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INTRODUCTION
 

This Technical Progress Report contains the results of the
investigations performed in several key project planning areas
for the Panama Coal to Methanol Project. 
 These areas include:
 

0 
 Technical efforts associated with the 
gasification

technology evaluation;
 

o 
Evaluation of other related process technologies;
o 
 Results of the venture analyses, including the
efforts made for structuring the project;
o 
Results of the ongoing financial analyses and cost
projections, including potential and 
use applications
of methanol 
in Japan primarily for combustion turbinecombined cycle steam/electric utilization.
 

The report discusses the results of 
these investigations.
 

At this time and for the next 
few years, the Panama based methanol
fuel is more expensive than oil. 
 However, when measured in 
terms
of KWH production cost 
in Japan, the 
use of methanol fuel in
combustion turbine combined cycle operations appears to create
less expensive electric power than 
that produced from conventional
coal direct fired operations using imported coal. 
 This cost
advantage arises from significantly lower capital costs and
enhanced performance efficiencies associated with combined cycle
power generators as 
contrasted with conventional coal plants
equipped with scrubbers. Environmental and social land-use benefits
are 
also much greater for the methanol fuel plant. 
 The cost of
electricity from a methanol-fueled combined cycle plant is
expected to compare also
favorably in 
Japan with electrical costs from
a future liquefied natural 
gas fired plant.
 



I-1.1 

EXECUTIVE SUMMARY
 

I-I.0 INTRODUCTION
 

OVERALL PROJECT CONCEPT - COAL TO LIQUID FUEL (METHANOL)

FOR POWER GENERATION
 

The proposed Panama Coal to Methanol Project is 
a capital
intensive ($3.2 billion 
- 1983) world class energy project
which, if implemented, would provide 
a 25 year continuous
export sale of Midwestern U.S. high sulfur steam coal 
to
produce bulk liquid methanol fuel 
at conversion facilities
 
to be sited in Panama. Designed to comply with U.S.
environmental 
standards, the project will process approximately 6.6 million 
tons of coal per year or approximately
165 million tons over 
the project's estimated life. 
 The
overall 
business approach for the project's implementation

envisions an international private sector program for
ultimate project ownership. The assistance of the Governments of 
the United States, Republic of Panama and Japan is,
however, required in 
the early project planning phases.
 

The methanol produced in 
Panama will be subsequently transported and utilized as clean fuel 
for competitive gas turbine
combined cycle steam/electric production opec'ations 
either in
Japan and/or 
other Pacific Rim countries. During 1982,
Japan imported a total 
of 1.4 million metric tons 
of U.S.
steam coal for 
its electric utility, cement 
and other
industrial sectors. 
 Incomplete data for 
1983 indicates that
less than 1.0 million 
tons will be imported by Japan from
the United States. Forecasted 1984 and 1985 U.S. steam coal
sales to Japan currently look bleak due to the fact thatJapan has curtailed its 
new power expansion plans. 
 Most new
coal-fired capacity has been either cancelled or 
significantly

postponed.
 

Initial Phase I study work has advanced to sufficient maturity
to confirmi that 
the overall Panama project concept, as originally envisioned and proposed, remains valid and justifies
a more comprehensive planning and detailed project structuring
effort. Additionally, the work completed to 
date permits conclusions to be postulated that

projects can 

similar additional coal/methanol
also be considered in 
the future as a method to
sell a variety of U.S. steam coals 
into the international fuels
marketplace on 
a steady uninterrupted basis. 
 This could mitigate Japan's current perception that U.S. coal should be usedonly on a "last resort" or "swing" basis. Such additionalprojects could be replicate projects in Panama, other international locations of strategic interest to the United States
and, eventually, at 
many domestic U.S. sites-
 Other markets
to be potentially served include Europe as well 
as the Pacific
 
Rim countries.
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1-1.2 ECONOMIC STIMULATION FOR CENTRAL AMERICA VIA JAPAN-U.S. TRADE
 

A major strategic consideration associated with projects of
 
this nature is that Japan can greatly assist the stimulation
 
of its own internal sluggish economy and selective segments
 
of the Western world's economy by participating in such
 
strategic capital. intensive coal based energy projects,
 
especially when the "as produced" fuel is targeted for
 
consumption in Japan. In effect, Japan can assist itself
 
and others by diverting a portion of its annual $80 billion 
oil costs into selective capita] intensive coal based energy 
projects. 

In the specific case of the Panama coal/methanol situation,
 
the integration of continuously exported U.S. coal, U.S. coal
 
trarlsport, equipment, services, know-how and technology 
combined with exported Japanese equipment, services and 
technology provides the basis for a very balanced trade 
situation. The value of the methanol sold and subsequent 
electricity produced within Japan will reflect the higher
"value-added" aspects of a long-term comprehensive trade 
program. Finally, the location of the project in Panama and 
the obvious st-imulat ion that the project can provide to 
Panama's economy underwrites the mutual commitment of the 
Governments of the United States and Japan to the Central 
American region which is vita.l to the long term interest 
of both countries. 

The overall Panama-based concept envisions that Illinois
basin steam coal (or its approximate equivalent from other
 
locations in the Midwest) would be transported down the
 
Mississippi River by barge and then transferred in the New
 
Orleans area for shipping across the Gulf of Mexico to the
 
proposed project site on the Caribbean coast of Panama. At
 
Chiriqui Grande, Panama, approximately 20,000 tons per day
 
of U.S. coal would be converted to approximately 12,000 tons
 
per day of fuel-grade liquid methanol or more, dependent
 
upon the final coal gasification technology selected. The
 
methanol would then be transferred across Panama by a short
 
dedicated pipeline to storage terminals at Puerto Armuelles,
 
which is located on the Pacific Ocean side of Panama. Both
 
the Chiriqui Grande and Puerto Armuelles locations have deep
 
water capabilities close to shore.
 

The methanol would then be transshipped via tankers from
 
Panama to Pacific Rim countries, at this time principally
 
Japan, to provide sufficient fuel to support approximately
 
1,400 MW of combined cycle steam/electric generation
 
facilities. Such facilities could be retrofitted at existing
 
electric utility oil-fired power plants or other industrial
 
sites, (see Figure I-1.1). It is noted that Japan's existing
 
total electric utility power generation capacity (March 1982 
is approximately 151,COO MW of which approximately 75,000 MW are 
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fired by imported oil. In addition to a steam/electri.c generation
 
market, there also exists excellent future potential to
 
utilize the methanol as an octane enhancer for gasoline
 
or as a blended or neat fuel for transporcation parposes.
 

1-1.3 ECONOMIC VIABILITY OF METHANOL FOR POWER GENERATION
 

Engineering, economic and financial analyses undertaken to
 
date indicate that the Panama coal-based methanol, when fired
 
in a combined cycle power plant in Japan, produces electric
 
power in a competitive (or probably more economical and
 
environmental acceptable) mode than a comparable new Japan
based conventional coal-fired power plant which is equipped
 
with requisite pollution control systems and utilizes imported
 
non-U.S. coal. It was assuimed that both the combined cycle
 
and conventional coal power plant approaches could commence
 
operations in 1990. 

Conventional methanol, a refined product which is 
produced to date principally from natural gas '.'or chemical 
feedstock purposes, is currently more expensive than crude 
oil wheii measured on a dollar per million Btu basis. However. 
this higher fuel cost is mitigated when the methanol is used 
in an ultra-efficient combined cycle power application. 
Electric power production via this approach demonscrates 
clear advantages over an equivalent capacity new coal-fired
 
power plant when measured in terms of: 

reduced investment cost per Kw of installed
 

capacity,
 

modular capacity addition capability to
 
accommodate lower load growth,
 

superior thermodynamic cycle efficiencies
lowest heat rate to produce electric power,
 

vastly reduced environmental emissions,
 

90% reduction of land use requirements,
 

zero solid waste disposal oconsiderations,
 

ability to locate electric generation plants
 
near existing electric load in densely populated
 
regions.
 

Therefore, when measured on a more comprehensive total cost
benefit basis, the methanol fueled combined cycle approach
 
permits Japan-based electric power production costs to be
 
either equal to or less costly than new conventional coal
 
power plants equipped with pollution controls. Accordingly,
 
it is postulated that, via this higher technology approach,
 
U.S. coal exports to Japan can be initiated and subsequently
 
sustained on a cootinuous and competitive basis for the long
 
term, substituting directly for oil-based electric generation.
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The methanol fueled combined cycle approach is also antici
pated to be more cost 
effective than future long-term LNG
utilization from new LNG plants when such alternative costs
 
are comparpd on a levelized basis over the life of the 
competitive plant facilities involved. Currently Japan has 
a
potential overcapacity for that portion of 
its power generation


can 

limited number of LNG regasification sites and the lack of
 a sophisticated gas transmission and distribution system,
many areas 


load that be fueled by regasified LNG. Because of the
 

of the country Pequire the continued use of easily

transported ,nd 
stored liquid fuels, such 
as oil. Whenever
 
fuel distribution logistics favor oil, they could favor
methanol as well. Oil storage tanks, which exist 
in great

abundance, could be modified to receive methanol. 
 There
fore, it 
is clear that whenever oil 
is used methanol can
 
also be used.
 

Therefore, it 
is conclucded that the overall Panama-based
 
methanol/combined cycle approach is viable in 
terms of

producing economic electrical pow.r in Japan while contributing to 
the direct reduction of Japan's dependence

on foreign oil. Such reduction would be achieved while

enhancing the 
export of under-utilized U.S. coal. 
 Other

positive features within Japan include mitigating the

environmental 
and land use aspecLs of storing and burning

non-American coal 
in Japan and the requisite disposal of
 
by-product waste.
 

The continuing major objective of the 
initial Phase I

Feasibility Study effort is 
to complete funding develop
ment which is 
required to continue the establishment of a
detailed technical and commercial viability framework for

the Panama project. Japanese assistance is being sought

in this regard in order to supplement that provided to
date by Ebasco, the U.S. Trade and Development Program and

the U.S. Department of Energy. 
The Phase I work must be
accomplished so 
that final commercial structuring and
related project financing relationships can be concluded.
 

An important key is the establishment of a firm methanol

market 
for selective power generation operations in Japan

clusive proble,.. to date for many non-technical reasons.
 

A major overall program objective,then, continues to be the
development of 
effective working relationships between

Japan and the United States in order to define and subse
quently establish the basis for a methanol-based energy

market and thus realize a project startup in 1990 or 
as
 soon as possible thereafter. Hopefully, the recently

formed Japan-U.S. Energy Working Group can 
assist in this

regard. Included at 
the end of this Executive Summary is 

copy of 

a

the recent joint statement (November 1983) pertaining
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to the Japan-U.S. Energy Working Group which further indicates
 
the status of fuel/energy relationships currently being con
templated between the governments of the United States and
 
Japan.
 

1-1.4 PLANNING APPROACH
 

The efforts of the Feasibility Study have progressed along
 
two principal paths. On one 
path, Ebasco has attempted to
 
develop and structure the financial and commercial aspects

of the project, including the formation of Japanese consortium
 
groups to provide technical and commercial input and funding

for the project. 
 American support has been developed for the
 
project in terms of Ebasco's own financial/services contri
butions plus preliminary U.S. Government assistance and in
kind services of coal, 
barging and equipment supply companies,
 
as well as contingent pledges of venture related financial
 
support dependent on counterpart participation by the
 
Japanese side.
 

For the second path, Ebasco has performed its preliminary

technical evaluation of the preferred gasification technology

and downstream processing systems. 
 The project economics and

financial analyses have been determined based upon the capital

and operating costs, which, in turn, have been developed

based on the preliminary design data.
 

The following is 
a summary of the issues examined and the
 
technical investigations carried out and reported as part

of the Technical Progress Report.
 

1-2.0 PROJECT DEVELOPMENT
 

1-2.1 FUNDING
 

Ebasco has sought and continues to seek funding and related
 
support for the Feasibility Study and Project within the
 
United States, Europe and Japan. At the present time, no
 
direct funding support is contemplated by the Government of

Panama, however, it must be noted that 
the Republic of
 
Panama has provided outstanding support and assistance to
 
Project Planning in Panama and Japan. Liaison with various
 
Japanese industrial groups, financial institutions and some
 
utilities has been established.
 

The success 
of the project will now depend upon comprehensive

Japanese participation in all aspects of the program.

Private American support has been committed contingent upon

counterpart commitments and evidence of 
funding participation

by the Japanese side. Efforts are continuing with the
 
United States government to include discussions of the pro
ject concept as part of the U.S.-
 Japanese bilateral energy

talks. Japanese government support for the project is sought
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to provide guidance and encouragement to Japanese private
 
companies to become participants. Japanese Government policy
 
regarding the use of methanol continues to be vague and as 
such tends to hinder Japanese private sector initiatives. 

1-2.2 PROJECT CONSORTIUM OWNERSHIP STRUCTURE
 

Ebasco has proposed an organization structure for the Project
 
Consortium to accommodate the requirements of the Peasibility
 
Study and the groups throughout the different phases of the 
project's development. Ebasco has considered the aspects of 
financial institution support, government approval require
ments and tax regulations in the development of these 
organizational procedures. 

1-2.3 JAPANESE ENERGY PLANS
 

Most Western observers of Japan's domestic economy and
 
international trade activities are now quite aware that Japan
 
has significantly revised downward its economic growth fore
casts to 1990. In turn, this contraction of growth has 
created a smaller "new" future energy market in Japan for
 
non-petroleum based fuels and has thus seriously impeded 
enhanced U.S. coal utilization by the Japanese. Additionally, 
the current "oil glut" has served to develop uncertainties 
sufficient to dampen Japan's recent enthusiasm for a vigorous 
implementation of alternative fuel projects in the short term.
 

Such projects, especially those associated with coal conver
sion, are inherently capital intensive. Therefore, project 
payout analyses indicate the short term appearance of higher
product costs when comparison is made with oil or natural gas. 
Accordingly, these issues of uicertainty have deterred 
Japan's private sector from accelerating their plans for alter
nate energy project implementation. This is especially criti
cal in view of an anticipated need to have established firm 
take-pay contracts which are required to support the financing 
of such capit-l intensive projects. 

In spite of these current conditions, these are compelling 
reasons 
for Japan to adopt the concept of using U.S. coal
 
produced methanol from Panama and elsewhere for subsequent 
export in Japan. In addition to the fact that the methanol/
combined cycle approach can produce competitive or less 
costly electric power, it is assumed that Japan continues their 
desire to find a means to ameliorate its balance of payment 
complexities with the U.S. by importing U.S. coal and other 
dollar equivalent U.S. products. 

Strategically, it continues to be prudent for Japan to assure 
itself of a stable uninterruptible supply of fuel by seeking 
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1-3.0 

energy supplies from non-Mideast sources. Also, if Japan's 
economy should improve earlier than forecasted, Japan's 
current negotiation leverage to buy lowest price fuel could 
be seriously compromised. 

The Japanese Government has made several broad decisions 
regarding its plans to achieve a long-term energy independence 
program. Currently stressed electric powerfor generation is 
the use of LNG, some coal imports, nuclear and hydro (see
Appendix B). However, even these decisions have been recently
complicated by a lower than expected electric power annual 
growth due to Japan's forecast for reduced economic growth.

These forecasts have created a current situation where any new 
fuel supply decisions are apparently being delayed until the
timing for world energy supply, demand and price relationships 
is brought into a better focus and balanced with Japan's over
all perceptions for its economic future. 

Ebasco continues to work with key U.S.and Japanese groups in 
order to explain and develop a consensus for enhanced energy
related methanol utilization in Japan. It is concluded that 
the overall melhanol/combined cycle approach offers outstanding 
potential for 
long-term sustained U.S. steam coal exports.
 

TECHNICAL AND ECONOMIC EVALUATIONS 

Technical and economic evaluations were performed for the 
coal gasification, acid gas removal, sulfur recovery and 
methanol synthesis technologies. The objective of these
 
evaluations was 
a selection of baseline commercially proven 
processes, with arrangement in a preferred process scheme, 
to minimize the production cost of methanol and provide a 
reliable, environmentally acceptable plant. 

Ebasco has made the commitment to the Republic of Panama 
that the project will meet all applicable environmental 
standards and regulations that would apply to a comparable
U.S. based facility and all designs have been developed on 
that basis. The U.S. Department of Energy is pledged to 
assist Ebasco in this regard. 

Commercial sl ruct uri ag and financial support efforts have 
concentrated on the Japanese market place, with American,
European and Japanese services participation and financial 
support. Potential markets in Taiwan and South Korea have 
been identified. 
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Ebasco prepared process designs, heat and material balances,
process flow schematics, equipment 
lists and equipment
summary specifications (adequate for cost estimating purposes).
The designs were based on 
in-house data and information which
was 
developed specifically for this project and supplemented
by process licensors and vendor data. 
 These designs were
executed in the context of the established technical criteria
and adhered to current U. S. effluent and emission stand
ards.
 

1-3.1 GASIFICATION EVALUATION
 

I-3.1.lEvaluation Methodology Results
 

A gasification study involved the evaluation of three
"second generation" gasification technologies selected
because of significant advantages over presently commercialized technologies, and because of specific announded
schedules for demonstration 
on a commercial scale prior
to 
the projected start of equipment purchase for this
project. 
 The three 
"second generation" gasification

technologies selected for evaluation were:
 

o 
 British Gas Corp. Slagging Lurgi (BGC/SL),

licensed by 
the British Gas Corporation.
 

o 
 Texaco Coal Gasification Process (TCGP),
licensed by the Texaco Development Corporation
 

o 
 Westinghouse Coal Gasification System (WCGS),
licensed bv the Westinghouse Electric Corporation.
 

Because of the extensive influence of the gasifier on 
the
"balance of plant" design of almost all elements of the
plant, 
it was decided to base 
the evaluation of the three
gasifiers on 
the cost of methanol (determined for each
gasifier) from the financial analysis of the estimated
capital and operating costs 
for a complete energy self
supporting, environmentally acceptable plant producing
fuel 
grade methanol from 20,000 TPD of Illinois No. 6
coal. 
 Technical and commercial factors were 
also considered as 
part of the gasifier evaluation. During the 
course
of the study, the Westinghouse Electric Corporation announced
the termination of the scheduled commercial demonstration
for their gasifier. The conceptual design for the plant with
the Westinghouse gasifier continued, but with somewhat less
detail than for the other gasifiers.
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Based on the conceptual designs, total capital

requirements were estimated for each plant including

total plant installed cost, initial start-up, contin
gency and working capital. 
 These figures are tabulated
 
below together with the estimated methanol production:
 

GASIFICATION SYSTEM
 

BG/SL TCGP WCGS
 

Methanol Production (ST/D) 11,924 12,038 
 11,105
 
MM Btu/D (HHV) 232,200 234,840 217,020
 

Capital Requirement ($MM)
 
(1st Quarter 1983) 2,837.0 3,142.3 3,405.1
 

Annual operating and maintenance costs were developed for

each plant, including feedstock coal, labor, materials
 
and supplies, and general plant costs, with a credit 
for

by-product sales of sulfur, 
ammonia and electric power.

These costs are tabulated below:
 

GASIFICATION SYSTEM
 

BG/SL TCGP WCGS
 

Annual Operating & Maintenance
 
costs $MM (1st Quarter 1983) 346.9 361.0 363.5
 

I-3 .1.2Gasification Plant Financial Analysis
 

Financial analyses were performed to develop methanol
 
fuel 
unit prices for each conceptual plant using the

estimated capital requirements, the annual operating

and maintenance costs and the following set of
 
financial assumptions:
 

o Plant Life - 25 years 

o Financing - 80% borrowed funds, 20% deferred payments

to project participants at 
15% rate of return.
 

o Interest Rates - Export Credits 9%
 
Commercial Bank Loan 12%
 
Deferred Payments 15%
 

o Debt Repayment -


Export Credits: 10 year straight-line amortization
 
(start 1998)
 

Commercial Bank Loans: 
 6 year straight-line
 
amortization (start 1992)
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o Coal 	Cost 
- $40 per short ton 
($44 per tonne) as
received in Panama. 1983 basis. 
 This median value
was selected between the expected lowest probable
($32.20/tonne) and highest probable ($56.42/tonne) costs
 
used in other analyses in the report.
 

o 	 Escalation: 
Coal - 6% Annually

Methanol 
 - 5% Annually

General 
 - 5% Annually
 

The price of methanol resulting from each financial
analysis is indicated below in first quarter 1983
dollars. Prices 
were calculated for plant start-up

in 1990 and de-escalated to 1983.
 

GASIFICATION SYSTEM
 

BG/SL TCGP 
 WCGS
 

Fuel Methanol Price
 
(lst Quarter 1983) 

$/MM Btu (HHV) 8.80 9.27 10.42 
S/US Gallon 0.57 0.60 0.67 
$/ST 172 181 203 

1-3.1.3 Recommendations 

The following recommendations were made with regard to
selection of the baseline gasification technology:
 

o 
The WCGS be dropped from further consideration at
this time because it does not 
have any large demonstration or commercial plants currently scheduled
 
for operation.
 

o 
 Since the TCGP and BGC/SL gasification/methanol

plants do not 
indicate a significant difference in
the estimated cost of methanol produced, the gasification technology cannot be selected strictly on
the basis of overall economic assessment. It is
recommended that 
further 	efforts be directed towards:
 

- Evaluation of the economic consequences of
technical 
failures associated with major

technical risks for each system;
 

- Evaluation of commercial terms and guarantees;
 

- Consideration of the preferences of consortium 
members. 
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1-3.2 
 OTHER RELATED PROCESS TECHNOLOGIES
 

Technical and economic assessments were performed to
evaluate process sections for downstream gas processing

and methanol synthesis for integration with the gasifi
cation-based methanol plant. 
 The purpose of this study
was 
to technically and economically compare these process
technologies and to assess commercial and technical risksassociated with the respective technologies. 

The following process alternates were investigated:
 

o 	Acid Gas Removal
 
Selexol (licensed by Norton)

Rectisol (Licensed by Linde AG)
 

o Sulfur Recovery 
Claus/SCOT (multi-licensors)
 
Claus/Beavon (licensed by R. M. Parsons)


o 
Methanol Synthesis and Distillation
 
ICI 
(licensed by Imperial Chemical Industries)

Lurgi (licensed by Lurgi Kohl and
 

Mineroltechnik Gmbh) 

The selected technologies represent commercially available
 
process systems which meet 
technical design criteria,

successful operational performance, environmental

acceptability, economic operation and compatability with
the characteristics of the gasifiers under consideration.
 

These evaliations were based on 
a methanol plant that
utilized the 
TCGP. After the evaluations were performed,
the need for changes to the selection were reviewed based
 on the other gasification processes. 
 In no case did the
change in gasification technologies affect the downstream
 
process selections.
 

The capital and capitalized operating cost shown below are
for process sections sized to handle the total plant pro
duction based upon 20,000 TPD of coal. 
 These costs form
the basis for selection of the preferred process technology,

and use 	TCGP gasification technology.
 

PROCESS 	TECHNOLOGY 
 TOTAL CAPITALIZED COST, $MM
 

Acid Gas Removal
 
Selexol 
 771.5

Rectisol 
 382.3
 

Sulfur 	Recovery
 
Claus/SOT 
 185.9
 
Claus/Beavon 
 126.2
 

Methanol Synthesis and Distillation
 
ICI 
 763.6

Lurgi 
 414.6
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On 	the basis of their lower capitalized cost,

preferred process technologies are:	 

the
 

o 	Acid Gas Removal - Rectisol
 
o 	 Sulfur Recovery 
 - Claus/Beavon 
o 	Methanol Synthesis
 

and Distillation 
 - Lurgi 

1-4.0 
 JAPAN BASED POWER GENERATION COST COMPARISON
 

The primary market of methanol to be produced in Panama
from Midwest Americal coal has been targeted for
Japanese utility market. 	
the
 

Ebasco's evaluation has demonstrated that KWH production costs in 
1990 will be
competitive with other fuels in Japan when the methanol
is 	fired in combined cycle units. 
 A comparison has been
made between different methods of producing electric
 
power in Japan in 1990. These methods are:
 

o 	Coal direct fired (CDF)
 

o 	 Methanol fired combustion turbine combined
 
cycle (M-CC)
 

o 
 LNG fired combustion turbine combined
 
cycle (LNG-CC)
 

Utilizing various published and private sources for
coal and LNG pricing, Ebisco has derived costs of electric
power in Japan. The costs 
are in the ranges shown below
(the ranges for LNG represent low and high real growths

of 	LNG):
 

Bus-bar Costs 
 Methanol-CC 
 LNG-CC 
 CDF
 

1990, mills/KWH 
 120-140 
 105-110 
 144-156
 
Levelized, mills/KWH 
 167-196 
 194-222 
 175-196
 
The LNG derived power cost 
is 	initially lower than that
for methanol until the sixth year of operation. Thereafter,
and for the duration of plant life, methanol-fueled power
is 	considerably less expensive; 
thus the levelized cost
of the methanol fired combined cycle plant is lower than
the LNG fired combined cycle plant.
 

The coal direct fired derived power is -nitially higher
than methanol fired combined cycle gene-'i-ted power and
remains higher throughout the life of the plant 
for thc
low cost scenario plants; it starts higher and remains
higher for aPproximately 15 years in the high cost
 
scenario case.
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The reason that the methanol combined cycle plans shows
 
to advantage over the CDF plant (even though the fuel
 
cost of methanol per BTU is higher than coal) 
is 	a
result of the greater efficiency of electric generation

using combustion turbine combined cycle equipment than

coal direct fired equipment (7600 BTU/KWH heat rate vs.
9800 BTU/KWH) and the lower capital cost 
of the combus
tion turbine combined cycle equipment.
 

For graphical comparison of bus-bar costs and a year by
year Fower cost analysis, see 1-1.2Figures through 1-1.15, 

In addition to the demonstrated economic benefits 
generating power from methanol with combined cycle 

of 
turbineequipment, there otherare tangible and intangible benefits 

that can 
be 	derived from this technique.
 

o 	Methanol can be used in locations tnat are unavailable 
to 	LNG. Since methanol is an easily shipped liquid,

it 	can be transported to sites which 
are prime can
didates for its use, whereas LNG cannot be shipped

to 	many o:' these areas because of congestion inshipping lanes and unavailability of regasification 
facilities.
 

" 	Methanol combined cycle can be retrofitted at existing
oil fired boilers using much existing equipment (oilstorage tanks, 
steam turbine, heat recovery equipment,
etc.) 
and placing small turbine installations in
parallel with the existing boilers. 
This repowering

concept 
is shown on Figure I-1.1. In addition to
reusing existing equipment (storage tanks, turbines,

heat recovery equipment) the use of generated steam in
local industrial facilities provides the most efficient
 
use of fuel.. This approach further improves the
 
system economics.
 

o 	Methanol is an ideal fuel 
for small increases in

electrical load since the combined cycle equipment
lends itself to the installation of modular increments
 
to satisfy small load increments in the 50-150 MW
 
range. Conventional boiler facilities are not
 
efficient 
in this small load range and one would not
 
build many small LNG regasification facilities.
 

o 	 Improvements in technology of methanol combustion 
units, utilizing evaporative cooling techniques, arebeing designed today and future performance efficiencies 
will be improved.
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o Methanol 
is a cleaner combustion fuel 
than oil,
coal or LNG thereby providing improved environ
mental conditions.
 

o The future 
use of methanol for automotive 

suggests use


that its flexibility as 
a fuel will
provide assurance of its sales and marketability.
It 
is noted that many Japanese refineries are
adjacent to existing oil 
fired power plants.
 

o Methanol 
can 
be stored at atmospheric pressure
(like oil) in 
large liquid tankage. Cryogenic
storage costs for comparable volumes of LNG are
prohibitively expensive. 
 Strategic fuel storage
is possible for methanol and difficult for LNG.
 

1.5.0 CONCLUSION
 

The Panama Coal 
to Methanol project has been proposed to
help create a diverse source of supply 
to meet the fuel
demands of the world in 
the 1990's and beyond. It is
understood that 
no single fuel 
source can provide the
capability of ameliorating the energy problems that will
be faced in 
the next decades. 
 It is probable that the
world's abundant supply of coal will be utilized
major contributor to 
as a


fuel needs, and it 
is expected that
this coal will be used in 
a clean fuel form as 
a refined
synthetic product providing medium BTU gas, synthetic
natural gas, methanol, and/or synthetic gasoline.
 

Work performed to 
date on the Panama Coal to Methanol
Project indicates that all requisite technology is
available and that the product methanol will provide
competitively priced electricity in Japan during the
early 1990's and beyond. 
Ebasco will continue to
explore appropriate avenues 
in this coui'try, Panama and
Japan to bring this project to commercial realization.
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LOW COST SCENARIO
 
COMPARISON OF BUS-BAR POWER COST IN
 

JAPAN COAL DIRECT FIRED VS COAL TO
 
METHANOL COMBINED CYCLE UNITS
 

FIGURE 1-1.2
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HIGH COST SCENARIO
 
COMPARISON OF BUS BAR POWER COST IN
 

JAPAN COAL DIRECT FIRED VS COAL TO
 
METHANOL COMBINED CYCLE UNITS
 

FIGURE I-1. 3 
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PANAMA COAL TO METHANOL PROJECT CONCEPT 
JAPAN BASED GENERIC POWER PRODUCTION COST COMPARISON 

o METHANOL COMBINED CYCLE 
VS. 

* CONVENTIONAL COAL FIRED PLANTS 
FTGURF 1-1.4 

METHANOL COMBINED CYCLE POWER PLANT
 
1983 LOWEST PROBABLE COAL COST
 

PRODUCTION COST COAL COST .MEOH COST POWER COST
 
COMPONENT
COMPONEN 
 S/TONNE % $/MMBTU % MILLS/KWH %
 

" COAL FOB MINE 20.90 59% 1.73 19% 13 16%
 
" MINE TO BARGE . 3.30 9 0.27 3 2 2
 

" MISSISSIPPI RIVER TO LA 4.40 13 
 0.36 4 3 3
 
00 o NEW ORLEANS TRANSFER 2.20 6 0.;8 2 1 2
 

" GULF OF MEXICO T=ANS 4.40 IS 0.36 4 3 3
 

TOTAL COAL COS7 35.20 lo% 
DIRECT COAL FIRED POWER PLANT ( ' )" COAL SUBTOTALS 2.90 32% 22 26% .1983 LOWEST PROBABLE COAL COST

" COVERSION TO METHANOLPIPELINE TRANSFER (1) 
ELECTRICITY COST" FIXEDCOSTS 4.34 47 33 40 
 PRODUCTION COST COMPONENT

"VARIABLE 1.34 14 10 12
 
PA C IF IC T RA NSPO R T /D ISTR IBU T ION 0 .6 2 7 5 6 
 C O A L C 

COAL COST ($61/TOrNE( 3 1 

23 23
 

TOTAL DELI.VERED METHANOL COST (2) 9.20 100% OTHER VARIABLE COSTS 16 16
 
" METHANOL COMPONENT SUBTOTALS 
 70 84% CAPITAL CHARGES (2) 54 53
 
" COMBINED CYCLE PLANT 
 13 16 RELATED TRANSMISSION COSTS a 8
 

TOTAL POWER COST 83 100% TOTAL POWER COST 101 1O0% 

(1) BASED ON 1983 PLANT COST OF $3.2 BILLION 
(1) 2-500 MW UNITS, SUPERCRITICAL. NON-U.S. COAL(2 METHANOL COST S/MMBTU $ITONNE $/U.S GALLON HEAT RATE 9600 BTU/KWH* PANAMA PACIFIC COAST 8.58 185 
 0.55 (2) $1700/KW (1983)* JAPAN 9.20 198 0.59 (3) BTU CONTENT - 11,000 BTU/LB 



PANAMA COAL TO METHANOL PROJECT CONCEPT
JAPAN BASED GENERWC POWER PRODUCTION COST COMPARISON 

0 METHANOL COMBINED CYCLE 
VS. 

* CO.NVENTIONAL COAL FIRED PLANTS 
TIGU!T. :-1. 5 

METHANOL COMBINED CYCLE POWER PLANT
 
1983 HIGHEST PROBABLE COAL COST
 

PRODUCTPON COST COAL COST MEOH COST POWER COST
 

O T %
/TONNE S/MMBTU % MILLMS/KWH %
 
FOB MINE 
 3E94 63 2.81 26% 21 22% 

TCOALMINE TO BARGE 4.96 9 0.41 4 23 3•MISSISSIPPI RIVER TO LA 6.61 11 0.55 5 4 4 

* NEW ORLE ANT1 2.6A4 5 0.22 2 2•GULF OF MAEXICO TRANS 8.27 15 0.68 6 
2 4LSFER 
5 5 

TOTAL POR COST 9 
(1COAL SUBTOTALS COT OF 

DIRECT COAL FIRED POWER PLANT"1 )
BPIPELINE TRANSFER 4.67 43TO METHANOL 35(11) 36% (1COVERSIONUNIS.SPR AL COALC 

P2
"S FIXED COSTSVARIABLE 4.34 GAL 341.34 39 S/.S 33 N12 10 PROUNIE11PR ELECTRICITY COSTD C ON OS C MOE T 

* PACIFIC TRANSPORT/DISTRIBUTION 0.62 6 5 5 MILLS/KWH % 
TOTAL DELIVERED METHANOL COST 2| 10.97 100% COAL COST ( 1831TONNEOTHER VARIABLE : COSTS16 31 28 

" METHANOL COMAPONENT 5SUBTOTALS 83 86% CAPITAL CHARGES (2) 546 5
"COMBINED CYCLE PLANT 13 14 RELATED TRANSMISSION COSTS 8 7 

TOTAL POWER COST 96 100% TOTAL POWER COST 109 100% 

(11) Bt.SED ON 1983 PLANT COST OF $3.2 BILLION 
(2) METHANOL COST (1) 2-500 MWVUNITS. SUPERCRITICAL, NON-U.S.$/MMBTU $/TONNE $/U.S. GALLON COAL 

* PANAMA HEAT RATE 9600 BTU/KWHPACIFIC COAST 10.35 223 
* JAPAN 

0.67 (2) $1700/KW (19113)10.97 236 0.71 (3) BTU CONTENT - 11,000 BTU/LB 



FIGF". " 1-1. 6 

1983
 
METHANOL CC PLANT VS COAL FIRED PLANT
 

EQUIVALENT DELIVERED POWER COSTS 

FUEL COST: $61-83/TONNE $9-11/MMBTU 
(L) (H) (L; (H) 

TYPE PLANT. F37OALAL ETHNLCCE 

PLANT COST. $1700/KW $450/1KW 

HEAT RATE: 96U0 BTU/KWH 7600 BTU/KWH 

LOWCASE. 101 MILLS/KWH 83MILLS/KWH 

HIGH CASE: 109 MILLS/KWH 96 MILLS/KWH 
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PANAMA COAL TO METHANOL PROJECT CONCEPT 
JAPAN BASED GENERIC POWER PRODUCTION COST COMPARISON 

* 	METHANOL COMBINED CYCLE 
VS. 

o 	CONVENTIONAL COAL FIHED PLANTS 
FTGr'-" T-1.7 

METHANOL COMBINED CYCLE POWER PLANT
 
1990 LOWEST PROBABLE COAL COST
 

PRODUCTION COST COAL COST MFOH COST POWER COST 
COMPONENT $/TONNE % S/,VMBTU % MILLS/KWH %
 

" COAL FOB MINE 
 31.35 59% 2.60 20% 20 17%
 
" MINE TO BARGE 4.95 9 0.41 3 3 3
 

" 	 MISSISSIPPI RIVER TO LA 6.60 13 0.55 4 4 3 

" 	 NEW ORLEANS TRANSFER 3.30 6 0.27 2 2 2 

* GULF OF MEXICO TRANSP 6.60 13 0.55 4 4 3 

I - -' 	 T O TA L C OA L C OS TTO 	 I 5 . 0 1 0 
DIRECT COAL FIRED POWER PLANT)1 

" COAL SUBTOTALS 4.38 33% 33 28% 1990 LOWEST PROBABLE COAL COST 
" 	 COVERSIC J TO METHANOL
 

PIPELINE TRANSFER (1)

" FIXEDCOSTS 6.11 47 47 39 	 ELECTRICITY COSPRODUCTION COST COMPONENT 

* 	 VARIABLE 1.88 14 14 12 
" PACIFIC TRANSPOPT/DISTRIBUTION MILLS/KWH %0.87 6 7 5 

COAL COST (S91.3r'ONNE) ( 3 
) 35TOTAL DELIVERED METHANOL COST (2) 13.24 100% 	

24 
OTHER VARIABLE COSTS 22 15 

" METHANOL COMPONENT SUBTOTALS 101 84% CAPITAL CHARGES (2) 75 53 
" COMBINED CYCLE PLANT 19 16 RELATED TRANSMISSION COSTS 11 8 

TOTAL POWER COST 120 100% TOTAL POWER COST 144 100% 
(1) BASED ON 1983 PLANT COST OF $3.2 BILLION 

(1) 2-500 MW UNITS, SUPERCRITICAL, NON-U.S. COAL 
(2) METHANOL COST S/MMBTU S/TONNE $/U.S. GALLON HEAT RATE 9600 BTU/KWH0 PANAMA PACIFIC COAST 12.37 266 0.80 (2) S2400/KW (1990)
O JAPAN 13.24 285 0.85 (3) BTU CONTENT - 11,000 BTU/LB 



PANAMA COAL TO METHANOL PROJECT CONCEPT 
JAPAN BASED GENERIC POWER PRODUCTION COST COMPARISON 

" METHANOL COMBINED CYCLE 
VS. 

* CONVENTIONAL COAL FIRED PLANTS 

METHANOL COMBINED CYCLE POWER PLANT

1990 HIGHEST PROBABLE COAL COST
 

PRODUCTION COST COAL COST MEOH COST POWER COST 

COMPONENT _ S/ONNE % S/MMBTU % MILLS/KWH % 
* COAL FOB MINE 50.99 60% 4.24 27% 32 23% 

H * MINE TO BARGE 7.42 9 0.62 4 5 3 
Ir 0 MISSISSIPPI RIVER TO LA 9.90 11 0.82 5 6 4 

" NEW ORLEANS TRANSFER 3.S5 c 0.33 2 2 2
 
" GULF OF MEXICO TRANS 12.54 15 1.04 
 7 8 6 

TOTAL COAL COST 84.70 100% 
SCOAL SUBTOTALS 7.0 3" COALRSIONTOTALS DIRECT COAL FIRED POWER PLANT 1 )7 45 53 31990

" COVE RSION TO METHANOL HIGHEST PROBABLE COAL COSTPIPELINE TRANSFER (1) 
" FIXEDCOSTS ELECTRICITY6.11 38 47 33 PRODUCTION COST COMPONENT" VARIAEC.' 1.88 

E T T ST
12 14 10 

MILLS/KWH % 
" PACIFIC TRANSPORT/DISTRIBUTION 0.87 5 7 5 

COAL COST ($124/TONNE 143) 47 30%TOTAL DELIVERED METHANOL COST (21 15.91 100% OTHER VARIABLE COSTS 22 14 
" METHANOL COMPONENT SUBTOTALS 121 86% CAPITAL CHARGES (2) 76 49 
• COMBINED CYCLE PLANT 19 14 RELATED TRANSMISSION COSTS 11 7 

TOTAL POWER COST 140 100% TOTAL POWER COST 156 ioo 
(1) BASED ON 1983 PLANT COST OF S3.2 BILLION 

(1) 2-500 MW UNITS, SUPERCRITICAL, NON-U.S. COAL(2) METHAN.L COST S/MMBTU $/TONNE $/U.S. GALLON HEAT RATE 9600 BTU/KWHo PANAMA PACIFIC COAST 15.04 323 0.97 (2 S2400/KW (1990)0 JAPAN 15.91 342 1.02 (31 BTU CONTENT - 11,00 BTU/LB 



1990
 
METHANOL CC PLANT VS COAL FIRED PLANT
 

EQUIVALENT DELIVERED POWER COSTS 

FUEL COST: $91-124/TONNE $13-16/MMBTU 
(L) (H) (L) (H) 

TYPE PLANT. FLANTNOL CC 

PLANT COST: $2400/KW $700KW 

HEAT RATE: 9600 BTU/KWH 7600 BTU/KWHi 

LOW CASE. 144 MILLS/KWH 120 MILLS/KWH 

HIGH CASE; 156 MILLS/KWH 140 MILLS/KWH 
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FIGURE I-1.10
 

LOW COST SCENARIO
 
COMPARISON OF BUS BAR POWER COSTS
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FIGURE 1-1.11
 

HIGH COST SCENARIO 
cO-MPARISON OF BUS-BAR POWER COSTS 

LNG VS METHANOL
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FIGURE 1-1.12 

LOW COST SCENARIO 

COMPARISON OF BUS-BAR POWER COSTS 

850 
LNG VS METHANOL 

800 

750-

700-

650 

FUEL COST 1990 (JAPAN) 
OREGASIFIED & DISTRIBUTED 

LNG 11.bO$/MM BTU 
*METHANOL DISTRIBUTED 

14.62$/MM BTU 
* METHANOL PRICE BASED UPON 

1%REAL GROWTH OFCOAL FEEDSTOCK 

" INFLATION 6% 

600 / 

F-

550-5/ 
500 

450450 

LNG FIRED 

COMBINED CYCLE // 

/ 

cc 400 

0/O 

cr 350 

30 
LEVELIZED BUS, BAR COST 

In 

/ 
METHANOL FIRED
COMBINED CYCLE 

250-
LN G FIR ED COST 

(194 MILLS/KW HR.) ' 

200 

150 1000 

00METHANOL 
100 -(164 

FIRED 
MILLS/KW HR.) 

50 

1990 '2 '4 '6 '8 2000 '2 '4 '6 '8 2010 '12 '14 

YEAR 
1-26 



FIGURE I-].13
 

HIGH COST SCENARIO
 
COMPARISON OF BUS-BAR POWER COST IN JAPAN
 

COAL DIRECT FIRED VS METHANOL COMBINED CYCLE 
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FIGURE 1-1.14 

LOW COST SCENARIO
 

COMPARISON OF BUS-BAR POWER COST IN JAPAN
 
COAL DIRECT FIRED VS METHANOL COMBINED CYCLE
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For Immediate Release 
 November 11, 1983
 

JOINT STATEMENT BY THE PRESIDENT
 
AND PRIME MINISTER NAKASONE
 

ON JAPAN-U.S. ENERGY COOPERATION
 
(Retyped for clarity)
 

Prime Minister Nakasone and President Reagan share the view
that 
further progress be made in energy trade and cooperation

in oil, natural gas and coal between Japan and the United

States as outlined in the following Joint Policy Statement

recommended by the Japan-United States Energy Working Group:
 

Taking account of the energy prospects for the entire Pacific
basin, lhe two 
contries agree that the sound expansion of U.S-

Japan energy trade will contribute to the further development

of the close economic and energy security relationship which
 
exists between the two contries.
 

They will 
continue to discuss and find ways of developing

this 
trade for the mutual benefit of both contries, noting the
importance of long-term cooperation, the central role of the
 
private sector, and the need for 
a balance between economic
 
cost and energy security.
 

Both countries consider Alaska 
to be a particularly promising

area for joint development of energy 
resources. Both governments

will encourage private sector discussions regarding the

possibilities for such development.
 

With regard to trade in 
oil, gas and coal, we have agreed on
 
the following next steps: 

A. The U.S. and Japan recognize that if legislative
barriers can be removed, the U.S. has the potential

to ship substantial quantities of crude oil 
to Japan,

thereby increasing economic incentives for U.S. oil
 
production and helping to 
diversify Japan's energy
sources. The U.S. will continue to keep under review
 
the removal of restrictions on 
exports of domestic
 
crude oil.
 

B. 
 The U.S. and Japan will encourage private industry

in both countries to 
undertake now the pre-feasibility
 
or feasibility studies necessary to 
determine the
 
extent to which Alaskan natural gas 
can be jointly

developed by U.S. and Japanese interests.
 

C. 
The U.S. and Japan will encourage private industry

in both contries to discuss the possibility of
 
concluding long-term coal 
contracts and jointly

developing mines and transportation systems to

make American coal more competitive in the Japanese

market.
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D. 	 In this regard, the two 
contries welcome the examinations
 
underway of the technical and economic aspects of
several steam coal 
projects by private companies

concerned on 
both sides. As economic recovery proceeds,

Japan will encourage its industries to consider
 
purchase of more competliively priced U.S. steam

coal to meet future demands not already covered by
existing contracts. In addition, Japan will invite*

the private sector concerned to explore the possi
bility of further 
increasing substitution of coal
 
for oil 
in electrical generation.
 

E. 	 With regard to metallurgical coal, both sides noted

that 
the depressed state of world steel manufacturing

had 	reduced demand for traded coal. 
 However, in view
of the fact that 
the 	U.S. b~as been a major supplier

to 
the Japanese market, both sides will endeavor to

maintain the level of Japanese imports of U.S. coal.

Japan expects that imports of competitively priced
U.S. metaliurgical coal 
will not continue to decline,

and will encourage its steel industry to 
increase U.S.

coal imports when conditions in the industry permit.
 

F. 	 As 
a first step toward developing U.S.-Japan coal
 
trade, from a mid- to 
long-term prospective, a mission
 
composed of representatives of major Japanese coal
 
users and other appropriate interests will visit the U.S.
to meet with major coal 
mining and transportation

interests. The purpose of this mission will be to

explore the possibility of expanding coal trade
 
between the U.S. and Japan, and the possibility of

conducting a major study of the opportunities for

reducing the delivered price in Japan of U.S. coal.
 

* Underscored by Ebasco for emphasis. 
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BASE ECONOMIC COMPARISON
 
ASSUMPTIONS
 

METHANOL COMBUSTION TURBINE COMBINED CYCLE CASE 

PANAM4A COAL TO METHANOL PLANT - $3.2 BILLION 1983 

- 52.80-84.70 
* 

" 	COAL COST DELIVERED TO PANAMA SITE 1990 


$/TONNE
 

* COAL ESCALATION - 1% ABOVE BASE
 

" BASE INFLATION - 5%
 
-" AS-BUILT COMBUSTION TURBINE COMBINED CYCLE 1990 

700 $/KW 

" HEAT RATE - 7600 BTU/KW-HR 

" CAPACITY )FACTOR - 0.75 

COAL 	DIRECT FiRED CASE 

COAL FIRED BOILER, AQCS, TURBINE GENERATOR 1990 * 
2,00 $/KW 

-	 91-124$/TONNE" 	COAL COST DELIVERED TO JAPAN 1990 

* 	 COAL ESCALATIUN - 1% ABOVE BASE 

" 	 BASE INFLATION - 5%
 

LOSSES - 11 MILLS/KW-HR
" TRANSMISSION 


" HEAT RATE - 9600 BTU/KW-HR
 

http:52.80-84.70


BASE ECONOMIC COMPARISON
 
ASSUMPTIONS
 

REGASIFIED LNG COMBUSTION TURBINE 
COMBINED CYCLE CASE 

" REGASIFIED LNG JAPAN 1990 - 11.50 $/MM 
BTU 

" NAT GAS REAL VALUE INCREASE - 3-4.5% 
* 	 BASE INFLATION - 5% 

* 	 COMBUSTION TURBINE COMBINED CYCLE 
1990 - 700 $/KW 

* 	 HEAT RATE - 7600 BTU/KW-HR 

* CAPACITY FACTOR - 0.75 

GENERAL INFORMATION 

* LEVELIZED FIXED CHARGE RATE - 0.18 
" PLANT LIFE - 25 YEARS 

• 	 COGENERATED STEAM - 0 
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II. EVALUATION OF GASIFICATION TECHNOLOGY
 

II - 1.0 OBJECTIVE AND SCOPE
 

The main objective of this study was 
to technically and economically
evaluate alternate commercially available gasification technologies
for the production of methanol from 20,000 TPD of Illinois #6 coal.
 

The evaluation included a conceptual design for the integrated coalconversion plant, investment and operating cost information, andengineering and economic anevaluation for each of the process technologies investigated.
 

The study work encompassed the following gasification processes:
 

o Texaco Coal Gasification Process (TCGP) -

Licensed by the Texaco Development Corp
 

o 
British Gas Corp/Slagging Lurgi (BGC/SL) -

Licensed by British Gas Corporation
 

o Westinghouse Coal Gasification System (WCGS) -
licensed by Westinghouse Electric Corporation
 

Each gasification technology studied had a significant 
influence
on 
the design of almost every system in 
the methanol plant, including
coal preparation, CO Shift, gas compression, methanol synthesis and
the steam and power systems. Furthermore, the philosophy of
achieving the energy balance of the plant was determined by the
gasifier selection, starting with the utilization of coal fines,
gas cooling and heat recovery, disposition of recovered hydrocarbons
and the utilization of the methanol synthesis purge gas.
 
Because of 
the downstream influence of the gasification system on
the entire plant, the most logical approach for evaluating thegasifiers was to estimate the capital and operating costs for threecomplete, energy balanced plants (including appronriate electric
p.)wer generation), and to 
compare the unit costs
produced. ior methanol
A system of technical and economic criteria was
established to insure that the evaluation was effected on anequitable basis for the three alternative designs.
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The main objective of the process design was 
to develiop configura
tions which adequately represent a reliable system. 
 Details have

been provided to serve 
as an indication of 
the rationale for
 
specific selections. 
 The designs were executed by Ebasco with
 
support 
from Humphreys & Glasgow for the BGC/SL alternate.
 

Process flow diagrams, heat 
and material balances, and equipment

lists were prepared for all 
process and off-site sections incor
porated in the respective configurations. During the course of
the study work, Westinghouse announced its intention 
to liquidate

its Synfuels Division. As 
a result of this decision, the WCGS

design iFs conceptual in nature and 
not as comprehensive as the

designs prepared for the TCGP and BGC/SL alternates.
 

Certain process licensor data of a proprietary nature has been
deleted from this report. 
 These design data provided the informa
tion necessary for equipment sizing, selection and pricing.
 

Capital and operating cost estimates were prepared and used in 
a
financial analysis to 
develop the unit methanol cost. An assess
ment of the basic technologies was discussed from a technical, 
environmental and commercial point of view.
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II - 2.0 
 SUMMARY AND RECOMMENDATIONS
 

II - 2.1 SUMMARY 

This study was performed to 
identify the preferred gasification
technology which will be the basis for the Panama Coal 
to Methanol
Project (PCMP). 
 The following technologies were studied:
 

Texaco Coal Gasification Process
o (TCGP) 
o 
 British Gas Corp/Slagging Lurgi (BGC/SL)

o Westinghouse Coal Gasification System (WCGS) 

These technologies were selected because they have achieved "secondgeneration" status (i.e. exhibit favorable economics over firstgeneration designs), and will have been demonstrated on a commercialscale prior to the construction phase of the PCMP. 

The three gasification processes were evaluated in the context ofa completely integrated energy balanced methanol plant. The totalplant capacity was based on complete utilization of 20,000 TPD ofIllinois #6 coal. A set of technical and economic criteria was
developed to provide 
 a consistent basis for the evaluation.evaluation itself considered technical, environmental, 
The 

and commercial 
factors,
 

Process designs, which included heat and material balances, processflow schematics, equipment lists, and equipment summary specifications (adequate for 
cost estimating purposes) 
were prepared. The
designs were based on in-house data and information which wasdeveloped specifically for 
this project and supplemented by process
licensor and vendor data. 
These 
designs were executed in the
context of the established technical criteria and 
 adhered to
current U.S. effluent and emission standards. The operating resultsindicating respective plant performances are given in Table 11-2.1. 

The capital investment requirements were estimated for the integratedplants using Ebasco's existing in-house data base, other DOE studiesprepared by Ebasco, and vendor quotes. 
 The capital requirements
thus determined are considered accurate to 
+25%. Economic calculations for operating costs were made and the unit cost 
of methanol
product was determined by discounted cash flow analysis. 
 The
economic results are summarized in Table 11-2.2. 

The following comments 
for each of the technologies intended
are
to 
provide a perspective from which the conclusions presented in
 
this report may be viewed.
 

II - 2.1.1 
 Texaco Coal Gasification Process
 

The Texaco gasification process has been commercially used for many
years in syngas applications. 
The process has been demonstrated on
a pilot scale by Texaco Development Corp, tested on 
various coals
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for syngas production in West 
Germany by Ruhr Kohl/Ruhr Chemie, and
 
further demonstrated, for ammonia synthesis gas, by TVA 
(Muscle

Shoals). Commercial scale plants are 
in the procurement phase by

UBE Industries (Tokyo) for atmnonia production, in commissioning

by Tennessee Eastman for methanol production, and under construction
 
by So. Cal. Edison for electricity generation. Detailed plant

engineering is underway for commercial scale syngas 
production at

the SAAR Project (W. Germany), and methanol/fuel gas production

by Nyashamnskomnbinavtel 
 (Sweden). Environmental work has indicated
the slag produced to be benign. A key feature of the process is a
radiant/convection boiler used to raise steam from hot gasifier
effluent. This is not presently commercially proven equipment

will require special design considerations. 

and
 
Combustion Engineering

is fabricating these boilers which will be utilized at 
the Cool
 
Water Demonstration plant.
 

II - 2.1.2 British Gas Corp/Slagging Lurgi 

The BGC/SL process has been demonstrated on a fairly large scale at
the Westfield (Scotland) Development Center. A reactor, whose
diameter is 
 the same as that used in this study, is being installed
 
there for operation in 1984. Furthermore, it is understood that
British Gas is considering a prototype 
 SNG plant for demonstration
 
in the U.K. The operation at Westfield has included the testing

of a number of Eastern U.S. coals with 
a data base spanning the

coal properties that were used in 
this study. The required equip
ment is somewhat complex while the process itself requires the
separation and handling of liquid by-products and the possible

requirements of feed coal briquetting. The process effluent 
streams can be adequately handled to pose no threat to the
 
environment. 

II - 2.1.3 Westinghouse Coal Gasification System 

The WCGS has been demonstrated on a pilot scale by Westinghouse
 
at their plant in Waltz Mill, PA, using Illinois #6 coal. Two

commercial methanol from coal projects (Keystone and New England

Energy Park) are now soliciting support 
from the SFC. A combined

cycle facility based on low Btu gas from a WCGS is under design

for the European Economic Community (EEC). On the negative side,

plans to demonstrate the process on a commercial scale 
at SASOL
 
have been cancelled and Westinghouse has recently announced
 
intentions to liquidate the Synthetic Fuels Division of the
 
organization.
 

The following summarizes the results and conclusions of the study.
 

o There is no significant difference in 
the investment
 
requirements for coal to methanol plants based on the 
three alternates studied. 
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o 	There is no significant difference in the unit cost of

methanol product from plants based on 
the three alternates
 
studied.
 

o 	The gasification technologies 
 all have degrees of
 
technological risk associated with them.
 

o 	The gasification systems can be brought into compliance

with applicable U.S. environmental standards with the

application of appropriate control technologies. While

the cost of environmental control may vary among the three
 
processes considered, this cost 
as a percentage of the

overall project cost is expected to be relatively

insignificant. Thus, the cost 
of 	meeting U.S. environmental
 
standards is not an 
issue in the selection of a particular
 
gasifier.
 

o Recent events cloud the commercial status of the WCGS.
Bith TCGP and BGC/SL will have been commercially demonstratedprior to the inception of the PCMP detailed design. 

11-2.2 RECOMMENDATIONS
 

o 	 To be considered viable for the Panama project, the
gasification technology will have been demonstrated in

commercial operation prior 
to 	commencement of equipment

procurement 
for this project. This rationale allows for

evaluation prior to commitment of large capital 
sums.
Because of its uncertain commercial future, it is 
recom
mended that 
the WCGS be dropped from further consideration
 
as 	the gasification technology for the Project.
 

o There is no significant difference in the estimated unit
 
cost of product methanol made in an integrated energy
balanced plant based on either the TCGP or the BGC/SL

process. 
Economics alone are, therefore, an insufficient
 
measure of the relative advantage of alter-te gasifiers.
 

o 	A major consideration in 
the selection of the gasification

technology will be the preferences of the members of the

consortium to be established for this project. 
 These preferences may be based on 
nationalistic considerations,

existing commercial arrangements, and/or special advantages

perceived from the evaluation of the commercial terms.
 

o 	 Prior to the selection of a gasification system for 
commen
c;ement of detailed plant design, conferences should be held

with the 
licensors of the gasification technologies to

develop an understanding of the terms under which the
 
process will be licensed. The following topics should be
 
clearly understood:
 

11-5
 



o Royalty costs
 

o 
 Areas of technical risk which impact upon design/cost
 
considerations.
 

o Guarantee position of vendor.
 

o Type and cost of process design package offered.
 

o Equipment supply restrictions of technology vendor.
 

o Availability and 
cost of start-up assistance.
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SUMMARi 


Gasification
 
Coal Feed Rate, lb/hr (m.f.)*

Oxygen/Coal Ratio, lb/lb (m.f.)*

Oxidant Temperature, OF 

Oxygen Purity, vol % 

Gasifier Exit Temperature, IF 

Gasifier Exit Pressure, psig 

Ca~bon Conversion, % 


Efficiency 
 (1'

FulGa,%(2,,
Cold Gas (Synthesis), 

Fuel Gas, %( 
 (3) 

Process (Fuels Plus Stcam), 


Overall System
 

Liquid Metianol Product
Methanol, TPD 

Other Alcohols, TPD 

Water, TPD (4 ) 


Fuel Value, MM Btu/D 


Efficiency 
 (5)
Methanol Fuel, HHV % 

Total Products, HHV %(6) 


Notes:
 

(1) 
HHV (12 + CO) Produced/HHV Coal

(2) HHV (H2

(3) HHV (H2 + CO + 
C1 + C 2 )+ Enthalpy Net Steam Produced or Required/HHV Coal
(4) HHV (Methanol + 
Higher Alcohols)

(5) HHV (Methanol + Higher Alcohols)/HHV Coal
(6) HHV (Methanol + Higher Alcohols + By-Products + Electricity)/HHV Coal
 

* m.f.: moisture-free 

+ CO + C1 + C2 ) Produced/HHV Coal
 

TABLE QI-2.1
 

OF OPERATING RESULTS
 

TCGP 


1,476,000 

0.912 

300 


99.5 

2000-2800 


700 

99.6 


72.0
7
 
72.3 

90.7 


11,972 

37 

29 


234,840 


53.5 

55.0 


BGC/SL 
 WCGS
 

1,476,000 
 1,476,000
 
0.537 
 0.649
 
250 
 300
 
95 
 98.5
 
722 
 1850
 
465 
 475
 

99.98 
 95.7
 

70.8 
 60.5
 

89.1 
 81.3
 
87.1 
 92.9
 

11,811 
 11,044
 
36 
 34
 
77 
 27
 

232,200 
 217,020
 

52.9 
 49.3
 
55.4 
 51.0
 



TABLE !1-2.2
 

SUMMARY OF ECONOMIC RESULTS
 

Production at Design Capacity 
TCGP 

Methanol Fuel, MM Btu (HHV)/D 
Overall Methanol Fuel Effiencv, % (1) 

234,840 
53.5 

Capital Requirement, $MM ( 2 ) 

Total Plant Installed Cost 2629.8 
Initial Start-Up 
Contingency ( 3 ) 

120.0 
275.0 

Working Capital 117.5 

TOTAL 3142.3 

Operating Cost, SMM
(2 ) 

Capital Cost @ $40/ton 
Operation and Maintenance 
By-Product Credits 

264.0 
128.6 
(31.6) 

TOTAL 361.0 

Product Cost 
(2 ) 

Total, $MM/yr 718.3 
Unit, $/MM Btu (HHV) 9.27 

$/U.S. gal. 0.599 
$/ton 181 

Notes:
 

(1) HHV (Methanol + Higher Alcohols)/HHV Coal.
 
(2) First Quarter 1983, De-Escalated from 1990.
 
(3) Based on 60 days coal, 30 days product, 15 days other costs.
 

BGC/SL WCGS 

232,200 
52.9 

217,020 
49.3 

2372.8 
103.0 
247.6 
113.6 

2873.8 
112.6 
298.6 
120.1 

2837.0 3405.1 

264.0 
125.7 
(42.8) 

264.0 
133.1 
(33.6) 

346.9 363.5 

674.2 
8.80 
0.568 

172 

746.3 
10.42 
0.673 

203 



II 	- 3.0 PLANT DESIGN CRITERIA
 

II 	- 3.1 TECHNICAL APPROACH
 

This study was performed to select a gasification technology for
 
the production of methanol from 20,000 TPD of Illinois #6 coal.

Three gasification processes were compared.
 

The selection of the gasification technologies, included in this

comparative assessment, was based on 
the following elements:
 

o 
Advanced second generation gasification processes with
 
improved thermal efficiency;
 

o 	Elevated operating pressure;
 

o 	 Ability to gasify a broad range of coals 
including Illinois #6 coal
 

o 	Raw gas with high content of CO + H2 suitable for the
 
production of methanol;
 

" 
Gasification waste products to be environmentally
 
acceptable;
 

o 	Processes to be commercially proven before the implementa
tion of the project;
 

o 
Commercial position put forth by a strong organization

which can meaningfully provide substantial financial
 
support to its guarantee position.
 

As shown on Table 11-3.1, the gasification process selection determined
 
the configuration of the plant and influenced the design of most
of the other sections of the plant. 
 Since the impact of the

gasification process on the design of the other systems in the

methanol plant is the governing factor, the approach to the process
assessment was to 
compare the investment and operating costs for

the complete energy balanced coal-to-methanol plants, each based on
 
one of the three gasification technologies evaluated.
 

The plants were designed to be self-sufficient, producing all the
 
energy required by the process and also exporting 5 MW of electric
 
power. A design basis document was prepared to facilitate the

comparison of the three systems by ensuring that the evaluations
 
proceed on a consistent basis. 
 The design basis established a
 
common 
framework for the evaluation of all three gasification
 
processes. 
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The process configuration for each coal-to-methanol plant was
 
established using information specifically developed for the
 
project, information supplied by technology licensors, previous

in-house studies and available literature. Conceptual designs
 
were 
prepared by Ebasco for the TCGP..- and WCGS-based plants and
 
by Humphreys & Glasgow for BGC/SL with support from Ebasco for
 
some non-process and offsite sections.
 

Heat and material balances were prepared for process sections and
 
utility systems for the TCGP and BGC/SL alternates. Flow diagrams
 
were prepared for each process and utility section. Because much
 
of 	this information is of a proprietary nature, non-proprietary

flow schematics were prepared and are presented in the Appendix.

Ebasco prepared this information from its in-house data base
 
supplemented by data supplied by Humphreys & Glasgow and other
 
process licensors. Heat and material balances with a lower level
 
of 	detail were also prepared for the Westinghouse technology using

information available in-house, and limited data received from the
 
Westinghouse Corp. Although the conceptual design for the Westing
house technology wasnot of the same quality as TCGP or BGC/SL, it
 
was sufficient for a directional comparison. WCGS schematics were
 
therefore riot provided.
 

The process sections constituting the methanol plant consist of
 
multiple train units. The determination of both size and number
 
of 	process trains, viz.a streaming analysis, was based on the
 
following criteria:
 

o 	Equipment failure is not to result in a complete plant
 
shutdown.
 

o 	Efficient plant performance should be maintained under
 
turndown conditions.
 

o 
Maximum size equipment should be used, when possible, to
 
benefit from economy of scale.
 

o 	The extent of field fabrication of equipment is to be
 
minimized.
 

These criteria were used in the review of state-of-the-art of
 
commercial applications of all plant sections and systems. In
 
general, the requirement for excessive equipment redundancy has
 
been mitigated by providing sufficient in-plant storage for
 
feedstock, products and chemicals.
 

The streaming rationale used for the design of each of the three
 
alternate gasification plants is discussed in the respective
 
technology evaluation sections.
 

Process descriptions indicating the interrelationship between
 
major process systems were prepared. The system performance and
 
resource requirements were determined for each gasification process
 
assessed.
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Equipment lists for the process sections and offsites were prepared
and have been presented in the Appendix.
 

Equipment specifications for major equipment were prepared with
sufficient detail for 
cost estimate purposes, by using either
in-house data base or 
vendor quotations.
 
The resource and operacing requirements of the plant 
were determined
 
from the heat and material balances.
 

II -- 3.2 DESIGN BASIS
 

This section 
includes the technical data on 
which the plant design
 
was based.
 

II 	- 3.2.1 System Capacity
 

o 	 Coal Consumption
 

The evaluation will be based upon a fixed feed of 20,000
ST/D of coal as received (AR) to 
the plant battery limits,
resulting in 
the maximum possible methanol production.

entire quantity of coal will be consumed 

The
 
on site. The grassroots plant will be a stand-alone facility and will export


5MW of electric power.
 

o 	 Op0erating Capacity 

The plant will be designed to operate at 
an 	annual average
capacity factor of 90%, which equates 
to 330 days per year

at 100% capacity.
 

II 	- 3.2.2 Design Coal 

o 	 Coal Analysis
 

The design coal 
for this evaluation will be an 
Illinois

#6 coal with the following ultimate analysis (moisture
free):
 

Component 
 (%by Weight)
 

Carbon 

68. 27
 

Hydrogen 

4.84


Nitrogen 

1.21 

Sulfur 

4 .55


Oxygen 

8.35 

Chlorine 

0.10
 

Ash 

12. 68
 

100.00
 

HHV (Dry Basis) Btu/lb 
 12,400
 

Moisture, (AR) wt% 
 11.44
 

Surface Moisture, wt% 
 7.0
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Ash Fusion Temperature (0 F)
 

Average
 

Initial Reducing Oxidizing
 

Deformation 
 1975 2270
 

H=W 
 2130 2450
 

H=I/2W 
 2].40 2490
 

Fluid 
 2250 2590
 

o Size Distribution
 

The coal fines are defined as smaller than 1/4 inch. 
 The
 
design coal, as delivered to the plant, is sized at 2 x 0"

with 55 percent fines. 
 This will be the basis for the

normal operating characteristics. The plant will be de
signed to be able to process a coal feed of up to 60 per
cent fines at the specified coal consumption.
 

II - 3.2.3" Products Spo. fications 

The product will be fuel grad, methanol, stabilized and containing a
maximum 0.64 percent (weight) water. All higher alcohols produced
 
are to be included with the methanol.
 

The only by-products of the plant will be elemental sulfur (99.9

percent pure), liquid ammonia and 5 MW of electricity for export.

Any other by-produce!will be utilized internally, within the battery
limits, either by recycle to the gasifier, or to supplement the fuel

requirements of the facility.
 

II - 3.2.4 Process Configuration
 

At a minimum, the processing steps will include the following:
 

o Coal Preparation
 

o Gasification
 

o CO Shift
 

o Acid Gas Removal
 

o Sulfur Recovery
 

o 
 Methanol Synthesis and Distillation
 

o 
 Process Waste Water Treatment
 

o Air Separation
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In 	this regard, the following process technologies will be considered
 

standard for the gasifier evaluation:
 

System 
 Technology
 

Acid Gas Removal 
 Selexol or Rectisol
 

CO Shift 
 Conventional or Sulfided Catalyst
 

Air Separation 
 Gas Compression/Reversing Exchangers
 

Methanol Synthesis ICI
 

Sulfur Recovery 
 Claus W/SCOT Tailgas Treatment
 

o 	Gasification
 

The operation of the gasifiers will be optimized to insure

the highest possible efficiency. Any hydrocarbon by-products

will be recycled to gasification to extinction. 
 The utiliza
tion of coal fines in the gasifiers' feed will be maximized
 
to the extent that successful commercial operation can
reasonably expected. 

be
 
The introduction of 
fines in an oxygen/


steam stream shall be evaluated for both technical feasibility

and safety. Briquetting of 
fines may be incorporated into

the design co 
overcome any limitation of fines fed to the
 
gasifier.
 

o 	Air Separation Plant
 

The design production of oxygen will be consistent with the
capacity of the air compressor at maximum rated speed accord
ing to API Standard 617, 
 As 	per the API Standard, the air
 compressors will be designed to operate at 
their highest

efficiency at 
the normal operating condition.
 

o 	 MtLhanol Synthesis Purge Gas
 

The purge gas from the 
synthesis loop will be used internally

within the plant as 
fuel for the plant's requirements, and/or

recycle to the synthests loop after reforming.
 

II 	- 3.2.5 Plant Suport (Offsite) Systems 

Plant support systems include all plant elements not directly involved
 
in methanol production and as such may include:
 

o 	Coal Handling
 

o 	 Steam System
 

o 	Feedwater and Condensate
 

Water Supply and Treatment (includes Cooling Towers)
 

o 	Power Generation
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o 	 Wastewater Treatment
 

o Solid Waste Disposal
 

" Auxiliary Systems (includes product storage)
 

o 	 Fire Protection
 

o 	 Electrical Distribution
 

o Buildings
 

The process support systems will perform the following functions:
 

(a) Steam Generation and Distribution
 

- provide and distribute steam at the required pressure for
 
turbine drives,
 

- provide and distribute steam at the required pressure for
 
plant process systems, and
 

-	 produce electricity for plant operations through the use
 
of a steam turbine generator.
 

(b) 	Feedwater and Condensate
 

- collect and return drains from equipment to system,
 

- treat drain water before reuse,
 

- deaerate boiler feedwater,
 

- preheat deaerator feedwater,
 

-	 produce MP and LP steam,
 

-	 provide condensate for NO x control and for desuperheating,
 

- control the water chemistry in the condensate cycle, as
 
well as minimizing corrosion and scaling, with the condensate
 
demineralizer and the chemical feed system.
 

(c) 	Raw and Cooling Water Supply
 

- Collect and pretreat raw intake water,
 

- store pretreated water,
 

- remove pretreatment waste sludge,
 

- distribute water to the treated water system,
 

- distribute and circulate water to the cooling water system.
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(d) Treated Water System
 

- Distribute deaerated water to the process,
 

- distribute demineralized water to the steam system, 

- distribute filtered water to the following services: 

- Coal handling
 

- plant service water 

- process
 

- fire protection
 

- distribute potable water in the plant.
 

(e) Power Generation 

- Produce HP steam, 

- superheat HP steam, 

- preheat boiler feedwater, and
 

- produce electricity for plant operation.
 

(f) Wastewater Treatment
 

Process the plant wastewater streams and discharge them in 
an

environmentally acceptable manner. 
A total of 19 wastewater
 
streams are included, which would result from plant operation
and rainfall runoff from process, storage and landfill 
areas.
These are 
identified below and characterized by source and
 
treatment necessary.
 

Streams generated from process and support 
facilities include:
 

1. Carbon filter backwash waste
 

2. Make-up demineralizer regeneration waste
 

3. Boiler condensate polisher regeneration waste
 

4. Boiler blowdown
 

5. Boiler and other equipment cleaning waste
 

6. Cooling tower blowdown
 

7. Pretreated gasification effluent
 

8. CO2 (tailgas) wash water
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9. Acid Gas Removal catalyst regeneration waste
 

10. SCOT sour condensate
 

11. Methanol purification still bottoms
 

12. Sanitary waste
 

13. Water pretreatment clarifier underflow.
 

The various rainfall and runoff-related streams include:
 

4. Coal pile runoff and leachate
 

1.] Plant process area storm runoff
 

16. Methanol contaminated process drainage
 

17. Methanol product storage area drainage
 

18. Slag landfill runoff and leachate
 

19. Waste treatment sludge impoindment runoff.
 

(g) Slag and Sludge Disposal
 

- Onsite disposal and landfill of gasifier slag, bio
oxidation ash, and water pretreatment sludge.
 

- Chemically fix the physical/chemical treatment and
 
Gasification Effluent Treatment sludges.
 

-	 Onsite disposal and impoundment of the chemically

fixed physical/chemical treatment and GasificaLion
 
Effluent Treatment sludges.
 

-
 Offsite disposal of oil-water separator oil and sludge.
 

(h) Auxiliary Systems
 

-
 provide 15 days storage for product methanol,
 

-
 provide storage, unloading and loading facilities for
 
propane/fuel oil,
 

- provide instrument and service air to the plant,
 

- flare combustible gas from process areas, and
 

-
 provide 10 days storage for by-product sulfur and
 
ammonia.
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(i) Fire Protection
 

- Store water used for fire protection,
 

- distribute water to area hydrants,
 

- fire detection, and
 

- fire suppression with sprinkling systems.
 

The following subsystems are used to perform the above operations; 

- Water supply, 

- Distribution and pumping, 

- Automatic suppression,
 

- Fire detection
 

- Special fire protection, and
 

- Manual fire protection.
 

I - 3.2.6 Utilities 

o Ambient Air
 

Nitrogen 

Oxygen 

Argon 

Carbon Dioxide 


o Water Systems
 

78.09 mol%
 
20.95 mol%
 
0.93 mol%
 
0.03 mol%
 

The required water qualities are given on Table II -3.2.
 

o 	 Instrument Air
 

Dew Point: - 40 F at 


o 	 Power Distribution
 

4.16 kV: 3 phase, 

480V: 3 phase, 


operating pressure.
 

