20% and 25%, respectively)
are assumed for the Lurgi slagger and shale retort, since they are
in earlier stages of development. In addition, in our transition
analysis, we have also assumed that these processes are implemented
in time frames consistent with development through pilot plants,
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demonstratons and finally commercial-scale systems. Not all these
systems are candidates for full-scale commercial production in the
late eighties,

o Finally, we have attempted to explicitly acknowledge the
unceyizinty of the costs for all these systems compared to
conventional fuels by doing sensitivities on various aspects of the
process assumptions and examining the impact on production costs.
These results are presented at the end of this chapter.

2. Financial Assumptiors

The economic methodology used in this study requires that assump-
tions be made for the following financial parameters: general inflation rate;
escalation rates for capital equipment, operations and maintenance expenses
and feedstock costs; debt-equity ratio; before-tax interest rate on debt;
required after-tax return on equity; appropriate local, state, and federal tax
rates; system lifetime; and depreciation method. Each of these parameters
will be discussed below, and are summarized in Table 4-25.

Table 4-25, ECONOMIC ASSUMPTIONS SUMMARY

ASSUMED VALUES
DESCRIPTION 1982 - 1990 1990 - 2000

General Inflation Rate 7.0% 6.0%
Construction Escalation Rate 8.0% 7.0%
Operations & Maintenance Esc. Rate 7.0% 6.0%
Return-to-Equity (nominal after-tax) 15%, 20%, 25% 15%, 20%
Interest Rates on Debt (before-tax) #5147 12%
Debt/Equity Ratio¥ 0/100 0/100
Depreciation Schedules:

Plant and Equipment ACRS -~ 5 yrs ACRS - 5 yrs

Buildings ACRS - 10 yrs| ACKS - 10 yrs
Federal Income Tax Rate ' 46% 46%
State Income Tax Rate 9% 9%
Investment Tax Credit 10% 10%
Insurance and Other Taxes 5 27% 2%

' * The debt/equity assumption is really more general than ifddicated in Table
4-25, A 15 percent nominal after-tax return, for example is the same cost
requirement as a 25 percent equity return, a 16 percent interest rate and a
70/30 debt equity ratio. Thus, our results are consistent with a variety
.of financing options, which are summarized in Table 4-28.

4-66




o~

a. Inflation Rate. The general inflation rate is assumed to be 7
percent Irom 1981 to 1990 and 6 percent from 1991 to 2000.* These rates
correspont .o the GNP price deflator taken from DRI's Spring 1982 Energy
Review** and ave consistent with the other escalation rates utilized in this
etudy. Obviou:.ly, this rate has been rapidly changing over the last decade
and could deviace substantially from this assumed level. Since a change in
the GNP deflator is implicitly included in both our escalation factors and
discount factors, much of this variability would cancel out.

k. Escalation Rates for Capital, Variable Costs and Feedstock
Costs. Capital costs were assumed to escalate at 8 percent throughout the
construction period up to 1989 and at 7 percent thereafter in nominal terms or
1.0 percent in real terms. Operations and maintenance costs were assumed to
escalate at 7 percent for the entire forecast period. Thus, we have assumed
that the recent pattern of real escalation in these factors continues.

Feedstock costs were assumed to escalate at different rates depending
upon the feedstock in question. Table 4-26 summarizes the assumptions used
for all methanol production feedstocks. A more thorough description of the
energy forecast assumptions may be found in Section III of the Summary Report.

c¢c. Debt-Equity, Cost of Debt, Return on Equity. Projects of the
size and scope envisioned in this report can be financed in a variety of
ways. The base case aoavmptlon is that the viability of the project should be
based on a hurdle rate which is assumed to be 100 percent equity financing
with either 15, 20, or 25 percent after—tax return~to—-equity. In addition to
this base case, a number of other sensitivities will be considered to illus-
trate the impact on product cost of financing alternatives. In Table 4-27 the
financing sensitivities considered have been summarized. The choice of the
appropriate financing structure and required return for a given project will
depend on the overall economic climate prevailing at the time the decision to
proceed is made, the status of the technology process used, the availability
of governmental incentive programs, etc. These ccnsxderatxons will determine
the assumptions used in our transition analysis. This section of the report
is merely explaining how the production cost projections were made, not the
rationale for them.

d. Tax Rates, Tax Credit. The combined (state and fedeval)
effective income tax rate is 51 percent. This composite rate was computed
according to the equation:

Combined eéffective tax rate = federal tax rate + state tax rvate

- (federal tax rate x state tax rate)

*Actually the rates in DRI were 7.1 percent and 5.9 percent whxch were
rounded off for simplicity.

