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Frank L. Turner &

Vice President
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INTRODUCTION AND SUMMARY

1.0 Introduction 1

This report, prepared for the Trade and Development Program (TDP),
comments on a proposal from Ebasco Services, Inc. (hereafter ''Ebasco')
of New York City. Ebasco is a diversified engineering firm noted, since

the 1890's, for designing large-scale energy-related projects.

The TDF has requested Checchi and Company to make comments on a
project proposed by Ebasco to produce fuel methanol in Panama from U.S.
coal. Our comments on the project constitute a preliminary step in help-
ing TDP to reach a decision to finance, or not to finance, certain costs

necessary to prepare a feasibility study being requested by Ebasco.

Such a study would cost about $10 million, of which a smail por-
tion would be financed by TDP if TDP decides to proceed.. The residuaq
costs, under current Ebasco planning, would be findnced byﬂa private
industry consortium of firms in such countries as the U.S., U.K. and

Japan.,

If the feasibility study of the project reaches a favorable con-
clusion, the next step would be for Ebasco to mobilize investment capital,
amounting to $4.5 billion, to finance compietion of the project in Panama

by 1990.

The main objective of the project is to provide the Japanese
electric power ;ompanies with a clean, competitively priced fuel needed
to help meet Japanese energy requirements in 1990 and beyond. These
total Japanese requirements will be the equivelent of 3,711 million
barrels per year in 1990, rising at three percent annually to 4,843
=illion per year in 2000, according to official Japanese planning

announced in April 1982,



2.0 Summary of this Report

2.1 Forecast of Japan's Energy and Methanol Needs

Japan's yearly energy requirements are rising as follows,

according to official plans announced in April 1982:

Kiloters of

Crude 0il Equivalent Converted to
Per Year Barrels Per Year

1980 429 million 2,698 million
1990 590 million 3,711 million
2000 770 million 4,843 million
Annual
Average Growth
1980 - 2000 3% 3%

0f the total Japanese requirements, 15 million kiloliters of crude
equivalent in 1990 and 65 million kiloliters in 2000 will be met by what
the Japanese call, ''new fuels and energy.'' This category consists of
energy derived from: (1) methanol, (2) ethanol, (3) oil sands and shale,

(4) coal liquefaction, and (5) solar energy.

This report estimates that by 1993, one year after the proposed
Ebasco project is on full stream, the Japanese power companies will need

methanol in volumes that are larger than the output of the proposed
project by 1,7 times. The Japanese methanol requirement will then

probably continue to rise about four-fold from 1993 to 2000,

2.2 Concept of the Ebasco Proposed Project

The proposed project Involves:- (a) the opening or reactiva-
tion of high~sulfur coal mines in the midwest, chiefly in I1linois;
(b) barging 20,000 tons per day down the inland waterway network to
Gulf ports, probably Mobile or New Orleans; (c) shipping of coal by



towed, ocean-going barges to the Caribbean side of the Panamanian
Isthmus; (d) gasifying the coal near the coal discharge point; (d) con-
verting the coal gas to 12,000 short tons of methanol per day; (f) pump-
ing the methanol by pipeliﬁe to the Pacific side; (g) loading methanol
on bulk carriers destined for Japan, and later for Korea and Taiwan,
under long-term contracts similar to those whereby Japanese utilities

are now procuring crude oil, residual fuel oil, LNG, LPG, and coal.

2.3 Questions About the Project

In deciding whether or not to partially support a $10.0 miliion
feasibility study of this project, questions have arisen within the U.S.
Government agencies and elsewhere. Some .of the major questions are
addressed in this summary and more detail is provided in the report

which follows:

2.3.1 Does Japan Offer a Market for Methanol?

As cited, officja] Japanese planning contemplates the
usz of methanol as a fuel in significant volumes rising rapidly from
1990 fo 2000 to a volume many times the output of the proposed Panama
plant. This anticipated Japanese demand, supported by the opinion of

reputable U.S. energy analysts, is probable because:

(a) Japan is continuing its quest for a clean, competitive fuel

such as methanol.

(b) The switch to coal and away from oil since 1973 has created
costly problems in Japan of air pollution control and solid waste

disposal.

(c) The switch from oil and coal to LNG in the 1970's gave Japan's
utilities a clean, competitive fuel, but supplies of LNG are finite;
gasification and liquefication plants are costly (billions of dollars);

and the price of LNG will soon rise in sympathy with U.S. deregulation.



(d) tn November 1981, the leading Japanese utility (Tokyo Power)
placed the first of eight or more orders for ''Combined-cycle'' generating
plants. The first order was for two, 1,000 megawatt plants costing $800
million. For the first time, Japan has adopted a generating technology

that allows for the economical use »f methanol.

2.3.2 Will Methanol be Competitive?

We have analyzed the cost of using alternative fuels
available to the Japanese power industry, using the '‘present value'
method of discounting future costs. We have found the following com=
parison of 1981 costs for producing one kilowatt-hour of electric power

from four different fuels used in Japan:

LNG Fuel 011 Coal Methanol

Cost in U.S. Mils to
produce 1 kwh of electricity 81.5 10k4.9 104.0 94,1

In terms of 1981 pricing, the cost of methanol, as shown above,
is not competitive with LNG. However, the proposed project in Panama
will not go on stream until 1992, by which time we (and the energy
industries) expect world LNG prices will move up in sympathy with U.S.
deregulated gas prices and will continue to rise at a pace several per-
centage points annually above the escalation of oil prices, and well

above the price escalation of coal -- the feed stock for methanol.

The coal feed stock for the proposed Panama project is Mississippi
Valley high=sulfur coal. This coal will remain in the ground, unwanted,
until such time as the U.S. supply of superior, more competitive coals

begins to diminish -~ many decades. hence.

We see no reason to dispute Ebas-o's estimates that this coal has
a 1981 cost of $43,32 per ton delivered to Panama. This cost is well

below the cost of oth.r steam coals moving in foreign trade, for



example, Western U.S, coals are moving to Japan at more than $70 per short
ton. Chinese low ash coals moved to Japan in 1981 at $51.36 per short
tono ."‘.

Because of their unacceptability in the U.S. and thanks to the low-
cost inland waterway transport, midwest coals are one of the world's

cheapest forms of energy.

2.3.3 Why Not Produce Methanol in the Midwest Rather
Than Panama?

For large-scale industrial projects in the U.S., it
takes at least 43 months to obtain approvals from Federal regulatory
agencies (more time is required if state and local approvals are incluccu
in the calculation). This means that the capital requirement for an
industrial project will rise by more than one-third from the concept

stage to operating reality.

In Panama, the plant can be started once the feasibility study
confirms the economics, provided, however, the operators of the project
guarantee compliance with U.S. pollution standards or better. The
Panamanian willingness to proceed on this basis has been confirmed in

writing to Ebasco by the President of Panama.

2.3.4 Are There Major Technical and Management Problems
That Would frustrate the Panama Project?

There are a range of problems, but they have been
solved elsewhere. Included among such problemns is pipeline transporta-
tion of methanol over a 4,000-foot ridge separating the Atlantic and
Pacific sides of the Isthmus. Morrison-Knudsen are now completing a
pipeline along the same route, and by October 1982, will be pumping
Alaskan crude oil from the Pacific to the Atlantic uver the same 4,000~

foot ridge.



2.3.5 |Is there Too Much Risk?

The methanol project involves a package of technologies

that have been proven historically and in several parts of the world.

By comparison, with the technologies begun in the latter 1960's
to develop liquefied gas (LNG) as a méjor fuel for Japan, the coal-to-
methanol route, also for providing fuel to Japan, will be much simpler,
In the case of LNG, it is necessc.,y to (a) fireeze gas to temperatures
of -260° F (-162O €); (b) to build 200,000 to 500,000 DWT tankers
equipped with cryogenic steel bulkheads; and (c) to regasify the LNG at
the export destination. In the early 1960's, this concept, adopted on
a large scale, was at first considered '"far out,'" but now has become
routine in supplying Japan with LNG energy from Brunei, Indonesia, and
Abu Dabi (Bechtel of San Francisco, California, was the principal con-

struction firm involved in this work).

We are quite sure the coal-to-methanol procedure will be much
simpler and soon will be less expensive than natural gas liquifaction

and regasification,

2.3.6 Conclusion

Panama and the Mississippi Valley states will benefit
from the proposed Ebasco project, and the U.S. will export coals worth

$9.0 billion (otherwise useless) over the 30-year project life.



METHANOL CHARACTERISTICS

|
Methanol (sometimes called methy alcohol) is a colorless, poisonou
liquid; the composition is CH.OH. -1t is now largely produced from
synthesis gas, from either methane or coal gas.
At different temperatures, BTU changes, but normal condition is:
At 68° Fy, in liquid fuel form, methanol contains
56,560 BTU/gallon, or §,570 BTU/1b.

When methanol is valued at the equivalent of solid fuel, it ranges
from 8,570 BTU/1b. to 9,750 BUT/Ib.

The specific gravity of me*hanol @ 60° F is 0.796.

Weight of methanol is 6.60 Ibs./gal. @ 60° F.

Source: DOE, Bartlesville Technology Center, Bartlesville, Oklahoma,

and Materials Handbook, Third Edition, by George S. Brady.




TOPIC 1

"The assumption that Japan will import substantial quantities of

methanol in the future as part of total imports of liquid hydrocarbons.

(Compare with the imports of steam coal from Western U.S., Colombia,
and China.)"

1.1 Japan's Problem of Energy Security

Japan has experienced two traumatic threats to its oil supply;
the first occurred in December 1973 when the OPEC countries stopped
the export of crude; the second threat occurred in August 1979 when

the hostage crisis interrupted the flow of oil to Japan from lran.

R ises led Japan to switch from oil to coal at an accelerated
pace. Table 1-A, showing Japan's official energy forecast, indicates
the following decline in oil use and corresponding increases in coal
and in the use of other forms of energy. Units in the tabulation are

percentages of total energy derived from each fuel source named:

Year Energy Derived Energy Derived Energy Derived Total
from 0il from Coal from Other Sources

1980 66.4% 16.7% 16.9% 100%

1990 L9, 1% 19.5% 31.4% 100%

2000 38.0% 19.0% 43,0% 100%

1.2 A significant point in the above tabulation is Japan's switch to
fuels other than oil and coal. At present, coal is still "in," but
'coal is posing an increasingly severe problem in Japan because of

(a) the accumulation of solid waste materjal in a country where iand is
scarce, and (b) the high cost of ''scrubbing" emissions to remove sulfur
dioxide and nitrous oxide. Therefore, in the long run, the trend is

toward less polliutant fuels including methanol.



1.2.1 FEvidence of Japan's Need for Methanol

Some evidence of Japan's need is summarized below:

Japan's Official Planning .

Japan's official plang'(Ministry of'lnternariona] Trade and Industry,
General Energy Council) show the projected energy balance to 2000
(see Table 1-A). One component of the energy supply is entitled, ''New
Fuels and Energy,'" in the fifth line up from the bottom of Tab'e 1-A.
In terms of crude equivalent, the new fuels and energy are expected to

rise as follows:

Year Equivalent in Equivalent in
Millions of Kiloliters Millions of Barrels/Year
1980 0.7 b.b
1990 15.0 94.3
2000 65.0 408.2*

Thz term, new fuels and energy, in Japanese usage means five
different sources of energy as follows:

(1) - Methanol, 12.7%

(2) Ethanol, 5.0%

(3) Coal Liquefaction, 68.1%
(4) Solar Energy, 12.4%

(5)  0il Sands, 0il Shale, 1.8%

Total, 100%

The percentages shown above are based on an August 1979 Japanese
official forecast by the same agency which authored Table i{-A. The 1974
forecast has now been replaced by the April 1982 forecast shown in
Table 1-A. If the 1979 percentages shown above remain valid, the

methanol component would be the equivalent of 116.7 trillion BTU in 1993,

L
w

To put these figures in perspective, Japan consumed 4.9 million barrels
per day of petroleum products in 1980 as compared with the recent year
U.S. consumption of about 16-18 million barrels per day or 6.0 billion

barrels per year.