60Hz
 
60Hz
 

240V/120V Uninterrupible power source for vital conditions
 
DC battery system for uninterrupted power for control
 
instrumentatiLon
 

o 	 Miscellaneous
 

Other utilities such as sewage, fire protection, sludge

disposal, flares, purge air and nitrogen are to be
 
provided to ensure self-sufficiency.
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II - 3.2.7 Project Design Data
 

o Plant site: Chiriqui Grande, Panama
 

o Meteorological Data: 

(a) 	Average barometric 29.92" Hg 

(b) 	Air Temperature for design heating, ventilating and pro
tective heating 

Desjign Dry Bulb 	 - Winter: 
730 F Summer: 920 F
 

Average Air Temperature - Winter* Summer*
 

January* July*
 

(c) 	Design Air Temperature for:
 

Cooling Towers Dry Bulb: 92°F Wet Bulb: 800F
 

Air Coolers Dry Bulb: 92 F Wet Bulb: 
 800F
 

Compressors Dry Bulb: 92 F Wet Bulb: 800F
 

(d) 	Design wind speed is 10 MPH
 

(e) 	Direction of Prevailing wind is NE
 

(f) 	Design rainfall (whichever is more restrictive)
 

1 hour *
 
24 hour period *
 

Run-off factor *
 

(g) 	Earthquake factor: 0.2
 

o Stream Properties
 

See 	Table 11-3.3 for properties of selected chemical streams.
 

II - 3.2.8 Effluents and Emission Guidelines 

It is understood that the final plant design will comply with
 
applicable US Federal regulations with respect to gaseous, liquid

and solid effluents and emissions. In order to expedite efforts
 
to provide a common basis for comparison, the estimated new source
 
emission standards will serve as 
effluent and emission guidelines.
 

* See 	Attachment 1 for applicable meteorological data.
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o Atmospheric Emissions
 

- Coal Preparation 

Thermal dryer 


Pneumatic coal 

cleaning equipment 


Processing & Con--

veying equipment,
 
storage systems,
 
transfer & loading
 
systems
 

Coal-Fired Boilers 


Particulate 


so2 


NOx 

Particulate 


Opacity 


Particulate 

Opacity 


Opacity 


(> 250 MM Btu/hr) 

0.I0 lb/MM Btu 

1.2 lb/MM Btu
 

0.7 lb/MM Btu
 

0.31 gr/scf
 

20%
 

0.018 gr/scf
 
10%
 

20%
 

- Oil or Gas-Fired Boilers 

Particulate 
 0.10 lb/MM Btu 

SO 2 - gas 0.20 lb/MM Btu 

2 - oil 0.80 lb/MM BtuNO 2 - gas 0.20 Ib/MM Btu 

NO 2 - oil 0.30 lb/MM Btu
 

Opacity 
 20%
 

- Fuel Gas Combustion Devices 

SO2 0.10 gr/scfd 

H2 S 230 mg/scfd
 

- Gas Turbine 

SO2 2 ppm (Vol)
 
NOx 50 ppm (Vol)
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CO2 Vent (Rectisol)
 

Total Sulfur 


CH3OH 


CO 2 Vent (Selexol)
 

Total Sulfur 


Dimethylether of
 

Polyethylene glycol 


10 ppm (Vol)
 

10 ppm (Vol)
 

10 ppm (Vol)
 

1 ppm (Vol)
 

Claus sulfur recovery plant
 

SO2, or 
 0.025% (at 0% 02)
 
Reduced S Compounds 0.0300 (at 0% 02)
 

Red S plus H2S 0.0010% (at 0% 02)
 

NO 
 10 ppm
 

o Liquid Emissions
 

- Physical/Chemical Treatment System Effluent
 

Max Avg
 
1day days
3 0 

TSS 
 20 mg/i

Oil & Grease 20 mg/i 15 mg/1

Cu (total) 
 1.0 mg/1 1.0
 
Fe (total) 
 1.0 mg/1 1.0
 
Free available chlorine 0.5 mg/1 
 0.2
 
Mn (total) 
 1.0 mg/1
 
pH 
 6 - 9
 

- Oily Waste Treatment System 

pH 

BOD5 

TSS 

COD 

Oil & Grease 

TDS 

Phenols 

Ammonia - N 

Sulfide 

Chromium (total) 

Chromium (Hex) 


Max Avg
 

1 day 30 days
 

6 - 9 6 - 9
 
48 mg/i 25 mg/i
 
32 mg/i 20 mg/i
 
468 mg/. 240 mg/i
 
15 mg/l 8 mg/l
 
500 mg/l 500 mg/l
 
5 mg/i 2.4 mg/i
 
790 mg/l 360 mg/i
 
4.4 mg/l 2.0 mg/i
 
1.0 mg/l 5.9 mg/i
 
0.9 mg/l 0.4 mg/i
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- Sanitary Treatment System Effluent 

Average of Average of
 
7 days 	 30 days
 

BOD5 	 45 mg/i 30 mg/i

TSS 45 mg/l 	 30 mg/i 

6.0 - 9.0 

Cooling Tower Blowdown
 

Maximum 	 Average 

Free available 0.5 mg/i 	 0.2 mg/i
 
chlorine
 

Corrosion Inhibitors - No detectable amount
 

Biological Treatment System Effluent
 

Max 1 day Avg 30 days 

pH 
 6 - 9 	 6  9

BOD5 	 20 mg/i I0 mg/i

TSS 	 20 mg/i I0 mg/i

COD 
 150 mg/i 75 mg/i

Oil & Grease 15 mg/i 
 8 mg/i

TDS 
 500 mg/l 500 mg/l

Phenols 2 mg/i 2 mg/l

NH4 - N 6 mg/l 3 mg/I
 
Sulfide 
 4.4 mg/l 	 2 mg/i

Chromium (total) 
 10 mg/l 5.9 mg/i

Chromium (hex) 
 0.9 mg/l 0.4 mg/i

CN 0.035 mg/i 0.01 mg/i

SCN 0.035 mg/i 0.01 mg/i
 

Solid Waste Runoff/Leachate
 

(a) Leachate from all solid waste disposal cells and

runoff from active cells require collection and
 
treatment prior to discharge. Runoff/leachate

from the co-disposal of physical/chemcial waste
water treatment sludge, gasification effluent
 
pretreatment sludge, and water pretreating sludge

should be collected and returned to 
the gasifica
tion effluent pretreatment system.
 

S(L) 	 Coal slag and biological and sanitary sludge may be
co-disposed in the slag disposal area. Treated

runoff/leachate from this area 
should meet the

following guidelines prior to discharge.
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Max 1 day Avg. 30 days
 

TSS 100 mg/l 30 mg/l

Oil & Grease 20 mg/l 15 mg/l

Copper, Total 
 1.0 mg/l 1.0 mg/l

Iron, Total 1.0 mg/l 1.0 mg/l

pH 
 6.0 - 9.0
 

I - 3.2.9 Equipment Sizing Philosophy 

o Design Pressure
 

The design pressure for all equipment in the plant shall
 
not be less than:
 

(a) 10 percent above 
the maximum expected continuous
 
operating pressure, or
 

(b) 
 15 psig above the maximum expected continuous
 
pressure, or
 

(c) 
the maximum pressure to which equipment can be
 
subjected, this being a function of the pressure

which can be generated by the equipment in the
 
plant area in question.
 

Specific recommendations consistent with U.S. industry

practices (deviating from project design pressures) may

be made as a result of consultation with vendors.
 

All equipment items located between block valves within
 
a process section and protected by a single system

relief valve and valves shall be specified with the same

design pressure. 
 This pressure will be calculated by
applying the above criteria to the equipment items

which are subjected to the highest operating pressure

within the system. This basis shall apply to all equip
ment notwithstanding the operating range.
 

o Sparing
 

Redundant equipment or systems will be provided where
 
failure would jeopardize a substantial fraction of

plant capacity. 
Major high cost equipment will not be
spared where experience indicates minimal probability of

failure or where multiple trains are provided which limit
 
the impact of a failure, should it 
occur. In addition,

redundancy will not be provided where storage permits

bypass of equipment for a sufficient period of time to
 
accomplish reasonable maintenance and repair.
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The sparing provided will be noted in the plant description section for each case, and on the flow diagrams,

The degree of redundancy will be compatible with the 90
 
percent capacity factor, 
 The gasifiers, in particular,

being in the early stages of commercial application will

require 
a degree of redundancy to insure production.
 

o Rotating Equipment Drivers
 

Unless special considerations exist:
 

- Drivers (motors and turbines) for rotating equip
ment shall be specified to deliver a minimum of
1.1 times the power required by the compressor,
 
pump or fan.
 

- Drivers above 250 hp will generally be steam
 
turbines where steam is 
available.
 

- Drivers 250 hp and lower will generally be electric
 

motors.
 

-
 All drivers shall be non-overloading.
 

o Pumps
 

-
 A spare will be provided for each critical continuous
 
service.
 

-
 Multiple spares will be provided for parallel trains
 
in critical continuous service.
 

-
 All pumps will be designed for at 
least 115 percent of
 
the maximum expected flow requirements.
 

- Maximum size impellers will not be used. Pump casings

will be designed to allow the installation of an

impeller larger in diameter than that supplied for
 
the design requirements.
 

o Vessels and Towers
 

Design temperatures will be a minimum of 25°F above the

maximum expected operating temperatures, and where appropriate,
a minimum of 250 F below the lowest anticipated operating

temperature.
 

o Heat Exchangers and Waste Heat Boilers
 

Heat exchangers and waste heat boilers will be designed

for the most 
severe expected operating conditions.
 

o Compressors
 

Compressors will be designed for the most 
severe
 
expected operating conditions.
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1 ATTACHMENT 

A. RainHfall.a l umidit,: 

'le Bocas del Toro Province has an Atlantic type rainfall patternwhich is characterized by a relatively constant rainfall all throughthe year without a so called drought, However, there isin rainfall from February to March and 
a decrease 

This 
another in September and October.contrasts with the Pacific structure which has a well defined dryseason from late December to 
late April. Rainfall reaches an averagevalue of 3,000 to 3,500 mm per year in 
the whole Province. 
However,
rainfall distribution does not appear to be homogeneous

hocause of in the regiona possible combination of wind dynamic effact and-pn"raphy. the generalll.dridge and Budoiski (1958) made an interpretationthese effects to explain of
the high rainfall affecting most of thearound regionthe Laguna de Chiriqui (see Map A). According to the authors,this is duc to the region topography which shows mountains extending
from east to west alon, the Istha:a and which have 
 a strong northation devi-in the west part of the Laguna de ChiriquT,. Because ofdeviation, thisthe Lagona area functions as a moisture captationthe winds coming from zone forthe north-east, some of which are reflectedalong the mountains. west 

A; a result, this area reveLw,:-; a considerableamount of rainfa1 duc to a combination of front, convectionalorographic effects. andThe only available 
for 

rainfall data from 1926 to 1956these authors were those on Changuinola
f more than 2,100 nm per 

and recorded an averageyear, which is less Lhan ':xpected; probablythey reflected raiufall occurring in an area locatod outside the rangeof the influences they d-scrihbed for the Laguna do Chiriqui region. 

Data collected by I.R. H. E. are shown in Table No. A.1,that the muticorolopical and it showsstation located 
tered 

in Finca 8 in Changuinola regisan average rainfall of 2,804.6 nmi per year. From 1972the to 1979average rainfall for Almirante was 2,386.1 mm per year.other hand, in the On theChanguinola-i hydroelectric project area,br;ida Gaviln the Questation registered an average rainfall of 2,999.1year. mm perThis table also shows that the Sieyic and1ocated Palenque stations,in the Hiddle Terihe, regis tered an average rainfall of 3,1.43.6mm from 19(0 to 1978 and 3,78/.4 mm 
from 1973 
to 1.979 respectively.
 

There is no meteorological data available
sections of 

on the other influencethe capta tion system for the future lake (ChanguinolaHisc River). llowever, rainfall in 
Sur,

these areas might be under theinfluence of those efiect; pointed out by Holdridge and Budowski asif fert ing the ILguna dr (hiriqui region. 

Almiranto mtcorological station records show anhomidity of average relative85.3% from 1972 to 1979 with a mnnthlv range88.1%. The lowest of 82.5 toamount of humidity in the air Was detected in Morchand the highest in 0ctobxr and November (s'e nabl, No. A-2). 

In the Ris& Vallev i.t wa, observed that fog remains until 8'in the morning on sunny day- ,u:h or 9tends I re:ain for longer periods on
rainy day;. 
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Temperature: 

Thermometric records from a Finca 8 meteorological Station in Chan
gui, ula indicate that .he average year temperature is 25.7;C December 
and January being the cooler months. Records show slight variations
 
(24.6 0 C - 26.4 0C). 

The average year tempeiature registered in Almirante from 1972 to
 
1978 was 24.9C and the monthly range was from 22.60 to 23.7*C; the 
cooler months were from December to April, and the hottest were May, 
June, August and September. (see Table No. B-3).
 

C:. ;o 1 i~idiation aud Ln,;olat-ion (Sunlight periodicity): 

The average solar radiation registered in Finca 8 Ln Changuinola 
Was 
301.7 cal/cm 2 a day from 1972 to 1977. The highest annual value of
 

2
330 cal/cm a day was registered in 1973, while the lowest, 270 cal/cm 2
 

a day, was registered in 1977. The monthly range varies from 250 to
 
350 Cial/cn 2 a day and its average is 304.1. The longest radiation peri
od covered the months of April and May while July ond December showed 1e 
lowest values. 

The insolation average in Changuinola (1inca 8) was 38.4% from 1972 
to 1)/8 with a monthly range of 35 to 42%. The lowest value was regis-
Lured in 1975 and the highest in 19/6. The monthly average was 38.7% 
and a monthly range from 29 to 457, establishing the highest insolation 
value in March and April. July registered the lowest sunlight period. 

D. Evaipo ration: 

Evajprat ion registered in Clhaigtiinol.a (Filnca 8) from 1974 to 1979 
showed an average of 1,!92.6 mm per year, with a range of 84.0 to 117.8 
Mml. November showed the lowest evaporat ion average, 84.0, and March had 
tile highest, 117.8 mm. 

The average eva)oration registered in Almirante from 1972 to 1979 
was 1,290.8 mm per year. Monthly values show a ranging of 87.0 to 
127.1 nun. The lowest value was registered during November (87.0 mm) and 
the highest value in MarCh (127.1 nlln) (see Table No. D-4). 

1. Wi nds: 

Almirante registered a year average of 2.8 r,-/sec. The monthly 
average for this period was 2.7 m/::ec, The lowest wind intensity was 
registered in 1977 (1.6 m/sc-.) and the highest in 1.973 (3.9 m/sec.). 
The highest wind amount was registered during March. 

This region is not located wit, iii the hurricane area. However, it
is expC'(,! to tihe diS;p] aCeInLt of the tropical convi.rgence front and to 
the "do] drum' winds. 
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F. Waters
 

o Surface
 

Bocas del Toro Province has many large rivers which originate in
 
the high mountain regions. The most important ones flow through the
 
west and central parts of the province such as Sixaola, which is the
 
boundary line between Costa Rica and Panama, Calovlbora in the Veraguas

bo-der, Changuivola, Teribe, Culubre, R6balo, Guarumo and Cricamola.
 
Chonte, Chiriqui, Chucar5, Cafiaveral and others of less importance flow
 
Lhiough the east section.
 

Teribe River originates in the Cerro Itamut which i- 3,279 m 
high.
 
At. the beginning it 
flows east, but later it changes to the northeast.
 
It join- the Chanruinola River at 
about 15 Km before emptying into the
 
sea and after running for more than 100 Km. the
Measurements taken at 

hydrolngic stnition of I.R.I.E. (1961-1970) located at 
Zegla, determined
 
thpt its average flow is 82.5 m3 /sec. 

The Changuinola River has a drainage area of 3,100 Km2 and an 
average water flow of 217 m 3 /sec (1961-1970). These measurements were
 
taken at the hydrological station located 
at the railroad station in
 
Changuinola (1961-1970).
 

The water volume structure of the Province rivers shows a maximum
 
between October and December and a minimum during 
March and April.
 

o Oc ea 11S 

In general, the wLcrL.. of the Neritic Zone in the Atlantic side
 
present. a constant and moderate environment. Their physical-chemical
 
cliaracteristics 
 are more stable than in the Pacific Ocean. They are
 
mo'e transparent and show 
 a deeper light penetration, a rather stable
 
salinity, and a warm temperature. during all 
 year with a small variation 
range of 6C. This marine environment is characterized by having few 
deep water upwellings or none, extensive coral reefs flats along t.he 
coasts, sandy beaches of calcareous origin and a tidal fluctuation of 
0.33 m.
 

The small variations in !salility and temperature as well as the 
nut rient scarcity results in a st enothernial and a s tenohaline biota wit.h 
long food chains. 

For tihe ptirpose of tit,('hmguinol 1a-I hydroelectric Project, the
Marine influenced area corre:.ponds to tle coastal area of the Changui
i.ola RiVL r c.Ltutry as far of where 
ends The other marine in f't iinced area covers 

1 I i Ofn shorte the Continental Shelf 
the Almirante Bay. 

trv litiLL is L Ii !h,t, th,- phw:; ica I and clit'i i'al oceanography 
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TABLE 11-3.1
 

PANAMA COAL TO METHANOL PROJECT
 

PLANT SECTIONS/SYSTEMS IMPACTED BY GASIFIER SELECTION
 

o CO Shift
 

o 
 Acid Gas Removal
 

o Sulfur Recovery
 

o 
 Synthesis Gas Compression
 

o Methanol Synthesis
 

o 
 Steam and Condensate
 

o 
 Raw Water Treatment
 

o Boiler Feedwater Treatment
 

o Waste Treatment
 



TABLE 11-3.2 

WATER TREATMENT DATA 

Constituents 

1 Calcium 
2 Magnesium 
3 Sodium 
4 Potassium 
5 Ammonium 
6 Total Cations 
7 Bicarbonate 

8 Carbonate 

PPM as 

CaCO3 
CaCO3 
CaCO3 
CaCO3 

CaCO3 

CaCO 3 
CaCO3 
CaCO3 

Raw Water 

127.50 
65.60 
87.00 
6.50 
0.34 

286.94 
138.00 

0.00 

Clarified 

Water 

30.00 
40.00 
87.00 
6.50 
0.34 

163.84 
30.00 

-

Filtered 

Water 

30.00 
40.00 
87.00 
6.50 
0.34 

163.84 
30.00 

Cooling 

Water 

300.00 
400.00 
870.00 
65.00 

-
-

25.00 

Demineralized 

Make-up Water 

0 
0 
-

0 

_ 

9 Hydroxyl 
10 Sulfate 
11 Chloride 
12 Nitrate 

13 Phosphate 

CaCO3 
CaCO3 
CaC03 
CaCO3 

CaCO 3 

0.00 
88.40 
47.00 
4.00 

1.40 

-
95.00 
47.00 
4.00 

_ 
_ 

95.00 
47.00 
4.00 

-

1220.00 
470.00 
40.00 

-

-

-

-

14 --
15 
16 Total Anions 
17 Total Hardness 

CaC03 
CaCO3 

278.80 
190.00 

174.00 
70.00 

174.00 
70.00 

-
700.00 -

18 M Alkalinity CaCO3 
19 P Alkalinity CaCO320 Carbon Dioxide (free) C02 
21 pH 
22 Silica SiO 2 
23 Iron Fe 

6.63 
8.3 

10.00 
0.50 

7.0 
10.00 

-

7.0 
10.00 

0.5 
8.2 

100.00 

-

7.0 
0.01 
" 

24 Suspended Solids 
25 Total Dissolved 

PPM 
PPM 

171.00 
410.00 

10.00 
254.00 

_ 
-

254.00 
n 

2540.00 0.2 
Solids 

26 Conductivity @ 20 0 C 
27 Turbidity 

Mho/cm 2 

_ 
- - 1.0 

28 Color 
29 Total Alkalinity 
30 Dissolved Oxygen 

_ 
CaCO2 

02 
140.00 

8.64 
30.00 
8.64 

-
30.00 
8.64 

-
25.00 
-

_ 



TABLE 11-3.3
 

PROPERTIES OF SELECTED CHEMICAL STREAMS
 

MOLECULAR WEIGHTS
 

Symbol
 
or Molecular


Name 
 Formula Weight
 

Air 
 --- 28.967 

Ammonia NH3 17.032
 
Argon 
 Ar 39.949
 
Carbon 
 C 12.010
 
Carbon Dioxide 
 CO2 44.010
 
Carbon Disulfide 
 CS2 76.142
 
Carbon Monoxide 
 CO 28.010
 
Carbonyl Sulfide 
 COS 60.076
 
Chloride Ion 
 C1 35.454
 
Cyanide Ion 
 CN 26.018
 

Ethane 
 C2H6 30.068
 
Ethylene 
 C2 H4 28.052
 
Hydrogen 
 H2 2.016
 
Hydrogen Sulfide 
 H2S 34.082
 

Methane 
 CH4 16.042
 
Nitrogen 
 N2 28.016
 
Nitrogen Dioxide 
 NO2 46.008
 
Oxygen 
 02 32.000
 
Sulfur 
 S 32.066
 
Sulfur Dioxide 
 so2 64.066
 
Water 
 H20 18.016
 

HEAT OF COMBUSTION
 

Component HHV 

CO 
H2 

321 
324 

Btu/SCF* 
Btu/SCF 

CH4 1009.7 Btu/SCF 

CH3 OH(l) 9,760 Btu/lb 

*Standard Cubic Foot (SCF) measured @ 600 & 14.7 psia 
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I  4.0 TEXACO COAL GASIFICATION PROCESS 
- TECHNICAL DESCRIPTION
 

II - 4.1 
 PLANT DESCRIPTION
 

II - 4.1.1 General
 

The plant is based 
on the entrained bed gasification of 20,000 TPD
 
of 
Illinois #6 coal using the Texaco Coal Gasification Process.
 
A simplified block flow diagram covering the overall facility is

given in Process Coordination Schematic Drawing M-00-FSI0. 
Generally the main processing units of the plant are arranged inthree separate parallel configurations. Table 11-4.1 shows thespare capacity allocation for each plant area.
 

The sizing philosophy and redundancy provisions of the various
plant sections are 
as follows:
 

o Coal Preparation (Seven Trains)
 

The coal grinding portion of the Coal Preparation section
consists of seven 
trains, one of which is 
a standby. The
remainder of this section, comprised of run tanks andfeed pumps, consists of three trains corresponding to thethree banks (6 trains each) of gasifiers. The selectionof equipment is expected to provide a high degree of
control on the particle size and water balance in 
the
 
product.
 

The use of 
a single larger central run tank, while
providing for uniformity of slurry feed, inherently has
 a lower degree of reliability since failure of 
an

agitator could lead to shutdown of the system.
 

o Coal Gasification (Eighteen Trains)
 

The Coal Gasification section contains 18 trains, 3 of which
are on cold standby. A standby unit 
is put into service
should an unexpected failure occur or during a scheduled
shutdown for routine maintenance. 
The capacity of each
reactor was specified by Texaco. 
These trains are grouped
into three banks with 5 operating and 1 spare train
 
included in each bank.
 

o CO Shift and Gas Cooling (Three Trains)
 

The number of CO Shift 
and Gas Cooling trains (3) was
determined in 
the context of number of gasifier banks (3)
and acid gas removal trains (3). 
 The 
use of two shift
trains, while resulting in 
a lower overall cost for the
shift vessels themselves, would require the use of large
valves and large piping, both capable of withstanding the
high pressure and temperature that exists. The use of 
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fewer trains is expected to require a greater investment
 
as a consequence of increased manifolding, thereby

also impacting negatively on ease of operation. The size
 
(both weight and dimensions) of the three reactors is 
such
 
as to 
be limited by shop fabrication capabilities and
 
subsequent ocean shipping.
 

The number of gas cooling trains is consistent with that
 
of CO Shift from the point of view of operating simplicity.

Here too, the size of selected heat exchangers is consis
tent with current industrial practice.
 

o Acid Gas Removal (Three Trains)
 

The key element of the Acid Gas Removal section is the
 
absorber. 
The actual number of towers (3) is consistent
 
with the maximum size and weight that 
can be practically

handled and shipped by ocean-going vessels.
 

o Sulfur Recovery (Two Trains)
 

The Sulfur Recovery section, containing a Claus unit and
 
a SCOT tailgas treatment section, consists of 
two 50%
 
trains. 
 Claus plants with a sulfur capacity of 1000 TPD
 
can include shop-fabricated equipment. Although plant

production of approximately 718 LT/D could be handled in
 
a single train, the choice of two trains was 
dictated by

requirements for ensuring plant reliability. Moreover,

the use of two trains provides for a higher degree of
 
flexibility in providing greater turndown capability.
 

o 
 Methanol Synthesis and Distillation (Six Trains)
 

Methanol synthesis trains of approximately 2000 TPD
 
capacity will be used. 
The methanol converters
 
are 
among the largest and heaviest shop-fabricated vessels
 
that can be readily shipped. Large capacity methanol
 
trains historically favor economies of scale.
 

In counterpart to methanol synthesis, the distillation area
 
consists of six trains.
 

o 
 Carbon/Ash Recovery, Gasification Effluent Treatment
 
(Three Trains)
 

The number of trains 
(3) utilized for the Carbon/Ash

Recovery section and the Gasification Effluent Treatment
 
section are 
sufficient to provide for reliability of
 
service.
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o Power Generation (Three Trains)
 

Power generation units sized for plant support 
are comprised

of combustion gas turbines and heat recovery steam generators. 
 These units are provided as three-50% trains with
 
one on standby. The selection is hased on providing

reliability of service despite 
a slight penalty in

efficiency 
 Size and fabrication limitations for the
associated heat recovery units dictated that 
two such

units be provided for each gas turbine.
 

o Air Separation (Six Trains)
 

Trains of 3000 TPD oxygen capacity will be used in the Air

Separation section. 
 Although this is 
a size slightly
larger than plants now in existence (2500 TPD), 
vendors
 
anticipate no problems in achieving this capacity.

di*stillation column, with diameter as 

The
 
the limiting factor


for the selected capacity, can be shop-fabricated and
 
shipped.
 

o 
Offsite (Plant Support) Facilities
 

The off.te facilities include the coal handling, utility
and waste treatment systems. 
 These systems are each

organized in one operating train with adequate redundant

equipment to maximize reliability and availability of
 
services.
 

II - 4.1.2 
 Process Sections
 

A description of the operation of the process sections of the plant
is included in this section. 
Process Flow Schematics and Equipment
Lists for the respective sections can be found in 
 Appendix A.
 

Twice a week, self-unloading coal colliers will deliver Illinois #6
coal to Chiriqui Grande at 
an off-shore unloading pier. 
The coal
is conveyed from an unloading surge bin to a sample transfer house
and further, to a coal storage pile. 
Feed for the plant is normally
provided by reclaiming coal from the storage pile. 
During coal
unloading operations, part of the unloaded coal is diverted to the
 conveyor linking the sample transfer house to a sample crusher
hovcre, where "as received/as fired" samples are taken. 
 From the
sarple crusher house, the coal is conveyed to the coal feed surge

bais in the Coal Preparation section.
 

The coal, which has been crushed to 3/4" x 0, is received from the
surge bins at a rate of 20,000 TPD (A.R.), weighed on belt feeders,
fed to the grinding mills together with recycle solids slurry and
ground to the desired particle size distribution.
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The slurry leaving the seven grinding mills is homogenized in
 
three central run 
tanks and its composition is maintained uniform

in nine agitated run tanks. run tanks, slurry charge
From the 

pumps meter the slurry feed to the gasifiers. Steam preheat of
 
the slurry is provided prior to gasification.
 

Gaseous oxygen (99.5% pure) required for gasification is provided

by six air separation plants, each with a nominal capacity of
3000 TPD of oxygen. 
 Ambient air is compressed and cryogenically

separated into its components. Product oxygen is compressed to

900 psig, preheated by steam and sent to 
the gasification section
 

a metered rate of approximately 673 TPH (100%).
at 
By-product


nitrogen is compressed for plant inerting, purging, pressurizing
 
and stripping requirements.
 

In the Coal Gasification section, 
as shown on Dwg B-15-FS-ll, the
 
following operations are performed:
 

o Partial oxidation of 
the coal slurry feedstock
 
o Cooling of raw synthesis gas
 
o 
 Removal of solid by-products of gasification
 

The preheated coal slurry and 99.5% pure oxygen 
are metered to the

gasifier where they react 
at a pressure ol 
700 psig and temperatures

in the range of 2000-28000 F. The entrained flow gasifier operates

with a deficiency of oxygen to 
produce a gas consisting primarily

of carbon monoxide and hydrogen. In 
addition to the gasification

reaction and coal combustion to form carbon dioxide, sulfur
 
compounds in the coal 
are gasified in the 
reducing atmosphere to

produce hydrogen sulfide and carbonyl sulfide. 
 bmall quantities

of ammonia and methane are also formed. 
 The top section of the

gasifier is lined with 
a special refractory material designed to

withstand the 
severe reducing environment and erosive effects of

the molten slag. Slag produced from the ash in the coal leaves

the gasification chamber in the molten state w.th the 
raw syngas

and enters the gas coolers.
 

The raw synthesis gas is first cooled in the radiant syngas cooler
where the bulk of the slag is separated from the gas. The syngas

is then further cooled in the convection syngas cooler and economizer
 
and sent to the carbon scrubber. Heat recovered from the gas is

utilized to generate high pressure (1500 psig) steam and to preheat

boiler feedwater. 
 The gas is quenched and scrubbed in the two-stage

carbon scrubber and the nozzle scrubber, using "gray water" from

the Carbon/Ash Recovery section. 
The remaining solid particles,

ammonia, some carbon dioxide, and sulfides are scrubbed out from
 
the gas.
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Make-up water, consisting of process condensate and fresh deaerated
 
water, is added to the trays in the upper section of the carbon
scrubber. The scrubbing water is staged down 
so that the cleanest
water contacts the cleanest syngas and the dirtiest water contacts
 
the dirtiest gas.
 

The solids leave the system primarily as 
inert slag via a lockhopper,
and partly in the carbon water blowdown stream through the Carbon/

Ash Recovery section.
 

The operation of the slag lockhopper is cyclic, with slag being
collected and water quenched in 
a portion of the cycle, follow 
I
by depressurization and dumping of the slag in 
the rest of the cycle.
The water-sealed lockhopper is then repressurized for a new cycle.
 

The slag is dewatered on individual submerged chain conveyors and
then collected on one belt conveyor and sent 
to the solid waste
 
disposal area.
 

The syngas exiting the carbon scrubber has the following composition:
 

Component Vol % 

H2 35.52 

CO 45.30 

C02 16.94 

CH4 0.10 
N2 + Ar 0.64 

H2 S 1.41 

COS 0.09 

TOTAL 100.00
 

Blowdown water from the carbon scrubber contains material suitable

for recycle to the gasifier. 
The blowdown is processed in the

Carbon/Ash Recovery section where solid particles containing
unreacted carbon are 
recovered and recycled to the Coal Preparation

section as a slurry. 
 The water, after particle separation, is
recycled to the system. 
The gases evolved during the depressuri
zation of the water are 
sent to the Sulfur Recovery section. The
dissolved solids level in 
the water is maintained by a blowdown
 
stream which is purged from the Gasification section and sent to
 
the Gasification Effluent Treatment section.
 

In the Gasification Effluent Treatment section the waste water is
chemically treated to remove heavy metals, cyanides, sulfides,
fluorides and ammonia. 
The liquid effluent is sent 
to the plant

Waste Treatment system. 
The sludge produced by the settling of
the suspended solids is 
sent to the Waste Treatment system for
fixation. 
 The fixated sludge is trucked for disposal to the solid
waste impoundment area.
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The cleaned gas, after leaving the carbon scrubber, is split into
 
two streams. About 42 percent of the gas goes to the CO Shift
 
section where the carbon monoxide is catalytically converted to
 
hydrogen and carbon dioxide by reaction with steam. Each CO Shift
 
train consists of the CO Shift reactors (each including two beds of
 
sulfided shift catalyst) and a series of heat exchangers. The gas
 
is cooled by generating high pressure steam, preheating both feed
 
and process make-up water and finally by rejecting the heat to the
 
cooling water system.
 

The remaining gas that bypasses the Shift section goes directly to
 
a cooling train for the recovery of low level heat. The process
 
condensate obtained by gas cooling is recycled as make-up water to
 
the carbon scrubber. A portion of the unshifted gas is compressed
 
and used for soot blowing in the syngas coolers. Both streams,
 
the shifted and unshifted gas are sent to the Acid Gas Removal
 
section, for the removal of CO 2 and sulfur compounds.
 

The Sulfur Removal section uses the Rectisol process with separate
 
treatment of the two gas streams. Methanol is first injected
 
into the gas to prevent the formation of ice as it is cooled. The
 
condensed methanol/water mixture is separated from the gas, the
 
solvent methanol is recovered by distillation and the water
 
effluent is sent to the Waste Treatment system.
 

The shifted and the unshifted gas streams are fed to separate
 
absorbers where they are each scrubbed with refrigerated methanol.
 
The solvent physically absorbs the sulfur compounds and carbon
 
dioxide in the absorber treating the shifted gas stream. The
 
removal of CO2 from the unshifted gas stream is minimized while
 
removing all of the sulfur compounds. The clean shifted and
 
unshifted gas streams are then mixed to produce syngas of the
 
proper composition for methanol synthesis. A porti.on of the
 
unshifted MBG gas, about 11% of the total clean gas production, is sent
 
to the Power Generation section, where it is used as fuel in com
bustion turbines to generate electric power and to superheat steam.
 
The liquid methanol, saturated with acid gases, is expanded to an
 
intermediate pressure to recover hydrogen and carbon monoxide.
 
The flashed gases are recompressed and recycled to the shifted gas
 
absorber in order to increase the yields.
 

The difference in the solubilities of sulfur compounds and of CO2
 
in methanol allows the selective stripping of these gases from the
 
solvent. In the subsequent H2 S concentration column, a large
 
fraction of the dissolved CO is stripped from the two scrubbing
 
agent streams with the aid of gaseous nitrogen from the Air
 
Separation unit. The stripped CO 2 is passed through a catalytic
 
reactor for conversion of trace CO to C02 and then vented to the
 
atmosphere. The methanol that has been enriched with H2 S is
 
completely freed of H2 S and CO2 in the regenerating column using
 
reboiled methanol. The regenerated methanol is pumped back to the
 
scrubbing columns; the H2 S rich gas formed in the process (and
 
having a sulfur content of approximately 40% H2 S) is fed to the
 
Sulfur Recovery section.
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The Sulfur Recovery section consists of Claus units and SCOT
tailgas treating units. In the Claus unit, 
a portion of the acid
gas feed stream is burned to 
yield a stoichiometrically proportioned gas (H2S/SO2=2) to feed the Claus reactors where, in 
the
presence of a catalyst, H2S reacts with SO 2 
to produce elemental
sulfur and water. 
The sulfur is condensed by cooling of the gasand is collected in molten form in the sulfur pit. About 718 LT/D
sulfur (99.9% pure) are produced in the plant. 
 The tailgas is
treated for further removal of the sulfur compounds in 
the SCOT
tailgas treating unit. 
 The tailgas is mixed with 
a hydrogen-rich
reducing agent, heated by mixing with hot gases from an 
MBG fired
incinerator and passed through a catalyst bed where all the sulfur
compounds are reduced to 112S. 
 The hot tailgas is water quenched
and sent to an amine absorber where the H2 S and some 
CO 2 are
removed. 
 The tailgas from the amine absorber is incinerated to
remove 
trace CO and vented to the atmosphere. The hydrogen sulfide
and carbon dioxide 
are desorbed from the rich amine and returned to
the Claus unit 
acid gas feed. The regenerated solvent 
is recycled
 
to the absorber.
 

Syngas from the Acid Gas Removal section is sent to 
the Methanol
Synthesis and Distillation section. 
 The ICI Process is used to
deliver approximately 12,000 TPT) of methanol product with the

following specification:
 

Wt %
 
MeOH 
 99.45
 
Higher Alcohols 
 0.31
 
H20 
 0.24
 

100.00
 

The syngas is first compressed to the converter loop pressure,
purified by passing through guard vessels to remove 
traces of
chloride and sulfur, preheated to 
the reaction temperature and
injected into the converter at appropriate points. 
 The reaction
is exothermic and the 
not converter effluent is cooled by heat
recovery in the feed/effluent exchanger, in the boiler feedwater
heater and in the distillation column reboiler.
 

Crude methanol is condensed by further cooling of the gas 
in heat
exchangers and the liquid 
is removed from the syngas in the
methanol separator. The unreacted gas is recycled back to the
converter through the circulation compressor. 
A small fraction
of the gas is purged to maintain the proper inerts level 
in the
loop. The crude methanol is flashed to 
remove some of the
dissolved gases and then pumped to the di-tillation unit.
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The distillation column is used to separate dissolved gases and
 
water from the product methanol. In the distillation unit, the
refined methanol product is withdrawn as a liquid from a point
 
near the top of the column. 
 A side stream of fusel oil is removed
 
near the bottom of the column and pumped back into the distillate
 
stream to enhance its heating value. 
 The product methanol is
 
pumped to the methanol storage tank. 
 The light ends (separated

in the overhead condenser from thd methanol reflux stream), th
loop flash gas and loop purge gas are used as fuel in the Power
 
Generation section. 
 The bottoms water from the distillation
 
column is discharged to the plant's Waste Water Treatment system.
 

II - 4.1.3 
 Offsites (Plant Support) Facilities
 

The support facilities are designed to supply all the energy needs
 
of the plant and provide 5 MW of export electricity. The steam
 
system provides and distributes steam at the required pressure for

turbine drives and plant process systems, and generates electricity

for plant operations through use of 
a steam turbine generator.

Steam is generated and distributed at levels of 1500 psig, 700 psig,

150 psig and 50 psig. Approximately 5,000,000 lb/hr of 1500 psig

saturated steam is generated by heat recovery in the Coal Gasifica
tion and CO Shift sections. The steam is superheated in the Power
Generation section and used to drive the air plant compressors and
 
generate approximately 69 MW of electricity. 
 Extraction from air

plant compressor turbines and process heat recovery boilers serves
 
to maintain the various pressure levels.
 

The 120 MW electrical requirements of the plant, and 5 MW of
 
exported power, are supplied by MBG fired combustion turbines and

the steam turbo-generator. Three combustion turbines (two operating

and one spare) each rated at 35 MW are provided to supply about 56
 
MW of electricity.
 

The combustion turbines 
are equipped with Heat Recovery Units (HRU)

where high pressure stea' is superheated and boiler feedwater is

preheated. The six HRU (two per combustion turbine) are 
fired with

MBG and purge gases from the Methanol Synthesis Distillation section
 
to supplement heat requirements.
 

The make-up water requirements of the plant amount to about 26,000

gpm, most of which is required to -ffset evaporation in the cooling

towers. 
 Raw water is pumped from nearby fresh water sources,

chlorinated, softened and clarified. 
After pH adjustment, the
 
water is sent to the 
cooling water system and the water treatment
 
system. The clarified water sent 
to the water treatment system

supplies process water to the plant, deaerated make-up water 
for

the carbon scrubber and demineralized water to the steam system.
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The Waste Water Treatment system is designed 
to 
treat waste streams
from the Gasification Effluent Treatment, Water Treatment, Raw
Water Supply, Acid Gas Removal, and Methanol Distillation sections
 as well as 
various plant waste streams. Waste treatment includes
physical/chemical treatment, biological 
treatment with powdered
activated carbon and sludge dewatering facilities. A total of
6000 gpm of effluent water is discharged from the plant. 
 Fixated
sludge from Gasification Effluent Treatment is 
discharged to a
sludge impoundment 
area. The dewatered sludge 
from water treatment
and ash from the biological trratment 
are sent to land:fill.
 

The plant has auxiliary systems which include three emergency flare
stacks, liquid propane and fuel oil storage and handling systems,
plant and instrument air supply system, methanol storage and 
a

nitrogen supply system.
 

II - 4.2 
 PROCESS DISCUSSION
 

II - 4.2.1 
 General
 

The TCGP is an entrained bed gasification process in which gasifiers
are 
fed with roal slurry and oxygen. The feeding of the coal in
slurry form has the advantage of using all coal fines, but 
a penalty
is incurred for 
thermal energy requirements for vaporization of
slurry water in 
the gasifier. This increased thermal 

ment energy requireis reflected in 
the oxygen consumption which is 
the highest
per unit of coal gasified of all technologies evaluated. 
The actual
solids content of the slurry feed that 
can be achieved is therefore
 a critical design element. 
By recycle of the carbon ash, essentially

complete carbon utilization is achieved.
 

The entrained bed 1.,,ocess operates at 
elevated temperature producing
gas with a very )-. hydrocarbon content 
(0.1% CH
 4 ). Since no tars
and oils are 
forme!, gas clean-up is simplified. The elevated
temperature of the raw 
gas exiting the gasifier allows for recovery
of the sensible heat of the gas through the production of 1500 psig

steam.
 

Requirements for intermediate compression stage between the

an 


gasifier and the methanol make-up gas compressor, are 
not necessary
because of the high operating pressure in 
the gasifier.
 

Coal ash is discharged from the gasifier as 
an environmentally inert
slag which can be disposed safely 
on site. The process liquid
effluent needs 
a relative simple treatment for the removal of heavy

metals and traces of ammonia.
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The constraints on gasifier pressure are both technical and economic.
Operation of 
the gasifier at 
a pressure of 700 psig reduces compressior
requirements to 
obtain 
a gas suitable for methanol synthesis. The
use of gasifier pressures in 
excess of 700 psig requires a larger
investment 
for gasification waste heat recovery as 
a result of high
cost alloy 
tubes necessary to prevent H 2 S corrosion 
(sulfidation).
Higher gasifier pressures also require greater investment in air
separation. 
 The use of 
a 7C0 psig gasifier pressure permits the use
of centrifugal 2ompressors (limited to 
925 ps4g) for the delivery of
,ac:eous oxygen. 
Centrifugal compressors require a 7.4% 
lower energy
expenditure for air separation when compared to liquid pumping, as

evaluated by Ebasco.
 

The selection of i high temperature CO Shift using a sulfided shift
catalyst was determined by the economics of utilizing the sensible
heat and steam already in the 
raw gas. This was 

to 

the preferred alternative
cooling the gas, condensing water, removing acid gas, 
reheating
and then adding steam prior to 
the CO over a conventional catalyst.
 

In order to improve recovery of the waste heat, 
an integrated system
was developed where low-level heat 
in various sections of the plant
is used to 
preheat HP boiler feedwater. To improve steam turbine
efficiencies, 
the 1500 psig saturated steam generated in
Gasification and CO Shift sections is 
the
 

superheated by exchange with
the combustion turbine exhaust gas 
in the hottest portion of the
HRU. This is supplemented by firing with fuel gas.
consists of MBG and purge and flash gases 
The fuel gas
 

fr, ,:the methanol loop.
 

The availability of about 5 million lbs/hr of high pressure superheated steam was the controlling factor in the design of 
the Texaco
based methanol facility as an essentially steam driven plant. 
 The
production of 120 MW of electric power for support of the plant
is 
achieved through MBG fired combustion turbines and 
a steam
 
turbo-generator.
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II - 4.2.2 
 Plant Performance
 

Table 
11-4.2 shows the overall energy balance for the Texaco-based
coal gasification plant. 
 The conversion efficiency to 
methanol
fuel is approximately 53%. 
 Roughly 41% 
 the energy output is
rejected by cooling towers and air fans. 
 Useful by-products,
comprised of sulfur and 
a small amount of electric power, account
for about 1.5/0. The remainder is 
lost as the sensible heat of
the various plant effluent streams.
 

Table II  4.3 summarizes the performance of the gasification process
and of the overall plant. 
 Virtually complete conversion of the
carbon 
in the feedstock (primarily to CO and C0 2 ) is achieved by
recycling unconverted material. 
 The cold gas and fuel gas
efficiencies for the gasification process are 
72.0% and 72.3%,
respectively. 
 The comparative closeness of these two efficiencies
is a result 
of the small amount of hydrocarbons produced by 
the
gasifier. The remaining energy in 
the coal is released in the
partial oxidation process 
as heat required to raise the feed
slurry to 
the gasifier slagging temperatures. 
 In order to improve
the efficiency of the process, a large part of 
this heat is
recovered by generating high pressure (1500 psig) steam, giving
a process (thermal) efficiency of about 91% 
up to the raw gas
scrubbing stage. 
 Part of the remaining heat is 
recovered
downstream of the scrubbing stage by feedwater heating.
 

Steam generation in the gasification heat recovery is maximized
by preheating the high pressure boiler feedwater in 
the CO Shift,
Methanol Synthesis and Power Generation sections of the plant.
The steam is superheated in the gas turbine heat recovery unit
(supplementary fired with MBG) to 
allow it 
to be used in conventional s. ,.m turbines. 
Although the overall plant performance
would iml.. e slightly if 
the steam were superheated in
gasification heat 
recovery, this is not 
permissable due to heat
exchanger tube temperature limitations imposed by H 2 S corrosion
 
considerations.
 

The overall efficiency of the plant, 
on a methanol fuel basis,
is 53.5%. 
This is lower than 
tbe cold gas efficiency (72%) for

the following reasons:
 

o The heating value of 
the methanol product is about 15
percent lower than the heating value of the net 
amount
of synthesis gas consumed by the methanol synthesis

reaction. This is 
an inevitable result of methanol
synthesis from the CO/H 2 
feed gas mixture. The heat
released by the reaction is recovered by high pressure
boiler feedwater heating and as 
reboiler heat in 
the
 
methanol distillation section.
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o 	 The steam generated from process heat released in the
 
gasification, CO Shift, Methanol Synthesis and Sulfur
 
Recovery sections of the plant is insufficient to satisfy

overall energy requirements. In order to achieve energy

self-sufficiency for the plant, 
about 5% of the desulfur
ized medium Btu gas 
(MBG) is fired in two gas turbines
 
for electric power generation, and about 6% of the MBG
 
is fired in the gas turbine heat recovery system for high
 
pressure steam superheating.
 

o 	 A small amount of MBG is requireJ as fuel and as reducing
 
gas in the SCOT Sulfur Recovery unit.
 

The total products efficiency of 55% is calculated assuming

by-products credits of 3,966 Btu/ib for sulfur and 3412 Btu/kwh
 
for electricity.
 

II 	- 4.3 GASIFICATION SYSTEM EVALUATION
 

II 	- 4,3.1 Technical
 

The following technical features of the TCGP provide positive
 
support for its selection as basis for the preferred process
 
configuration:
 

o 
 High operating pressure resulting in high volumetric
 
throughput per gasifier and a methanol syngas requiring
 
minimum compression.
 

o 	 Complete utilization of as-received coal with no
 
limitations as tc fines content.
 

o 	 A simple reactor design with no moving parts.
 

o 	 Water slurry feed providing the added feature of safety
 
to the ease of feeding solids 
across a high pressure
 
interface.
 

o 	 High temperature operation generating a gas free of tars, 
oils, and phenols with a quality (over 80% carbon
 
monoxide plus hydrogen 
but little methane) suitable for
 
methanol synthesis.
 

o 
 Good thermal efficiency achieved by essentially complete conversion
 
of carbon and recovery of high temperature heat by

generation of high pressure steam.
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The downside elements of the TCGP include risks and uncertainties

associated with both process and mechanical aspects. 
 The high
temperature slagging conditions existing in the gasifier vessel
provide a severe environment for refractory linings. 
 Texaco claims
 
a refractory life in 
excess of one year; 
should this not be
realized in practice, large maintenance costs will 
be incurred.
 

A radiant/convection boiler, 
as proposed in this study, is yet

be demonstrated on 

to
 
a commercial scale. 
 The high temperature
redocing atmosphere contqning H2 S requires special considerations
 

to prevent corrosion and 
 ouling (by molten slag) of heat transfer
surface. A new syngas cc 
ler technology is being integrated into
the 
Cool Water gasificatirn-combined cycle plant 
scheduled for
 
April 1984 start-up.
 

A slurry of high solids concentration is essential for achieving

the high thermal efficiency associated with the process. 
 Should
the high concentration used in design not be attainable in
practice, either a chemical additive may be required or 
lower
efficiency must be tolerated. 
Design margins associated with
this eventuality require the oversizing of 
most equipment,

particularly the Air Separation Unit. 

II - 4.3.2 Environmental 

From an environmental point of view, the 
nature of the TCGP is such
that no detrimental impact is likely to occur. 
 High gasifier
temperatures preclude the formation of by-product tars, phenols
and hydrocarbons heavier than methane. 
Most of the process water
is recovered and recycled, although a small blowdown stream is
required to 
remove water soluble inbrganic material introduced

with the coal. 
 Tests have shown that at detection limits ranging
from 5 to 
100 parts per billion, no polynuclear aromatics on
EPA priority pollutant list are present, and other organic 

the
 

compounds are only present 
at or below the detection limits
 
ranging from 5 
to 30 parts per billion.
 

Leaching tests performed on slag produced by the process have
shown that the material is highly resistant to leaching and that
the leachate produced is 
essentially inert.
 

II - 4.3.3 Commercial
 

The patented Texaco Coal Gasification Process 
(TCGP) evolved from
the Texaco Synthesis Gas Generation Process (TSGGP), and thus it
is appropriate to 
first examine this earlier process with its

longstanding commercial applications.
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The Texaco Synthesis Gas Generation Process produces a gas mixture
 
consisting primarily of hydrogen and carbon monoxide by non-catalyti(

partial oxidation of gaseous and liquid hydrocarbon feedstocks at
 
high temperature and under high pressure. 
 It was first developed
 
in the late 1940's at Texaco's Montebello Research Laboratory and
 
subsequently licensed to 
industry for a wide variety of applications.

Since the first commercial plant started up in 1953, over 85 plants
 
have been licensed in 23 countries. These TSGGP plants using
 
vacuum residue have records of 90-94 percent on-stream time for
 
units using a single gasifier and 96-99 percent for units having
 
two or more gasifiers.
 

Feedstocks to the TSGP comprise essentially the entire range of
 
petroleum 'eeds, including heavy fuel oil, 
vacuum residue, bottoms
 
(asphalt) from solvent deasphalting, and petroleum coke. Coke
 
gasification is carried out by feeding it 
as a slurry in either
 
oil or water. Both delayec coke and fluid coke have been
 
demonstrated.
 

Against this background, various alternate feedstocks were tried,
 
including solid hydrocarbons. Specifically, development work on
 
coal gasification led to construction, more than 30 years ago,
 
of Texaco's 15 TPD pilot unit at Montebello Research Laboratory

in California. 
With three gasifier vessels, the pilot plant can
 
operate at 
either high or low pressure. It has successfully run
 
on some 
solid fuels including lignites, bituminous and sub-bituminous
 
coals, coal liquefaction chars, and petroleum cokes.
 

In addition to the work being done at 
Texaco's Research Laboratory

in Montebello, California, and other efforts 
are directed at
 
analytical testing and bench scale modelling and development at
 
Texaco's Port 
Arthur, Texas and Beacon, New York Resea:c.ch Labora
tories. Further, Texaco has begun design of a second pilot unit
 
gasifier train 
in order to expand the research and development
 
program while allowing ample capacity and operating time to
 
perform the contractual testing of feedstocks required by third
 
parties.
 

The status of various projects based on the TCGP is given in
 
Table 11-4.4 from which it may be concluded that the Texaco process

will be in commercial operation prior to anticipated start-up of
 
the Panama Coal to Methanol Project.
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TABLE 11-4.1
 

SPARE CAPACITY ALLOCATION
 

PLANT AREAS
 

Area Name 


Coal Handling 


Coal Preparation 


Coal Gasification (1 ) 


Air Separation Plant 


CO Shift and Gas Cooling 


Acid Gas Removal 


Sulfur Recovery 


Operating 

Trains 


1 


6 


15 


6 


3 


3 


2 

Methanol Synthesis & Distillation 6 

Carbon/Ash Recovery 
 3 

Gasifier LEfluent Treatment 
 3 

Power Generation/Combined Cycle 
 2 

Steam System 
 .1 

Raw Water Supply & Cooling Water System 1 

Waste Treatment & Disposal 
 1 


Note:
 

Installed 
Trains 

% Spare 
Capacity 

2 100 

7 17 

18 20 

6 0 

3 0 

3 0 

2 0 

6 0 

3 0 

3 0 

3 50 

1 0 

1 0 

1 0 

(1) Inclbi-es 100% 
spare capacity for slag handling and disposal.
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TABLE 11-4.2
 

OVERALL ENERGY BALANCE
 

TEXACO COAL GASIFICATION PLANT
 

Basis: 80nF, liquid water; 
1 hour
 

106 Btu %
 
ENERGY IN
 

Coal (T11V) 
 18303.0 99.13
 
Combustion Air (H20) Gas Turbine, etc 
 39.2 0.21
 
Air Separation Plant (H20) 
 122.5 0.66
 

TOTAL ENERGY IN 
 18464.7 100.00
 

ENERGY OUT
 

Slag 
 41.6 0.23
 
Methanol and higher Alcohols (IlHV) 9785.0 
 52.99
 

Su2fur @ 300OF 
 270.5 1.46
 
Electric Power 
 17.1 0.09
 
Rejected by Cooling Toweis 
 6807.0 36.87
 

Rejected by Air Fans 
 782.8 4.24
 
Steam Ejectors & Deaerator Vents 
 20.2 0.11
 
Waste Water Effluent 
 24.1 0.13
 
Rectisol Tailgas 
 33.0 0.18
 
Gas Turbine Exhaust @ 313OF 
 267.9 1.45
 
Claus Stack Exhaust @ 600°F 
 49.1 0.27
 
Miscellaneous Heat Losses 
 366.4 1.98
 

TOTAL ENERGY OUT 
 18464.7 100.00
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TABLE II-4.3
 

SUMMARY OF SYSTEM PERFORMANCE
 

TEXACO COAL GASIFICATION PLANT
 

Gasification
 

Coal feed rate, lb/hr (m.f.)* 
 1,476,000
 
Oxygen/coal ratio, lb/lb (m.f.)* 
 0.912
 
Oxidant temperature, OF 300
 
Oxygen purity, vol ', 99.5
 
Gasifier exit temperature, OF 
 2000-2800
 
Gasifier exit pressure, psig 
 700
 
Carbon conversion, %/0 
 99.6%
 

Efficiency
 

Cold Gas ( 1 ) 

72.0%
 

Fuel Gas (2 ) 
 72.3%
 
Process (fuels plus steam) (3 ) 


90.7%
 

Overall System
 

Liquid methanol product
 

Methanol, TPD 
 11,972
 

Other alcohols, TPD 
 37
 
Water, TPD 
 29
 
Fuel value, MM Btu/D ( 4 ) 
 234,840
 

Efficiency
 

Methanol fuel, HHV ( 5 ) 

53.5%
 

Total Products, HHV (6 ) 

55.0%
 

Notes:
 

(1) HHV (H1_ + CO) produced/HtiV c011 
(2) HHV (H2 + CO + C 1 + C2) produced/IIHV coal 
(3) HV (112 + CO + C + C,) + enthalpy of net steam producedor required/HHV 
coal
 
(4) HHV (methanol"+ higher alohols)
(5) HIIV (methanol + higher alcohols)/HHV coal
(6) HIIV (methanol + higher alcohols + by-products + electricity)/ 

Hht\ coal 

3Cm.f. : moisture-free 
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TABLE 11-4.4
 

COMMERCIAL STATUS
 
TEXACO COAL GASIFICATION PROCESS
 

USER 


Nynashamnskombinatet HB 

(Sweden) 


Tennessee Eastman 


(Kingsport, TN) 


Cool Water 

So. Cal Edison 

(Daggett, CA) 


TVA 


(Muscle Shoals, AL) 


Ruhr Kohl/Ruhr Chemie 

(Webt Germany) 


UBE Industries 

(Tokyo, Japan) 


SAAR Project 


Ruhr Kohl/Ruhr Chemie 

(West Germany) 


FEEDSTOCK 


Hard coal, 1.6 MM TPY 


High S bituminous, 


900 TPD
 

Utah bituminous (low S); 

flexible; alternate IL #6 

(high S) 1000 TPD 


IL #6, 190 TPD 


German, varied coals; 

sponsored runs on 


alternate coal
 
165 ST/D - 200 ST/D
 

Low S Canadian 

bituminous, 1500 MT/D 


700 MT/D 


PRODUCT(S) 


Methanol - 700,000 TPY 

Fuel gas - 2500 MM Btu/'nr 


Hot water
 

Methanol/CO 


Electricity 100 MW 


NH 3 (200 TPD) feedgas 


Syngas (Oxo feedgas) 


NH 3 (1000 TPD) feedgas 


Syngas (Oxo syngas) 


STATUS
 

Phase I detail study,
 
expected start-up '88-89.
 

Commissioning now.
 

SFC price support ('83);
 
under construction
 
(60% completed);
 

commissioning June '84.
 

Exxon Donor Solvent
 

waste being gasified;
 
IL #6, KY #9 demonstra
tion facility available
 
for sponsored test runs.
 

Started Jan '78; run for
 
15,000 hrs.
 

Detail engineering
 
com"_te; procurement
 

underway; start-up '84.
 

Detail engineering;
 
start-up '86; support of
 
German government.
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II 	- 5.0 BRITISN GAS CORP/SLAGGING LURGI PROCESS 
- TECHNICAL
 

DESCRiPTION
 

II - 5.1 
 PLANT DESCRIPTION
 

TI  5.1.1 General
 

The plant is based on 
the moving bed gasification of 20,000 TPD
of Illinois #6 coal using the British Gas Corp/Slagging Lurgi

gasification process.
 

The Process Coordination Schematic (Drawing No. M-00-FSII) gives
a simplified block flow diagram of the plant.
 

Generally the main p-rocessing units of the plant 
are arranged in
four separate parallel configurations. Table 
11-5.1 shows the spare

capacity allocation for each plant a:,ra. 

The sizing philosophy and redundancy provisions of 	 the various
plant sections are as follows: 

o 	 Coal Preparation (Two Trains)
 

The coal screening and conveying equipment 
are arranged in
two separate streams, each stream feeding sixteen 
gasifier

trains. Provisions are made for 100% redundancy on this
equipment 
because of the critical service it 
performs.

The flux feeding system is 
also divided in 
two 100%

capacity trains. 
One briquetting plant 
is 	provided to
 process fines representing about 
5% 	of the plant coal feed.
 

o 	 Coal Gasification (Thirty-Two Trains)
 

The Gasification section contains 32 
gasifiers arranged in
four trains of eight gasifiers each. Twenty-eight gasifiers
are 
sized for the rated output of the complete plant. 
 There
will be no cold standbys; in 
case one gasifier is shut down,
the production will 
be obtained by increasing the output
from the other operating gasifiers. The normal and maximum

capacity of each gasifier was 
established by Humphreys and
 
Glasgow.
 

o 	 Particulate Removal and Gas Cooling (Four Trains)
 

Four complete trains are provided for the cooling of the gas,
one 
cooling train for eight gasifiers. Each gasifier is
provided with the First and Second Gas Coolers.
 

" 	 Phenol Recovery (One Train)
 

One "Phenosolvan" train will service the entire plant. 
 Surge
tanks of sufficient capacity are 
provided to serve as a
buffer in 
the event that 
the Phenol Recovery plant is
shut down so 
that overall plant performance is not affected.
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o Sulfur Recovery (Eight Claus Units + Four SCOT Units)
 

The Sulfur Recovery section consists of eight Claus units

and four SCOT units. Because of the large number of
 
gasifiers which will be started one at 
a time, the turndown
 
requirements for any large Claus unit would be unacceptable.

The Claus plants 
can be turned down to maximum 25% capacity,

which represents the level of 
one gasifier production in
 
the arrangement of four gasifiers to one Claus plant. 
 The
 
use of four SCOT units, one for each gasifier train,

minimizes the manifolding requirements of the Sulfur
 
Recovery section which would be incurred by the integration

of all Claus plants with two larger SCOT units.
 

o Sulfur and Naphtha Removal 

o CO Shift 

o CO2 Removal 

o Methanol Synthesis and Distillation 

o Air Separation 

o Combined Power Generation 

The above process sections of the plant each consist of four 
equipment trains. 
 These trains do not have 
in all instances
 
the highest capacity commercially available, but the number
 
of trains provided is consistent with the general arrange
ment of the plant, providing the required reliability of
 
services.
 

o Offsite Facilities
 

The water treatment, waste treatment, steam system and
 
general offsite facilities are organized in one operating

train each with sufficient redundancy to 
insure the required
 
on-stream time.
 

II - 5.1.2 Process Sections
 

A description of the operation of the sectionsprocess of the plant
is included in this section. 
 Process Flow Schematics and Equipment

Lists for the respective sections can be found in 
Appendix A.
 

Twice a week, self-unloading coal colliers will deliver 
Illinois #6

coal to Chiriqui Grande at an off-shore unloading pier. The coal
is conveyed from an unloading surge bin to a sample transfer house
and farther to a coal storage pile. 
 Feed for the plant is normally

provided by reclaiming coal from the storage pile. 
 From the sample
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transfer house the coal is 
transferred to a second sample transfer
house where "as received/as fired" samples are 
taken and further to
a storage system consisting of 
two 8,000 ton concrete silos. 
 The
coal is continuously discharged from the silos to the screening

houses in 
the Coal Preparation area.
 

The coal, with a maximum fines content of 60% 
below 1/4", is fed
to the screening system at 
a rate 
of 20,000 T/D (A.R.). The coal
is screened to extract most of the fines, a portion of whichis briquetted. A portion of the remaining fines is sent to thetuyeres; the remainder is reblended with briquettes and largerfor feed to the lop of qoalthe gasifiers. The overall mean averawe finescontent to the gasifier is 55% (max) under 1/4". The briquettingplant uses tar (produced during the gasification process) as a
binder in the production of briquettes. This plant 
 is providedwith recirculation and crushing equipment to accommodate rejectproduct which may be produced during the warm-up of the plant.briquettes are Thecooled on cooling conveyors before blending with thecoal feed to the gasifiers. 

The sized coal is conveyed by two 50% capacity conveying trainsthe gasifiers. The conveyors are fitted 
to 

with trippers allowingremote operation for coal to be diverted to any ofrow gasifiers. 

Flux is unloaded once 
a month for about one hour from barges, usingthe coal unloading facility. From the first transfer house,flux is diverted to a flux transfer 
the 

house and to a flux storagepile. Once per the isday flux transported from theequipment to two flux pile by mobilethe receiving
gasifiers by system 

hoppers and further to thea similar to the system used for coal. 

Gaseous oxygen (95% pure) required for gasification is provided byfour air separation plants each with a nominal capacity of 2500 TPD.Ambient air is compressed and cryogenically separated into itscomponents. Product oxygen is compressed to 550 andpsig sentthe gasification section at a metered 
to 

rate of approximately 396 TPH(100%). By-product nitrogen is compressed to psig for15 in-plantstripping purposes, and to 100 psig as standby for pressurization of
 
lockhoppers.
 

The BGC/Slagging Lurgi gasification process is shown in Dwg B-15-FSI0.The coal is fed to the 32 gasifiers through the coal lockhopperslocated above the gasifiers. The coal lockhopper is pressurizedwith CO 2 gas from the CO 2 removal unit. After the coal is dischargedinto the gasifier, the lockhopper is depressurized by ventingCO 2 to the atmosphere. the 
A fresh batch of coal is then admitted tothe lockhopper. The operational cycle is sequenced withcontrolled by interlocks. The gasifier is of 

timing 
the moving bed typewith the coal moving downwards through 
a number of stages.
leaving the coal hDlding zone, the coal passes to 

After 
the coal distributor
where recycled tar used for(not briquetting) recovered from the raw 
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gas is sprayed onto the coal. This operation helps prevent entrain
ment of fines by the upward-flowing gases. The coal passes

successively through a drying stage, 
a devolatization stage, 
a
 
gasification stage, 
and finally a combustion stage. Oxygen and
 
superheated steam are admitted through tuyeres at 
the base of the

fixed bed. At this point, the coal ash melts to 
form a liquid

slag which is quenched in water and discharged through a ]ockhopper.
Phenols, naphtha, tars and oils recovered from the crude gas and 
coal fines are fed through tuyeres at the bottom of the gasifier
thus obtaining essentially complete gasification of the coal. 

Energy released in the combustion zone is carried upwards by the
 
gas providing the heat required for gasification. The hot gasifica
tion products are then further cooled as they rise through the 
upper zones of the coal bed driving off volatiles, and finally by
drying of the coal. The gasifier is a jacketed vessel. Saturated 
steam is raised in the annular shell protecting the external 
pressure vessel from high temperatures exicting in the coal bed.The raw gas from the gasifiers flows to the Gas Treatment section 
for cooling and particulate removal. The gas is cooled by
quenching with gas liquor, followed by pressurelow steam generation,
vaporization of ammonia for the refrigeration unit and finally by
cooling water. During the cooling process, tars, oils and water,
entraining particles coal dust,of are condensed and separated.
The various liquid streams are further decanted to provide tar and
oil for recycle to the gasifier and gas liquor, part of which is 
used as quench for the raw gas. The remainder of the gas liquor 
is sent to Phenol Recovery. 

The cooled gas is scrubbed with water to remove ammonia and then 
passed to the Naptha Removal section. Anhydrous ammonia isrecovered 
from the aqua ammonia by stripping with steam.. The gas

liquor fraction sent to the Phenol Recovery section is first
 
saturated with CO
 2 and then sent to a set of staged mixer-settler
 
extraction units using the Phenosolvan process. Phenol is extracted
with isoiropyl ether solvent and recovered by distillation. The
solvent is recovered from both the extract and raffinate phases for 
reuse in the extraction process. Phenol is recycled to the gasifiers. 

The gas leaving the Gas Treatment section enters the Naphtha removal
 
portion of the Sulfur Recovery Section to prevent the more soluble
 
heavy hydrocarbons (naphtha) from entering. 
iaphtha removal consists 
of a Selexol system completely isolated from the main Selexol system
used for acid gas removal. In the Naphtha Removal section the raw
 
synthesis gas is contacted countercurrently in a trayed absorber
 
with hot clean Selexol solvent. The composition of the naphtha-free
 
gas exiting from the top of the absorber is as follows:
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Component 
 Vol % 

H2 28.64
 

CO 
 58.50
 

CO2 3.29
 

CH4 6.28
 

C2H4 0.22
 

C2H6 0.32
 
N2 1.10 
H2S 1.55
 

Cos 
 0.10 

100.00
 

The naphtha-rich Selexol is depressurized and washed with water.
The naphtha is gravity separated from the aqueous Selexol phase
and recycled to the Gasification section. 
 The flashed gases,
containing H2S, 
are sent to the Claus unit 
for sulfur recovery.
The Selexol solution is regenerated by stripping with steam and
pumped back 
to the naphtha absorber. The naphtha-free gas becomes

the feed to 
the Sulfur Removal section.
 

the Sulfur Removal section, the gas is
In cooled by heat exchange
with the clean product gas and countercurrently contacted with
lean Selexol solvent 
in packed towers to remove sulfur compounds.

Clean gas, containing no more 
than 10 ppmv sulfur compounds,
leaves the top of th- absorber, is warmed against the feed gas
and is sent to 
the CO Shift section. 
 Rich Selexol solution is
depressurized to release 
a considerable amount 
of dissolved CO,
CO2 and CH4 
which would otherwise dilute the sulfur-rich Claus
feedgas. The desorbed gases 
are recompressed and recycled to the
absorber. 
The rich Selexol is preheated by exchange with hot lean
Selexol, is 
flashed and then concentrated in a regenerator. 
 Lean
Selexol 
from the bottom of the stripper is cooled by exchange with
cold rich Selexol and chilled before retdrning to the absorber.
Refrigeration in 
the Selexol chiller is provided by an absorption
refrigeration unit. 
 The sulfur-rich gases stripped in the
regenerator are sent 
to the Sulfur Recovery section.
 

The Sulfur Recovery section consists of Claus units and SCOT
tailgas treating units. In 
the Claus unit, a portion of the acid
gas feed stream is burned to give 
a stoichiometrically proportioned
gas to feed the Claus reactors where, in 
the presence of a catalyst,
H2S reacts with SO2 
to produce elemental sulfur and water.
sulfur is condensed by cooling of 
The
 

the gas and is collected in molten
form in the sulfur pit. About 718 LT/D 
sulfur is produced in the

plant. The tailgas is 
treated for further removal of the sulfur
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compounds in 
the SCOT tailgas treating unit. The tailgas is
mixed with a hydrogen-rich reducing agent, heated by mixing with
hot gases from an MBG-fired incinerator and passed through 
a
catalyst bed where all the sulfur compounds are reduced to H2 S.
The hot tailgas is water quenched and sent to an 
amine absorber
where the H2 S and some 
CO 2 are removed. The tailgas from the
amine absorber is incinerated to remove 
trace CO and vented to
the atmosphere. The hydrogen sulfide and carbon dioxide are
desorbed from the rich amine and returned to 
the Claus unit acid
 gas feed. The regenerated solvent is 
recycled to the absorber.
 

A portion (5%) of the clean 
gas leaving the Sulfur Removal section
is taken as fuel gas to 
supply the energy requirements of the
 
plant. 
 The balance of the gas is compressed and passed through
the sulfur guard vessels where the last 
traces of COS 
are removed.
The gas is 
then split into two streams such 
as to meet subsequent

syngas composition requirements and amounts to bypassing 32%
the gas around the CO Shift. In 

of
 
the CO Shift conversion section
the gas is first saturated with hot 
water in a heater saturator,


mixed with high pressure steam and passed through two 
CO Shift
reactors. 
 The CO catalytically reacts with steam to 
produce H2
and CO. The hot shifted gas is first 
cooled almost to its
dewpoint by exchange with water that 
goes to the saturator. Itis then cooled by contact 
with water in the direct gas cooler.
The gas is further cooled with coolinEwater and mixed with the
cooled unshifted gas. 
 After removal of process condensate (which
is sent to 
the Process Effluent Treating section), the mixture of
 
gases having the correct ratio of CO to H2 
is sent to the CO 2
 
removal section for adjustment of CO 2 content.
 

The CO2 Removal section uses 
Selexol technology to remove CO 2 to
meet 
methanol synthesis make-up gas requirements. Make-up gas
is chilled by product gas 
from the absorber and then by coldCO) vent gas before entering the absorber. In the absorber, the
 gas is contacted countercurrently with cold lean Selexol solvent.
Rich Selexol solution is letdown through 
a high pressure hydraulic
turbine. 
 The flash gas, containing 112 
and CO, is recycled to the
absorber feed. 
 The remaining solution is 
letdown through a
medium pressure hydraulic turbine. 
 The flashed gas consists
primarily of C0 2 , and 
is catalytically oxidized for emission

abatement. A portion of 
this gas is recompressed and used as
lockhopper gas to pressurize the coal. 
 The balance is released
 
to the atmosphere.
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The Selexol solution is further letdown 
in the low pressure
hydraulic turbine and returned to the top of the Selexol stripper.
The Selexol stripper consists of two sections; the upper portionfunctions as a separation vessel where is fromCO2 flashed thesolvent, and the lower portion where CO 2 is further removed by N2stripping gas. The gas from the stripper is vented to theatmosphere after catalytic oxidation to minimize CO emissionRefrigeration is provided by the absorption refrigeration units.Product gas from the C02 Removal section serves as make-up gas forthe Methanol Synthesis and Distillation section.
 

The ICI methanol synthesis process is designed 
 to produce 11,936TPD of methanol product with the following specification: 

wt % 

MeOH 
 98.95
 

H2 0 
 0.64
 

iBuOH 
 0.22
 

DME 
 0.11
 

EtCH 
 0.08
 

Make-up gas 
is mixed with circulating gas in 
the circulator, which
compresses the synthesis gas to 
loop pressure. The gas is then
heated successively in a cold loop interchanger and a hot loop
interchanger against the hot converter effluent, and fed to theconverters. 
 The heat of reaction 
is removed by generating medium
pressure steam in 
a converter boiler. 
 The converter effluent,
after cooling in the loop exchanger, is further condensed in air
cooled exchangers. Gas crude
and methanol liquid are separated ina catchpot. The inert content (CH4 , Ar) theN2 , of synthesis loopis controlled by purging a portion of the gas from the catchpot.
 

Flash gas produced by letdown 
 of the crude methanol is used asplant fuel. Crude liquid methanol is pumped to the distillation
 
column.
 