**Data Rusources, Inc., Energy Review Spring 1982, Volume 5, Number 5, 1982.
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Table 4~26. FEEDSTOCK COSTS* (1981 $/million Btu)

FEEDSTOCK GOSTS (at plant) ESCALATION RATES
1981-1990 | 1951-2000
BASE CASE | SENSITIVITIES (%) @
$1.00
Natural Gas $1.50 9.0 8.0
2.00
' $1.20
Petroleum Coke $1.80 9.0 8.0
$2 040
Wood Waste $1.80 7.0 6.0
$2.40
$0.80
Coal#* $1.10 8.0 7.0
$1.40

* Data Resources, Inc., Energy Review Spring 1982, Volume 5, Number 5, 1982,

*% As a means to get appropriate coal prices for use in the base case and
sensitivity analysis we have obtained direct price quotations from the coal
fields under study: Black Mesa, Southern Utah, San Juan, Vinta, Green
River and Powder River. The figures in Table 4~26 bound the pertinent
range for coal costs in these areas.

‘

where the federal tax rate is 46 percent and the state tax rate is assumed to
be 9 percent. The investment tax credit used in the cost calculations is 10
percent.

e. System Lifetime and Plant Capacity Factor. System lifetime
for all the plants -as assumed to be 20 years and the plant was assumed to
operate 330 days per year.

f. Depreciation Method. Allowable percentages in the Economic
Recovery Tax Act of 1981 were used. Ninety-five percent of the plant was
assumed to be 5-year depreciable, and 5 percent of the plant was assumed to be
10-year depreciable. Because in all cases, the plants would come on line
after 1986, depreciation ratws were used as shown in Table 4-28,
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Table 4-27.

FINANCING ASSUMPTIONS

NOMINAL AFTER-TAX BEFORE 1. DEBT/EQUITY

FINANCING OPTION RETURN ON EQUITY DEBT RA::Z RATIO

2) (%)

REFERENCE CASE 20.0 - 0/100
Sensitivity 1 15.0 - 0/100
Sensitivity 2 25.0 - 0/100
Sensitivity 3 13.5 - 0/100
Sensitivity 4 11.0 - 0/100

EQUIVALENT CASES 15.0 - 0/100
to our 15% nominal 18.5 .14 30/70
after-tax case 34.0 .14 70/30

EQUIVALENT CASES 20.0 - 0/100
to our 20% nominal 25.6 .14 30/70
after-tax case 50.7 .14 70/30

EQUIVALENT CASES 13.5 - 0/100
to our 13.5% nominal 28.6 14 30/70
after-tax case 16.3 .14 70/30

EQUIVALENT CASES 11.0 - 0/100
to our 11% nominal 12.7 .14 30/70
after-tax case 20.3 .14 70/30

Table 4-28. DEPRECIATION SCHEDULES

FIVE-YEAR DEPRECIABLE CAPITAL

TEN-YEAR DEPRECIABLE 3iPITAL
Year Rate
1 .10
2 .18
3 .16
4 14
5 .12
6 .10
7 .08
8 .06
9 .04
10 .02

Year

-

v W N

Rate
.20

.32
24
.16
.12
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3. Methanol Production Costs

A cost comparison of all the methanol plants described in Table
4-23 under the reference scenario assumptions of Table 4-29 is shown in Figure
4-16. These are all plant-gate costs and thus should not necessarily be
considered as indicating preferred options until end-to-end systems are

compared.