Table 1-A

LONG-TERM ENERGY SUPFLY AND DEMAND OUTLOOK FOR JAPAN

(Units are crude equivalent, expressed in millions
of kiloliters; percentage of total in parentheses)

FY 1980 FY 1990 FY 2000
Demand (mil. KlI)
A1l industries 253 ( 61.7) 329 ( 58.5) -=
Energy~intensive
industries 1y ( 27.9) 133 ( 23.7) -~
Transportation : 65 ( 15.8) 86 ( 15.2) -
Other uses 92 ( 22.5) 148  ( 23.3) -
Total 410 (100.0) 563 (100.0) --
Total energy demand: ,
(Incl. supplier's loss) L29 . 590 770
Supply
Coal 92.4 ( 16.7) 153 ( 19.5) 200 (19.0)
Domestic 18.1 18.20 -~
Steam coal 21.3 66 --
Nuclear power 15.7 ( 5.0) 46 (11.3) 90 (18.0)
Natural gas 25.9° ( 6.0) 68 ( 11.5) 82 (11.0)
LPG 16.8 L3 -
Hydropower 19  ( 5.6) 23.5 ( 5.0) 30 ( 5.0)
Pump-storage power
: 10.8 22 33
Geothermal power
N 0.3 ( 0.1) 6 ( 1.0) 15 ( 2.0)
‘New. fuel olls g% o - e 4
._énergy ] 0.7 (__0:2) 15 (_2.5) 65 ( 8.0)
Petroleum ° | 285  ( 66.4) 290 ( 49.1) 290 (38.0)
Domestic 0.5 1.9 -
LPG 14 24 --
Total 429 (100.0) 590  (100.0) 770 (100.0)

Source: General Energy Council, MIT!, via Japan Economic Journal,
April 27, 1982,

* Defined as (1) ethanol, (2) solar energy, (3) methanol, (4) coal
liquefaction, (5) oil sands and oil shale.




a year when the Panama plant would be in full operation. (The calcula-

tion is 919.1 trillion BTU x 12.7% - see 1993 column in Table 1-B,)

The output of the proposed Panama coal/methanol plant in 1993 would
be the equivalent of 3.96 million short tons of methanol annually which
would have a heat value of 67.87 trillion BTU, or 58% of the suggested
requirement for Japan in 1993 (116.7 trillion BTU/67.87 frillion
BTU = 58%). In short, the potential methanol demand in Japan by 1993

could be about 1.7 times the capacity of the Panama coal/methano] plant.

Other Forecasts of Japanese Methanol Requirements

The specialized consulting firm of Cﬁcm Systems, Inc. (Tarrytown,
New York) forecasts that Japanese consumption of fuel methanol will rise
to 300-600 million gallons by 1990, or the equivalent of 25.45 trillion
BTU and could then go on to rise to 283 trillion by 2000; see Table 1-C.

1.3 The Switch to New Power Generation Technologies ~- The Combined

Cycle Plant

Starting in the 1960s, where rapid load growth was a problem for

some U.S. utilities, a new type of generating technology became popular.
This technology, developed principally by General Electric and Westing-

house is called the ''combined-cycle' power system (see Annex A).
The combined-cycle plants (hereafter CCPs) have also become popular
in Canada, Australia, the USSR, and the Middle East. The reasons for

this popularity include the following:

Versatilicy in the Use of Fuels

The CCPs can use several types of fuel, such as natural gas, re-

gassified LNG, fuel oil No. 2 (usually as a back-up), and methanol.

Atmospheric Emissions

When coal began to be used after the 1973 oil crisis, the contrast

between noxious atmospheric emissions from (a) CCPs and (b) coal-fired plants

(Note:' Report narrative continues after Tables 1-B and 1-C.)
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B,

D.
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Table 1-B

COMPARISON OF PANAMA COAL METHANOL PLANT OUTPUT
WITH- JAPANESE DEMAND FOR NEW FUELS

Japan's demand for
Y"mew fuels" (10° Kl
of crude equivalent)

Converted to BTU
millions==~1 K| of
crude = 39,3 million
BTU (1 liter =
39,278 8TU)

Annual output in 1990
to 2000 of Panama
plant (12,000 short
tons of methanol/day
X 330 days at 100%
capacity)

Panama plant methanol
output converted to
BTU (17.14 milllon .
BTU per short ton x
3.96 million tons)

Qutput of Panama plant

as a percent of
Japan's demand for
"new fuels," D/B

\

1980, 1990, 1993, 2000

¢

1935 1990 1993 2000
0.7 " 15.0 23,4 65
million million million million

per year
27.5 589.178/ 919,12/ 2,553, 13/
tilllion trilllon trillion trillion
BTU - BTU BTU BTl
per year ‘ '
- ]'98 3-96 3096
mitlion million million
ST ST ST
per year full full
half capacity capacity
capacity '
- 33,4 67& 67.87
trilllon trillion trillion
BTU BTU BTU
per year (100% of (100% of
(50% of capacity) capacity
capacity)

In 1990, the Japanese methanol requirement could be about twice the

output of the Panama plant.

The calculation is:

589.17 trillion

BTU of required ""new fuels' x 12.7% = 74.8 trillion BTU of methanol
required which is 2.2 times the 33,93 trillion BTU of methanol output
of the Panama plant in 1990.

In 1993, the Japanese methanol requirement could be about 1.7 times
the output of the Panama plant,
BTU of "new fuels' x 12.7% = 116.7 trillion BTU which is 1.7 times
the 67.87 trillion BTU of output of the Panama plant in 1993,

The calculation is:

919.1 trillion

In 2000, the Japanese methanol requirement could be nearly five times

the output of the Panama plant.
BTU of ''new fuels' x 12,7% = 324,24 trillion BTU of methanol required

in 2000.

The calculation is:

2553.1 trillion

This Japanese requirement is 4,8 times the anticipated Panama

plant output of 67.87 trillion BTU (that is, 324.24/67.87 = 4.8),


http:324.24/67.87

ASSUMPTIONS FOR TABLE |-B

Japanese demand for new fuel oils will rise at 15.8% annually
between 1990 and 2009 (MITI projection).

One kiloliter of crude has heat value of 39.3 million BTU
{1 liter = 39,278 BTU).

In 1933, output of Panama plant will be 12,000 short tons per
day, or 3.96 million tons of methanol per year (12,000 short
tons x 330 days = 3,960,000 short tons).

One 1b. of methonal has heat value of 8,570 BTU.

One short ton of methanol has heat value of 17.14 million BTU
(2,000 1bs. x 8,570 BTU).

Output of plant, at 3.96 million tons per year in 1993, has
heat value of 17,14 million BTU x 3.96 million tons which is

679 trillion BTU.
e7.§7



Table 1-C

ESTIMATES OF JAPANESE METHANOL FUEL DEMAND BY
CHEM SYSTEMS, INC., TARRYTOWN, NEW YORK --

Mlll}ons of galloﬁs

Average

Average converted to
pounds @ 6.6 lbs/
gallon

Demand for methanol in
trillions of BTU @
8,570 BTU per pound

1985, 1990, 1993 and 2,000

1985 1990 19932/ 20002/
200-400  300-600 770 2,850
300 450/ 770" More than/
million million million 2,850
gals, gals. gals million
gals,
1,980 2,970 5,082 More than
million million million 18,808
1bs. Ibs., 1bs. million
1bs
16.97 25.45 43,50 161-283
trillion trillion trillion trillion
BTU BUT BTU BTU

a/ Checchi estimates for 1993 and 2000.

Q/ Average annual growth in demand for methanol, 1985-1990 is assumed
to be 8.5%. From 1990 to 2000, growth is assumed‘at‘19;6%.

c/ Japanese fuel energy demand in 2000 projected by MIT! is 725

million Kl.

being 1% - 2% of total.

Chem Systems, Inc. projects methanol fuel demand as
Assuming 1% only, then methanol fuel

demand will be 7.2 million KI of crude equivalent; at 39.3 million
BTU per KI, this is 283 trillion BTU,



becamé conspicuous. A ccal-flred.plant (10,000 tons per day) typlcally
emits 34,500 tons per year of SO2 yhereas the CCP plant emits only 430
tons. The direct coal-fired\plant emits 29,700 tons per year of NOX while
the CCf's emit 5,370 tons; see Annex A, page 10.

In November, 1981, the Tokyo Power Company purchased two, 1000 MW CC
Plants from General Electric. The major reason for Japan's recent purchase
of CCPs from General Electric was the low SO2 and NOX emisslons. The'sale
took six years of promotional effort .to convince the Japanese of thls fact,

according to GE.

Capltal Requlfements

The capital required per KW to build a CCP Is low as shown by the
following comparisons (from Annex A):
COST PER KW OF INSTALLED CAPACITY

CCP in the United States $300-400
CCP in Tokyo ~ $650
Direct coal-fired plant in U.S. $2,000
Nuclear plant in U.S. $7,000

-EnergyJRequired to Produce One KWH

Another cost advantage s the heat value required to produce one
KWH as shown below (from Annex A):
BTU!s REQUIRED TO GENERATE ONE KWH

Methonal-fired cCP 6,500 BTU's/(or iless)
Low BTU coal-fired plant 10,500 BTU's
High BTU coal-fired plant 9,700 BTU's

Not reflected above is the fact that coal-fired plants have
"'scrubbers' to remove toxic emissions; these scrubbers consume six to
seven percent of the total power and even so fail to remove 10 percent

of the S’OZ'



itme Lag In sullaing uenerating Plants

The CCP takes about three years to build whereas a nuclear plant
takes from 10 to 15 years. Because the capital requirement per kilowatt
of installed capacity rises with inflation (and rises during periods of

high interest rates), the CCP is cheaper to build.

Operating Efficiercy

A typicai CCP can operate at 90 percent of capacity over a 365-day
period, whereas a coal-fired plant operates at only 75 percent of the

time due largely to maintenance requirements.

CCP's Can Be Built to Small Capacities

Some economies of scale can be gained as the capacity of a CCP is
increased, but in general 120 MW's of capacity is the point beyond which
economies of scale are not very significant. This means that utility
companies can select plants to suit their specific load characteristics
and are not forced, for economy reasons, to install plants in the

1,000 MW or higher capacity ranges.,

By-products of CCP's

There are other economies offered by the CCP which are not avajl--
able from the conventional generatcrs of earlier years, for example, in
a CCP, it is possible to '"cogenerate'’ steam and electricity and to

recover saleable sulfur depending on the sulfur content of coal or gas,

Solid VWastes

The CC Plant combined with a coal gasification plant produces
about 27 percent less solid waste than a coal-fired generator (see
Annex A, page 10). For a country like Japan where land is scarce, the
use of imported methanol (without going through the coal gasification

process) will entirely eliminate the accumulation of solid wastes.

10



1.4 Price Trends

There are many foreca§ts of price trends, but the concensus is
that in future, gas is Iikély to rise at a faster pace than other fuels
influenced in part By the imminent dereéhlation of gas in the United
States. There is also a consensus that coal will contijnue to remain as
it currently is, the lowest priced fuel on a BTU basis. The trend is

illustrated below from data contained in the Spring 1982 Energy Review

of Data Resources, Inc., a consulting company generally viewed as
having conservative forecasts of energy trends:

PRICE TRENDS IN CURRENT DOLLARS PER MILLION BTU
OF THREE ALTERNATIVE FUELS
(Unit: US $ per Million BTU and Percent Annual Growth)

Average Annual Growth

Type of Fuel 1981 1990 2000 1980 - 1990
Crude oil (refiner acquisition) $6.1 $13.1 $31.5 10.5%
Natural gas, industrial 3.3 11.0 25.0 14.6%
Coal, contract 1.5 4.0 8.7 11.6%

While foreign prices are not the same as U.S. prices, they often
follow similar trends. This means that coal, with abundant reserves
worldwide, will almost certainly remain the lowest cost fuel for the
remainder of the century, ranging from one-fourth in 1981 to 28 percent
of the cost of oil in the year 2000. Since methanol can be made from coal

feed stock, it will benefit from the price advantage of coal.

1.5 Japanese Interest in Methanol

Other evidence of Japan's interest in methanol includes the
following:

The Japanese are installing methanol plants in Saudi Arabia and
Indonesia.

Since 1979, four different technical delegations consisting of
five to twelve persons have come, with the approval of the Japanese

Government (MIT1), to study the uses of methanol in the United States.



All delegations were Impressed that a methanol-fired power plant of the
CCP type takes only three years to build while a coal/methanol plant
such as that proposed for Panama takes seven years. This means that the
procurement of methanol as opposed to coal, will reduce the capital cost
and will eliminate numerous pollution and waste removal preblems

associated with the use of coal.
As Japan's population and urban areas grow, the problemns of waste
disposal both solid and atmospheric will intensify. Therefore a clean

fuel like methancl will take on greater appeat.

1.6 Availability of Colombian Coal

The EBASCO proposal for a coal/methanol plant in Panama assumes the
use of U.S, coal from the Mississippi valley as the feed stock fqr
gasification. Questions have been raised about the possibility «f coal
exports from Colombia being less expensive than exports from the United
States, Therefore, we have examined the outlook for Colombian coal to

see If this might replace U.S. coal for the Panama project.,

The proposed Panama project when operating at full capacity will
require 20,000 tons of coal per day, 330 days annually, starting in

1992. This amounts to a requirement of 6.6 million tons per year.,

Most Colombian coals being actively mined are scattered in seams
located from 200 to 800 kilometers from the coast (see active mining
area in Figure 1), Total exports in recent years of steam and coking
coal have been about 200,000 tons per year largely from the El Cerrejon
area where EXXON and the Colombian Government have partially developed

certain mines.

Exports of steam coal now amount to only 100,000 tons per year.
The expectation is that when the EXXON project is completed,steam coal

exports will rise to 15 million tons by 1987,
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EXXON's experience over the last ten years has been that the
development of Colombian mines is an expensive undertaking. This is
because all infrastructure such as housing, railways, washing facilitie_
and port handling facilities and the port itself has to be built from

the ground up.

There has been considerable interest in the development of Colombian
coal by such companies as British Petroleum and other European interests,
but the magnitude of the required investment, over $3 billion, plus the
continued problems of law and order have led to no known decisjons to

invest in the further development of Colombia's coal.