Refined methanol product is withdrawn as a liquid from a point
near the top of the column. A side stream of fusel oil is 
removed
near the bottom of the column and pumped back into the distillatestream to enhance its heating value. Product methanol is pumpedto the methanol storage tank. The light ends, separated in theoverhead condenser from the methanol reflux stream, are returnedto the crude methanol tank. 
 The bottoms water thefrom distillationcolumn is discharged to plant'sthe waste water treatment system.Vent gases from the crude methanol tank and the fuse] oil tank arewashed with water to remove traces of residual methanol and vented. 
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II - 5.1.3 Offsites (Plant Support) Facilities
 

The support facilities are designed to supply all 
the energy needs

of the plant and provide 5 MW of export electricity. The steam 
system provides and distributes steam at the required pressure for
plant process systems, and generates electricity for plant opera
tions through use of steam turbine generators. Steam is generated
and distributed at levels of 1000 psig, 550 psig, 300 psig, 100
 
psig, and 50 psig.
 

The 335.8 MW electrical requirements of the plant, and 5 MW of
 
exported power are supplied by steam 
 turbo-generators and by

combustion turbines fired with purge gases. 
 Four combustion 
turbines ,each rated at 70 MW,are provided to supply about 280 MW

of electricity. Two lip steam turbo-generators,each rated at 28 MW,

and various expanders in the plant provide 
 the balance of the
 
energy required.
 

The combustion turbines are equipped with Heat Recovery Units (HRU)
where high pressure steam is superheated and boiler feedwater is
preheated. The four HRU's are fired with MBG and purge gases from 
the Methanol Synthesis and Distillation section. 

Medium pressure steam generated in the Gasification, Sulfur Recovery,
and Methanol Synthesis sections by waste heat recovery is superheated
in a MBG direct-fired superheater before being sent to the steam
 
turbo-generators.
 

The make-up water requiren ents of the plant amount to about 18,100 
gpm, most of which is required to offset evaporation in the cooling

towers. Raw water is pumped from 
 nearby freshwater sources,
chlorinated, softened and clarified. After pH adjustment, the water
 
is sent to the cooling water system and the 
water treatment system.
The clarified water sent to the water treatment system supplies
 
process water to the plant 
 and demineralized water to the steam
 
system.
 

Aqueous waste streams from the plant, the largest of which is the

dephenolated effluent from 
 the Phenol Recovery section, and other 
waste waters with less than 200 mg/l ammonia, are treated in a PACT
(Powdered Active Carbon Treating) unit to remove pollutants. The 
active carbon undergoes a regeneration stage and together with 
fresh make-up carbon is recycled to the Treating unit. 

The Waste Water Treatment system is designed to treat waste streams
from Water Treatment and Raw Water Supply, as well as various 
plant waste streams. Waste treatment includes physical/chemical
treatment, and sludge dewatering facilities. Approximately 4,200 
gpm of effluent water is discharged from the plant. Fixated sludge
from Process Effluent Treatment is discharged to a sludge impound
ment area. The dewatered sludge from water treatment and ash from 
the biological treatment are tosent landfill. 
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II - 5.2 
 PROCESS DISCUSSION
 

II - 5.2.1 
 General
 

The British Gas Corp/Slagging Lurgi technology is 
a moving bed
gasification process. 
 The feed to 
the gasifier consists of sized
coal with limitations on the 
fines content in 
the feed. This
condition led to 
the inclusion of a briquetting plant to 
process
all the 
fines in excess of the 
amount tolerated by the gasifier.
Except for the siagging zone, which 
imposes high temperature, the
BGC/SL gasifier operates at 
lower temperatures than the other two
processes examined. 
Consequently, the oxygen requirements per
unit of coal gasified are the lowest of 
all the three processes,
resulting in substantial savings of capital and energy costs of
the air plant. These savings are supplemented by savings resultingfrom the lower purityyof oxygen that can be tolerated (955/).
 

The high purge rate 
from the methanol synthesis loop due to the
high CI 4 content in the syngas does not 
allow the inerts present
in the oxygen feed to build up in 
the system. 
The raw gas containssubstantial 
amounts of hydlroc 
a rbons because of" lower operatingtemperatures in 
the gasifier. The heavier hydrocirbons are
separated in 
the gas cooling process and recyc1ed to extinction
in the gasi fier. These tars 
and oils complicate gas treating as
they must be completely removed prior 
to sulfur removal. With
this recycle of by-products, essentially complete carbon
conversion is achieved. 
 Methane remains 
in the raw gas and is
separated in 
the methanol synthesis process in 
the loop purge
 
stream.
 

The gasification steam consumption 
is lower than for 
the WCGS
(0.31 lbs steam/lb coal 
vs 0.50 lbs/steam coal). 
 Due to the
reduced quantities of steam fed 
to the gasifier, less CO is
converted to 
CO 2 and H2 . The low concentration of CO 2 
in the
raw gas reduces the importance of selective removal of 1I9S 
over
CO 2 and readily permits production of a concentrated Claus gas.
 

This advantage is if
lost CO Shift is carried out before H2 S
removal. The logical choice was 
to select a "clean" CO Shift
conversion 
following the Acid Gas Removal operation. The reduced
steam input to the gasifier, besides 
the obvious savings in
operating costs, 
impacts on the downstream processes by reducing
both the amount 
of procosq; condensate that has 
to be treated and

the make-up water requirements.
 

A drawback of 
the BGC/SL process 
is the raw gas quench, necessary
for the removal of hydrocarbons and ammonia, which cools the
to a point whe-e only gas

low level heat 
recovery is possible. The
elaborate separation and recovery of hydrocarbons and ammonia is
also costly in 
terms of both capital investment and operating


requirements.
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The ash is discharged as 
slag and the addition of flux is necessary
to 
reduce the ash melting point and to facilitate the slagging
 
process.
 

The synthesis g!ns requires compression before the methanol synthesis
loop. This compression is carried out 
after Acid Gas Removal and
before CO Shift because the molar quantity of 
the gas is almost at
its lowest point in 
the processing sequence. 
C02 removal is also
improved by higher operating pressure. 

The presence of CH
 4 in the synthesis gas requires a 
large purge rate
from the methanol synthesis loop. 
The energy content in the purge
gas is recovered by generation of electric power and steam in
combustion turbines with heat 
recovery units, using the
 
purge gas as fue]..
 

The process heat recovered in the BGC/SL plant allows 
for generation
of low pressure steam only. 
 In order to satisfy the high pressure
steam required by CO Shift 
and medium pressure steam required by
Gasification, the pressure level of the steam generated in the
Combined Cycle HRSG was 
selected to be 
1000 psig with provision for
exfraction 
from steam turbines at 
lower pressure levels.

drivers in the plant 

The
 
are powered by electricity, A total of about336 MW are 
required for plant support. 
 Over 80% of the electric
 

power is generated by the combustion turbines, with the balance 
supplied by steam turbogenerators
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!I -- 5.2.2 
 Plant Performance
 

Table 11-5.2 sho,;.,s the overall. 
energy balance for the British Gas Corp/
Slagging Lurgi-based coal gasification plant. 
 About 52.3% of the
energy output inis the form of methanol. Roughly 36% of the
energy output is rejected by cooling towers. 
 Useful by-products,
comprised of 
sulfur, ammonia and 
a small amount of electric power,
account for about 2.5,'. The remainder is lost 
as the sensible
heat of 
the v-rious plant effluent streams.
 

Table II -5.3 summarizes the performance of the g;asification processof the overall plant. and 
in 

Virtually complete conversion of the carbon
the feedstock, primarily to CO, gaseous hydrocarbons, oils and
tars, is achieved as 
a result 
of the long residence time of
coal in the gasifier. The oils and tars are 
the
 

recycled to extinction.
The fuel gas efficiency is about 89%. 
This relatively high number
is typical of countercurrent 
 bed gasifiers, where the coal ispreheated to 
reaction temperature by the gasification products.
The cold gas efficiency is lower 
(about 71%) because a substantial
part of the heating value of the gas derive,, from its hydrocarboncontent. The process thermal efficiency (about is87%) slightlylower than the fuel gas efficiency because t:he 
gasifier's feed
steam requirements exceed the quantity generated from gasification
 
waste heat.
 

The overall efficiency of 
the plant, on a methanol fuel basis, is
2.-)6. This is lower than 
the cold gas efficiency (89% a fuel
on

basis) for two reasons: 

o The heating value of the methanol product 
is about 15
 
percent 
lower -than the heating value of the net 
amount of
synthesis loop feed gas consumed by the methanol synthesis
reaction. 
 This is an inevitable result of methanol synthesis from the CO/H 2 
feed gas mixture. 
 The heat released
by the reaction is recovered as 
medium pressure steam.
 

o The steam generated from process heat 
released in the
Gasification, CO Shift, Methanol Synthesis and Sulfur
Recovery sections of the plant 
is insufficient 
to satisfy
process energy requirements. 
 In order to achieve energy
self-sufficiency for the plant, 
the purge gas from the
synthesis loop (which contains the gaseous hydrocarbons

r.....uced by the gas.fier) and about 
5% of the desulfurized
gasifier product 
is fired in gas turbines, the 
gas turbine
heat recovery section, and a steam superheater. 

The total products efficiency of 55.4% includes credit 
for sulfur
and ammonia production, with electric power export credited at
 
3412 Bru/kwh.
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II - 5.2.3 Gasification System Evaluation
 

II - 5.2.3.1 Technical
 

The following technical features of the BGC/SL provide positive

support 
for its selction as basis for the preferred process confi
gurat ion:
 

o High thermal efficiency as 
a consequence of countercurrent
 
gas/solid flow.
 

o Gas production per unit cross-sectional area is high.
 

o Low steam consumption.
 

o Oxygen requirement is lower than other slagging gasifiers.
 

o Long residence time in 
the gasification zone allows 
for
 
coal to be completely gasified so 
that slagged ash is
 
essentially carbon free, 
thus obviating the need for
 
recycle of a carbon-containing ash.
 

o 
 A steam jacketed gasifier vessel protects the outer pressure

vessel from the high temperature existing in the coal bed. 

The downside elements of the BGC/SL include risks and uncertainties

associated with both process and mechanical aspects. The system

generates only pressure impacting
low steam on overall plant
 
efficiency.
 

The proce-s also generates phenols, tars, and oils which must be
removed from the gas. 
 Although the present design incorporates the
 recovery and 
recycle to extinction of these hydrocarbons, this
 
concept is yet to be demonstrated on 
a continuous commercial scale.
Moreover, the quality of waste water generated is such as to require
special treatment prior to discharge. 

The high content of coal fines anticipated in the feed required theinclusion of a briquetting system in 
the piesent design. It is
 
claimed that the BGC/SL gasifier can tolerate up to 50% fines

(includes bed and tuyere feeds); 
shculd this not be realized on a
continous commercial scale, a much 
larger burden will be placed

on briquetting. Furthermore, the 
formation of briquettes from

Illinois #6 coal fines and tars 
as well as their viability as

gasifier feed is 
yet to be demonstrated on a commercial scale.
 

II - 5.2.3.2 Environmental
 

From an environmental point of view, the nature of the BGC/SL is

such that provisions can be made so that no detrimental impact is 
likely to occur.
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As 
a fixed bed gasifier, coal and gas 
move in countercurrent
directions through distinct reaction zones. 
 Raw gas withdrawn from
the top of the gasifier would carry with it 
tars, oils and other
complex organic compounds. These contaminants would be transferred
to waste streams in subsequent gas clean-up andoperations. Tarsoils separated from the raw gas would be recycled to the gasifierto extinction. Process condensates would require phenol extraction,through the Phenosolvan process, and ammonia removal, as pretreat
ment prior to biological treatment.
 

Ash exiting the bottom of the gasifier would be in the molten stateand would be quenched in water to produce vitreous slag. Pilottests performed for Conoco at the Westfield installation showedthat leachate from the slag was non-hazardous based on standardsof the U.S. Resource Conservation and Recovery Act (RCRA). It isestimated for the PCMP project that approximately 1.1 x 106 tonsper year (TPY) of non-hazardous, vitreous slag would be produced.Pending further study in subsequent phases of the PCMP project,the charaoteristics of this slag appear to be suitable for its
possible use as road or construction material. Sludges 
 arisingfrom water pretreatment and wastewater treatment, are potentiallyhazardous, especially with regard to heavy metals concentrations,

and would require landfill disposal.
 

II - 5.2.3.3 Commercial 

The BGC/SL is an 
extension of the Lurgi "dry-ash" gasifier that
has been comnercially proven in many installations in various partsof the world for over forty years. The Lurgi process has undergonemodification and improvement during this period, one of which
was the reduction of steam consumption by operating under 
 slaggingconditions. Development along these lines was initiated by Lurgiin 1953 when, in collaboration with Ruhrgas, a special gasifierwas erected at Holten. This experimental gasifier was purchased
by 
the British Gas Council in 1955.
 

The research work into slagging gasification performed by the
British Gas Council on this gasifier in 1962-1964 resulted in
extensive modifications of the 3 ft 
diameter gasifier to provide
for operation at up to 375 psig. The development of the gasifierto a commercial scale was 
initiated in 
1974 as a result of growing
interest in the technology in 
the U.S.A. 
This interest was principally from the U.S. gas and allied industries. A program, funded
and sponsored by 15 American companies and coordinated by Conoco,
was carried out over a period of three years at 
the Westfield
Development Center in Scotland. The program demonstrated thecommercial viability of 
a 6 ft diameter gasifier using 300-350
tons of 
coal per day. A wide range of British and foreign coalshave been tested. The U.S. government funded a program to testAmerican coals having highly caking and swelling characteristics
high sulfur contents. At present, the

and 
6 ft diameter gasifierhas over 7,500 hours on line with the longest test run of 90 days.Over 100,000 tons of coal 
have been gasified. Coal feeds with up
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8 

to 35% fines have successfully utilized in the top of the gasifiers.

Recycle of liquid gasification products to the gasifier tuyeres

leading to their gasification to extinction has been 
demonstrated.
 

is in construction at 


To date there 
fines through 

has 
the 

not been demonstration of simultaneous feeding of 
tuyeres with recycle of liquid hydrocarbon 

products. 

An ft gasifier to demonstrate feasibility on a commercial scale 
Westfield, Scotland and it 
will be operational


by -1984. British Gas is understood to be considering the construc
tion of a prototype substitute natural gas 
(SNG) plant in the U.K.
 
to demonstrate 
 the gasifier and subsequent gas processing. The
 
plant would be operational by the late 1980's.
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TABLE 11-5.1
 

SPARE CAPACITY ALLOCATION
 

PLANT AREAS
 

Operating

Area Name 
 Trains 


Coal and Flux Handling 1 

Coal Preparation 
 2 


Fines Processing 
 1 

(1 )
Coal Gasification
 28 


Air Separation Plant 4 
Particulate Removal and Gas Cooling 
 4 


Phenol Recovery 1 
Sulfur and Naphtha Removal 4 

Claus Unit 8 

SCOT Unit 
 4 


CO Shift 
 4 

CO 2 Removal 4 

Methanol Synthesis and Distillation 4 
Combined Power Generation 
 4 


Steam System 
 1 


Raw Water Supply & Cooling Water Sys. 1 


Waste Treatment & Disposal 
 1 


Note:
 

Installed % Spare 
Trains Capacity 

2 100 

4 100 

1 0 

32 14 

4 0 

4 0 

1 0 

4 0 

8 0 

4 0 

4 0 

4 0 

4 0 

4 0 

1 0 

1 0 

1 0 

(1) Includes 100% 
spare capacity for slag handling and disposal.
 

11-67
 



TABLE II-5.2
 

OVERALL ENERGY BALANCE
 

BRITISH GAS CORP/SLAGGING LURGI 


Basis: 80 0 F, liquid water; 1 hour 

ENERGY IN
 

Coal (H1HV) 


Combustion Air (H20) Gas Turbine, etc 


Air Separation Plant (H2 0) 


TOTAL ENERGY IN 


ENERGY OUT
 

Slag 


Methanol and higher alcohols (HHV) 

Sulfur ( 300OF 


Electric Power 

Rejected by Cooling Towers 


Rejected by Air Fans 


NH 3 Product 


Waste Water Eflluent 

Selexol Tailgas 


Gas Turbine Exhaust @ 392°F 

Claus Stack Exhaust @' 1200 0 F 

Miscellaneous Heat Losses 

TOTAL ENERGY OUT 


GASIFICATION PLANT
 

106 Btu 

18303.0 99.00 

116.0 0.62 

70.0 0.38 

18489.0 100.00 

6.9 0.04 

9675.0 52.33 

270.5 1.46 

17.1 0.09 

6714.3 36.32 

0.4 0.00 

183.7 0.99 

17.9 0.10 

97.4 0.53 

1093.0 5.91 

131.8 0.71 

281.0 1.52 

18489.0 100.00 
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T.ABLE 11-5.3
 

SUMMARY OF SYSTEM PERFORMANCE 
BRITISH GAS CORP/SLAGGING LURGI GASIFICATION PLANT
 

Gasification
 

Coal feed rate, lb/hr (m.f.)* 
 1,476,000
 
Oxygen/coal ratio, lb/lb (m.f.)* 
 0.537
 
Oxidant temperature, OF 
 250 

'Oxygen purity, vol % 95
 
Gasifier exit temperature, OF 722 
Gasifier exit pressure, psig 465 
Carbon Conversion, % 99.98%
 

Efficiency (Net) 

Cold Gas ( i) 

70.8%
 

Fuel Gas ( 2) 
89.1%
 

Process (fuels plus steam)(3 ) 

87.1%
 

Overall System 

Liquid methanol product 

Methanol, TPD 11,811 
Other alcohols, TPD 36 
Water, TPD 77 
Fuel value, MM Btu/D ( 4 ) 

232,200 

Efficiency 
Meth..nol fuel, HHV 5) 52.9% 
Total Products, HHV (6 ) 

55.4% 

Notes:
 

(1) liliv (12 + CO) produced/IIIV coal 
(2) IIHV (112 + CO + C1 + C2 ) produced/fIIIV coal 
(3) 	 HIV (11 2 + CO + C1 + C2) + enthalpy of net steam produced 

or required/HV coal(4) lilY (methanol + higher alcohols)
(5) 1li1Y (methanol + higher alcohols)/JIIIV coal(6) HliV (methanol + higher alcohols + by-products + electricity)/

ItttV coal 

• m.f. : moisture-free
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II - 6.0 WESTINGHOUSE GASIFICATION PROCEES - TECHNICAL DESCRIPTION
 

II - 6.1 PLANT DESCRIPTION
 

II - 6.1.1 General 

A plant using the fluidized bed Westinghouse Coal 
Gasification
 
System, to gasify 20,000 TPD of 
Illinois #6 coal, 
was evaluated
 
and is presented in this section.
 

The Process Coordination Schematic Drawing No. M-00-FS12 shows 
a
simplified block flow diagram 
of the overall facility.
 

Generally the main processing units of 
the plant are arranged in
three separate parallel configurations. Table 11-6.1 shows the spare

capacity allocation for each plant 
area.
 

The sizing philosophy and redundancy provisions of 
the various
 
plant sections are as follows: 

o Coal Preparation (Three Trains)
 

Three coal preparation trains, 
one for each gasifier bank,
 
are provided for the plant. 
 Each coal preparation train
 
consists of two dryer-pulverizers, surge bins and 
a
pneumatic conveying system. The dryer-pulverizers, 
conveyors and pneumatic coal pumps are selected so as
 
to provide a 50% spare capacity for each train, insuring

a high degree of reliability to the system.
 

o Coal Gasification (Twenty-One Trains) 

The Gasification section contains 21 gasifier trains, 3 of

which are on cold standby. A standby unit is put into
 
service when unexpected failures occur or during 
a

scheduled shutdown for routine maintenance. These trains
 
are grouped 
in three banks with 6 operating and I spare

train included in each bank.
 

o CO Shift and Gas Cooling (Three Trains)
 

The same philosophy used for the TCGP evaluation was used
 
for WCGS.
 

o Ammonia Recovery (One Train)
 

The capacity of the unit is 
not sufficient to require

multiple trains of equipment. Rotating equipment is spared

to sustain continued service of the section.
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o Acid Gas Removal, Sulfur Recovery, Methanol Synthesis &
 
Distillat ion
 

The same philosophy used for the TCGP evaluation was used
 
for WCGS.
 

o Power Generation and Steam System (Three Trains) 

Power generation sized for plant support is effected in 
three combustion turbine/heat recovery trains, one for 
each production train. This concept provides independence 
of operation for each production train and satisfies 
layout requirements with minimal manifolding of the steam 
system. 

o Air Separation Plant (Six Trains) 

Six trains of 2000 TPD oxygen capacity will be used to 
supply the 12,000 TPD of oxygen required for the plant. 
The number of trains provided is consistent with the 
general arrangement of the plant and provides a high 
reliability of service. 

o Offsite Fqcilities 

The Water Treatment, Waste Treatment and general offsite 
requirements are arranged in one operating train each with 
enough redundancy for the critical items to provide 
adequate service reliability.
 

II - 6.1.2 Process Sections 

A description of the operation of the process sections of the 
plant is included in this section. The Equipment List for the 
various sections of the plant can be found in Appendix A. 

Twice a week, self-unloading coal colliers will deliver Illinois #6 
coal. to Chiriqui Grande from an off-shore pier. The coal is conveyed 
from an unloading surge bin to a sample transfer house and further, 
to a coal storage pile. Feed for the plant is normally provided 
by reclaiming coal from the storage pil.e. During coal unloading 
operations, part of the unloaded coal is dive'ted to the conveyor
 
linking the sample transfer house to a sample crusher house, 
where "as received/as fired" samples are taken. The coal is 
screened to separate the larger size feed which is crushed and 
then mixed with the smaller size feed before going to the Coal 
Preparation section. From the sample crusher house, the coal is 
conveyed to the coal feed surge bins in the Coal Preparation 
section at an average rate of 20,000 TPD (A.R.). 
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From the feed surg- bins the coal 
is fed to 
a drying - pulverizing
system where it 
is ground, dried and classified to requirements
of the gasifier. 
Fuel gas from the plant is burned for coal
drying. The pulverized and dried coal particles 
are swept from
the pulverizer to pulverized coal storage bins by 
the hot gas from
 
the pulverizer. 

The Westinghouse Coal Gasi fication System is shown on Dwg 13-15-FS12. 

One coal surge bin is arranged in series with lockhoppers for two
gasifiers. Coal is 
repeatedly batched 
at atmospheric pressure
from the coal surge bin 
into the coal pressurization lockhoppers
which are pressurized with nitrogen from the air separation plant.
Coal is 
fed continuously from the coal feed iockhoppers 
to the
gasifiers through a pneumatic transfer line 
in which recycled
product gas is 
used as the transport medium.
 

The Westinghouse coal gasifier consists of 
a single stage, pressurized
fluidized bed 
reactor. Coal, 
steam and oxygen react within the
gasifiers to produce medium Btu gas. 
 In addition to 
the carbon
monoxide and hydrogen formed, 
the raw gas contains 1ine particulates
and sulfur compounds. 
 These constituents are 
processed or removed
in 
various systems downstream of the gasifier.
 

Gaseous oxygen (98.54 pure) required for gasification is provided
by six air separation plants each with a nominal capacity of 2,000
TPD. Ambient air is compressed and cryogenically separated into
its components. Product oxygen is 
compressed to 
600 psig, and
sent to the gasification section at 
a metered rate of 
approximately
444 TPH (100%) and the rest to 
the Hydrogen Production section and
the Acid Gas Removal section. By-product nitrogen is provided by
the air separation plants at 
5 psig for coal conveying and drying
and at 
50 psig for Rectisol stripping and plant purging purposes.
 

The gasifier operates at 450 psig and 1850°F. The product gas exits
near the top of 
the vessel and ash 
is discharged from the bottom.
The coal, 
steam and oxidant enter through a central feed system
located in 
the ash separator. Recycled char 
fines and transport
gas, and 
the other feed streams emerge from the system to 
form a
jet where the coal and oxidant react. The coal is 
quickly devolatilized and partially combusted. The resulting so].id 
char product
forms the gasifier bed material. 
 The char bed is fluidized by the
steam and recycle gas coming from ihe char/ash separator at
base of the reactor. As the carbon is 
the
 

removed from the solid char
particles to 
produce a high ash material, eutectics 
in the ash
soften. 
 The softened ash particles adhere to 
each other and
agglomerate into particles larger and denser than the char
particles. 
The ash-rich particles defluidize and sink into the
char/ash separator region of 
the gasifier. 
The char/ash separator
forms the annulus 
area around the coal 
feed inlet. The agglomerates
are cooled by 
the incoming fluidizing gas. 
 The cooled ash agglomerates are continuously removed 
as 
a dry ash via a starwheel
feeder and delivered 
to the ash withdrawal system.
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Ash from the gasifier continuously enters receivingthe lockhopper
which operates at the same pressure as the gasifier. The ashdischarge lockhopper cycles between the receiving lockhopperpressure and ambient pressure orderin to receive and dischargethe ash in a batchwise manner. The isash removed by a conveyorsystem and to solidsent the waste disposal atea averagean rate 
of 2387 TPD. 

The product gas, containing virtually, no tars or oils, exits thereactor and flows to particulate recovery equipment. The product 
gas composition is. 

Component 
 Vol % 

CH4 8.09
 

CO 
 41.35
 

C0 2 15.75
 

H 2 32.26
 

H2 S 
 1.52
 

COS 0.12
 

N2+ Ar 
 0.71 
NH 2 0.20
 

100.00
 

The heat recovery/particle recovery system, located downstream of
the gasifier, consists of ofa series heat exchangers and primaryand secondary cyclones. Entrained particulates are removed bycyclones, and recycled to the gasifier using recycled product gasas the transport medium. The raw gas is cooled by generation of
high pressure steam prior to entering the gas quench system. 

The gas quench system is designed to further cool the product gasand to remove any remaining particulate matter entrained in the gas via a direct water quench scrubbing system. productRaw gasentering the system is contacted with water in a venturi scrubberfollowed by a quench tower for adiabatic humidification and cooling.A slurry is continuously removed from the tower bottom to apressurized filtration system. The filter iswet cake collectedand sent to solid waste treatment. The filtrate is recycled to thequench water system. The concentration of the solids in thissystem is haAanced by a continuous blowdown which sent theis toWaste Water Treatment system and by fresh make-up water to the
quench tower. 
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A small portion of the cleaned product gas leaving the gas scrubbing
tower is recycled to gasification 
as the char transport medium while
the bulk of the gas goes to the CO Shift section.
 

In the CO Shift section,carbon monoxide is 
catalytically converted to
hyarogen and carbon dioxide by 
reaction with steam. 
Each CO Shift
train cor-ists of CO Shift reactors, each including two beds of
sulfided shift catalyst,and a series of heat exchangers. 
 The gas
is cooled by generating high and low pressure steam, preheating
boiler feedwater and .inally by rejecting the heat to the cooling
water system. Approximately 52% 
of the product gas is subject to
CO conversion; the remaining 48% bypasses the shift section and itis cooled by heat recovery and cooling water. 

The process condensate from the CO Shift :ection, is sent to the
Ammonia Recovery section. The 
 shifted ga3 joins the unshiftedand is compressed to 480 psig in 
gas

centrifugal compressors. The
process condensate, separated after cooling the compressed gas,
is also sent to the Ammonia Recovery section.
 

In the Ammonia Recovery section,process condensate is treated by
the 'Phosam-W" Process for the removal 
and recovery of ammonia in
the form of a high purity anhydrous liquid. Ammonia vapors 
are
stripped from process condensate in 
a tower by steam generated
internally by 
a reboiler and then absorbed in 
a phosphoric acid
solution. The ammonia-free water is recycled to 
the gas quench
in the gasification section. 
 The phosphoric acid solution is
regenerated in 
an 
ammonia stripper and returned to the absorber.
Ammonia vapor is condensed and sent to 
storage as pure anhydrous

ammonia product. average rate
at an of 49 TPD.
 

The compres!c-ed gas leaving CO Shift flows to 
the Acid Gas Removal
section for the removal of the H 2 S and adjustment of CO2 content.
The Acid Gas Removal section is based on 
the Rectisol process.
The feed gas to 
the system is scrubbed with water to remove 
traces
of N113 and HCN. Methanol is injected in the scrubbed gas to
prevent the formation of ice it
as is cooled. 
 The condensed
methanol/water mixture is 
separated from the gas and the solvent
methanol is recovered by distillation. 
The water effluent after
methanol recovery is 
sent 
to the Waste Treatment system.
 

The gas stream is fed 
to an absorber where it 
is scrubbed with
refrigerated methanol which physically absorbs the sulfur compounds
and carbon dioxide. The methanol, loaded with acid gases, is
letdown to an intermediate pressure to 
recover hydrogen and carbon
monoxide. The flashed gases are 
recompressed and recycled to the

absorber in order to increase the yields.
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The difference in the solubilities of sulfur compounds and CO 2
in methanol allows the selective stripping of these gases from
the solvent. In 
the subsequent H2 S concentration column, a large
fraction of the dissolved CO 2 
from the two scrubbing agent 
streams

is stripped from thE solvent 
using N2 from the Air Separation

section. 
 The stripped CO 2 is catalytically incinerated with pure
oxygen to convert trace CO to C0 2 , and then vented to the atmospherE
The Hi2S-enriched methanol is completely freed of H2 S and CO 2 in theregenerating column methanolby vapors generated in a steam heated
reboiler. Regenerated methanol is pumped back to f'e scrubbing

column. 
 The H2 S fraction formed in the process (having a sulfur
 
content of approximately 285' 
H2 S) is fed to the Sulfur Recovery

section. Refrigeration required in Acid Gas Removal section is
 
provided by 
a compression refrigeration unit.
 

The Sulfur Recovery Section consists of a Claus unit and a SCOT
tailgas treating unit. In 
the Claus unit, a portion of the acid
 gas feed 
stream is burned to give a stoichiometrically proportioned

gas to 
feed the Claus reactors. 
 In the presence of a catalyst, H2 S
reacts with SO 2 
to produce elemental sulfur and water. 
 The sulfur
is condensed by cooling of the gas and is 
collected in molten form
in the sulfur pit. 
 About 712 LT/D sulfur (99.9% pure) is produced
in the plant. The tailgas is treated for 
further removal of the

sulfur compounds in 
the SCOT tailgas treating unit. The tailgas
is heated in a direct 
fired heater using fuel 
gas and then mixed

with a hydrogen-rich reducing agent. 
 It is then passed through a
catalyst bed where all 
sulfur compounds are reduced to H S. 
 The
hot 
tailgas is water quenched and sent to an absorber where
amine 

the H2 S and some CO 2 are removed. The tailgas from the amine
absorber is incinerated and vented to the atmosphere. 
 The hydrogen

sulfide and carbon dioxide are 
desorbed from the rich amine and
returned to 
the Claus plant acid gas feed. The regenerated solvent
 
is recycled to the absorber.
 
Syngas from the Acid Gas Removal section is sont 
Lo the Methanol 

Synthesis and Distillation section. 
The ICI process is used to
 

produce approximately 11,100 TPD of methanol product 'with the
 

following specification:
 
wt % 

MeOH 
 99.45
 
Higher Alcohols 
 0.31
 
H2 0 
 0.24
 

100.00
 

The syngas is first compressed to the converter loop pressure,

purified by passing through guard vessels to 
remove traces of
chloride and sulfur, preheated to the reaction temperature and
injected into the converter at appropriate points. 
The reaction
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is exothermic and the hot converter effluent is cooled by heat
recovery in the feed/effluent exchanger, in the boiler feedwater
heater and in the distillation column reboiler. 
 Crude methanol is
condensed by further cooling of the gas in heat exchangers andremoved from the syngas in the methanol separator. The unreactedgas is recycled back to the converter through the circulationcompressor. A fraction of the gas is purged to maintain the properinert level in the loop. About 30% of this purge gas is sent to aHydrogen Production Unit thewhere methane is reacted with steamand oxygen in a partial oxidation unit to produce a H2 -rich stream.After conversion, the gas is cooled by generating high and
low pressure steam, preheating boiler feedwater and finally with
cooling 
water. The cold H2-rich gas is recycled to the Methanol.Synthesis section at the suction of the make-up gas compressor.The remaining 70% of the purge gas is used as fuel for the plant
energy requirements. 

The crude methanol is flashed to remove some of the dissolved gasesand then pumped to the Distillation section. The distillation
column is 
used to separate dissolved gases and water 
from the
product methanol. In the Distillation section, the refinedmethanol product is withdrawn as a liquid from a point 
near the
top of the column. 
 A side stream of fusel oil is removed near
the bottom of the column and pumped back into the distillate stream
to enhance its heating value. The product methanol is pumped to themethanol storage tank. The light ends (sepaiated in the overhead
condenser from the methanol reflux stream), the ioop flash gasand loop purge gas are used as 
fuel in the plant. The bottom
water from the distillation column is 
discharged to the plant's

Waste Water Treatment system.
 

II - 6.1.3 Offsites 
(Plant Support) Facilities
 

The support facilities are designed to supply all the energy needs
of the plant and provide 5 MW of export electricity. 
 The steam
system generates, superheats, and distributes steam at 
the required

rressure 
for turbine drives and plant process systems. Electricity
for plant operations is 
generated through use of extractioncondensing steam turbine generators. Steam is provided at nominallevels of 1450 psig, 600 psig, 250 psig and 50 psig. 
Approximately
3,350,000 lb/hr of 1500 psig saturated steam is 
generated by heat
recovery in the Coal Gasification, Hydrogen Production and COShift sections. A direct fired boiler, using purge gas 
as fuel,
provi.des about 400,000 lb/hr of 1450 psig steam to balance theplant requirements. The steam is superheated in a direct firedsuperheater fueled by purge and flash gases from the Methanol
section. The superheated steam is used to drive the Air Plant and
Methanol section compressors and generate approximately 101.8 MW
of lectricity. Extraction from steam turbines and process heat
recovery boilers serves 
to maintain the various pressure levels.
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The 221.5 MW electrical requirements of the plant, and 5 MW of
 
exported power, are supplied by gas 
fired combustion turbines
 
fired with methanol loop purge and the steam turbo-generator.
Three combustion turbines, ,each rated at 45 MW,are provided to 
supply about 124.7 MW of electricity. The combustion turbines
 
are equipped with Heat Recovery Units (HRU) where nominal 600 psig/
700OF steam and 250 psig saturated steam is generated and the 
preheating of boiler feedwater is effected. 
The three HRU are

additionally fired with purge and flash gases from the Methanol 
section to supplement heat requirements.
 

The make-up water requii-ements of the plant amount to about 19,000 
gpm, most of which is required to offset evaporation in the 
cooling towers. Raw water is pumped from nearby freshwater sources,

chlorinated, softened and clairified. 
 After pH adjustment the water
 
is sent to the Cooling Water and Water 
The clarified water sent to 

sys
the 

tem 
Water 

T
Treatment 

reatment 
system 

system. 
supplies 

process water to the plant and demineralized water to the Steam 
system. 

The Waste Water Treatment system is designed to treat waste streams 
from the Casification Effluent Treatment, Water Treatment, Raw 
Water Supply, Acid Gas Removal, and Methanol Distillation sections
 
as well as 
various plant waste streams. Waste treatment includes
 
physical/chemical treatment, biological treatment with powdered
activated carbon and sludge dewatering facilities. A total of 
4561 gpm of effluent water is discharged from the plant. Fixated 
sludge from Gasificatior Effluent Treatment is discharged to a 
sludge impoundment area. The dewatered sludge from water treatment
 
and ash from the biological treatment are sent to landfill.
 

The plant has auxiliary systems which include three emergency

flare tacks, fuel oil storage and handling system, plant and
 
instrument air supply system, methanol storage and a nitrogen
 
supply system.
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II - 6.2 
 PROCESS DISCUSSION
 

II - 6.2.1 
 General
 

The Westinghouse Coal 
Gasification System is 
a pressurized fluid
bed process, requiring steam and oxygen for the gasification of
coal. The amount of fines 
in the feed is limited to prevent
excessive elutriation. 
 The coal moisture content must be
enough to insure free low
flowing conditions required for 
uneumntic
feeding. The latter requirement may be satisfied by drying during
processing.
 

The process operates at moderate 
 temperatures allowing for recoveryof the heat by generation of high pressure steam. Essentially,heavy hydrocarbons are produced, but the CH4 
no 

concentration in theraw gas is the highest of all three processes (8.09%). The purgestream from the methanol synthesis loop, required to preventaccumulation of CH 4 in the loop, exceeds the plant fuel requirements. Consequently, a portion of the purge gas is converted toa H2 -rich gas and recycled to methanol synthesis. This conversionincreases the oxygen requirements of the plant by about 8%. Acarbon utilization of approximately 95% is achieved by separationand recycle of the char fines entrained with rawthe gas flow.The balance of the carbon is lost in the ash. 

The gasifier utilizes relatively small amounts of steam to 
moderate
the reaction due to the thorough mixing in the fluidized bed. Thepneumatic coal feed and dry ash withdrawal systemsto the also contributerelatively low water usage and subsequent reduced volumesof condensate to 
be handled. The agglomerated ash is 
environmentally
benign and 
can be disposed safely. 
A fraction of the solidsentrained with the gas leaves 
the system as a slurry from gas
scrubbing. 
The slurry is safely disposable after fixation.
 

Ammonia is 
formed during the gasification of coal and requires
removal from the proccs condensate before recycle of the
condensate to process. 

The WCGS based plant configuration is similar to
alternate through use 
the Texaco based
of a high temperature sulfided CO Shift
prior to 
Acid Gas Removal by the Rectisol nrocess.
 

The pressure of the raw gas produced by the gasifierTo is 400 psig.improve the economics of the process, by reducing the equipmentvolume and 
increasing operation efficiency, ah intermediate
compression stage is used before reaching the methanol loop.
compression is The
effected subsequent to 
CO Shift and gas cooling.
Gas compression at not
this point 
 only reduces subsequent equipment
sizes but has a 
favorable impact 
on 
acid gas removal.
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Maximized 1500 psig steam generation from process heat recovery is
obtained by using low level heat in various sections of the plant
to preheat the high pressure boiler feedwater. The steam is
superh,.ted in a direct fired superheater using methanol loop purge
and flash gases. Approximately 3.8 million lbs/hr of high pressure
superhen ted slam are used in steam turbine drives. 

The substantial process requirements of 600 psig steam in gasification,
hydrogen product ion and CO conversion, limit the power available by
letdown of the high pressure steam. Consequently, there is adeficiency of steam to power all the major drives in the plant.
The balance of power requirej is supplied by electricity. Approxi
mately 226 MW of electric power necessary for the plant is 
generated in combustion turbines equipped with J-,q(n fired h, methanol
 
loo Puree vas and uneratin. in a cnmbined cycle mode.
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II - 6.2.2 
 Plant Performance
 

Table 
11-6.2 shows the overall energy balance for the Westinghouse-based

coal gasification plant. 
 About 419% of the energy output is in the
form of methanol. 38% 
of the energy output is rejected to
cooling towers and air fans. 
 Useful by-products, comprised of'
sulfur and a small 
amount 
of ammonia and electric power, account
for about 1.85;. About 3% is 
in the form of unconverted carbon
the ash and fines. The remainder is lost 

in
 
as the sensible heat of
the various plant effluent streams.
 

Table 
11-6.3 summarizes the performance of the gasification process
of the overall plant. and
 
A carbon conversion efficiency of 95.7% is
achieved thiough partial recycle of the unconverted material.


remainder is lost in the ash 
The
 

and fines. 
 The fuel gas efficiency
of the gasifier is about 81%. 
The remaining energy 
in the coal is
released in the 
partial oxidation reaction 
as heat rcquired to
raise the oxidant, steam and coal 
feed to the gasification temperature of 1850 0 F. 
 In order to improve the efficiency of the process,
a large part of this heat 
is 
recovered by generating high pressure
steam, giving a process (thermal) efficiency of about 
93%.
 

The cold gas efficiency is 60.5%. This is 
substantially lower
than the corresponding fuel 
gas efficiency (81.3%) as 
a result of
the methane present in the gasifier product gas.
 

Steam generated in 
the gasification heat 
recovery system is superheated in 
a gas fired superheater to allow it 
to be used in
conventional 
steam turbines. 
 Although the overall plant performance
would improve slightly if 
the steam were superheated in the gasification system, this 
is not permissible due 
to heat exchanger tube
temperature limitations 
imposed by H 2 S corrosion considerations.
 

The overall efficiency of 
the plant, on a methanol fuel basis, is
49.3%. This is 
lower than 
the cold gas efficiency (81% on a fuel
basis) for two reasons:
 

o The heating value of the methanol product is about 15%
lower than the heating value of the net 
amount of synthesis

gas consumed by the methanol 
synthesis reaction. 
 This is
 an inevitable result of methanol synthesis from the CO/H2
feedgas mixture. The heat released by the reaction is
recovered by high pressure boiler feedwater heating and as
reboiler heat 
in the methanol distillation section.
 

o The steam generated from process heat released in 
the
gasification, CO Shift, Methanol Synthesis and Hydrogen

Production sections is 
insufficient to satisfy process
energy requirements. In 
order to achieve energy self
sufficiency for 
the plant, about 
69% of the methanol loop
purge, together with all 
of the loop flash gas, is used as
fuel. Most of the 
luel is used in 
the gas turbines and
fired superheater, the remairder being used for coal drying
and in 
the SCOT Sulfur Recovery unit. 
 The remaining purge
gas, which contains the methane produced by 
the gasi fier,
is reformed and recycled to 
the synthesis loop.
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The total products efficiency of 53% 
 includes credits for by-product

sulfur and ammonia, with export electric power credited at 
3412
 
Bt u/kwh. 

II 	- 6.3 GASIFICATION SYSTEM EVALUATION
 

II 	- 6.3.1 Technical 

The following technical features of the WCGS provide positive

support for its selection as basis for the preferred process
 
con figurat ion:
 

o 	 Utilization of 	 coal with little or no pretreatment (other
than drying rei ir-d for adqjuate transnort) with ability 
to use fines. 

o 	 Virtually no tars or oils formed in product gas. 

o 	 Energy recovery by generation of high pressure steam 
impacting favorably on efficiency. 

o 	 Lower (non-slagging) operating temperature thereby reducing
need for severe refractory requirements and contributing 
to low oxygen use. 

o Inherent stability and material inventory of fluid bed
permitting ease of control and prevention of oxygen
breakthrough. 

o 	 Single stage with no moving parts. 

The downside elements of 
the WCGS include risks and uncertainties

associated with both process and mechanical aspects. 
The inventory
of 	coal in the bed is reduced by 
the high inert content; however
 more carbon leaves in the ash due to 	uniform bed composition.
Too great a fines content can, however, lead to excessive entrainment. Although fluid beds have been scaled up from pilot levelunits, the WCGS would require a seven-fold increase in reactor
diameter: this has not been demonstrated. 
 The high pressureboiler proposed for heat recovery is yet to be demonstrated on acommercial scale. The high temperature reducing atmospherecontaining igS requires special consideration to prevent corrosionand fouling Qby sticky slag) of heat transfer surface. 

II 	 - 6.3.2 Environmental 

Published data on wastewater characteristics from the Westinghouse
Gasification System are not available, but Westinghouse maintainsthat virtually no tar and oil by-products are produced in thegasifier because the relatively moderate operating temperatures
thermally crack tars and oils to virtual extinction. However, 
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at the moderate reactor temperature where ashthe becomes stickyand forms agglomerates, it 
is possible that 
some complex organic
compounds are 
formed such as 
phenols and polyaromatic hydrocarbonsas well as ammonia, cyanide and thiocyanate.
 

For the PCMP project therefore, the Westinghouse was designedcaseto 
include a Phosam-W process 
to remove the ammonia from the
process condensate followed by biological treatment.
 

Ash from the Westinghouse Gasification System is removed in dry
form, and been
has shown to be non-hazardous by RCRA standards.In fact, the U.S. Environmental Protection Agency has exempted theash from the Premanufacturing Notification requirement (PMN) ofthe Toxic Substances Control Act and Westinghouse believes that theash is a potential commercial product that can used intions such road 
be applicaas building and cinder block manufacturing.PCMP, dry ash the For thefrom gasifier would be generated, and alsohazardous ash slurry non

from subsequent gas quenching/scrubbing wouldalso be generated. However, the quantity and characteristicswater and wastewater oftreatment sludges are presently undetermined. 

- 6.3.3 Commercial
 

The Westinghouse pressurized fluidized bed was gasification technologydeveloped with the support of the Department of Energy andpredecessor organizations, the Office of Coal 
its 

Research andEnergy theResearch an( Development Administration, and more recently,

the Gas 
 Research Institute.
 

Westinghouse has operated 
 a nominal 24 ton per day pilot
Waltz Mill, Pennsylvania since 1975. 
plant at
 

The pilot plant has logged
over 8,000 hours of hot operation with widea variety of coalfeedstocks, including high sulfur, highly caking Pittsburgh coal,Texas lignite, and Illinois #6 coal. 
 This operating experience
has also proven that run-of-mine coals with high fines content
 
could be processed.
 

Westinghouse is 
actively pursuing projects which will 
lead to early
commercial demonstration of 
the fluidized bed gasification technology. The scale-up approach being utilized for these projects
is predicated on the technical base which has been establishedthrough the operation of laboratory models, the pilot plant and acommercial scale cold flow simulation facility. The functionthe cold flow simulation facility is to 
of 

study the effect of scale-up
on critical phenomena occurring in 
the Westinghouse gasifier and
corroborate the design correlations developed from laboratory scalecold flow units and the pilot plant. Results from these facilitieswill provide the basis for the transfer of technology to commercial
 
gasifiers.
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The currently active announced commercial projects using Westinghouse

Coal Gasification Technology include the following:
 

o A synthetic fuel plant planned for construction in

Western Pennsylvania - the Keystone project - which is in 
preliminary design phase. The project 
is 	based on a DOE
funded feasibility study and it is presently before the 
U.S. Synthetic Fuels Corporation for financial assistance.
 
The project will be owned by a partnership of equity

contributors and is 
scheduled for commercial operation
 
in 1987.
 

o The New England Energy Park Project, which will convert 
coal to methanol, SNG and electric power. 
The project is
 
soliciting funds from the U.S. Synthetic Fuels Corporation,

and could begin construction in mid-1984, with the facility

operational in 1989.
 

o 	A preliminary project design to produce low Btu fuel for
 
a combined cycle system is 
in process for Fiat/Anslado in
 
Italy. The conceptual design, construction and test
 
program are being prepared for the European Economic 
Community for potential funding. 

" Sasol Ltd and Westinghouse Electric Corporation agreed
to demonstrate on a commercial scale (1200 metric TPD) the
 
gasification system developed by Westinghouse. By mutual
 
consent of the parties concerned, this project was
recently cancelled thus 	 theeliminating opportunity for
achieving commercial demonstration of' the technology in 
a time frame beneficial to the Panama Project. 

The commercial situation is further clouded by the recent 
announce
ment that the Westinghouse Synthetic Fuels Division is 
to 	be
liquidated. Under such conditions it is difficult to ascertain
 
the degree of technical. support that could be expected during

subsequent stages of the project.
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TABLE 11-6.1
 

SPARE CAPACITY AlLOCATION
 

PLANT AREAS
 

Operating
Area Name 
 Trains 


Coal Handling 1 

Coal Preparation (1 ) 

6 

)Coal Gasification ( 2
 

18 

Air Separation Plant 6 

CO Shift and Gas Cooling 3 

Acid Gas Removal 
 3 

Sulfur Recovery 2 

Methanol Synthesiq and Distillation 6 

Atmonia Recovery 
 1 

Hydrogen Producing Unit 
 1 

Power Generation 
 3 


Steam System 
 3 

Raw Water Supply & Cooling Water Sys. 
 1 

Waste Treatment & Disposal 1 


Notes:
 

(1) Each train is operating at 50% of capacity.
 
(2) Tncludes 100'% spare capacity for ash handling 

Installed % Spare

Trains Capacity
 

2 100
 

6 50
 

21 17
 

6 
 0 

3 
 0
 

3 
 0
 

2 
 0
 

6 
 0
 

1 
 0
 

1 
 0
 

3 
 0 

3 0 

1 
 0
 

1 
 0
 

and disposal. 
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TABLE 11-6,2 

OVERALL ENERGY BALANCE
 

WESTINGHOUSE COAL GASIFICATION PLANT
 

Basis: 80OF liquid water; 
1 hour
 

ENERGY IN
 

Coal (HHV) 


Air to Air Separation Plant (H 20) 


Combustion Air (H20) To 
Fired Steam
 
Superheater 

Combustion Air (H20) To Combustion
 

Turbine 


TOTAL ENERGY IN 


ENERGY OUT
 

Ash and Fines 


Methanol (tHV) 


Sulfur C 300 0 F 


Electric Power 


Rejected By Cooling Towers 


NH Product
3 


Waste Water Effluent 


Rectisol Tailgas 


Gas Turbine Exhaust 


Claus Stack Exhaust 


Flue Gas From Fired Superheater 


Miscellaneous Heat Losses 

TOTAL ENERGY OUT 

106 Btu % 

18302.4 99.30 

63.0 0.34 

17.5 0.09 

49.3 0.27 

18432.2 100.00 

607.0 3.29 

9042.7 49.06 

270.4 1.47 

17.1 0.09 

7003.7 38.00 

37.3 0.20 

45.0 0.24 

59.0 0.32 

492.3 2.67 

72.5 0.39 

322.7 1.75 

462.5 2.52 

]8432.2 100.00 

11-85
 



TABLE 11-6.3
 

SUMMARY OF SYSTEM PERFORMANCE
 

WESTINGHOUSE COAL GASIFICATION PLANT
 

Gasificat ion
 

Coal feed rate, lb/hr (in.f.)* 1,476,000
 
Oxygen/coal ratio, lb/lb 
(m.f.)* 
 0.649
 
Oxidant temperature, OF 
 300
 
Oxygen purity, vol 
 98.5 
Gasifier exit 
temperature, OF 
 1850
 
Gasifier exit pressure, psig 
 450
 
Carbon Conversion, , 
 95.7%
 
Efficiency
 

Cold Gas(2) 
 60.5% 
Fuel Gas(2 ) 


81.3%
 
Process (fuels plus steam)( 3 ) 


92.9%
 

Overall System
 

Liquid methanol product
 

Methanol, TPD 

11044
 

Other alcohols, TPD 
 34
 
Water, TPD 


27
 
Fuel value, MM Btu/D (4 ) 


216,736
 

Efficiency 

Methanol fuel, HHV ( 5 ) 

49.3%
 

Total Products, HHV(6 ) 
 51.0% 

Notes:
 

(1) HHV (H2 + CO) produced/HHV coal 
(2) HIIV + CO + C1
H 2 h C2 ) produced/HIIV coal
(3) HIIV Q 2 - CO + C1 + C 2)+ enthalpy at net steam produced or required/
(4) HHV (methanol + high..r alcohols) 

HHV/coal
(5) IlV (methanol + higher alcohols)/hHV coal
(6) lIIIV (methanol + higher 
alcohols + by-products + electricity)/
 
tHIV coal
 

• m.f. : moisture-free 
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II 	- 7.0 CAPITAL INVESTMENT
 

Ii 	- 7.1 CAPITAL COST BASIS
 

A consistent set 
of criteria for estimating capital requirements

and operating costs were established and used for all 
three
 
alternate technologies evaluation.
 

Plant investment 
costs are estimated based 
on 	Panama location, first
 
quarter 1983. 
 The total capital requirements include installed
costs, royalty fees, 
initial start-up requirements and initial
charge of 
chemicals and catalysts. A contingency is included to
 cover uncertainties in the performance and pricing of the process
equipment that might be revealed 
in 	a detailed engineering design.
A summary of the capital 
cost elements is presented on Table
 

II 	- 7.2 
 CAPITAL COST METHODOLOGY
 

Individual capital cost 
estimates for delivered and erected gasifi
cation plants were 
developed for each of the gasification
 
technologies.
 

II 	- 7.2.1 
 Basis of Estimate
 

The following represents the basis for the total capital cost
 
estimateb:
 

o 	 Costs are shown in U.S. 
dollars and reflect 
first quarter

1983 price levels. 
 Where price information is originally

in a currency other than U.S. dollars, the following

exchange rate 
per U.S. dollar is used:
 

0.664 Pounds Sterling
 
2.425 German Marks
 
2.70 Dutch Guilders
 
1415 Italian Lira
 
6.75 French Francs
 

o 	 Land costs are not included
 
o 	 Sales and/or use taxes are not 
included
 
o 
 Panamanian import duties/tariffs 
are not included
 
o Spare capital equipment is included
 

Initial charge of catalysts and first
o 	 fill chemicals
 
are included
 

o 	 Only union craft labor will be utilized
 
o 	 Construction execution is 
predicated on:
 

- Direct hire labor
 
- Maximum use of 
qualified Panamanian Labor 
as available
 
- Use of qualified expatriate labor as required to meet
 

construction schedule requirements
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o Construction camp facilities at 
site
 
o 
 Standard land-based construction project (modular and/or


barge mounted facilities have 
not been considered, but will
be studied with the expectation that the overall plant cost
 
can be reduced).
 

II - 7.2.2 Methodology
 

The capital costs 
for the three individual coal gasification plant

estimates were 
developed utilizing design information developed
specifically for this phase of the study (including equipment lists,
equipment descriptions, plot plans) and supported by 
cost data foc
similar projects available from in-house records, vendor assistance

in devNloping costs for 
certain critical systems, and vendor budgetary

quotations 
for selected equipment items.
 

Export preparation, inland freight, 
ocean 
freight and insurance costs
 
are included.
 

For the base erection labor rate 
and productivity, a U.S. Gulf Coastlocation was assumed and to this an adjustment was added to reflect
Panamanian labor rates and productivity.
 

The costs for the following were estimated in-house and are 
assumed
 
to be the same for all three capital cost estimates:
 

o New port facilities on the Carribean side;
 

o Upgrading of existing port 
facilities on the Pacific side;
 
o Permanent town 
site with a population of approximately 6,000


people near Chiriqui Grande; (although a portion of this
 
cost may ultimately be borne by the Panamanian government,

this has not been considered for thi.s phase of the study.)
 

o 
 Methanol pipeline and ultimate storage and shipping facility.
 

Construction campsite 
costs were estimated in-house and include

housing, recreational facilities, food service 
facilities, sewage
treatment, medical 
facilities, airstrip and other necessary camp

support services.
 

The construction field indirect costs were estimated based on 
in-house

historical data and include field supervision, construction equipment
and tools, construction temporary facilities and utilities and field

office expenses for the duration of construction.
 

The engineering and related services estimate is based on 
producing

the required drawings, specifications, manuals and technical data
for plant construction and operation on 
a proprietary basis. 
 This
estimate assumes 
the application of a conventional cost control
 
system for all 
phases of the project.
 

The capital cost elements 
are listed on Table 11-7.1. The capital
cost estimates for the gasificatio- plants 
are presented on Tables
 
11-7.2, 11-7.3, and 11-7.4. •
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TABLE II-7.1.
 

CAPITAL COST ELEMENTS
 

Item 

Basis
 

Total Plant Investment 
 - First Quarter 1983 Dollars
 
- Chiriqui Grande, Panama location
Total Capital Requirement 
 -
The 	total capital requirement is
 

the 	combined total of
 

1. 	 Process units installed cost
 

2. 	 Initial charge of 
catalysts
 
and chemicals
 

3. 	 Paid-up royalties (as specified
 
by the licensors)
 

4. 	 Conrlissioning arid craft training 
costs 

5. 	 Spare parts
 

6. 	 Pipeline cost
 

7. 	 Contractor and engineering costs
 

8. 	 Construction campsite cost
 

9. 	 Project contingency
 

10. 	Plant support facilities
 
including:
 

a. 
Raw water supply and cooling
 
watcr system
 

b. 	Waste treatment and disposal
 
c. 	Electrical distribution
 
d. 	Buildings
 
e. 	Flare system
 
f. 	Roadways
 
g. 	Fire protection systems
 
h. 	Methanol and ammonia storage

i. 	Port facilities on Carribean
 

and Pacific side
 
j. 	Town site
 
k. 	Interconnecting pipe rack
 

and piping
 
1. 	Power generation/combined
 

cycle
 
in. Piling, site clearing and
 

grading
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Item 


Project Contingency 


Preproduction Costs 


Contractor and Engineering 

Costs 


Exclusions 


Basis
 

- 10% of total capital requirement
 

- Include the requirements for the
 
initial start-up of the plant for
 
a period of 18 months:
 

1. 	 Cost of coal used during
 
start-up
 

2. 	 Cost of fuel used during
 
start-up
 

3. 	 Operating wages at normal rate
 

4. 	 Chemicals at 50% of the expected
 
annual rate
 

5. 	 Maintenance supplies at 50% of
 
the expected annual rate
 

6. 	 Maintenance labor wages for
 
12 months
 

7. 	 Commissioning and training
 

In calculating the start-up costs
 
credit was given for two weeks
 
methanol production and for the
 
exported electric power.
 

- Engineering services, construction
 
management, process licenses, A/E
 
insurance.
 

- Inventory Capital
 
- Land Acquisition Costs
 
- Interest During Construction
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TAILE II- /..' 
CAPITAl. C ,gT ETIiIMATE 

TEXACO MCA1,GAL II- ICATION PLANT 
All Costs InI r(,00, ]st y.ulrte I 19J3 

Area : , ,t Ai N.n M.It elial L.Ihr Tutl 

Coal Handlinq 010 $ 48,551 $ 14,464 $ 63,015
Coal Prepaliration 100 33,510 9,30s 42,818 
C,al Gasification I50 351, 660 91,7(9 445, 369 
CO Shift & Gs C,olinq 2b'0/600 44,843 3, I60 40,811 
Acid Gas RcmonvaI 300 FO, 9(1 11, 151 9:?, 147 
Sulfur ecovtq y 350 13,293 11,05o 13, 343 
Meth o Synthej,,,: & j)i t, Ilat'con .lOo 90,-m'.1m0,664 129,102 
Ca r'lwn/A;h ctvery 500 45,(,19 10 ,5 56, 207 
Castfication Eft luent Trei-tment 1150 19,467 5,H 7 23,304 
Power (neration 57,244 .,901650 63,145 
Air Sepalati,rn 700 195,030 51,970 247,000 
Steam Plant 750 37,690 7,421 45,111 
Raw 1hO Supply & Cool 11,0 System 800 16,7)0 11,531 50,241 
Waste Treatment & Dis1osa 900 19,214 9,361 28,575 

Gener aI/AuXI liary )

buildi ng:s
 
Flare System 
 000/950 113,513 
 66,444 179,957

Roadways & Off-sites 

Total Direct Cost
 

$1,225,578 
 $342,!,67 $1,586,145
 

Panama Labor Productivity 

85,642
 

Port Facilities 

115,000
 

Townsite 

100,000
 

Campsite 
146,000
 

Spare ['arts 
30,639
 

CatalystsL&1.Chemicals (First Fill) 
38,600 

License Fees 
46,455
 

Field lodirects 
171,284


Commlissionin9 & (ratL Traininq 
120,000
 

Pipeline 
78,000
 

Subtotal 

Enqineerinq, Services, 

Subtotal 

Construction, Manaqement, Fees 

$ 2,499,765 

250, 0 0 

$ 2,749,765 

Cont in, ency 

TOTAL PROJECT COST 
274,977 

S 3,024,742 

Rounded 
$ 3,024,700 
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TABLE 11-7. 1 
CAIITAL COST ESTIMATE 

BRITISH GA3 CrnN('I L/;LI.A(,(;Ir1(;1 G(AS'FIAT I)N PLANT 

Area De,-ri.t i(,j Are.i No 

Coal 0h ndlinq 050 

Coal I'relaratioin 1100 


'ilus PirccesstIq I150 


Coil Lasi Ication 1200 


Air S,_pjration 1300 


Particulate Rcntivfl &.Crelin( 21uo 


1'hto10 kecvery 215o 


Nal,thlaROnjova l 2200 


;1ult Rec',very 2250 


12 Henovl 2200 


CO Shift 
 2300 


CO, Removal 2400 


Aliscrl tioun Refrileration 2500 


Met hanoI l ,o 310 


Metl uzII I S iilation 
 3500 


1,0 & !;tuain System 9100 

Electrical ;ystem 9200 


Pr,,cess Aquoout; Efi luent 9300 


Raw II 0 Sulpply & C . 11.0 Sys. FOO 


Wstu Tr,atmer,ent & DsIIlb, 900 


Gener; I1/Aux ili ry
 
[uildi ri's
 
lar,- System 000/950 


uoidways & Off-Sltei
 

'otal Direct Co,;t 


'alhM,m L,lr PrIdLuctiVity 


Port LPa -.
1 1li1et1 

T'owS I t.c 

Camps 1te 

Spare Parts 

Catalysts & ,Chemical1; (First. Fill) 

License Fees 

Field Indi-ects 

Commissininq & Craft Traininq 

Pipeline 


.ulztota 1 

Enlineur in1, Servtue:, Colst,. MaFaqemeLt Fes 

Subtotal 

CaIt ilIqe.ncy 

TOTAL PROJECT 'OST 


RounIded 


Material 

1 r,  
51,27

11,446 


,087 


87,372 


110,583 


21,(02o 


20, (i0 


14,220 


43, H40 

34,260 


40,459 


43,144 


23, 396 


102,50f 


29.1,20 


11",9911 


21,120 


6,626 

-45,271 

17,374 


130,938 

$ 990,797 


Labor Total 

16,339 $ 66,614 

4,173 17,619 

1 ,927 10,014 

27,415 114,787 

30,H03 149,306 

7,455 29,375 

9, 2(, 35,315 

4,60 19,080 

13, H24 57,664 

10,547 44,807
 

9,942 50,401
 

11 ,129 54,573
 

3,283 26,679
 

2'),712 1312,250
 

'),952 34,872
 

29,872 1,16,860
 

4,513 25,633
 

3,173 9,799
 

16,090 62,161 

12,100 29,474
 

76,944 2C7, 82 

s 334,448 $ 1,325,245 

83,612 

115,100 

100,000 

143,000 

24,770 

49,795
 

36,200 

167,224 

103,000 

78,000
 

$ 2,225,846
 

250,000
 

$ 2,475,846
 

247,585
 

$ 2,723,431
 

$ 2,723,400
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TABLE 11-7.4 
CAPITAl, Coe;T ESTIMATE 

WESTIV ,e;ISE (CAL. GASIFICATTON PLANT 
All I C SoL l3 I, t-l ,orte j 

Area Description' 
 Area Ma ter i al Labor Total 

Coal landling 050 $ 48,551 $ 14,464 $ 63,015
 
Coal Preop ration 
 00 0:, 7-.7.1 5R, 540 1 1.,314
 
Coal Gasif ihat Jar, 150 j,, if'I5,,200 4'.1,',17 
llydrojen ltL)dUL:tL tor 200 10, 039 
 6,600 3(,. 339
 
CO Cuivetrs i,./Ga; Colnre: 
ion :!',0/600 74 ,213 ' ,490 
 ti1,70 1 
Acid Gas Removal 300 80,.153 12,770 
 93,223
 
Sulfur Recovery 
 350 40, H59 
 28,960 69,819 
Methanol Syntiesis , Distillation 400,/450 77,598 30,487 
 108,085
 
Nil Recovery
3 
 500 1,700 1,000 
 2,700
 
Power Generation 
 650 74,3P4 28l,800 103,184
 
Air Stiparation 
 7(0 126, H50 40,74b 167,598
 
Steam Plant 
 750 77,(690 26,490 
 104,180 
Raw 1120 Sup!,'v & Cool. If,)) System 1100 40,F.3) 10,910 
 51,713
 
Waste Treatment & Disposal 
 900 46,894 19,550 
 60,444
 

General/Auxiliary
 

bUildlngs
 
Flare System 
 000/950 113,513 66,444 
 179,957 
Roadways & Off-.;Jt( s 

$1,269,643 
 $440,453 $1,710,096
 

Panama Labor Productivity 
110,113
 

Port Facilities 

115,000
 

Towns ite 

100,000
 

Campsite 

175, O00
 

Spain Parts 

31,741
 

CatalyLts & Chemicals (First Fill) 

38,600
 

License Fees 
45,000 

Field Indirects 
220,227 

Commissioning G Craft Traininq 
112,600 

Pipeline 
78,000 

Subtotal 
$2,736,377 

Engineerinr,, Services, Cozmstr. Mqmt, Fees 
 250,000 
Subtotal 

$ 2,96,377 
Cont iagency 

298,63H 
TOTAL PRO.JECT COST 

$3,285,015
 
bounded 


$3,285,000
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II - 8.0 OPERATING COST
 

The annual operating and maintenance costs include the costfeedstock, materials and supplies, 
for 

the annual start-up costs,operating and maintenance labor and overhead. Credit is givenfor the by-products and an annual net operating cost is derived.The costs are based on Panama location and the basis for theestimate is presented on Table 11-8.1. 

The annual operating costs for the three gasification plants arepresented on 
Tables 11-8.2, 11-8.3 and 11-8.4.
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TABLE 11-8.1
 

ANNUAL OPERATING COST BASIS
 

Item 
 Basis
 

Operating & Maintenance (O&M) - The O&M costs are the total of the
 
Costs 
 following items:
 

1. Cost of coal and flux
 
2. Operating & maintenance labor
 
3. Catalysts and chemicals
 
4. Maintenance - materials 
5. Annual start-up 
6. Plant insurance
 
7. Selling, administration and
 

generation overhead 
8. Property tax on coal inventory
 
9. By-product credit
 

On-Stream Factor 
 - 90% 

Cost of Coal Delivered - $40/Ton 

Cost of Flux Delivered - $16.5/Ton 

Plant Insurance 
 - 1% of capital cost, exclusive of 
port facilities, townsite and 
pipeline 

Coal Inventory - 5% of cost of coal for 60 days of 
(Property Tax) normal. consumption rate
 

Annual Start-Up -
 Includes the materials and fuel
 
required for plant start-up after
 
turnaround.
 

By-Product Credit 
 - Electric power at $0.07/kWh
 
- Sulfur at $125/Long Ton
 
- Ammonia at $140/Short Ton
 

Maintenance  - Annual maintenance costs were
 
Materials and Labor 
 estimated per section as a percentage
 

of the total installed cost of the
 
respective section as indicated
 
below:
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Item 

Basis
 

Maintenance - Area % of Capital Cost 
Materials and Labor (Cont'd)
 

Coal Handling 
 3.0
 
Coal Preparation 3.0 
Coal Gasification 4.5
 
Gas Cooling 4.5 
Ash Handling 
 4.5

Process Effluent 
 4.5
 

Treatment 
CO Shift 
 3.0
 
Acid Gas Removal 
 2.0
 
Sulfur Recovery 
 2.0
 
Methanol Production 3.0 
Power Generation 
 1.5 
Air Separat ion 
 2.0
 
Steam System 
 1.5
 
Water Supply & Treatment 3.0 
Waste Treatment 3.0 
General/Auxiiary 
 1.5
 

- The maintenance supplies were 
estimated to be 60% of the 
maintenance costs. 
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TABLE 11-8.2
 

ANNUAL OPERATING COSTS
 

TEXACO COAL GASIFICATION PLANT
 

1. Coal, 20,000 TPD @ $40/ton 

2. Propane Fuel 243,000 gpy @ $.50/gal 


3. Operating and Maintenance Labor
 

Salaried 

Hourly 

Others (Security,Housekeeping, 


Fir' Dept)
 

SUBTOTAL 


4. Materials & Supplies
 

Catalysts and Chemicals 

Maintenance Materials 


SUBTOTAL 


5. Other Costs
 

Plant Insurance at 1% of Capital 

Selling and Administration 

General Overhead 

Misc Property Tax 

- Inventory of Coal at 5% 

SUBTOTAL 


GROSS OPERATING COSTS 


6. By-Product Credits
 

Sulfur 718.4 LT/D @ $125/LT 

Power 5000 kWhr/hr @ $.07/kWhr 


SUBTOTAL 


NET OPERATING COSTS 


6,642.7
 
27,95] .2
 
1,679.4
 

25,357.2
 
32,854.1
 

26,827.0
 
1,750.0
 
3,000.0
 
2,400.0
 

(29,634.0)
 
(1,980.0)
 

1983 Dollars x 1000 

$ 264,000.0 

139.7
 

$ 36,273.3
 

$ 58,211.3
 

$ 33,977.0
 

$ 392,601.3
 

$ (31,614.0)
 

$ 360,987.3
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TABLE 11-8.3
 

ANNUAL OPERATING COSTS
 
BGC/LURGI COAL GASIFICATION PLANT
 

Selling and Administration 


1983 Dollars x 1000 

1. Coal, 20,000 TPD @ $40/ton $ 264,000.0 
2. Operating and Maintenance Labor 

Salaried 
hbourly 
Others (Security,Houseke-ping, 

6,655.5 
25,665.1 
1,679.4 

Fire Dept) 
SUBTOTAL 

$ 34,000.0 

3. Materials and Supplies 

Catalysts and Chemicals* 
Maintenance Materials 
Annual Start-Up 

34,845.0 
23,556.1 
2,162.2 

SUBTOTAL 
$ 60,563.3 

4. Other Costs 

Plant Insurance at 1% of Capital 23,997.0 
1,750.0


General Overhead 
 3,000.0

Misc Property Tax 
 2,400.0
 

- Inventory of Coal at 5% 
SUBTOTAL 


$ 31,147.0
 

GROSS OPERATING COSTS 
 $ 389,710.3
 

5. By-Product Credits
 

Sulfur 718.6 LT/D @ $125/LT (29,642.3)
Power 5000 kW/hr at $.07/kWhr ( 1,980.0)
Ammonia 242.9 T/D @ $140/T (11,222.0)
 

SUBTOTAL 

$ (42,844.3)
 

NET OPERATING COSTS 
 $ 346,866.0
 

Note:
 
* Flux is included with catalysts and chemicals.
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TABLE 11-8.4
 

ANNUAL OPERATING COSTS
 

WESTINGHOUSE COAL GASIFICATION PLANT
 

1. Coal, 20,000 TPY q $40/ton 


2. Ope rating and Maintenance Labor
 

Salaried 

Hourly 

Others (Security,Housekeeping, 


Fire Dept)
 

SUBTOTAL 


3. Materials and Supplies
 

Catalysts and Chemicals 

Mainteniance Materials 

Annual Start-Up 


SUBTOTAL 


4. Other Costs
 

Plant Insurance at l% of Capital 

Selling and Administration 

General Overhead 

Misc Property Tax 


- Inventory of Coal 
at 5%
 

SUBTOTAL 


GROSS OPERATING COSTS 


5. By-Product Credits
 

Sullur 711.8 LT/D @ $125/LT 
Power 5000 kW/hr @ $.07/kWb" 
Ammonia 48.8 TPD @ $140/T 

SUBTOTAL 


NET OPERATING COSTS 


6,642.7
 
27,951.2
 
1,679.4
 

20,608.6
 
34,037.9
 
5,500.0
 

29,507.0
 
1,750.0
 
3,000.0
 
2,400.0
 

(29,361.8)
 
( 1,980.0)
 
( 2,254.6)
 

1983 Dollars x 1000
 

$ 264,000.0
 

$ 36,273.3
 

$ 60,146.5
 

$ 36,657.0
 

$ 397,07G.8
 

$ (33,596.4)
 

$ 363,480.4
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II - 9.0 FINANCIAL ANALYSIS
 

The economic criterion 
for comparing the gasification processes
under considcration is the cost of methanol.
using a discounted cash This is calculated
flow technique such that all financial
obligations, including returns 
on
within 25 years from the start 
the deferred payments, are met
of operation.


assumptions The following
are made in 
the analysis:
 

o The methanol price escalates at 
5 percent.
 
o 
The project is 100 percent 
financed with 
a combination of
80 percent borrowed funds 
and 20 percent deferred payments
to project participants. 
The project is
financially on not structured
 an 
equity basis and therefore no basis
exists for ROI or, ROE calculations. 
 Interest rates 
charged
represent the only return expected. 

o The 80 percent borrowed funds is comprisedexport credits, long of various
term yen and Eurodollar bonds andcommercial bank loans. 

o The 20 percent deferred payment will besub-ordinated in the form ofnotes which
percent have an interest rate of 15per annum with payment made commencing in 1997. 

o Interest rtes: 
 9 percent export credits
 
12 percent commercial bank loans
15 percent deferred payments
 

o Debt repayment: 
 16 years straight line amortization on 
export credits starting in 1998.
 

6 years straight line amortization on
commercial bank loans starting in 1992.
 
o It is assumed that the project will have tax exempt status.
A Panamanian tolling fee is 
charged at approximately I
percent of the selling price of the methanol. The toll is
first charged in 
1997 and escalates at the 
rate of 5
percent per annum.
 

o 
 All costs are escalated at 
5 percer.t 
per annum except for
coal, which is 
escalated at 
6 percent per annum.
 