On a plant gate basis, however, it is clear that remote natural gas is
the least expensive method for producing methanol in the short-run under the
reference scenerio assumptions of Table 4~29 and the sensitivities which have
been run for the various systems. Even if remote gas feedstocks were to cost
$2.50/1068tu, it would have a decisive edge over the alternatives. The
implications of results are discussed in the report summary and the transition
analysis section of this chapter. One feature which is consistent throughout
all our sensitivities is that the capitalization of the project (equity share
and the return-to-equity) are the cost drivers on the production side. A
second important factor is the expected annual increase in the methanol
product price. If it is anticipated that it will grow at the expected rate of
inflation (6%), then the minimum acceptable selling price is significantly
higher than if it is expected to grow at 2 percent above general inflation (8%

. nominal). Methanol production costs are particularly insensitive to feedstock
costs and moderate changes in plant scale. For reference purposes, the
production cost results are shown in Table 4~30 for the methanol cases, and in
Table 4-31 for the alternative synfuel cases.

4, Other Production Alternatives

Although they do not fit into the previous sections of the report,
two production cost issues which are pertinent to our transition analysis are
LNG and Gulf Coast methanol production. The former is important because it
will determine the value of remote natural gas as an alternative to methanol
production and the latter is a market which could attract methanol from remote

natural gas away from fuel markets.

Table 4-29. REFERENCE CASE ASSUMPTIONS

Year of Commercial Operation 1992
System Life (years) 20

Discount Rate (nominal, after-tax) 20%
Investment Tax Credit 10%
Composite Income Tax Rate 51%
Insurance and Otﬁer Taxes 2%
Ten-Year Depreciation Factor 5%
Five-Year Depreciation Factor A 95%
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Table 4-31.

PLANTGATE SYNFUEL PRODUCTION COST SUMMARY (1981 §)

SNG SNG
SHALE §| LURGI LQRGI MBG FISCHER— LNG
SENSITIVITY PLANT} DB SLAGGER | PLANT | M~GAS {TROPSCH PLANT
Reference Case 61.74] 11.47 9.85 9.66 | 73.00 94.50 4.84
15% Return 44.52) 8.40 7.28 7.19 | 51.80 69.60 3.79
85% Capacity 65.52| 11.83 | 10.15 9.96 | 77.30 | 100.15 5.47
6% Product ESC 70.56] 13.07 11,22 11.00 | 83.18 107.69 5.58
33% Lower Feed Cost - | 11.86 10.21 10.04 74.79 98.00 5.16
33% Higher Feed Cost - 10.89 9.31 9.09 | 70.34 89.32 =
1997 Start-up - 12.05 10.39 10.22 75.66 99.71 5.37
25 Greater Cap. Cost| 74.82} 13.53 11,58 11.32 | 84.10 111.31 5.68
1987 Start-up - 11.01 9.46 9,28 | 69.98 90.94 4.74
35% Higher 0&M 63.67 - - - - - -
662 Higher Feed Cost - - - - - - 5.89
UNITS $/bbl |$/106 [$/106 |$/106 | $/bb1 | $/bbL |$/106
0il Btu Btu Btu Gasoling Gasoline| Btu
Equiv. | Equiv.

In the casé of LNG, a set of four plant cost estimates* were used to
derive a composite LNG plant cost estimate shown in Table 4-32,

The results

of running the assumptions in Table 4-32 in the financial model are shown in
Figure 4-17 and do not yet include transportation costs. Under the refer-
ence case assumptions, the production costs are $4.84/106Btu, while at a 15
percent return the costs fall to $3.79/10%Btu. Adding regasification at the
destination point adds approximately $0.75/108Btu to all the LNG costs in
Table 4-32.

The second production case involves the situation for existing Gulf
Coast methanol producers who will have their gas contracts expire in the mid
1980s and be forced to either produce on market gas or cease cperations.**

* Obtained from Conoco data which included estimates by Mitsui, Wissho Iwai,
Sumitomo and Conoco.