Even given the possibility of 15.0 million tons of steam coa!l
exports by 1987, the transportation problems and the political unrest
make Colombia a doubtful source for 6.6 million tons of feed stock coal
annually by 1992. Therefore, the possibility of obtaining coal from the

Mississippi valley appears far more promising.
Colombian coal has only 0.06% sulfur. Using such coal in Panama
would greatly reduce or eliminate the credit obtainable from sulfur

recovery during gasification of midwestern U.S. coals (see Topic 2).

On world markets, the low sulfur Colombian coal would carry a

pfemlum and could not compete with high sulfur coal from the U.S. midwest.

1.7 Availability of Coal from China

China is both major producer and consumer of steam coal. Production
in 1979 was 699 million short tons, and domestic consumption in the same
year was about 697 million tons. Exports in 1979 were 2.4 million short

tons, or about 0.34 percent of China's production.
In 1981, China's steam coal exports to Japan, the major customer,

were 1.2 million (Table 1.7-A)., China is anxious to earn more foreign

(Report narrative continues after tables.)
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Table 1.7-A

COST OF STEAM COAL IN JAPAN IMPORTED FROM CHINA -~ 1981
‘Converstion Réte in 1981 was Yen 220.53 = $1.00)

Value in

Quantity Value Value in U.S.$/
BTN No. (MT) (Yen 000's) Value/MT  U.S.$/MT  Short Ton
27.01.-129 15,756 Y 19€,717 Y 12,485 $ 56.61 $ 51.36
(not more
than 8%
ash)
27.01-199 1,188,157 v 17,245,025 Y 14,514 $ 65.81 $ 59.69
(more than
8% ash) .
Total 1,203,913 Y 17,441,769
Average Y 14,488 $65.70 $ 59.59

Source: Ministry of Finance, Imports by Commodity and Country .
IMF for conversion rate (yen 220.53 = $1.00).
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Tab]e 117—8

JAPAN'S.IMPORTS FROM CHINA OF STEAM COAL
CONTAINING MORE THAN 8% ASH (27.01-199)

Yen to US$S  Cost in Cost in

Metric Tons Value Value/ Conversion U,S, $/ U.S. $/

Year Quantity (Yen 000's) MT Rate MT Short Ton
1978 176,371 1,376,917 8,082 210. 44 $38.41 $34.84
1979 256,275 2,118,061 8,265 219.14 $37.72 $34.21
]380 612,826 6,710,609 10,950 226.75 $Q8.29 $43,80
1981 1,188,157 17,245,052 14,514 220.53 $65.81 $59.69

JAPAN'S IMPORTS FROM THE U,S. OF STEAM COAL
CONTAINING MORE THAN 8% ASH (27.01~199)

1978 -- 483 - 210,44 -- --

1979 120 n.a. n.a, n.a. n.a. n.a.
1980 289,374 4,350,027 15,033 226.75 $66.30 $60.13
1981 2,118,895 34,121,545 16,103 220.53 $73.02 $66.23

Source: Ministry of Finance, Imports by Commodity and Country,
IMF for conversion rates of yen to U.S. $.

16



Table 1.7-C

JAPAN'S [MPORTS OF STEAM COAL FROM CHINA
CONTAINING NOT MORE THAN 8% ASH (27.01-129)
|

~ Yen to US$ Cost in Cost in

Quantity Value . Value/ Conversion U.S. $/ u.s. $/
Year (MT) . (Yen 000's) MT Rate MT Short Ton
1978 -- - | - 210. 44 - --
1979 -- -- -- 219.14 -- --
1380 14,466 186,505 12,893 226.75 $56.86 $51.58

1981 15,756 196,717 12,485 220.53 $56.61 $51.36

JAPAN'S IMPORTS OF STEAM COAL FOR THE U.S.
CONTAINING NOT MORE THAN 8% ASH (27.01-129)

1978 1,273,739 18,748,380 14,719 210.44 $69.94 $63.44
1979 2,130,209 33,301,753 15,633 219.14 $71.34 $64.71
1980 2,654,918 45,124,878 16,997 226.75 $74,96 $67.99
1981 3,440,129 61,265,061 17,809 220.53 $80.75 $73.24

Source: Mini<ccry of Finance, Imports by Commodity and Country..
IMF for conversion rates of yen to U.S. §.
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exchange, and exports of steam coal would undoubtedly be allowed to rise

if domestic requirements could be met.

[f China can export only a fraction of its production (0.34 percent
shown above), then to increase its exports to a level sufficient to meet
the demands of its foreign customers plus the methanol project in Panama,
China would have to raise its production to 2.6 billion tons as compared
with the 1979 production figure of 699 million tons. (The calculation is:
6.6 million tons for the Panama project + 2.4 million tons for normal
export customers = 9,0 million tons for export = 0.34 percent of
2,6 billion tons).

In considering Chinese coal as a feed stock, account would have to.
be taken of the fact that U.S. coal averages 4.8 percent more BTU's per
short ton than the Chinese coal (based on DOE international comparisons

>f coal characteristics).

There is a major coal project being seriously planned in the
Anshan/Fushun area of Liaoning province in the North to which Occidental
’etroleum is committed for financial support. This project will not
1ecessarily add to China's export capability, however, because most of

the coal will be used for the industrial expansion of the region.

The proposed Panama coal/methanol project contemplates the procure-
ient of coal at $48.42 (see Ebasco's supplementary information to the
J.S. Trade and Development Program, 'List of Assumptions,' April 1982).
"his cost figure consists of transport costs of $23.42 and the costs of
;0al at the mine of $25.00. This price, based on I1linois No. 6 grade,
s much lower than the price of coal imported by Japan from China. In
981, the Japanese paid $59.59 per short ton, or 23 percent higher than
the $48.42 price proposed for the Panama project,



The transport costs assumed in Ebasco's planning of the Panama
project do not allow for any barge revenue on the back haul from Panama
to the Gulf ports. |If arr;hgements can_pe made for barges to return
with loads of crude (Alaskan crude,piped across the isthmus under a
project to be completed in the fall of 1982), then the transportation
component in bringing coal to Panama might be substantially reduced from
the present estimate of $23.42. This will make the I11inois No. 6 even
more competitive vis-a-vis Chinese coals. Prices of China's coal

delivered to Japan are shown in Tables 17-A, B and C,.

1.8 Availability of U.S. Western Coal

There appear to be difficulties impeding the expansion of Western
state exports of coal -through Pacific ports. We have not been able,
during this short review, to verify the difficulties reported to us.

For example, Ebasco information is that there are 130 rail crossings
between the Utah coal fields and Los Angeles and many of them are within
15 miles of Los Angeles. The movement of long (IOQ—car) "unit' trains

carrying coal could disrupt traffic at grade crossings.

Ebasco also points out that some of the Western states may levy
'severance'' taxes on coal moving through their jurisdictions. There
are also Indian reservations which might impose taxes on coal in the
future. In short, the climate for heavy investment in coalsmoving
facilities is somewhat hostile compared with the cordiality shown the
nid-west states where reserves of currently un-wanted high sulfur coal

ire located.,

From another industry source, Soros Associates of New York City
ind from the press, we are told that the exports of western coal were
.0 million tons in 1981 and that despite the problems, the export
‘onnage seems to be expanding with a goal of 10 million tons for export
wy 1987. However, this goal will involve some major capital investment.

‘or example, it takes the equivalent of 400 unit train trips to move
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4 million tons of coal and it will take approximately 1,000 trips by

such trains to move 10 million tons in 1987. The goal of 10 million tons
would require port handling facilities now considered for at least four
different ports. Some of the candidate ports are iong Beach, California
which plans expansion, and Bellingham, Astoria, and Kalama all in
Washington state, which would all require a major construction effort.
There are numerous environmental problems involved in coal washing and
crushing facilities, grade crossings, and in the expansion or building
of ports. (Annex-& shows the long delays in obtaining permits for _on-

struction of a power plant, for example.)

There are some innovative new proposals being considered that could
alleviate in part some of the environmental and cost problems now pre-
vailing. The Department of Commerce, Coal Task Force is now reviewing a
proposal from the W. R. Grace & Company which calls for the shipment in
plastic bags of pre-washed, pre-crushed coal from areas near the Colorado
River to the Pacific Coast. The port is not yet designated. The plastic
bags would be carried in saline water which has to be removed from the
Colorado River in any event by the Bureau of Reclamation. Japanese
interests are reported by the Coal Task Force as being willing to invest

$500 million in a feasibility study regarding this project.

Even if the developmental problems could all be overcome, costs of
coal wiil also remain a factor., Table 1.7-B shows that high ash U.S.
coal (more than 8 percent) cost $66.23 delivered to Japan in 1981,
Table 1.7-C shows that low ash coal was delivered to Japan in 1981 at

$73.24 per short ton. Articles in the New York Post of May 4, 1982

indicate that U.S. steam coal from Utah and Colorado is being delivered
to Japanese utilities and steel makers at $7¢ per ton, $10 higher than

equivalent Australian coals.

These costs compared with the 1981 estimated costs for 11linois

No. 6 of $48.42 would appear to make feed stock from western coals
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\attractive from the economic point of view. Western coal has a low
11fur content and therefoge carries a premium price which makes it non-

mpetitive for purposes of the Panawn coal/methanol project.

—~
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TOPIC 2

"The projection that methanol produced in Panama from U.S. coal will

be price competitive, after amortization of debt, with methanol produced

from natural gas in a Pacific Rim country."

Coal is competitivaly and openly priced with other fuels, while
natural gas can be a waste product or have a regulated price, or an open
market price depending on local situations. In order to avoid the waste
and price reguiations, natural gas is liquified to make LNG and compressed

at sub-zero temperatures for shipment to distant markets often overseas.

In any case, prices for these raw or semi-finished materials are
alone not particularily informative in making comparisons. More informa-
tive is the price after conversion to a final product such as electric
power because conversion costs themselves vary depending on the type of

energy resources used.

In order to better illustrate the price complexities involved
(inclqding transportation costs and national economic differences) coal,
fuel oil, natural gas, LNG, and methanol energy systems have been analyzed.
In summary form, the following table shows the cost of producing one
kilowatt hour based on generating electric power in a standardized 1000
megawatt capacity plant. (The Japanese do not use natural gas except in

the form of regasified, imported LNG.)

ELECTRIC POWER PLANT COSTS
IN U.S. MILLS PCR KILOWATT-HOUR -- 1981 PRICES

Coal Fuel 0i! Natural Gas Methanol
Case |
U.S. Conditions 97.7 97.0 38.0 98.5
Case |i:
Japanese Conditions 104,0 104.9 81.5 L
(LNG)

Appendices A through D which follow show the calculations.
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The cost comparisons for coal and fuel oil are much as would be
expected. The competiveness of Panama methanol is interesting and
results from its cleanlineés, low cost of conversion to electric power,
and its use of low cost, high sulfur coal from the U.S. midwest. The
methanol cost is lower in Japan because large bulk carriers can be used

with their lower unit charges for moving methanol from Panama to Japan,

LNG is produced in Pacific Rim countries, U.S.A., Brunei and
Indonesia and sold in 1981 at the following prices per short ton
delivered to Tokyo Bay: $285.82; $279.60; $237.46, respectively. The
resulting cost in mills/kwh, if each source were used exclusively wouid
be 85.0; 82.9; 75.7, respectively.

On the basis of 1981 levelized costs, it is clear that Panama
methanol is not, at the present time, competitive with Pacific Rim LNG.
Nevertheless, we cannot stop the analysis with 1981 but must try to look
also into the future. "The case of natural gas under U.S. conditions is
helpful in this regard. Natural gas is being deregulated, and is in
limited supply for electric power because it has higher value in other
domestic uses. The final result will be higher costs and the encourage-
ment of foreign sources to increase their natural gas prices also.

This trend is already in evidence and the energy industry is predicting
that in the 1990's, natural gas will be priced competitively with oil

on -a BTU per unit basis,

The trend is that natural gas prices will rise faster .than other

fuels as shown in the following tabulation:
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U.S. PRICE TRENDS IN CURRENT DOLLARS
OF THREE ALTERNATIVE FUELS

Average Annual

Growth
Type of Fuel 1981 1990 2000 1980 -~ 1990
: ($/ mitlion BTU )
Crude 0i1
(refiner acquisition) 6.1 13.1 31.5 10.5%
Natural Gas, industrial 3.3 11.0 23.0 14.6%
Coal, contract 1.5 4.0 8.7 11.6%

Source: Energy Review, Data Resources, lnc. (a consulting company
generally viewed as having conservative forecasts of
energy trends),

In general then, energy planners cannot base future project develop-
ment on present low prices for natural gas. This means that LNG-based
projects may well be facing stronger competition from alternative fuels
such as coal and methanol from coal. Diversified energy sources appear
almost mandatory for a sound energy policy. The Panama Complex is a good
candidate project for inclusion under such a policy, based on the above
analysis. In this sense, Panama-produced methanol will be price
competitive with methanol produced from natural gas in Pacific Rim

countries.,
The basic causes of this phenomenon are: (a) low cost coal from

[11inois ($48.42/ton) and (b) the inevitable price rise in natural gas

which is in far more limited supply than coal.
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Appendices to this discussion of Topic 2 follow.
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APPENDICES

Four appendiceg follow to show the data and methods of calculation

used in the above discussion of Toplc 2.