Also presented in the analyses are 
annual projected cash flows for
the following elements:
 

0 
 Variable cost of sales, composed of coal 
cost and the
 
Panamanian tolling fee.
 

o 
Fixed operating and maintenance costs other than coal.
 
o 
Receipts from sales of by-products.
 

o 
Capital requirements for plant and equipment, start-up
expenses and working capital.
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o 
 Loan proceeds, debt repayment and interest payments.
 

The net actual 
cost flow shown for each year is used for making
 
payments on the sub-ordinated notes.
 

Tables 11-9.1, 11-9.2, and 
11-9.3 describe the financial analyses
for each of the gasification plants. 
The resultant unit price of
methanol is cal2ulated for each year assuming operation begins in
1990. 
 Unit prices between 1984 
and 1990 are de-escalated to
consistent basis 
for the overall evaluation. 
 The 1983 unit prices
 
are:
 

$/MM BTU
 

Texaco 
 9.27
 
BGC/SL 
 8.80
 
Westinghouse 
 10.42
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TABLE 11-9.1
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / TEXACO COAL GASIFICATION PROCESS 

CASH FLOW SUMWY $THOUSANDS 

SALES LOAN 
 FIXED WORKING VARIABLE SEMIVARI-
 DENT INTEREST 
 TAX ACTUAL
 
RECEIPTS PROCEEDS CAPITAL 
 CAPITAL COSTS 
ABLE COSTS REPAYMENT PAYMENT 
 CASHIFLOW
 

1984 0 43155 45918 0 
 0 0 
 0 2032 0 -4795
1985 0 56995 64493 
 0 0 0 0 6750 0 "14249
1986 0 345617 406306 

1987 

0 0 0 0 25715 0 -86404
0 892018 1031002 0 0 
 0 0 84020 0 -223004
1988 0 1284074 1418517 0 0 0 
 0 186575 0 -321018
1989 0 922391 828048 
 0 0 0 0 292354 0 -198012
1990 581179 388753 63666 173321 200327 
 182678 0 360929 0 "10989
1991 860501 40000 
 0 0 307139 191812 0 386654 0 
 14896
1992 1177312 
 0 0 0 450176 201402 174908 3785,9 0 -27734
1993 1236178 0 
 0 0 477186 211472 174908 357570 0 15040
1994 1297987 0 0 
 0 505817 222046 174908 336581 
 0 58634
1995 1362886 0 0 0 536166 
 233148 174908 315592 0 103071
1996 1431030 
 0 0 0 568336 244806 174908 294603 0 148376
1997 1502582 
 0 0 0 617048 257046 174908 273614 0 179965
1998 1577711 0 
 0 0 653925 269898 292355 249964 
 0 111569
1999 1656596 
 0 0 0 693007 283393 292355 223652 
 0 164189
2000 1739426 
 0 0 0 734426 297563 292355 197340 0 217742
2001 1826398 
 0 0 0 778323 312441 292355 171028 0 2722512002 1917717 
 0 0 0 824844 328063 292355 144716 
 0 327739
2003 2013603 
 0 0 0 874149 344466 292355 118404 
 0 384229
2004 2114283 0 
 0 0 926402 361690 292355 
 92092 0 441745
2005 2219998 0 0 
 0 981780 379774 292355 65760 0 500308
2006 2330997 0 0 
 0 1040471 398763 292355 39468 
 0 559941
2007 2447547 0 
 0 0 1102673 418701 292355 13156 0 
 620663
2008 2569925 
 0 0 0 1168595 439636 
 0 0 0 961694
2009 2698421 
 0 0 0 1238461 461618 
 0 0 0 998342
2010 2833342 
 0 0 0 1312506 484699 0 
 0 0 1036137
2011 2975009 
 0 0 0 1390901 508934 0 
 0 0 1075095
2012 3123760 
 0 0 0 1474150 534380 
 0 0 0 1115229
2013 3279948 
 0 0 0 1562296 561099 
 0 0 0 1156553
2014 3443945 
 0 0 -173321 1655715 589154 
 0 0 0 1372397
 

FRACTIONAL DCFROE 
 0,1500 (COMPOUNDED ANNUALLY) 0,1398 (COWPOUNHDED CONTINUOUSLY)
FRACTIONAL DCFROE FOR WORIING CAPITAL 0,1500 (COMPOUNDED ANNUALLY) 0,1398 (COMPOUNDED CONTINUOUSLY) 

NOTE: 
 THE DCFROE IN THIS STATEMENT R:PRESENTS THE RETURN ON THE SUBORDINATED NOTES
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TABLE 11-9.1 (Cont'd)
 

FINANCIAL ANALYSIS FOR PAHAMA COAL TO METHAHOL PROJECT / TEXACO COAL GASIFICATION PROCESS
 

VARIABLE COST OF SALES
 

ooo,,oo.,,,,,,,,,COAL 
 (AS RECEIVED),,,,,, 
,,,,,, .,,,,oPAHAMANIAH 
 TOLLS ON METHANOL TONNAGE,........
 

TON CAPACITY ESC, $ PER TOTAL COST 
 MMBTU MEOH CAPACITY ESC, $ PER TOTAL COST

PER OP DAY FACTOR FACTOR TOM $1000/YEAR PER OP DAY FACTOR FACTOR NMDTU NEON 
$1000/YEAR
 

194 20000,00 0.0000 1.0000 42.8000 
 0 234840.00 0,0000 1.0000 0.1000 0
1985 20000.00 0#0000 1,0600 
 45.3680 0 234840.00 0.0000 1.0500 0,1050 0
1986 20000,00 
 0.0000 1,0600 48.0901 0 234040.00 0,0000 1.0500 0,1102 0
1987 20000.00 0.0000 1,0600 50.9755 
 0 234840.00 0.0000 1,0500 0.1158

1988 20000.00 0.0000 1.0600 54,0340 

0
 
0 234840.00 0.0000 1,0500 0.1216 
 0
1989 20000.00 
 0.0000 1.0600 57,2761 0 234040.00 0.0000 1.0500 0,1276 0
1990 20000.00 0,4520 1.0600 60.7126 200327 
 2341140.00 0.0000 1,0500 0,1340
1991 20000.00 0.6538 1,0600 64.3554 307139 

0
 
234840.00 0.0000 1.0500 0.1407 
 0


1992 20000.00 0.9040 
 1,0600 68,2167 450176 234840,00 0.0000 1.0500 0.1477
1993 20000.00 0.9040 1,0600 477186 
0
 

72.3097 234840,00 0.0000 1.0500 0.1551 0
1994 20000.00 
 0.9040 1.0600 76,6483 505817 234840,00 0.0000 1.0500 0,1629 0
1995 20000,00 0.9040 1,0600 81.2472 
 536166 234840.00 0,0000 1.0500 0.1710
1996 20000.00 0,9040 1,0600 86.1220 
0
 

568336 234840.00 0.0000 1,0500 0.1796 0
1997 20000,00 0,9040 1.0600 
 91,2893 602437 234840.00 0,9040 1.0500 0.1886 14611

1998 20000.00 M9O40 96.7667
1.0600 638583 234840.00 0.9040 1,0500 0,1980 15342
1?99 20000,0 0,9040 1.0600 102.5727 676898 234840,00 0.9040 1,0500 0,2079 16104
2000 20000.00 0.9(40 1,0600 108.7271 717512 234840.00 0,9040 1,0500 0.2183 
 16915

2001 20000.00 0.9040 1,0600 760562
lii,2507 234840.00 0.9040 1.0500 0,2292 17760

2002 20000.00 0.9040 1,0600 122.1657 806196 234840.00 0,9040 1.0500 0.2407 
 18648
2003 20000,00 0,9040 140600 
 129,457 854568 234840.00 0.9040 1,0500 0,2527 19581

2004 20000,00 0.9040 137.2654
1,0600 905842 234840.00 0.9040 1.0500 0,2653 20560

2005 20000.,0 0.9040 1,0600 145.5013 960192 234840.00 0.9040 1.0500 0,2786 21588
2006 20000.00 0.9040 
 1,0600 154.2314 1017004 234840.00 0.9040 1,0500 0.2925 '2667
2007 2000.00 
 0,9040 1,0600 163.4853 1078872 234840.00 0,9040 1,0500 0,3072 23801
2038 20000,00 0,9040 1.0600 173,2944 1143604 234840.00 0.9040 1,0500 0.3225 
 24991
2009 20000.00 0.9040 1.0600 183.6921 1212221 234840.00 0.9040 1.0500 0,3386 26240

2010 20000,00 
 0.9040 1,0600 194.7136 1284954 234840,00 0.9040 1,0500 0.3556 27552
2011 20000.00 0,9040 1,0600 206.3964 1362051 234940.00 0.9040 1,0500 0.3733 28930
2012 20000,00 0.9040 1.0600 218.7002 1443774 234840.00 0.9040 1.0500 0,3920 
 30376
2013 20000,00 0.9040 1.0600 
 231,9070 1530401 234840.00 0,9040 1,0500 0,4116 31895
2014 
 2v00,00 0,9040 1,0600 245.8214 1622225 234840,00 0.9040 1.0500 0,4322 33490
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TABLE 11-9.1 (Cont'd)
 

FINAMCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / TEXACO COAL GASIFICATION PROCESS
 

-

-

SEMI-VARIABLE COST OF SALES
 

,,,,,,,,FIXED OPERATING AM MAINTENANCE COSTS**##*@### 

1984 $ CAPACITY ESC, 
 I PER TOTAL COST
 
PER OP DAY FACTOR FACTOR 1984 S 11000/YEAR 

1984 
1985 

373471.23 
373471.23 

0,0000 
0,0000 

1.0000 
1.0500 

1,0000 
1.0500 

0 
0 

1986 
1987 
1988 
1989 

373471.23 
373471.23 
373471.23 
373471,23 

0.0000 
0.0000 
0,0000 
0,0000 

1,0500 
1.0500 
1,0500 
1,0500 

1,1025 
1,1576 
1.2155 
1.2763 

0 
0 
0 
0 

1990 
1991 

373471.23 
373471,23 

1.0000 
1,0000 

1.0500 
1.0500 

1.3401 
1,4071 

182678 
191812 

1992 373471.23 1.0000 1,0500 1.4775 201402 
1993 
1994 
1995 

373471.23 
373471,23 
373471,23 

1.0000 
1.0000 
1,0000 

1,0500 
1,0500 
1,0500 

1.5513 
1.6289 
1.7103 

2 1472 
_2046 

z33148 
1996 
1997 

373471.23 
373471,23 

1.0000 
1,0000 

1.0500 
1,0500 

1.7959 
1.8856 

244806 
257046 

1998 373471.23 1,0000 1,0500 1.9799 269898 
1999 
2000 
2001 

73471,23 
373471.23 
373471.23 

1,0000 
1.0000 
1.0000 

1,0500 
1,0500 
1,0500 

2.0789 
2,1829 
2.2920 

203393 
297563 
312441 

2002 
2003 

373471,23 
373471,23 

1,0000 
1,0000 

1.0500 
1,0500 

2.4066 
2.5270 

328063 
344466 

2004 373471,23 1.0000 1.0500 2,6533 361690 
2005 
2006 

373471.23 
373471,23 

1.0000 
1.0000 

1.0500 
1.0500 

2.7860 
2.9253 

379774 
3I8763 

2007 373471.23 1.0000 1.0500 3,0715 418701 
2008 
2009 

373471,23 
373471.23 

1.0000 
1.0000 

1.0500 
1,0500 

3,2251 
3.3B64 

439636 
461618 

2010 
2011 
2012 

373471,23 
373471.23 
373471,23 

1.0000 
1.0000 
1.0000 

1,0500 
1.0500 
1.0500 

3,5557 
3,7335 
3.9201 

484699 
508934 
534380 

2013 373471.23 1,0000 1,0500 4.1161 561099 
2014 373471.23 1,0000 1,0500 4,3219 589154 
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TABLE 11-9.1 (Cont'd)
 

FIA IAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / TEXACO COAL GASIFICATION PROCESS 

SALES RECEIPTS 

NMiTU CAPACITY ESC, 
 S PEmt TOTAL COST 
 194$ CAPACITY ESC. I PER TOTAL COST
PER OP DAY FACTOR FACTOR MOTU $100/YEAR PER OP DAY FACTOR FACTOR 1984 $ $1000/YEAR 
1983 9.271984 234940.00 0,0000 1,0000 9.8512 0 101548.48 0.0000 1.0000 1.0000 0198 234840.00 
 0,0000 1.0500 10.3437 0 101548.48 0,0000 1,0500 1.0500 0
1986 234.00 
0.0000 1.0500 10.8609 0 101548,48 0.0000 1,0500 1,1025
197 234840,00 0.0000 1.0 11.4039 0 

0
 
101548.48 0,0000 1.0500 1,1576 
 0
1998 234840.00 0.0000 
 1.0500 11.9741 0 101548.48 
 0.0000 1.0500 1.2155 0
1989 234840.00 0,0000 1.0500 12,78 0 
 101548.48 
 0.0000 1.0500 1.2763 0
190 234840,00 
 0.4920 1.0500 13.2015 55741 101548..,8 0,4920 1.0500 1,3401 244381991 234840,00 0,6938 
 1.0500 13.8616 824317 101548.48 0.6933 1,0500 1,4071 36183
192 234840.00 
 0.9040 1.0500 14.5546 1127807 101548.48 0.9040 1,0500 1,4775 49505
193 234840.00 
 0.9040 1,0500 15.2824 1184197 101548.48 0.9040 1,0500 1,5513 51980
1?94 234840.00 0,9040 
 1.0500 16.0465 1243407 101548.48 0.?040 1,0500 1.6289 54579
19 234840,00 
 0.9040 1,0500 16.8488 1305578 101548.48 0,9040 1.0500 
 17103 57308
196 234840.0O09040 
 1,0500 17.6913 1370857 101548.48 0.9040 1,0500 1,7959 60174
1997 234840,00 0,9040 1,0500 
 18,575 1439399 101548.48 0,9040 1.0500 1,8856 63182
X"8 234840,00 0,9040 
 1.0500 19.5046 1511369 101548.48 0,9040 1,0500 1,9799 667
179 23040.00 0,9040 
 1.0500 20,4798 1586978 101548.48 0,9040 1,0500 2,0789 69L4
2000 23840,00 0.9040 1,0500 
 21,5038 1666285 101548,48 0,9040 1.0500 2.1829 7314
2001 234840.00 0."40 1.00 
 22,5790 17495?9 101548.48 0.9040 1.0500 2,2920 767'
2002 234840.00 0.9040 
 1,0500 23.7080 1837079 101548,48 0.9040 1,0500 2,4066 80638
2003 234840.00 0,9040 1,0500 24.8934 
 1928933 101548.48 0.9040 1.0500 
 2,5270 84670
2004 234840,00 0,9040 1,0500 
 26,1380 2025380 101548.46 0,9040 1,0500 2.6533 88904
2005 234840.00 0.9040 1,0500 
 27,4449 2126649 101548.48 0,9040 1,0500 2,7860 93349
2006 234840.00 0."40 1.0500 
 28.8172 2232981 101548,48 0,9040 1.0500 2.9253 98017
2007 234840.00 t .'N0 1,0500 30,2581 2344630 1011A8,48 0.9040 1,0500 3.0715 102917
2008 234840,00 
 0,940 1.0500 31.7710 2461861 101548,48 0,9040 1.0500
2009 234840.00 0.9040 1,0500 33,35?5 2584955 101W,48 0,9040 

3.2251 108063
 
1,0500 3,3864 113466
2010 234840,00 
 0,040 1,0500 35.0275 2714202 101548,48 0,9040 1,0500 3,5557 119140
2011 234840.00 0,9040 1,0500 294912
36,7788 101548,48 0,9040 1,0500 3.7335 125097
2012 234840.00 0.9040 
 1,0500 38,6178 2992408 101548,48 0,9040 1,0500 3,9201 131352
2013 234840,00 0,900 1,0500 40.5487 3142020 101548,48 0,9040 1,0500 4,1161 137919
2014 234840.00 0.9040 1,0500 329130
42,5761 101548.48 0.9040 1,0500 4,3219 144815
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TABLE 11-9.1 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL RoJECT / TEXACO COAL GASIFICATION PROCESS 

FIXED CAPITAL $TNOUSM.S 

PLANT A" EQUIPMENT 

ESC, COST CAPITAL DEBT LOAN TOTAL INT, PRINC, YEARLY TAXABLE DEPREC, CREDIT CREDIT
FACTOR $CHIE. REID, RATIO PROCEED DEDT 
 RATE REPAID INT. INT, SCHEDULE RATE SCHEDo
 

1984 1.0000 0,0149 45918 0.9000 43155 4U155 0.0942 0 2032
2032 0,0000 0,0000 1,0000
1985 1.0500 0.0199 64493 0,8000 56995 100150 0.0942 6750 0,0000
0 6750 0.0000 0,0000
1986 1.0500 0.1194 406306 0.8000 445767
345617 0,0942 0 25715 
 25715 0.0000 0.0000 0,000
1987 1.0500 0.2886 1031002 0.8000 89218 1337785 
 0.0942 0 84020 0.0000 0.0000
84020 0.0000
1988 1,0500 0,3781 1418517 0.8000 1284D74 2621859 0.0942 
 0 186575 106575 0.0000 0.0000 0,0000
1989 1,0500 0.1791 705526 0.8000 '92047 3413906 0.0943 0 284534 284534 0.0000 
0.0000 0.0000
1990 1.05H 0.0000 0 0.8000 0 3413906 0.0943 0 321962 321962 0,0000 0.0000 0.0000
191 1.0500 0.0000 0 0.8000 
 0 3413906 0,0?43 0 321962 321962 0.0000 
0.0000 0.0000
1992 1.0500 
 0.0000 0 0.8000 0 3332180 0.0940 81726 317059 0.0000 0.0000
317059 0.0000
1993 1.0500 0.0000 
 0 0.8000 0 3250455 0.0934 81726 3072i2 307252 
 0.0000 0.0000 0.0000
1994 1.0500 
0.0000 0 0.8000 0 3168729 
0.0927 81726 297444 297444 0.0000 0.0000 0,0000
1995 1.0500 0.0000 0 0 0.0920
0,8000 3087003 
 81726 287637 287637 0.0000 0.0.00 0.0000
1996 1.0500 0.0000 0 0.8000 
 0 3005277 0.0912 81726 277830 277030 
 0,0000 0.0000 0.0000
1997 1.0500 0.0000 0 0.8000 0 2923552 0.0904 81726 268023 0.0000
268023 0.0000 0.0000
1998 1,0500 0.0m0 
 0 0.8000 0 2631197 0.0900 292355 249964 
 249964 0,0000 0,0000 0,0000
1999 1,0500 0,0000 0 0,8000 0 2338841 0.0900 292355 223652 223652 0.0000 0.0000 0.0000
2000 1.0500 0.0000 0 0 0.0900
0.8000 2046486 292355 197340 197340 0.0000 0.0000 0.0000
2001 1.0500 0.0000 0 0,8000 0 0.0900 171028 171028 0,0000 0.0000 0.0000
1754131 292355

2002 1.0500 0.0000 0 0 0.0900
0.800 1461776 292355 144716 0.0000
144716 0.0000 0.0000
2003 1,0500 0,0000 
 0 0,8000 0 1169421 0.0900 292355 118404 118404 0.0000 0,0000 0.0000
2004 1,0500 0.0000 0 0,3000 0 877066 292355 92092 0,0000 0,0000 0,0000
0.0900 92092
2005 1,0500 0,0000 
 0 0,8000 0 584710 0,0900 292355 
 65780 65780 0.0000 0.0000 0.0000
2006 1.0500 0,0000 0 0.8000 0 0.0900 39468
292355 292355 39468 0,0000 0,0000 0,0000
2007 1.0500 0.0000 0 0,8000 
 0 0 0.0900 292355 13156 13156 0,0000 0.0000 0,0000
2008 1,050 0,0000 
 0 0.8000 0 0 0.0900 0 
 0 0 0,0000 0.0000 0,0000
2009 1,0500 0,0000 0 
0.8000 0 0 0.0900 0 0 
 0 0.0000 0.0000 0.0000
2010 1,0500 0,0000 0 0.8000 0 0 0.0900 0 0 0.0000 00000
0 0.0000
2011 1.0500 0.0000 
 0 0.8000 0 0 0.0900 0 
 0 0.0000 0,0000 0.0000
2012 1.0500 0.0000 0 0,8000 0 
 0 0,0900 0 0 0.0000 0.0000
0 0.0000

2013 1,0500 0,0000 0 0.8000 0 0 0.0900 0 0 0.0000 0.0000
0 0.000

2014 1,0500 0,0000 0,8000
0 0 0 0.0900 
 0 0 0 O.0O0 0.0000 0.0000
 

TOTAL COST IN 1984 $1000 3086306 
TOTAL ACTUAL $1000 3671763 

NOTE: INTEREST RATES SHOWN ME ANNUAL BLENDED RATES 
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TABLE 11-9.1 (Cont'd)
 

FINANCIAL A4ALYSIS FOR PANAMA COAL TO METHANOL PROJECT / TEXACO COAL r.SIFICATION PROCESS 
-- --------------------------------------------------------

WORKING CAPITAL STHOSANDS 

WORKING CAPITAL AND INVENTORY 

ESC. REAL CAPITAL bERT LOAN TOTAL INT, PRINC, YZAP.LY TAXAPLE 
FACTOR TOTAL REOD, RATIO PROCEED DEDT RATE REPAID INT, INT. 

1984 1.0000 0 0 1.0000 0 0 0.1200 0 0 0 
1985 1.0550 0 0 1.0000 0 0 0,1200 0 0 0 
1986 
1987 

1.0550 
1,0550 

0 
0 

0 
0 

1.0000 
1.0000 

0 
0 

0 0.12C0 
0 0,1200 

0 
0 

0 
0 

0 
0 

1998 1.0550 0 0 1.0000 0 0 0.1200 0 0 0 
1989 
1990 

1.0550 
1.0550 

0 
125700 

0 
173321 

1.0000 
1.0000 

0 
184384 

0 0.1200 
184384 0.1200 

0 
0 

0 
11063 

0 
11063 

1991 1.0000 125700 0 1.0000 0 184384 0,1200 '. 22126 22126 
1992 1,0000 125700 0 1.0000 0 1536.7 0.1200 30731 20202 20282 
1993 1.0000 125700 0 1.0000 0 122922 0.1200 30731 16595 16595 
1994 1.0000 125700 0 1.0000 0 92192 0.1200 30731 12907 12907 
1995 
1996 

1.000 
1.0000 

125700 
125700 

0 
0 

1.0000 
1.0000 

0 
0 

61461 
30131 

0.1200 
0.1200 

30731 
30731 

9219 
5532 

9219 
5532 

1997 
1998 
19?? 

1.0000 
1,0000 
1.0000 

125700 
125700 
125700 

0 
0 
0 

1,0000 
1,0000 
1.0000 

0 
0 
0 

0 0.1200 
0 0,1200 
0 0,1200 

30731 
0 
0 

1844 
0 
0 

1844 
0 
0 

2000 1,0000 125700 0 1.0000 0 0 0,1200 0 0 0 
2001 
2002 

1.0000 
1.0000 

125700 
125700 

0 
0 

1,0000 
1.0000 

0 
0 

0 
0 

0.1200 
0,1200 

0 
0 

0 
0 

0 
0 

2003 
2004 

1.0000 
1.0000 

125700 
125700 

0 
0 

1.0000 
1.0000 

0 
0 

0 
0 

0.1200 
0.1200 

0 
0 

0 
0 

0 
0 

2005 
2006 

1.0000 
1,0000 

125700 
125700 

0 
0 

1.0000 
1.0000 

0 
0 

0 0.1200 
0 0.1200 

0 
0 

0 
0 

0 
0 

2007 
2008 

1,0000 
1.0000 

125700 
125700 

0 
0 

1,0000 
1.0000 

0 
0 

0 
0 

0,1200 
0,1200 

0 
0 

0 
0 

0 
0 

2009 1.0000 125700 0 1,0000 0 0 0,1200 0 0 0 
2010 
2011 

1.0000 
1.0000 

125700 
125700 

0 
0 

1.0000 
1.0000 

0 
0 

0 
0 

0.1200 
0.1200 

0 
0 

0 
0 

0 
0 

2012 1.0000 125700 0 1.0000 0 0 0,1200 0 0 0 
2013 1.0000 125700 0 1.0000 0 0 0,1200 0 0 0 
2014 1,0000 125700 -173321 1,0000 0 0 0,1200 0 0 0 
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TABLE 11-9.1 (Cont'd)
 

FINANCIAL ANALYSIS FOR PAAMA 
 COAL TO METHANOL PROJECT / TEXACO COAL GASIFICATION PROCESS
 

FIXED CAPITAL $THOUSANDS 

PLANT AND EOUIPMENT 

ESC, COST CAPITAL DEBT LOAN TOTAL 
 INT, 
 PRINC, YEARLY TAXABLE DEPREC, CREDIT CREDIT
 
FACTOR SCHED, REOD, PATIO 
 PROCEED DEBT 
 RATE REPAID INT. INT, 
SCHEDULE RATE SCHED,
 

1984 1,000% 0.0149 45918 0.9000 43155 43155 0.0942 0 2032 2032 
 0,0000 0,0000 1,0000
1985 L,0500 0.0199 64493 0.8000 56995 100150 0.0942 0 6750 6750 0,0000 
0,0000 0.0000
1986 1.050 
 1194 406306 0.8000 345617 445767 0.0942 0 
 25715 25715 0.0000 0.0000 0.0000
1987 1.0500 .,2886 1031002 0.8000 892018 1337785 
 0.0942 0 84020 0.0000 0.0000
84020 0.000
1988 1.0500 
 0.3781 1418517 0,8000 1284074 2621859 0,0942 0 186575 0.0000
186575 0.0000 0.0000
1989 1,0500 C.1791 705526 
 0.8000 792047 3413906 0.0943 284534
0 284534 0.0000 0.0000 0.0000
1990 1,0500 0.0000 0 0 0.0943
0.8000 3413906 
 0 321962 321962 0.0000 0.0000 0,0000
1991 1.0500 0.0000 0 
0.8000 0 3413906 0.0943 321962
0 321962 0,0000 0,0000 0.0000
1992 1,0500 0000 0 0.8000 0 3332180 0.0940 81726 317059 317059 0.0000 0.0000 0.0000
1993 1.0500 0.0000 
 0 0.8000 0 3250455 0,0934 81726 3072i2 307252 0.0000 0.0000 0.0000
1994 1,0500 0.0000 0 0.8000 0 3168729 0.0927 81726 297444 297444 
 0.0000 0.0000 0.0000
1995 1.0500 
0,0000 0 0.8000 0 3087003 0.0920 81726 287637 0.0000 0.0000
287637 0.0000
1996 1,0500 0.0000 
 0 0.8000 0 3005277 0.0912 81726 277830 
 277830 0.0000 0,0000 0,0000
1997 1,0500 0,0000 0 0.800 
 0 2923552 0.0904 81726 268023 268023 
 0.0000 0.0000 0,0000
1998 1.0500 010000 0 0 0.0900
0.8000 2631197 292355 249964 0.0000
249964 0.0000 0,0000
1999 1.0500 0,0000 0 0.8000 
 0 2338841 0.0900 292355 223652 223652 
 0.0000 0.0000 0.0000
2000 1.0500 0,0000 0 0.8000 0 2046486 0.0900 292355 197340 0.0000
197340 0,0000 0.0000
2001 1.0500 
0,0000 0 0.8000 0 1754131 0.0900 292355 171028 171028 0,0000 0.0000 0.0000
2002 1.0500 
0,0000 0 0.8000 0 1461776 0.0900 292355 144716 144716 0.0000 0,0000 0.0000
2003 1,0500 0,0000 0 0.8000 0 1169421 0,0900 292355 118404 0.0040
118404 0.0000 0.0000
2004 1.0500 0,0000 0 
0.8000 0 877066 0.0900 292355 92092 92092 0,0030 0.0000 0.0000
2005 1,0500 0.0000 0.800 584710
0 0 0,0900 292355 65780 0.0000
65780 0,0000 0.0000
2006 1.0500 0,0000 
 0 0.8000 0 292355 0,0900 292355 39468 
 39468 0.0000 0,0000 0,0000
2007 1,0500 0,0000 0 
0.8000 0 0 0,0900 292355 13156 13156 
 0.0000 0.0000 0,0000
2008 1.0500 0.0000 
 0 0,8000 0 0 0.0900 0 
 0 0 0,0000 0,0000 0,0000
2009 1.0500 0,0000 
 0 0.8000 0 0 0.0900 0 0 
 0 0,0000 0,0000 0.0000
2010 1,0500 0,0000 0 0,8000 0 0 0.0900 
 0 0 0 0,0000 0.0000 0,0000
2011 1.0500 0.0000 
 0 0.8000 0 0 0.0900 0 
 0 0 0.0000 0,0000 0,0000
2012 1.0500 0.0000 0 0,8000 
 0 0 0.0900 0 0 
 0 0,0000 0.0000 0,0000
2013 1.0500 0.0000 0 0.8000 0 

2014 

0 0,0900 0 0 0 0.0000 0.0000 0,0000
1,0500 0.0000 0.8000
0 0 0 0,0900 
 0 0 0 0.0000 0,0000 0.0000
 

TOTAL COST IN 1984 $1000 3086306
 
TOTAL ACTUAL $1000 
 3671763
 

HOTE: INTEREST RATES SHOWN ARE ANNUAL BLENDED RATES
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TABLE 11-9.1 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROjECT / TEXACO COAL. GASIFICATION PROCESS 

FIXED CAPITAL $THOUSANDS 

START-UP EXPENSES
 

CAPITAL 
 TOTAL
LsC o COST DEBT LOAN INT, PRINC, YEARLY TAXAiLE DEPREC, CREDIT CREDIT 
FACTOR SCHED, PROCEED
REOD o RATIO DEBT RATE REPAID INT, IHTT, SCHEDULE RATE SCHED
 o
 

1984 1,0000 0,0000 0 1.0000 0 0 0.1200 0 0 0 0.0000 0.0000 1.0000

1?95 1.0550 
0.0000 0 1.0000 0 0 0.1200 0 0 0 0.0000 0.0000 0.0000
1986 1,0550 0,0000 0 1.0000 0 
 0 0,1200 0 0 0 0.0000 0.0000 0.0000
1987 1,0550 0.000 0 1.0000 0 0.1200 0 0.0000
0 0 0 0,0000 0.0000
 
1988 1.0550 0.0000 0 l.O(,00 0 
 0 0,1200 0 0 0 0.0000 0.0000 0,0000

1989 1.0550 0,6700 122523 1.0000 130343 130343 0,1200 0 7021 7821 0.N00 0.0000 0.0000
1990 1,0550 0.3300 63666 1,0000 84370 214713 
0.1200 0 20703 20703 0.0000 0,0000 0.0000
 
1991 1.055, 0.0000 0 1.0000 0 214713 0.1200 0 
 25766 25766 0,0000 0.0000 0,0000

19?2 1.0550 0.0000 0 1,0000 0 178927 0.1200 35785 23618 23618 0.0000 0.0000 0.0000
 
1993 1.0550 0,0000 0 1,0000 0 143142 
 0.1200 35785 19324 19324 0,0000 0,0000 0.0000

1994 1.0550 0.0000 0 1,0000 0 107356 0.1200 35785 15030 15030 0.0000 
 0,0000 0,0000

1995 1.0550 0.0000 0 1.0000 
 0 71571 0.1200 35785 10736 10736 0,0000 0.0000 0,0000
1996 1.0550 0.0000 0 1,0000 0 35785 0,1200 35785 6441 6441 
 0,0000 0.0000 0M0000
 
1997 1.0550 0.0000 0 1,0000 0 0 0.1200 35785 2147 0,0000
2147 0.0000 0.

1998 1.0550 0.0000 0 1.0000 0 
 0 0.1200 0 0 0 0.0000 0,0000 0.1
1999 1.0550 0,0000 0 1.0000 0 0 0.1200 0 0 0 0,0000 0.0000 0.
2000 1.0550 0.0000 0 1,0000 0 0 0,1200 
 0 0 0 0.0000 0.0000 0.0000
 
2001 1,0550 0.0000 0 1.0000 0 0 0.1200 0 
 0 c 0,0000 0.0000 0,0000
2002 1,0550 0.0000 0 1.0000 0 0 0.1200 
 0 0 0 0,0000 0.0000 0.0000
 
2003 1.0550 0,0000 0 1.0000 0 0 0.1200 0 
 0 0 0,0000 0.0000 0.0000
 
2004 1.0550 0,0000 0 1.0000 0 0 0,1200 0 0 0.0000
0 0.0000 0,0000
2005 1.0550 0.0000 0 1,0000 0 0 0.1200 0 A 0 0.0000 0.0000 0.0000 
2006 1.0550 0.0000 0 1.0000 0 0 0,1200 0 0 0 0,0000 0.0000 0.0000
 
2007 1.0550 0,0000 0 1.0000 0 0 0.1200 0 0 0.0000
0 0,0000 0.0000
2008 1.0550 0,0000 0 1.0000 0 0 0.1200 0 0 0 0.0000 0.0000 0,0000

2009 1.0550 
0.0000 0 1.0000 0 0 0.1200 0 0 0 0,0000 0.0000 0.0000
 
2010 1.0550 0.0000 0 1.0000 0 0 0,1200 0 0 0 0.0000 
0.0000 0.0000
2011 1.0550 0,0000 0 1.0000 0 0 t 1200 0 0 0 0.0000 0,0000 0.0000

2012 1.0550 0,0000 0 100000 0 0 0,1200 0 0 0 0.0000 
0,0000 0,0000

2013 1,0550 0.0000 0 1.0000 0 
 0 0.1200 0 0 0 0,0000 0,0000 0,0000

2014 1,0550 0,0000 0 1,0000 0 
 0 0,1200 
 0 0 0 0.0000 000000 0.0000
 

TOTAL COST IN 1984 $1000 139920 
TOTAL ACTUAL $1000 186189 

NOTE: INTEREST RATES SHOWN ARE ANNUAL BLENDED RATES
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TABLE 11-9.1 (Cont'd)
 

FINANCIAL AHALYSIS FOR PANAMA COAL TO METHANOL PROJECT / TEXACO COAt. GASIFICT!ON PROCESS
 
-- ---.---------------------------------------------

WORKING CAPITAL STOUJSADS 

WORKIN6 CAPIYAL AND INVENTORY 

ESC, REAL CAPITAL AEBT 
 LOAN TOTAL 
 INT, PRINC, YEARLY TAXABLE
 
FACTOR TOTAL 
 REOD, RATIO 
PROCEED 
 DEDY RATE REPAID INT, INT, 

1984 1.0000 
 0 0 1.0000 0 
 0 0.1200 0 0 0
1985 1,0550 0 0 1.0000 0 0 0,200 0 0 
 0
1986 1.0550 0 0 
 1,0000 
 0 0 0.1200 0 0 0
1987 1.0550 0 0 1.0000 0 0 0.1200 0 0 0
1988 1.0550 0 0 1.0000 0 0 0.1200 0 0 0
1989 1.0550 0 0 1.0000 0 
 0 0.1200 0 0 0
1990 1,0550 125700 
 173321 1.0000 1843B4 184384 0,1200 0 11063 11063
1991 1.0000 125700 0 1.0000 0 
 !84384 0.1200 0 22126 22126
1992 1.0000 125700 
 0 1,0000 0 153653 0,1200 30731 20282 20282
1993 1.0000 125700 0 1.0000 
 0 122922 0.1200 30731 
 16595 16595
1994 1,0000 125700 0 1.0000 0 92192 0,1200 30731 12907 
 12907
195 1.0000 125700 0 1,0000 0 0,1200
61461 30731 9219 9219
1996 1,0000 125700 0 1,0000 
 0 30731 0.1200 30731 5532 
 5532
1997 1.0000 125700 0 1,0000 
 0 0 0.1200 30731 1844
1998 1.0000 125700 0 1.0000 0 
1844
 

0 0.1200 0 0 0
1999 1.0000 125700 
 0 1,0000 0 0 0,1200 0 0 0
2000 1,0000 125700 
 0 1.0000 0 0 0,4200 0 0 0
2001 1.0000 125700 0 1.0000 0 
 0 0.1200 0 0 0
2002 1.0000 125700 
 0 1.0000 0 0 0,1200 0 0 0
2003 1.0000 125700 
 0 1,0000 0 0 0,1200 0 0 0
2004 1.0000 125700 
 0 1;0000 0 0 0.1200 0 0 0
2005 1.0000 125700 
 0 1.0000 0 0 0.1200 0 0 0
2006 1,0000 125700 0 
 1.0000 0 
 0 0,1200 0 
 0 0
2007 1.0000 125700 0 1.0000 0 
 0 0,1200 0 0 0
2008 1.0000 125700 0 1.0000 
 0 0 0,1200 0 0 
 0
2009 1,0000 125700 0 
 1,0000 0 
 0 0.1200 0 0 0
2010 1.0000 125700 0 1,0000 
 0 0 0.1200 
 0 0 0
2011 1,0000 125700 0 1.0000 0 
 0 0.1200 0 0 0
2012 1.0000 125700 0 1.0000 0 
 0 0.1200 0 0 0
2013 1.0000 125700 0 1.0000 0 
 0 0.1200 0 0 0
2014 1,0000 125700 -173321 1.0000 
 0 0 0.1200 0 0 
 0
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TABLE 11-9.1 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / TEXACO COAL GASIFICATION PROCESS
 

MISCELLANEOUS LOANS $THOUSANDS 

SNORT TERN COPMERCIAL LOAN TO COVER START-UP EXPENSES 

NET LOAN TOTAL INTEREST PRINCIPAL YEARLY TAXABLE 
LOAN PROCEED DEBT RATE REPAID INTEREST INTEREST 

1984 
1985 

0 
0 

0 
0 

0 
0 

0.1200 
0.1200 

0 
0 

0 
0 

0 
0 

1986 0 0 0 0.1200 0 0 0 
1987 
1988 

0 
0 

0 0 
0 

0.1200 
0.1200 

0 
0 

0 
0 

0 
0 

1989 0 0 0 0.1200 0 0 0 
1990 
1991 

120000 
40000 

120000 
40000 

120000 
160000 

0,1200 
0.1200 

0 
0 

7200 
16800 

7200 
16800 

1992 0 0 133333 0,1200 26667 17600 17600 
1993 
1994 

0 
0 

0 
0 

106667 
80000 

0,1200 
0,1200 

26667 
2667 

14400 
11200 

14400 
11200 

i995 0 0 53333 0,1200 26667 8000 8000 
1996 
1997 

0 
0 

0 
0 

26667 
0 

0,1200 
0,1200 

26667 
26667 

4100 
1600 

4800 
1600 

1998 0 0 0 0,1200 0 0 0 
1999 
2000 

0 
0 

0 
0 

0 
0 

0,1200 
0,1200 

0 
0 

0 
0 

0 
0 

2001 
2002 
2003 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0,1200 
0,12 " 
0,1200 

0 
0 
0 

0 
0 
0 

0 
0 
0 

2004 0 0 0 0,1200 0 0 0 
2005 0 0 0 0.1200 0 0 0 
2006 0 0 0 0,1200 0 0 0 
2007 0 0 0 0.12W0 0 0 0 
2008 
2009 

0 
0 

0 
0 

0 
0 

061700 
041200 

0 
0 

0 
0 

0 
0 

2010 0 0 0 0.1200 0 0 0 
2011 0 0 0 0,1200 0 0 0 
2012 0 0 0 0.1200 0 0 0 
2013 0 0 0 0,1200 0 0 0 
2014 0 0 0 0,1200 0 0 0 

TOTAL NET LOAN 11000 160000 
TOTAL LOAN PROCEED $1000 160000 
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TABLF 11-9.2
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / BGC/LUR6I GASIFICATION
 

VASH FLOW SUMMARY $THOUSANDS 

SALES LOAN 
 FIXED MDRKING 
 VARIABLE SEMIVARI-
 DEBT INTEREST 
 TAX ACTUAL

RECEIPTS PROCEEDS 
 CAPITAL CAPITAL 
 COSTS ABLE COSTS 
REPAYMENT PAYMENT 
 CASHIFLOM
 

1984 0 38967 41461 0 0 
 0 0 1835 0 -4330
1985 
 0 51463 58233 0 
 0 0 0 6095 0 -12866
1986 
 0 312071 366869 0

1987 

0 0 0 23219 0 -780180 805435 930930 0 0 0 0 75864 0 "2013591988 0 1159437 1280831 0 0 
1989 0 

0 0 168465 0 -289859827047 742210 
 0 0 
 0 0 263629 0 -178792
1990 555701 370787 54647 167667 
 200327 178572 0 326384 
 0 -1109
1991 822778 
 40000 0 0 307139 
 187500 0 351031 0 17108
1992 1125702 
 0 C 0 450176 196875 160901 343777 0 -26030
1993 1181987 
 0 0 0 477186 206719 160904 324469 
 0 12709
1994 1241086 
 0 0 0 505817 217055 160904 305160 
 0 52150
1995 130314G 
 0 0 0 536166 
 227908 1609J4 285852 0 92311
1996 1368297 0 
 0 0 568336 239303 160904 266543 
 0 133211
1997 1436712 
 0 0 0 616884 251268 160904 
 247235 0 160/,-2
1998 1508548 0 0 0 653752 263832 263978 225701 0 1012841999 1583975 0 0 0 692826 277023 263978 201943 0 1482052000 1663174 0 0 0 734236 290875 263978 178185 0 1959002001 1746333 
 0 0 0 778123 305418 263978 154427 
 0 244386
2002 1833649 
 0 0 0 824635 320689 263978 
 130669 0 293678
2003 192r332 
 0 0 0 873928 
 336724 263978 106911 0 3437902004 2021598 0 0 0 926171 353560 23978 83153 
 0 394737
2005 2122678 
 0 0 0 981537 371238 263978 59395 
 0 446530
2006 2228812 
 0 0 0 1040216 389800 263978 35637 
 0 499181
2007 2340253 
 0 0 0 1102405 409290 263978 11879 
 0 552701
2008 2457266 
 0 0 0 1168314 429754 
 0 0 0 859197
2009 2580129 
 0 0 0 1238166 451242 0 
 0 0 890721
2010 2709135 
 0 0 0 1312196 473804 0 
 0 0 923135
2011 2844592 
 0 0 0 1390656 497494 0 
 0 0 956442
2012 2986822 
 0 0 0 1473809 522369 0 
 0 0 990644
2013 3136163 0 
 0 0 1561937 548487 
 0 0 
 0 1025738
2014 3292971 0 0 
 "167667 1655338 575912 
 0 
 0 0 1229388
 

FRACTIONAL DCF.OE 0.1500 (COMPOUNDED ANNUALLY) 0,1398 (COMPOUNDED CONTINUOUSLY)

FRACTIONAL DCFROE FOR WORKING CAPITAL 
0,1500 (COMPOUNDED ANNUALLY) 
0,1398 (COMPOUNDED CONTINUOUSLY)
 

NOTE: 
 THE DCFROE IN THIS STATEMENT REPRESENTS THE RETURN ON THE SUBORDINATED NOTES
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TABLE 11-9.2 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / DC/LURGI GASIFICATION 

VARIABLE COST OF SALES 

,,oo,*,,.,,CO.(AS RECEIVED)o................ o,,,,,,,,PANAMANIAN TOLLS ON METHANOL TONNAGE ,.......
 

TON CAPACITY ESC, $ PER TOTAL COST 
 MNDTU NEON CAPACITY E5CI $ PER TOTAL COSTPER OP DAY FACTOR FACTOR TON 11000/YEAR PER OP DAY FAC1OR FACTOR NMHTU NEON $1000/YEAR
 

1984 20000.00 0,0000 1.0000 
 42,8000 0 232200.00 0.0000 1.0000 0.1000 0
1985 20000,00 0.0000 1.0600 
 45.3680 0 232200,00 0,0000 1.0500 0,1050 0
1986 20000.00 
 0.0000 1,0600 48.0901 0 232200.00 0,0000 1,0500 0,1102 0
1987 20000.00 1.0600
0.0000 50.9755 0 232200.00 0.0000 1.0500 0.1158 0
1988 20000.00 0.0000 1.0600 54,0340 
 0 232200.00 0,0000 1,0500 0,1216 0
1989 20000.00 0.0000 
 1.0600 57.2761 0 232200,00 0.0000 1,0500 0,1276 0
1990 2v000,00 0.4520 60.7126
1,0600 200327 232200.00 0,0000 1.0500 0,1340 
 0
1991 20000,00 0.6538 1.0600 64.3554 
 307139 232200.00 0,0000 1,0500 0.1407 
 0
1992 20000.00 0.9040 
 1.0600 68,2167 450176 232200.00 0.0000 1.0500 0.1477 0
1993 20000,00 0.9040 1,0600 477186
72.3097 232200,00 0.0000 1.0500 0.15l 0
1994 20000.00 0.9040 76.6183
1,0600 505817 232200.00 0.0000 1.0500 0,1629 
 0
1995 20000.00 1.0600
0,9040 81.2472 536166 232200.00 0.0000 1,0500 0.1710 0
1996 20000,00 0.9040 
 1,0600 86.1220 568336 232200.00 0.0000 1.0500 0,1796 0
1997 20000,00 0.9045 1,600 
 91.2893 602437 232200.00 0,9040 1,0500 0.1886 14447
1998 20000.00 
 0.9040 1,0600 96.7667 638583 232200.00 0.9040 1,0500 0.1980 15170
1999 20000,00 0,9040 1.0600 102.5727 676898 232200.00 0.9040 1,0500 0,2079 
 159284
2000 20000,00 0.9040 1.0600 
 108.7271 717512 232200,00 0.9040 1.0500 0.2183 16724
2001 20000.00 
 0,9040 1.0600 115.2507 760562 232200.00 0.9040 1,0500 0.2292 17561
2002 20000.00 0.9040 1.0600 122.1657 806196 232200.00 0,9040 1.0500 0.2407 
 18439
2003 20000.00 0.9040 1,0600 129.4957 854568 232200.00 0,9040 1,0500 0.2527 
 19361

2004 20000.00 
 0.9040 1.0600 137,2654 905842 232200.00 0.9040 1,0500 0.2653 20329
2005 20000.00 
 0,9040 1.0600 145.5013 960192 232200.00 0.9040 1.0500 0.2786 
 21345
2006 20,00.00 0,9040 1.0600 154.2314 1017804 232200.00 0.9040 1.0500 
 0.2925 22412
2007 20000,00 
 0.9040 1.0600 163.4853 1078872 232200.00 
 0.9040 1.0500 0,3072 23533
2008 20000.00 0,9040 1.0600 173,2944 1143604 232200.00 0.9040 1.0500 0.3225 24710
2009 20000.00 1.0600
0,9040 183.6921 1212221 232200.00 0.9040 1.0500 
 0.3386 25945
2010 20000.00 0.9040 
 1.0600 194.7136 1284954 232200.00 
 0.9040 1.0500 0.3556 27242
2011 20000.00 0.9040 206.3964
1,0600 1362051 232200,00 0.9040 1.0500 0.3733 
 28605
2012 20000.00 1.0600
0,9040 218.7002 1443774 232200.00 0.9040 1.0500 0.3920 30035
2013 20000,00 0.9040 
 1,0600 231.9070 1530401 232200.00 
 0,9040 1.0500 0.4116 31536
2014 20000.00 0,9040 245,8214
1.0600 1622225 232200.00 0.9040 1.0500 0.4322 
 33113
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TABLE 11-9.2 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / DOC/LURGI GASIFICATION 

SENI-VARIABLE COST OF SALES 

,,,,,.FIXED OPERATING AND NAINTENANE COSTS...,,.
 

PER 
1984 $ CAPACITY 
OP DAY FACTOR 

ESC. 
FACTOR 

$ PER TOTAL COST 
1984 S $1000/YEAR 

1984 
1985 

365076,71 
365076,71 

0,0000 
0.0000 

1.0000 
1.0500 

1.0000 
1.0500 

0 
0 

1986 
1987 
1988 
1989 
1990 
1991 
1992 

365076.71 
365076,71 
365076.71 
365076,71 
365076.71 
365076.71 
365076.71 

0.0000 
0.0000 
0,0000 
0,0000 
1.0000 
1.0000 
1.0000 

1.0500 
1.0500 
1.0500 
1,0500 
1.0500 
1.0500 
1,0500 

1.1025 
1.1576 
1.2155 
1.2763 
1.3401 
1.4071 
1.4775 

0 
0 
0 
0 

178572 
187500 
196875 

1993 
1994 
1995 

365076,71 
365076.71 
365076,71 

1,0000 
1.0000 
1,0000 

140500 
1.0500 
1,0500 

1,5513 
1.6289 
1,7103 

206719 
217055 
227908 

1996 
1997 

365076,71 
365076,71 

1.0000 
1,0000 

1.0500 
1,0500 

1,7959 
1.8856 

239303 
251268 

1998 
1999 
2000 

365076,71 
365076,71 
365076.71 

1.0000 
1.0000 
1.0000 

1.0500 
1,0500 
1,0500 

1,9799 
2.0789 
2.1829 

263832 
277023 
290875 

2001 365076,71 1,0000 1,0500 2,2920 305418 
2002 
2003 

365076,71 
365076.71 

1.0000 
1.0000 

1,0500 
1,0500 

2.4066 
2-5270 

320689 
336724 

2004 
2005 
2006 

365076.71 
365076.71 
365076.71 

1.0000 
1,0000 
1,0000 

1,0500 
1,0500 
1,0500 

2,6533 
2.7860 
2.9253 

353560 
371238 
389800 

2007 365076,71 1.0000 1,0500 3.0715 409290 
2008 
2009 

365076,71 
365076.71 

1,0000 
1,0000 

1,0500 
1,0500 

3.2251 
3,3864 

429754 
451242 

2010 
2011 
2012 

365076,71 
365076.71 
365076.71 

1,0000 
1.0000 
1,0000 

1.0500 
1,0500 
1,0500 

3,5557 
3,7335 
3.9201 

473804 
497494 
522369 

2013 365076,71 1.0000 1,0500 4.1161 548487 
2014 365076.71 1.0000 1,0500 4,3219 575912 

11-114
 



------------------------------------------------------------------

TABLE 11-9.2 (Cont'd)
 

FINANCIAL ANALYSIS FOR PAHAM.A COAL TO METHANOL PROJECT / DGC/LURGI GASIFICATION
 

SALES RECEIPTS 

M13TU CAPACITY 
 ESC, $ PER TOTAL COST 1984 $ CAPACITY ESC, I PER TOTAL COST
PER OP DAY FACTOR FACTOA KNDTU $1000/YEAR PER OP DAY FACTOR FACTOR 1984 I $100/YEAR 

1983 8.80
1984 232200.00 0,0000 1,0000 9.3519 
 0 137621.21 0,0000 1,0000 1,0000 0
1985 232200.00 
 0,0000 1.0500 9,8195 0 137621.21 0,0000 1.0500 1,0500 0
1986 232200,00 0.0000 
 1.0500 10,3104 0 137621,21 00000 1,0500 1.1025 0
1987 232200,00 0,0000 1.0500 10.8260 
 0 137621.21 0.0000 1,0500 1,1576 0
1988 232200.00 
 0.0000 1.0500 11.3673 0 137621,21 0,0000 1,0500 1,2155 0
1989 232200,00 0,0000 1,0500 
 11.9356 0 137621.21 0.0000 1.0500 1,2763 0

1990 232200.00 0,4920 1.0500 
 12,524 522582 137621.21 0.4920 1,0500 1,3401 33119
1991 232200.00 0.6938 13,1590
1.0500 773742 137621.21 0.6938 1,0500 1.4071 
 49037
1992 232200,00 
 0.9040 1.0500 13,8170 1058611 137621,21 0.9040 1,0500 1,4775 67091
1993 232200,00 0,9040 1.0500 
 14,5078 1111542 137621.21 0,9040 1.0500 1,5513 70445
1994 232200.00 0.9040 1,0500 
 15.2332 1167119 137621.2! 0,9040 1.0500 1,6289 73967
1995 232200.00 0,9040 1,0500 15.9949 
 1225475 137621.21 0.9040 1,0500 1,7103 
 77666

1996 232200,00 0.9040 1,0500 16,7946 
 1286748 137621.21 0.9040 1,0500 1.79%9 81549
1997 232200.00 0.9040 1.0500 
 17.6343 1351086 137621.21 0.9040 1.0500 1,8856 85626

1998 232200,00 0,9040 1.0500 
 18.5161 1418640 137621.21 0,9040 1.0500 1.9799 89908

1999 232200.00 1.0500
0.9040 19.4419 1489572 137621,21 0.9040 1,0500 2,0789 9440342000 232200.00 0.9040 
 1,0500 20,4140 1564051 137621.21 0,9040 1,0500 2,1329 99123

2001 232200.00 0,9040 
 1.0500 21.4347 1642253 137621.21 0.9040 1.0500 2.2920 104079
2002 232200.00 0,9040 1.0500 
 22.5064 1724366 13742i,21 0,9040 1,0100 2,4066 109283
2003 232200.00 
 0.9040 1.0500 23.6317 1810584 137621,21 0.9040 1,0500 2,5270 114748
 
2004 232200.00 0.9040 24.8133
1,0500 1901[14 137621.21 0.9040 1,0500 2.6533 120485
2005 232200.00 0,9040 
 1,0500 26,0540 1996169 137621,21 0.9040 1.0500 
 2.7860 126509
2006 232200.00 0.9040 1.0500 27.3567 
 2095978 137621.21 0,9040 1.0500 2,9253 132835

2007 232200.00 0.9040 1,0500 28.7245 
 2200777 137621.21 0,9040 1,0500 3,0715 139476
2008 232200,00 0,9040 1.0500 30.1607 
 2310815 137621.21 0.9040 1.0500 3,2251 
 146450
2009 232200,00 0,9040 
 1,0500 31.6688 2426356 137621.21 0.9040 1,0500 3,3864 153773

2010 232200.00 
 0,9040 1.0500 33.2522 2547674 137621.21 0,9040 1,0500 3,5557 1614612011 232200,00 0,9040 1,0500 34,9148 2675056 137621.21 0.9040 1.0500 3,7335 169534
2012 232200,00 0.9040 36,6605
1.0500 2808811 137621.21 0.9040 1,0500 3,9201 1780112013 232200,00 0,9040 1.0500 38,4936 2949251 137621.21 0,9040 4.1161
1,0500 186912
2014 232200,00 0,9040 
 1.0500 40,4183 3096714 137621.21 0,9040 1.0500 4,3219 196257
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----------------------------------------------------------

TABLE 11-9.2 (Cont'd)
 

FINANCIAL A4ALYSIS FOR PANAMA COAL TO METHANOL PROJECT / lOC/LURGI GASIFICATION
 

FIXED CAPITAL $T4OUSANDS 

PLANT AND EQUIPMENT 

ESC, COST CAPITAL DEJT LOAN TOTAL INT, PRINC, YEARLY TAXABLE DEPREC, CREDIT CREDIT
FACTOR SCHED, REOD, RATIO PROCEED DEBT RATE REPAID INT, INT, SCEDULE RATE SCHED, 

1984 1.0000 0.0149 41461 0.9000 38967 38967 0.0942 
 0 1835 1835 0.0000 0.0000 1.0000
1985 1.0500 0.0199 58233 0.8000 51463 90429 0.0942 
 0 6095 6095 0.0000 0.0000 0.0000
1986 1.0500 0,1194 366869 0,8000 402500
312071 0.0942 
 0 23219 23219 0.0000 0.0000 0,0000
1987 1,0500 930930
0.2886 0.8000 805435 1207935 0.0942 0 75864 75864 
 0,0000 0.0000 0.0000
1988 1.0500 
0.3781 1280831 0.8000 1159437 2367372 0.0942 
 0 168465 168465 0,0000 0.0000 0.0000
1989 1.0500 0.1791 
 637045 0.8000 715169 3082541 0.0943

1990 0 256916 256916 010000 010000 0.0000
1.0500 0.0000 0 0.8000 0 3082541 0.0943 0 290711 0,0000 0.0000
290711 0.0000
1991 1,0500 000000 
 0 0.8000 0 3082541 0.0943 
 0 290711 0.0000
290711 0.0000 0.0000
1992 1.0500 0.0000 0 0.8000 
 0 3008748 0.0940 73793 286284 206284 
 0.0000 0.0000 0,0000
1993 1.0500 0,0000 0 0.8000 0 0.0934
2934955 
 73793 277429 277429 0,0000 0.0000 0,0000
1994 1,0500 0.0000 
 0 0.8000 0 2861162 0.0927 73793 268574 
 268574 0.0000 0.0000 0.0000
1995 1.0500 0.0000 0 0.800 
 0 2787369 0.0920 73793 259718 259718
1996 1,0500 0.0000 0 O,OGO 0,0000 0,0000
0.8000 0 2713575 0.0912 73793 250863 
 250863 0.0000 0.0000 0.0000
1997 1,0500 0,0000 0 0.8000 0 2639782 0.0904 73793 242008 242008 
 0.0000 0,0000 0.0000
1998 1.0500 0,0000 0 0 0.0900
0.8000 2375804 263978 225701 0,0000
225701 0,0000 0,0000
1999 1.0500 0.0000 0 0.8000 
 0 2111826 0.0900 263978 2019A3 201943 
 0,0000 OOOCO 0.0000
2000 1,0500 0.0000 0 0.8000 0 1847848 0,0900 263978 178185 178185 0,0000 0,0000 0.0000
2001 1.0500 0,0000 
 0 0.8000 0 1583869 0.0900 263978 154427 154427 0,0000 0.0000 00000
2002 
 1,0500 0.0000 0 0,8000 0 1319891 0,0900 263978 130669 130669 0,0000 0.0000 0,0000
2003 1,0500 0,0000 0 0.8000 0 1055913 0,0900 263978 10691: 106911 0.0000 0.0000
0.0000
2004 10500 0,0000 
 0 0,8000 0 791935 0.0900 263978 83153 
 83153 0,0000 0.0000 0,0000
2005 1,0500 0,0000 0 0.8000 0 
 527956 0.0900 263978 59395 59375 0,0000 
0.0000 0,0000
2006 1,0500 0,0000 
 0 0.8000 0 263978 0.0900 263978 35637 35637 0,0000 0,0000 0,0000
2007 1.0500 0,0000 0 0.8000 
 0 0 0,0900 26978 11879 
 11879
2008 1,0500 0,0000 0 0.8000 0.0000 0,0000 0,0000
0 0 0.0900 
 0 0 0 0.0000 0,00000 0.0000
2009 1.0500 0.0000 0 0.8000 
 0 0 0.0900 
 0 0 0 0.0000 0.0000 0.0000
2010 1.0500 0,0000 0.8000
0 0 0 0,0900 0 
 0 0 0.0000 0.0000 0.0000
2011 1,0500 0
0,0000 0.8000 
 0 0 0.0900 
 0 0 0 0.0000 0.0000 0,0000
2012 1,0500 0,0000 0 0,8000 0 0 0.0900 0 0 
 0 0,0000 0.0000 0.0000
2013 1.0500 0.0000 0 0.8000 0 
 0 0,0900 
 0 0 0 0,0000 0.000 000000
2014 1.0500 0,0000 0 0.8000 0 0 0.0900 0 0 0 0,000 0.0000.000 

TOTAL COST IN 1984 $1000 2786739
 
TOTAL ACTUAL $1000 
 3315369
 

NOTE# INTEREST RATES SHOWN ARE ANNUAL ILENDED RATES
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TABLE 11-9.2 (Cont'd)
 

FINANCIAL ANALYSISi FaN Pn.AiA COAL TO METHANOL PROJECT / PGC/L.BI 6ASIFICATION
 

FIXED CAPITAL $TNOUSAI,.
 

START-UP EXPENSES
 

CAPITAL LOAN
ESC. COST DEBT TOTAL IHT, PRINC, YEARLY TAXABLE DEPREC, CREDIT CREDIT 
FACTOR RATIO DEBT'SCHED, REGD, PROCEED RATE REPAID INT, INT SCHEDULE RATE SCHED, 

1984 1,0000 0.0000 0 1.0000 0 0 0.1200 
 0 0 1 0.0000 0.0000 10000
1985 1.0550 0.0000 0 1.0000 0 0,1200 0 0.0000
0 0 0 0.0000 0.0000
 
1986 1,0550 000000 0 1.0000 0 
 0 0.1200 0 0 0 0.0000 0.0000 0,0000

1987 1.0550 0,0000 0 1.0000 0 0 0,1200 0 0 0 0,0000 0.0000 0.0000
 
1988 1,0550 0,0000 0 1,0000 0 0 0,1200 0 0 0 0.0000 
0.0000 0,00

1989 1,0550 0..700 105165 1.0000 111878 111878 0.1200 
 0 6713 6713 0,0000 0.0000 CAJ000

1990 1.0550 0.3300 54647 1,0000 72417 184295 0,1200 0 17770 17770 0,0000 0,000 0.0000
 
1991 1,0550 0.0000 0 1.0000 0 184295 0.1200 
 0 22115 22115 0.0000 0,0000 0,0000

1992 1.0550 0,0000 0 1.0000 0 153579 0,1200 30716 20272 20272 0.0000 
 0,0000 0.0000

1993 1.0550 0.0000 0 1,0000 0 122864 0,1200 30716 16587 16587 0,0000 
 0.0000 0.0000

1994 
 1.0550 0.0000 0 1.0000 0 92148 0.1200 30716 12901 12901 0,0000 0,0000 0.0000
 
1T95 1.0550 0.0000 0 1.0000 0 0.1200 9215 0,0000
61432 30716 9215 0,0000 0,0000
1996 1.0550 0,0000 0 1.0000 0 30716 0.1200 30716 5529 5529 
 0.0000 0,0000 0.0000
 
1997 1.0550 0,0000 0 1.0000 0 0.1200 1843 0.0000
0 30716 1843 0.0000 O.OooP1998 1,0550 0,0000 0 1,0000 0 0 0.1200 0 0 0 0.0000 0.0000 0,000
1999 1.050 0.0000 0 1.0000 0 0 0,1200 
 0 0 0 0.0000 0.0000 0,000(

2000 1.0550 0.0000 0 1,0000 0 0,1200 0 0.0000
0 0 0 0,0000 0,000(

2001 1.0550 0.0000 0 1.0000 0 
 0 0,1200 0 0 0 0.0000 0,0000 0,0000

2002 1.0550 0,0000 0 1.0000 0 0 0,1200 0 0 0 0.0000 0.0000 0,0000

2003 1,0550 0.0000 0 1.0000 0 0 0,1200 0 0 0 0.0000 0,0000 0.0000
 
2004 1.0550 0,0000 0 1.0000 0 0 0.1200 
 0 0 0 0.0000 0.0000 0.0000
 
2005 1,0550 0.0000 0 110000 0 0 0,1200 0 0 0 0,0000 0,0000 0.0000

2006 1.0550 0,0000 0 1,0000 0 0 0.1200 
 0 0 0 0.0000 0,0000 0.0000
 
2007 1.0550 0.0000 0 1,0000 0 0,1200 0
0 0 0.0000 0.0000 0,0000

2008 1.0550 0.0000 0 1.0000 0 0 0,1200 0 0 0 0.00 0.0000 0.0000

2009 1.0550 0,0000 0 1,0000 0 0 0,1200 0 0 0 0,0000 0.0000 0.0000
 
2010 1.0550 0,0000 0 1,0000 0 0 0.1200 0 0 0 0,0000 0.0000 0.0000
 
2011 1,0550 0.0000 0 1.0000 0 0 0.1200 0 0 0 0.0000 0,0000 0,0000

2012 1,0550 0.0000 0 1.0000 0 0 0.1200 0 0 0 0.0000 0,0000 0.0000
 
2013 1,0550 0,0000 0 1.0000 0 0 0,1200 0 0 0 0.0000 0.0000 0,0000

2014 1,0550 0,0000 0 1,0000 0 
 0 0.1200 0 0 0 0.0000 0.0000 0.0000
 

TOTAL COST IN 1984 $1000 120098 
TOTAL ACTUAL 1000 159812 

NOTE: INTEREST RATES SHOWN ARE ANNUAL BLENDED RATES 
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TABLE 11-9.2 (Cont'd)
 

FINANCIlk. ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / NGC/LURGI GASIFICATION
 

WORKING CAPITAL $THOUSANDS 

WORKING CAPITAL AND INVENTORY 

ESC, REAL CAPITAL DEBT LOAN TOTAL INT, PRINC, YEARLY TAXABLE 
FACTOR TOTAL REUD. RATIO PROLEED DEBT RATE REPAID INT, INT, 

1984 
1985 
1986 
1987 
1988 
19", 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 

1.0000 
1.0550 
10550 
1.0550 
1.0550 
1.0550 
1,0550 
1.0000 
1.0000 
1,0000 
1.0000 
1.0000 
1.0000 
1,0000 
1,0000 
1.0000 
1,0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1,0000 
1.0000 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

121600 167667 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 0 
121600 -167667 

10000 
1.0000 
1.0000 
1.0000 
1.0000 
10000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
160000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1,0000 
1.0000 
1.0000 
1.0000 
1.0000 
1,0000 

0 
0 
0 
0 
0 
0 

178369 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0.1200 
0 0,1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0.1200 

178369 0.1200 
178369 0.1200 
148641 0.1200 
118913 0.1200 
89135 0.1200 
59456 0.1200 
29728 0.1200 

0 0.1200 
0 0,1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0,1200 
0 0,1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0,1200 
0 0,1200 
0 0,1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0.1200 

0 
0 
0 
0 
0 
0 
0 
0 

29728 
29728 
29728 
29728 
29726 
29728 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
I 
0 
0 
0 
0 

10702 
21404 
19621 
16053 
12486 
8918 
5351 
1784 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

10;02 
.1404 
19621 
16053 
12486 
8918 
5351 
1784 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 11-9.2 (Cont'd)
 

FINANCIAL ANALYSIS FOR PAINA 6 COAL TO METHANOL PRO..C7 / DOC/Lustfil 61IFICATION 

MISCELLANEOUS LOANS $THOUSANDS
 

SHORT TERN COMMERCIAL LOAN TO COVER START-UP EXPENSES 

NET LOAN TOTAL INTEREST PRINCIPAL YEARLY TAXABLE
 
LOAN PROCEED 
 DEBT FLTE REPAID INTEREST INTEREST 

1984 0 0 0 0.1200 0 0 0
 
1985 0 0 0 
 0.1200 0 0 0
 
1986 0 0 0 0,1200 0 0 0
 
1987 0 0 0 0.1200 0 0 0
 
1988 0 0 0 0,1200 0 0 0
 
1989 0 0 0 0.1200 0 0 0
 
1990 120000 120000 120000 0,1200 7200
0 7200

1991 40000 40000 160000 0.1200 0 16800 16800
 
1992 0 0 133333 0.1200 26667 17600 17600
 
1993 0 0 106667 0,1200 26667 14400 14400
 
1994 0 0 80000 0,1200 26667 11200 11200
 
1995 0 0 53333 0,1200 26667 8000 8000
 
1996 0 0 26667 0,1200 26667 4300 4800

1997 0 0 
 0 0,1200 26667 1600 1600
 
1998 0 0 0 0,1200 0 0 0
 
1999 0 0 0 0.1200 0 0 0

2000 0 0 0 0.1200 0 0 0
 
2001 0 0 0 0.1200 0 0 0
 
2002 0 0 0 0,1200 0 0 0
 
2003 0 0 0 0,1200 0 0 0
 
2004 0 0 0 0.1200 0 0 0
 
2005 0 0 0 0.1200 0 0 0

2006 0 0 0 0,1200 0 0 0
 
2007 0 0 0 0.1200 0 0 0
 
2008 0 0 0 0.1200 0 0 0
 
2009 0 0 0 0.1200 0 0 0
 
2010 0 0 0 0,1200 0 0 0
 
2011 0 0 0 0.1200 0 0 0

2012 0 0 0 0,1200 0 0 0
 
2013 0 0 0 0,1200 0 0 0
 
2014 0 0 0 0,1200 0 0 0
 

TOTAL NET LOAN 1l0o0 160000
 
TOTAL LOAN PROCEED $1000 160000
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TABLE 11-9.3
 

FINANCIAL.ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / WESTINGHOUSE 60,1FICATION 

CASH FLOW SUMMARY 

---------
$THOUSANDS 

--------

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 

2009 
2010 
2011 
2012 
2013 
2014 

SALES 

RECEIPTS 

0 
0 
0 
0 
0 
0 

604402 
894885 

1224356 
1285574 
1349853 
1417345 
1488212 
1562623 
1640754 
1722792 
1808932 
1899378 
1994347 
2094064 
2198768 
2308706 
2424141 
2545348 
2672616 

2806247 
2946559 
3093887 
3248581 
3411010 
3581561 

LOAN 

PROCEEDS 

47134 
62249 

377479 
974250 
1402449 
987370 
38773B 
40000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

FIXED 

CAPITAL 

50151 
70439 

443763 
1126048 
1549286 
885534 
59740 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

WORKING 

CAPITAL 

0 
0 
0 
0 
0 
0 

177257 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

-177257 

VARIABLE 

COSTS 

0 
0 
0 
0 
0 
0 

200327 
307139 
450176 
477186 
505817 
536166 
568336 
615939 
652761 
691784 
733143 
776975 
823429 
872663 
924842 
980142 
1038751 
1100867 
1166699 

1236470 
1310415 
1388786 
1471845 
1559875 
1653173 

SEMIVARI-

ABLE COSTS 

0 
0 
0 
0 
0 
0 

189035 
198487 
208411 
218832 
229774 
241262 
253325 
265992 
279291 
293256 
307918 
323314 
339480 
356454 
374277 
392991 
412640 
433272 
454936 

477683 
501567 
526645 
552977 
580626 
609658 

DEBT 

REPAYMENT 

0 
0 
0 
0 
0 
0 
0 
0 

180934 
180934 
180934 
190934 
180934 
180934 
319307 
319307 
319307 
319307 
319307 
319307 
319307 
319307 
319307 
319307 

0 

0 
0 
0 
0 
0 
0 

INTEREST 

PAYMENT 

2220 
7372 
28086 
91765 

203775 
318102 
389584 
415248 
406792 
385080 
363368 
341656 
319944 
298232 
273007 
244270 
215532 
186794 
158057 
129319 
100582 
71844 
43106 
14369 

0 

0 
0 
0 
0 
0 
0 

TAY 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

ACTUAL 

CASHFLOW 

-5237 
-15562 
-94370 
-243563 
-350612 
-216266 
-23804 
14011 

"21957 
23542 
69960 
117327 
165673 
201526 
116389 
174176 
233032 
292988 
354074 
416322 
479761 
544423 
610337 
677534 

1050981 

1092094 
1134577 
1178456 
1223758 
1270509 
1495987 

FRAqPTIONAL DCFAOE 0,1500 (COMPOUNDED ANNUALLY) 0,1398 (COMPOUNDED CONTINUOUSLY)
FRACTiONAL DCFROE FOR WORKING CAPITAL 0.1500 (COMPOUNDED ANNUALLY) 0,1398 (COMPOUNDED CONTINUOUSLY) 

NOTE: THE DCFROE IN THIS STATEMENT REPRESENTS THE RETURH ON THE SUBORDINATED NOTES 
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TABLE 11-9.3 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / NESTING1OUSE GASIFICA73O 

VARIADLE COST OF SALES 

oooooo~oooooC AL(AS RE£LEIVED),.,o.... o, ooo,,o,,PAHAMNHIAN TOLLS ON METHANOL TOPK 
 o,..,6#o&
 

TON CAPACITY 
 ESC, $ PER TOTAL COST MNDTU NEON CAPACITY 
 ESC, $ PER TOTA. COST 
PER OP IDAY FACTOR FACTOR TON $1000/YEAR PER OP DAY FACTOR FACTOR MNDTU NEON $1000/YEAR 

1984 20000.00 0.0000 1.0000 42.8000 0 217020.00 0.0000 1.0000 0.1000 0
1985 20000.00 0.0000 1.0600 45.3680 
 0 217020.00 0.0000 1.0500 0.1050 
 0
1986 20000.00 0.0000 1.0600 48.0901 
 0 217020.00 0.0000 1.0500 0.1102 0
1987 20000.00 0.0000 1,0600 50.9755 0 
 217020.00 0.0000 1.0500 0.1158 
 0
1988 20000.00 
 0.0000 1.0600 54.0340 0 217020.00 0.0000 1.0500 0,1216 0
1989 20000,00 
 0.0000 1.0600 57.2761 0 217020.00 0.0000 1.0500 0.1276 0
1990 20000.00 0.4520 60.7126
1.0600 200327 217020.00 0,0000 1.0500 0.1340 0
1991 20000,00 
 0,6538 1.0600 64.3554 307139 217020.00 0.0000 1.0500 0.1407 0
1992 20000.00 0.9040 68.2167
1.0600 450176 217020.00 0.0000 1.0500 0.1477 0
1993 20000.00 0.9040 72.3097
1.0600 477186 217020.00 0.0000 1,0500 0,1551 0
1994 20000,00 0.9040 1,0600 505817
76.6483 217020.00 0.0000 1.0500 011629 0
1995 20000.00 
 0.9040 1.0600 81.2472 536166 217020.00 0.0000 1.0500 0.1710 0
1996 20000.00 
 0.9040 1.0600 86.1220 568336 217020.00 0,0000 1.0500 0,1796 0
1997 20000.00 0.9040 
 1.0600 91.2893 602437 217020.00 0.9040 1.0500 0.1886 13503

1998 20000,00 0.9040 1#0600 638583 0.9040
96.7667 217020,00 1.0500 0.1980 14178
1999 20000.00 
 0.9040 1.0600 102.5727 676898 217020.00 0.9040 1.0500 0.2079 14881
2000 20000.00 0.9040 1.0600 
 108.7271 717512 217020.00 0.9040 1.0500 0.2183 15631

2001 20000,00 
 0.9040 1.0600 115.2507 760562 217020.00 0.9040 1,0500 0.2292 16413
2002 20000.00 
 0.9040 1.0600 122.1657 806196 217020.00 0.9040 1.0500 0,2407 17233
2003 20000.00 0.9040 1.0600 
 129.4957 854568 217020.00 0.9040 1.0500 0,2527 18095

2004 20000,00 
 0.9040 1.0600 137.254 905842 217020.00 0.9040 1.0500 0.2653 19000
2005 20000,00 
 0.5040 1,0600 145.5013 960192 217020.00 0.9040 1.0500 0.2786 19950
2006 20000,00 
 0.9040 1.0600 154.2314 1017804 217020.00 0.9040 1.0500 0.2925 20947

2007 20000.00 0.9040 163.4853
1.0600 1078872 217020.00 0.9040 1.0500 0.3072 21995

2008 20000,00 0.9040 1.0600 173.2944 1143604 217020.00 0.9040 1.0500 0.3225 23094
2009 20000.00 
 0.9040 1.0600 183.6921 1212221 217020.00 0.9040 1.0500 0,3386 24249

2010 20000.00 0.9040 1.0600 194.7136 1284954 217020.00 0.9040 1.0500 0,3556 
 25461
2011 20000.00 0,9040 206.3964
1.0600 1362051 217020.00 0.9040 1,0500 0.3733 26735
2012 20000.00 0.9040 218.7802
1.0600 1443774 217020.00 0.9040 1,0500 0.3920 28071
2013 20000.00 0.9040 231.9070
1.0600 1530401 217020,00 0.9040 1,0500 0.4116 29475

2014 20000.00 0°9040 1.0600 245.8214 1622225 217020.00 0.9040 1.0500 0.4322 
 30949
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TABLE 11-9.3 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO KETHANOL. PROJECT / WESTINGHOUSE GASIFICATION 

SEMI-VARIABLE COST OF SALES 

,...,FIXED OPERATING AND MAINTENANCE COSTS........
 