*% The specific assumptions used were that capital expenditures would be $39
million for working capital, O&M would be $29.9 million annually, natural
gas would be $159.4 million at $4.75/106Btu, and plant output would be
296 million gallons-per-year.
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Table 4-32. LNG PLANT AND OPERATING COSTS (106 1981 $)

SYSTEM OUTPUT (M3 day) 2800
CAPITAL COSTS
Plant Investment $345.5
Other Owner Costs 32.9
i‘ OPERATING COSTS $ 18.0
|
FEEDSTOCK COSTS* $ 23.9

*Feedstock Cost assumed $1.00/106Btu in
baseline case.

The question of interest is whether they can compete assuming that the plant
cost is sunk and market gas will cost somewhere between $4.50/106Btu and
$5.00/10%Btu in 1987. Our results shown ir Figure 4-18 shcw that under the
reference assumptions and a $4.75/106Btu market gas cost with no capital
charges other than for working capital, the methanol production cost would be
$0.67/gal. Other sensitivities on this option change the results slightly to
the $0.70 to $0.75/gal range. This range of prices for the existing U.S.
producers has some interesting implications for the transition analysis
discussed in the next section.
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E. TRANSITION PERIOD PRODUCTION OPTIONS

As one examines realistic options for methanol production in the late
eighties and early nineties, the factors which seem most criticul are: the
future of the remote natural gas production, the role of the Synthetic Fuels
Corporation in stimulating methanol fuel production, and the question of
whether there will be a Western coal-~to-methanol plant in this century. Each
of these points will be discussed below as part of our analysis of transition
Paths .

1. Near Term (1985 — 1987)

The most significant question regarding methanol in this near—-term
period is the future of the existing U.S. methanol production capacity. In
order to evaluate this issue we inade some projections of production costs for
existing plants in the 1985-87 time frame under the assumptions that the
producer would be operating on market gas* and that the plant cost is sunk.

It is our understanding from industry sources that the existing natural
gas contracts for U.S. producers will virtually all be expired in the 1984-86
period. Thus, as deregulation occurs these producers will have to purchase
market gas if they wish to remain in production. By 1985, the residual oil
price is forecast to be $4.50/106Btu in constant 1981 dollars, thus, natural
gas for industrial users will be very close to this price, assuming that the
long-run equilibrium price for natural gas is parity with residual oil at the
end-use point.

Even with capital costs assumed to be sunk (except for a small investment
in working capital), the minimum production cost for such a producer would be
$0.67/gal in 1981 dollars at the plant gate in 1987. Although this operating
cost is high by current standards, it is still sufficiently low to keep ex-
isting producers in the market. Obviously, this conjecture is only valid for
existing plants, which justifies the assumption of sunk capital costs. It
would not be expected that any additional U.S. capacity based on non-remote
gas be built in the future.

Four factors are crucial in the expected continued viability of the U.S.
industry. First, expectations of oil prices and hence natural gas prices have
moderated considerably in the last year. Whereas crude oil price forecasts of
$45/bbl in 1981 dollars for 1985 were common** a couple of years ago, now they
are expected to be ouly $33/bbl.*** As a result, the market gas forecast in
the same terms has fallen from $5.50 to $4.50 per 109Btu. A second factor
which helps maintain the viability of the existing industry is the high cost
of capital in both the U.S. and around the world. Existing producers with

* Market gas simply means thal ;¢ commands the market value of U.S. natural
gas which is presumed to be parity with mid-sulfur residual oil.

%% For example, see DRI Energy Forecast, Autumn, 1980,

*%* See DRI Energy Forecast, Spring 1982.
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amortized plants are somewhat shielded from entry by the high cost of new
capacity., A third factor is that transportation costs to the Gulf Coast area
are expensive for production based on remote natural gas in Alaska, Indonesia,
or Saudi Arabia. These tanker costs would be over ten cents per gallon from
either Alaska or Indonesia. The final factor favoring continued U.S. market
gas~Lazad methanol production is the import duty of 18 percent on imported
chemical market methanol. At a projected market value of chemical grade
methanol of $0.74/gal, the duty alone would add $0.12 to the cost of each
gallon.

The pattern which emerges therefore is that t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>