Appendix A uses the ''present value'' concept of money to compute a
single value for the fixed and variable operating costs which represent
revenue requirements. This concept is a particularly useful and accepued
method in the financial community for reducing future cost streams to a
common base year, The equation is:

“Present value' = amount x 1/(1+i)" "

Where: i = interest rate
n = number of periods, in this case years.

Appendix B presents 1981 prices for alternative fuels with feference
sources and points of use. Where costs per million BTU are given, they
are converted to U.S. dollars per unit such as short tons of 2000 pounds
(sT), barrels (bbl), and thousand cubic feet (mfc). The price data are
then summarized by fuel and for the U.S. and Japan. Japan is the target

market for Panama methanol.

Appendix C shows calculations and results in mills/kwh of electric
power in the case of U.S. conditions. The BTU per kilowatt hour (kwh)
of 3412 is an engineering constant. The input of BTU's needed to produce
one kilowatt hour of electricity were provided by EBASCO on the basis of
its work on power plants. The plant levelized operations expenses for

1981 in mills/kwh were provided also by EBASCO.

Appendix D is similar to Appendix C and shows comparable costs and

results for Japanese conditions.
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The ""bottom line'" of this analysis (in Appendix D) is the fact that
under Japanese conditions, the cost per kwh of power in 198i prices is

as follows for the four fuels, expressed in U.S. mills:

Coal 104.0
Fuel 0il 104.9
LNG 81.5
Methanol 94.1

We think LNG will rise, however, in sympathy with U.S. deregulation.
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AFFENDIX A

Topic 2-

FROJECT HMETHANOL FANAMA FACIFIC COAST! 1981 FRESENT VALUE CALCULATIONS

Costs by Year

e —— —t ——— —— ——— . ——

Frire., Exrernse
. and Coal less
Year interest inFPulL  sulfur

— —— e - e . — - e e . —

(=== U+Sy ¢ millions =-)

1990 1758 319
91 1940 517
92 1805 745
93 1429 805
94 1335 §69

95 1241 939
96 1147 1014
97 1053 1095
98 959 1182
99 845 1277

2000 1379
01 1490
02 1609
03 : 1737
04 1876
05 2024
06 2189
07 2364
08 2553
0% 2757

2010 2978
11 3216
12 2473
13 3750
14 4051
15 . 4375
14 4720
17 5103
18 5511
19 5952

20 wear life
Totals

242
295
355
384
A14
447
463

c
9522

964
608
698
710
767
828
894
9466
1043
1127
1217
1314
1419
1533
1656
1788
1931
2086

22053

2433
2627
2838

-

8% disc,
rate
1981

1/¢14i)"

v 5003
v4632
' 4289
3971
v 3677
v 34005
+ 3152
2919
12703
123503
2317
2146
v 1987
1839
+1703
1977
1460
1352
v1252
1159
+1073
0994
0220
. 0852
0789
0731
0676
0626
03580
v0337

Averase cost rer ton of metharol

1981 Total sverzdgde costy 1981 erices

Sourcet Costs bvy vesr from

ERASCO
Metharol Comrley Arril 19E2,

derived by Checchi and Comrany,
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Fresent \Uslues by Year

Frirmgc.
snd

interest

- e - - - -n - B R el ek T R, - o o ——

("“— UoSo

879
899
774
968
491
423
362
207
209

217

9179
17320
44.71

$ 164.49 / ST

Evrerce

Cosl less
inFut  sulfur
$ million -=)
160 121
240 137
320 52
320 152
320 152
3120 152
220 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 152
320 -152
320 152
220 1892
220 152
320 152
22360 4514
1/30 1/30
B80.81 28.97
Farnena

Surrlentary Information:
ragses 23-2053

Frecsent values by

Methamol
odtrut
tons/ad

&£000

$000
12000
12000
12000
1200C
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000
12000



Topic 2

AMFENDIX K

FUELL FRICE DATA and SUMMARY

F\'Efc \
A ERBASCOy Arril 1982y Surrlementary Informationy Fenama Coal
Gasification - HMetharnol Comrlex.
Metharmnol Cost / ST Faramsa $ 164.49
U.,s. delivers $ 24,00 188049
Jaran delivery 15.00 A 179.49
Jaran delivery is lecss due to use of larde bulk carriers.
B, Monthly Energy Reviews L[OE/EIA-0035(§2/04)y U.S. [lerartment
' of Emnerdy.,
1981 Averzde Fetroleum Frices [lollars/barrel
Residual 0il Frice [Elect. Utilities]
0+21 to 1.0 % sulfur 30,55
1981 Cost of Fossil Fuels'Delivered to Steezm—~Electric
Utilities
Cents/million EBTU $/unit
Coal 193.3 22.65/8T7
Residual 0il 929.0 33.03/bhbl
Natural Gas 282.8 2.,213/mfe
C. Cost arnd Quality of Fuels for Electric Utility Plantér

DOE/EIA~-0075(81/12)s U.S. Derartment of Ererdgy.

Fossil Fuel Receirts at Steam~-Electric Units

Nov., [ee, 1981 Cents/million ETU $/unmit
Coal 158.2 33.59/ST
0i1 517.3 32,2670b1
Cas 295.,7 ¢ 3,055/ mfe

Cozl (RBiu/lb) 10619
0il (Etu/dal) 148491

Gee (Btu/cubic foot) 1033
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I,

E.

G.

H.

Bartlesville Techrolody Centery HBartlesville, Ollahaomsa.,

Hetharol ETU/sa21 9461560
Metharnol weight/dal 6,

-

Alcohol Weel, Washirmdgton D.C., Arril 14, 1982,

Methanol Contrsct Frices

Texassy ArTil 14, 1982 $ 0.715 / 431
Califormias Arril 14 0.79% / 431
Methariol Srot Market ' 0.510 / dgz1

Note that Farnama metharol 1981 *rresent value® cost is
$ 164,49 rer short ton or $0.54 Fer dgallon.

International Enerdy Arnualy DOE/ETA-0219(80), U.S,
Ierartment of Energy, Sertemher 1981,
Jarary Tolkvo - Electric Utility Price'1981

Heavy Fuel 0il 2% sulfur ’ 40,62 / barrel

Introduction to *Ererdy znd Jaran's The Institule of Erergy
Economicss Tokwos October 1981,

Frice of Enerzy Imrorted inmto Jaran 1980

LNG $/HMETU $ 9.03 $240.,82/97
Fuel 0il C $/MMETU 9¢33 234.22/bb1
Cozal $/MHETU 2,19 47 ,98/8T
Calorific Value
LNG 13300 Keal/kg
Fuel €Qil 99200 Kcal/liter
Cosl 6200 Keel/kd

Fetroleum Ecoriomist, Jan 20, ig82

Cost ‘of LMNG im Toluo Eav 1981 $/MMETU $/short ton
From Brunei S.84 279,460
From Irdornesisa 4,96 237 .44
FT‘OITI UoSo 5097 285082
From Abu Labi 44593 312,63

Averade of ahaove 9.83 278,88

30



Topic 2

EUMHMARY OF FUEL PRICES

U.S.a Ref, % rer unit
Methanol A delivered 169,49 / ST
-, E _ 216,47

E 240,91
E 154.55
Coal R 32,465
(1 33.59
Averadae 33.12 / ST
Fuel 0i1l E 30.55
E 33.03
(1 32,26
Hverade 31.2% / bhl
Gas E 3.9216
E 2.913
(e 3,055
Averasdse 2:.941 / mfe
JAFAN Ref. $ rer unit
Methariol A
Fanama delivered 172.49 / ST
Coal G 47.98 / ST
Fuel 011 F 40,62
G 33,22
Averadga 26,92 / bbl
LNG F 240.82 / 8T
H Brunei 2792.60 /7 ST
H Indonesisa 237.46 / ST
H UsS.A 285.82 /7 ST
H At [abi 212,63 / ST
Averade 271.24 7/ QT
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AMFENDIX C

Tobic 2

ELECTRIC FOWER COSTS USING ALTERNATIVE FUELS

U.S+A CASE, 1981

Kilowatt hours - 1
RTU rer kwh ' 2412
ETU Inrut rer hkwh 10300
Heat cucle efficierncy I3.1%
Fuel Frices:

Cosl /57 . 23.12

Fuel 0il ¢$/bhl

Gee %/mfc

Methariol ¢$/ST
Hillion of EBTUs in Fuels!?

Cosal 21,300

Fuel 0il

Gas ‘

Methernol

Fower Flant Costs:

Cost of Fuel im mills/kwh
Ecquation CInrutk¥Price/RTUI]
Coszl 16,0
Fuel 0il

Gas
Metheriol

Flant Orerating Eyrense!

Redgular cost in mills/kwh

Carital chardges 47.9
Eurenses 21.5
Srecizl cleanind & handlirng inm
Carital charges .4
Exrenses 2.9
Total cost im mills/kwh Q7.7

Costs asre

‘39

Frices

T e a Wdoa

3412
10000
34.1%

31:95

6,244

(&)}
[N
J

mill/kwh?

7.0
3.3

97.0

Lo

JA12
8200
41.6%

2,961

1.033

28,0

based on 1000 medauatt slent ceracity,

newendgiiol

1
3412
7600

44.,9%

189.49

17,139

84.0

2.4



Topic 2

AFFENDIIX It

ELECTRIC FOWNER COSTS USING ALTERHWATIVE FUELS
JAFAN. CASE, 1921 Frices

- Coal - Fuel 011 LNG Hethearol

Kilowatt hours 1 i 1 1
BTU rer kwh 2412 3412 3412 3412
BTU Irmrut rer kuh 10300 10000 8200 7600
Heat cycle efficiercy 23.1% 34.17% 41.67% 44 ,9%
Fuel Frices!

Coz2l $/ST 47.98 .

Fuel 0il $/bhl 36492

LNG $/ST 271.26

Methariol $/ST ' . 1792.50
Milliom of ETUs in Fuels?

Coszl 22,138

Fuel 0il 6,245

LMNG 47.876

Metharol 17,139
Fower Flamnt Costs!

Cost of Fuel im mills/kwh
Ecuation [Inrut¥Price/RTUTD .
Coal 22.3
Fizel 0il 9941
LNG 4645
Methariol 79.6

Flarmt Orerating Exrerce?

Redular cnst inm mills/kwh

Carital chardges 47.9 24,7 10.1 10,1
Evrerises 21,5 10.8 4.4 4,4
Srecial cleenind & handling in mill/kwh!
Carital chardes 8.4 7.0 - 17.4 0.
Exrerises 3.9 J¢3 3.1 0.
Total cost im mills/kwh 104,0 104.9 81.9 24,1

Costs 2re based on 1000 megzwatt rlant carzcity,
Note! If Erunei and Indonesia LMNG rrices were uczed in the shove

calculationss the total cost in mills/kwh would be £2.9 and 75,79
resrectively,
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TOPIC 3

""The assumption that Japan will seek diversified sources of supply

of methanol,"

Japan has traditionally followed a policy of diversifying its
sources of raw materials to help assure its supply security. For example,
phosphate rock comes from Florida in the U.S., Morocco, the island of
Nauru, and Tunis. Lead, zinc, iron ore, coking coal, petroleum procure-
ment is dispersed widely. The Japanese try to avoid a concentration of

their procurement effort in any single source.

In the case of methanol, as dependency begins to build up in the
1930's, it is logical to believe that Japan will adhere to Its traditional

policy of diversifyfng its sources of supply.

As mentioned under Topic | (Section 1.,2.1), Japanese demand for
methanol by 1993 (one year after the Panama project operates at full
capacity) would be on the order of 116.7 trillion BTU. The Panama plant
would produce 12,000 tons of methanol per day or 3.96 million tone
annually. This output would have a heat value of 6.79 trillion or one

seventeenth of the estimated Japanese methanol requirement in that year,

By 1990, we anticipate that Japan's requirements for methanol will
be growing at a fast pace with more than a four-fold increase from 1990
to 2000. See ''mew fuels'' near the bottom of Table 1-A, under Topic I.
This means that even in 1993, the Paﬁama plant will meet only 6 percent
(1/17th = 6%) of Japan's needs. This suggests that the Japanese will
want to procure from several countries where they think conditions will

be most competitive,

However, it is difficult to imagine how they could find a lower

cost feed stock than the I1linois No. 6 transported to Panama for
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gasification and ccnversion to methanol. This suggests that they may
find it advantageous to arrange for U.S. midwestern coals to be processed
at off-shore localities other than Panama, but still close to the Gulf

ports.
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TOPIC &4

""The prospects for bilateral arrangements between Japan and the U.S.,

whereby Japan would reduce its trade surplus with the U.S. by importing

Y,S. fuels, including methanol.

The Japan Economic Journal (English edition) of April 20, 1982

reported:

'Japan and the United States will set up a bjilateral
consultative consulting body to coordinate promotion
of Japanese imports of U.S. energy resources such as
coal in the western U.S, and Alaskan crude oil.,"

We informed the Coal Task Force of the Department of Commerce about
this press article. We were told by the Task Force that the article was
wishful thinking on the part of the Japanese and that the U.S.=preferred
remedy for reducing the $20.0 billion trade deficit with Japan was to

expand U.S. exports of manufactured goods.