1984 $ CAPACITY ESC, $ PER TOTAL COST
 
PER OP DAY FACTOR FACTOR 
 1984 S $1000/YEAR 

1984 
1985 

386468.49 
386468,49 

0.0000 
0.0000 

1.0000 
1.0500 

1.0000 
1.0500 

0 
0 

1986 386468,49 0,0000 1.0500 1,1025 0 
1987 
1988 
1989 
1990 
1991 

386468.49 
386468,49 
386468,49 
386468.49 
386468,49 

0.0000 
0,0000 
0.0000 
1.0000 
1.0000 

1.0500 
1.0500 
1,SCM 
1.0500 
1,0500 

1.1576 
1.2155 
1.2763 
1.3401 
1.4071 

0 
0 
0 

189035 
198487 

1992 
1993 
1994 

386468.49 
386468,49 
386468.49 

1.0000 
1,0000 
1,0000 

1,0500 
1.0500 
1,0500 

1,4775 
1.5513 
1.6289 

208411 
218832 
229774 

1995 386468,49 1.0000 1.0500 1.7103 241262 
1996 
1997 

386468,49 
386468,49 

1.0000 
1,0000 

1.0500 
1,0500 

1.7959 
1.8856 

253325 
265992 

1998 
1999 
2000 
2001 

386468,49 
38646B.49 
386468.49 
386468,49 

1.0000 
1,0000 
1.0000 
1,0000 

1,0500 
1,0500 
1.0500 
1.0500 

1.9799 
2,0789 
2,1029 
2,2920 

279291 
293256 
307918 
323314 

2002 
2003 

386468.49 
386468,49 

1,0000 
1,0000 

1.0500 
1,0500 

2,4066 
2.5270 

339480 
356454 

2004 
2005 
2006 

386468,49 
386468,49 
386468,49 

1,0000 
1,0000 
1,0000 

1,0500 
1,0500 
1,0500 

2,6533 
2.7860 
2,9253 

374277 
392991 
412640 

2007 
2008 
2009 

386468,49 
386468,49 
386468.49 

1,0000 
1.0000 
1.0000 

1,0500 
1,0500 
1.0500 

3.0715 
3.2251 
3.3864 

433272 
454936 
477683 

2010 
2011 
2012 

386468,49 
386468.49 
386468,49 

1.0000 
1.0000 
1.0000 

1,0500 
1.0500 
1.0500 

3,5557 
3.7335 
3.9201 

501567 
526645 
552977 

2013 386468,49 1.0000 1.0500 4.1161 580626 
2014 386468,49 1.0000 1.0500 4,3219 609658 
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TABLE 11-9.3 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO MET1AHOL PROJECT / WESTINGHOUSE GASIFICATION
 

SALES RECEIPTS
 

MMDTU CAPACITY 

PER OP DAY FACTOR 

ESC, 

FACTOR 

$ PER 
MNITU 

TOTAL COST 

$1000/YEAR 
1984 $ CAPACITY 

PER OP DAY FACTOR 

ESC, 

FACTOR 

$ PER 
1984 $ 

TOTAL COST 

$1000/YEAR 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 

217020.00 
217020.00 
217020,00 
217020,00 
217020,00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 
217020.00 

0,0000 
0.0000 
00000 
0,0000 
0.0000 
0.0000 
0.4920 
0.6938 
0,9040 
0.9040 
0,9040 
0.9040 
0.9040 
0,9040 
0,9040 
0,9040 
0,9040 
0.9040 
0.9040 
0,9040 

1.0000 
1.0500 
1.0500 
1.0500 
1.0500 
1,0500 
1.0500 
1.0500 
1.0500 
1.0500 
1,0500 
1,0500 
1,0500 
1.0500 
1.0500 
1.0500 
1,0500 
1.0500 
1,0500 
1.0500 

10.42 
11.0754 
11.6291 
12.2106 
12.8211 
13.4622 
14,1353 
14.8421 
15.5842 
16.3634 
17.1815 
18,0406 
18.9427 
19.8098 
20.8843 
21.9285 
23.0249 
24,1762 
25.3850 
26.6542 
27.9869 

0 
0 
0 
0 
0 
0 

578432 
856433 
1171747 
1230335 
1291051 
1356444 
1424266 
1495480 
1570254 
1648766 
J731204 
1817765 
1908653 
2004086 

107915.15 
107915.15 
107915.15 
107915.15 
107915.15 
107915,15 
107915,15 
107915,15 
107915.15 
107915.15 
107915.15 
107915,15 
107915,15 
107915,15 
107915.15 
107915,15 
107915.15 
107915.15 
107915.15 
107915.15 

0,0000 
0.0000 
0.0000 
0.0000 
0,0000 
0,0000 
0.4920 
0,693d 
0.9040 
0.9040 
0,9040 
0.9040 
0.9040 
0.9040 
0.9040 
0.9040 
0.9040 
0,9040 
0,9040 
0.9040 

1.0000 
1.0500 
1.0500 
1,0500 
1.0501 
1,0500 
1.0500 
1.0500 
1,0500 
1.0500 
1.0500 
1.0500 
1.0500 
1.0500 
1.0500 
1,0500 
1,0500 
1.0500 
1,0500 
1.0500 

1.0000 
1.0500 
1.1025 
1,1576 
1.2155 
1.2763 
1.3401 
1,4071 
1.4775 
1,5513 
1,6289 
1,7103 
1,7959 
1.8856 
1.9799 
2.0789 
2,1829 
2.2920 
2,4066 
2.5270 

0 
0 
0 
0 
0 
0 

25970 
38452 
52609 
55239 
58001 
60901 
63946 
67144 
70501 
740261 
77727 
81613 
85694 
89979 

2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 

217020.00 
217020,00 
217020.00 
217020,00 
217020,00 
217020.00 
217020,00 
217020,00 
217020.00 
217020,00 
217020.00 

0.9040 
0.9040 
0.9040 
0.9040 
0.9040 
0,9040 
0,9040 
0.9040 
0,9040 
0,9040 
0.9040 

1.0500 
1,0500 
1,0500 
1.0500 
1.0500 
1,0500 
1.0500 
1,0500 
1,0500 
1.0500 
1.0500 

29,3863 
30.8556 
32,3984 
34.0183 
35.7192 
37.5052 
39.3804 
41.3494 
43.4169 
45.5878 
47.8671 

2104290 
2209504 
2319980 
2435979 
2557777 
2685666 
2819950 
2960947 
3108995 
3264444 
3427666 

107915.15 
107915.15 
107915,15 
107915.15 
107915.15 
107915,15 
107915.15 
107915.15 
107915,15 
107915.15 
107915,15 

0.9040 
0.9040 
0.9040 
0.9040 
0.9040 
0,9040 
0,9040 
0.9040 
0,9040 
0.9040 
0.9040 

1.0500 
1.0500 
1.0500 
1,0500 
1,0500 
1.0500 
1,0500 
1,0500 
1,0500 
1,0500 
1.0500 

2.6533 
2.7860 
2.9253 
3,0715 
3.2251 
3.3864 
3.5557 
3,7335 
3.9201 
4,1161 
4.3219 

94478 
99202 
104162 
109370 
114838 
120580 
126609 
132940 
139587 
146566 
153894 
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TABLE 11-9.3 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / WESTINGHOUSE GASIFZCATIOj
 

FIXED CAPITAL $THOUSAHDS
 

PLANT AND EQUIPMENT
 

ESC, COST CAPITAL DEBT 
 LOAN TOTAL 
 IHT, PRIHC, YEARLY TAXABLE DEPREC, CREDIT CkEDIT

FACTOR 
SCHED, REOD, RATIO PROCEED DEBT RATE 
 REPAID 
 INT. INT, SCHEDULE RATE SCHED,
 

5784 1.0000 0.0149 50151 0.9000 47134 47134 0,0942 0 2220 2220 0,0000 
0.0000 1,0000
1985 1,0500 0.0199 70439 62249 0.0942
0.8000 109383 
 0 7372 7372 0.0000 0,0000 0.0000
1986 1,0500 0.1194 443763 0.8000 377479 486861 0.0942 28086
0 28086 0.0000 0.0000 0.0000
1987 1.0500 
 0.2886 1126048 0,8000 974250 1461112 0,0942 
 0 91765 91765 0.0000 0.0000 0,0000
1988 1.0500 0.3781 1549286 '.0000 1402449 2863560 0.0942 0 203775 203775 
 0.0000 0.0000 0.0000
1989 1.0500 0,1791 770566 0.8000 865064 3728625 0,0943 0 310764 310764 
 0,0000 0.0000 0.0000
1990 1.0'j00 0.0000 
 0 0.8000 0 3728625 0.0943 0 351643 351643 0.0000 0.0000 0,0000
1991 1,0500 0.0000 0 0.800C 0 3728625 0.0943 0 351643 351643 
 0,0000 0.0000 0,0000
1992 1.0500 0,0000 0 
0,80C) 0 3639365 0,0940 89260 346287 346287 0.0000 0,0000 0.0000
1993 1.0500 0,0000 0 0.8001) 0 3550105 0.0934 89260 335576 135576 
 0,0000 0.0000 0.0000
1994 1.0500 0.0000 0 0.8000 0 3460845 0.0927 89260 324865 0,0000 0.0000
324865 0.0000
1995 1.0500 0.0000 0 0.8000 0 3371585 0.0920 89260 314154 314154 0.0000 0.0000 0.0000
1996 1.0500 0,0000 0 0
018000 3282326 0.0912 89260 303443 0,0000 0.0000303443 0.0000
1997 1.0500 0.0000 
 0 0.8000 0 3193066 0.0904 89260 292732 292732 0.0000 0,0000 0o0000
1998 1.0500 0.0000 0 0.8000 
 0 2873759 0.0900 319307 273007 273007 
 0.0000 0,0000 0.0000
1999 1,0500 0.0000 0 0.8000 0 2554453 0.0900 319307 244270 244270 0.0000 0.0000 0.0000
2000 1,0500 0.0000 0 018000 0 2235146 0.0900 319307 215532 215532 
 0.0000 0,0000 0.0000
2001 1,0500 0,0000 0 0.8000 0 1915340 0.0900 319307 186794 186794 
 0,0000 0.0000 0.0000
2002 1.0500 0,0000 
 0 0.8000 0 1596533 0.0900 319307 158057 158057 0,0000 0.0000 0.0000
2003 1,0500 0,0000 
 0 0.8000 0 1277226 0.0900 319307 129319 
 129319 0,0000 0,0000 0.0000
2004 1,0500 0,0000 0 0.8000 0 957920 0,0900 100582 0,0000
319307 100582 0,0000 0,0000
200: 1,0500 0.0000 
 0 0.8000 0 638613 0.0900 319307 71844 
 71844 0.0000 0,0000 0.0000
2006 1,0500 0.0000 0 0.8000 0 319307 0,0900 319307 43106 
 43106 0,0000 0.0000 0,0000
2007 1.0500 0.0000 0.8000
0 0 0 0,0900 319307 14369 0.0000
14369 0.0000 0,0000
2008 1.0500 0.0000 0 0.8000 
 0 0 0,0900 0 0 
 0 0.0000 0.0000 0.0000
2009 1.0500 0,0000 0 0.8000 0 
 0 0.0900 0 0 0.0000 0.0000
0 0.0000
2010 1.0500 0.0000 0 0.8000 0 
 0 0.0900 
 0 0 0 0.0000 0,00000 0.0000
2011 1,0500 0.0000 0 0.8000 0 0 0.0900 
 0 0 0 0.0000 0.0000 0.0000
2012 1.0500 0,0000 0 0.8000 0 
 0 0.0900 0 0 0 G.0000 0,0000 0.0000
2013 1.0500 0.0000 
 0 0.8000 0 0 0,0900 
 0 0 0 0.0000 0.0000 0.0000
2014 1,0500 0.0000 0 0.8000 0 0 0,0900 0 0 
 0 0.0000 0.0000 0.000
 

TOTAL COST IN 1984 $1000 3370824
 
TOTAL ACTUAL 11000 
 4010252
 

NOTE: INTEREST RATES SHOWN ARE ANNUAL BLENDED RATES
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TABLE 11-9.3 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAl. TO METHANOL PROJECT / WESTINGHOUSE GASIFICATION
 

FIXED CAPITAL $THOUSANDS 

START-UP EXPEHSES 

ESC, COST CAPITAL DEBT LOAN TOTAL IHT, PRINC, YEARLY TAXABLE DEPREC, CREDIT CREDIT 
FACTOR SCHED, REQD, RATIO PROCEED DEBT RATE REPAID INT, INT, SCHEDULE RATE SCHED, 

1984 
1985 
1986 
1987 
1988 
I799 
1990 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
20022003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 

1.0000 0,0000 
1.0550 0,0000 
1.0550 0.0000 
1.0550 0.0000 
1.0550 0.0000 
1,0550 0.6700 
1,0550 0,3300 
1,0550 0.0000 
1.0550 0.0000 
1.0550 0.0000 
1.0550 0,0000 
1.0550 0.0000 
1.0550 0,0000 
1.0550 0.0000 
1,0550 0.0000 
1.0550 0.0000 
1,0550 0.0000 
1.0550 0.0000 
1.0550 0.00000550 0,0000 
1.0550 0.0000 
1,0550 0,0000 
1,0550 0,0000 
1,0550 0,0000 
1,0550 0.0000 
1,0550 0,0000 
1,0550 0,0000 
1.0550 0.0000 
1,0550 0.0000 
1.0550 0,0000 
1.0550 0,0000 

0 1,0000 
0 1,0000 
0 1.0000 
0 1,0000 
0 1.0000 

114968 1.0000 
59740 1;0000 

0 1.0000 
0 1,0000 
0 1.0000 
0 1,0000 
0 1.0000 
0 1.0000 
0 1,0000 
0 1.0000 
0 1.0000 
0 1.0000 
0 1.0000 
0 1.0000
0 1.0000 
0 1.0000 
0 1,0000 
0 1,0000 
0 1,0000 
0 1,0000 
0 1,0000 
0 1,0000 
0 1.0000 
0 1.0000 
0 1,0000 
0 1.0000 

0 
0 
0 
0 
0 

122306 
79167 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0,1200 
0 0,1200 
0 0,1200 
0 0.1200 
0 0,1200 

122306 0.1200 
201473 0.1200 
201473 0.1200 
167894 0.1200 
134315 0,1200 
100736 0.1200 
67158 0.1200 
33579 0.1200 

0 0.1200 
0 0.1200 
0 0.1200 
0 0,1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0,1200 
0 0,1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0,1200 

0 
0 
0 
0 
0 
0 
0 

0 
33579 
33579 
33579 
33579 
33579 
33579 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

7338 
19427 

24177 
22162 
18133 
14103 
10074 
6044 
2015 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

7338 
19427 

24177 
22162 
18133 
14103 
10074 
6044 
2015 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0000 
00000 
0.0000 
0.0000 
0.0000 
0.0000 
0,0000 

0.0000 
0,0000 
0,0000 
0,0000 
0,0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000
0,0000 
0,0000 
0.0000 
0.0000 
0,0000 
0,0000 
0.0000 
0.0000 
0.0000 
0,0000 
0.0000 

0.0000 1,0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0,0000 
0.0000 0.0000 
0,0000 0.0000 
0.0000 0.0000 

0,0000 0.0000 
0.0000 0,0000 
0,0000 0,0000 
0,0000 0,0000 
0,0000 0.0000 
0,0000 0.0000 
0.00 
0,00, ..vvq 
0.0000 0.0000 
0,0000 0.0000 
0,0000 0.0000 
0.0000 0,0000 
00000 0.00000.0000 0.0000 
0.0000 0.0000 
0.0000 0,0000 
0.0000 0.0000 
0.0000 0.0000 
0,0000 0.0000 
0,0000 0,0000 
0.0000 0,0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 

TOTAL COST IN 1984 $1000 131292 
TOTAL ACTUAL $1000 174708 

NOTE: INTEREST RATES SHOWN ARE ANNUAL BLENDED RATES 
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------ -----------------------------------------------

TABLE 11-9.3 (Cont'd)
 

FINAHCIAL ANALYSIS FOR PANA4A COAL TO METHANOL PROJECT / WESTINGHOUSE GASIFICATION
 

WORKING CAPITAL 

--- ------
$THOUSANDS 

--------

WORKING CAFITAL AND INVENTORY 

1984 
1985 
19G6 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
19?5 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2001 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 

ESC, REAL CAPITAL 

FACTOR TOTAL REOD+ 

1.0000 0 0 
1.0550 0 0 
1,0550 0 0 
1.0550 0 0 
1.0550 0 0 
1.0550 0 0 
1.0550 128555 177257 
1.0000 128555 0 
1,0000 128555 0 
1,0000 128555 0 
1.0000 128555 0 
1.0000 128555 0 
1.0000 128555 0 
1.0000 128555 0 
1.0000 128555 0 
1.0000 128555 0 
1.0000 128555 0 
1,0000 128555 0 
1.0000 128555 0 
1,0000 128555 0 
1,0000 128555 0 
1,0000 128555 0 
1.0000 128555 0 
1.0000 128555 0 
1.0000 128555 0 
1.0000 128555 0 
1,0000 128555 0 
1.0000 128555 0 
1,0000 1285'5 0 
1.0000 128555 0 
1.0000 128555 "177257 

DEBT 

RATIO 

1.0000 
1,0000 
1.0000 
1.0000 
1.0000 
1,0000 
1.0000 
1.0000 
1.0000 
1.0000 
1,0000 
1.0000 
1.0000 
1.0000 
1.0000 
1,0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1,0000 
1.0000 
1.0000 
1.0000 
1,0000 
1.0000 
1,0000 
1,0000 
1.0000 
1.0000 

LOAN 

PROCEED 

0 
0 
0 
0 
0 
0 

188571 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TOTAL IT, 

DEBT RATE 

0 0,1200 
0 0,1200 
0 0.1200 
0 0.1200 
0 0,1200 
0 0.1200 

188571 0.1200 
188571 0.1200 
157143 0.1200 
125714 0.1200 
94206 0.1200 
62857 0.1200 
31429 0.1200 

0 0.1200 
0 0.1200 
0 0,1200 
0 0.1200 
0 0,1200 
0 0,1200 
0 0.1200 
0 0,1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0,1200 
0 0,1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0.1200 
0 0,1200 

PRINC, 

REPAID 

0 
0 
0 
0 
0 
0 
0 
0 

31429 
31429 
31429 
31429 
31429 
31429 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

YEARLY 

INT, 

0 
0 
0 
0 
0 
0 

11314 
22629 
20743 
16971 
13200 
9429 
5657 
1886 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TAXABLE 

TNT, 

0 
0 
0 
0 
0 
0 

11314 
22629 
20743 
16971 
13200 
9429 
5657 
1886 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 11-9.3 (Cont'd)
 

FINANCIAL ANALYSIS FOR PANAMA COAL TO METHANOL PROJECT / WESTINGHOUSE GASIFICATION
 

MISCELLANEOUS LOANS 
 STHOUSAYDS
 

SHORT TERM COMMERCIAL LOAN TO COVER START-UP EXPENSES
 

NET LOAN TOTAL INTEREST PRINCIPAL YEARLY TAXABLE
 
LOAN PROCEED DEBT 
 RATE REPAID 
 INTEREST INTEREST
 

1984 0 
 0 0 0.1200 0 0 
 0

1985 0 
 0 0 0.1200 0 0 0

1986 0 0 0 0,1200 0 0 0
 
1987 0 0 0 0,1200 0 0 0
1988 0 
 0 0 0.1200 0 0 
 0

1989 0 
 0 0 0.1200 0 0 0
 
1990 120000 120000 120000 0,1200 0 7200 7200
1901 40000 40000 160000 0,1200 0 16800 16800
 
1992 0 0 133333 0,1200 26667 17600 17600
 
1993 0 0 106667 0,1200 26667 14400 14400
1994 0 
 0 80000 0,1200 26667 11200 
 11200
 
1995 0 
 0 53333 0,1200 26667 8000 
 8000

1996 0 
 0 26667 0,1200 26667 4800 
 4800
1997 0 0 0 0.1200 26667 1600 1600
 
1998 0 0 0 0.1200 0 0 0

1999 0 
 0 0 0,1200 0 0 
 0

2000 0 
 0 0 0.1200 0 0 
 0

2001 0 
 0 0 0.1200 0 0 0

2002 
 0 0 0 0.1200 0 0 0

2003 0 
 0 0 0.1200 0 0 
 0
 
2004 0 
 0 0 0.1200 0 0 
 0

2005 0 0 0 
 0.1200 0 0 0

2006 0 
 0 0 0.1200 0 0 0

2007 0 0 0 0,1200 0 0 0
 
2008 0 0 0 0.1200 0 0 
 0

2009 0 
 0 0 0.1200 0 0 
 0
 
2010 0 
 0 0 0,1200 0 0 
 0

2011 0 
 0 0 0.1200 0 0 0

20!2 0 0 0 0.1200 0 0 0
 
2013 0 
 0 0 0.1200 0 0 
 0

2014 0 
 0 0 0,1200 0 0 
 0
 

TOTAL NET LOAN 
 $1000 160000
 
TOTAL LOAN PROCEED 11000 160000
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III. EVALUATION OF OTHER PROCESS TECHNOLOGIES
 

III-1.0 SUMMARY, RECOMMENDATIONS AND CRITERIA
 

Technical 
and economic assessments were p';rformed to evaluate
and select the process systems required tor production of
methanol in 
a plant based on 
coal gasification. All of the
technologies selected for evaluation have had considerable

commercial experience, and therefore have very little technical
risk associated with their use. 
 The following technologies
were 
evaluated for utilization in the respective process

sections:
 

o 	 Acid Gas Removal Section
 
Selexol (Licensed by Norton)
 
Rectisol (Licensed by Linde AG)
 

" Sulfur Recovery Section
 
Claus/SCOT (Multi-Licensors)
 
Claus/Beavol (Licensed by R. M. Parsons)
 

o 
 Methanol Synthesis and Distillation Sections

ICI 
(Licensed by Imperial Chemicals Industries)

Lurgi (Licensed by Lurgi Kohl und Mineroltechnik GmbH)


III-1.1 SUMMARY AND RECOMMENDATIONS
 

IIi-1.1.1 Methodology
 

The evaluation of the various process technologies for

each section were based on 
designs executed on a standalone basis, with import or export 
of fuel, steam, electric
 power and other utility services, as required. The feed
 gas used for design of each process section was the same
as was 
developed for the corresponding section in 
the gasification study when using Texaco gasifiers with 20,000 STD
 
of feed coal.
 

For each process section the impact of using the alternate

gasification technologies (i.e. BG/SL and WCGS) was calcu
lated.
 

Process designs and capital 
cost estimates were based on
in-house data from previous studies, information developed
specifically for this study, and information received from
technology suppliers and vendors. 
 Annual operating costs
included catalyst, chemical, maintenance and utility costs
(or credits) based on unit utility costs referenced to the
 
cost of electric power.
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The economical results for Texaco based designs are pre
sented on Table III-1.1 as total capital'ized costs which
 
are the sums of the capital requirements and capitalized

operating costs both based on 
first quarter 1983 dollars
 
with no escalation. A capitalization factor of eleven was
 
developed based on a discounted cash flow analyi.is iising

consistent project financing parameters.
 

The impact of alternate gasification technologies was 
to

generally reduce the differential of total. capitalized
 
costs between competing process technologies, but not to
 
change the order of 
rank in total capitalized costs.
 

111-1.1.2 Recommendations
 

Because all c the technologies evaluated have had consider
able commercial experience, and because there is very little
 
technical risk associated with their use, 
the preferred
 
process technologies have been selected on 
the basis of lower
 
total capitalized costs. 
 For a methanol plant based either
on 

of the three gasification technologies evaluated, the
 
following process technologies are recommended.
 

ticid Gas Removal: 
 Rectisol
 

Sulfur Recovery: 
 Claus/Beavon
 

Methanol Synthesis and
 

Distillation: 
 Lurgi
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111-1.2 TECHNICAL AND ECONOMIC CRITERIA
 

111-1.2.1 Technical Criteria
 

Designs were based on criteria which included feed and product specifications, environmental emissions and effluents
 
and process equipment requirements.
 

Design efforts were based on 
the utilization of the Texaco

gasifier as the source of raw gas. 
 Results were evaluated

for impact of selection of alternate gasifiers.
 

In all cases, the respective designs were executed on a
stand-alone basis and not within the context of a complete
coal-to-methancl plant. 
 Fuel, steam, electric power and
other utility services were assumed to be available at the

section battery limits.
 

Redundant equipment was provided where failure would jeopardize plant operation. 
 Major high cost equipment was not
spared where experience indicates minimal probability of
failure or where multiple trains are provided which limit
the impact of a failure should it 
occur. Equipment sizing
was effected to provide a maximum degree of shop fabrica
tion and represents commercially available equipment. 
No
alternates were 
dependent upon equipment that is advanced
beyond the present state-of-the-art. 
The sparing philos
ophy was such as to provide for 90% on stream factor.
 

Within 
a particular train, only continuously operating

pumps were spared to 
assure operating reliability. In 
some
 cases, multiple equipment items were used wii.hin 
a train

for capacity limitations or economical 
reasons.
 

111-1.2.2 Economic Criteria
 

The economic results are presented in terms of total capital requirement and capitalized operating costs. 
 The cost
levels are based on 
first quarter 1983 dollars with no
 
escalation.
 

The total capital requirements include all of the unit
installed costs, royalty fees and initial charge of chemi-
cals and catalysts. The individual unit installed costs
include the installed costs of the equipment, contractor

and engineering costs and contingency. The contingency

covers uncertainties in the performance and pricing of the
 process equipment that might be revealed in 
a detailed
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engineering design. 
 The investment requirements are on a
 
U.S. Gulf Coast erected basis. The capital cost basis is
 
listed on Table 111-1.2.
 

The operating and maintenance (O&M) costs include all of
 
the individual unit utility costs, catalyst and chemical
 
costs and maintenance costs. The operating labor, sup
plies and overhead are not included since these should
 
be essentially the 
same for respective alternates and

make up only a small portion of the total operating costs.

The operating cost basis is listed in Table 111-1.3.
 

The utility values are listed in Table 111-1.4. The
 
values for the respective utilities are referenced to the
 
cost of electricity.
 

An operating load factor of 90% was used in determining

annual costs. This is appropriate for a capital intensive
 
plant based on coal gasification.
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TABLE III-1.1
 

GAS PROCESSING ASSESSMENT ( I )
 

SUMMARY ECONOMICS
 

PROCESS TECHNOLOGY CST__ ( ZED
 

ACID GAS REMOVAL
 

SELEXOL 
 771.5
 

RECTISOL 
 382.3
 

SULFUR RECOVERY
 

CLAUS/SCOT 
 185.9
 

CLAUS/BEAVON 126.2
 

METHANOL SYNTHESIS AND DISTILLATION
 

ICI 
 763.6
 

LURGI 
 414.6
 

NOTES:
 
(1)BASE CASE, TCGP
 

(2)PLANT INVESTMENT PLUS CAPITALIZED OPERATING COSTS
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TABLE 111-1.2
 

CAPITAL COST BASIS
 

ITEM 


Unit Installed Cost 


Total Capital Requirement 


Exclusions 


BASIS
 

The 	Installed Cost for each
 
Unit includes the following:
 

1. 	The installed cost of the
 
battery limits unit,
 

2. 	Contractor and engineering
 
costs,
 

3. 	Project contingency.
 

The 	Total Capital Requirement
 

is the sum of the:
 

1. 	Unit Installed Cost
 

2. 	Initial Charge of Catalysts
 
and Chemicals
 

3. 	Paid-up Royalties (as speci
fied by the licensors).
 

Excluded from the Capital Cost
 
is:
 

1. 	Offsite facilities,
 

2. 	Preproduction costs,
 

3. 	Inventory capital,
 

4. 	Allowance for funds during
 
construction,
 

5. 	Land costs.
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TABLE 111-1.3
 

OPERATING COST BASIS
 

ITEM 
 BASIS
 

O&M Costs 
 The 	O&M Costs are the combined
 

total of the following items:
 

1. 	Total Utilities cost,
 

2. 	Annual Catalyst and Chemi
cal Requirement,
 

3. 
Operation and Maintenance
 
at 4% of the capital cost.
 

On-stream Factor 
 90%
 

Exclusions 
 1. 	Overhead charges~l )
 

2. 	Levelized fixed capital
 
charges.
 

Capitalization Factor 11(2)
 

NOTES:
 

(1)The absolute value of the estimated costs for operating
labor, supplies and overhead charges for the respective

alternates is essentially 	 this
the 	same for all cases in 

study.
 

(2)Based on DCF analysis using project financing parameters.
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TABLE 111-1.4
 

UTILITY VALUES
 

ITEM VALUE ($) 

ELECTRIC POWER 0.07 per kWh
 

( I )

STEAM
 

50 psig, saturated 2.81 per 1,000 lbs.
 

150 psig, saturated 3.69 per 1,000 lbs.
 
200 psig, saturated 3.95 per 1,000 lbs.
 

250 psig, saturated 4.12 per 1,000 lbs.
 

600 psig, saturated 4.83 per 1,000 lbs.
 

600 psig, 750°F 5.98 per 1,000 lbs.
 

700 psj.g, saturated 4.92 per 1,000 lbs.
 

700 psig, 610 F 5.46 per 1,000 lbs.
 

1450 psig, saturated 5.27 per 1,000 lbs.
 

1450 psig, 770°F 6.46 per 1,000 lbs.
 

COOLING WVTER 0.09 per 1,000 gals.
 

BOILER FEED WATER
 

Supplj(5 )  0.23 per 1,000 lbs.
 
Heating(6 ) 5.83 per MM Btu
 

'
REFRIGERATIONG 


00F 0.13 per ton/hr.
 

-100F 0.14 per ton/hr.
 

-400F 0.21 per ton/hr.
 

SYNGAS, PURGE GAS AND REDUCING
 
GAS( 3 ) 
 8.75 per MM Btu
 

STRIPPING N2(4)
 

25 psia 1.18 per ton
 

33 psia 1.88 per ton
 

PROCESS WATER 0.035 per 1,000 lbs.
 

WASTE WATER TREATMENT(7 ) 1.09 per 1,000 gals.
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TABLE 111-1.4
 

UTILITY VALUES (Cont'd)
 

NOTES
 

(1)Includes requirements for cooling water for condensing
 
at 4" Hg Abs., with a turbine efficiency of 75% and a
 
motor efficiency of 95%.
 

(2)Based on 
ammonia refrigeration cycle. 
 Includes require
ments for cooling w.,ter 
to cool and condense the ammonia
 
at 
100OF with a cooling water AT 
= 10OF and an electric
 
motor efficiency of 95%.
 

(3)HHV basis, determined as 
energy equivalent of 
gas when

used as fuel in combined cycle at 
heat rate of 8,000 Btu
 
(HHV)/k;h. 

(4)Includes energy requirements for nitrogen compression
 

from 14.7 psia leaving air separation plant.
 

(5)BFW delivered at 
85 F.
 

(6)Methanol loop heat 
source with feed water ui. 3300 F. 
 Value

based on 
gasifier steam (1,500 psig/saturaLed) production

equivalence.
 

(7)Includes bio-oxidation treatment.
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111-2.0 
ACID GAS REMOVAL TECHNOLOGY EVALUATION
 

111-2.1 INTRODUCTION
 

111-2.1.1 Objective
 

The objective of the acid gas removal technology evaluation
was to select 
a specific technology for the Panama Droject.
The results were based on an 
analysis of the capital and

operating costs as determined by a conceptual design.

Commercial and technical risk factors will also be
 
considered.
 

111-2.1.2 Scope
 

The technologies evaluated were:
 

e Rectisol (licensed by Lotepro Corp)
 

* Selexol (licensed by Norton Company)
 

111-2.2 
CONCLUSTONS AND RECOMMENDATIONS
 

111-2.2.1 
 Summary and Conclusions
 

The function of the Acid Gas Removal section is to reduce
the quantity of carbon dioxide and sulfur compounds in the
syngas stream to a level suitable for methanol production.
 

The t-.. Uiternates considered in this study use nitrogen
stripping to regenerate the absorbing solvent. 
 In the case
of the Rectisol Unit, 
the process contains an additional CO
enriching column whose vent gas is treated further to lower
the CO concentration. 
 The Selexol unit does not include the
above additional equipment; however, this does not affect

the conclusions reached by t'is study.
 

The desigrs for both systems were develQDed usine two 
raw aas
feed streams, 
one shifted and one unshifted, from an in-house
design based on 
the Texaco Coal Gasification Process. 
 The
total installed cost 
for the Rectisol system is approximately

$136 MM while the total installed cost 
for the Selexol system
is approximately $233 
MM. The capitalized operating costs
were approximately $418MM for the Rectisol 
Uinit and
approximately $703 MM for the Selexol Unit.
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111-2.2.2 Recommendations
 

For plant configurations using either Texaco, Westinghouse
 
or BGC/Lurgi coal gasification processes, it is recommended
 
that the Rectisol system be selected because of 
its lower
 
investment and operating costs.
 

111-2.3 TECHNICAL APPROACH
 

111-2.3.1 Design Basis
 

The conceptual design, operating cost and capital cost 
for
 
each system was developed as follows:
 

" 	 The feed gas to the Acid Gas Removal system is based
 
upon the gaseous product from the Texaco Coal
 
Gasification Process.
 

" 
 Outline material balances, utilities and catalyst

and chemicals consumptions were developed by

factoring data from in-house designs 
as well as
 
data developed in-house specifically for this
 
project,
 

" 	 Both the Rectisol and Selexol systems consist of
 
3 trains. Each system is designed for an on-stream
 
time of 330 days per annum.
 

" 	 The capital cost 
estimate for the Rectisol system
 
was prepared by factoring in-house data. The
 
capital cost estimate for the Selexol system was
 
prepared in-house;
 

111-2.3.2 Process Considerations
 

111-2.3.2.1 Process Descriptions
 

A) 	Rectisol System Description
 

(Refer to Process Schematic B-30-FS10)
 

The Rectisol system consists of three (3)
 
i,entical parallel equipment trains. Separate,
 
shifted and unshifted teed gas streams are
 
supplied to the Rectisol System for 
treatment.
 
Each feed gas is treated in two separate
 
absorbers. The process description is
 
typical of the performance of each equipment
 
train.
 

III-11
 



A) Rectisol System Description (cont'd)
 

CO2 is removed with lean methanol in the upper

part of the Shifted Gas Main Absorption Tower.

In the bottom part of the tower, hydrogen sulfide

and carbonyl sulfide are removed by the 
same

methanol solitio,'. The absorption tower reduces
 
the syngas t al 
sulfur concentration to about

0.1 ppmv. 1 . unshifted gas stream is treated 
in the same ay as the shifted gas. The over
head gas fro 
 the Shifted Gas Absorber is com
bined with tnie 
overhead gas from the Unshifted
 
Gas Absorber to obtain the synthesis feed gas

for the methanol plant. This synthesis gas is

treated with ZnO catalyst to remove traces
 
of sulfur before entering the methanol plant.
 

The bottom liquid from both absorbers, rich in

H S and CO is flashed in intermediate pressure

Hash Drums. The flashed gases are recycled

back to the absorber feed. The liquid from the
 
two 
flash drums is sent to the CO Enriching

Column producing a CO-rich overhead gas stream.
The CO-rich tailgas is sent to a Catalytic
Converter where the CO is catalytically burned 
to CO . This gas is then combined with the 
scrubber CO2 tailgas from the Water Wash Column
 
and discharged to the atmosphere.
 

The liquid from the bottom of the CO Enriching

Column is sent to the CO 
Stripper where CO2 is

removed from the methanoY by a nitrogen gas

stream fed at 
the bottom of the tower. 
The H2S
loaded methanol from the bottom of the CO2

Stripping Column is 
heated and sent 
to the H2S
 
Stripper. H S and residual CO2 
are stripped
from the ricR methanol by means of methanol
 
vapor generated in the Stripper Reboiler. 
 The
 
H2 S-rich gas leaving the stripper is sent off
site for sulfur recovery. A portion of the
lean methanol from the bottom of the H S Stripper

is fed to the Methanol Distillation Coyumn where

methanol is recovered from the methanol/water
 
solution.
 

A Water Wash Column is used to 
remove entrained
 
methanol from the top of the CO 
Stripper.

The methanol loaded water from ?he bottom of the

wash column is sent off-site for disposal.
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B) Selexol System Description
 

(Refer to Process Schematics B-30-FSl1 and
 
B-30-FSI2)
 

The Selexol system consists of three identical
 
parallel equipment trains. Each train contains
 
two similar sections; one section treats the
 
unshifted gas while the other section 
treats
 
the shifted gas. The syngas, vent gas and Claus
 
gas from each section are combined and sent to
 
furtaer processing. The two sections contain
 
vertically identical equipment configurations.
 
The process de:cription given is for the
 
unshifted gas section.
 

The unshifted gas section consists of the
 
following four basic units:
 

a. Upstream Hydrolysis Unit
 

b. H2S Removal Unit
 

c. CO 2 Removal Unit
 

d. Interstage Hydrolysis Unit
 

a) Upstream Hydrolysis Unit
 

The raw feed gas is sent through a Hydrolysis
 
Reactor where the COS reacts with H 0 to
 
produce H2 S and CO 2 . Unlike the in~erstage
 
hydrolysis step (described later), the
 
upstream hydrolysis step does not require
 
any steam addition because the feed gas is
 
already saturated with steam from upstream
 
processing. Following the reactor, the gas
 
enters the H2S removal unit.
 

b) H2 
S Removal Unit
 

Feed gas from upstream hydrolysis is combined
 
with recycle flash gas and passed through the
 
Bulk H2S Absorber where H S is removed by
 
countercurrent contact wi~h a solvent lean 
in
 
H S and rich in CO2. The overhead from the
 
bulk H2 S abosrber is sent to the Interstage

Hydrolysis step where the unabsorbed COS is
 
converted to H S. The effluent gas from the COS 
hydrolysis entgrs the Trim H S Absorber where 
the remaining sulfur is reduced down to approxi
mately 1 ppmv. The overhead gas from the trim 
absorber is sent to the CO 2 removal step. The
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B) Selexol System Description (cont'd)
 

S
b) H2 Removal Unit (cont'd)
 

rich solvent from the bottom of the absorber
 
is depressurized and the resulting flash gases
 
are recycled to 
the absorbei feed.
 

The solvent 
from the Flash Drum is heated and
 
sent to the top of the H S Stripper where the

remaining solvent 
is ste;im stripped by counter
current contact 
with steam generated in the

H2 S Stripper Reboiler. The qtripped gases are
 
sent off-site for sulfur recovery. The stripped

solvent is combined with the lean 
solution from

the CO 2 Stripper and returned to 
the respective
 
absorbers.
 

c) Interstage Hydrolysis
 

The vapor stream from the top of the bulk H2 S
absorber is preheated with hot COS hydrolysis

effluent. This vapor 
stream is then heated to
 
reaction temperature with steam in 
the Inter
stage Hydrolysis Steam Heater. 
 The gas

enters the Interstage Hydrolysis Reactor where
 
the COS is catalytically converted to H 2S by

reaction with steam.
 

The COS hydrolysis effluent is cooled in the
Feed/Effluent Exchanger, and then further cooled
 
with cooling water 
in the COS Hydrolysis Effluent

Cooler. The hydrolysis effluent vapor 
is chilled
 
and returned to the trim absorber where the H 2 S
produced in the hydrolysis step is removed.
 

d) CO 2 Removal Unit
 

The gas leaving the trim H2 S absorber is combined
 
with recycle flash gas and fed to the CO 2
Absorber where the CO 2 
is removed by countercurrent
 
contact with cold lean solvent. 
 The CO 2 absorber
 overhead is combined with the shifted portion and
sent to ZnO treatment for removal of tra-es of
 
H2 S 
and COS. 
 The effluent from the ZnO treatment

is then sent to Methanol Synthesis. Rich solvent
 
exiting the absorber bottom is split 
into two
 
streams. One stream is sent to 
the top of the
trim H2 S absorber; the other is let down in
 
pressure and flashed. 
 The flashed gases are
 
recycled to 
the CO, absorber feed and the flash
 
liquid is sent to 
{he CO 2 Stripper. In the CO2
Stripper, CO
 2 is removed from the flashed liquor

by gaseous nitrogen and vented to 
the atmosphere.
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B) Selexol System Description (cont'd)
 

d) CO 2 Removal Unit (cont'd)
 

The stripped solvent from the H2S stripper is
 
combined with the stripped solvent from the
 
CO 2 strinper and returned back to the CO 2
 
absorber.
 

III.-2.3.2.2 System Perlormance 

Outline matcrial balance data for the Rectisol and
 
Selexol systems are given in Tables 111-2.1 an(', 111-2.1
 
respectively. Utilities consumption are 
listled in 
Table 111-2.3. The Rectisol Unit predu.es a syngas 
stream with 0.25 pprnv lotal sulfur. The Selexol 
unit produees a syngas stream with 0.5 ppmv total 
sul fur.
 

111-2.3 .3 Commercial Eva luation and Areas of T-chnicnl 
Uncertainty
 

0 Rectiso] System
 

Tie Rectisol process has been connercially available 
since 1960. As of 1983, there are 16 units in operatic 
world wide. Four of these units are used in coal 
gasification plants. The most recent units is being
built at Kingsport, Tennessee for a Texaco gasifi.ca:
tion process. The other three units are in operation 
in Zambia, South Africa and Turkey. 

The above evideyce shows that the Rectisol system is
 
well regarded, and therefore, there should be a low
 
overall risk for the use of the process.
 

* Selexol System
 

The Selexol system has been commercially available
 
since 1965, with 31 plants in commercial operation
 
at present. From this standpoint, commercial risk
 
is relatively low. However, concern exists about
 
potential operating problems with the Selexol system
 
for the following reasons:
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111-2.3.3 Commercial Evaluation and Areas of Technical
 

Uncertainty (cont'd)
 

Selexol System (cont'd) 

* 
 The Selexol process has been used for synthesis
 
gas only on a pilot plant 
level. There are, at
 
present, no large commercial size synthesis gas

plants using 
 he Selexol process.
 

The high viscosity of 
the Selexol solvent at
 
low temperatures results in very low heat
 
transfer coet2icients f7r 
the solution
 
exchangers.
 

* The Selexol system is 
more complex due to the
 
need for COS Hydrolysis Units.
 

* The Selexol process has 
no commercial experience

with spiral wound exchangers which could be
 
used to increase the heat recovery in 
the process.

The Rectisol process makes extensive use ol this
 
exchanger configurations and its merits 
are well
 
proven.
 

111-2.4 
 ECONOMIC EVALUATION
 

111-2.4.1 Capital Cost
 

The capital 
costs for the Selexol and Rectisol -,v.qtpms

are 
outlined in Tables 111-2.4 and 111-2.5 respectively.
 

On a Gulf Coast 1st Quarter 1983 basis, the Selexol

estimate is 
$233.0 million and the Rectisol estimate is
$135.9 million. 
Within the accuracy of the estimate,

this difference is regarded as 
substantial.
 

111-2.4.2 Operating Cost
 

The annual operating costs of the Selexol and Rectisol 
processes are gix.en 
in Tables !11-2.6 and 111-2.7 respec
tively. The Selexol estimate is $33.94 million per year

in 1983 dollars, and the Rectisol estimate 
is $38.04
 
million. 
 The $25.90 million difference in annual
 
operating costs is due mainly to power requirements for
 
a higher solvrent circulation, and the replacement of COS
 
Hydrolysis Catalyst in the Selexol System.
 

III-2.4.3 Comparative Assessment
 

Table 111-2.8 shows the 
total capitalized cost 
for both
systems. 
 This is defined as the installed capital

cost 
plus the annual operating costs multiplied by

the project capitalization factor of 11. The total
capitalized cost 
for the Rectisol and Selexol systems

is $554 
and $936 million respectively, a differential
 
of $382 million in 
favor of the Rectisol system.
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111-2.5 SENSITIVITY TO GASIFIER SELECTION
 

As shown in Table 111-2.8, the Rectisol Lnit was more
 
economical than the Selexol Unit in both operating
 
and capital costs. This was a consequence of the
 
physical nature of the two circulating absorbents.
 
For the same amount of HQ9S to be absorbed, design
 
calculations show that t~e required methanol
 
circulation rate in gpm is of the same order of
 
magnitude as the Selexol solvent circulation rate.
 
However, for the 
same amount of CO 2 to be absorbed,
 
design calculations show that the required Selexol
 
so]vent cLrculation rate in gpm is about four times
 
that of the methanol circulation rate. Since the
 
circulatiDn rate is significant in determining both
 
the capital and operating costs, for a given feed,
 
which reqiires both CO and H2S removal, it was
 
concluded that the Rec~isol system was preferred.
 

A directional examination of the impact of alternate
 
gasifiers o)n the technology evaluation confirms this
 
conclusion. The Rectisol process exhibits a cost
 
(investment plus capitalized operating) advantage
 
of approximately $225 MM over the Selexol when a
 
British Gas Corp/Slagging Lurgi product gas is
 
treated and an advantage of approximately $315 MM
 
when a Westinghouse gas is treated.
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TABLE 111-2.1
 

RECT19OL PROCESS BATTERY LIMIT STREAM DATA
 
a. Mass Balance
 

Stream Numbers refer to Schematic on B-30-FSIO
 

Stream 1 Stream 2
 
Shifted Feed Gas Unshifted Feed GasGas
U shitrFeam 


COmp 
 lb mol/hr molz 
 lb mol/hr 
 molt 

H2S 
 882.0

COS l.U4
8.6 
 0.01 
 1022.9
66.4 
 1.09
C02 34767.2 1.39
41.14 12407.5 16.91 

CO 
 2535.8 
 3.00 
 33253.1 
 45.33
H2 
 45E74.4 
 54.29 
 26077.5 
 35.54
N2 2E6.7 
 0.34 
 351.4
Ar 0.46
94.5 
 0.11 
 115.6

Ch4 59.2 0.07 

0.16 

72.6 
 0.10 


6-450E.4 1O0.OO0 73367.4 100.00 


Stream5 
 Stream 6
MBGGas 
 Total Syn Gas 


Cop lb mol/hr =o1% lb mol/hr molz 


Cos 
 0.9 ppm 
 - I ppm

Co0.93
CO2 2817.4 1E.66 ppm 1 ppm
3333.8 
 3.35
CO 
 6624.e 
 45.20 
 28790.8
82 28.93
5351.7 
 35.44 
 6t527.5
N2 71.8 0.48 
 557.5
Ar 21.3 0.14 

C.56 

1LE.9 
 0.19 


CH4 12.0 0.08 
 116.8 
 0.12 


- -

TOTAL 15099.0 
 100.00 
 99517.3 
 100.00 


Stream 3____________Stripping Nitrogen 


lb mol/hr 


-

4425.0 


4425.0 


Stream 7 

Total ClausGas 


lb mol/hr Holl 


1904.8 
 40.66 

74.9 1.60


2702.6 
 57.72 

- -
-
-
- -
-

-


4682.3 
 100.00 


mol% 


-30.1 


100.00 


-


100.00 


Stream 8 

Waste Water From 


Water Wash Column

C LbHal/Hr 


h2S -
C05 -
CO2 -
CO 
O6.,5 


-
Ar -

-
Ch4 

-
-

CH30h 
E'2() 

7.9 
11329.2 

11337.1 


Stream 4
 
Total Vent Gas
 

lb mol/hr 


0.1
3 


38320.9
1 

12.9 


4433.8
 
0 

0.1 


- 1.227.0~ 
42841.6 

Stream 9
 
Waste Water
 

mo
 

2.32.3 ppmppm
 

89.45
 
0.17
 

10.35
 
2.3 pp
 

100.00
 

Hell 


-

_
 

-


_ 


D.07 

99.93 


100.O0 


From Meth Dist Column
LbHal/hr Hol
 

-

-

_
 

331.6 

-

331.6 


500 ppm%.

100.00
 

100.00
 



TABLE 111-2.2 

b. Mass Balance 

Stream Numbers refer to Schematics on B-30-FS1I 

SELEXOL PROCESS EATTERY LIMIT STREAM DATA 

and f-30-FS-12 

Stream i 
 Stream 2
Unshifted Gas 
from Gas Cooling Stream 3
Stripping Nitrogen (Unshifted) Stream 4
MBG From Unshifted Section 
 Shifted Gas 
from CO Shift
Comp 
 lb mol/hr mol% 
 lb mol/hr mol% 
 lb mol/hr 
 mol% 
 ib mal!hr 
 mol%

H'S 
 1022.9 
 1.39 

C6S 66.4 0.09 9 ppm
- 882.0 
- 1.04
CO2 12407.5 16.91 93 ppm 8.6 0.01
-
CO 33253.1 45.33 2761.9 18.36 
 34767.2
- 41.14
6824.8 
 45.38 
 2535.8
26077.5 3.00
35.54
N2 351.4 
 0.4E 956.0 5342.2
ArAr 115.8 100.00 35.52
11.8 0. 6-2 72.0
0.16 0.48 45874.4
- 54.29
- 286.7
6 70.34
 
CH4 72.8 0.10 

23.8 
94.5 0.1i
 

0.16 

-
 15.0 
 0.10 
 59.2 
 0.07
TOTAL 73367.4 
 100.00 
 956.0 
 100.00 
 15039.7 
 100.00 
 84508.4 
 100.00
 

Stream 5 
 Stream 6
Stripping Nitrogen (Shifted) Stream 7
Total Sngas from both Sections Total Vent Gas Stream 8
From both Sections 
 Total Claus Gas From Both 
Sections
Comp Ib mol/hr mol% 
 lb mol/hr 
 mol% lb mol/hr 
 mol% 
 ib mol/hr 
 mol%
 

HIS
COS - _ 
_ 0.16 ppm 0.1
0.34 ppm 0.2 2.5 ppm 1978.0 4C.55
CO2 5.0 ppm
- 3333.8 1.6
3.35 O.L3
C_ 38256.7 
 92.34
- 28670.7 2895.528.96 59.37
91.6 
 0.22 
 1.8 
 0.04
N2 2050.0 - 66534.4
100.00 66.80
565.4 74.9
0.57 0.18
3006.7
Ar - 7.26 0.4 0.01
- 186.3 
 0.19 1.4 ppm
CH4 - -
0.2 4.8 ppm

114.7 .45 ppm
0.11 
 2.3 55.5 ppm 

TOTAL 
 6.7 ppm
2050.0 

_ 

100.00 99605.3 
 100.00 
 41432.7 
 100.00 
 4877.3 
 100.00
 



TABLE 111-2.3
 

UTILITIES CONSUMPTION
 

Selexol System
 

Utilities 


Electric Power 

700 psig, 610°F Steam 

150 psig, Saturated Steam 

Cooling Water (20OF Rise) 

Refrigeration (-1OOF) 

Refrigeration (0OF) 

Stripping Nitrogen (25 psia)

Waste Water Treatment 


Rectisol System
 

Utilities 


Electric Power 

150 psig, Saturated Steam 

50 psig, Saturated Steam 

Cooling Water (20°F Rise)

Refrigeration (-40 0 F) 

Stripping Nitrogen (33 psia)

Process Water 

Waste Water Treatment 


Consumption
 

13,400 kW
 
163,400 lb/hr
 
288,700 lb/hr
 
10,900 gpm
 
8,500 tons
 
11,500 tons
 
333,300 tons/yr
 
375 gpm
 

Consumption
 

10,050 kW
 
36,000 kb/hr
 
168,000 lb/hr
 
8,100 gpm
 
11,500 tons
 
491,000 tons/yr
 
181,500 lb/hr
 
375 gpm
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TABLE 111-2.4 

SELEXOL CAPITAL COST ESTIMATE 

Basis: U.S. Gulf Coast - 1st Quarter 1983 

$ MM 

Materials $ 121.947 

Labor 17.150 

$ 139.097 

Spare Parts (2.5% of Materials) $ 3.049 

Catalysts and Chemicals (First Fill) 40.161 

License Fees 3.435 
Field Indirects (40% of Labor) 6.860 

Subtotal $ 192.602 

Engineering, Related Services, Construction $ 21.187 
Management & Fees 

Contingency @ 10% 19.260 

$ 233.049 
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TABLE 111-2.5 

RECTISOL CAPITAL COST ESTIMATE 

Basis: U.S. Gulf Coast - 1st Quarter 1983 

$ MM 
Materials $ 87.138 
Labor 

11.352 

$ 98.490 

Spare Parts (2.5% of Materials) $ 2.178 
Catalysts and Chemicals (First Fill) 1.359 
License Fees 5.754 
Field Indirects (40% of Labor) 4.541 

Subtotal $ 112.322 

Engineering, Related Services, Construction $ 12.356 
Management & Fees 

Contingency @ 10% 11.232 

$ 135.910 
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TABLE 111-2.6
 

SELEXOL OPERATING COSTS SUMMARY
 

Utilities 
 Annual Cost($MM)
 

Electricity 
 $ 7.416
 
700 psig, 610OF Steam 
 7.065
 
150 psig, Saturated Steam 
 8.438
 
Cooling Water (20oF Rise) 
 0.464
 
Refrigeration (-10
 0 F) 9.377
 
Refrigeration (00 F) 
 11.839
 
Stripping Nitrogen (25 psia) 
 0.393
 
Waste Water Treatment 
 0.009
 

TOTAL NET UTILITIES COSTS 
 $ 45.001
 

Catalysts and Chemicals
 

Selexol Solvent 
 $ 0.661
 
Hydrolysis Catalyst 
 8.837
 
ZnO Catalyst 
 0.123
 

TOTAL CATALYSTS AND CHEMICALS 
 $ 9.621
 

Operation and Maintenance
 

4% of Total Installed Cost of $ 233.049 
 $ 9.322
 

TOTAL ANNUAL OPERATING COST 
 $ 63.944
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TABLE I1-2.7
 

RECTISOL OPERATING COSTS SUMMARY
 

Utilities 

Annual Cost $ MM
 

Electricity 

$ 5.572
150 psig, Saturated Steam 

1.05250 psig, Saturated Steam 

Cooling Water (20°F Rise) 

3.739
 

Refrigeration (-40 0.348
0 F) 

19.140
Stripping Nitrogen (33 psia)


Process Water 
 0.922
 
0.050
Waste Water Treatment 

0.194
 

TOTAL NET UTILITIES COST 
 $ 31.017
 

Catalysts and Chemicals
 

Methanol 
$ 1.095ZnO Catalyst 


0.493
 

TOTAL CATALYSTS AND CHEMICALS 
 $ 1.588
 

Operation and Maintenance
 

4% of Total Installed Cost of $ 135.910 
 $ 5.436
 

TOTAL ANNUAL OPERATING COST 
 $ 38.041 
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TABLE 111-2.8 

SELEXOL VS RECTISOL 

COMPARATIVE ECONOMIC ASSESSMENT 

Basis: 1983 1st Quarter $ Millions 

Capitalized Variable Costs ( 1 ) 

Installed Capital Cost 

Total Capitalized Cost 

Differential 

Rectisol 

$ 418.45 

135.91 

$ 554.36 

Base 

Selexol 

$ 703.38 

233.05 

$ 936.43 

+ $ 382.07 

Note: 

(1) Based on capitalization factor of 11. 
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111-3.0 
 SULFUR RECOVERY TECHNOLOGY EVALUATION
 

111-3.1 
 INTRODUCTION
 

111-3.1.1 Objective
 

The objective of 
the sulfur recovery technology evaluation
was 
to sele(t a specific technology for the Panama project.
The results were 
based on an analysis of the capital

and operating costs as 
determined by a conceptual design.

Cormercial and 
technical risk factors were also considered.
 

111-3.1.2 Scooe
 

The technologies evaluated were:
 

" Claus/SCOT (various licensors)
 
* Claus/Beavon (licensed by 
the R. M. Parsons Co.)
 

111-3.2 
 CONCLUSIONS AND RECOMMENDATIONS
 

111-3.2.1 
 Summary and Conclusions
 

The function of 
the Sulfur Recovery section is to reduce the
quantity of the sulfur compounds in the sour 
gas effluents
of the plant (which are primarily from the sulfur removal
system) to 
a level suitable for atmospheric venting. 
Sulfur

is recovered in 
the elemental 
form as a liquid.
 

The two alternates considered in this study both use the
Claus system to 
recover about 95% of the sulfur. 
Tailgas
from the Claus system is further processed in either a SCOT
or Beavon tailgas treatment system resulting in 
an overall

Sulfur recovery exceeding 99.9% in both cases.
 

The design [or both systems was developed using a sour gas
feed composition from an 
in-house design based on 
the Texaco
Coal Gasification Process and Rectisol acid gas removal.
The total installed cost for both the Claus/SCOT and Claus/
Beavon systems was estimated to 
be about $65 million on a
Gulf Coast basis. Operating costs total about $11 
million
 a year for the Claus/SCOT system and $5.6 million 
a year for
 
the Claus/Beavon.
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An 	evaluation of the 
impact of alternate gasification tech
nology on 
the Sulfur Recovery system indicates, that while

capitalI costs should remain essentially unchanged, operating

costs are 
likely to fall, especiall-y, for the Claus/SCOT

alternate. Directional analysis for 
a configuration using

the BGC/Slagging Lurgi gasifier indicated variable costs of
$3.9 million and $2.1 
million annually for the Claus/SCOT

and Claus/Beavon systems respectively. A similar analysis

for 
a plant using the Westinghouse gasifier gave corresponding

costs of $9 million 
and $4.6 million annually respectively.
 

111-3.2.2 Recommendations
 

For plant configurations using Te).aco gasification technology,

it is recommended that the Claus/Beavon system be selected 
because of its lower operating cost. An analysis for the
impact of alternate gasification technologies (i.e. BG/SL
and WCGS) also resuilted in lower operating costs for the

Claus/Beavon system, and did not 
change the recommendation.
 

111-3.3 TECHNICAL APPROACH
 

111-3.3.1 Design Basis
 

The conceptual design, operating cost 
and capital cost for
 
each system was developed as follows:
 

o 	 The feed gas composition and quantity is based
 
upon 
gas fror' the Texaco Coal Gasification
 
Process.
 

o 
 Outline material balances, utilities and catalyst

and chemical consumptions were developed by

factoring data from in-house designs.
 

o 	 The Claus sections are comprised of three trains;

the SCOT and Beavon sections two trains. Each
 
system is designed for an on-stream time of 330
 
days per year.
 

o 	 The capital cost estimate was prepared by
 
factoring in-house data. 
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111-3.3.2 
 Process Considerations
 

111-3.3.2.1 
 Process Descriptions
 

Claus Unit Description
 

The Claus reaction consists of combining two moles of H2 S with
 one mole of SO 2 to 
form elemental sulfur:
 

H2S + 32 0 
 SO 2 + H2 0
 

2HS + SO 
 3S + 2H20
2 


2 
The Claus unit uses 
a three-stage process 
as illustrated in
Drawing B-35--FSI0. 
 Acid gas flows through a knockout drum
to trap entrained liquid. 
 The gas enters the reaction furnace along with air, which is ratio-controlled 
to burn onethird of the H2S 
to form SO 2. The gases are cooled in the
reaction cooler, which produces medium pressure steam and
are further cooled in condenser I, which produces 
low pressure steam. 
 Further reaction occurs when the gases 
are reheated and pass into catalytic converter 1. Sulfur formed
here is condensed in 
condenser 2. 
 This constitutes the
first catalytic stage. 
 The second and 
third catalytic
stages are identical. 
 The sulfur collected from all four

condensers flows into the sulfur pit.
 

S(OT Unit Description
 

The SCOT (i.e., 
Shell Claus Off-Gas Treatment) process, which
was 
developed by Royal-Dutch-Shell, consists of 
a reduction
stage, followed by a concentration stage producing an H2 Srich streani for recycling to 
the Claus plant. The system

is shown 
on Drawing B-35-FSII.
 

In the SCOT process, the Claus 
tail gas is heated with direct
firing of medium BTU gas 
(MBG) to 
the required reaction temperature. 
The heated gas, together with additional MBG, is
passed through a 
reactor containing cobalt-molybdenum catalyst
where sulfur and sulfur compounds, including COS and CS 2 , are
reduced by 
the MBG to H2 S. The reacted gas is cooled by
generating steam in 
the waste heat boiler and is further
cooled by countercurrent contact 
with water in the quench
tower. 
 The cooled gas is then countercurrently scrubbed with
a methyl diethanolamine 
(MDEA) solution in 
the absorption
column, which is designed to achieve removal of the H 2S while
co-absorbing only a small part of the CO
 2.
 

111-28
 

,y
 



The tail gas from the SCOT unit contains about 200 parts per

million of H2 S, and therefore must be incinerated (using

supplementary fuel MBG) before being vented.
 

The H2 S is stripped from the rich MDEA solution in 
a conven
tional stripper and the overhead gas, primarily H2S, 
is
recycled to 
the Claus plant. This recycle of H 2 S reJults 
in
approximately 4% 
more sulfur production in the Claus unit.
 

Beavon Sulfur Removal Unit Description
 

The process sequence for 
the Beavon Sulfur Removal (Tail gas
treating) unit 
is shown on Drawing B-35-FS1O. The process
consists of the hydrogenation subsection and the Stretford
 
sabsection.
 

In the hydrogenation subsection, the Claus unit 
tail gas
is 
heated to reaction temperature in the reducing gas genera
tor by mixing it with the products of combustion of MBG and
air. Some hydrogen and carbon monoxide are 
formed to supplement the hydrogen in the tail 
gas. The gas enters the hydro
genation reactor where essentially all sulfur compounds (i.e.,SO 2 , S x , COS, CS 2 ) are converted to H2S and is 
then cooled
in the reactor effluent cooler which produces steam. 
The gas

is further cooled thein contact condenser by evaporating
water in the 
lower section and condensing and cooling in the
 
upper section.
 

In the 
Stretford subsection, the cooled hydrogenated gas is
contacted with an oxidizing alkaline solution in 
a venturi

scrubber and 
an absorber, where the H2S is absorbed. 
 The
H 2 S is converted 
to elemental sulfur by the oxidizing agents

in the solution. 
 The solution is regenerated by contacting
with air in the oxidizer tank where sulfur is 
floated off
 as a slurry. After separating the sulfur 
from the chemicals

by centrifuging and water washing, it 
is reslurried with
wash water and heated to melt the sulfur. The molten sulfur

flows from the decanter to the sulfur pit. 
 The regenerated
chemicals are returned to the system and the wash water is
 
sent to waste water treatment.
 

III-3.3.3 
System Performance
 

Outline material balance data for the Claus/SCOT and Claus/
Beavon systems are 
given in Tables 111-3.1 and 111-3.2 respectively. 
Utilities consumptions are listed 
in Table i11-3.3.
Both systems achieve 
a sulfur recovery efficiency of more than
 
111-9%.
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111-3.3.4 Commercial Evaluation and Areas of
 

Technical Uncertainty
 

Claus/SCOT System
 

The Claus process for converting H2 S to elemental sulfur is
a well established technology with a great number of 
commercial plants throughout the world. 
 It can be considered to

have no technical risk.
 

The SCOT process has been commercially available since
September 1972. 
 As of January 1978, there were 
31 units
in operation worldwide with 
an additional 21 in 
various
stages of design or construction. 
The SCOT plant is
regarded by chemical plant operators as a relatively simple
one to operate. One large organization with both SCOT and
Beavon units in 
its petroleum refineries in the U. S. has
elected to install SCOT units in its most recent 
installations.
 

These factors suggest low overall risk for the SCOT system,
both in 
terms of capital cost estimate accuracy and impact
on plant operability. 
 The presence of an incinerator which
is capable of safely disposing of the Claus tail gas, 
if the
SCOT system is shut down, 
further enhances plant operability.
 

Claus/Beavon System
 

Again the Claus process can be considered to have no
 
technical risk.
 

The Beavon system has been commercially available since 1972
with about 20 plants in commercial operation at present.
From this standpoint, commercial risk is relatively low.
However, concern exists about potential operating problems
with the Beavon system for the following reasons:
 

o Disposal of 
the toxic waste products and biological
decay of the catalytic solution has been 
a problem

cited for the modified Stretford subsystem of the
 
Beavon Process.
 

o 
Excessive chemicals consumption may occur. 
However,

chemical cost currently amounts 
to less than 20%
of the SCOT/Beavon capitalized cost 
differential.
 

" COS emissions are about 60 ppm. 
 There is some
doubt 
as to whether this is environmentally acceptable.
If incineration were 
necessary for any reason, annual
operating costs would increase to 
a level comparable

with the SCOT system.
 

o The Beavon plant is 
a complex system requiring

first-rate operators and close control.
 

Because of these points, it appears at this stage that there
is some degree of risk associated with selection of the
 
Beavon process.
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111-3.4 
 ECONOMIC EVALUATION
 

111-3.4.1 Capital Cost
 

The capital cost for the Claus/SCOT and Claus/Beavon systems

is outlined in Tables 111-3.4 and 111-3.5 respectively. On a
Gulf Coast first quarter 1983 basis, the Claus/SCOT estimate
 
is $64.4 million and the Claus/Beavon $65.1 million. This
 
difference is regarded as 
not significant.
 

111-3.4.2 Operating Cost
 

The annual variable cost of operating the Claus/SCOT and
 
Claus/Beavon processes is given in Tables 111-3.6 and ITI-.7,
 
respectively.The Claus/SCOT estimate is $11.0 million per

annum in 1983 dollars and the Claus/Beavon $5.6 million.

The $5.4 million difference in annual operating costs is

due primarily to the higher fuel gas consumption for the
 
SCOT system.
 

111-3.4.3 Comparative Assessment
 

Table 111-3.8 shows the total capitalized cost for both systems.

This is defined as the installed capital cost plus the
 
annual variable costs capitalized by the project capitaliza
tion factor of 11. The total capitalized cost for the
 
Claus/SCOT and Claus/Beavon system is $186 million and $126

million respectively, giving a differential of $60 million
 
in favor of the Claus/Beavon system.
 

111-3.5 SENSITIVITY TO GASIFIER SELECTION
 

Evaluation of 
the influence of different gasification systems

upon the operational costs of the sulfur removal systems can
 
be described as follows:
 

SULFUR REMOVAL SYSTEM
 
OPERATING COSTS
 
($MM PER YEAR)
 

Gasifier 
 Claus/SCOT Claus/Beavon
 

Texaco 
 ii.0 5.6 
British Gas/Slagging 3.9 2.1
 

Lurgi
 

Westinghouse 
 9.0 4.6
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i11-3.5.1 
 BGC/Lurgi Gasification
 

If the BGC/Lurgi gasification system were used as 
the basis

of the study instead of Texaco, it 
is estimated (from inhouse data) that 
the fuel gas requirement for the SCOT

would be about 53.8 MM BTU/hr., 
instead of 156.3 MM BTU/hr.as

for the Texaco-based plant. 
 This is because a substantial
 
part of the C and C 2 hydrocarbons in the gasifier raw gas
dissolve in tie acid gas removal wash and pass 
to the Claus
where they are reformed into CO and H 2 . Although the latter
 
are partially oxidized in 
the Claus system, the quantity

remaining in the Claus tail gas h.-s 
a heating value equiva
lent to 
about 104.2 MM BTU/hr., compared to about 16.7 MM

BTU/hr in 
the case of Texaco where hydrocarbons are

virtually absent. 
 The increased heating value of the Claus

tail gas reduces the quantity of fuel required in the SCOT,

both in the reduction and incineration stages.
 

If the Beavon system were 
used with BGC/Lurgi gasification,

it is possible that 
the quantity of gas required could be

reduced to zero. 
 In deriving the operating data given
below, however, it has been assumed that fuel gas 
is still
required to preheat the feed to 
reaction temperature and

that additional steam would be 
generated. The quantity

of steam has been estimated at 95,000 lbs/hr., assuming
 
generation at 700 psig.
 

The operating costs 
of the Claus/SCOT and Claus/Beavon
 
systems when used in conjunction with the BGC/Lurgi gasification system, have been estimated at roughly $3.9 million
and $2.1 million respectively. The capital 
costs are
 
expected to be comparable to the Texaco-based design 
as
both the sulfur quantity and the amount of 
feed gas pro
cessed are similar to the Texaco-based system.
 

111-3.5.2 Westinghouse Gasification
 

In the 
case of a plant based upon the Westinghouse

gasification system, operating costs for the Claus/SCOT

and Claus/Beavon systems have been estimaued at $9 million
 
per year and $4.6 million per year respectively. The

capital costs 
for Claus/SCOT and Claus/Beavon systems 
are

expected to be comparable to the Texaco-based design because
 
of similarities in the quantity of 
feed gas to be processed

and the amount 
of sulfur recovered.
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TABLE 111-3.1 

CLAUS/SCOT BATTERY LIMIT STREAM DATA 

Refer to Drawing B-35-FS11 for stream numbers. 

STREAM 1 STREAM 3 
ACID GAS STACK GAS 

COMPONENT Mol/Hr Mol/Hr 

CO 63.2 

H2 72.2 -

N 2 - 7089.0 

Ar - 38.0 

CO2 3051.6 4186.6 

CH4 - _ 

H2 S 2019.2 

CoS 75.0 -

02 - 193.9 

CH 30H 8.4 -

SO2 - 2.11 

H20 - 1024.1 

5289.6 12533.7 

Stream 2 , Sulfur Production: 67085 lbs/hr. 