The Japanese, on the other hand, have been pressing for alternative
remedies and do not want to see an expansion of U.S. manufactured goods
exports, One of the alternatives that the Japanese have proposed in-
formally is a stepped-up program of importing U.S. energy resources. The
Japanese think this will relieve the pressure on them to accept U.S,.
manufactures. However, from the U.S. point of view, the export of energy

is no substitute for more U.S. exports of manufactured goods to Japan.

The U.S. Trade Representative's Office (Joseph Massey) said the above
presz report was wrong and there was no agreement between the U.S. and
Japan to remedy the imbalance of payments by increasing the exports of

U.S. energy resources.
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The USTR Office also said that the export of energy resources to off-
set the U.S. trade deficit with Japan was not on the planned agenda for

the international meeting of heads of state scheduled to take place soon
in Versailles.

The fact remains, however, that many people both in the U.S. and
Japan would like to see increased exports of U.S. surplus coal. If these
same people were aware of the Panama ccal/methanol project, it would seem
legical that they would favor that project also since the project will,

in effect; result in the export of U.S. coal in a processed form.
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TOPIC 5

""The economic and technical advantages or dlisadvantages of produc

methanol in the U.S. as compared with Panama, for export to.the Pacifi

5.1 Economic Advantages

An economic advantage occurs whenever a low grade and consequentl
low priced product can be enhanced by processing to a higher grade and
higher priced product. This is the essence of the Panama coal/met'ano
project. The project will utilize U.S. midwest coal of low grade and

low price because of its high sulfur and ash content.

The project will process this coal to remove the ash (for land fi
and road beds) and recover the sulfur (a salabl‘ nroduct). In doing s
the project will produce methanol as é clean, hiyn energy product carr
ing a relatively higher price. The economic opportunity cost is low fc
the U.S. because high-sv!'ur, . ash coals are almost useless in the
U.S. where environmenta. cansider.cions have high priority and better

coals abound.
The project will result in distinct economic advantages such as:

Economic Advantages of the Project for the United States

e Export of 186.4 million tons of midwestern coal valued
at $9.4 billion over life of plant (this coal would
otherwise remain unused until U.S. sources of better
coal are exhausted) -

© $7.0million in value added in U.S. industry for the
construction of ocean going towed barges (1,000 barges
for 20,000 ton/day coal 1ift ex U.S. Gulf, 10-day
turn-around)

e Employment of thousands of miners and hundreds of barge
crewmembers for inland waterway and ocean transportation
of 20,000 tons/day of midwest coal.
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© Export of U.S. equipment and services.
) Improves economic'stability within the Caribbean Basin-

® Supports the U.S. government's private sector investment
overseas in lieu of direct government aid

© Contributes towards establishing price ceilings on mid-
east crude sources

Economic_Advantages of the Project for Panama

¢ Opens the northeastern area of Panama for commerce and
industry

e C(Creates about 3000 construction jobs and 800 permanent
jobs

. Infrastructure development includes housing, educational,
medical and recreational facilities

® Provides the basis for additional industrial and natural
resources development

© Enhances Panama as a trading partner with U.S./Japan

@ Provides a hydrocarbons feedstock base for creating a
future petrochemical industry

®© Generates available blocks of relatively low cost
electric power for regional growth

® Creates no adverse impact on Panama Canal traffic

» Panama obtains a potential source of methanol as an
independent fuel base to meet growing fuel requirements

b Provides an opportunity for local engineers and contractors
to supply equipment and services

?* Creates a potential stable supply of cooking and heating
gas for local consumption

» Makes available the production ammonia and sulfuric
acid in the form of (fertilizer) for agricultural uses

) Future expansion of the world's methanol needs can be

achieved by adding to the initial installation in Panama
and thus create additional work and investments in Panama
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© Provides a potential for expansion for the production of
coal-methanol slurry for delivery to Japan

Economic Advantages of the Project for Japan

¢ Provides eavironmentally acceptable fuel alternatives to
mideast sources

® Provides high quality, clean fuel consistent with Japan's
Long Range Energy Planning

© Provides diversification of coal resources, reducing
Japan's growing dependence upon Australia

e Provides access to a stable U.S. midwestern coal supply
region with large reserves for export

e Offsets the current U.S. Japan balance of trade
deficiencies by exporting U.S. coal

o (Contributes towards price ceilings on mideast crude
sources

® Reduces need to install new capital intensive coal
fired steam-electric generating capacity

e Reduces land use and environmental problems associated
with direct coal use in Japan

e PReduces need for ash/sludge disposal areas in Japan

© Methanol is versatile alternative fuel with minimum
retrofits for gas turbines, boilers and transportation
fuels

® HMethanol transport can utilize the existing charter
market for crude tankers

Economic Advantages of the Project for Western Europe

e Provides a market for western European gasification
technology and equipment sales

° Provides an alternative fuel source based on U.S.
coal that is independent of middle east and communist
block countries

o Contributes indirectly towards establishing price ceil-~
ings on mideast crude sources
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Economic Disadvantages

It can be argued that the siteing of the methanol plant in Panama
deprives the U.S. of certain advantages such as: jobs will be generate
overseas which otherwise could be generéted in the U.S.; much of the
heavy equipment, tanks, pipes, and pumps will be bought from Japan (see
below) instead of the U.S.; the security climate in Panama is not as

favorable as in the Mississippi valiey.

However there are some practical reasons why-the plant cannot be

sited in the U.S.:

e The regulatory process will take nearly four years and
capital costs will rise by one-third or more -- see Annex B.

e Approval of this project will require the financial support
of an international consortium including the Japanese. In
Japan, the trading companies and their supporting manufac-
turers are a powerful interest group. [f they see the
opportunity to export plant and equipment worth several
billion dollars, they will lend their support to the project’
and they will help shape attitudes favorable to the project
in MITl, the Ministry of Finance, and in the utility
companies. Without enlisting the help of the trading
companies, Japanese support could well be insufficient to
convert the Panama project from a concept to reality.

e Siteing the plant in the U.S. would lessen if not eliminate
the possibility of Japanese supply of heavy plant and equip-
ment. That is, the import of heavy vessels, pipes, and
pumps from Japan would arouse opposition in the U.S. from
labor and industry that could well doom the project and
delay the regulatory approval process even more than at
present.

o The security climate for investment in Panama may not be as
favorable as that of the Mississippi valley, but we believe
security in Panama is an acceptable risk when compareu with
the advantages already cited. Many U.S. companies, including
the Texaco refinery have been operating successfully for
decades in Panama and traffic through the canal has not been
interrupted by political disturbances.
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5.2 Technical Advantages

The technical advantages or disadvantages must take into account the
present rapid evolution in energy conservation, production, and utiljza-
tion of new approaches. The concept of converting coal to methanol is
not new, but it has not been widely used, given the current price
comparisons of different fuels. With the near future gas deregulation
and price rises (see Topic 2), methanol has definite advantages in terms
of lower maintenance, higher capacity utilization, and much cleaner

emissions.

5.3 Political Advantages

The present administration of Panama is making a major effort to
improve the standards of living of its citizens. Per capita GNP in
1980 was $1,730, about half that of Puerto Rico. Such figures are mis-
leading, however, because living standards in rural areas are far worse

than in the cities.

The proposed project site, close to the Costan Rican border, is one
of the least developed of Panama's rural areas. With an election ex-
pected in 1984, it will be in the U.S. interest to help create conditions

that will strengthen Panama's incumbent administration.

A major infusion of private Investment in Panama will supplement
the U.S. Government's official aid as part of the new initiative to

increase personal well being in the Caribbean basin.

The $20 billion annual deficit in U.S.~Japan trade has created
political frictions. The exports of U.S. coal needed to supply the
Panama project will help offset the overall U.S. trade deficit and could
reduce political frictions between the two countries (see Exhibit 5.3

on the next page).
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ANLDLL D60

Article frcm Washington Post, May-6, 1982

St W S Call e

Bergsten Conflict Worsemng

Vo

P y By Hobart Rowen ,
ER ‘ Wruhlngton Pouamnwnur .
The cun:ent Amerlcan Japanese economnc onfhc 1a

. “extremely serious and will get much worse,” internation- ;

. al economics expert C. Fred Bargaten said yesterday in° g

: apeeéh to the Japan Society in New York. . |

. He labeled the current episode “the nastrest” of three"
in the past 12. years, with racist overtones- already

i present, and‘an: “obvious spillover to the,re-emerging -
xssue of security relations between the two countries” '

‘Bergsten, an'assistant Treasury secretary in the Carter "
admrmstratlon and now director. here of the Institute for -
. International Ecdnomrcs blames Japanese-U.S. problems
prrmanly on a! severe exchange -fate mlsalignment be
. tween the dollar and the yen.”, *

He' offered a new 1deu—admrttedly a brt unortho
dox —on how to bolster the weak Japanese currency. His .:

. "idea is' that Japan'should once again_ mampulate” its *
caprtal account, as he said 'it-had done in 1979-80,: Lo
lrmrt capita! outflowy. and to promote capital inflows:

A cheap yen—now 245 to the' dollaf—results in a.

_(st:ong price advantage for Japanese goods. In turn, thrs

“ .boosted the ' Japanese trade’ surplus with the- United :
.- States to" $18 billion last year, Bergsten said.. He pre-.
dlct,ed that Japan 8 trading edge would remain- relatlvely

IR _See JAP,AN D13 Col. 1 , ot

. ‘.
. bl
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EXHIBIT 5.3 (concluded)

U. S. Ja an © .
Trade Confhct
Called Serlous

.IAPAN, From D12
unaffected .unless .the yen. were to
strengthen to between 180 and 200‘
to the dollar. .

. Bergsten dxd not, take issue thh J |

)
the more or less standard explana- ; . B
Lions “of-: U.8.-Japan trade frictions ,
focusmg on' Japanese protectionist” -
nstincts; “government guidance of
ind help for business, and American.
‘ailures.on the productxvrty and’ S
>ort prorhotion fronts, '« - i o
‘-But he argued that none of these tl
phenomena explains “the penodlcl A
»utbursts of U.S.-Japan. economic . A
sonflict which- have’ occurred on kY
hree - fairly discrets occasions over 1
he ‘past 12 years,” Rather, he says,’ %
he exchange rate has been “the vil-:
ain® in all three perlodrc conﬂlc ', ’
vith the dollar i in’each gase’ movmg ¢ j
nto-an overvalued posmon vis-a- vxs
ke.ven,; .

s-«-

VoL e A.uvl-.. -»JaJ

v

. He said that the best way to cure’
the situation would be an altered,
macroeconomic ' policy .mix in "the
United States and Japan that would *

- narrow -interest' rate dnfferentrals

But because this is not in the cards -
a3 a realistic option, Bergster argued

"that the best way to boost the yen '

rate against-the dollar would be for
Japan to impose a_temporary mor-

.atonum on ‘all capltal outflows by.

Japanese residents, iucluding those .
made for foreign direct investment.".

" In addition, he said that the Jap-- -
anese govemment should follow an
- “aggressive” - pohcy of borrowing ¢
- abroad ,to finance its* domestic bud- -
. get deficit. “The reault would be.a”
dramatic _improvement in Japans
“capital account, which should: imme- -

diately push the'.yen . substantially .

~upward,” he predicted. Among other .-

steps he- recommended is an aggres-

8ive, Japanese effort to attract for-
' eign 1nvestment in government yen- .

securities, presumably by paymg
high interest rates,: '

. Bergsten said. the United States i
should endorse such a'Japanese ini-

* tiative, and support it by intervening

directly in the exchange markets'to -

“bolster the yen."He charged that the

Reagan " administration’s refusal. to

" intervens in exchange markets was’

one of the main factots in keepmg
the yen at an ‘undervalued level, -

In addition, he blamed protec_tlon-
ist rhetoric for weakening the yen, -
because it .gives rise to fears that -

aJapanese exports will be reduced in’.
the future R

I P SR

Mo om o b i e emp ¢ b T


http:refusal.to
http:ailures.on

TOPIC 6

"The technical and economic problems of shipping U.S. coal from

the midwest and southern coal fields to Panama."

There are indeed problems facing the shipment of U.S. coal to
Panama. While some of them may seem formidable, they are surmountable
and similar challenges have been met elsewhere in the past. Some of
these problems and comments thereon are as follows:

1. A large number of ocean-going, towed barges will be needed
to ship 20,000 tons of coal per day from Gulf ports to Panama. How-
ever, the lead time between 1983 and 1990 is sufficient to permit the

construction of such barges.

2. There may be problems with the locks in the Mississippi whicn
are now managed by the Corps of Engineers. Again, the lead time is
such that improvements in the locks and expansion of capacity could
overcome this difficulty by 1990. Major economies in inland transporta-
tion are available thanks to the networl of canals and improved water-

ways leading to Mobile and New Orleans.

3. A special ocean-going barge will have to be designed to carry
the coal to Panama. This presents no formidable technical problems and

has been done before,

4. To supply 20,000 tons of coal per day, old mines will have to be
reactivated and new ones developed. There are substantial reserves of
undeveloped coal in Ohio, Indiana, Tennessee, Missouri, and Alabama.

With an assured market, these mines could be activated.

5. [If coal is assembled from a variety of mines, it will probably
require a blending plant in Panama to make the feed stock uniform in
quality. This will depend upon negotiations with the major coal suppliers

some of whom may be able to provide coal from a single seam.
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6. I1linois mines are partially developed but had to be abandoned
because of the high sulfur content of coals. These can be reactivated
more readily than new mines can be developed. Utilities have begun to
experience' a reduced demand for power, and coal is therefore declining

In use. Mine owners will respond readily to new demands in Panama.

7. The special ocean-going barges mentioned above would have to be
built to carry the coal to Panama and they would probably be organized
by the coal producers themselves who would take responsibility for the

construction of the fleet.

8. At least th alternative technologies are available for convert-
ing the barges from coal to oil so that the return voyage from Panama
could be revenue producing. A double hull could be constructed or rubber
sheathing could be laid in the hold for carrying coal and removed when

carrying oil.

9. We anticipate that the coal producers will form a consortium to
mine and barge the coal. Some of the major producers are Conoco, Houston
Natural Gas, and Keystone. (On the Panama side, the PTP would handle the
pipeline transportation of the methanol and would also manage the loading
of methanol into tankers as they are doing for crude oil. There would be
contract penalties between the international consortium managing the
Panama plant and the consortium of U.S. producers. Penalties would be

agreed regarding delivery dates, quality and quantities of coal.
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TOPIC 7

""The technical and economic problems of transportation and storage

of methanol."

The project must have a 30 to 60 day storage for coal on the
Caribbean side and the same for methanol on the Pacific side. This is
for surging and holding and to assure a steady supply of feed stock to

the plants and methano! to the tankers.

There are corrosion problems involved in handling methano! because
methanol is hydroscopic. This means that pipelines and storage tanks
will be more subject to oxidation than is the case wjth oil tanks. How-
ever, this has been overcome in other places. Methanol is now produced

in Alberta and is piped 1,000 miles to Vancouver for storage and loading.

In the U.S. Gulf states, there are pipelines carrying methanol. in
New Orleans, existing oil pipélines were retrofitted and initial problems
were solved and pipelines are now working well. |In California, there are
AMFE codes regulating methano! handling which means that héndling pro-

cedures have become routine,

However, none of the problems associated with methanol are anything
like as complex as those associated with the cryogenic handling of frozen
gases such as LNG and LPG. In Japan, tanks, pipelines, tubing now used

for oil or gas could also be used for methanol with minor modifications.

It is expected that the tankers carrying methanol from Panama would
be conventional (not cryogenic) in the 200,000 dwt range., There is a
world wide surplus of these tankers and the cost of transportation
according to Poten & Partners, 711 Third Ave., New York, would be as
low as $5.00 per ton to Yokohama (consecutive voyage basis, every two

months, two-year charter). Because of the 4,000 foot mountain range to
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be crossed, doubts have been expressed by some of the people we inter-
viewed about the pipeline transportation of methanol from the Caribbean
side to the Pacific side of the |sthmus. However, the fact is that the
Morrison Knudsen project to transport Alaskan crude along the same pipe-
line right of way is going well, and crude oil should be moving through
the pipeline in October 1982, the scheduled completion date. (See

Annex C, a report on the Mor. ison-Knudsen pipeline project in Panama.)
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ANNEX A

COAL GASIFICATION IN POWER GENERATION--
AN ALTERNATIVE STRATEGY
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INTRODUCTION

Medium Blu coal gasificaticn combined cycle systems
can be environmentally and economically attraclive alterna-
tives to direcl coal firing. Depending on the dailly demand
for medium Btu gas (MBG) and electrical power, the MBG
approach provides the potential for cogeneration of steam
and electricity and the production of alternate fuels and by-
product chemicals. It also holds the potential for joint ven-
ture operations wherein third parties undertake the coal
conversion activities while the utility limits its investment lo
the combined cycle power generation facilities only. A-
ternatively, a utility may sponsor the development of the
complete coal conversion, cogeneration, and alternate fuel
proguction facilities in an aggressive approach to entering
new energy markets.

Drawing largely on developments of ongoing project
feasibility studies, this paper will address: the production of
medium Btu gas from coal as a potential fuel source for
utllity and industrial application; the use of MBG in co-
generation and for the production of alternate fuels and by-
product chemicals; and the economic and environmental
implications of the MBG approach by comparison with a
direct coal fired alternative.

MEDIUM BTU GAS PRODUCTION

Coal gasification, as shown on Figure 1, is essentially the
reaction of coal, water, and air or oxygen at high tempera-
ture to produce a coal gas. When the source of oxygen is
air, the gas produced has a heating value of approximately

100-150 BWu/SCF and is cailed low Btu gas (LBG). When
the source of oxygen is relatively pure, the gas produced
will have a heating value of 250-400 Blu/SCF and is called
medium Btu gas (MBG). The major constituents in the prod-
ucl gas are carbon monoxide, hydrogen and carbon diox-
ide with varying quantities of methane depending on the
gasification technology employed.®

A variety of gasifiers as shown on Table 1 are presently
available or under development for the gasification of coal.
There are three basic gasifier types: fluidized bed; fixed
bed; and entrained flow. The selection of the proper gasifier
is critical to the technical and economic success of a pro-
ject. Some gasifiers are applicable to specific types of coals,
while others can be applied to a wide range of coal, with
varying economic incentives. Fixed and fluidized bed gask-
fiers are generally employed for highly reactive coals, while
entrained bed gasifiers may be used for less reactive and
caking coals. Several of these gasifiers are already in com-
mercial operation, while others are considered near com-
mercial in view of their development status.

In addition to the central gasifier unit, the gasification
process requires a front-end coal handling and preparation
unit. For the r-uduction of medium Btu gas, an air separa-
tion plant would also be required. Gas cooling and carbon-
ash scrubbing typically fol ov. the gasifier unit. Ammonia
weuld be produced by strippn i the wastewaters formedin
the scrubbing and cooling of the raw gas. For the removal
of sulfur compounds from the raw gas (primarily H,S and
COS) and recovery of elemental sulfur, conventional tech-
nology similar to that in use in petrochemica! installations

Figure 1
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(such as a Selexol and Claus-SCOT combination) would fol-
low the gasifier unit.

POTENTIAL USES OF MBG
Beaver Project

Use of the MBG in the generation of electricity and the
production of alternate fuels and by-product chemicals is
the approach presently being studied as the Beaver Coal
Gasification Project by the Portland General Electric Com-
pany in conjunction with Ebasco Services Incorporated and
Procon, Inc. The process concept is illustrated on Figure 2.
- The Beaver project would employ a Westinghouse coal
gasification process for the production of 120 billion Btu per
day of MBG for use at Portland's existing 600 MW Beaver
combined cycle generating station. The MBG can also be
used for the production of methanol, synthetic natural gas
(SNG), and 300 MW of electrical power. The present feasibil-
ity study envisions a capacity of approximately 11,000 TPD
of Alaskan or Wyoming subbituminous coal, with a conver-
sion efficiency of coal to electricity at the busbar of about 33
percent.” This is about the same as for a conventional
direct coal-fired power plant employing poliution control
equipment. The major facilties which require development
include coal receiving and storage, solid waste disposal
facilties, coal gasification, and methanol units.

In this concept, MBG produced in the gasification units
would be available at approximately 300 psig as fuel for the
Beaver combined cycle plant o, ¢ slernatively, as feed for the
r_nethgmol synthesis unit after the appropriate treatment and

compression. About half of the 120 billion Btu/day of MBG
produced by the gasification units would be used to synthe-
size 1750 TPD methanol and 10 billion Btw/day SNG. The
remaining 60 bilion Btu/day of MBG would then be
available for the production of 300 MW of power.?!

The conceptual design for the Beaver facility permits in-
dependent operation and internal optimization of the coal

Table 1

CURRENTLY AVAILABLE
COAL GASIFICATION SYSTEMS

ENTRAINED BED
o TEXACO
o KOPPER-TOTZEK
o SHELL—KOPPERS
e BABCOCK & WILCO)
o SAARBURG-OTTO

FLUIDIZED BED
o WESTINGHOUSE
o WINKLER

FIXED BED
° LURGI |
® BRITISH GAS COUNCIL (SLAGGER)
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gasification units, the methanol synthesis unit, and the com-
bined cycle generating plant. In this way the coal gasifica-

tion plant would avoid abrupt changes in operating condi- -

tions thereby mi . mizing maintenance costs and loss of
service. In effect, operation of the methano! unit provides
the capacity to absorb diurnal and seasonal demand
swings on the combined cycle plant and allows the gasifica-
tion facility to cperate at base load.

The methanol plant would be load following inversely to
the combined cycle plant and would be operating at full
design capacity when the combined cycle plant draws
MB3G at a rate of 60 million Btu/day. When the electricity
demand peaks and most of the MBG would go as fuel for
electricity production, the methanol unit could be turned
downto 20 percent or less capacity. The economic justifica-
tion for this arrangement is based on the relative size of the
capital investment for each of the plant segments. About 85
percent of the total investment represents the coal gasifica-
tion and support facilities, while about 15 percent or less is
for the methanol plant. Figure 3 illustrates the beneficial ef-
fect that methano!l production and price can have on the
cost of the generated electricity.™

Cool Water Coal Gasification Prografn

The Cool Water project, presently under construction
near Barstow, California, is sponsored by a consortium of
Southern Cdlifornia Edison (SCE), Electric Power Research
Institute (EPRI), Texaco and others. It is intended to demon-
strate the effectiveness of an intergrated coal gasification

REDUCTION IN POWER COSTS
AS A FUNCTION OF GASIFICATION
ON STREAM FACTOR
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Figure 3 X o .
combined cycle generation arrangement. Utilizing the Tex-
aco Coal Gasification Process, the demonstration facility wil
process 1000 TPD of Western coal. Figure 4 depicts the
Cool Water process concepl. As with the Beaver project,
MBG is produced from coal and purified of carbon-ash and
sulfur. While the MBG is produced primarily for the purpose
of supplying acombined cycle system, flexibility is provided
in that MBG may also be burned in a conventional oil/natu-
ral gas-fired boiler,

Figure 4 - . :
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The facility is to be situated adjacent to SCE's existing
Cool Water 600 MW power plant. New combined cycle gas
and steam turbine components will produce approximately
100 MW of net electrical power. One of SCE's existing
generating units however will be retrofitted to burn MBG as
part of the test program. The arrangement is such that the
gasification facilit:* may be operated in either a base loaded
or load following mode.® The Cool Water plant is designed
to be an integrated coal gasification combined cycle facility,
The two sections will share cooling towers and the boiler
feedwater systems. Plant control will be centralized on an
integrated control panel.

-6

Central Arkansas Energy Project

Additional flexibility may be illustrated with the irtroduc-
tion of Arkansas Power and Light Company's concept of a
central coal gasification facility utilizing pipelines to feed
MBG to combined cycle cogeneration plants for “over the
fence” sale of steam and electricity. The feasibility of this con-
cept, shown on Figure 5, is presently being addressed in a
study undertaken by Arkansas Power and Light Company
(AP&L) in conjunction with Ebasco Services Incorporated.
Coal would be gasified ina central coal gasification facility to

" produce MBG, which could be pipelined up to approx-
mately 200 miles away. Combined cycle cogeneration
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piants would be located at the end-of-lines, situated to pro-
vide process steam and electricity to industrial users. Elec-
tncity produced for return to the AP&L grid would be a
secondary productin this arrangement. Arkansas Power &
Light's concept incorporates, on an optional basis, the pro-
duction of ammonia and the use of the MBG for the refuel-
ing or repower:ng of an existing slation to allow bass loaded
oreration of the gasification facilities.!

Under the AP&L concept, the central coal gasilication
facility would be owned by the utility; the end-of-line com-
bined cycle cogereration plants would be owned by an
unregulated subsidiary or subsidiaries; the ammonia facilty
would be owned by a chemical company; the industrial
process steam would serve various industries; while the
AP&L grid would represent a means of marketing excess
cogenerated electricity - L

Arkansas Power and Light Company sees the coal gasifi-
cation end-of-line combined cycle cogeneration concept,
shown on Figure 6, as an opportunity for electric utilities to
expand their business into a multiple product line and to
significanlly increase utility revenues. Utilities may also
benefitfrom the AP&L concept to the degree that its imple-
mentation would be responsible for the retention of existing
electricity revenues collected from industries having the po-
tential to independently develop conventional cogeneration
facilties. Addttionally, implementation of AP&L's concept
would diminish the need for a central electric generating
station and would provide a utility with new generating ca-
pacity distributed through its area of service.