Streams (4 + 5), Fuel Gas: 156.3 MM Btu/hr. 
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TABLE 111-3.2
 

CLAUS/BEAVON BATTERY LIMIT STREAM DATA
 

Refer to Drawing B-35-FSl0 for stream numbers.0
 

STREAM 1 STREAM 3 
ACID GAS STACK GAS 

COMPONENT Mol/Hr MolHr 

CO 63.2 8.0 

H2 72.2 79.4 

N 2 - 4233.7 

Ar
 

CO
 2 3051.6 3411.7
 

CH 4 - _
 

H 2 S 2019.2 Less than 10 ppm
 

COS 
 75.0 
 0.44
 

02
 

CH 3 0H 
 8.4
 

SO 2 - _
 

H20 
 - 948.2
 

5289.6 8681.4
 

Stream 2, Sulfur Production: 67139 lbs/hr.
 

Stream 4, Fuel Gas: 
 42.1 MM Btu/hr.
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TABLE 111-3.3
 

UTILITIES CONSUMPTION
 

CLAUS/BEAVON SYSTEM
 

Utilities 
 Consumption
 

200 psig saturated steam (25,200)(1) lb/hr
 

50 psig saturated steam (136,900)(1 )lb/hr
 
Electricity 
 3,940 kW
 
Cooling Water 
 9,000 gpm
 
BFW 
 200,000 lb/hr
 

Waste Water Treatment 38,800 lb/hr
 
Fuel Gas 
 42.1 MM Btu/hr
 

CLAUS/SCOT SYSTEM
 

Utilities 
 Consumption
 

700 psig saturated steam (196,000)(1 )lb/hr
 

50 psig saturated steam 39,300 lb/hr
 
Electricity 
 4,030 kW
 

Cooling Water 
 10,100 gpm
 
BFW 325,000 lb/hr
 

Waste Water Treatment 33,300 lb/hr
 
Fuel Gas 
 156.3 MM Btu/hr
 

(1)Quantities in parentheses indicate a net production.
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TABLE 111-3.4
 

CLAUS/SCOT CAPITAL COST ESTIMATE
 

Basis: U.S. Gulf Coast 
- First Quarter 1983
 

$ MM 

MATERIALS 35.318 

LABOR 10.050 

TOTAL DIRECT COST $45.368 

SPARE PARTS (2% OF MATERIALS) 0.706 

CATALYSTS AND CHEMICALS 1.490 
(FIRST FILL) 

LICENSE FEES 1.200 

FIELD INDIRECTS (40% OF LABOR) 4.020 

SUBTOTAL $52.784 

ENGINEERING, RELATED SERVICES, 5.806 
CONSTRUCTION MANAGEMENT AND 
FEES 

CONTINGENCY 5.859 

TOTAL INSTALLED COST $64.449 
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TABLE 111-3.5
 

CLAUS/BEAVON CAPITAL COST ESTIMATE
 

Basis: U.S. Gulf Coast - First Quarter 1983
 
$ MM 

MATERIALS 31.468 

LABOR 13.193 

TOTAL DIRECT COST $44.661 

SPARE PARTS (2% OF MATERIALS) 0.629 

CATALYSTS AND CHEMICALS 1.878 
(FIRST FILL) 

LICENSE FEES 0.900 

FIELD INDIRECTS (40% OF LABOR) 5.277 

SUBTOTAL $53.345 

ENGINEERING, RELATED SERVICES, 5.868 
CONSTRUCTION MANAGEMENT AND 
FEES 

CONTINGENCY 5.921 

TOTAL INSTALLED COST $65.134 
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TABLE 111-3.6
 

CLAUS/SCOT OPERATING COSTS SUMMARY
 

Annual Cost
Utilities 

($MM)
 

700 psig saturated steam 
 (7.623)
 

50 psig saturated steam 

0.875
 

Electricity 

2.244
 

Cooling Water 

0.429
 

BFW 

0.594
 

Waste Water Treatment 

0.035
 

Fuel Gas 

10.824
 

TOTAL NET UTILITY COST 
 $ 7.378
 

Catalysts and Chemicals
 

Claus Kaiser S201 
(3 year life) including support 
 0.216
 

SCOT Shell 634 
(4 year life) including support 
 0.106
 

MDEA 

0.765
 

TOTAL CATALYSTS AND CHEMICALS COST 
 $ 1.087
 

Operation and Maintenance
 

4% of Total Installed Cost of $64.449 MM 
 2.578
 

TOTAL ANNUAL VARIABLE COST 
 $11.043
 

Note:
 

( ) production credit
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TABLE III-3.7 

CLAUS/BEAVON OPERATING COSTS SUMMARY 

Annual Cost 
Utilities ($MM) 

200 psig saturated steam (0.789) 

50 psig saturated steam (3.049) 

Electricity 2.178 

Cooling Water 0.386 

BFW 0.363 

Waste Water Treatment 0.040 

Fuel Gas 2.917 

TOTAL NET UTILITY COST $2.046 

Catalysts and Chemicals 

Claus Kaiser 3201 (3 year life) including support 0.216 

Beavon CoMo Catalyst 0.174 

Beavon ADA 0.217 

Beavon Vanadium 0.183 

Beavon Sodium Carbonate 0.112 

TOTAL CATALYST AND CHEMICALS COST $0.902 

Operation and Maintenance 

4% of Total Installed Cost of $65.134 MM 2.605 

TOTAL ANNUAL VARIABLE COSTS $5.553 

Note: 

( ) production credit 
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TABLE III-3.8 

CLAUS/SCOT VS. CLAUS/BEAVON 

COMPARATIVE ECONOMIC ASSESSMENT 

1983 First Quarter - $ Millions 

Capitalized Variable Costs (1 ) 

Installed Capital Cost 

Total Capitalized Cost 

CLAUS/SCOT 

$121.473 

64.449 

$185.922 

CLAUS/BEAVON 

$ 61.083 

65.134 

$126.217 

Differential $ 59.705 Base 

Note:
 

(1)Based on capitalization factor of 11.
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111-4.0 
METHANOL SYNTHESIS AND DISTILLATION TECHNOLOGY EVALUATION
 

111-4.1 INTRODUCTION
 

111-4.1.1 Objective
 

The objective of the methanol synthesis and distillation technology evaluation was 
to 	select a specific technology for the
Panama project. The results were based on 
an analysis of
the capital and operating costs of each technology as determined
by a conceptual design. Commercial and technical risk factors
 
were also taken into consideration.
 

111-4.1.2 Scope
 

The technologies evaluated were:
 

" ICI (Licensed by Imperial Chemical Industries PLC) 
" Lurgi (Licensed by Lurgi Kohl und Miner6ltechnik (GmbH)) 

111-4.2 CONCLUSIONS AND RECOMMENDATIONS 

111-4.2.1 
 Summary and Conclusions
 

The ICI and Lurgi processes evaluated in this study require
three basic steps to convert the purified synthesis gas into

product methanol. These are:
 

" 
Make-up gas compression, where the purified synthesis

gas is compressed to the synthesis reactor operating
 
pressure.
 

" 	Methanol synthesis, where make-up gas and recycle gas

are converted to raw methanol.
 

" 	Methanol purification, where the raw methanol is

purified to the extent required by project standards.
 

The major difference between the two processes is in the methanol
synthesis reactor itself. 
 The temperature of the exothermic
reaction must be controlled within certain limits to insure
adequate reaction rate, per pass conversion and catalyst 
life.
With the Lurgi system, temperature control is effected through
heat removal by steam generation within the reactor itself.
In 	the 
ICI system evaluated in this study, the reaction temperature 
is 	limited by the injection of cool feed gas at 
various
stages in the reactor. The reaction heat 
is 	recovered downstream
of the reactor by boiler feedwater heating, and in the distilla
tion section as reboiler heat.
 

The results of the study showed that the Lurgi system required a
lower capital investment, and had a lower operating cost than
the ICI system. The total installed costs of the ICI 
and Lurgi
systems were estimated at $257 million and $147 million on 
a
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Gulf Coast basis, respectively. Corresponding operating cost;
 
are $46.1 million/year and $24.4 million/year. These costs
 
equate to a total capitalized cost ad.antage of $349 million
 
for the Lurgi alternate.
 

Both systems are commercially proven. The ICI system has a
 
simpler converter than Lurgi and is potentially more reliable.
 

This evaluation was based 
on a Texaco derived synthesis gas.

Specification of the methanol plant design based on 
a BGC/SL or
 
WCGS derived synthesis gas will increase total capitalized cost for
 
ICI and Lurgi designs similarly but will not alter the
 
conclusions of the study.
 

111-4.2.2 Recommendatons
 

It 	is recommended that the Lurgi system be selected for the
 
project. It is felt that the economic advantages of the Lurgi
 
process as compared with ICI 
outweigh the risks associated with
 
the greater complexity of the Lurgi synthesis reactor.
 

111-4.3 TECHNICAL APPROACH
 

111-4.3.1 Design Basis
 

The conceptual design, operating cost and capital cost for eac
 
system were developed as follows:
 

* The feed gas composition and quantity is based upon ga.

from the Texaco Coal Gasification Process. The coraposi
tion used for each t ,chnology as stream 1 in
is shown 

Tables 111-4.1 and III-4.2. The feed gas is deliverpd tn the
 
suction of the syngas compressor at 478 psia, 880 F.
 

" 	 Outline material balances, utilities and catalyst and
 
chemicals consumptions were developed for the ICI techno
logy by factoring data from an in-house design. Corres
ponding information for Lurgi was developed by the
 
Stone & Webster Corporation specifically for this project.
 

" 	 The ICI system consists of six trains with one synthesis
 
reactor per train. 
 The Lurgi system consists of three
 
trains with two synthesis reactors per train.
 

* 	 The design for each system is based on a catalyst life 
of three years. 

* 	 The distillation plant design is based on a final product
 
specification of less than 0.5% 
water by weight.
 

* 
 For the purposes of this comparison, methanol storage
 
tanks, sulfur guard and chloride guard vessels are
 
excluded from the design.
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* 
The capital cost estimate for the ICI alternate was
prepared by factoring in-house data. 
 The estimate for

Lurgi was developed by Stone & Webster.
 

111-4.3.2 
 Process Considerations
 

111-4.3.2.1 
Process Descriptions
 

A) ICI Process Description
 

The methanol plant has been designed to compress synthesis gas
to 
the synthesis loop pressure, produce crude methanol and

purify the methanol by distillation.
 

The methanol plant is 
shown schematically on Drawing B-40-FSI0.
 

The synthesis gas charged to 
the converter is composed of
compressed make-up gas and recycled loop gas. 
 A fraction of
the synthesis gas is preheated to reaction temperature and
enters the top of the converter as feed gas. 
 The following
overall reactions take place over the copper-based methanol
 
synthesis catalyst:
 

CO + 2H2 ___ CH3 OH
 

C02 + H2 -- "-CO + 1120 
The overall reaction from CO, CO2 and H2 
to methanol is exothermic.
The remaining synthesis gas is preheated (to a temperature substantially below reaction temperature) and injected into the
converter at appropriate points along its length. 
 This "warm
shot" gas 
is used to quench the reacting gas passing down
through the catalyst beds. It ,,oderates the reacting gas
temperature and subsequently reacts to form methanol as it
 
passes over the catalyst bed below.
 

The converter effluent gas is cooled by heat exchange in the
Warm Shell Interchanger, in the Boiler Feedwater Heater and in
the Distillation Column Gas Reboiler. 
The remaining recoverable
heat is removed in the Cold Shell Interchanger. The Crude
Methanol Condenser removes waste heat from the exit gas and
the condensate (crude methanol) is knocked out 
in the Crude
Methanol Separator. A small fraction of the gas from the
separator is purged to maintain the proper inert level in the
loop. The remaining gas 
is recycled through the circulator
and the interchangers back to the converter. 
Make-up syngas

is added at 
the suction of the circulator.
 

The synthesis loop contains a steam heated Start-up Heater which
serves to heat the circulating gases at start-up and for

catalyst reduction.
 

Crude methanol is flashed into the Letdown Vessel at 
a pressure
above atmospheric to remove 
some of the gases physically
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dissolved at the loop pressure, and is then pumped to the
 
distillation system, where it 
is heated with the Distillation
 
Column overheads. 
 In this way, heat is conserved which would

otherwise be rejected to cooling water. 
 The heated liquid is
 
then fed to the Distillation Column.
 

The Distillation Column is used to 
separate dissolved gases and
 
water from the product methanol. This column is fitted with an

overhead condenser system, a gas reboiler, and a steam reboiler.
 
A portion of distillation column 
reboil heat is provided by the

cooling of methanol loop gases and the remainder is provided by

50 psig saturated steam.
 

The overheads from the Distillation Column are partially condensed
 
in the Overheads Condenser. The remaining methanol vapor is
 
condensed in 
the Light Ends Cooler at 
100OF. This split cooling

duty avoids sub-cooling of the methanol reflux more 
than is
 
absolutely necessary and yet maintains very low losses of
 
methanol in 
the off-gas purge from the secondary methanol
 
separation. 
 This gaseous purge contains the remaining dissolved
 
gases not separated in the letdown vessel and other light organic

by-products. 
 The light ends purge gas passes to and is
 
compressed in an eductor which uses 
synthesis purge'gases from
 
the loop as the motive gas. 
 The purge gases are used as fuel
 
in other plant systems.
 

The distillate is withdrawn as 
liquid methanol product near the
 
top of the column. This product 
is cooled and blended with a
 
sidestream of fusel oil extracted from near the bottom of 
the

distillation column. 
 The fusel oil contains the organic heavy

ends which are valuable as fuel.
 

The bottoms water, containing about 12 ppm of alcohols, the bulk
 

of which is methanol, 
is sent offsite for treatment.
 

B) Lurgi Process Description
 

The methanol synthesis and distillation sections are shown on

Drawing B-40-FSlI. 
 Synthesis make-up gas from the gasification

section is compressed and combined with synthesis loop recycle
 
gas from the Methanol Separator. The combined synthesis gas

feed is further compressed to synthesis loop pressure in 
the
 
Recycle Compressor and is then split into two parallel streams
 
which are heated 
in the Reactor Feed Effluent Exchangers. The
 
heated synthesis feed gas flows to the Methanol Synthesis
 
Reactors.
 

The methanol synthesis reactor system consists of 
two tubular
 
type isothermal 
reactors with catalyst packed tubes and circulating

boiler feedwater on the shell side for heat 
removal. The heat of
 
reaction 
is removed by the generation of medium pressure steam in
 
the reactor shell. The steam/boiler feedwater mixture leaving

the reactor is separated in the Medium Pressure Steam Drum.
 
Saturated medium pressure steam from the steam drum leaves at
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the battery limits and is 
returned as superheated steam to the
synthesis section to drive the recycle compressor.
 

Reactor effloent heats the synthesis feed gas by heat exchange
in 
the Reactor Feed Effluent Exchangers. A portion of the
methanol is 
condensed in these exchangers. The reactor effluent
streams then recombine and are 
cooled by cooling water in the
 
Reactor Effluent Cooler.
 

The two-phase mixture from the reactor effluent cooler is
separated in 
the Methanol Separator. 
The gas from the separator

splits into two streams. 
The bulk of the gas flows to the
recycle gas compressor, and the remaining gas is purged from thesystem to prevent the buildup of inerts i.thin the synthesisloop. This purge gas is used as fuel in other plant systems. 

The crude methanol from the methanol separator, containing water,
impurities, and dissolved inert gases, is 
flashed at relatively
low pressure in the Letdown Drum. 
The crude liquid methanolfrom the drum flows to the Stabilizer Column. Flash vapor from
the drum is exported for use as fuel. 

In the stabilizer the low boiling compounds and any remainingdissolved gases are stripped from the crude methanol. Theoverhead vapors from the column are condensed in the Stabilizer
Condenser and refluxed back to the column. 
 Low boiling impurities
and remaining inert gases and vapors from the condenser are
purged for use 
as fuel 
in other plant systems. The stabilizer
column bottoms (stabilized methanol) 
is virtually free of
boilers and is supplied as feed to 

low
 
the Methanol Pressure Column.
The stabilizer is heated by low pressure steam in 
the Stabilizer
Reboiler. 
 A small quantity of aqueous caustic soda solution is
added to the stabilizer 
to prevent corrosion in the columns due
 

to acidic components in the 
raw methanol.
 

Higher boiling by-products and water 
are separated from the
stabilized methanol in 
the Methanol Pressure Column and the
Methanol Atmospheric Column. 
 The overhead product from the
pressure column is condensed in the Condenser Reboiler to provide

part of the heat requirements for the atmospheric 
tower. The
balance of neat requirements is provided by low pressure steam
in the Atmospheric Column Reboiler. 
Part of the pure methanol

condensed in the condenser reboiler is 
refluxed back to the top
of 
the pressure column, and the remainder discharges as product
methanol. The pressure column bottoms is fed to the Methanol
Atmospheric Column. The pressure column is heated by low pressure

steam in 
the pressure column reboiler.
 

The atmospheric column overhead is totally condensed in 
the
Atmospheric Column Condenser. 
Part of the condensate is refluxed
back to the column. 
 The remainder is discharged as methanol
product. The methanol product streams 
from the pressure column
and the atmospheric column are combined and cooled before beingsent to storage. The process water leaving the bottom of theatmospheric column contains high boiling compounds and somemethanol. This stream is sent to the plant Waste Treatment system. 

111-45
 



111-4.3.2. 2 
 System Performance
 

Outline material balance data for the ICI and Lurgi systems are
 
given in Tables 
111-4.1 and 111-4.2 respectively.
 

The ICI 
system produced 31177.7 lb mol/hr of methanol and
by-products with about 0.4% water, equivalent to about 12,009 TPD
on a dry basis, or 
9783.9 MM Btu/hr on a higher heating value
(HHV) basis. The system also produced 206.5 MM Btu/hr (HHV) of
 
combined purge gases.
 

The Lurgi system produced 30354.01b mol/hr of methanol and
by-products with about 0.2% water, equivalent to 
about 11,676 TPD
on a dry basis, or 9494.2 MM Btu/hr on 
an HHV basis. The system
produce 
549.3 MM Btu/hr (HHV) of combined purge gases.
 

The net 
process energy conversion efficiency, defined as:
 

HHV of the Product Methanol

HHV of the Make-Up Gas -
 HHV of the Purge Gases
 

was 84.9% for both ICI 
and Lurzi.
 

Carbon conversion efficiency, defined as:
 

Methanol in the Distillation Product
Methanol Production Based on 
Complete Conversion of CO 
 + CO 2
 

was 96.6% for iCI 
and 97.1% for Lurai.
 

Utilities consumptions are shown 
on Tables 111-4.3 snd T11-4.4. Rteam 
and power consumption include all compression requirements. 

111-4.4 ECONOMIC EVALT1ATION 

111-4.4.1 Capital Cost 

The capital cost for the ICI and Lurgi syste,,,s is outlined in
Tables 111-4.5 and 111-4.6 respectively. 
On 
a Gulf Coast erected

1st Quarter 1983 basis, the estimates are $257 million and
 
$147 million for 
ICI and Lurgi, respectively.
 

111-4.4.2 Operating Cost
 

The annual variable cost 
of operating the ICI
is given and Lurgi systems
in Tables 111-4.7 and 111-4.8 respectively. The estimates
 
were $46.1 million for ICI 
and $24.4 million for Lurgi. This

difference is 
due primarily to the following factors:
 

* 
 Total compression requirements for ICI 
are about

106,500 HP as compared to about 60,600 HP for Lurgi.

This accounts for about 75 percent of the difference.
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* 
The heat released by the synthesis reaction is recovered
 
more efficiently in the Lurgi system, where it 
is used
to generate 600 psi steam. 
 Steam generation is not
practical with the ICI design used for this study, the
heat being used instead for high pressure boiler

feedwater heating and as 
distillation reboil heat.
 

* The catalyst replacement cost is higher for ICI.
 

111-4.4.3 Overall Comparative Assessment
 

Table 111-4.9 shows the total capitalized cost for both systems,

defined as the installed capital cost 
plus the annual variable
costs capitalized by the project capitalization factor of 11.
The total capitalized costs for the ICI 
and Lurgi systems were
$764 million and $415 million, respectively, giving a differen
tial of $349 million in favor of Lurgi.
 
Over two-thirds of this 
is attributable 
 to the difference in
 
the operating cost between the two systems.
 

111-4.5 SENSITIVITY TO GASIFIER SELECTION
 

The gasification technology upon which the plant was based affected
the methanol plant 
as 
a result of differences in the composition
of the make-up gas. Table 111-4.10 shows a typical make-up gas

composition from plants based on 
BGC/Lurgi and Westinghouse

gasifiers. 
Both gasifiers produce substantial amounts of
hydrocarbons which are essentially unreactive under the
conditions prevalent within the methanol synthesis reactors.
This results in increased compresssion and purge requirements

per unit 
quantity of methanol produced. These considerations
apply to both the ICI and Lurgi technologies, however, and
although the capital and operating costs are liable to vary
according to the particular gasification system selected, both
the ICI and Lurgi processes were Pxpected to be affected
similarly. 
Hence, the economic advantages of the Lurgi system
relative to 
the ICI system remained essentially unchanged

regardless of gasification technology selected.
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TABLE TTI-4.l 

ICI PROCESS BATTERY LIMIT STREAM DATA 

Refer to Drawing B-40-FS10 for stream numbers€
 

Components 


CO2 


CO 


H 2 


CH 


N 


Ar 


CH3OH 


C4H9OH 


CH 3OCH3 


H20 


TOTAL 


MM Btu (HHV)/hr 


Stream 1 

Make-up Synthesis Gas 


Lb Mol/hr 


3333.80 


28790.70 


66527.50 


119.10 


557.50 


188.90 


9.60 


0 


0 


0 


99527.10 


11727.2 


Stream 2 

Product Methanol 


Lb Mol/hr 


0 


0 


0 


0 


0 


31136.20 


41.50 


0 


135.90 


31313.60 


9783.9 


Stream 3 

Distillation Bottoms 


Lb Mol/hr 


0 


0 


0 


0 


0 


0 


0 


0 


2924.1 


2924.1 


-


Stream 4
 
Combined Purge Gases
 

Lb Mo!/hr
 

438.90
 

110.70
 

482.80
 

119.10
 

557.50
 

138.90
 

198.70
 

0.10
 

41.60
 

1.30
 

2139.60
 

206.5
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TABLE 111-4.2
 

LURGI PROCESS BATTERY LIMIT STREAM DATA
 
Refer to Drawing B-40-FS12 for stream numbers
 

Component 


CO2 


CO 


H2 


CH4 


N2 


Ar 


CH30H 


High and Low Boilers 


P20 


TOTAL 


MM Btu (HHV)/hr 


Stream 1 

Make-up Synthesis Gas 


Lb Mol/hr 


2974.80 


28277.10 


67041.21 


119.10 


557.49 


188.91 


9.39 


0 


0 


99168.00 


11727.7 


Stream 2 

Product Methanol 


Lb Mol/hr 


0 


0 


0 


0 


0 


0 


30345.78 


8.22 


53.46 


30407.46 


9494.2 


Stream 3 

Distillation Bottoms 


Lb Mol/hr 


0 


0 


0 


0 


0 


0 


36.45 


12.09 


2535.21 


2583.75 


Stream 4
 
Combined Purge Gases
 

Lb Mol/hr
 

395.76
 

305.37
 

3386.25
 

119.10
 

557.49
 

188.91
 

127.38
 

17.07
 

2.83
 

5100.15
 

549.3
 

http:30407.46
http:30345.78
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TABLE 111-4.3
 

ICI PROCESS: UTILITIES
 

IMPORT
 

1450 psig, 770OF Steam 
 1,132,500 lb/hr
 
50 psig, Saturated Steam 
 591,500 lb/hr
 
Cooling Water 
 101,000 gpm
 
Electricity 


13,100 kW 

EXPORT
 

50 psig, Saturated Steam 
 1,086,000 lb/hr
 
BFW Preheat 


570 MM Btu/hr
 
Condensate 
 637,900 lb/hr
 
Distillation Bottoms 52,700 ib/hr
 

(to Waste Water Treatment)
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TABLE 111-4.4
 

LURGI PROCESS: UTILITIES
 

IMPORT
 

1450 psig, 770°F Steam 
 410,000 lb/hr
 
600 psig, 750OF Steam 
 492,700 lb/hr
 
50 psig, Saturated Steam 
 517,300 lb/hr
 
Boiler Feedwater 
 1,136,700 lb/hr
 
Cooling Water 
 110,300 gpm
 
Electricity 


530 kW
 

EXPORT
 

600 psig, Saturated Steam 
 1,087,000 lb/hr
 
50 psig, Saturated Steam 
 393,000 lb/hr
 
Boiler Blowdown 
 21,100 lb/hr
 
Distillation Bottoms 15,600 ib/hr


(to 
Waste Water Treatment)
 
Condensate 


1,055,000 lb/hr
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TABLE 111-4.5 

ICI CAPITAL COST ESTIMATE 

Basis: U.S. Gulf Coast - 1st Quarter 1983 

$ MM 

Materials $ 130.00 
Direct Labor 47.97 

TOTAL DIRECT COST $ 177.97 

Spare Parts 2.56 
Catalyst (First Fill) 17.24 
License Fee 6.47 
Field Indirects 19.19 

SUBTOTAL $ 223.43 

Vendor Engineering 10.00 
Contingency 23.34 

TOTAL INSTALLED COST $ 256.77 
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TABLE 111-4.6 

LURGI CAPITAL COST ESTIMATE 

Basis: U.S. Gulf Coast - 1st Quarter 1983 

$ MM 
Materials 

$ 83.62 
Direct Labor 

19.25 

TOTAL DIRECT COST $ 102.87 

Spare Parts 
1.64 

Catalyst (First Fill) 
6.77 

License Fee 
4.68 

Field Indirects 
7.70 

SUBTOTAL 
$ 123.66 

Vendor Engineering 
9.56 

Contingency 
1322 

TOTAL INSTALLED COST $ 146.54 
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TABLE 111-4.7
 

ICI PROCESS OPERATING COSTS SUMMARY
 

'itilities Annual Cost $ MM ( 

1450 psig, 770°F Steam $ 57.940 

50 psig, Saturated Steam (11.006) 

Cooling Water 4.320 

Electricity 7.295 

BFW Preheat (26.273) 

Wastewater Treatment 0.054 

TOTAL NET UTILITY COST $ 32.330 

Catalyst
 

Synthesis Catalyst (3 Year Life) 5.747
 

Relative Production Rate Base
 

Operation and Maintenance
 

Estimated Cost ( 2 ) 8.000
 

TOTAL ANNUAL VARIABLE COSTS $ 46.077
 

Note:
 

(1) Parentheses indicate production credit.
 
(2) 4% of the average of ICI and Lurgi installed costs.
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TABLE 111-4.8
 

LURGI PROCESS OPERATING COSTS SUMMARY
 

Utilities 


1450 psig, 770OF Steam 


600 psig, 750OF Steam 


600 psig, Saturated Steam 


50 psig, Saturated Steam 


Cooling Water 


Boiling Feedwater 


Electricity 


Wastewater Treatment 


TOTAL NET UTILITY COST 


Catalyst
 

Synthesis Catalyst (3 Year Life) 


Relative Production Rates (2 )
 

Methanol 289.7 MM Btu/hr @ $11/MM Btu 

Purge Gas 
(342.8 MM Btu/hr @ $8.75/MM Btu) 


Operation and Maintenance
 

Estimated Cost (3 ) 


TOTAL ANNUAL VARIABLE COSTS 


Note:
 

(1) Parentheses indicate production credit.
 
(2) Relative to the ICI process.
 

Annual Cost $ MM (
 

$ 20.977
 

23.334
 

(41.581.)
 

2.767
 

4.719
 

2.071
 

0.29.4
 

0.048
 

$ 12.629
 

2.258
 

25.239
 

(23.756)
 

8.000
 

$ 24.310
 

(3) 4% of the average of ICI 
and Lurgi installed costs.
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TABLE 111-4.9 

ICI VS LURGI 

COMPARATIVE ECONOMIC ASSESSMENT 

1983 1st Quarter $ Millions 

ICI Lurgi 

Capitalized Variable Costs (1 ) $ 506.85 $ 268.07 

Installed Capital Cost 256.77 146.54 

TOTAL CAPITALIZED COST $ 763.62 $ 414.61 

Differential $ 349.01 Base 

Note: 

(1) Based on a capitalization factor of 11. 
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TABLE 111-4.10
 

SYNTHESIS LOOP MAKE-UP GAS
 

FROM ALTERNATIVE GASIFICATION PROCESSES
 

GAS COMPOSITION, MOL %, 
 DRY
 

TCGP 
 BGC/SL GASIFICATION 
 WESTINGHOUSE GASIFICATION
 

CO 
 28.93 
 26.64 

25.74
 

H2 66.84 
 62.70 

61.29
 

CO 2 3.35 
 3.14 

3.27
 

N 2 + Ar 0.75 
 1.13 

1.09
 

CH4 0.12 
 6.13 

8.61
 

C2H 424 
 -
0.10
 

C2H6 - 0.16
 

CH OH 
 0.10
 
3
 

TOTAL 
 100.00 
 100.00 

100.00
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TV 
 VENTURE AND FINANCIAL ANALYSIS
 

IV-l.0 PROJECT STRUCTURING
 

The preliminary structuring of the project 
falls into two

categories. These categories are: 

The obtaining of funding necessary
o 	 to complete the 
$10,000,000 Phase I comprehensive feasability and 
project planning Study, 

o 	 7he conceptualization of 
a potential ownership and
 
related financial structure.
 

IV-1.I PROGRAM FUNDING
 

o 	 Domestic -
 Ebasco has had numerous discussions and presentations
with major United States equipment suppliers, investor groups, barge
companies and coal suppliers. The objective has been to obtain
approximately $2.5 million of 
guaranteed funding which would be
supplementary to 
the $2.5 
million of funding already committed from
TDP and DOE. In the majority of 
instances the presentations to the
private sector wellwere received. At 	 the outset the enormity ofthe overall project concept was overwhelming to 	many but, afterdefinitive questions askedwere and answered, the validity of the
overall approach was understood. However, these 
organizations
desired an assurance of program commitments by Japanese sources
prior to 
making their respective commitments. Selective Japanese
private sectors have formally stated their interest but funding has
not been forthcoming to date. We believe that the current communications 
between the Governments of Japan and the United States, via
the Japan-U.S. Energy Working Group, can 
serve to ameliorate much
of this indecision among and between their respective private
 
sectors.
 

o 	 International -
 Visits have been made to Japan by Ebasco's project
venture development group and negotiations with the potentially
interested Japanese consortium members were initiated. 
 The result
of 	these meetings highlight two basic problems 
faced by the
potentially interested Japanese private sector consortium.
first problem is The

the Japanese private sector's current reluctance
to 	move 
rapidly without some evidence of support 
from the Japanese
Government that methanol will 
eventually be included in Japan's


future fuel diversification strategies. 
 As 	previously stated,
Japan has currently reforecast 
its future energy programs to
reflect a much lower economic growth then was 
anticipated two
 years ago when the Panama project was initially planned. 
To 	this
end, Ebasco has had discussions with United States Government

agencies to 
have the subject of methanol produced from Amterican
coal officially included in the ongoing bilateral meetings of the

Japan - U.S. Energy Working Group.
 

IV-i
 



A second problem which concerned the potential Japanese consortium
 
members was the initial lack of preliminary ownership structure
 
details and the mechanism for financial return to the participants
Although this financial design is a major task scheduled near the 
end of the Phase I Study Ebasco responed to this concern in :t 
letter to the consortium - the essential content of which is 
generally outlined as follows: 

IV-l.2 ESTABLISHING PRINCIPLES AND APPROACHES FOR PROJECT OWNERSHIP
 

Ebasco has surveyed several international financial institutions for
 
their viewpoints on ways that the potential ownership structure
 
could be established. As 
a result of these preliminary discussions,
 
it was determined that, dependent upon final market arrangements,

the project was financible and should be generally structured and
 
organized in accordance with the precepts described below.
 

The proposed approach to establish ultimate ownership of the project
 
at this time is solely Ebasco's preliminary concept, with the ul
timate ownership subject to review and approval of the consortiun,
 
group and the government of Panama, all of which will be 
detailed
 
at the completion of the Phase I Feasibility Study. Ebasco has
 
suggested a preliminary organizational structure design that would
 
best meet the interests of the financial institutions, local
 
Panamarian social and economic considerations, various tax laws and
 
exchange rate restrictions that may be encountered. Presently we
 
view the project as having different organizations at each phase
 
of its development. These four phases are:
 

o 
Promotion, Development and Conceptualization - completed
 
o 	Phase I Feasibility Study - partially completed
 

o 	Phase II - Detailed Engineering, Procurement, Construction
 
and Start--up (not addressed in this report)
 

o 	 Final plant Ownership and Operation (not addressed in 
this report) 

IV-I.2.1 Promotion, Development and Conceptualization
 

Ebasco has developed the project and funded, by itself, all initial
 
developmental efforts. 
This effort, plus the work completed. to
 
date in Phase I, clearly substantiates the original project concept

proposed to the Government of Panama and to the U. S. Trade and
 
Development Program as being viable and commercially feasible if
 
a market for methanol utilization in Japan and other Pacific Rim
 
nations can be established.
 

In recognition of this effort Ebasco would retain the roles of
 
Project Management, Engineering, Procurement and Construction
 
Supervision throughout the subsequent design, construction and
 
start-up phases. At this time, it is expected that Ebasco will
 
not be substantially involved 
in the final plant ownership structure;

however, Ebasco would retain the right to contribute to the estab
lishment of the ultimate ownership structure and to exercise its
 
right of participation therein.
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IV-1.2.2 Phase I Feasibility Study ($10 Million Funding)
 

Through Ebasco's efforts 
a Phase I Feasibility Study consortium is
to be formed. This consortium proposed to 
consist of Panamanian,
American and Japanese project participants, would have 
the following

obligations:
 

o 	 Obtain sufficient 
funding to complete the Phase I

Feasibility Study in 
a manner which will procure

project financing for the final 
project;
 

o 
 Complete the Feasibility Study (including all 
basic
 
engineering), select 
all major equipment and obtain
 
appropriate vendor proprietary systems guarantees and
 
warranties;
 

o Obtain expressions of interest from potential users 
for

sale of 
the product methanol as an 
electric generating

fuel via efficient, 
low cost per KWH combined cycle

technology and/or as 
a gasoline additive;
 

o 	 Complete all cost estimating for the project 
to 	be used
 
as 
the basis for establishing contractual relationships

among parties and for obtaining requisite financing; 

o Negotiate with appropriate international lending institutions
 
in 	 order to confirm financing strategies. 

In 
this regard, the major marketing obstacle appears to 
be an issue
of economic perception requiring enhanced educational efforts by
Ebasco, the U. S. coal industry, other U. S. private sector groups,
and supplementary assistance by key entities within the U. S.
 
Government. 

The Japanese project participants are envisioned to have the
 
following rights:
 

o 	 A preferred position regarding the sale and supply
of a significant percentage of equipment and, in some
instances, a percentage of the supply ofeengineering
for thc; various plant sections or subsections;
 

o The preferential right to market the methanol in the
Pacific Rim and obtain profits from the plant operation,

shipping of methanol and distribution and sale of the

product. These preferential rights would be recognized

by 	the final ownership of the project 
- such ownership

structure consisting of possible project participant

members and others as 
outlined in paragraph IV-1.2.4 

The American project participants would have the preferred position
for 100% supply and shipping of 
coal and a significant participation

in equipment in equipment/materials supply.
 

Major Panamanian participation would be employment for construction

and subsequent operations plus assigned project equity to the
government of the Republic of Panama 
(over a time period) in
 
return for water and land access rights.
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As 	a result of the 
numerous members and special interests of the
consortium group, it would be necessary to form a special steering
committee to act as 
a focal point for these many diverse interests.
 

In 	order to 
maintain control of the various interests associated

with the program it is proposed that a Panamanian-based company

be established with the following responsibilities:
 

o 	Establish communications and coordination between the

Project Manager/Engineer (Ebasco) and the various
 
consortium members;
 

o 	Provide a clearinghouse for the distribution of' funding

to the various U. S., 
 Panamanian and Japanese participants;


o 	 Provide a timely overview of the job status for all
 
interested parties;
 

o 	 Provide a forum for the protection of the project's

participants interests.
 

The Paramanian company would be 
 omposed of an Ebasco representative,

two Japanese representatives, ar. American Corporate representative,

and a member selected by the Panamanian Government. Each member
would make monetary contributions and/or services contributions
 
of predetermined value. Participation by the consortium members
would have the effect of conferring certain rights of participation

upon each member in 
return for tbe contributions. However, the
amount of the contributions would not necessarily provide a
proportional control 
ever the Feasibility Study methodology, inputs
or 	conclusions. 
Only the Study Manager (Ebasco) and the Panamanian

company's Board of Directors would control 
the Study. After
consortium members have contributed their respective portions, the
Company would effect payment under letters of credit established

in Panamanian branches of the Industrial Bank of Japan, Bank of
 
Tokyo or other.
 

Ebasco would perform as the Feasibility Study Manager. 
Ebasco

would exercise day-to-day technical management control over the
Study, its progress, inputs and conclusions in order to effectively

coordinate the effort. 
 However, in order to maintain 
a degree of
flexibility and to 
insure that all interests in the study are recognized, protected, and competitive supply established, Ebasco has
proposed that 
the Board of Directors of the Panamanian company be
assigned the duty of the Feasibility Study oversight committee.
 

The committee would have the right to 
question aspects of the

Study and Ebasco would respond appropriately to answer those
questions. Their most important function, would be to provide Ebasco
 
a consI:ltation group to which Ebasco can 
turn for input into study
decisions which affect the differing interests represented by the
 
committee.
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Those members who make cash contributions, but 
are not providing
services inputs to the Study, would only be required to support
the 
funding of the Study to the extent they originally agreed.
However, the Company, acting on 
behalf of all 
consortium members
may, from time to 
time, request information from these participants
if they are uniquely qualified to provide it and would enchance
or facilitate the Feasibility Study. 
 Those members who are
providing funding and/or services will be expected to
those services to the provideextent originally agreed upon according tothe Scope of Services and 
to provide additional input as necessary. 
Utilizing the organizational structure as 
described above and with
outside engineering services as 
necessary, 
a final report will be
issued of sufficient detail 

Company to 

to allow the Ebasco and the Panamanian
solicit the funds necessary for financing the Project.
Discussions with appropriate lending institutions will be carried
out simultaneously with the preparation of the Feasibility Study
so 
that the report will be in 
a format, and with completeness of
detail, acceptable to 
such institutions.
 

IV-1.2.3 Phase II - Detailed Engineering, Prourement,
Construction and Start-up 

At the conclusion of the Phase I Feasibility Study and financing
of the Project, the final. detailed engineering, precurement,
construction and start-up of the plant must be accomplished.work would be accomplished Thisby Ebisco as ProjectProcurement Manager, Engineer,Manager and Construction Supervisor. 

IV-1.2.4 Final Plant Ownershi, and Operation 
Ebasco, the Panamanian Company, and the consortium would, with
advice from financial and le-gal consultants, establish the
structure of the ownership of the Plant. 
This ownership structure must 
be in place prior to
funding. final job
This ownership structure would consist of th. following

organizations:
 

o Coal Supplier
 

o Coal Shipper
 

o Methanol Shipper
 
o 
Methanol Sales and Distributions Organization
 
o Plant Operator
 
o Investors who have either paid direct funding to the
project (equity participants) or have supplied goods
and services to the project and have deferred their
full fee in 
order to obtain such ownership positions.
 

The Loal suppliers and shippers could 
be paid by the owners under
separate contract 
and not be part of the ownership structure. 
This
is also true of the plant operator. Ebcsco feels that it
be most desirable would
to have these groups in the ownership structure
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reimbursed for their services at 
cost and the profits paid out
of plant profit. 
 This supplies greater incentive for all parties
to provide their goods 
and services in the most positive way since
their profits would be associated with a successful plant operation.
Any monies provided to 
the project would be returned at an
agreed-upon rate, but 
such participation should not be considered

equity and no ownership position would be involved.
 

It is anticipated that this ownership structure would be
incorporated as 
a Panamanian corporation with the Government

of the Republic of Panama given 
an ownership position whose
involvement increased with time. 
 The percent of ownership by
each participant would be 
negotiated with the "incoming" owners
by the consortium with financial advice obtained from the
consortium's select 
financial consultants and lead banks.
 

IV-2.0 
 PROJECT ECONOMICS
 

The project economics have been related to 
the production cost of
electricity in Japan. 
 This involves the determination of the
methanol cost as 
produced in 
Panama and the production of electricity

in Japan.
 

IV-2.i METHANOL COST
 

As part of Ebasco's on-going economic analysis we 
have refined
 our coal 
costs and plant capital costs in order to 
continually

bring the process economics up to 
date. We have concluded that,
by 1990, the 
use of ,ethanol made 
from American coal 
and burned
in 
combined cycle plants will produce electricity in Japan at a
lower cost 
(in Mills/KWH) than coal supplied from Australia (or
other favorably priced non-USA coal) when burned in 
new coal-fired
power plants, equipped with pollution controls. The issues of
"balance of payment", clean fuels, et 
al have 
not been considered
 
in the economic analysis.
 

In 
the early stages of the Feasibility Study, it 
was conceptually
estimated from previous preliminary evaluations that the erected
cost of the plant would be approximately $4 Billion without
interest during construction or As a
final infrastructure. 

result of definitive analysis including enhanced knowledge of
site conditions, more 
recent Ebasco "published" information
indicates that economics should be based upon an 
installed cost
of $3.2 
Billion with a British Gas Corp/Slagging Lurgi Gasifiers
and $3.4 
Billion with a Texaco gasification system. 
The economic
analysis presented in this section is based upon 
a 1983 plant

cost of $3.2 Billion.
 

Further refinements of the overall capital 
costs have been
incorporated in the detailed financial analysis presented in
Section 11-9.0 of 
this Report. Section 
11-9.0 uses the results
of our 
most recent cost estimate, 
i. e., $3.024 Billion for a
 

IV-6
 



Texaco Gasification Plant 
and $2.723 Billion for a British Gas
Corp/Slagging Lurgi Gasification Plant. 
 These capital
figures are cost
between 5 and 15% below the previous figures utilized
by Ebasco, and demonstrate that 
a considerable improvement 
in the
overall project economics can be realized. The initial capital
investment has been significantly reduced because of the extremely
"soft" market 
conditions throughout the equipment fabrication
and construction industries-not only in 
the U. S. but throughout

the world.
 

A similar situation also exists in 

industries. There has been a 30% 

the coal supply and shipping

reduction in 
the expected
coal price by 1990 and undoubtedly this will hold for the U. S.
Midwest high-sulfur coal under consideration.
 

IV - 2.2 ELECTRICITY COST
 

Figures IV-2.1 and 
IV-2.2 compare the 
cost of electricity produced
in Japan from coal-produced methanol used in combined cycle plants
with electric busbar costs 
from a new direct-fired coal 
installation
 on a year-by-year basis starting in 
1990.
In the low-cost scenario, it is 
clear that the methanol-fired gas
turbine produces electricity which is 
significantly less costly
than the coal-direct 
fired case (167 mills/KWH vs 175) 
on a levelize
basis. 
 In the high-cost scenario, the 
two systems are parity
at
at 
197 and 196 mills/KWH. 
 Since the equipment capital cost 
and
efficiency for the gasification systems is 
yet to be optimized, it
is anticipated that 
the cost of methanol will likely be reduced an
additional 12-14%, clearly demonstrating an advantage for the coal
to methanol power approach.
 

The information from the figures mentioned above has been
transcribed onto charts designated as Figures 
IV-2.3 through

IV-2.8.
 

These charts complement the 
figures described above and show lowcost 
and high-cost scenarios in 
1983 and 1990 dollars. A review
of these charts provides information regarding the make-up of the
final power cost broken down as 
a percentage of each major cost
component. 
 The final power costs show first year operation and
are comparable to 
the first year (1990) cost.
 

Our analysis has shown that coal produced methanol in 
a combined
turbine combined cycle operation for electric power generation
is 
a better alternative in Japan (and probably elsewhere) than
direct coal-fired boilers. 
 We have also compared coal produced
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methanol with regasified LNG. Figures 
IV-2.0 and IV-2.10 comnare
methanol in combustion turbines with regasified LNG in 
combustion
 
turbineb. A 25 year operational plot of power costs 
from the two
systems is shown for both low-cost and high-cost scenarios. For
the methanol units we have retained the power costs shown in Figures
IV-2.1 and IV-2.2. 
 We have used a 1990 LNG value selected by new,

relatively conservative, o_1 nricing, assuming oil to LNG parity.

For the low-Post scenario, we have assumed this fuel cost to

escalate at a real growth rate of 
3% annually after 1990; 
in the

high-cost scenario, escalation would 4.5% annually after 1990.
 

These curves indicate that for 
a brief period of time after

plant startup LNG shows 
some cost advantage. After 3 to 4 years

of operation, methanol becomes the more economic,fuel.

both curves the levelized busbar cost 

In
 
from methanol firing


is significantly more 
attractive than the regasified LNG case.

When one considers the possibility of a further 12% 
(approximately)

reduction in 
power costs with methanol, the economics of methanol
 
fuel use are irrefutable.
 

These analyses are almost solely controlled by the assignment

of 1990 natur,1 gas prices and their subsequent real value growth.
We strongly believe that large available sources of natural gas
will approach parity with oil and that 
real growth in the 1990's

will be high 
to make up for previous low regulated prices
 
in the 1980's.
 

Methanol is a substitute fuel 
for LNG as well as for coal. It
is likely that LNG prices will not 
increase markedly above the

methanol cost 
since methanol will 
act as an LNG ceiling. If

this occurs it will have the effect of reducing the sale of LNG
 
to foreign markets. Those countries having natural gas will attempt

to use this fuel internally for the following reasons:
 

o They will be unable to value their LNG as 
having a
 
substantial real value growth though they will probably

forecase diminishing reserves 
in the late 1990's.
 

o 
 Natural gas will tend to be used internally because
 
electric generation from domestic natural gas sources
 
requires very low capital requirements. Many of these
 
countries will have expanding electric needs but will

remain cash-poor because of lack of exports. 
 The use
 
of natural gas internally will be their least expensive
 
alternate.
 

o Developing areas will tend to 
use natural gas because
 
of cheir desire for "clean fuels"
 

" 
 Developing countries will have difficulty raising
 
capital 
for new LNG plants with low natural gas mark-ups.
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IV-2.3 SENSITIVITIES OF POWER COSTS TO METHANOL PRICING
 

The comparative 
curves of methanol to power cost 
vs. coal
direct fired power plants and regasified LNG to power
utilizes an appropriate first year methanol cost consistent
with plant pay-back requirements. 
 Since it is expected
that the selected power costs from 
a methanol facility will
be comparable or slightly less in 
1990 than from coal fired
facilities, Figures IV-2.11 through IV-2.14 have been prepared with a higher first year power cost than 
is necessary
from a plant pay-back position. This in 
turn allows a
higher methanol value in 1990.
 

Although the levelized power cost 
is only slightly reduced,
the figures demonstrate graphically that:
 

o Methanol pricing can 
be determined such that power
costs from emthanol-fueled combined cycle plants are
always less than power costs from coal direct-fired
 
units for the plant's life.
 

o Using the 
same sensitivity of Oower cost 
to methanol
pricing as 
described above, the "crossover point" at
which methanol-fueled combined cycle plants generate
cheaper power than LNG-fired combined cycle plants
occurs at 
the same 
time as is shown on comparable

Figures IV-2.9 and IV-2.10.
 

IV-2.4 CONCLUSIONS
 

Ebasco's analyses indicate that methanol will tend to
displace LNG in 
19901s. 
 For the reason- shown, this
methanol will be produced from coal ratlvr tha. natural
 
gas.
 

During this 
same time frame the use 
of methanol as a
transportation fuel will increase, thereby providing
 
a broader sales base.
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LOW COST SCENARIO
 
COMPARISON OF BUS-BAR POWER COST IN
 

JAPAN COAL DIRECT FIRED VS COAL TO
 
METHANOL COMBINED CYCLE UNITS
 

FIGURE IV-2.1
 

850 	 COAL COST 1990 
CIF JAPAN $91/M.T. 
CIF PANAMA $53/M.T. _ 

800
 

COAL REAL 	GROWTH 1% 

INFLATION 5%750 


700
 

650
 

600
 

550
 

_j 500 
.. 

4500 

r. 
w 400 

0 a
a: 350 

nIEVELIZED 	 BUS - BAR COST 
COAL DIRECT FIRED UNITc30- 175 MILLS/KW HR.) 	 00 

250 METHANOL FIRED 
COMBINED CYCLE 

200 ,, COAL DIRECT FIRED 

150 _LEVELIZED BUS - BAR 
COST METHANOL FIRED 

100 - (167 MILLS/KW HR.) 

50

1990 '2 '4 '6 '8 2000 '2 '4 '6 '8 2010 '12 '14 

YEAR 
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HIGH COST SCENARIO
 
COMPARISON OF BUS BAR POWER 
COST IN
 
JAPAN COAL DIRECT FIRED VS COAL TO
 
METHANOL COMBINED CYCLE UNITS
 

FIGURE IV-2.2
 

850

800

* 	 COAL COST 1990 
6 CIF JAPAN $124/M.T.750 	 o CIF PANAMA $ 85/M.T. 

" COAL REAL GROWTH 1%
 
700-
 * INFLATION 5% 

650 	
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550 	

-J 

" 500 -

I--

U, 

o 450 
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cc 

0: 400-

cc_ 
m 350-	 METHANOL FIRED
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250-
00 wooCOAL DIRECT FIRED 

2001 . .., - -	 . . . . .
 

150 \LEVELIZED BUS-BAR
 
COST-METHANOL FIRED
 
197 MILLS/KW HR.
 

100 	 COAL DIRECT FIRED
 
LEVELIZED POWER COST
 
196 MILLS/KW HR.
 

50 

1990 '2 '4 '6 '8 2000 '2 '4 '6 '8 2010 '12 '14 
YEAR 
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PANAMA COAL TO METHANOL PROJECT CONCEPT
 
JAPAN BASED GENERIC POWER PRODUCTION COST COMPARISON
 

" METHANOL COMBINED CYCLE 
Vs. 

* 	CONVENTIONAL COAL FIRED PLANTS 
7IG'Jr; IV-2. 3 

METHANOL COMBINED CYCLE POWER PLANT
 
1983 LOWEST PROBABLE COAL COST
 

PRODUCTION COST COAL COSTi MEOH COST COSTCOMPONENT POWER 


STONNE % S/MMBTU % MILLS/KWH %
 
" COAL FOB MINE 20.90 59% 1.73 19% 
 13 16%
 

" MINE TO BARGE 3.30 9 0.27 2 2
 

* 	 MISSISSIPPI RIVER TO LA 4.40 13 0.36 4 3 3
 

" NEW ORLEANS TRANSFER 2.20 6 0.18 2 1 2
 

" 	 GULF OF MEXICO TRANS 4.40 13 0.3c 4 3 3 

TOTAL COAL COST 35.20 100% DIRECT COAL FIRED POWER PLANT(1 )
 
" COAL SUBTOTALS 2.90 32% 22 26% 
 1983 LOWEST PROBABLE COAL COST 
" COVE RSION TO METHANOL 

PIPELINE TRANSFER (1) 
" FIXED COSTS ELECTRICITY COST4.34 47 33 40 PRODUCTION COST COMPONENT
" VARIABLE 1.34 14 10 12 MILLS/KWH % 

PACIFIC TRANSPORT/'IISTRIBUTION 0.62 7 5 6 " 
COAL COST (S81ITONNE 

(3 ) 
23 23 

TOTAL DELIVERED METHANOL COST (2) 9.20 ion% OTHER VARIABLE COSTS 16 16 

" METHANOL COMPONENT SUBTOTALS 70 84% 	 CAPITAL CHARGES (2) 54 53 
" COMBINED CYCLE PLANT 13 16 RELATED TRANSM;SSION COSTS a a 

TO.TA. POWER COST 83 100% TOTAL PnWER COST 101 100% 

(1) 	 BASED ON 1983 PLANT COST OF S3.2 BILLION (1) 2-500 MW UNITS, SUPERCRITICAL, NON-U.S. COAL 

(2) METHANOL COST S/MMBTU $/TONNE S/U.S. GALLON HEAT RATE 9600 BTU/KWH
* PANAMA PACIFIC COAST 5.58 185 0.55 (2) 170"O/KW -1983)
*JAPAN 
 9.20 198 0.59 (3) BTU CONTENT - 11,O00BTU/LB 



PANAMA COAL TO METHANOL PROJECT CONCEPT

JAPAN BASED GENERIC POWER PRODUCTION COST COMPARISON
 

" METHANOL COMBINED CYCLE 
VS. 

* CONVENTIONAL COAL FIRED PLANTS 
FIGURE IV-2..4 

METHANOL COMBINED CYCLE POWER PLANT
 
1983 HIGHEST PROBABLE COAL COST
 

PRODUCTION COST COAL COSTCOMPONENT MEOH COST POWER COST%
 
__S/TONNE % $/MMBTU % MILLS/KWH % 

* COAL FOB MINE 33.94 60% 2.81 26% 21 22% 
* MINE TO BARGE 4.96 9 0.41 4 3 3 
• MISSISSIPPI RIVER TO LA 6.61 11 0.55 5 4 4 
* NEW ORLEANS TRANSFER 2.64 5 0.22 2 2 2 
; GULF OF MEXICO TRANS 8.27 15 0.68 6 5 5 

TOTAL COAL COST 56.42 .1OO% 
DIRECT COAL FIRED POWER PLANT 1 )COAL SUBTOTALS 4.67 43% 35 36% 1983 HIGHEST PROBABLE COAL COST 

•COVERSION TO METHANOLPIPELINE TRANSFER (1) 
FIXED COSTS ELECTRICITY COST4.34 39 33 34 PRODUCTION CCST COMPONENT* VARIABLE 1.34 12 10 11 

MILLS/KWH %
* PACIFIC TRANSPORT/DISTRIBUTION 0.62 6 5 5 

COAL COST (S83/TONNE) 3 
TOTAL DELIVERED METHANOL COST (2) 31 28%10.97 100% OTHER VARIABLE COSTS 16 15

* METHANOL COMPONENT SUBTOTALS 83 86% CAPITAL CHARGES (2) 54 50* COMBINED CYCLE PLANT 13 14 RELATED TRANSMISSION COSTS 8 7 

TOTAL POWER COST 96 100% TOTAL POWER COST 109 100% 

(1) BASED ON 1983 PLANT COST OF $3.2 BILLION 
(2) METHANOL COST $/MMBTU $/TONNE (1) 2-500 MW UNITS, SUPERCRITICAL, NON-U.S. COAL$/U.S. GALLON

0 PANAMA PACIFIC COAST HEAT RATE 9600 BTU/KWH10.35 223 0.67 (2) $1700/KW (1983)*JAPAN 10.97 236 0.71 (3) BTU CONTENT - 11,000 BTU/LB 



FIGTIRE IV-2.3 

1983
 
METHANOL CC PLANT VS COAL FIRED PLANT
 

EQUIVALENT DELIVERED POWER COSTS
 

FUEL COST: $61-83/TONNE $9-11/i'.IMBTU 
(L) (H) (L) (H) 

TYPE PLANT C LANI T N L CC 

PLANT COST. $1100/KW $450/KW 

HEAT RATE: 9600 BTU/KWH 7600 BTU/KWH 

LOW CASE. 101 MILLS/KWH 83 MILLS/KWH 

HIGH CASE. 109 MILLS/KWH 96 MILLS/KWH 

_1-14 



PANAMA COAL TO METHANOL PROJECT CONCEPT
 
JAPAN BASED GENERIC POWER PRODUCTION COST COMPARISON
 

* METHANOL COMBINED CYCLE 
VS. 
CONVENTIONAL COAL FINXED PLANTS
FIGURT-: IV--Z. 

METHANOL COMBINED CYCLE POWER PLANT
 
1990 LOWEST PROBABLE COAL COST
 

PRODUCTION COST COAL COST MEOH COST POWER COST
 
COMPONENT 
 S/TONNE % $/MMBTU % MILLS/KWH %
 

" COAL FOB MINE 
 31.35 59% 2.60 20% 20 17%
 
" MINE TO BARGE 
 4.95 9 0.41 3 3 3
 
" MISSISSIPPI RIVER TO LA 6.60 
 13 0.55 4 4 3 
" NEW ORLEANS TRANSFER 3.30 6 0.27 2 2 2 
" GULF OF MEXICO TRANSP 6.60 13 0.55 4 4 3 

TOTAL COAL COST 52.80 100% 
o COAL SUBTOTALS 4.38 33% 33 DIRECT COAL FIRED POWER PLANT 1 ) 28% 1990 LOWEST PROBABLE COAL ""ST" 'VERSION TO METHANOL


IELINE TRANSFER 

(1)


" FIXED COSTS 6.11 47 47 39 
 PRODUCTION COST COMPONENT" VARIABLE 
1.88 14 14 12

" PACIFIC TRANSPORT/DISTRIBUTION 0.87 6 7 5 MILLS/KWH % 

TOTAL DELIVERED METHANOL COST (2) 
COAL COST (S91.3/TONNE} ( 3 

) 35 2413.24 100% OTHER VARIABLE COSTS 22 15 
" METHANOL COMPONENT SUBTOTALS 101 84% CAPITAL CHARGES (2) 76 53" COMBINED CYCLE PLANT 19 16 RELATED TRANSMISSION COSTS 11 8 

TOTAL POWER COST 120 100% TOTAL POWER COST 144 100% 
(1) BASED ON 1983 PLANT COST OF $3.2 BILLION 

(1) 2-500 MW UNITS, SUPERCRITICAL, NON-U.S. COAL 
(2) METHANOL COST $/MMBTU SFTONNE S/U.S. GALLON 

' PANAMA PACIFIC COAST 12.37 
HEAT RATE 9600 BTU/KWH

266 0.80
'JAPAN (2) $2400/KW (1990)13.24 285 0.85 (3) BTU CONTENT - 11,000 BTU/LB 



PANAMA COAL TO METHANOL PROJECT CONCEPT 
JAPAN BASED GENERIC POWER PRODUCTION COST COMPARISON 

* METHANOL COMBINED CYCLE 
Vs. 

* CONVENTIONAL COAL FIRED PLANTS 

7IGUR'- TV-2.7 

METHANOL COMBINED CYCLE POWER PL.NT
 
1990 HIGHEST PROBABLE COAL COST
 

PRODUCTIO.' COST COAL COST MEOH COST POWER COST 
COMPONENT 
 $'TONNE % S/MMBTU % MILLS/KWH % 

* COAL FOB MINE 50.99 60% 4.24 27% 32 23%
 

" MINE TO BARGE 
 7.42 9 0.62 4 5 3
 

" MISSISSIPP, RIVER TO LA 9.90 11 0.82 
 5 6 4 

" NEW OP,,EAN!, TRANSFER 3.85 5 0.33 2 2 2 

- a GULF OF MEXICO TRANS 12.54 15 1.04 7 8 6 

- TOTAL COAL COST 8A.70 100%
 

" COAL SUBTOTALS 7.05 45 53 38% DIRECT COAL FIRED POWER PLANT (1 )

1990 HIGHEST PROBABLE COAL COST 

" COVERSION TO METHANOL 
PIPELINE TRANSFER (1) 

ELECRICITY OSTo FIXED COSTS 6.11 38 47 33 PRODUCTION COST COMPONENT ELECTRIITY__OS
* VARIABLE 1.88 12 14 10 MILLS/KWH 

" PACIFIC TRANSPOR'/DISTRIBUTION 0.87 5 7 5 

COAL COST ($124/TONNE) (3 ) 
47 30%

TOTAL DELIVERED mETHANOL COST (2) 15.91 100% OTHER VARIABLE COSTS 22 14 

" METHANOL COMPONENT SUBTOTALS 121 86% CAPITAL CHARGES (2) 76 49 
" COMBINED CYCLE PLANT 19 14 RELATED TRANSMISSION COSTS 11 7 

TOTAL POWER COST 140 100% TOTAL POWER COST 156 100% 

(1) BASED ON 1983 PLANT COST OF $3.2 BILLION (1) 2-500 MW UNITS, SUPERCRITICAL, NON-U.S. COAL 
(2) METHANOL COST $/MMBTU $/TONNE S/U.S. GALLON HEAT RATE 9600 BTU/KWH
 

' PANAMA PACIFIC COAST 15.04 
 323 0.97 (2) S2400/KW (1990)
 
a JAPAN 
 15.91 342 1.02 (3) BTU CONTENT - 11,000 BTU/LB 



FIGURE IV-2.8 

1990
 
METHANOL CC PLANT VS COAL FIRED PLANT
 

EQUIVALENT DELIVERED POWER COSTS
 

FUEL COST: $91-124/TONNE $13-16/MMBTU 
(L) (H) (L) (H) 

7 A Nfl 

PLANT COST: $2400/KW $700/KW 

HEAT RATE: 9600 BTU/KWH 7600 BTU/KWH 

TYPE PLANT. F PL FMETLc 

LOW CASE: 144 MILLS/KWH 120 MILLS/KWH 

HIGH CASE: 156 MILLS/KWH 140 MILLS/KWH 
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FIGURE IV-2.9
 

LOW COST SCENARIO
 
COMPARISON OF BUS BAR POWER COSTS
 

LNG VS METHANOL
 

850	 
FUEL COST 1990 (JAPAN) 

800 0 	 LNG REGASIFIED & DISTRIBUTED
 
$11.50/MM BTU
 

* METHANOL i.,,STRIBUTED)
 
750 $13.24/MM BTU
 

o LNG REAL GROWTH 3.0% 

700 o 	 METHANOL PRICES BASED
 
UPON 1% REAL GROWTH OF
 
COAL FEED STOCK
 

650 -	 INFLATION 5% 
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I 
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.J2 
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50 
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HIGH COST SCENARIO
 
COMPARISON 
 OF BUS BAR POWER COSTS 

LNG VS METHANOL 
850 FIGURE IV--.lO1 

800 -	 FUEL COST 1990 (JAPAN) 

" 	 LNG (REGASIFIED & DISTRIBUTED)
$11.50/MM BTU 

7 	METHANOL (DISTRIBUTED) 

$15.91/MM/BTU
 
700 -
 LNG REAL GROWTH 4.5% 

* 	METHANOL PRICES BASED UPON 
1% REAL GROWTH OF COAL FEED/

650 
 STOCK
 

" INFLATION 5% .
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 LNG FIRED COMBINED
 

CYCLE
 

3: 550/ 

5oo 	 / 
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FIGURE IV-2.11
 

LOW COST SCENARIO 

COMPARISON OF BUS-BAR POWER COST IN JAPAN
 
COAL DIRECT FIRED VS METHANOL COMBINED CYCLE
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400 

0 

FIGURE IV-2.12
 

HIGH COST SCENARIO 
COMPARISON OF BUS-BAR POWER COST IN JAPAN 

COAL DIRECT FIRED VS METHANOL COMBINED CYCL-E 

oCOAL COST 1990 
0 DELIVERED JAPAN $124/M.T. 
*DELIVERED PANAMA $85/M.T.380 •COAL REAL GROWTH 1% 

'INFLATION 
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FIGURE IV-2.13 

LOW COST SCENARIO 

COMPARISON OF BUS-BAR POWER COSTS 

850 

LNG VS METHANOL 

800 
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FUEL COST 1990 (JAPAN 
* REGASIFIED & DISTRIBUTED 

LNG 11.50$/MM BTU 
* METHANOL14.62$/MM DISTRIBUTED 
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FIGURE IV-2.14
 

HIGH COST SCENARIO 
COMPARISON OF BUS-BAR POWER COSTs 

LNG VS METHANOL 
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PANAMA COAL TO METHANOL PROJECT
 
TEXACO GASIFICATION PLANT
 
PLANT AREA DESIGNATIONS
 

System No. 


050 


-


-


-


-


-


-


-


-


-


650 


-


750 

800 


900 


950 


Section No. 


-


100 


150 


250/600 


300 


350 


400 


430 


500 


550 


-


700 


-


_ 


-


Area Description
 

Coal Handling
 

Coal Preparation
 

Coal Gasification
 

CO Shift & Gas Cooling
 

Acid Gas Removal
 

Sulfur Recovery
 

Methanol Synthesis
 

Methanol Distillation
 

Caibon/Ash Recovery
 

Gasification Effluent Treatment
 
Power Recovery
 

Air Separation
 

Steam, Condensate & Boiler Feedwater
 
Raw Water Supply/Treatment/Cooling
 

Water
 
Waste Treatment/Disposal
 

Auxiliary Systems:
 

Flare
 
Fire Protection
 
Electrical Distribution
 
Air/Nitrogen/Inert Gas
 
Miscellaneous Storage
 

A-1
 



2703 (TOP) 10-82
 

EBASCO 
 SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

TEXACO GASIFICATION PLANT
 
Plant System 
050 Coal Handling 
 ISSUE_ 0 

REF EQUIPMENT 
DWG NUMBER 

1
- 05 

H - 052 
H 


H - 053 

H - 05 4 AB 

H - 05 5A,B 

H - 057AB 

H - 05 A,B 

H - 05 9A,B 

H - 056 A,B 
H 0 57A,BA,B
H - 056 

H - 061 A,B 


H - 062 APC 


H - 063 ABC 


H - 064 


H - 065 ABC 


H - 066 AB 


H - 067 AB 


H - 068 AB 

H - 069 

11 - 070 

A through S
 

H-071 


H-072 


H-073 A,B 


H-074 


H-075 


A through G
 
H-076 


H-077 


"RIVE 

1 


11 


2 


2 


2 

H2 

2 


2 


2 

22 


2 

3 


3 


1 


3 


2 


2 


2 


1 


19 


1 


1 


2 


1 


7 


1 


1 


DATE 

NAME AND DESCRIPTION 

2
No
eyor
Co nv 


ConveyorConveyor NoNo 31 


Conveyor No 5 


Conveyor No 6e
 

Conveyor Noo v8
 

- Conv56 yorA B o 7E
Conveyor No 9 


Conveyor No 0 


Conveyor No 1 

12
ConveyorConveyor NoNo !i8 


Conveyor No 12 

Magnetic Separator 


Belt Scale - Mechanical 


Belt Scale - Electronic 


Metal Detector 


Vibrating Feeder 
- Unloading Station 


Vibrating Feeder-
 Emergency Reclaim 


Vibrating Feeder- Crushers 


Telescopic Chute 


Splitter & Flop Gate 


Sampling System-as Received 


Sampling System-as Fired 


Dust Collector 
- For Buildings 

Dust Collector - Unloading St:ation 

Dust Collector - At Silos 

Dust Suppression System-Wet Spray 


Stacker Reclaimer 


1/4/83 HEET 1 Of 2 

DRIVE 

ELEC/TUR REMARKSNo-1---e
lec
 

Elec
 
Elec
 

Ele c
 

Elec
 

Elec
lec
 

Elec
 

Elec
 
Elec
 
Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec'
 

Elec
 

Elec
 

Elec
 

Elec 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

NOTES 
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2703 (TDP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT -

EQUIPMENT LIST 
TEXACO GASIFICATION PLANT
 

Plant System 
050 Coal Handling 
 ,ssuE0 
2/15/83
 

SHE
REF EQUIPMENT
DWG NUMBER OT NAME AND DESCRIPTION DRIVE 

ELEC/TURB 
 REMARKS

Mobile
1 Bulldozer - Wheel Type
H-078 


H-079 
 2 Bulldozer - Track Type 
 Mobile
 
H-080 A,B,C 
 3 Wheel Tractor - Scrapers 
 Mobile
 
M-859 A,B 2
A,B Ring Granulator Crushers
2 Clamshell Unloader Elec
 
P-050 A,B 2 Sump Pump 
 ElecElec-
S-050 1 Emergency Reclaim Hopper
 
S-051 
 1 Surge Bin - Unloading
 

S-052 
 1 Surge Bin - Crusher House
 

NOTE5 
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PANAMA COAL TO METHANOL PROJECT
 

COAL PREPARATION SECTION
 

EQUIPMENT LIST - SECTION 100
 

The development, design and specification of this system is based on the

proprietary licensed Texaco Coal Gasification Process. Detailed equipment

data has been produced as a basis for preparation of a cost estimate.
 
The definitive type data required to generate a valid cost estimate made
 
use of proprietary information and these equipment designations are
 
excluded in total from this document.
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PANAMA COAL TO METHANOL PROJECT
 

COAL GASIFICATION SECTION
 

EQUIPMENT LIST 
- SECTION 150 

The development, design and specification of this system is based on 
the
proprietary licensed Texaco Coal Gasification Process. 
Detailed equipment
data has been produced as 
a basis for preparation of 
a cost estimate.
The definitive type data required to generate 
a valid cost estimate made
use 
of proprietary information and these equipment designations are

excluded in total from this document.
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2703 (TDP) 10-82 

PLANT SECTION 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL. PROJECT 
EQUIPMENT LIST 

TEXACO GASIFICATION PLANT 

CO Shift
250/600 Gas Cooin- 0 DATE 2/10/83 

D-36 

1 of 2 

FDWc EQUIPMENT
NUMBEP y 

T 

NAME AND DESCRIPTION 

------IN7DESDRIVEO 

DRIVE 
ELEC/TURS 

SHEET 

REMAP.

(1-3) D-252 3 

(1-3) D-2533 

(1-3) D-254 
3 

2nd CO Shift KO Drum 
3rd CO Shift KO Drum 

4th CO Shift 
KO Drum 

(1-3) D-601 

(1-3) D-602 

(1-3) E-251 

3 

3 

3 

ist Gas Cooling KO Drum 

2nd Gas Cooling KO Drum 

Raw Gas Preheater 

(1-3) E-252 3 Feed Preheater 

(1-3) E-253 

(1-3) E-254 

(1-3) E-255 

(1-3) E-256 

(1-3) E-257 

(1-3) E-258 

(1-3) E-259 

(1-3) E-260 

3 

3 

3 

3 

3 

3 

3 

6 

Trim Preheater 

Primary HP BFW Preheater 

Secondary HP BFW Preheater 

CO Converter LP Boiler 

CO Converter HP Boiler 

CO Shift Deaerators Feedwater Heate 

Process Condensate Heater 

CO Shift Trim Cooler 

A,B 

(1-3) E-601 

(1-3) E-602 

(1-3) E-603 

3 

3 

6 

Gas Cooling Deaerator Feedwater Htr 

Make-up Water Preheater 

Gas Cooling Trim Cooler 

A,B 
(1-3) P-251 

(1-3) P-252 

(1-3) P-254 

6 

6 

6 

1st CO Shift KO Drum Pump 

2nd CO Shift KO Drum Pump 

4th CO Shift KO Drum Pump 

Elec 

Elec 

Elec 

A,B 
(1-3) P-601 

(1-3) P-602 

6 

6 

ist Gas Cooling KO Drum 

2nd Gas Cooling KO Drum 

Elec 

ELec 

(1-3) 
A,B 

P-253 6 3rd CO Shift KO Drum Pump Elec 

NOTES 

A-6 



2703 iTDP) 10-82 

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT
 

EQUIPMENT LIST
 
TEXACO GASIFICATION PLANT
 

PLANT SECTION 250/60025/0 Gas CoolingCoig ISSUE __________DT0 2/10/83________SHEET 

REF EQUIPMEN T 
2 of 2 

DWO NUMBER 

NAME 
 AND DESCRIPTION 

DRIVE 
M--25 FS-10 (1-3) R-251 ELEC/TURB REMARKS3 
 Primary CO Converter
M-25 FS-10 
 (1-3) R-252 3 Secondary CO Converter 
 7
 

NOTES . 

A-7
 



PANAMA COAL TO METHANOL PROJECT
 

ACID GAS REMOVAL SECTION
 

EQUIPMENT LIST - SECTION 300
 

The development, design and specification of this system is based on the
 
proprietary licensed Linde "Rectisol" Process. Detailed equipment data
 
has been produced as a basis for preparation of a cost estimate. The
 
definitive type data required to generate a valid cost estimate made 
use
 
of proprietary information and these equipment designations are excluded
 
in total from this document.
 