Coal Gasification—The Basic Building Block

The optimum role of coal gasification in power produc-
tion on a case-specific basis is dependent on a number of
varables. Among these are: local and regional demand for
potential energy products and by-products; financial capa-
bilities and goals of the participating utility and industry(ies);
steam profile and demand swings of potential participants;
and potential regulatory and statutory constraints/incen-
tives. Coal gasification, however, asillustrated on F igure 7, is
the basic building block in an array of opportunity. Begin-
ning with coal gasification as the essential first step, devel:
opers hold the options to co-produce: -

MBG-—as a fuel source for centralized or decentraliz_ed co-
generation or conventional power production .. ’

Methanol—as a chemical feedstock or fuel sdurce for
power production or transportation. Co-production of me- _
thanol allows for base loaded operation of the gasification
facility : , '
Synthetic Natural Gas—as a fuel source or chemica
feedstock ' '

By-Product Chemicals—such as ammonia, hydrogen
and sulfur, which increase the economic aftractiveness
of installations through the sale of these marketable com-
modities S e

Steam and Electricity—when combined cycle cogenera-
ion is included in the configuration, steam and electricity
may be produced at rates economically competitive wih
the direct coal firing alternative. o o
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of coal gasification combined cycle plants are comparable
with those of a direct coal fired station and that capital costs
are higher. Despite this, Ebasco believes that current coal
gasification combined cycle designs can frequently allow a
utility to generate electricity at alower cost than from a direct
coai fired plant of similar capacity. This is because of funda-
mental differences between the nature of the plant's config-
urations which tend to favor the coal gasification approach.
These diferences can be important and must be recog-
nized.

Availability and Capacity Factor

The availability of a large (600-800 MW) direct coal fired
station is generally in the area of 75 percent. Capacny fac-
tors are usually five points lower.

~ Conversely, the availability of a typical coal gasification
combined cycle plant of comparable capacity is substar:-
tially higher (typically about 80 percent). This is because
plants of this capacity are multi-train, with sufficient redun-
dancy of equipment to allow full plant producticn while
following a regular maintenance program.

Of course, high availability is not necessarily an advan-
tage if the gasification plant is not base loaded, or it other
actors present a fluctuating electricity demand. While gasifr
cation plants are capable of following a varying load,
Ebasco delieves that alternate modes of operation that
maximize the capacity factor of the gasification plant can
result in more favorable economics.

Financing :

Various scenarios have been suggested that would result
. in utility ownership of only the combined cycle element of
the facilties. The gas production plant could be owned and
operated by others. This means that the utility could acquire
additional generating capacity for the relatively modest cap-
ilal outlay of $300-400/kW (current pricing). This approach
can be extended still further in cogeneration applications to
the point where utility ownership is limited to the gas turbine,
with resultant additional savings of about 30 percent.

Tax Credits

The issue of energy tax credits is far from clear, but it ap-
pears that part, at least, of the coal gasffication combined
cycle plant should qualify for tax credils addittional to those
applicable to a direct coal fired plant.

Cogeneration Leverage

Coal gasification combined cycle economics are greatly
enhanced in cogeneration situations because of the vastly
increased ratio of electricity to steam from a gas turbine
combined cycle configuration as compared to a direct fired
cogeneration station. Typically. 300 MW of electricity can be
cogenerated with a 600 psi steam output of about
1,000,000 Ib/hr. This compares with a gross output of typi-
cally 30 MW for a comparable direct fired cogeneration in-
stallation. Furthermore, with a pipeline concept similar to

the Arkansas concept, cogeneration economics are favor-
able even for relatively small steam requirements, for exam-
ple 250,000 Ib/hr,

Transmission Line Savings

Transmission of power from a large central station to de-
mand centers can be expensive particulary if there are
right-of-way restrictions. The coal gasification combined
cycle configuration allows the option of locating combined
cycles close to the users and piping the gas in from a central
gasification plant, which can be up to 200 miles away. Com-
bined cycles are very clean and relatively unobtrusive.
Furthermore economical power generation can be
achieved with relatively small individual plants (say 120 MW
each)—economies of scale with combined cycle plants are
not particularly significant above this capacity.

ENVIRONMENTAL COMPARISON

The use of MBG for the production of power in coal gasifi-
cation combined cycle arrangements such as those
described above offers advantages over direct coal firing,
with regard to environmental impact. This may be demon-
strated through a comparison of gaseous and liquid emis-
sions to the environment, characteristics of solid wastes
generated for disposal, and water withdrawal require-
ments.

The following comparison of coal gasification to direct
coal firing assumes the selection of a high temperature, -
entrained flow gasifier. As discussed elsewhere, this type of . .
gasifier is the most environmentally attractive due to the
nature of its emissions.” Further, the following comparison
is based on equal coal consumption rates, 10,000 TPD of
llinois No. 6 coal. While the various gasifiers require
somewhat greater or lesser amounts of coal to produce
equivalent amounts of energy, in general, coal gasification
combined cycle systems require the same rate of coal con-. .
sumption per MW produced as would be required by a
direct coal fired plant. -

Alr Quality

Table 3 compares typical almospheric emissions ocour ~* "

ring from a coal gasification combined cycle system and a
direct coal fired power plant, unitized to a coal throughput
rate of 10,000 TPD. These are generic estimates based on
our experience with a number of facilities. The actual num-
vers would vary according to the specific coal characteris-
tics and process arrangements. For the puposes of this
comparisonthe SCOT process has been assumed for treat-
ment of tail gases in the gasification section. The most signif-
icant difference in this comparison is the low output of SO,
frorn the coal gasification combined cycle arrangement.
This is due 1o the ability of the process to remove sulfur
contaminants from MBG as saleable, elemental sulfur. Sec-
ondly, NO, emissions would be reduced by the stripping of

" ammonia from MBG after gasification and by saturating the

gas with water vapor and preheating it prior 1o feeding to
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Table 3
COMPARISON OF TYPICAL ATMOSPHERIC
EMISSIONS
{Tons Per Year)

S0, Moy TS o s cos
COAL GASIFICATION
FACILITY

{SULFUR PROCESSES) 320 620 - - - -
METHANOL SYNTHESIS .
(CO SHIFT) 250 - 200 2 15

4,500 - 800 - -

20
COMBINED CYCLE 90

TOTAL COAL

GASIFICATION -

COMBINED CYCLE

SYSTEM ) 430 6,370 - 1000 2 15
DIRECT COAL

FIRED PLANT 500 22,700 1,190 1,700 - -

the combined cycle section. Total suspended particulate
(TSP) emissions have been shown for stack sources only.
Fugttive dust emissions have not been shown since, for
either type of plant, these would be predominantly a func-
tion of coal consumption rate and emission controls built
into the coal handling and preparation equipment.

Wat.r Intake/VYastewater Discharge

Table 4 shows typical water withdrawal requirements and
wastewater discharge quantities for both the coal gasifica-
tion combined cycle arrangement and a direct coal fired
plant. These numbers are subject to a number of variables
however such as coal characteristics and intake waler qual-
ity. While the coal gasification combined cycle arrangement
typically consumes and discharges greater volumes of wa:
ter, this may be minimized by incciporating zero discharge
and wastewater reuse technology into the plant design.”
Unitized t0 10,000 TPD coal consumption, the Cool \Water
design, at about 11,000 gpm/10,000 TPD coal, would be
comparable to a direct coal fired plant's water requirement.

Table 4
COMPARISON OF TYPICAL WATER
REQUIREMENTS AND WASTEWATER
DISCHARGE(gpm)

DIRECT COAL
COAL GASIFICATION
FIRED COMBINED
PLANT CYCLE
WATER
INTAKE 10,000~ 15,000 19,000
CONSUMPTION 2,500 12,000 9,500
WASTEWATER
2,500~ 7,500 9,500

DISCHARGE

Water quality characteristics of the discharge are also
subjectto a number of variables such as coal type, process
- arrangements, effluentlimitations, and hydrology and water
quality existing in the receiving water body. It is widely rec-
ognized, however, that high temperature, entrained flow
coal gasification wastewalers can be treated to acceptable
levels using conventional control technology.”# ®!

10

Solid Waste

Approximate quantities of solid waste generated for dis-
posal from both coal gasification facilities and direct coal
fired power plants are given in Table 5. The largest quantity
of waste generated in coal gasification comes from slag. In
high temperature gasifiers, slag is produced when molten,
unreacted portions of the coal are quenched in water to
form hard, rock-like particles. A number or process sludges
are also produced in coal gasification facilities from water
pretreatment, wastewater treatment, and maintenance
activities.

_ Table 5
COMPARISON OF TYPICAL
- SOLID WASTE QUANTITIES
(Tons Per Year)
. DIRECT COAL
COAL  GASIFICATION
FIRED COMBINED
PLANT CYCLE -
FLY ASH 365,000 NA
BOTTOM ASH 90,000 NA
FGD SLUDGE 490,000 NA
COAL SLAG NA 540,000
PROCESS
SLUDGES NA 150,000
BIO-OXIDATION
ASH NA 1,000
 TOTALS 945,000 691,000

The quartity of solid waste generated in a coal gasifica-
tion plant is typically less than that generated in a direct coal
fired plant, and the quality of the leachate is quite inoccu-
ous. Tennessee Valley Authority addressed slag leachate
quality in the Final Environmental Impact Statement pre-
pared for their proposed Murphy Hill coal gasification pro-
ject."% TVA found, based on a number of studies, that slag
isnonhazardous when subjected to the EPA EP toxicity test
(40 CFR Part 261). Recent studies by Ebasco, addressing
high temperature, entrained flow gasification processes, in-
dicate that the process sludges would similarly be nonha-
zardous in nature. Only low volume process catalysts and
oily wastes are potentially hazardous and these may typk
cally be removed from the plant site for resource recovery
or disposal.

CONCLUSIONS

The production and use of medium Blu gas for power
production and alternative fuels and/or chemical feed
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stocks offer ultiiies a viable option to direct coal firing. Tt
concept would reduce some of the traditional environmei
tal concerns of direct coal firing and open a number of bus
ness opportunities that would otherwise be unavailabls
With respect to economics, the coal gasification conceg
particularly as it applies to the combined cycle cogener:
tion mode for power production, appears on the verge (
competitiveness with direct coal firing. Furthermore, it is e;
pecled to be generally competitive with direct coal firin
once commercialization proceeds and design refinement
are incorporated. The economics, of course, would still b
dependent on case specific circumstances.

Intight of these benefits and the additional security of a
uninterruptible source of energy, serious consideration ¢
the coal gasification approach to power generation is es
sentialand a very responsible invesiment in the future sect
rity of the electric utility industry.

REFERENCES

1. TJ. Marqueen, Ebasco Services Incorporated
“"Economics of Coal Gasification/Combined Cycle witt
Coproduction of Methanol;" Fifty First Annual Ebascr
Executive Conference, Marco Island, Fla., Septembe
1980.

2. E.R. Skov, Ebasco Senvices Incorporated, R.A. Yott
Portland General Electric Company, and G.M. Clancy
Procon Internatonal. Inc; “The Portland General Elec
tric Beaver Synfuels Project—A Coal Gasificatior
Combined Cycle Methanol Facility Development Pro-
gram;” Coal Technology '81 Conference, Houston,
November 18, 1981. ' :

. FB. Walter and H.C. Kaufman, Texaco Inc. and T
Reed, Southern California Edison Company; "Co
Water Coal Gasification;” CEP magazine, May 1981

. WM. Alley, Arkansas Power and Light Company; "C
generation—A Threat cr an Opportunily for the Ele
tric Utility Industry;” Coal Technology '8t Conferenc
Houston, November 18, 1981,

Electric Power Research Institute; "Economic Studic
of Coal Gasification—~Combined Cycle Systems f«
Power Generation;" EPRI Report AF 642, Januai
1978.

Electric Power Research Institute, "Economic Evalu;
tion of Coal Gasification for Electric Power Generatio
(An Update);" EPRI Report AP 1725, February 1981,

J.P Lekstutis, TR Thompson, T. Granger, Envirospher
Company; “Waste Stream Synthesis and Control i
Coal Gasification Processes;" Fifty Fourth Annual Wi
ter Pollution Control Federation Conference, Detroi
October 8,1981.

R.G. Luthy, Carnegie-Mellon Universtty; “Treatment ¢
Coal Coking and Coal Gasification Wastewaters;
Journal Water Pollution Control Federation, Marc
1981,

RG. Luthy, et al, Carnegie-Melion University; “Fie
moval of Organic Contaminants from Coal Conversiol
Condensates;” Fifty Fourth Annual Water Pollutior

- Control Federation Conference, Detroit, Octoger 8
-1981. . L . ' -7

[

:Té'r'\rvwééééé\yalley Atjlhority; “Final Environmental Im

pact Statement—Coal Gasfication Project;” July 1981



Annex B

This Annex B shows the typical time schedule for obtaining permits
from Federal regulatory agencies for the construction of a power plant
in the U.S. The total elapsed time is 43 months, or nearly three and

a half years,

The schedule does not include the time for obtaining state and local
clearances, some of which can be obtained simultaneously, but will

inevitably add to the total elapsed time,

The purpose of this submission is to show how lcng it would take to
obtain permission for a coal-fired power plant utilizing coals, for
example, from the U.S. midwest., Such coals can be utilized in Panama
with no regulatory processing delays., The builders of the proposed
Panama facility would be committed, however, to achieving environmental

standards in Panama equal to or better than those .required in the U.S,
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ANNEX C

REPORT' (N THE TRANS-PANAMA PIPELINE SYSTEM .

et

Prep aed by Morrison-Knudsen International Campany, Inc.
Epril, 1982
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H 1 A TRANSPORTATION miestone of internatinnal

siyniicance occurred with the epening of the Panama

Canal, a 50-mile long navigable waterway across the Isth-
mus of Panama that greatly shortened shipping roules
between the Pacilic end Atlantic oceans

Now. neatly seven decades later, a now iransporiation
arlery ob a vastly dfferent type, but of sumilar economic
Enportance s under construction in the Repubhe of Panama,
some 220 nales west of the Panama Canal s known a6 the
Trans-Pansma Pipeline System andd will reduce the ime and
cost of moving crude o from the Hath Slope of Alaska 1o
refinenes along the Gulf Coast of the Umited States Al
present, large tankers bong the crude rom Alaska 1o Pan-
amawhereats ranstered to smaller tankers, aren thiough
the Panama Canal and on to the relineries

The Trans-Panama Pipeline System s a development ol
Petotenmimal de Panama, S A L a joint ventute of the Pana-
maman governmaent with Northville Industnies Corp., ol
Melalle. Hew fork, and CBI Industines, Inc . of Oak Brook,
Mmos

Motnson-Knudsen Interatonal Company, a wholly owned
Marmson Knudsen subsidiary, i perfomnng dresign, procure-
ment cnd constiueiion senices on the approsamate $170-
mithon progect ue annocation wih the Panamanan fom of
Contractora Urhana S A under o conteact sewarded
Rlasch ol e taor features of the syotem me lude

Sapprosinitely 130 e lomaeters (O naley) a0 and 36-
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Pacific Ocean: o

inch-diameler pipeline with a maximum design flow of
800.000 barrels per day, reaching [rom Puerto Armuelies on
the Pacilic side of the isthmus lo Chiriqui Grande on the
Atlantic side.

—all-new oil storage and tanker loading facilities, as well

as exlensive support structures at Chiriqui Grande.-

-pumping stations located al the existing Pucrlo
Armuelies port and at Caldera, which is located along the
pipeling route approximalely two-thirds of the way between
ihe Pacilic and Atlantic sides.

The pipeline and its appurtenant facilities are posing a
stern design and conslruction challenge 10 forces of the M-K
organization. The oil artery roule lraverses widely varying ter-
rain . . . banana plantations and vast grasslands . . . jungle-
clad rain forests with rainfall up to 200 inches a
year. .. craggy mounlain passes ... and lowland hogs and
mangrove swamps. In addition, there are more than 100
waler crossings, including nearly 30 major walerways up to
300 feet in width, In these waler areas, the pipeline carries
a coal of heavyweight concrete to help provide negative
buoyancy.

Starting from Puerto Armuelles, Ihe pipeline is of 40-inch
diameter and crosses lowland pastures and banana planta-
tions lor a distance of some 80 kilomelers (50 miles) 1o the
Caldera pump station. Here. the welded sleal tube will taper
1o 3€-inch diameter and begin a sharp climb into the rugged
Serrania de Tabasara Mounlains, reaching an elevation of

BEHEOW ane o) tiree crede od stosige tanks, cach with 850,000
Lol capacity, takes shape al Chitiene Grando. Tanks will lecd
it o o vessels of up o 160.000-ton-deadweight capacily.

ABOVE, I FFT iy shows pipeline roule across Panama some 350
kitometers waea ol Manama Canal. ABOVE, pipe sechions and sleel
plate Ior storage tanks are stockpiled at Chiriqui Grande. BE-
LOW, trogne:al i lorest bordors Chiriqui Grande port on the Allantic.

[
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necaily 4,000 feet. The final leg will 1ake tive pipeline down the
steep mountain range and through swamps and bogs 1o the
marine terminal at Chiriqui Grande. On this downward sec-
tion to the terminal, oil will flow at a velacity of some 7'/ feet
per second.

A fleet of well over 250 units of major equipment — among
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ABUVL. pipe section, coated with heavyweight conciele, 1 lowered mio place at nver
crossing More than 100 water crossings are required, inclucing 30 mayn crussings.

them some 75 crawler tractors, nearly
30 side-boom pipelayers and an assort-
ment of backhoes. loaders and cranes
— 15 advancing on the big job at a num-
ber of locations along the route. Work-
ing in a fast-paced and well-coordinated
procedure. M-KI specialists by early
March had prepared more than 100
kilometers of right-of-way, welded more
than 90 kilomelers of pipe and tayed
muore than 80 kilomelers of pipe.

Along about 30 kilomclers of the
route where soil conditions permil. the
Irench is being opened by a buckel-
wheel machine. On the remainder of
the route and at river crossings, the
Irench is being excavated by a feam of
hydraulic backhoes and cranes han-
dling grapples and clams

Pipe is being suppliéd in 40-foot sez-
lions, or “joints,” most of it to the Pacific
side terminal where it is welded into

doubles joints thon transported 10 slock-
pile areas along the route. From there,
the pipe sections — which have walt
thicknesses ranging from .312 10 .625
of an inch — are hauled lo the right-of-
way by lractor rigs with self-steering
traiters. Some 19 kilomelers of pipe are
being received al the Chiriqui Grande
port and left in single joints for distribu-
tion in the mountainous areas where
access is limited. In alt, some 37,000
lons of pipe are required.

Aller pipe sections are posilioned
along the right-of-way, they are shaped
by pending machines as required to
rnatct. the contour of the terrain, joined
by welders, then lowered into the trench
and backfilled.

Al the Chinqui Grande marine termi-
nal, work is under way by CBI Induslries
under a subcontracl on erection of
Ihree crude oil slorage lanks wilh a total
capacity of 2.5-million barrels and on
three other tanks with a 360,000-barrel
capacity for storage of tanker ballast
waler. The oil tanks are being fabricated
on a hillside some 32 kilomelers from
the shoreline and 250 meters above
sea level 1o allow gravity flow of oil 1o
awaiting vessels. From the slorage
tanks, two 36-inch-diameter pipelines
will deliver the crude to a shoreline
manifold where it will continue via two
36-inch submarine lines out some 1,900
meters oflshore to two catenary anchor

ARV pupe ez stochpded 2t SEaage yand nvar aty of Davad, 301 OW,
Ledd trom delt front). dim Santelh, structures gen. supt., lTony
A atoman eacavation supt., Tex Rix. gen. supt., Gerry Von Sychowski,
vieciucalqen supt Lews White resadent design engmect, (hack), Jog
Liuciesor: pipehne general supl.. John B Renwick, project direcior,
“'L. Fox and Fred Caton. project managers, Tommy Derryberry. pipe-
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hoe yen. supl., Ld Widgeon, munages ol project engmeenng, Darrell
Newton, logistics general supt . Doc Kidwell, camps supt.; RIGHT,
(front) Frank Collard. camp supt . Lincoln Dawis, supt.. Bill Dodge.
bendmg supt . (hack), Metvin Jolmson, bendmeg supt., Henry
Jeans. pipclme supl.. Supt DeiryLerry. James Martin. supt.. Bob Per-
son, pipelne general supt and Ronald Dunn, welding supt.
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leg mooring buoys that are designed to
handle tanker vessels up to 160.000-
deadwoighl-ton capacity The two moor-
g points — located in 70 feel of wiler
and separated by approximately i 080
meters — have a designed loalng
capacily of 120.000 barrels an bour

Ali o the clishore pipe is beng pire-
pared with corrosion protechon and
heavywaight concrete at a plant ¢! WK
and assocuites at nvergorden. Scot-
land

M torces also are stalling 30-meh
oceanlloor pipelines to trning ballast
wale from the sea-going vessels 10
starage and treatment facidiies on the
shore Here, od will be reclaumed from
the Do waoter and the
waler returned 1o the ocean

Other majer facilites being erected at
the rtsolated Chinqui Grande site
mclude emergency earthen contame-
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ABOVE. LLFT loundalion preparalion progresses on od storage fank mn bLackgraany w i
labrication of companion tank proceeds in foreground, RIGHT two 0l a0 ey entuai theoe baliast
sterage fanks weth combyaed 360.000 barrol SIorage Capdcdy ke St it Chutsun i

ment slructures for the storage tanks,
fire-lighting pipelines and equipment,
as well as a permanent Jock laciity,
protective rock causeway and a camp
area and airstrip

Two pumping stations are required to
boost the ol toits destination ar Chingun
Grande. One s focated al the Puerto
Armuelles port which is presently yooed
to transfer ol from large tankers into
smaller vessels for transit through the
Panama Canal The other station will ho
at Caldera at the base of the Serrani
de Tabasara Mountans

Cach station vall be couppod with
four large purmps driven by 5.000-horse-
power electric motors. The Puerlo
Armuelles slation will be powered by
eight 2.500-kdowatl diesel-lired genera.

Along

U Oursicr muicrnls

tors assembled by M-K's Power Sy
tems Division at its Rocky fount, Hortn
Carolina production facility Power for
the Caldera station will come Ly con-
necting with existing transrmission hnes
of Panama’s electnical uhibty Tu accom-
phehthis. M-KEIS constructing a swatch-
Ng stabon and transmussion lines near
the station

John Renwick s 1. charge of the job
for 14Kl as project directer, assisted by
WL fox. conslruction manager, Ed
Widgeon. engineering manager, and R
S Thor, general business manaqer
Dusign wotk 1s being perlonmed by
International Engineering Company at
s Gull Coast District olfice in Houston.
under the direction of Richara Barfield
as vice-president. Oscar € Starke s
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ABOVE, sideboom tractors cradle long string of pipe coated with heavyweight concrele
pror lo placement al river crossing. More than 37,000 tons of pipa are required for the fob.

manager ol onsite actlivilies lor
Northvilte Terminal Corporation. own-
er's representative on the project.

An advanccd communicalions and
instrumentation system is being
inslalled to controt and monitor opera-
tions of the pipeline, pump stations and

Y
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terminats, including a 12-channel point-
lo-point microwave communicalions
system that will link all portions of the
project. As part of this system, M-K! is
installing five microwave lowers, includ-
ing a 180-foot-high repeater tower at
Volcan Baru peak high in the moun-

tains, one of only a few places in the
Western Hemisphere where the Pacific
and Atlantic oceans can be viewed from
lhe same point.

The Trans-Panama Pipeline System
1s set for completion late lhis year. Once
it begins pulsing with oil, it will assume
is role as an unseen yet vital arlery —
the Panama petroleum “canal.” &

AROVE LET L omy Bolt (hont) M Cordova and Victor Kaa, clorhs,
JoConud and L O'Lisser, topograp!nns, M Murgas, draltsman, 1
Kelly =+ D Redly. senior held engineers, K. Tinkher, held
g (hacht 0 Zelaya and o Cabaltero dialtemen. fosd Gl
elle Lassucidle engumeer. A Schwayer stall engmeer. Bl Keys
semar matenals  enqmeer, P Kelly  seinor ollice
Lo Widgeon etigincenng manager. 1 Dennagques. cost enguieer,

noGi et

I Ordones dridtsiman, R Choy, associnte engmner, and Frank
X Gilespie. cemor scheduling engineer, F'SHT Lany Kennedy,
operator. Devon  Campbell,  mechamc, Les  Hause. equip-
ment copt Rl M Cray o ndenads mancge e Huck Oursler,
cquipiment gen supt - and J Caton, equipiment supt 860 OV LEFT,
woelded pupe o readied for towenng i, RIGHT welders e back.
ground jour pipe section el wall lincknesses of g to /00l aninch
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Annex D

STATEMENT OF WORK -- EXCERPT FROM WORK ORDER ISSUED UNDER 1QC AID/SOD/PDC~C-0399

ARTICLE I -~ TITLE

Panama Coal/Metharol Complex

ARTICLE II - STATEMENT OF WORK

The Contractor will complete and deliver to TDP by May 12, 1982, an
economic and technical review of a proposal from Ebasco Services,
Incorporated for a coal gasification/wethanol complex in Panama. The
review will examine, but not be limited to, the following topics:

1. The assumption that Japan will import substantial quantities: of
methanol in the future as part of total imports of liquid hydro-
carbons. (Compare with imports of steam coal from Western u.s.,
Colombia, Chira.) .

2. The projection that methanol produced in Panama from U.S. coal
will he price~competitive, after amortization of debt, with
methanol produced from natural gas in a Pacific Rim country.

3. The assumption that Japan will seek diversified sources of
supply of methanol.

4. The prospects for hilzteral arrancements between Japan and the
U.S., whereby Japan would reduce its trade surplus with the U.S.
by importing U.S. fuels, ircluding methanol.

5. The economic, technical. and political advantages or disadvantages
of producing methanol in the U.S., as compared with Panama, for
export to the Pacific Rim. '

6. The technical and economic problems of shipping U.S. coal from
midwest and southern coal fields to Panama.

7. The technical and economic problems of transportation and storage
of methanol.

Reference documents for this review are ""Proposal to Republic of Panama
for the Panama Coal Gasification/Methanol Complex', EBASCO, January 1982, and
"Supplementary Information to the United States Trade and Development Program,
Panama Coal Gasification-Methanol Complex", EBASCO, April 1982.

ARTICLE III - RELATIONSHIPS AND RESPONSIBILITIES

The Contractor will submit the report to Christian Holmes, Director, TDP.
The Project Officer in TDP is Joe J. Sconce.

ARTICLE IV - TERM OF PERFORMANCE

The starting date is April 28, 1982, and the estimated completion date
is May 15, 1982.
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