A-8
 



2703 (TDP) 10-82PAAACATOMTNLPRJT 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL 
EQUIPMENT LIST 

PROJECT =D-236 

TEXACO GASIFICATION PLANT 
PLANT SECTIONPLN ETO 350 Sulfur Recovery ISSUE 0SU________DATE 2/15/83 1 of 2 

REF E U PMENT -""-" 

_______SHEET 

DWG 

( 
NUMBER QTY NAME AND DESCRIPTION DRIVE

ELEC/TURB REMARKS 

(1-2) B-350 2 Boiler 

(1-2) B-351 2 Condenser 

(1-2) B-352 2 Waste Heat Boiler 

(1-2) B-381 2 Waste Heat Boiler 
(1-2) C-350 4 Air Blower Elec 
C-351 A,B 2 Incinerator Air Blower Elec 
(1-2) C-381 2 Start-up Blower Elec 
D-350 1 Acid Gas K.O. Drum 

D-351 1 Vent Gas K.O. Drum 

(1-2) D-383 2 Reflux Drum 

(1-2) E-350 2 Reheat Exchanger No. 1 

(1-2) E-351 2 Reheat Exchanger No. 2 

(1-2) E-352 2 Reheat Exchanger No. 3 

(1-2) E-353 2 Acid Gas Preheater 

(1-2) E-381 2 Quench Water Cooler 

(1-2) E-382 2 Lean/Rich Solvent Exchanger 

(1-2) E-383 2 Overhead Condenser 

(1-2) E-384 2 Reboiler 

(1-2) E-385 2 LeaL Solvent Cooler 

(1-2) F-350 2 Thermal Reactor 

(1-2) F-351 2 Incinerator 

(1-2) F-381 2 Feed Heater 

(1-2) G-381 4 Quench Water Filters 

A,B 

(1-2) G-384 4 Solvent Filters 

A,B 
P-350 A,B 2 Sour Water Pump Elec 
P-351 A,B 2 Sulfur Pump Elec 
(1-2) P-381 4 Quench Water Pumps Elec 
(1-2) P-382 4 Rich Solvent Pumps Elec 
(1-2) P-383 4 Reflux Pumps Elec 

A,B 

NOTES 

A-9 



2703 (TDP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT TD-2306 
EQUIPMENT LIST 

TEXACO GASIFICATION PLANT 

PLANT SECTION 350 Sulfur Recovery ISSE 0 DATE 2/15/83 SHEET 2 of 2 

REF EOUIPMENTDWG NUMBER TOTY NAME AND DESCRIPTION DRIVEELEC/TURB REMARKS 

(1-2) P-384 4 Lean Solvent Pumps Elec 

P-385 1 Amine Charge Pump Elec 

P-386 1 Amine Sump Pump Elec 

(1-2) R-350 2 Catalytic Reactor No. 1 

(1-2) R-351 2 Catalytic Reactor No. 2 

(1-2) R-352 2 Catalytic Reactor No. 3 

(1-2) R-381 6 Reactor 

A,B,C 

S-381 1 Amine Storage Tank 

(1-2) T-381 2 Quench Tower 

(1-2) T-382 2 Absorber 

(1-2) T-383 2 Stripper 

U-350 1 :ack 

(1-2) V-281 2 Feed Heater Burner 

(1-2) V-350 2 Acid Gas Injector 

(1-2) V-351 2 Incinerator Burner 

V-352 1 Steam Eductor 

W-381 1 Amine Sump 

W-350 1 Sulfur Pit 

NO TES. 

A-10 



2703 IT DPI 10-2 

EBASCO SERVICES INCORPORATED 
PANAMA COAL To METHANOL PROJECT 

2 306EQUIPMENT LIST 
TEXACO GASIFICATION PLANT
 

PLANT SECTION 

REF 

400 Methanol 

EOIUIPME.NT -- -

Synthesis 
ISSUE 

0 
DATE 

2/16/82 
---------- SHEET 

--
oWc NUMBER Q NAME AND DESCRIPTION DRTVE 

(1-6) 

(1-6) 

C-401 

C-401T 

6 

6 

Methanol Synthesis Gas Conpressor 

Synqas Compressor Turbine 

ELEC/TURB 

Turb 

'lec/Turb 

REMARKS 

Dual Driver 
(1-6) C-402 6 Circulator 

(1-6) C-402T 3 Circulator Turbine 
(1-6) C-402M 3 Circulator Motor 

(1-6) D.401 6 Methanol Separator 

(1-6) D-402 6 Letdown Vessel 
(1-6) E-401 12 Loop Boiler Feedwater Heater 

A,B 

(1-6) E-402 6 Loop Start-up Heater 
(1-6) E-403 12 Warm Shell Toop Interchangar 

A,B 

(1-6) E-404 12 Cold Shell Loop Interchanger 

A,B 

(1-6) E-405 10 Crude Methanol Condenser 

A,B,C 

(1-6) E-407 6 Syngas Feed Cooler 

(1-6) E-408 6 Syngas Feed Trim Cooler 
(1-6) E-451 6 Overhead Condenser 

(1-6) E-452 6 Light End Cooler 
(1-6) E-453 6 Feed Overhead Interchanger 
(1-6) E-454 6 Distillation Column Gas Reboiler 1 
(1-6) E-455 6 Distillation Column Gas Reboiler 2 
(1-6) E-456 6 Methanol Cooler 
(1-6) E-457 6 Fuel Oil Cooler 
(1-6) E-458 6 Distillation Column Steam Reboiler 

(1-6) E-459 6 Bottom Cooler 
(1-6) P-401 12 Crude Methanol Pumps Elec 

AB 

(1-6) P-4021 12 Shift Tank Transfer Pumps 
 Elec
 

NOTES 

A-11 



2703 (TOP) 10-82 
EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST TDP- 2306 

TEXACO GASIFICATION PLANT 
__-

PLANT SECTION 400 Methanol Synthesis ISSUE 

REF" EOUIPMENT -

DWG NUMBER QTY NAME 

(1-6) P-451 12 Reflux Pump 

(1-6) P-452 12 Bottom Pump 

AND 

0DATE 

DESCRIPTION 

2/16/83 2 of 2
DATE____________SHEET 

DRIVE 
ELEC/TURB REMARKS 

Elec 

Elec 

A,B 

(1-6) P-453 

(1-6) P-454 

A,B 

12 

12 

Fuel Oil pump 

Steam Condensate Pump 

Elec 

E]ec 

(1-6) R-401 6 Methanol Converter 

(1-6) R-402 6 Chloride Guard Vessel 

(1-6) R-403 12 Sulfur Guard Vessel 

A,B 

(1-6) 

(1--6) 

S-401 

S-402 

6 

6 

Crude Methanol Tan), 

Methanol Product Shift Tank 

(1-6) T-451 6 Distillation Column 

(1-5) V-451 

(1-6) X-401 

(1-6) X-451 

6 

6 

6 

Purge Gas Eductor 

Vapor Recovery System 

Caustic Dosing Set 

Elec 

NOTES
 

A-12 



PANAMA COAL TO METHANOL PROJECT 

CARBON/ASH RECOVERY SECTION
 

EQUIPMENT LIST 
- SECTION 500 

The development, aesign and specification of this system is based oil 
the
proprietary licensed Texaco Coal Gasification Process. 
Detailed equipment

data has been produced as 
a basis for preparation of a cost estimate.
The definitive type data required to generate a valid cost estimate made
 use 
of propriecary information and 
these equipment designations are
 
excluded in total 
from this document.
 

A-13 



PANAMA COAL TO METHANOL PROJECT
 

GASIFICATION EFFLUENT TREATMENT SECTION
 

EQUIPMENT LIST - SECTION 550
 

The development, design and specification of this system is based on the
 
proprietary licensed Texaco Coal Gasification Process. 
 Detailed equipment

data has been produced as a basis for preparation of a cost estimate.
 
The definitive type data required 
to generate a valid cost estimate made
 
use 
of proprietary information and these equipment designations are
 
excluded in total from this document.
 

A-14
 



2703 (TDP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST TDP- 2306 

TEXACO GASIFICATION PLANT
 

Plant System 650 Power Generation ISSUE 0 2/10/83 1 of 1 

REF
DWG L -)U IPMENT 

NUMBER 

(1-3) B-650 

OTY 

6 

NAME AND DESCRIPTION 

Gas Turbine Waste Heat 

DRIVE 

ELEC / TURE 

-HE 

REMARKS 

A,B 

(1-3) N-650 

I 

3 

Recovery System 

Gas Turbine and Generator 

(1-3) N-651 3 MBG Expander and Generator 

(1-3) U-650 3 Stack 

/'I
 

NOTES 

A-15 



2703 'TDP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT TDP-2306 

EQUIPMENT LIST 
TEXACO GASIFICATION PLANT 

PLANT SECTION 700 Air Separation Issu 0 OATE 2/10/83 SHEET 1 of 

REF EQUIPMENT 
DWG NUMBER OTY NAME AND DESCRIPTION DRIVE 

ELEC/T REMARKS 

(1-6) C-701 6 ASU Air Compressor Turbine 

(1-6) C-702 6 Oxygen Compressor Turbine 

(1-6) E-701 24 Reversing Heat Exchanger 

A,B,C,D 

(1-6) E-702 6 Auxiliary Condenser/Vaporizer 

(1-6) E-703 6 Liquid Air Subcooler 

(1-6) E-704 6 Liquid Nitrogen Subcooler 

(1-6) E-705 6 Intercolumn Reboiler/Condenser 

(1-6) E-706 6 Regeneration Heater 

(1-6) E-707 6 Deriming Heater 

(1-6) E-708 Liquid Nitrogen Vaporizer 

(1-6) E-709 6 Liquid Oxygen Vaporizer 

(1-6) E-710 6 Oxygen Heater 

(1-6) E-711 6 1st Air Compressor Intercooler 

(1-6) E-712 6 2nd Air Compressor Intercooler 

(1-6) E-713 6 1st Oxygen Compressor Intercooler 

(1-6) E-714 6 21d Oxygen Compressor Intercooler 

(1-6) E-715 6 3rd Oxygen Compressor Intercooler 

(1-6) G-701 6 Air Filter 

(1-6) J-701 6 Cryogenic Liquid Ejector 

(1-6) N-701 12 Gas Expansion Turbine Turbine 

A,B 

(1-6) N-702 12 Generator Turbine 

A,B 

(1-6) 2-701 1.2 Liquid Oxygen Pump Elec 

A,B 

(1-6) P-704 6 Liquid Oxygen Transfer Pump Elec 

(1-6) P-701 6 Liquid Oxygen Storage Tank 

(1-6) S-702 6 Liquid Nitrogen Storage Tank 

(1-6) T-701 6 High-Piessure Column 

NOTES 

A-16 



2703 ITDPI 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

TEXACO GASIFICATION PLANT 
PLANT SECTION 700 Air Separation ISSUE_0 

--------- --

REP EQUIPMENT-------DWG NUMBER OTY NAME AND DESCRIPTION 

(1-6) T-702 6 Low-Pressure Column 

DATE 
T -2LL8 

DRIVE 
ELiC/TURB 

2 of 

SHEET 

IEMARKS 

(1-6) T-703 12 Hydrocarbon Adsorber 

A,B(1-6' T-704 6 Spray Cooling Tower 

(1-6) V-701 48 Valve Box 

A,B,C,D,E,F,
G,H 

(1-6) C-701T 

(1-6) C-702T 

(1-6) E-717 

6 

6 

6 

Air Compressor Turbine 

Oxygen Compressor Turbine 

Air Compressor Turbine Condenser 

Turb 

Turb 

(1-6) E-718 6 Oxygen Compressor Turbine Condenser 

NOTES
 

A-17 



2703 (TDP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

TEXACO GASIFICATION PLANT 

TDP-230 

Plant System 750 S"eam System 

D---- 1---Ste-m 

DWG NUMBER OYNAME 

ISSUE_ 0 

AND DESCRIPTION 

DATE 2/11/83 

DRIVE 
LEC TUne 

SHEET 

REMARt, 

B-750 1 Start-up Boiler 

D-750 A,B,C 
D-751 1 

BFW beaerater 
LP Drain Collector 

D-752 1. Boiler Blowdown Tank 

D-755 
D-756 1 

LP Steam Drum 
CO Converter HP Steam Drum 

D-757 1 Boiler Blowdown Tank 

E-750 
E-751 

I 
6 

Condensate BFW Exchanger
Steam Turbogenerator Condenser 

E-752 1 Condensate Make-up Exchanger 

E-753 A,B,C
N-751 3 HP BFW Pump Turbine CondenserSteam Turbogenerator Turbine 

P-750 

A,B,C,D,E,F 

P-751 A,B 

P-752 A,B 

(1-6) P-753 

A,B 

6 

2 

2 

12 

HP BFW ?ump 

P3 

P 5FW Pump 

LP Br'w Pump 

Air Compressor Condenser Condensate 

Pump 

3 

Elec 

Elec 

Elec 

Elec 

(1-6) P-754 12 Oxygen Compressor Condenser Elec 
A,B 

P-755 A,B 

P-756 A,B 

P-757 A,B 

P-758 A,B 

S-750 A,B 

2 

2 

2 

2 

2 

2ondensate Pamp 

HP BFW Condenser Condensate Pump 
LP Drain Pump 

Condensate Return Pump 

Turbogenerator Condenser Cond. Pump 

Condensate Receiver Tank 

Elec 

Elec 

Elec 

Elec 

DS-750 1 Steam Desuperheater 

NO TES 

A-1 

V. 



2703 (TDPI 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

TEXACO GASIFICATION PLANT 
800 - Raw Water Supply &Plant System Cooling Wtr System ISSUE 

SUDATE
REF 

EQUIPMENTDWG NUMBER OT Y NAME AND DESCRIPTION 

D-800 AB,C 3 Deaerator 

2/4/83 

DRIVE 

ELECTURB 

1 of 5 
SHE ET 

REMARKS-----

D-802 A,B,C 3 Carbon 

Tank 

Scrubber Make-Up Water Surge 

L-801 3 Cooling Tower 
Elec 

P-801 A-F 

P-802 A-F 

P-803 A,B,C 

P-804 A,B 

P-805 A,B 

P-806 A,B,C, 

P-807 A-H 

P-808 A,B 

P-809 A,B 

P-810 A-I 

P-8ll A,B 

P-812 A,B 

P-813 A,B 

P-814 

6 

6 

3 

2 

2 

4 

: 

' 

2 

9 

2 

2 

2 

1 

Raw Water Intake Pump 

Clarified Water Pump 

Filtered Water Supply Pump 

Acid Gas Removal & Service Water 

Supply Pump 

Coal Handling Filtered Water Supply 
Pump 

Deaerator FW Supply Pump 

Carbon Scrubber DW Supply pump 

Make-Up Demineralizer FW Supply Pump 

Potable Water Supply Pump 

Circulating Water Pump 

Make-Up Demineralizer Backwash Pump 

Demineralized Water Hake-U. .;upplv 
Pump 

Carbon Filter Backwash Pump 

Well Water Pump 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

S-8011 

S-802 i 

Clarified Water Storage Tanx 

Filtered Water Storage Tank 

NOTES 

A-19 



2703 (TOP) 10-82 
EBASCO SERVICES INCORPORATED

PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
TEXACO GASIFICATION PLANT 

800 -- Raw Water Supply & 
Plant Systen, Cooling Wtr System ISSUE 0 

DATE 

RE¢ EQUIPMENT
DG NUMBER NAME AND DESCRIPTION 

S-803 1 Demineralized Water Storage Tank 

S-804 1 Pot ble Water Head Tank 

2/4/83
________SHEET 

DRIVE 
ELECTURB 

T 

2 of 

REMARKS 

X-800 1 Raw Water Treatment System including: 

X-800-1 1 Lime Storage Silo 

X-800-2 1 Dust Collector Elec 

X-800-3 A,B 

X-800-4 A,B 

2 

2 

Lime Feeder 

Lime Slaker 

Elec 

Elec 

X-800-5 A,B 2 Lime Feed Tank 

X-800-6 A,B 2 Mixer Elec 

X-800-°,A,B, 

SI,$2 

4 Lime Feed Pump Elec 

X-800-8 A,B,( 

X-800-9 A-D 

3 

4 

Clarifier 

Clarifier Sludge Pump 

Elec 

Elec 

X-800-10 1 pH Adjustmert Tank 

X-800-11 A,B 2 pH Adjustment Tank Mixer Elec 

X-800-12 A,B 2 Anionic Polymer Feed Pump Elec 

X-800-13 1 Anionic Polymer Day Tank 

X-800-14 1 Mixer Elec 

X-600-15 A,B 2 Anionic Polymer Transfer P.,.ip Elec 

X-800-16 1 Anionic Polymer Make-Up Tank 

X-800-17 

X-800-18 A,B 

1 

2 

Anionic Polymer Make-Up Tank Mixer 

Cationic Polymer Feed Pump 

Elec 

Elec 

X-800-19 1 Cationic Po]ymer Day Tank 

NOTES 

A-20 



2703 (TDP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LISTTEXACO GASIFICATION PLANT 
800 - Raw Water Supply &Plant System Cooling Wtr System ISSUE 0 "---"---'u DATE 2/4/83S. 

REP' EOLIIPMENT DRIVEETDWG NUMBER NAME AND DESLRIPTION DRIVE 
ELEC/TURB

X-800-20 1 Cationic Polymer Day Tank Mixer Elec 

X-800-21 A,B 2 Cationic Polymer Transfer Pump Elec 

X-800-22 1 Cationic Polymer make-Up Tank 

X-800-23 1 Cationic Polymer Make-Up Tank Mixer 
X-800-24 A,B 2 Clarifier Acid Feed Pump Elec 

X-801 Chlorination Equipment System includi g: 
X-801-1 3 Water Pretreatment Chlorinator 

X-801-2 3 Cooling Tower Liquid Chlorine Elec 
Evaporator

X-801-3 3 Cooling Tower Chlorinator 

23E 

Er 3 o 

o 

REMARKS 

5 

X-801-4 1 Potable Water Chlorinator 

X-801-5 3 Residual Chlorine Analyzer 

X-802 

X-80:. , ,B,( 

1 

3 

Sand Filter System including: 

Sand Filter 

X-802-2 

X-802-3 A,B 

1 

2 

Sand Filter Clearwell 

Filter Backwash Transfer Pump Elec 

X-803 

X-803-1 A- K 10 

Make-Up Demineralizer System including 

Carbon Filter 

X-803-2 A- H 

X-803-3 A- H 

X-803-4 A- H 

X-803-5 

8 

8 

8 

1 

Cation Ion Exchanger 

Anion Ion Exchanger 

Mixed Bed Ion Exchanger 

Acid Storage Tank 

NOTESA 

A-2 1 



2703 (TDP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

TEXACO GASIFICATION PLANT 
800 - Raw Water Supply & 

Plant System Cooling Wtr SystemISSUE 0 DATE 2/4/83DATE2/4/83SHEET 

REp EQUIPMENT DCPIDV 
DWG NUMBER NAME AND DESCREPTION DRIVE 

X-803-6 A,B 2 Make-Up Demineralizer Acid Feed Pumps Elec 

X-803-7 A,B 2 Make-Up Demineralizer Hot Water Tank lec Htd 

X-803-8 1 Caustic Storage Tank 

X-803-9 A,B 2 Make-Up Demineralizer Caustic Feed Pum Elec 

D-20 

4 of 54 o 

X-804 

X-804-1 A,B, 

C,D,SIS 2 
X-804-2 A,B 

X-804-3 A,B 

2 

6 

2 

2 

Condensate Polisher System including: 

Condensate Polisher 

Resin Separation & Cation Regeneration 
Tank 

Anion Regeneration Tank 

X-804-4 A,B 2 Resin Storage Tank 

X-804-5 A,B 

X-804-6 AB 

X-804-7 A,B 

X-804-8 A,B 

X-804-9 A,B 

X-804-10 A,B 

2 

2 

2 

2 

2 

2 

Resin Hopper 

Air Blower 

Sluice & Backwash Pump 

Cond. Polisher Acid Feed Pump 

Cond. Polisher Caustic Feed Pump 

Cond. Polisher Hot Water Tank 

Elec 

Elec 

Elec 

Elec 

Elec Htd 

X-805-1 A,B 2 Potable Water Sand Filter 

X-806 

X-806-1 

X-806-2 

1 

1 

Chemical Feed System including: 

Phosphate Feed Tank 

Mixer Elec 

:-806-3 A,B 2 Phosphate Feed Tank 

NOTES 

A-22 



2703 (TDP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENI LIST 

TEXACO GASIFICATION PLANT
 
800 -
Raw Water Supply &
Plant Syster Cooling Wtr System ISSUE 

R E F 
0 DATE 2/4/83 SHEET5 of 5EQUIPMENT 

DWG 
 NRTY 

NAME AND DESCRIPTION 

E L EC /T U R B A 
-


R-, 
 M A. ,.S
X-806-4 
 1Ammonia Solution Tank
XDATE- A/4/83 Fed5Pupofl5
 
SHEET
- 71
 

X-B06-5 
 1 Ammoria Feed Tank Elec Htd
 

X-806-6 A,B 
 2 Amm( .a Feed Pump 
 Elec
 

X-806-7 
 1 Hydr. -ine Feed Tank
 

X-806-8 
 1 Mixer 

Elec
 

X-806-9 A,B 
 2 Hydrazine Feed Pump

X-806-10 A-C Elec
3 
 Cooling Tower Acid Feed Storage Tank
X-806-11 A-F 6 Cooling Tower Acid Feed Pumps 
 Elec
 
X-807 A,B,C 3 
 Cooling Water Inhibitor System includ ng:
 

X-807-1 A,B, 
 3 Solution Tank
 

X-807-2 AB, 
 3 Agitator 

Elec
 

X-807-3 A-F 
 6 Inhibitor Feed Pump 
 Elec
 

NOTES
 

A-23 



2703 (TOP) 10-82 

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
TEXACO GASIFICATION PLANT 

900 - Waste Treatment 
Plant System & Disposal ISSUE 0 DATE 

REP EOUIPMENT----DWG NUM B NAME AND DESCRIPTIONS NA 

E-900 aste rea-men oo er 
P-900 A,B 2 Coal Pile Runoff & Leachate Tansfer 

Pump 

2/4/83 

------
DRIVE 

ELEC/TURS 

-

Elec 

T-2306 

SHEET 1 of 6 

REMARKS 

P-901 A,B 

P-902 

'1 

2 

Oily Waste Transfer Pump 

Sludge Transfer Pump 

Elec 

Elec 

P-903 

P-904 AB,C 

P-905 A,B,C 

P-906 A,B 

1 

3 

3 

2 

Waste Oil Transfer Pump 

Discharge Pump 

Equalization Basin Transfer Pump 

Leachate & Runoff Transfer Pump 

Elec 

Elec 

Elec 

Elec 

S-901 1 Aeration Tank - Below Grade 

H-901 
H-902 

H-903 A,B 
H-904 

H-905 

1 
I 

2 
1 

1 

Radial Stacker 
Front End Loader 

Truck 
Bulldozer 

Compacter 

Elec 
- Mobile Equil 

W-901 1 Coal Pile Runoff 
Pond 

& Leachate Retention -Earthwork 

W-902 

W-903 

1 

1 

Oily Waste Storage Pond 

Final Polishing & Storage Basin 

-

-

Earthwork 

Earthwork 

W-904 1 Sludge Impoundment Pond 

W-905 1 Equalization Basin 

X-900 Physical/Chemical Treatment System, 
including: 

X-900-1 A,B 2 Aerator Elec 

NOTES 

A-24 



2703 (TOP) 10-82 

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
TEXACO GASIFICATION PLANT 

Plant System 
900 - Waste Treatment 

& Disposal ISSUE 0 DATE 2/4/83 SHEET 2 
of 6 

REF EOUIPMENT 
DWG NUMBER 

X-900-2 A,B 

QTY 

2 

DRIR 
NAME AND DESCRIPTION 

" 
Aeration Tank Transfer Pump 

DRIVE 
ELECTURB 

Elec 
REMARKS 

X-900-3 1 Reactor Clarifier Elec 

X-900-4 A,B 2 Reactor Clarifier Sludge Pump Elec 

X-900-5 1 Polymer Storage Tank 

X-900-6 1 Storage Tank Mixer Elec 

X-900-7 A,B 2 Metering Pump Elec 

X-900-8 A,H 2 Filter Pump Ele c 

X-900-9 ?,B 2 Sand Filter 

X-900-l0 1 pH Adjustment Mixing Tank 

X-900-11 A,B 2 pH Adjustment Tank Mixer Elec 

X-900-12NOTEE 1 Acid Storage Tank 

X-900-13 A,B 2 Acid Feed Pump Elec 

X-900-14 1 Thickener 
S* Elec 

X-900-15 1 Polymer Feed Storage Tank 

X-900-16 1 Feed Tank Mixer Elecc 

X-900-17 A,B 2 ,Metering pump Elec 

X-900-l8 A,B 2 Thickener Sludge Transfer Pump Elec 

== =A-25
 



2703 (TDP) 10-8:-

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO MLTHANOL PROJECTTD-31 

EQUIPMENT LIST 
TEXACO GASIFICATION PLANT
 

900 - Waste Treatment 
Plant System & Disposal ISSUE DATE 2/4/83 SHEET 3 of 6 

REF: E0LU1WEN7 
DWG 
 NIMBER OTYN N '"ME ANU DESCRIO.T;O1N DRIVE 

ELEC/TURE REMARKS 

X-901 
 Water Pretreatment Sludge Dewatering
 
System, including:
 

X-901-1 
 1 Thickener 

Elec
 

X-901-2 A,B 2 Thickener Sludge Transfer Pump 
 Elec
 

X-901-3 
 1 Polymer Feed Tank
 

X-901-4 
 1 Polymer Feed Tank Mixer 
 Elec
 

X-901-5 A,B 2 Polymer Feed Pump 
 Elec
 

X-901-6 A B 
 2 Vacuum Filter 
 Elec
 

X-901-7 A,3 
 2 Vacuum Receiver
 

A,B 2 Vacuum Pump Elec 

X-901-9 A,B 
 2 Filtrate Pump Elec
 

NOTES 

A-26 

X-.901-8 



2703 (TOP) 10-82 

EBASCO SERVICES INCORPORATED
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
TEXACO GASIFICATION PLANT 

900 - Waste TreatmentPlant Systej & Disposal 
0- --U DATE 

REF__ I________REF EUIPMENT 

DWG NUMBER C f y NAME AND DESCRIPTION 
1-0AB 2 'lug odtcE 

X-901-10 A,B 2 Sludge Conditioc ng Tank 

IX-901-11 1 Polymer Feed Tank 
X-901-12 1 Polymer Feed Mixer 

2/4/83 

D- -..-.--. E._ 

DRI VEIEC /TUR 

Elec 

TDP-2306 

SET4 of 
SHEET 

R 

REMARKS 

6 

X-901-13 

X-901-14 

A,B 

A-D 

2 

4 

Polymer Feed Purip 

Belt Conveyor 

Elec 

Elec 

X-902 

X-902-1 A,B 

X-902-2 

2 

1 

Air Flotatioll Unit - Oily Waste 
Treatment System, including: 

nfluent Pump 

Circular Tricellorator 

Elec 

X-902-3 A--C 

X-902-4 

X-902-5 

X-902-6 A,B 

X-902--7 

X-902--8 

X-902-9 A,B 

3 

1 

1 

2 

1 

1 

2 

Main Process Pump 

Alum Storage Tank 

Alum Mixer 

Alum Feed Pump 

Polymer Feed Tank 

Polymer Mixer 

Polymer Feed Pump 

Elec 

Elec 

Elec 

Elec 

Elec 

X-.903 Dechlorination Sulfonator Elec 

X-904 

X-904-1 

X-904-2 A,B 

1 

2 

Sanitary Waste Treatment System, 
including: 

Lift Station 

Lift Station Sunp Pump Elec 

NOTES 

A-27 



2703 1TDP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT
 
EQUIPMENT LIST 
 TDP-2306, 

TEXACO GASIFICATION PLANT
 
900 - Waste Treatment
 

Plant Syst;em 
 & Disposal 
 ISSUE 0 DATE 2/4/83 SHEET 5 of6 
REF EOUIPMENT D SHEET 
DWG 
 NUMSER QTY NAME AND DESCRIPTION DRIVEELEC/TURB 
 REMARKS
 

X-904-3 1 Comminutor Elec 

X-904-4 1 Extended Aeration Tank Elec 

X-904-5 AB 
 2 Air Blower Elec
 

X-904-6 A,B 2 S.idge Transfer Pump Elec 

X-904-7 1 Chlorinat )r Elec
 

X-905 
 Bio-Oxidation with PAC & WAR Treat.
 

X-905-1 A-H 
 8 Aerator 

Elec
 

X-905-2 AB 
 2 Aeration Tank
 

X-905-3 A-D 
 4 Air Blower 

Elec
 

X-905-4 A,B 
 2 Nutrient Storage Tank
 

X-905-5 A-D 4 Nutrient Feed Pump Elec
 

X-905-6 AB 
 2 Vi-gin Carbon Storage & Handling Elec
 

X-905-7 A-F 6 Aeration Tank Transfer Pump 
 Elec
 

X-905-8 A-D 
 4 Settling Tank 
 Elec a)Rake Drive 

b)Skimmer Drive 
X-905-9 A-D 4 Settling Tank Carbon or Sludge Recycl Elec
 

Pump

X-905-10 A-F 6 Filter Pump Elec 

X-905-11 A-F 
 6 Sand Filter
 

X-905-12 
 1 Chlorine Contact Tank
 

X-905-13 
 1 Chlorinator 

Elec
 

NOTES
 

_A-28 



2703 (TDP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT ET 

EQUIPMENT LIST E 306 
TEXACO GASIFICATION PLANT
 

900 -
Waste Treatment
Plant System, 
 & Disposal 
 IssuE 0 2/4/83 
 SHEET 6 of 6---- E--------------- -
DATE 
 SHEET
 
REF EQUIPMENTDWG NUMBER QTY NAME AND DESCRIPTION --------------DRIVE2-" S e h e ELEC/TUR8 REMARKS 

X-905-14A,B 
 2 e Thickener 
 Elec
 
X-905-15 A-D 
 4 Sludge Thickener Transfer Pump 
 Elec
 

X-905-16 A,B 
 2 Spent Carbon Storage Tank
 

X-905-17 A,B 
 2 Agitator 

Elec
 

X-905-18 A-D 
 4 High Pressure Pump Elec
 

X-905-19 A-D 
 4 Air Compressor 
Elec
 

X-905-20 A-D 4 Heat Exchanger
 

X-905-21 A,B 
 2 Reactor 

X-906 
 1 
 Sludge Fixation System including:
 

X-906-1 
 1 Fixation Tank
 
X-906-2 1 Mixer 

Elec 
X-906-3 
 1 Bentonite Storage Bin
 
Y-906-4 
 1 Dust Collector 


Elec
 
X-906-5 
 1 Bin Vibrator 


Elec
 
X-906-6 
 1 Screw Feeder 

Elec
 
X-906-7 
 1 Portland Cement Storage Bin
 
X-906-8 
 1 Dust Collector 


Elec
 
X-906-9 
 1 Bin Vibrator 

Elec
 
X-906-10 1 Screw Feeder 

Elec 
X-906-11 A,B 
 2 Sludge Pumps 

Elec
 
X-906-12 
 1 Emergency Spill Basin Sump Pump Elec
 

Z-901 
 1 API Separator 
Concrete,
 

below grade
 

NO TES 

A-29
 



2703 (TOP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 2306 

TEXACO GASIFICATION PLANT 
Plant System 

R E F 

D cNUMBER 

950 Auxiliary Systems 

E O USPME 

TYNAME 

ISSUE 

AND 

02/4/83 
0 

DESCRIPTION 

DATE 2/ 3 

DRIVE 

SHEET 
ET 

--

-95 FS-10 C-950 A,B,C 3 Air Compressor Ee 

M-95 FS-10 C-951 A,B,C 3 HP Nitrogen Compressor Ee 

M-95 F-10 C-952 A,B,C 3 L Nitrogen Compressor Ee 

-95 FS-10O D-950 1 Air Receiver 

-95 P-10 

M-95 S-l0 

-5 P-10 

-95 FS-10 

[-951 

D--952 A,B 

D-953 A,B,C 

D-954 A,B 

1 

2 

3 

2 

Instruent Air Receiver 

Liquid Propane Storage Tank 

Eergency Flare K.O. Drum 
HP Nitrogen Receiver 

M-95 FS-10 

-95 FS-0 

M-95 FS-10 

M-95 FS-10 

M-95 PS-10 

M-95 PS-10 

D-955 A,B,C 

E-952 A,B 

P-950 A,B,C 

P-953 A,B 

P-954 AB 

P-955 A,B 

4 

2 

3 

2 

2 

2 

LP Nitrogen Receiver 

Propane Vaporizer 

Flare K.O. DrumPump 

Propane Unloading pup 

Propane Fed Pup 

Fuel Oil Unloading and Transfer 

Elec 

Elec 

Elec 

Elec 

M-95 

M-95 

M-95 

S-10 

FS-10 

S-10 

P-956 A,B 

S-951 A,B 

S-952 

2 

2 

1 

Fuel Oil Feed Pump 

Methanol Storage Tank 

Fuel Oil Shift Tank 

Pump 
Elec 

M-95 

M-95 

M-95 

S-l0 

S-10 

S-10 

S-953 

U-950 A,B,C 

V-950 

1 

3 

1 

Fuel Oil Storage Tank 

Eergency Flare Stack 

Ir.struent Air Dryer Elec 

NOTES 

A-30 
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050 

950 

PANAMA COAL TO METHANOL PROJECT

BRITISH GAS CORP./SLAGGING LURGI
 

GASIFICATION PLANT
 

PLANT AREA DESIGNATIONS
 

System No. 
 Section No. 


_ 


- 1100/1150 


- 1200 


-
 1300 


- 2100 


- 2150 


- 2200 


-
 2250 


- 2300 


- 2400 


- 2500 


- 3100 


-
 3500 


800 


900 
 -


9100 
 -


-


Area Description
 

Coal and Flux Handling
 

Coal Preparation
 

Coal Gasification/Slag Removal
 

Air Separation
 

Particulate Removal and Cooling
 

Phenol Recovery - 1 and - 2.
 

Naphtha Removal
 

Sulfur Recovery
 

CO Shift
 

CO2 Removal
 

Absorption Refrigeration
 

Methanol Synthesis
 

Methanol Distillation
 

Raw Water Supply/Treatment/
 

Cooling Water
 
Waste Treatment/Disposal
 

Combined Power Generation
 

Auxiliary Systems:
 

Flare
 
Fire Protection
 
Electrical Distribution
 
Air/Nitrogen/Inert Gas
 
Miscellaneous Storage
 

A-31
 



2703 (TDP1 10-82 

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
BRITISH GAS CORP/SLAGGING LURGI 

GASIFICATION PLANTPlant System 050 Coal and Flux Handlin 0 
SUE DATE 

REF EQUIPMENT 

DWG NUMBER QT NAME AND DESCRIPTION 

H - 050 1 Conveyor No 1 

H - 051 1 Conveyor No 2 
H - 052 1 Conveyor No 3 
H - 053 1 Conveyor No 4 

H - 054 1 Emergency Reclaim Conveyor No 5 
H -055 A,B 2 Conveyor No 6 

H - 056 A,B 2 Conveyor No 7 

H - 057 A,B 2 Conveyor No 8H - 058 A,B 2 Conveyor No 9 

1/4/83 

DRIVE 

ELEC/TURB 

Elec 

Flec
Elec 

Elec 

Elec 

Elec 

Elec 

Elec
Elec 

TDP-2306 

SHEET 1 of 

REMARKS 

2 

H - 059 A,B 
H - 060 A,B 

2 
2 

Conveyor No 10 
Conveyor No 11 

Elec 
Elec 

H - 062 ABC 3 Magnetic Separator Elec 
H - 063 ABC 3 Belt Scale - Mechanical Elec
H - 064 1 Belt Scale - Electronic Elec
 

H - 065 ABC 3 Metal Detector 
 Elec 
H - 066 AB 2 Vibrating Feeder 
H - 067 AB 14 Vibrating Feeder 

Elec 
iElec
 

H - 069 1 Telescopic Chute Elec 
11- 070 8 Splitter & Flop (,;ate Elec 
A through S 

H-071 1 Sampling System-as Received Elec
 
H-072 
 1 Sampling System-as Fired Elec
H-073 A,B 
 Dust Collector - For Buildings Elec 

H-074 
 2 Dust Collector - Unloading Station Elec 
11-075 2 Dust Collector - At Silos 
 Elec
 
A through G 

1-076Dust Suppression System-Wet Spray 
 Elec
 
H-077 
 1 Stacker Reclaimer (Stack) 
 Elec
 

NOTES
 

.... _ _A-32 

i 



2703 (TOP) M0-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST B 

T 2 
-06 

BRITISH GAS CORP./SLAGGING LURGI 
GASIFICATION PLANT 

Plant 

REF 

System 050 Coal 

EQUIPMENT 

and 

" 

Flux Handlijfiu E D 2/15/83DATE_ _SHE 

DWG NUMBER QTY NAME AND DESCRIPTION DRIVEELEC/TURB REMARKS 

H-078 1 Bulldozer - Wheel Type Mobile 
H-079 2 Bulldozer - Track Type Mobile 
H-080 A,B,C 3 Wheel Tractor - Scrapers Mobile 
M-051 A,B 2 Clamshell Unloader Elec 

P-050 A,B 2 Sump Pump Elec 

S-050 1 Emergency Reclaim Hopper 

S-051 A,B 2 Coal Storage Silo 

H-090 1 Flux Conveyor "A" Elec 
H-091 1 Flux Conveyor "B" Elec 
H-092 1 Telescopic Chute Elec 

NOTES 

A-33 

ii2i " -- --



2703 (TDP) 10-82 

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
TDP-2306 

BRITISH GAS COPP. /SLAGGING LURGI 

PLANT SECTION 1100/1150 
-------

Coal 
GASIFICATION 

PreparatioISSUE 
PLANT 

0DATE 8/26/83 SHEET1 of 2 

DWG NUMBER NAME AND DESCRIPTION DRIVE 
ELEC /TURB REMARKS 

Gl01/IA&B 4 Magnetic Separator Coal Elec 
G1102/ 2 Magnetic Separator Flux. Elec 
MlI01/lA&B 4 Coal Conveyor 

Elec 
M1102/lA&B 4 Belt Weigher 

Elec 
M1103/1 2 Flux Receiving Hopper 
M1104/IA&B 4 Flux Feeder 

Elec 
M1105/lA&B 4 Flux Feed Conveyor 

Elec 
M1106/IA&B 4 Flux Conveyor 

Elec 
G1151/IA&B 8 Coal reed Screen 

Elec 
M1l51/lA&B 4 Coal Feed Conveyor 

Elec 
M1152/1 2 Blended Coal Conveyor Elec 
M1153/1 2 Coal Conveyor 

Elec 
M1154/lA&B 4 Screen Feed Chute 

M1155/1,2 8 Overs Chute 
A&B 

M1156/1,2 8 Fines Chute 
A&B 

M1157/IA&B 4 Overs Conveyor 
Elec 

M1158/IA&B 4 Fines Collecting Conveyor Elec 
M1159/1A&B 4 Fines Distributing Chute 
1 1160/IA&B 4 Fines Proportioning Feeder Elec 
f1161/1 2 Fines Elevating Conveyor I Elec 
162/1 2 Fines Transfer Conveyor Elec 

1163/1 2 Fines Elevating Conveyor II Elec 
U1164/1 2 Briquette Cooling Conveyor I Elec 
11165/1 2 Briquette Cooling Conveyor II Elec 
1166/1 2 Briquette Cooling Conveyor III Elec 
11.67 1 Press Discharge Conveyor Elec 
1168 1 Rejects Conveyor 

Elec 
11169 1 Rejects Elevator 

Elec 

NOTES 

A-34 



---------

2703 (TDPI 10-82 
EBASCO SERVICES INCORPORATED

PANAMA COAL TO METHANOL PROJECT = 
EQUIPMENT LIST 

BRITISH GAS CORP. /SLAGGING LURGI
 
GASIFICATION PLANT
 

PLANT SECTION 1100/1150 Coal PreparatioSSU 0 DATE 8/26/83E 
"EOU--'-NT 
 SHEET 2 of2
 

BREM 
 RK
DWG NUMBER 
 CTY NAME AND DESCRIPTION DRIVE 

M1170 1 Rejects Feeder 'le= ELEC/TURE REMARKS 

El 
M1171 =cM1172 RejectsRejects Mill11 Screw Conveyor ElecElec

WI171 
 1 Briquetting Plant 


Elec

1 
 Dust & Vapor Extraction Unit 
 Elec
 

NO TES 

.
 A-35 



2703 ITDP) 10-82 

EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT - 20 

EQUIPMENT LIST 

PLANT 

BRITISH GAS CORP. /SLAGGING LURGI 
1200 Coal Gasification/ GASIFICATION PLANTSECTION Slag Removal ISSUE 0 DATE 8/26/83 SHEET1 of 2 

REF EQUIPMENT 
DWG NUMBER QTY NAME AND DESCRIPTION 

D--VE 

RIVE 

ELEC/TURB REMARKS 

C-1201 4 Vent Scrubber 

F-1201/1 32 Gasifier Steam Drum 
G-1201/1 4 Clarifier 

Elec 
G-1202/1 8 Gasifier Vent Bag Filter 

H-1201/l 32 Quench Cooler 

K-1201 32 Chain Conveyor Exhauster 

M-1201/1-4 
A&B 16 Coal Distribution Conveyor Elec 

M-1202/1-4 
A&B 16 Coal Tripper 

Elec 
M-1203/1 8 Coal Storage Hopper 
M-1204/1 32 Coal Chute Feeder Elec 

M-1205/1-4 
A&B 16 Flux Distribution Conveyor Elec 

M-1206/1-4 
A&B 16 Flux Tripper 

Elec 
M-1207/1 8 Flux Storage Hopper 
M-1208/1 32 Flux Chute Feeder Elec 
M-1209/1 32 Lock Hopper Feed Chute 
M-1212/1 32 Slag Transfer Hopper 

M-1213/1 8 Sluice way 

M-1214/1 32 Hydro cyclone 
M-1215/1 8 Slag Conveyor 

Elec 
P-1201/1 64 Clarified Water Booster Pump Elec 
P-1202/1 64 Quench Circ. Pump Elec 
P-1203/1 16 Motive Water Pump Elec 
P-1204/1 8 Clarified Water Lift Pump Elec 
P-1205/1 8 Sludge Pump 

Elec 
R-1201/. 32 Slagging Gasifier 

TU-1202/1 8 Slag Sump 

TU-1203/1 4 Clarified Water Sump 

NOTES 

A-36
 



2703 (TOP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECTEQUIPMENT LIST
BRITISH GAS COPF. /SLAGGING LURGI 

TDP-2306 

PLANT SECTION 1200 Coal Gasification/Sl~ag Removal 
GASIFICATION PLANT 

Isue 0 DATE 8/26/83 

REF 
DWG 

EOUIPMENT 
NUMBER OTY 

- N 
NAME 

D 
AND 

I 
DESCRIPTION DRVE.ELEC/TURD REMARKS 

V-1201/1 

V-1202/T 

V-1.203/ 1 

V-1204/1 

32 

32 

32 

32 

Coal Lock Hopper 

Slag Quench Chamber 

Quenched Slag Lock Hopper 

Hydrocyclone Blowdown Vessel 

V-1205/1 8 Lock Gas Storage Tank 

NOTES 

A-37 



2703 (TDPI 10-82 
EBASCO SERVICES INCORPO .ATED 

PANAMA COAL TO METHANOL PROJECT D-30
EQUIPMENT LIST 
BRITISH GAS CORP. /SLAGGING LURGI
 

GASIFICATION PLANT 

PLANT SECTION 1300 Air Separation ISSUE 0 DATE8/26/83DAT SHEET ofREF EOIMN -7] -°'° 
DWG NUMBER 'YTY NAME AND DESCRIPTION DRIVE 

ELEC/TURB REMARKS
 
K-1301/1 
 4 Air Compressor Elec
 
K-1302/1 
 4 Oxygen Compressor Elec
 
K-1303 A&B 
 2 Nitrogen Compressor 
 Elec
 
K-1304/1 
 8 Stripping Nitrogen Blower 
 Flec 
W-1301/1 4 
 Air Separation Plant 
 Elec
 

NOTES
 

A-38 



2703 (TOP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECTEQUIPMENT LIST 
BRITISH GAS CORP /SLAGGING LURGI 

E 306 

PLANT SECTION 2100 

---------

Particulate 
GASIFICATION PLANT 

Removal SSuE 0 

iU-I.1-n 
DATE 8/26/83 

SH E ET 

1 of 1 

WGNUMBER T ~ NAME AND DESCR 'TION IEUAELEC/TURB RERSREMARKS 
C2101/1 4 Ammonia Scrubber 
F-2101/1 8 L.P. Steam Drum 
H-2101/1 32 2nd Gas Cooler 
H-2102/1 4 Pre-cooler I 
H-2103/1 4 Final Gas Cooler 
H-2104/1 4 Pre-cooler II 
H-2105/1 4 Tar Cooler 
H-2106/1 4 Liquor Cooler 
M-2101/ 32 Hydraulic Ram 
P-2102/1 A&B 

P-2103/1 A&B 

P-2104/ 1 A&B 

P-2105/1 A&B 

P-2106/1 A&B 

P-2107/1 A&B 

P-2108/1 ABC 

P-2109/ABC 

8 

8 

8 

8 

8 

8 

24 

3 

Tar Cooler Recirc. Pump 

Fixed Bed Tar Recycle Pump 
Tuyeres Tar Recycle Pump 

Oil Recycle Pump 

Recycle Liquor Pump 

Ammonia Scrubber Pump 

BFW Circulation Pump 

Tar Circulating Pump 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 
T-2101 I Tar Storage Tank 
T-2102 1 Oil Storage Tank 
V-2101/1 32 ist Gas Cooler 
V-2102/1 32 2nd Gas Cooler K.O. Drum 
V-2103/1 4 Precooler I K.O. Drum 
V-2104/1 4 HP Tar/Liquor Separator 
V-2105/1 4 HP Oil/Liquor Separator 
V-2106/1 4 Tar Flash Vessel 
V-2107/1 4 Gas Liquor Flash Vessel 
V-21.08/1 4 Oil Flash Vessel 
V-2109/1 4 Precooler II K.O. Drum 

NOTES 

A-39
 



2703 (TDP) 10-82 
EBASCO SERVICES INCORPORATED

PANAMA COAL TO METHANOL PROJECT T 

EQUIPMENT LIST 
bRITISH GAS CORP. /SIAGGING LURGI 

GASIFICATION PLANT 

PLANT SECTION 2 150 Phenol Recovery 1&2 ISSUE 0 DATE 8/26/83 SHEET_1 of 3 
REF E QUIPMENT D IV 
DWG 

NUMBER 
QTY 

NAME AND DESCRIPTIO ELEC/TUR B REMARKS 

C-2151 1 Gas/Liquor Scrubber KS: 

C-2152 1 Phenol Distillation Column 

C-2153 1 Phenol Scrubber 

C-2154 1 Deacidifier 

C-2155 1 Total Stripper 

C-2156 1 Co2 Scrubber 

C-2157 1 Ammonia Stripper 

C-2158 1 Ammonia Purification Column 

C-2159 I Ammonia Absorber 

C-2160 1 Ammonia Fractionator 

G-2151 A/B 2 Gravel Filter 

G-2152 1 Extractor 

H-2152 1 Gas Liquor Cooler 

H-2153 1 Solvent Condenser I 

H-2154 1 Solvent Condenser II 

H-2155 1 Extract Vapor Condenser 

H-2156 1 Discillation Column Feed Heater 

H-2157 1 Upper Column Heater 

H-2158 1 Lower Column Heater 

H-2159 1 Phenol Interchanger 

H-2160 1 Phenol Cooler 

H-2161 1 Deacidifier Reboiler 

H-2162 1 Wash Water Cooler 

H-2163 1 Deacidifier Feed Bottoms Interch. 

H-2164 1 Stripper Reboiler 

H-2165 1 CO2 Scrubber Upper Cooler 

H-21.66 1 CO2 Scrubber Middle Cooler 

H-2167 1 CO2 Scrubber Lower Cooler 

H-2168 1 NH 3 Stripper Reboiler 

H-2169 1 Reflux Ammonia Cooler 

NOTES 

A-40 



2703 ITDP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

PLANT SECTION 

REF 

BRITISH GAS CORP. /SLAGGING LURGI
GASIFTCATION PLANT 

2190 Phenol Recovery 1&2 ISSuE 0 DATE 
EQUIPMENT 

8/26/83 2 Of 3 
DWG NUMBER QTY NAME AND DESCRIPTION 

DRV 

RIVE 

H-2170 

H-2171 
Ammonia Condenser 
Ammonia Absorber Cooler 

H-2172 
Fractionator Feed/BTMy Inter. 

H-2173 
Fractionator Reboiler 

H-2174 

K-2151 A&B 2 

Effluent Water Cooler 
Acid Gas Blower 

P-2151 A&B 

P-2152 

P-2153 

P-2154 

P--2155 A&B 

P-2156 A&BP2157 A&B 

2 

1 

1 

1 

2 

?lec2 

Gas Liquor Pump 

Oil/Tar Sludge Pump 

Mud/Water Pump 

Flushing Pump 

Extract Pump 

Dephenolated Liquor Pump 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

P2158 A&B 2 

Solvent Reflux Pump 

Solvent Recycle Pump 
Elec 

Elec 
P2159 

P2j6O A&B 
P2161 A&B 

P2162 A&1 
P2163 A&B 

P2134 A&B 
P2165 A&B 

P2166 A&B 

P2167 A&B 

1 

2 

2 

2 

2 

2 

2 

2 

2 

Solvent Make Up Pump 

Crude Phenol Transfer Pump 
Crude Phenol Running Pump 

Crude Phenol Product Pump 
Stripper Feed Pump 

Effluent Water Pump 
Ammonia Absorber BTMS Circ. 
Fract. Feed Booster Pump 
Ammonia Reflux Pump 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 
P2168 A&B 2 Liquid Ammonia Prod. Pump Elec 
T2151 1 Gas Liquor Tank 
T2152 1 Mud/Water Tank 
T2153 1 Flushing Tank 
T2158 

T2162 I 

1 Oil/Tar Sludge Tank 

Effluent Water Tank 
V2151 I Acid Gas K.O. Drum 

NO TES 

A-41 



2703 (TDP) 10-82 
EBASCO SERVICES INCORPORATED

PANAMA COAL TO METHANOL PROJECT T 

EQUIPMENT LIST 
BRITISH GAS CORP. /SLAGGING LURGI 

GASIFICATION PLANT 
PLANTSECTION2150 Phenol Recovery l&2. ISSUE 0 DATE 8/26/83____ _3 of 3 

REF EOUIPMCNT 
DWG NUMBER NAME AND DESCRIPTION DRiVE 

" 1 
ELEC/TURBT REMARKS 

V-:2152 1 Separator 

V-2153 1 immonia Reflux Drum 

V-2154 1 Extract Tank 

V-2155 1 Dephenolated Liquor Tank 

V-2156 I1 Solvent Running Tank 

V-2157 1 Solvent Storage Tank 

V-2159 1 Crude Phenol Tank I 

V-2160 1 Crude Phenol Tank II 

V-2161 1 Ammonia Flash Drum 

NO TES 

A-42
 



2703 (TOP) 10-82 

FBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT 

EQUIPAENT LIST 
BRITISH GAS CORP. /SLAGGING LURGI 

GASIFICATION PLANT 
PLANT SECTION 

REF 

2200 Naphtha 

IP MENT 

Renoval ISSUE 0 
DATE 

8/26/83 
-

........ SHEET 
1 of 

DWG NUMBER QTY NAME AND DESCRIPTION DRIVE 
ELE /TURB REMARKS 

C-2201/1 4 Naphtha Absorber 

C-2202/1 4 Naphtha Washer 
C-2203/1 4 Naphtha Selexol Regenerator 
C-2204/1 H2 S Selexol Absorber 
C-2205/1 4 H2S Selexol Regenerator 
G02201/1 4 Naphtha Selexol Filter 
G-2202/1 4 H2 S Selexol Filter 
H-2201/1 4 Naphtha Selexol Cooler 
H-2202/1 4 Naphtha Selexol Interchanger 
H-2203/1 4 Naphtha Selexol Reboiler 
H-2204/1 4 Naphtha Water deater 
H-2205/1 4 Naphtha Selexol Condenser 
H-2206/1 4 Washer O/H Cooler 
H-2207/1 4 H2S Selexol Interchanger 
H-2208/1 4 Recycle Comp. Aftercooler 
H-2209/1 4 H2S Regenerator O/H Condsr. 
H-2210/i 4 H2S Regenerator Reboil. 
H-2211/1 4 Feed Gas Interchanger 

H-2212/± 4 Lean Selexol Chiller 
K-2201/1 A&B 8 H2S Removal Rec. Comp. Elec 
P-2201/1 A&B 8 Naphtha Selexol Pump Elec 
P-2202/l A&B 8 Naphtha Wash. Water Pump Elec 
P-2203/1 A&B 8 Naphtha Condensate Pump Elec 
P-2204/1 A&B 8 Naphtha Rich Selexol Pump Elec 
P-2205/1 4 Naphtha Selexol Make-up Pump Elec 
P-2206 A/B 2 Naphtha Transfer Pump Elec 
P-2207/1 ABC 12 H2S Removal Selexol Pump Elec 
P-2208/1 A&B 8 Acid Gas Condensate Pump Elec 
P-2209/1 4 H2S Selexol Make-up Pump Elec 
P-2210/1 4 H2S Selexol Filter Pump Elec 

NOTES 

A-43 
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2703 (TDP) 10-82 

EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT F 2 

EQUIP MfNT LIST T P-2306 
BRITISH GAS COP. /SLAGGING LURGIGASIFICATION PLANT
PLANT SECTION 2200 Naphtha Removal ISSUE 0 8/26/83 
 2
 

_DATE 
SHEET
T
DwG RE; II QUI'M N
I"---
NUMBER "---'
oREY ' -- --------
NAME AND DESCRIPTION 

DRIVE I .
 IELEC/TURB,.. 
 REMARK!
 

PT-2207/1 4 H2S Selexol Turbine Turbine 
T-2201 I Naphtha Storage Tank 

V-2201/1 4 Naphtha Selexol K.O. Drum 
V-2202/1 4 H.F. Naphtha Flash Drum 

V-2203/1 4 Decanter Drum 
V-2204/1 4 Regenerator Overheads Decanter 
V-2205/1 4 Naphtha Selexol Drain Drum 
V-2206/1 4 H2 S Selexol K.O. Drum 
V-2207/1 4 H2 S Selexol Flash Drum 
1-2208/1 4 Claus Gas K.O. Drum 

V-2209/1 4 H2 S Selexol Drain Drum 

AOTES
 

-
 A-44
 



2703 (TDP' 'C-82 

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
BRITISH GAS CORP. /SLAGGING LURGI 

PLANT SECTION 

REF 

2250 Sulfur 

EOUIMENT 

Recovery 
3ASIFICATION PLANT 
ISSUE 0 DATE 8/26/83 1SHEET__ of 1 

DWO NUMBER O NAME AND DESCRIPTION 
DRI V E 

-

F-2251/1 8 Muffle Furnace 
SELECTURBRIVE REMARKS 

F-2252/1 4 Claus Incinerator 

H-2251/1 8 Claus Waste Heat Boiler 
H-2252/1 8 Reactor 1 Precondenser 

H-2253/1 8 Reactor ] & 2 Interchanger 
H-2254/1 8 Reactor 2 Precondenser 
H-2255/1 8 Reactor 2 & 3 Interchanger 

H-2256/1 8 Reactor 3 Precondenser 

H-2257/1 8 Claus Final Condenser 
H-2259/1 8 Sul.phur Sump Heater 
K-2251/1 8 Claus Furnace Air Blower Elec 
M-2251/1 4 Sulphur Sump Eductor 
P-2251/l A&B 16 Sulphur Product Pump Elec 
S-2251/1 4 Tail Gas Stack 

R-2251/1 8 Claus Reactor I 
R-2252/I 8 Claus Reactor 2 
R-2253/1 8 Claus Reactor 3 
V-2251/1 8 Claus Burner K.O. Drum 
W-2251/1 4 Scot Unit 

Elec 
TU-2251/1 8 Product Sulphur Sump 
W-2252/1 4 Sulpec Unit 

Elec 

NOTES 

A-45 



2703 (TDPI 10-82 

IZSASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST TD- 2 
BRITISH GAS CORP. /SLAGGING LURGI 

GASIFICATION PLAN 
PLANT SECTION 

REF 
DWG 

2300 CO 

EQUIPMENT 
NUMBER 

Shift 
- ISSUE 

NAME 

0 

AND DESCRIPTION 

DATE 
8/26/83 

DRV 
DRIELEC/TUE 

SHEET 1 of 1 

ELECT~nB REMARKS 

C-2301/I 4 Saturator 

C-2302/1 4 Direct Gas Cooler 
F-2301/1 4 Shift Startup Heater 
H-2301/1 4 Shift BFW Heater 
H-2302/i 4 Shift Bypass Cooler 
H-2303/1 4 Saturator Circuit Heater 

H-2304/1 4 Shifted Gas Cooler 
H-2305/1 4 Absorption Refrigeration Desorber 
H-2306/1 4 Saturator Bottoms Cooler 
K-2301/1 4 Desulphurised Gas Compressor Elec 
P-2301/l A&B 8 Saturator Bottoms Pump Elec 
P-2302/1 A&B 8 Saturator Feed Pump Elec 
R-2301/1 4 First Co. Shift Vessel 

R-2302/1 4 Second Co. Shift Vessel 
R-2303/1 2 Sulphur Guard 

V-2301/1 4 Shifted Gas K.O. Drum 

NO TES 

A-46 



2703 (TDPJ 10-82 

EBASCO SERVICES INCORPORATEO 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
BRITISH GAS CORP. /SLAGGING LURGI 

GASIFICATION FLANT 
PLANT SECTION 

RE;- " 

RG 

400C 
EOU .PME;,4[ 

ENUMBER-T 

Removal ISSUE 0 DATE 8/26/83 SHEET_1 of 1 

NAME AND DESCRIPTION 
DRIVEELEC'TURB 

REMARKS 

C-2401/I 4 /C0 9 Absorber 

C-2402/1 4 CO? Seexol Stripper 
E-2401/1 4 Selexol Turbine Alternator Elec 
ET-2401/I 4 CO2 Selexol L.P. Turbine Turb. 
G-2401/1 4 1CO 2 Selexol Filter 
K-2401/1 A&B 8 CO2 Removal Recycle Compressor Elec 
K-2402/1 A&B 8 Lockhopper Gas Comp. Elec 
P-2401/1 ABC 12 COO Selexel Pump 

Elec 
P-2403/1 4 CO Selexol Make-up Pump Elec 
P-2402/1 ABC 

P-2404/1 

12 

4 

Absoiber Interstage Circulation Pump 
CO,) S',lexol Filter Pump 

Elec 

Turb. 
PT-2401 A/1 4 CO21 Selexol HP Turbine Turb. 
PT-2401 B/I 4 CO2 Selexol HP Turbine 
V-2401/1 4 CO2 Absorber Feed K.O. Drum 
V-2402/1 4 HP CO2 Flash Drum 

V-2403/1 4 MP CO2 Flash Drum 
V-2405/1 4 CO2 Flash Gas K.O. Drum 
V-2406/1 4 CO2 Absorber Product K.O. Drum 
V-2407/1 4 Vent Gas K.O. Drum 
V-2408/1 4 CO? Selexol Drain Drum 
H-2401/1 4 Feed Gas/Sweet Gas Exch. 
H-2402/1 4 Vent Gas/Feed Gas Exchanger 
H-2403/1 4 CO2 Absorber Interstage Exchanger 
H-2405/1 4 Vent Gas N2 Exchanger 
H-2406/1 4 CO2 Recycle Gas Cooler 

NOTES 

A-47 

,\ 



2703 (TDP) 10-82 

EBASCO SERVICES INCORPORATED
PANAMA COAL TO METHANOL PROJEC 

EQUIPMENT LIST 
BRITISH GAS CORP. /SLAGGING LU
 

GASTFICATION PLANT
 

PLANT SEC-ION 2500 Absorption Refriger i%,rn 0 

REC EOUIPMENT
OWG I NUMBER NAME AND DESCRIPTION 

W-2501/1 4 Refrigeration Unit
 

NOTES
 

A-48 



2703 (TOP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 306 

BRITISH GAS CORP. /SLAGGING LURGI 
GASIFICATION PLANT 

PLANT SECTION 3100 Methanol Synthesis ISSUE 0 DATE 8/26/83 1 of1 
REFDWG EQUIPMENT

NUMBER QTY NAME AND DESCRIPTION 
DRIVE 

SE -

F-3101/1 4 1Loop Steam Drum 
ELEC/TURB REMARKS 

G-3101/l 4 Crude Methanol Filter 
H-3101/i 4 Cold Loop Interchanger 
H-3102/I 8 Hot TOn,( Inte-changczr 
H-3103/l 8 Converter Boiler 
ILA-3105/1 4 Methanol Condenser 

Elec 
H-3106/1 8 Startup Heater 
K-3101/1 4 Circulator 

Elec 
R-3101/I 8 Methanol Converter 

V-3101/1 4 Catch Pot 
V-3102/1 4 Methanol Flash Drum 

NOTES 

A-4 



2703 (TOP) 10-62 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
BRITISH &U , U F.T/sSAICING LURGI 

2306 

GASIFICATION PLANT 

PLANT SECTION 35t Dt LhntinjSSUE 0 DATE8/26/830DATE 
1 of 1 

REF EOUIPMENT SHEET 
DWG NUMBER OTY NAME AND DESCRIPTION 

DRV 

DR IRVE 
ELEC/TURB 

REMARKS 

C-3501/l 4 Refining Column 

C-3502/1 4 Tank Vents Seal Drum 
H-3501/1 4 Crude Methanol Preheater 
H-3502/1 4 RC Bottoms/Crude Exchanger 
H-3503/1 4 Vent Condenser 

H-3505/1 4 Refining Column Reboiler 
H-3507/1 4 Heavy ticohol Cooler 
HA-3508/1 4 R.C. Reflux Condenser 

P-3jO/l AB 8 Crude Mpthanol Fump 
P-3502/I AB 8 R.C. Reflux Pump 

P-3503/l AB 8 Vent Condenser Pump 
P-3504/1 AB 8 R.C. Bottoms Pump 

P-3505/i AB 8 Fusel Oil Pump 
T-3501/1 4 Crude Methanol Tank 
T-3502/1 4 Fusel Oil Tank 
V-3501/1 4 Refining Column Reflux Drum 
V-3502/1 4 Vent Condenser K.O. Drum 
W-3501/ 4 Caustic Dosing Set 

NOTE'S 

A-50 



__ 

2703 ITDP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
 = 

EQUIPMENT LIST
BRITISH{ GAS CORP./SLAGGING LUR<GI
 

800 - Raw Water Supply & GASIFICATION PLA1'7
Plant System Cooling Wtr System ISSUE 
 0 2/4/83 
 1 of 5
 
DATE SHEET

REF EOUIPMENTDWG 
 NUMBER 
 NAME AND DESCRIPTION DRIVE
 
D-8U0 A,B,c 3 Deaerator-.- ELEC/TUB REMARKS
 

D-802 A,B,C 
 3 
 Carbon Scrubber Make-Up Water Surge
 
Tank
 

L-801 
 3 Cooling Tower Elec
 

P-801 A-F 
 6 Raw Water Intake Pump Elec
 
P-802 A-F 
 6 Clarified Water Pump 
 Elec
 

P-803 A,B,C 3 Filtered Water Supply Pump 
 Elec
 

P-804 A,B 
 2 Acid Gas Removal & Service 
 Water 
 Elec
 
Supply Pump
 

P-805 A,B 
 Coal Handling Filtered Water Supply 
 Elec
 
Pump
 

P-806 A,B,C, 4 Deaerator FW Supply Pump 
 Elec
 

P-807 A-1 
 8 
 Carbon Scrubber DW Supply Pump 
 Elec
 

P-808 A,B 
 2 Make-Uj) DLeminuralizer FW Supply lump Elec 

P-809 AB 2 Potablu Water Supply Pump Elec
 

P-810 A-I 
 9 1 CLrcullatntj Watur kimp Elec
 

P-811 A,B 
 2 Make-Up Dht-mjIerid1.,r Hdikwasn Pump Elec 

P-812 A,B 2 DeunmneraIlz-Ud Wat!r MPike-Up Supply Elec
 
Pump 

P-813 A,B 
 2 Carbon Filter backwash Pump 
 Elec
 

P-814 
 I Well Water Pump Elec
 

S-801 
 1 Clarlified Wdter 
ILoraye Taik
 

S-802 
 I Filter-d Wdter :[otaqv 'T'anfI 

NOTES
 

_ __ _ _, _A-51 



2703 ITDPI 10-82 

'ESASCO SERVICIES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT ToDP - 23O6
EQUIPMENT LIST
 

BRITISH GAS CORP./SLAGGING LURGI
 
800 - Raw Water Supply &

Plant Systen, Cooling Wtr System ISSUE 
IREF_REF EQUIPMENT 1RI 

0 
DATE __ 

2/4/83 

SHEET 

2 of 5 

DWG NUMBER 
- - ,-. - -1 - - NAME AND DESCRIPTION 

- DRIVELEC/TURB 

A 

REMARKS 

S-803 I Deminerajized Water Storage Tank 

S-804 1 Potable Water Head Tank 

X-800 1 Raw Water Treatment System including: 

X-800-1 1Itime Storage Silo 

X-800-2 1 Dust Collector Elec 

X-800-3 A,B 2 Lime Feeder Elec 

X-800-4 A,B 2 Lime Slaker Elec 

X-800-5 A,B 2 Lime Feed Tank 

X-800-6 A,B 2 Mi.xer 
Elec 

X-800-7 A,B, 4 Lime Feed Pump Elec 
SI,$2 

X-800-8 A,B,( 3 Clarifier 
Elec 

X-800-9 A-D 4 Clarifier Sludge Pump Elec 

X-800-10 1 pH1 Adjustment Tank 

X-800-11 A,9 2 pli Adjustment Tank Mixer Elec 

X-800-12 A,B 2 Anionic Polymer Feed Pump Elec 

X-800-13 1 Anionic Polymer Day Tank 

X-800-14 1 Mixer Elec 

X-800-15 A,B 2 Anionic Polymer Trajisfer Pump Elec 

X-800-I6 I AniLonic Polymer Mdku-.p Tank 

X-800-17 I Aniunic: Polymer Maku-IJ| Tank Mixer Elec 

X-800-18 A,B 2 Cationic Polymur Feud Pump Elec 

X-800-19 1 Cationic Pu] ,mur Day Tank 

NOTES 

....... _ A-52 



2703 (TDPI 10,a2 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT
EQUIPMENT LIST 

ERITISH GAS CORP./SLAGGING LURGI
 

Plant System 0- Raw Water Supply &
 . Cooling Wtr System ISSUE 0 	 2/4/83S D A TE 2 / 4/ 8 3__ _ _ _ 
S ofO 5 

DWG ~EF NUMBERJUIPMENT OTY NAME -._...__AND DESCRIPTION. =ELEC/TURBDRIVE REMARKS
 

X-800-20 1 Cationic Polymer Day Tank Mixer Elec 

X-800-21 A,8 
 2 
 Cationic Polymer Transfer Pump 
 Elec
 

X-800-22 1 	 Catlonic Polymer Ma-ke-Up Tank 

X-800-23 
 I 	 Cationic Polymer Make-Up Tank Mixer 
X-800-24 A,B 
 2 Clarifier Acid Feed Pump 
 Elec
 

X-801 
 Chlorination Equipment System includi g:
 
X-801-l 
 3 	 Water Pretreatment Chlorinator 

X-801-2 
 3 	 Cooling Tower Liquid Chlorine Elec
 
Evaporator


X-801-3 3 	 Cooling Tower Chlorinator 

X-801-4 1 Potable Water Chlorinator 

X-801-5 
 3 Residual Chlorine A'ialyzer 

X-802 
 1 Sand Filter System including: 

X-802-1 A,B, 
 3 
 Sand Filter
 

X-802-2 
 1 
 Sand Filter Clearwell
 

X-802-3 A,B 
 2 Filter Backwash Transfer Pump Elec 

X-803 
 Make-Up Demineralizer System including 

X-803-1 A- K 10 Carbon Filter 

X-803-2 A- 11 8 	 Cation Ion Exchanger 

X-803-3 A- 11 8 Anion ron Exchanqer 

X-803-4 A- 8i 8 	 Mixed iked Inll ExLchanqur 

X-803-5 
 I 	 Acid Storaqi. Tank 
-

NO TES 

A-53 



2703 ITOP) 10-a2 

EBASCO SERVICES INCORPORATEO 

PANAMA COAL To METHANOL PROJECT 
EQUIPMENT LIST 

BRITISH GAS CORP./SLAGGING LURGI 

800 - Raw Water Supply 6 

Plant System Cooling Wtr System ISSUE 0 DATE 

-------------REF ~ O4.PMENTDWG NUMBER TY NAME ANO DESCRIPTION 

X-803-E A,D 2 Make-Up Demineralizer Acid Feed Pumps 

X-803-7 A,B 2 Make-Up Demineralizer Hot Water Tank 

X-803-8 I Caustic Storage TanxX-803-9 A,B 2 Make-Up Deminuralizer Caustic Feed Pur 

2/4/83 

DRIVEELEC/TURI 

Elec 

lec Htd 

Elec 

TDP- 2309 

4 of 5 
SHEET 

REMARKS 

-

* 

X-804 

X-804-8 A,B, 

C,D,SIS 2X-804-2 A,B 

X-804-3 A,B 

X-804-4 A,B 

X-804-5 A,B 

'X-804-6 A,B 

X-804-7 A,B 

2 

6 

2 

2 

2 

2 

Condensate Polisher System including: 

Condensate ralisher 

Resin Separation & Cation Regeneration 

'rank 

Anion Regeneration Tank 

Resin Storage Tank 

Resin fopper 

Air Blower 

Sluice & Backwash Pump 

-

Elec 

ec 

X-804-8 A,B 

X-804-9 A,B 

X-804-10 A,B 

2 

2 

2 

Cond. Polishur Acid Feed Pump 

Cond. Polisher Caustic Feed Pump 

Cond. Polisher HLot Water Tank 

Elec 

Elec 

Elec iltd 

X-805-1 A,B Potable Water Sand Filter 

X-806 

X-806-1 

X-806-2 

X-806-3 A,B 

1 

1 

2 

Chemfical F#e.I System 

Phosphate ['ued Tank 

Miver 

Phobp',atu Feed Tai'i',k 

including: 

Elec 

NOTES 

= ___.... _ ___ _A-54 



2703 (TDP) 10-82 

Plant 

REF 

DWG 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

BRITISH GAS CORP./SLAGGING LURGI 
800 - Raw Water Supply &Syster, Coolinq Wtr SYstm ISSUE 0 DATE 

EQUIPIENT 

NUMBER OTY NAME AND PESCRIPTION 

X-806-4 1 Amonia Solution Tank 

2/4/83 

RV 
DRIVE 

ELEC/TURD 

SHEET 5 of 

REMARKS 

5 

X-806-5 

X-806-6 A,B 

1 

2 

Ammonia Feed Tank 

Ammonia Feed Pump 

Elec Htd 

Elec 

X-806-7 1 Hydrazine Feed Tank 

X-806-8 1 Mixer 
Elec 

X-806-9 A,B 
X-806-10 A-C 
X-806-11 A-F 

2 

3 
6 

Hydrazine Feed Pump 
Cooling Tower Acid Feed Storage Tank 
Cooling Tower Acid Feed Pumps 

Elec 

-

Elec 

X-807 A,B,C 3 Cooling Water Inhibitor System includ ng: 

X-807-1 A,B, 3 Solution Tank 

X-807-2 A,B, 3 Agitator 
Elec 

X-807-3 A-F 6 Inhibitor Feed Pump Eltc 

NOTES
 

A-55 

..................... 

.........
 



2703 (TOPI 10-82 
EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
BRITISH GAS CORP,/SLACGIN LURGI 

900 - Waste Treatment 
Plant System & Disposal IS0 DATE 

REoV EIPMENT 
DWG NUMBE R QTY NAME AND DESCRIPTION 

6-ELEC/Tufti-900 Waste Treat-meLnuoP-900 A,B 2 Coal Pile Runoff & Leachate Tansfer 
Pump 

P-901 A,B 2 Oily Waste Transfer Pump 

P-902 2 Slujge Transfer Pump 

P-903 1 Uaste Oil Transfer Pump 

P-904 A,B,C 3 Discharge Pump 

P-905 AB,C 3 Equalization Basin Transfer Pump 

P-906 A,B 2 Leachdte & Runoff Transfer Pump 

2/4/83 

D-V 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

TE - 2 

SHEET 1 of 

REMARKS 

6 

-

S-901 1 Aeration Tank 
Below Grade 

Z-901 1 API Separator ConcreteBelow GradE 

W-901 

W-902 

W-903 

1 

1 

1 

Coal Pile Runoff & Leachate Retention 
Pond 

Oily Waste Storage Pond 

Final Polishing & Storage Basin 

Earthwork 

Earthwork 

Earthwork 

W-904 I Sludge Impoundmunt Pond 

W-905 1 Equalization Basin 

X-900 

X-900-1 A,B 2 

PhysicAi/Chi.inCa I Trtatment System, 
Including: 

Aerator 
Elec 

NOATE5 

___________________A-56 

',,
 42 



2703 (TOP) 10-112 

EBASCO SERICFs INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST E 306 

Plant System 
900 -

BRITISH GAS CORP./SLAGGING LURGI 
Waste Treatment 
& Disposal ISSUE 0 DATE _ 

E 
2/4/83 

------
2 

SHEET 2 
of 
o 

6 

REF EQUIPMENTDSCITODRV 
DWG NUMBER QTY NAME AND DESCRIPTION D RRE K 

X-900-2 AB 2 Aerat.on Tank Transfer Pump 
SELEC/TUR 

Elec 
REMARKS 

X-900-3 1 Reactor Clarifier 
Elec 

X-900-4 A,B 2 Reactor Clarifier Sludge Pump Elec 

X-900-5 1 Polymer Storage Tank 

X-900-6 I Storage Tank Mixer Elec 

X-900-7 AB 2 Metering Pump 
Elec 

X-900-8 A,B 2 Filter Pump 
Elec 

X-900-9 AB 2 Sand Filter 

X-900-10 1 pH Adjustment Mixing Tank 

X-90u-lI A,B 2 pH Adjustment Tink Mixer Elec 

X-900-12 I Acid Storage Tank 

X-900-13 A,B 2 Acid Feed Pump 
Elec 

X-900-14 1 Thickener 
Elec 

X-900-15 1 Polymer Feed Storage Tank 

X-900-16 1 Feed Tank Mixer 
Elec 

X-900-17 A,B 2 Metering Pump 
Elec 

X-900-18 A,B 2 Thickener Sludge Transfer Pump Elec 

NOTES 

___________________A-57 
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2703 (T DP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT TDP-2306
 
EQUIPMENT LIST 

BRITISH GAS CORP./SLAGGINc, LURGI 
900 - Waste Treatment 

Plant System & Disposal ISSUE DATE 2/4/83 	 SHEET 3 of 6 
REF ] EOUIPMENT 


-

DWG NUMBER NAME AND DESCRIPTION 	 DRIVE 

ELEC/TURI 
 REMARKS
 

X-901 	 Water Pretreatment Sludge Dewatering
 
System, including:
 

X-901-1 
 1 Thickener Elec
 

X-901-2 AB 2 jThickener Sludge Transfer Pump 
 Elec
 

X-901-3 
 1 Polymer Feed Tank
 

X-901-4 1 	 Polymer Feed Tank Mixer 
 Elec
 

X-901-5 A,B 2 	 Polymer Feed Pump Elec
 

X-901-6 A,B 2 	 Vacuum Filter 
 Elec
 

X-901-7 A,B 
 2 Vacuum Receiver
 

X-901-8 A,B 2 	 Vacuum Pump 
 Elec
jX-901-9 A,B 2 	 Filtrate Pump Elec 

P'OTES 

A-58 

J_.4._%:..-:.-.:=...- .= . 5, 



--------- 

2703 (TDP1 10-82 

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
BRITISH GAS CORP./SLACCING LURGI
 

900 -
Waste Treatment
Plant Syste@i 
 & Disposal 
 0 
SUE _ _ _ _ _ _ _ _ DATE 2/4/83SHEET 4 of 6REF OUIPMENT S H E

DW NUMBER OTY NAME 4ND DESCRIPTION 
DRIEVE

X-901-l0 A,B ELEC/TUR5 REMARKS
2 Sludge Conditioning Tank
 

X-901-11 
 I Polymer Feed Tan:
 

X-901-12 
 1 Polymer Feed Mixer 

Elec
 

X-901-13 A,B 
 2 Polymer Feed Pump 

Elec
 

X-901-14 A-D 
 4 BelL Conveyor 

Elec
 

X-902 
 Air Flotation Unit 
- Oily Waste
 
Treatment System, including:
 

X-902-1 A,B 
 2 Influent Pump 

Elec
 

X-902-2 
 I 
 Circular Tricellorator
 

X-902-3 A-C 
 3 Main Process Pump Elec 

X-902-4 
 I Alum SLorage Tank
 
X-902-5 
 1 
 Alum Mixer 


Elec
 
X-902-6 
 B
.. 2 Alum Feed Pump 


Elec
 

X-902-7 
 1 Polymer Feed Tank 

X-902-8 1 Polymer Mixer 
 Elec 

X-902-9 A, 8 2 Polymer Feed Pump 
Elec
 

X-903 
 1 Dechloriiition Sulfojiator Elec
 

X-904 
 1 Sanitary W.Itu Treatment System,
 
including:
 

X-904-1 
 1 Lift SLatlo,,
 

X-904-2 A,B 
 2 
 Lift StatLon Sump Pump 
 Elec
 

NOTES
 

___9 A-59
 



2703 (T DP) 10-a2 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT TDP- 2306 
EQUIPMENT LIST 

BRITISH GAS CORP./SLAGGING LURGI 
900 - Waste Treatment 

Plant System & Disposal ISSUE 0 DATE 2/4/83 5 of 6ZISSUE DATE 2/4/83 SHEET-5o 

REiF EQUIPMEN TGDW NUMBER NAME AND DESCRIPTION DRIVE 
ELEC/TUR§ REMARKSEleRc-X-904-3 1 Comminutor 

X-904-4 1Extended Aeration Tank Elec
 

X-904-5 A,B 
 2 Air Blower 
 Elec
 

X-904-6 A:B 2 
 'Pludge Transfer Pump 
 Elec
 

X-904-7 
 1 Chlorinator 
 Elec
 

X-905 Bio-Oxidation with PAC & WAR Treat.
 

X--905-1 A-H 
 8 Aerator 
 Elec
 

X-905-2 A,B 2 
 Aeration Tank
 

X-905-3 A-D 
 4 Air Blower 
 Elec
 

X-905-4 AB 2 Nutrient Storage Tank
 

X-905-5 A-D 4 Nutrient Feed Pump 
 Elec
 

X-905-6 A,B 2 
 Virgin Carbon Storage & Handling Elec
 

X-905-7 A-F 6 Aeration Tank Transfer Pump 
 Elec
 

X-905-8 A-D 4 Settling Tank Elec a)Rake Drive 

b)Skimmer Drive 

X-905-9 A-D 4 Settling Tank Cdrbon (or Sludge Recycl Elec
 
Pump
 

X-905-10 A-F 6 Filter Pump Elec
 

X-905-11 A-F 
 6 Sand Filteir 

X-905-12 
 1 Chlorine Contact Tank
 

X-905-13 
 I Chlorinator Elec 

NOTES 

A-61
 



2703 (TOP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

Plant System, 

REF 

RK 

BRITISH 
900 - Waste Treatment 

& Disposal
EUIPMENT 

GAS C 

ISSUE 

,ORP./SLAGGINGLURGI 

2/4/83 
SHEET 

6 of 6 
-- - '---

DWG NUMBFR 

X-905-14 A,B 
OT 

2 
NAME AND 

Sludge Thickener 

DESCRIPTION DRIVE 

ELEC/TURN 
Elec 

REMARKS 

X-905-15 A-D 4 Sludge Thickener Transfer Pump Elec 

X- 905-16 A,B 2 Spent Carbon Storage Tank 

X-905-17 A,B 2 Agitator 
Elec 

X-905-18 A-D 4 ',High Pressure Pump Elec 
X-905-19 A-D 4 Air Compressor 

Elec 

X-905-20 A-D 4 Heat Exchanger 

X-905-21 A,B 2 Reactor 

X-906 

X-906-1 

X-906-2 

X-906-3 

X-906-4 

X-906-5 

1 

I 

1 

I 

1 

1 

Sludge Fixation System including: 

Fixation Tank 

Mixer 

Bentonite Storage Bin 
Dust Collector 

Bin Vibrator 

Elec 

Elec
Elec 

X-906-6 Screw Feeder Elec 

X-906-7 

X-906-8 

X-906-9 

X-906-10 

X-906-11 AB 

X-906-12 

H-901/A,B 

1 

2 

I 

Portland Cement 

Dust Collector 

Bin Vibrator 

Scre Feeder 

.Iu c. PI umIIps 

Emerg ncy Spill 

Slag Conveyor 

Storage Bin 

ba ,iinSump Pump 

Elec 

Elec 

Elec 

Elec 

Eluc 

H-902 

H-903 

U-904 

H-905 

H-906 

H-907 

H-908/A-D 

I 

4 

Slag Conveyor 

Slag Conveyor 

Slag Conveyor 

Slag Conveyor 

Slag Yard Disposal 

Linear Stacker 

Truck Loadin Sor 

Conveyor 

NO TES 

A-61 



2703 (TOP) 10-82PAAACATOMTALPRJT EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

BRITISH GAS COPRP. !SLAGGING LURGI 

GASIFICATION PLANT
9100-Combined Power
PLANT SECTION Generation System ISSUE 0 DATE 


DWG 
 NUMBER 
 NAME AND DESCRIPTION 

C-9101/1 EQUI 2ENT
4 Feedwater Deaerator Head
 
E-9101/1 
 2 H.P. Steam Turbo Alternator 


ET-9101/l 
 2 H.P. Steam T/A Driver
 
E-9102/1 
 4 Gas 
Turbine Alternator 


EG-9102/i 
 4 
 Gas Turbine
 
E-9103 
 1 
 Expander Alternator 


EK-9103 
 1 Purge Gas Expander
 
E-9104 
 3 
 Process Turboalternator 


ET-9104 
 3 Process T/A Driver
 

F-9101/1 
 4 Economizer
 

F--9102/1 
 4 Turbine Exhaust Boiler
 
F-9103/1 
 4 Turbine Exhaust Superheater
 

F-9104 
 1 IP Steam Superheater
 

F-9105/1 
 4 
 emin. Water Heater
 
H-9102 
 1 Expander Preheater
 
EG-9105 A/B 
 2 mergency Power Gas Turbine
 
E-9105 A/B 
 2 mergency Power Alternator 

P-9102/1 ABC 
 12 HP BFW Pump 


P-9104/1 ABC 
 12 iP BFW Pump 


P-9105 A/B 
 2 fP Clarified Water Pump 

P-9106 A/B 
 2 1P Clarified Water Pump 

P-9107 A/B 
 2 Diesel Pump 


V-9101/1 
 4 Deaerator
 

T-9102 
 1 Diesel Tank
 
W-9101 
 1 Hydrazine Dosing Set 

W-9102 
 1 Morpholine Dosing Set 

W-9103/1 
 13 Phosphate Dosing Set 


TDP-2306
 
M
 

8/26/83 
 1 of 1 
SHEET ____ 

DRIVE 

EEE" 


Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

Elec
 

NOTES
 

A-62
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2703 (TDP) 10-82 
EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
BRITISH GAS CORP./SLAGGING LURGI
 

GASIFICATION PLANT
PLANT SECTION 950 Auxiliary Systems ISSUE ISE __DATE0 

DWG NUMBER 

C-950 A,B 


D-950 


1-1-951 


D-952 A,B 


D-95? ABC 


D-954 A,B 


(1-2) D-955 


E-952 A,B 

P-950 A,B,C 


P-952 A,B 


-953 ,B 
P-954 A,B 

P-955 A,B 

(14) P-956 

A,B 

P-957 A,B 

P-958 A,B 


(1-4) P-959 

A, B 
S-951 A,B 


S-952 

S-953 

S-954 


U-950 A,B,C 

V-950 


RATE 
OTY NAME AND DESCRIPTION 

2 Air Compressor 

1 Air Receiver 

1 Instrument Air Receiver 

2 Liquid Propane Storage Tank 

3 Emergency Flare K.O. Drum 

2 HP Nitrogen Receiver 

8 LP Nitrogen Receiver 

2 Propane Vaporizer 

3 Flare K.O. Drum Pump 

2 Propane Unloading Pump 

Diesel Unloading Pump 
2 Propane Feed Pump 

2 Nethanol Fuel Loading Pump 

8 Methanol Fuel Feed Pump 

2 Di-Isopropyl Ether Transfer Pump 

2 Selexol Solvent Transfer Pump 
8 Methanol Shift Tank Transfer Pump 


2 Methanol Storage Tank 

1 Ammonia Storage System 

1 Di-Isopropyl Ether Storage Tank 
1 Selexol Solvent Storage Tank
 

3 Emergency Flare Stack
 
I Instrument Air Dryer 


TDP-2306 

9/26/83
 I of 
_ SHEET 

DRIVE 

ELEC/TURB REMARKS 

Elec
 

Elec 

Elec 

Elec
 

Elec
 

Elec
 

Elec
 

Elec 

Elec
 

Elec
 

Elec
 

Elec 

Elec
 

NOTES 

A-63 
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(\•a MASS BALANCE SERIES 
 1100 COAL PREPARATION 

f--.ia COAL TO METHANOL Job No: 1877 

London ,ClG 
ent: ESI Location: PANAMA 1 28.2.83 

STREAM NUMB3ER ~ j 
STREAM 
 NAME B/L COAL FINES TO 
 BINDERBRIQUETTING PIAW. BRIQUETE

TAR MIXEDPRODUCTCOKnPNDt FEEDWT LB Ar WT.% 
LB /hr Trr % LB /hr WT % IL./hr 

CARBON 12.OIc 68.27
 
HYDROGEN 
 1.001 4.84
 
NITROGEN 
 14.0 1.21
 
SULPHUR 
 32.06( 4.55, 
OXYGEN 
 16.00( 8.35
 
CHLORINE 35.45., 0.10 
TOTAL (FC + V) 
 322208
 

TAR 
 0 0
 

ASH 
 4G792 
 12.68
 

Ca CO3 
 0 
 0 


TOTAL DR- 369000 0.00 25963 100.00
 
25963 1 
25963
 

H2P lb/hr 7-667 
Total - Wet 
 416667 


2596
 

Total (Whole Plant)ib/ r 166666 0 
totes: (1) THIS MASS BALANCE 03 5APPLIES TO ONE QUARTER(2) ONLY ONE TOTAL PLANT FLOWBRIQUETT RATES'mGPLANT INCLUDED. THUS ONLY TOTAL FLOWS SHOWN. 



MASS BALANCE SERIES 1300 AIR SEPARATION 

Plant: COAL TO METHANOL Job No: 1877 

Lcnd n 
 Client: ESI t.tion: PANAMA 1 28/2/83 

STREAM NUMBER 7V 7 
STREAM NAME 
 AIR OXYGEN STRIPPING
 

NITROGEN
 

cMvJx-nT 
 mOL. VT 7fR.ol/hr .%l. % iol. LBol/hr }o1._ LB.sol/hr Kol.% Lamol/br Moi.% LBsol/hr Hol.9N2 
 28.016 24194.62 
 78.09 110.80 
 1.7 3940 98.5
 
02 
 32.000 6490.94 
 20.95 6191.82 
 95.0 
 0 0
 
Ar 
 39.94f -88.14 0.93 
 215.08 3.3 
 60 1.5
 
C02 
 14.01 9.29 0.03 
 0.0 0.0 
 0 0
 

TOTAL-
 DRT 30983 100 6517.70 100 4000 100
 
2

H 0 
 18.016 934.02 
 0 
 0
 

TOTAL -
 WET 
 31917.02 
 6517.70 

4000.0
 

Average Molecular Wt 
 28.646 
 32.195 
 28.195
 

Total Flow Lb/Hr 914294 209835 112780
 

THIS MASS BALANCE APPLIES TO ONE OF FOUR STREAMS.
 

http:31917.02
http:24194.62


STREAM ~~~~MA 
TROI/APTA 
 COAL GALSIFICATIONL/BRCYL SA
UK.R 


H 1.N8 17710.34 42.711
 

0 16, OOc- 1925.38 4.64OO
 

N 14.00 319.75 0.770 
s 32.06 523.56 1.2d 975 o 102 

N 62 7cl 3545. 10.0 0.020 o 
oASH - Lb/hr 46792 


TOTAL (FCC 
- rO 

TH)Lb/hO -
Job N 1 6792 

An28 2p. *S B:912 085096-0_ T 0 0
_,OC 12.8 46
1jNot8./-8:l Ho.L r ll 

16020 I -

TOTAl._-R
Total Wet ib/hrlb/hr 3689582018. 416634 100
16 2645.80 

712 02 
 6985 . 6
 
7120. 
 387 169
 

to THIS 
M'SS BAIANCE APPLIES TO ONE OF FOUR STREAMS.
 
EACH STREAM CONTAINS EIGHT GASIFIERS: SEVEN OPERATING AND ONE STANDBY,
 

http:17710.34


- U.Flmau 

MASS BALANCE 
Plant: COAL TO METHIANOL 

SERIES 1200 (CONTINUED) 

Job Xo: 1877 

2 of 

Llate 

2 

LCmdcn C-1et: E. S. 1. b citin. PANAMA 

STREAM NUMBER7777 

STREAM NAME 
RAW 
GAS 

LOCKHOPPER 
GAS 

LOCKHOPPER 
VE24T GAS 

FUEL GAS 

COP4ONFMT M0L. WT Ui.ol/hr Mol. 13..,I/b 5. .... ol/hr Pol. % 

H2 

CH.4 

CO 

CO 2 

2.16 

16.042 

28.01 

14.01C 

8165.62 

1919.09 

17888.55 

992.07 

28.36 

6.21 

57.89 

3.21 

N2 

C2 i16 

2i4 

112S 

28,016 

JO.068 

28.052 

34.062 

334.83 

99.37 

67.51 

492.07 

1.08 

0.32 

0.22 

1.59 

Cos 

fCi 

TAR/OIL/NAPHT A 

NH 

50.076 

36.462 

_ 

17.032 

31.47 

10.00 

28857LBR 

302.05 

0.10 

0.03 

-

0.98 

PHENOL/OTHERS
SLM] 

-
-

4092 LBHR 
O 0 

_ 

TOTAL DRY 

H!20 

-

18.016 

664555LB 

4617.67 

99.99 

-

TOTAL WET 

otes: THIS 

EACH 

- 747747 h -
MASS BALANCE APPLIES TO ONE OF FOUR STREAMS 

STREAM CONTAINS EIGHT GASIFIERS:- SEVEN OPERATING AND ONE STANDBY. 



Iondon 

SV1p 1JA 

STREAM NAME 
RAW GAS TO 
PARTICULATE 

REMOVAL 

MAKE GAS EXIT 
PARTICULATE 
REMOVAL 

0O 

H 2 

CH4 

Co 

CO 2 

N2 

C211 

C2t4 
112S 

Cos 

HIC] 

NH3 

2 748.02 

16.4 1919.13 

28.Oi 17866.33 

44.01 1010. 46 

28.01f 335. 74 

30.06E 99. 37 

28.053 67. 51 
34.08, 492.46 

60.07( 3 .49 

36.46, iOD.OO 

17.03, 307.0>0 

28.33 

6.21 

57.85 

3.27 

1.09 

0.32 

0.22 
1 .59 

.0 

0.03 

0.99 

748.02 

1919.13 

178b6.33 

1010.46 

335.74 

99.37 

67.51 
492.46 

31.49 

0 

0 

28.62 

6.28 

58.44 

3.30 

1.10 

0.32 

0.22 
1.61 

O.iO 

0 

TOTAL_- DRT - 3887.51 iO 

H 20 18.01f 4652.70 

TOTAL WET GAS - 35540.21 

TAR/OIL/NAPHTHIA - 28921 LB/HR 

PHENOL/OTHERS - 4103.LB/HR 

TOTAL WET - 745828LB/HR 
Notes: THSSALNEAPISOOEOFUTEM 

THIS MASS BALANCE APPLIES TO ONE 

0570.51 100 

86.3 

30656.81 

NAPHTHA 4500 LB/HI 

0 

632344 LB/HR 

OF FOUR STREAMS 

MASS BALANCE SERIES 2100 PARTICULATE REMOVAL AND 
 o
 
Plant* COAL TO METh&NOL ge
Job o: 1877r
 I of 
Clientf ESI 
 Location,: PANAMA 1 28/2/83 

RE Y L 
 U E E 
 R C C EF 
 X D B DIN
TROLRCCETR R TA
 
[ OLT T RQETN


RQETN
 



L ! MASS BALANCE S EIS 2150 PHENOL RECOVERY 

rlnt C~l T ETHANOL Job No: 1877 

1ondonSWIT IJA clie~ntz E.S.1 tocation- PANAMA28.3 
lva rt 

STREAM NUMBER 

STREAM NAME GAS LIQUOR 
From V.2107 

AMMONIA 
PRODUCT 

-R UDE 
PHENJOL 

PHENOSOLVAN 

EFFLUEN:T WATER 

-22 0 r"T PML, VT LBmo 9(o. % o.J %Br}h L o/rIMl LB-o1/hr :Mol. %{ L13 9o0i -

HCL 36.46.- 0 i.0 0 0 O O 

NH3 17.032 297.08 10.0 O 0 0. 59 

PHENOLS 7----

O0j 3745 Lflp 100 358 

TffTAL - DRT 1297.08 IOcO7OO -

H2 8060116 
LB/I IR 106,.',Oo LB/t R 

TOTAL -WET 5060 LB/HR 3861 LB/HR 10 7 3 B H 

Toel:ilS MASS BALANCE APrLIES TO ONE QUARTER OF TOTAL PLANT FLOWRTES. 



MASS BALANCE SERIES 220o 

l- n d o n 

svir iJA 

PlAnt: 

i a 

COAL TO mETHANOL 

L o c a t 

STREAM 

COlaK 

NAME 

OL. 

GAS TO NAPHTHA 
REMOVAL 

WT L.oil/l mo. 

CLAUS 
NAPHTHA 

GAS EX 
REMOVAL 

PROCESS 
NAPHTHA 

GAS EX 
REMOVAL 

CLAUS GAS EX 
DESULPHIURISAT1ON 

L ,l r IMl. 

> 

1CH 

0 

112 

CO 

Co2co-40 

4 

214 

C2116 

N211's 

Cos : :: 

-1-

::r 

2.Oif 8748.02 28.62 

28.OIC 17866.33 50.44 
- -

44.01( 1010.46 3.31r 1 1 . 6 3 3 
16.04; 1919.13 6.28 

-29.9o 

28.05 , 67.51 0.22 
30).O6i 99.37 0.32 

28.O3 335.7434.O8l- 492.461 1.61. 

O z 31.49 .1IO.7 

6.01 

51.08 

588 .09 

2.17 

18.94 

0 48.0 

472.25 

3 0 7 6 

0.49 

4.20 

48 .29 

2.46 

.6 

1.56 

38.78 
2 52 . 3 

TOTAL- DRT 30 570 .5 ] IO .OO1l 

H2 H A N P T O86.30R
TOTAL WET 30656.81 
AVERAGE MOLECULAR WGHIT 20.480 
NAPHTHA FLOW 4500 LB/HR00 
TOTAL WET 6337LBH 

- IGT34 L/H 
mT HI71S MASS BALANCE APPLIES TO ONqEOF FOUR 

T 

STREAM. 

127 63L8.13-972 

46895 LBIHR 

NA pHTH AND 
SULPHUR REMOVAL 

Job No! 1877 

on i PA N A MA 

, i or 

1 1 28 . 2 . 8 3 

PROCESS GAS EX 
DESULPHURISATION 

,Bol/hr 

8740.97 29.82 

17811.31 60.75 

415 .90 1.42 

1n88.12 6.44 

29319.06 

80.16 0.27 

9..23 5.1.1 

0 0 
0 . 2 9 ( Op pm v ) 

7825906 L RO. 

29319.06 

B"o/I- mol.Hl % 

57825 LB/HRI, 



Lendon 

r dipIJA 

STREAM NUMBER 

V -

* 

STRE*A.: NAME ACID GAS TO 
SULPHUR RECOVERY 

LC C ~ * J 3F T 
MOL. VT. 3pol/hr MP . 

H 2.O1( 
CO 
 '8.010 
N2 
 8.O1 


02 
 32.OCK 

C14.01C 

-_. 
 - H2S 
 -

-
 14.082 

,50n6
 

4.06 

CSu 
 76.14
U~soCH4 6.042 

C2H 6 30.06F 
S 

DR 
3L2-

TCPTXL-O6C 
eC h ra e a o 


7.05 


55.02 


0.53 


0 


594.56 


492.46 


/: 0 


r
31.O1 


' 39.62 


O


1251.5 


0.56 


4.40 


0.04 


0 


47.51 


39.35 


0 


2.48 


3.17 


MASS 	 BALANCE SERIES 2250 SULPHUR RECOVERY 

rent: COAL TO METHANOL 	 2,lobo17 Pge] of 2 
PANAMA
oe ]877
 1oE


7 
AIP TO CLAUS 
 FEED TO CLAUS
FURNACE 	 FEED TO CLAUSR'ACTOR 	 FEED TO CLAUSI REACTOR 2 
E 	 K.01.%% 

0 	 0
 

0
 

1402.75 
 79.c5
 

371.76 
 20.95
 
0 0
 

0 0 
-
-


0 

0 


OS
 0 0
 

OO[
 

TOA 	 Cos n t
0 E 1B8./0 1651 0 551 	
0.0 6 31.20 


30.4
T T - WE 	 413H 	 12 1 4"BCL 1829.68 
 3073.89 
 2951.7329 


! Average 	Molecular Wt. 
 3J390 
 28.S52231 

------	 1:138.--- -- _ _ _5218 	

4 82 

7 1 9669 7 86-745 

2l76, cap cit Oon
. 0 
C4 2.49 0 e ,o ne S o n t a d o e s l e 

O


100. 0 174.51 l2567.41 2310.41 

REACTOR 3
 

[25i8
 
8 

680.40
 

3 0
 

o
 
Fitox: This 	 ... 84886Pass Balance applies to ore of 	 _1four streams at 1OO% capacity. 
Each st reamr comprises of two Claus units
(each rated at nominal 70% capacity of one stream),
Figures do not include recycle from Scot -

one scot unit and one sulpel unit.
 
stream 256. 
** includes 20.41 
LB MOL/HR. C2114
 

http:l2567.41


MASS BALANCESERIES 
2250 (CONT'D) 


2 
 2
 

Flant: COAL TO METHANOL - - No of 
E.don Job No : 1877 

SWIP IJA 
CIient: ESI tocatlon: PA14AMA 1 '8. 2. 83STREAM NUMBER V *V 

STREAM NAME CLAUS TAIL GA AIVOC~ sS 
 L E E
A K G SP VCI U P U
OMOETMO. 
 GAS To SCOT RECYCLE INCINERATODR SAKGSPROFTDULPHU 

Hol/hr 
Mol. % I/hr I. % LP,1l/hr Moi. % L~ol/hr Mol. % LB ool/hr Mal. % 

IO 

0 0 
141.O0 0 

0 
0 
1 

0 
0 

0 0 

Co 

N 0 2O.l 0 
141.3o 

0
79.05 204o 

0 
70.22 

0 
0 0 

321.0 5 . 0.0 
HO S 

2? 

so 2 

Cos 

CS2 

4.08 

4O 
4.0( 

0o.07O" 

6.142 

047.12 

33.62 

0 

0 

O58.36 

41.64 

0 

0 

0 

37.450 

0 

0 

20.950 

0 

0 

486o 

O 

1 

0.1429.6o 

0.04 

0 

00 

o 
0 

0 

00 

0 
0 

CH4 6.042 0 0 0 

2 2.06 0O 
S a 06 a p i t o 

0 0 

T ALt-DRY 

2 

oma 

18O1Tot l "etLB OL/ R 

224a.7caI.pi one.00sra) one 

if68a.25 8.50926 9889.24 

St 178.75ui a 

5.55184.30 

oneS u . 

- 2763181 

O 

522.90 uit.OO 

0522.9o 

Average Molecular wt. 
 28.869 
 37.797
Total Flow 2 .2
LB/HR 
 84499 1 4 93

5257
Rates: 1016 166

.6
 
This Mass Balance applies to one of four streams at 100)% capacity. Each stream comprises Of two Claus units (each
rated at nominal 70% capacity of one stream), 
one Scot unit and one Sulpel unit.

•Figure dues not include recycle from Scot - stream 256.
 



MASS BALANCE SERIES 2300 co SHIEr 
(AI 

r1, or 2Fl-it: COAL TO METHANOL Job No:ladon 1877(Clint,
E.S.I Iocation, PANAMA 1 2828 
sJlP IJA28.3 

STREAM UUMBER 7Q___ 
____\Q 

STREAM NAME RAW GAS 
 SATUI' TOR SATUP.ATOR FIRST BED 
 FIRST BED
To CO SHIFT- INLET OtTTLET 70% BYPASS
 
C_______ 0[..W"
. L~1l/hr M]. % LBol/hr. Pbl. % .BolAhr ral. % L-quol/br K-l. % FB Sol/br M!. %H2 2.O1( 9041.8 29.81 5436. 29.129.81 298-608 
 98 4654.88 54.8
CO 28.O1c 16385.98 60. 75[ 11076.9] 60.75 !11076.91 60.75 333.7 
 605 29O 
 .5
 
CO2 44. OIC 38.2 1.42 25.6 .42 251 
6 1 42 77.6C 1.42 3101.59 16.51 

CH1.O 73.4 .4 
 17454 6.4 14.54 
 6.44 352.36 6.44 352.36 4.15
 
C2H4 28.051 43.32 0.16 
 29.29 
 0.16 29.29 0.16 8.79 0.16 
 8.79 0.10
 
c2 H6 30.06 73.75 
 0.27 49.85 
 0.27 49.85 
 0.27 14.95
N2 0.27 14.95 0.1728.O1( 308.39 
 1.14 208.46 
 1.14 208.46 
 1.14 62.54 1.14 62.54 0.74
 

.C o s .0 7 f 0 O OO 0O
 

TOVTAL- DRT 26973.421 IO 1833 4.O2 IOO 18234O O 5470.2o0 0OO 8494.19 100O 

TOTA 18.Oi 26 .518.- 16684.37 5005.31) 14065.24 !11041.25
 
TTLWT27243.17 
 18416.37 
 3491B.39 
 19535.44 
 19535.44
 

AVERAGE MOLECULR WT 19.705 
 19.7o5 
 18.907 
 18.494 
 18494

TOTAL FLOW LB/HR 536827 362895 
 660195 362231_8
 

]elTIS MASS BALANCE APPLIES TO ONE OF FOUR STREAMS.
 
ALL INDICATED FLOW RATES SHOULD BE X 1.0326087
 

http:19535.44
http:19535.44
http:3491B.39
http:18416.37
http:TTLWT27243.17
http:11041.25
http:14065.24
http:16684.37
http:11076.91
http:16385.98


SW P I Ac 
i 

43.3 O.12PAA Al uu - e3. 3 

TOALDhr 
B . 

Ota F2o 

Mole ula 
B. zC20 

18 72 
3. 3..32913 
8222.22 

1Beag 1t.19.152o. 

2 
7b./37520523 

~ olh mo. L Rlh m 

t,,16 

24l n i a e 

04e 

f8.0 

a4 

ate sho. 

o f 1174.5 4.3ou t r a 

2d o.123 .8 
1174nc 

29 2 
.es30ne 

0.1O 7.487 



-- 

LldcnUIA.nt,LVI JASTREAMBE 
I

NUA 
STREAM NAME PROCESS GAS To BYPASS AROUND 

CO REMOVAL
2 CO
 SELEXOL
~olh .. 

2 C 
HO.V 

II 2.016 17107.79 47.47 61.67 47.47 
To l W-e 
 10 7321.31 
 20 .31 26. 9
4,01C
1O 9448.72 20.31.26.22S7256.27 26.2CH 
 16.04, 173"7.07 
 4.82 
 6.2 4.8.68 

C2H 4 28.052 43.33 


6.2 4.82
0.12 0.16 
 0.12
 

C 163-08 7.5 
 020 
 02 
 .o43.32N2 18.01E 308.39 0.86 0.86
O.86 

- -307.651 

Toa 6926 

251lbhr 


All 
 be1X'1032r8
TOTAL- D 3ndiate 26.22te:360 4 0.361 000.OO0 129.93 100.(01110. 1.015124 .127233.54 
Total - wet  369.60 
 130.11 

2 i 
rlyz- - M,)] c 1 WT o tal F l ow lb/hr 19.291 19.292 . 9 6 52 
 101 


2 l-
NL This Mass Balance applies to one of four streams. 

All indicated flowrates should be x 1.O32608B7.
 

MASS BALANCE SERIES 

Fleat: COAL TO EII'rANOL 
E.S.I 

GAS.TO GAS FRMPOCS 


ABSORBER
2 C
 ABSORBER
2 


2400 C02 REMOVAL 

Job No: 1877 
Locatlont PANAMA 

SFO 

CO REMOVAL
 
LBaol/hr mol. % 

26.64
540 

31
 

1668.41 
 6.13
 

26.63 0.10O
 

0.16 

1.13 

4lo

854.6d 


100.00. 

2.58 

27236.12 

1 .4 84
 

312769
 

1 20.2.83 

v t, 

J -o*,/hr Mal.% 

http:27236.12
http:173"7.07
http:S7256.27
http:17107.79


CALHC 

C2H 6 ~~~~ 0.6 

n 

MAS 
2.23t COAL T 
-------

O .d 169 t 0..02 

O 

3680.00 

SERIFS 2 
0nNLJbN:17 

2. 7 0.23'D 

779 

PANAM6.7 .3 

PI o 

2086.02 

H'? c la 

CHta 

RECYCLE TOK201NTOGN 

We 2,017. 

16.04|4 

KOP ER 2 TO 'p 

8 2 0 .00 

1r.7 1.72o 60 

LP.VN 

9.14 0.09 

22 37 . 23 

N l i n i c t e f 0 wr t e O032 602 0.16l 0.0 36 o 0 10. 687 .. 



SCTP IJA 

MASS 
Fl'nt COAL 

CCAeAtSESI 

BALANCE SEIESTO METANOL 

L4U 

3100 M i SYN.TT 
Job NO: 1877PaeIo2 

LOO P CNtE 

1,0C~~oz:ANA1 28.2.83 

CORMI]" HOL.VT CATCHPOT 

H?2.O]( 

CH
CII 

oo. 

co 
H"A 
c2"H4 

6 

N 
MeOH 

IBUOHl 

Eton 

DME 

4.01, 

6.0418.05f 

4o 
16.04' 
28.05, 
3I0.06E 

__ _ 
8.1 
2.o4; 

I~u:! 
4.12c 

26.068 

16.06 

8.!,39.94 

.12 

vol/hr RMol. 

1402.64 36.45325.54 8.46 
183.87 N4.78 

1547.65 40.22 
24.96 0.65 

.3 

3oo.48 7.81 

_21.94 0.57 

.0 00 

0 

1.28 0.03 

1 

'l'r Mol. 

TOTAL- DRT 

HO2 

TOTAL 

18.016 

WET -- -- -- -
3848.30 O0

0.78 
3249 .O8 

Iverage Molecular Wt. 

Total Flow Ib/hr. 14.539 

This Mass Balance applies to one of four streams. 

All indicated flowrates should be x 1.0326087 



, rep i 
- MASS BALANCES ERIS 31O0

tP'o~ttCOAL TO METHANOL 
(continued:) 

Job NO: 1877 
Ne2o 
a 2 o 2 

--- ---STREAMEM NAME B R [ CRUDE - 'FLASH"lnt E' ' eL PA A A-t, 3 

00C2 

- - '------ - ----- - --. C~ll T' - - - -W- -- --Tm l l : o l . 5 L~mo l / hr '" Mo 1. % LB w ol/ hrH2 ~~0.81 0.0( 37.40 17.33
CO 8 Ol 0 .59 0 .0 1 16 5 .3 7-
CO2 44.01d 24.68 0.33 46.57 21.57CH4 16.04: 11 9 0.i6 108.-79 5.4o 

4 28.05 .19 0.00 1.75 O.1--
C2H6 300u 0 .31 0.03< 2.81 1.30 
"2 28.01( 0.21 0.00 6.94 3.21 
MeOH 32.O4 7436.56 99.24 O.fOIB-JOH 

74.12C 
9.94 

0.13: 0.00 
EtOH .060 0 -0 
E 6.06E 8.65 0.11 0.O0 

Ls -s-1 ol.~i 

----

---- --- "--

-----

---- -

-

- ----

"20 18 01- 862.14 0 .90 

AVERAGE MOLECULAR WT 3o.668 2o.940TOYTALFLOW LB/HR 52543 
THIS MASS BALANCE APPLIES ToO V-r OF FOUR STREAMS."-" 

ALL INDICATED FLOW RATES SHOULD BE X 1.0326087. 



St.. 

STREAM 

C MPON M Y.
D.4 E 

CH.,-

C2H5
CCH OH 

NUMBERv 

NAME RC COLUMN 
FEED 

%
16.40 6 5. 79 0.08"' ".!h/Lo 

. 4 7 . - .4 4 45 97 

16.06E 4.14 0.0574.12( 7.10 o 

TRAY FOUR 
PRODUCT 

I 

MASS BALANCEsERIES 35o MFTHANOL
I Tc; .AT O 

Flant: COAL TO METHANOL Job No: 1877 
cliet: ESI Lo--tioo: PANAMA 

WATER FUSEL OIL COLUMNBO'TOMSDS 

.. 

vppm 

000 

O 8 p p m7 

'4e ] o f 

1 t1 

1OD 

z'-l

5.78 0.0874 36. 56 99.77 

481 0.06 

. 1o 0.09 

TOTAL_-DRT 

H 0 

TOTAL - WET 

18 .016 
74 61- 59 100.OO 

7 O5 

8518.59. 

u0 
0 

45 
0O43 

5 

5.4 

o 

AVERAGE MOLECULAR 30353 

TOTAL FLOW lb/hr. 258565 

Notet: THIS MASS BALANCE APPLIES TO ONE OF FOUR STREAMS. 
ALL INDICATED FLOWRATES SHOULD BE X 1.0326087 

91. 90 



PANAMA COAL TO METHANOL PROJECT
 
WESTINGHOUSE GASIFICATION PLANT
 

PLANT AREA DESIGNATIONS
 

System No 
 Section No. 


050 
 -


-
 100 


-
 150 


-
 200 


-
 250/600 


-
 300 


-
 350 


-
 400/450 


-
 500 

650 
 -


-
 700 

750 
 -

800 


900 


900 


950 


Area Description
 

Coal Handling
 

Coal Preparation
 

Coal Gasification
 

Hydrogen Production
 

CO Conversion/Gas Compression
 

Acid Gas Removal
 

Sulfur Recovery
 

Methanol Synthesis & Distillation
 

Ammonia Recovery
 

Power Generation
 

Air Separation
 

Steam Plant
 

Raw Water Supply/Treatment/
 

Cooling Water
 

Waste Treatment/Disposal
 

Auxiliary Systems:
 

Flare
 
Fire Protection
 
Electrical Distribution
 
Air/Nitrogen/Inert Gas
 
Miscellaneous Storage
 

A-80
 



2703 ITDP) 10-82 

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT TDP-2306 

EQUIPMENT LIST 
WESTINGHOUSE GASIFICATION PLANT 

PLANT SECTION 050 Coal Handling ISSUE 0 DATE 8/29/83 SHEET 1 of 2 

REP EOUIPMENT " T-
DW _ NUMBER NAME AND DESCRIPTION DRIVEELEC/TURB REMARKS 

11-050 1 Conveyor No. 1 Elec 
H-05] 1 Conveyor No. 2 Elec 

-052 1 Conveyor No. 3 Elec 
11-053 1 Conveyor No. 4 Elec 
11-054 A,B 2 Conveyors No. 5 Elec 
11-055 A,B 2 Conveyors No. 6 Elec 
H-056 A,B 2 Conveyors No. 7 Elec 
11-057 A,B 2 Conveyors No. 8 Elec 
11-058 A,B 2 Conveyors No. 9 Elec 
11-059 A,B 2 Conveyors No. 10 Elec 
11-060 A,B 2 Conveyors No. 11 Elec 
H-061 A,B 2 Conveyors No. 12 Elec 
11-062 A,B,C 3 Magnetic Separators Elec 
H-063 A,B,C 3 Belt Scales - Mechanical Elec 
11-064 1 Belt Scale - Electronic Elec 
H-065 A,R,C 3 Metal Detectors Elec 
H-066 A,B 2 Vibrating Feeder - Unloading Station Elec 
11-067 A,B 2 Vibrating Feeders - Emergency Reel. Elec 
H-068 A,B 2 Vibrating Feeders - Crushers Elec 
H-069 1 Telescopic Chute Elec 
H-070 19 Splitter & Flop Gates Elec 

A through S 

H-071 1 Sampling System as Received Elec 
H-072 1 Sampling System as Fired Elec 
H-073 A,B 2 Dust Collectors - For Buildings Flec 
H-074 1 Dust Collector - Unloading Station Elec 
H-075 7 Dust Collectors - At Silos Elec 

A through G 
H-076 I Dust Suppression System Wet Spray Elec 
H-077 1 Stacker Reclaimer Elec 

NO TES 

A-81 



H-079 

2703 (TOP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT
EQUIPMENT LIST E 306 

WESTINGHOUSE GASIFICATION PLANT
 
PLANT SECTION 050 Coal. Handling ISSUE 0 DATE 8/29/82 


- 2 of-- 2 
REF EQUIPMENTDRE SHEET 
DwG NUMBER OTY NAME AND DESCRIPTION 

DRIVE 
IELEC/TURBH-078 REMARKSBulldozer
I - Wheel Type 


Mobile
 
2 Bulldozers 
- Track Type Mobile
H-080 A,B,C 3 
 Wheel Tractor 
- Scrapers 

Mobile
M-050 A,B 2 Ring Granulator Crushers 
ElecP-050 A,B 2 Sump Pumps 
ElecS-050 
 1 Emergency Reclaim Hopper 

S-051 
 1 Surge Bin - Unloading

S-052 
 1 Surge Bin 
- Crusher House
 

L-

NOTES
 

A-82 



2703 (TDP) 10-B2 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT T 
EQUIPMENT LIST TDP-2306
 

WESTINGHOUSE GASIFICATION PLANT
 

PLANT SECTION 100 Coal Preparation 
 ISSUE 0 DATE____________SHEETDATE 8/29/83 
 1 of 2
 
R E P EOU IPM EN T -IVE D- S -- -- - -

OWG 
 NUMBER 
 QTY NAME AND DESCRIPTION DOVE
 

EL.EC/TURe REMARKS
(1-3) C-161 15 
 N2 Compressors (Conveying) Elec
 

A through 0
 
(1-3) L-125AB 6 Pulverized Surge Bin 
 Elec
 

Feed Conveyor
 
(1-3) L-142AB 6 
 Screw Conveyor 


Elec
 
(1-3) L-149AB 6 Screw Conveyor Elec
 

(1-3) L-201 
 12 
 Pneumatic Coal Conveying System 
 Elec 

A through iL 

(1-3) P-200 15 Pneumatic (N2) Coal Pumps Elec 

A through 0 
(1-3) S-129AB 6 Unifilter with Shaker and Fan Elec
 
(1-3) S-144AB 6 
 Bag Filters with Shaker 
 Elec
 
(1-3) S-147AB 
 6 Bag Filter 


Elec
 
(1-3) V-128AB 6 
 Surge Bin
 
(1-3) V-140AB 6 Cycle Separator Receiving Bin
 
(1-3) V-152AB 
 6 Pulverized Coal Bin 
 Elec
 
(1-3) W-133AB 6 
 Weigh Belt Feeder 
 Elec
 
(1-3) X-134AB 
 6 Rotary Valve 


Elec
 
(1-3) X-136AB 6 
 Pulverizir, 
 Drying and Classifying
 

System
 
(1-3) X-137AB 6 
 Air Heater with Fan 
 Elec
 
(1-3) X-138AB 6 
 Recycle Gas Fan 
 Elec
 
(1-3) X-139A 6 
 Cyclone Separator Assembly
 
(1-3) X-143A 6 
 Rotary Feeder 


Elec
 
(1-3) X-145A 
 6 Exhaust Fan 

Elec
 
(1-3) X-148AB 
 6 Exhaust Fan 

Elec
 
(1-3) X-150A 6 Rotary Feeder Elec 
(1-3) X-155A 
 6 Rotary Valve 


Elec
 
(1-3) X-157A 
 6 Air Slide Conveyor
 

(1-3) X-158 3 Coal Distribution Box
 

A,B,C
 

NOTES
 

A-83 



2703 ITDP) 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT
 
EQUIPMENT LIST
 

PLANT SECTION 100 Coal Preparation 0ISSUE DATE 8/29/83
 
DATE .SHEET 2 of 2

REF EOUIPMENTDWG 
 NUMBER 
 OT" 
 NAME AN4D DESCRIPTION ELEc/rURB 

REMARKS
 

DRIVE
(1-3) X-159 
 15 Rotary Valves
 
A though 0
 
(1-3) X-162A 6 
 N2 Compressors (Aeration) Elec
 

2i
 

NOTES 

A-84 



2703 (TDP) 10-82 

EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANL PROJECT 

EQUIPMENT LIST 0 
WESTINGHOUSE GASIFICATION PLANT 

PLANT SECTION 150 Coal Preparation SSUE 0 8/29/83 1 of 1 
EDATE 

RE ~~ IOUI ~PM EN T rQ SHEET 

DWG NUMBER 
_ELEC/TUR 

OTY NAME AND DESCRIPTION DRIVE 
REMARKS 

(1-21) C-101 21 Recycle Gas Compressor Elec 
(1-21) C-102 21 Recycle Gas Booster Compressor Elec 
(1-21) D-101 21 Coal Pressurization Lockhopper 

(1-21) D-102 21 Coal Feed Lockhopper 

(1-21) D-103 21 Ash Receiving Lockhopper 
(1-21) D-104 21 Ash Pressurization Lockhopper 

(1-21) D-105 21 Steam Drum 

(1-21) D-106 21 Recycle Gas K.O. Drum 

(1-21) D-107 21 Filtrate Tank 

(1-21) D-108 21 I3lowdown Flash Tank 
(1-21) E-101 21 Start-up Heater 

(1-21) E-i02 1 Radiant Cooler 

(1-21) E-103 21 Evaporator 

(1-21) E-104 21 Recycle Gas Cooler 
(1-21) E-105 21 Particulate Scrubber Water Cooler 

(1-21) G-101 21 Quench Filter System 

(1-21) H-101 21 Starwheel Feeder 

(1-21) H-102 21 Primary Cyclone 

(1-21) H-103 21 L-Valve 

(1-21) H-104 21 Secondary Cyclone 
(1-21) P-101 21 Circulation Pump Elec 
(1-21) P-102 21 Scrubber Make-up Water Pump Elec 
(1-21) P-103 21 Scrubber Circulation Piunp Elec 
(1-21) R-101 21 Gasifier 

(1-21) S-101 21 Coal Surge Feed Bin 

(1-21) T-101 21 Venturi Scrubber 

(1-21) T-102 21 Particulate Scrubber 

(1-21) V-101 21 Secondary Educator 

NOTES 

A-85
 



2703 (TDP) 1O-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

PLANT SECTION 

REF 

200 Hydrogen- ' 
EQUIPMENT 

WESTINGHOUSE GASIFICATION PLANT 

Production ISSUE 0 DATE 
N ME 

8/30/83 SHEETSHEET1 of 

DWG NUMBER OYNM N ECITO RV 

ELEC "TuRB REMARKS 

R-201 1 Purge Gas Reactor 

E-211 

E-212 

P-202 A,B 

E-213 

1 

1 

2 

1 

Feed/Effluent Interchanger 

H.P. Steam Generator & Steam Drum 

BFW Circulation Pump 

H.P BFW Preheater 

Elec 

E-214 1 Feed Preheater 

E-215 1 L.P. Steam Generator 

E-215 A 1 Makeup BFW Preheater 

E-216 1 Final Cooler 

D-201 

D-202 

D-203 

P-201 A,B 

1 

1 

I 

2 

Condensate Separator 1 

Condensate Separator 2 

Condensate Separator 3 

Condensate Pumps 
Elec 

NOTES 

A-86 



2703 (TDP) 10-132 

EBASCO SERVIC"S INCORPORATED
PANAMA COAL TO METHANOL PROJECT 

EQU!PMENT LIST TDP- 2306 
WESTINGHOUSE GASIFICATION PLANT 

PLANT SECTION 250 - CO Shift ISSUE 0ISSUE DATEDATE 8/3/8__._283 _SHEET ] 

REF EOUIP>MENT 

DWG NUMBER NAME AND DESCRIPTION DRIVE REMAP 
ELEC/TURB REA 

(i-3) D-251 3 CO Shift KO Drum 

(1-3) E-252 3 Feed Peheater 

(1-3) E-254 3 Secondary HP BFW Preheater 
(1-3) E-255 3 Primary HP BFW Preheater 
(1-3) E-256 3 CO Converter LP Boiler 
(1-3) E-257 3 CO Converter HP Boiler 
(1-3) E-258 3 CO Shift Trim Cooler 
(1-3) E-253 3 Trim Preheater 
(1-3) R-251 3 Primary CO Converter 
(1-3) R-252 3 Secondary CO Converter 

NO TES 

A-87 

/ 
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2703 (TOP) 10-82 
EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST E E 
WESTINGHOUSE GASIFICATION PLANT
ISSUE 
 0 DATE 8/30/83PLANT SECTION 600 - Gas Compression 1o
 

DW G NUMBFR OTY NAME AND DESCRIPTION DRIVE 

(1-3) D-601 3 st Gas Cooling KO Drum 
ELEC/TURB 

ECTU=R 
REMARKS 

(1-3) D-602(1-3) D-603 3 
3 2nd Gas Cooling KO DrumFinal Gas Cooling KO Drum 

(1-3) D-604 3 Booster Compressor Discharge Drum 

(1-3) E-601 3 Steam Condensace Preheater 

(1-3) E-602 3 Makeup BFW Preheater 

(1-3) E-603 3 Gas Trim Cooler 
(1-3) E-604 3 Booster Compressor Aftercooler 
(1-6) E-605 6 Steam Condenser for C-602T 
(1-3) C-601 3 MBG Booster Compressor 

Turb 
(1-6) C-602 6 Makeup Gas Compressor 

Turb 
(1-3) C-601T 3 Turbine drive for C-601 

(1-6) C-602T 6 Turbine drive for C-602 
(1- 6 )P-251A/B 12 Condensate pumps(for E-605) Elect. 

NOTES
 

A-88 



PANAMA COAL TO METHANOL PROJECT
 

ACID GAS RE 4OVAL SECTION
 

EQUIPMENT LIST - SECTION 300
 

The development, design and specification of this system is based on the
 
proprietary licensed Linde "Rectisoi" Process. 
 Detailed equipment data
 
has been produced as a basis for preparation of a cost estimate. The
 
definitive type data required 
to generate a valid cost estimate made use
 
of proprietary information and these equipment designations are excluded
 
in total from this document.
 

A-89 



2703 (T DPI 10-82 
EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT

EQUIPMENT LIST 
 TDP2306 

WESTINGHOUSE GASIFICATION PLANT
 

PLANT SECTION 350 Sulfur Recovery ISSUE 0 
DAT 

8/31/83 
SHEET 1 of2 

REP EQUIPMENT 
DWG NUMBER OTY NAME AND DESCRIPTION 

;RIVE 
DRIVE 

ELEC/TURB REMARKS 

(1-6)B-350 6 Boiler 
(1-6)B-351 6 Sulfur Condenser 
(l-6)C-350A/ 12 Air Blower 

Elec 
(1-6)E-350 6 No. 1 Reheat Exchanger 
(1-6)E-351 6 No. 2 Reheat Exchanger 
(1-6)E-352 6 No. 3 Reheat Exchanger 
(1-6)E-353 6 Acid Gas Preheater 

(1-6)F-350 6 Thermal Reactor 
(1-6)R-350 6 Catalytic Reactor No. 1 
(I-S)R-351 6 Catalytic Reactor No. 2 
(1-6)R-352 6 Catalytic Reactor No. 3 
(1-6)V-350 6 Acid Gas Injector (Burner) 
(1-3)B-352 3 Waste Heat Boiler 
(1-3)C-351 3 Start-up Blower Elec 
(1-3)D-350 3 Acid Gas KO Drum 

(1-3)D.-352 3 Reflcx Drum 
(1-3)E-354A/ 6 Quench Water Cooler 
(l-3)E-355A/- 9 Isan-Rich Exchanger 

(1-3)E-356 3 Overhead Condenser 

(1-3)E-357A/ 6 Reboiler 
(1-3)E-358A/C 9 Lean Solvent Cooler 

(1-3)F-351 3 Feed Heater/Mixer 
(l-3)G-35OA/B 6 Quench Water Filter 
(I-3)G-35LA/ 6 Lean Solvent Filter 
(l-3)P-350A/ 6 Sour Water Pump Elec 
(l-3)P-351A/' 6 Sulfur Pump Elec 
(l-3)P-352A/ 6 Quench Water Pump Elec 
(l-3)P-352A/ 

(1-3)P-354A/ 

6 

6 

Rich Solvent Pump 

Reflux Pump 
Elec 

Elec 
(l-3 )P-355A/ 6 Lean Solvent Pump Elec 

NOTES 

A-90 



2703 (TDP) 10-82 

EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL 
EQUIPMENT LIST 

PROJECT TP20 
T 306 

WESTINGHOUSE GASIFICATION PLANT 

PLANT SECTION 350 Sulfur Recovery ISSUE 0ATE 8/31/83 SHEET 2 of 2 
REF ETUiPMEN18T 
DWG NUMBER QT NAME AND DESCRIPTION 

REMARKS 
ELEC/TURB R_ _ 

(1-3)P-356 3 Solvent Charge Pump Elec 
(1-3)P-357 3 Solvent Sump Pump Elec 
(1-3)R-353 3 Reactor 

(1-3)S-351 3 Solvent Storage Tank 

(1-3)S-352 3 Amine Sump Pit 

(1-3)T-351 3 Quench Tower 

(1-3)T-352 3 Absorber Tower 

(1-3)T-353 3 Stripper Tower 

(1-3)V-351 3 Incinerator Burner 

(1-3)V-352 3 Eductor 

(1-3)V-353 3 Incinerator Stack 

(1-3)V-354 3 Sulfur Pit 

(1-3)V-356 3 Feed Heater Burner 

NOTES 

A-91 



2703 (TOP) 10-82 

EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST B 2306 

WESTINGHOUSE GASIFICATION PLANT
 
400/450 Methanol Synthesis
PLANT SECTION 
 and Distillation 
 ISSUE 
 0 9//831 E
 

--.- 9/1/8 3E
DATE________SHE of 2 

REF EQUIPMENT
DWG 
 NUMBER 
 OTY ----------
NAME AND DESCRIPTION 

DRIVE
 

ELEC/TURB REMARKS
 

(-6) C-402 
 6 Circulator
 
Turbine
(l-6)C-402T 
 6 Circulator Turbine
 

(1-6)D-401 
 6 Methanol Separator
 
(i-6)D-402 
 6 Letdown Vessel
 

(1-6)E-401 
 6 Loop Boiler Feedwater Heater
 
(1-6)E-402 
 G Loop Start-Up Heater
 
(l-6 )E-403A/B 12 
 Warm Shell Loop Interchanger
 
(1-6)E-404 
 6 Cold Shell Loop Interchanger
 
(1-6)E-405 
 6 Crude Methanol Condenser
 
(1-6)E-407 
 6 Syngas Feed Cooler
 
(1-6)E-408 
 6 Syngas Feed Trim Cooler
 
(1-6)E-451 
 6 Overhead Condenser
 
(1-6)E-452 
 6 
 Light End ".oolcr
 
(1-6)E-453 
 6 Feed Overhead Interchanger
 

(.-S)E-454 
 6 Distillation Column Gas Reboiler
 
(1-6)E-456 
 6 Methanol Cooler
 
(1-6)E-457 
 6 
 Fuel Oil Cooler
 
(1-6)E-458 
 6 Dist.0iiat-,on Column Steam Reboiler
 
(1-6)E-459 
 6 Bottom Cooler
 
(l-6)P-401A/B 
12 Crude Methanol PumF 
 Elec

(l-6)P-402A/B 
12 
 Shift Tank Transfer Pump 
 Elec
 

NOTES
 

A-92 



--------

7.703 (TOP) 1082 ~'ASCO SERVICES INCORPORATED 

PANAMA CC'AL TO METHANOL PROJECTTD-36 
EQUIPMENT LIST 

WESTINGHOUSE GASIFICATION PLANT
 

PLANT SECTION 
400/450 Methanol Synthesisand Distillation ISU
---------- ISSUE 0 AA E 9/1/832 S 

C 
REF 


EQUIPMENTDWG 
 NUMBER 

NAMENTY AND DESCRIPTIONN AND DRIVEELEC/TURB REMARKS 

(1-6)P-451A/B 
12 Reflux Pump 

Elec
 

(1-6)P-452 
 12 Bottom Pump 

Elec 

A,B 
(1-6)P-453 
 12 Fuel Oil Pump 
 Elec
 
(1-6)P-454 
 12 Steam Condensate Pump 
 Elec
 

A,B
 

(1-6)R-401 
 6 Methanol Converter
 
(1-6)R-402 
 b Chloride Guard Vessel
 
(1-6)R-403 
 12 Sulfur Guard Vessel
 

(1-6)S-401 
 6 Crude Methanol Tank
 
(I-6)S-402A/B 
12 Methanol Product Shift Tank
 
(1-6)T-451 
 6 Distillation COlumn
 
(1-6)V-451 
 6 
 Purge Gas Eductor
 
(1-6)X-401 
 6 apor Recovery System lec
 
(1-6)X-451 
 6 Cez;stic Dosing Set 
 lec
 

NOTES 

A-93
 



2703 ITDP) 10-82 
EBASCO SSRVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LISTWESTINGHOUSE GASIFICATION PLANT 

TE ] 

PLANT SECTION 500 - Ammonia Recovery 

REF EQUIPMENTDWG NUMBER OTY 

ISSUE 0 

NAME AND DESCRIPTION 

DATE 9/1/83 

C 

DRIVE 

SHEET 1 of 

REMARKS 

1 

S-'501 

S--502 

SELEC/TUR 

1 

1 

Phosphcnic Acid Storage Tank 
Caustic Soda Storage Tank 

T-501 

T-502 

T-503 

1 

1 

1 

Superstill 

Stripper 

Fractionator 

D-501 

D-502 

D-503 

1 

1 

1 

Contactor Drum 

Fractionator Feed Drum 

Fractionator Reflux Drum 

E-501 
-502 

E-503 

1 

1 

Superstill Preheater 
Lean Solution Cooler 

Lean Solution Trim Cooler 

E-504 

E-505 

E-506 

E-507 

E-508 

E-509 

E-510 

E-511 

1 

1 

1 

1 

1 

1 

1 

1 

superstill Feed Heater 

Absorber Cooler 

Superstill Reboiler 

Solution Exchanger 

Stripper Condenser 

Stripper Reboiler 

IFractionator Condenser 

Fractionator Reboiler 

P-501 A,B 

P-502 A,B 

P-503 A,B 

P-504 A,B 

P-505 A,B 

P-506 A,B 

2 

2 

2 

2 

2 

2 

Superstill Bottoms Pump 

Absorber Circulation Pump 

Rich Solution Pump 

Fractionator Feed Pump 

Fractionator Reflux Pump 
Caustic Metering Pump 

Elec 

Elec 

Elec 

Elec 

Elec 

Elec 

P-507 

N-501 

G--501 A,B 

1 

2 

Phosphonic Acid Storage Pump 

Hydraulic Turbine 

Hydraulic Turbine Feed Stream Filters 

Elec 

Turb 

NOTES 
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EBASCO SERVICES INCORPORATED 

PANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST 

WESTINGHOUSE GASIFICATION PLANT 

TP-2306 

PLANT SECTION 

REF 

DWG 

650 Power Generation 
---------

EQUIPMENT 

NUMBER NAME AND 

0SSUE_0 

DEC-PIN---
DESCRIPTION 

DATE 9/1/83 

DRIVE 
ELEC/TURB 

SHEET 1 Of 

REMARKS 

1 

(1-3)B-650 3 Gas Turbine Waste Heat 

(1-3)N-650 

(1-3)N-651 

3 

3 

Recovery System 

Gas Turbine and Generator 

Purge Gas Expander and Generator 

(1-3)U-650 3 Stack(included in B-650) 

NOTES 

A-95 
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EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT 
EQUIPMENT LIST TOP- 2306 

WESTINGIIOUSI" GAS IFCATItON PLANT 
PLANT SECTION 

REF 

DWG 

700 Air Separation 

EQUIPMENT 

NUMBER CTY 

ISSuE 

NAME AND 

D IIR 

DESCRIPTION 

DATE 9/1/83 

DRIVE 

SHEET 1 of 2 

(1-6)C-701 6 SU Air Compressor 
ELEC/TURBTurbine REMARKS 

(I-6)C-702 6 )xygen Compressor 
Turbine 

(1-6)F-701 

A ,D ,C,D 

24 Reversing Heat Exchanger 
. 

(1-6)E-702 6 uxiliary Condenser/Vdaorizer 

(1-6)E-703 6 Liquid Air Subcooler 

(1-6)E-704 6 iquid Nitrogen Subcooler 
(1-6)E-705 6 Intercolumn Reboiler/Condenser 

(1-6)E-706 6 Regeneration Heater 
(1-6)E-707 6 eriming Heater 
(1-6)E-708 6 iquid Nitrogen Vaporizer 
(1-6)E-709 6 Liquid Oxygen Vaporizer 
(1-6)E-710 6 xygen Heater 
(1-6)E-711 6 1st Air Compressor Intercooler 
(1-6)E-712 6 2nd Air Compressor Intercooler 
(1-6)E-713 1st Oxygen Compressor Intercooler 
(1-6)L 7 

1 
4 6 2nd Oxygen Compressor Intercooler 

(1-6)E-715 6 3rd Oxygen Compressor Intercooler 
(1-6)G-701 6 ir Filter 
(1-6)J-701 6 Iryogenic Liquid Ejector 
(l-6)N-701A,B 

(i-6)N-702A,B 

12 

12 

3as Expansion Turbine 

enerator 
rurbine 

urbine 
(1-6Y'-701A,B 

(1-6)P-704 

12 

6 

i-" id Oxygen Pump 

iquid Oxygen Transfer Pump 

lec 

lec 
(1-6)P-701 6 iquid Oxygen Storage Tank 
(1-6)S-702 6 iquid Nitrogen Storage Tank 
(1-6)T-701 6 ligh-rressure Column 

TES 
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EBASCO SERVICES INCORPORATED 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
WESTINGIiOUSE GASIFICATION PLANT 

TD 

PLANT SECTION 700 Air Separation iSSUE 0 DATE 9/1/83 SHEET 2 of 2 

REF 
DWG 

I EQUIPMENT 
NUMBER NAME AND DESCRIPTION DRIVE 

ELE C/TURS EAK 

(1-6) T-702 

(1-6) T-703 

6 

12 

Low-Pressure Col.rmn 

ydtocarbon , .3orber 

A,B 

(1-6) T-704 

(1-6) V-701 

,B,C,D,E,F, 

6 

72 

pray Cooler 

alve Box 

'ower 

G,H 

(1-6) C-701T 

(1-6) C-702T 

(1--6) E-717 

(1-6) E-718 

6 

6 

6 

6 

ir Compressor Turbine 

xygen Compressor Turbine 

ir Compressor Turbine Condenser 

xygen Compressor Turbine Condenser 

NOTES
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EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
WESTINGHOUSE GASIFICATION PLANT 

PLANT SECTION 

REF 

DWQ 

7 50-Steam 

EOUIPMENT 

NUMBER 

System 

OTY 

ISSUE 

NAME AND 

0 

DESCRIPTION 

DATE 9/1/83 

RIE 

DRIVE 

SHEET 1 of 1 

B-750 1 Start-up Boiler 
ELEC/TURB REMARKS 

(1-3)D-750 3 BFW Deaerater 
(1-3)D-751 3 LP Drain Collector 
(I-3)D-752 

(l-3)D-755A,B 

3 

6 

Boiler Blowdown Tank 

LP Steam Flash Drums 
(1-3)D-754 

(1-3)D-756 

(1-3)D-757 

(1-3)E-751 

(I-3)P-750A,B 

3 

3 

3 

3 

6 

MP Steam Flasn Drums 

CO Converter HP Steam Drum 
Fired Superheater (F-75 1)Steam Drum 
Steam Turbogenerator Condenser 
HP BFW Pumps 

3 Turb 

(l-3)P-752A,B 6 MP BFW Pumps 
3 Elec 
3 Turb 

3 Elec 
(l-3)P-756A,B 6 

(I-3)P-757A,Bi 6 

(l-3)P-758A,B 6 

LP Drain Pump 

Condensate Return Pump 

Turbogenerator Condensate Pump 

Elec 

Elec 

Flec 
(1-3)S-750 

(i-3)DS-750AB 

D-758 

3 

6 

1 

Condensate Receiver Tank 

Steam Desuperheater 

HP Steam Drum of Hydrogen Production 

(1-3)N-751 

(1-3)N-752 

(1-3)F-751 

3 

3 

3 

Unit 
Steam turbine driven generator system 
Steam turbine driven generator system 
Fired HP Steam Superheater and Steam 
Generator 

(I-3)P-750A-T 

(I-3)P-752A-T 

3 

3 

Turbine drives for (l-3)P-750A 
Turbine drives for (I-3)P-752A 

NO TES 
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EBASCO SERVICES INCORPOR.ATEO 
PANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
WESTIN3HOUSL GASIFICATION PLANT 

TP20 

PLANT SECTION 
800 Raw Water Supply & 
Cooling Water System ISSUE 0 DATE 9,1/83 SHEET 1 of 1 

REF EQUIPMENTNDRV 

NAME ADELEC/TURB 
REMARKS 

P-810 A-J 9 Circulating Water Pumps 
L-801 A,B,C 3 Cooling Tower 
X-806 - Cooling Tower Auxiliaries 
S-801 1 Clarified Water Storage Tank 
P-802 A,B,C 3 Clarified Water Pumps 
X-800 - Clarifier System 
X-801 1 Water Pretreatment Clorinator 
P-801 A,B 2 Raw Water Intake Pumps 
P-803 A,B,C 3 Filtered Water Supply Pumps 
P-804 A,B 2 Acid Gas Removal and Service Water 

P-805 A,B 2 
Water Supply Pump 
Coal Handling Filtered Water Supply 

Pump 
P-808 A,B 2 Make-up Demineralizer Filtered 

Water Supply Pump 
P-809 A,B 2 Potable Water Supply Pump 
P-811 A,B 2 Make-up Demineralizer Backwash Pump 
P-812 A,B 2 Demineralized Water Make-up Supply 

Pump 
P-813 A,B 2 Carbon Filter Backwash Pump 
P-814 WWell Water Pump 
S-802 1 Filtered Water Storage Tank 
S-803 1 Demineralized Water Storage Tank 
S-804 1 Potable Water Head Tank 
X-802 - Sand Filter System 
X-803 - Make-up Demineralizer System 
X-804 - Condensate Polisher System 
X-805 1 Potable Water Sand Filter 
X-806 - Chemical Feed System 

NOTES 

A-99
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goQWastePLANT SECTION & Sisposa. 

DWG NUMBER 

P-900 A,B 

DWG 
 AUMBER 


P--903P-902 A,BA,B90 1 , 
P-905 A,B,C 
P-904 A,B,C 
P-906 
A,B 


S-901 

W-901 


t\-902 


W-904 


W-905 

X-901 


-905 AB 


X-902 


X-904 

X-903 

X-906 


X-907 


H-903 


H-902 


H-903 A,B
H-904 


-905 


Z-901 


ES
 

EBASCO SERVICES INCORPORATED 
PANAMA COAL TO MAETHANOL PROJECT=-

EQUIPMENT LIST 
WESTINGHOUSE GASIFICATION PLANT 

06 

Treatment 
ISSUF_ 0 DATE9__ 1/83 SHEET 1 of 

NAME AND DESCR :PTION 

Pumrs3 Fqualization
3 IDischarqe Bas.n TransferPumps 
2 
 Leachat 


& Run-off 
Transfer 


Tank 

1 
 oa Pile Run-off 


2 Coal Pile P'n-off/Leachate 

2 
 Oily Waste Transfer Pumps
 

22 / ludWaste e T ansferOil PumpTransfer 

Pond Leachate Retention
 
W-90Final
1 


1 


1 
33 


1 


1 3
I 

1 


3 


6 

3 

3 

1 


D I E 

Transfer 

Pumps 

Pumps 

T 


Oily Waste Storageoishing 
Pondand Storage 

Basin 
Sludge 

Impoundment 

Equalizatio 

Basin
Water 

m
Eiqualidation SysnT SludgesfrPup

Dewatering 

Air Flotation 
Unit 
- Oil Waste
 
STre tn ent Sys te 

Sanitary 

rn.
 
iSulfonatorWaste Treatment 

System 

Sludge 
Fixation 

System
 
Ash 
 Disposal 

System 
Radial 


Staaker
 

Front End 
Loader
 

X-902~~~~~~~. 1 i i at
Truck ltto Ui 


Bulldozer
 

Compactor 

WaAPI
Separator
 

,Sy 
 m A-10 
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EBASCO SERVICES INCORPORATEDPANAMA COAL TO METHANOL PROJECT 

EQUIPMENT LIST 
WLSTINGHOUSE GASIFICATION PLANT
 

PLANT SEC"ION 950 Auxiliary Systems 
 ISSUED0 DAT 9/ /83SHEET 1 of 
EOUIPMENTDECITO 


Dw~j NUMBER 
 Q-Y NAME ANDDECITO IVRV 
ELEC/TUR 8 REMARK, 

C-950 A,B1 C 
 3 Air ComplLssor
 

C-951 A,B,C 
 3 HP Nitrogen Compressor
 

D-950 
 1 
 Air Receiver
 
D-951 
 1 Instrument Air Receiver
 
D-953 A,B,C 
 3 Emergency Flare K.O.Drum
 
D-954 AB 
 2 HP Nitroge Receiver
 

P- 9 5 0 A,B,C 3 Flare K.O. Drum Pump

P-955 A,B 
 2 Fuel Oil Unloadincl and Transfer
 

Pump
 
--956 A,B 2 Fuel Oil Feed PLmUp 

-951 A,B 
 2 Methanol Storage Tank
 
-952 A,B 
 2 Fuel Oil SHift Tank
 

t 
1-953 Fuel Oil Storage Tank
 

J950 ABC 
 3 Emergency Flare Stack
 

--950 
 1 Instrument Air Dryer
 

NOTES 

A--1OI 



Future Direction oflapans E:
 
By Yoshihiko Morozuml 
(hairman, Drajiang Subcommittee of theJoint 
Study Group,Adw y Commuwiffor Lne.' 

The sbarp Incrcase in energy consump-
lion resulting from the use of fossil fuels 
aftc" the Industrial Revolution brought
economic development and higher livingl
otandaids to the industrially advanced 
countries. Japan's high economic growth
after Woild Wax If was typical of Iih eco-
nqilc prosperity made pussible by the 
mass consumption of low-cost eneily. As 
a cesuilt of the rapid switchovet tO pet, I-
ium, which was inc4cpnsive in ihos c 
daya, Japan's energy consumption n,,re
thani quadrupled II the 14 years fron 
f(1:al WI 3 to fiscal 1973. The cuoiilty's 
energy p licy inthose days w&5 nearcd to 
bringing down the coal of cnergy by lean-
Ing heavily on Inexpensive petroleum. 

This siijaion changed dralltically as A 
result of the fis oil clsis in 1973. Al. 
though there was a time whcn the si-
lion casid temporarily, the oversll trend 
was a tightening of the global oil supply
and demand, ernd the crude oil price cot-
inued to soar. The official postCd piLc of 
Arabian Light, which was about $2 per
barrel before the first oil crisis, rose to S34 
III October 19tO. 

Of all countries. Japan was fil nuirdest 
by the draslic change in the mil price be-
cause of her excestive dpclrdence on 
lper(ileum, particu~urly Middlc l:ast oil. 
(I he rate of Japan's dcpendcnce oil pitu-
ICuni a tiit allll itr y cnergly i()IILCs III 
fis&AlI 197 was 78% ald lici dci)dciLu,0
oil Middle East oil, 6.6/). Accorditgl, 
Japarn atalched top ptuiiy in lien eFICIiY 
policy to ensurilig licigy sicuIty by
vitorously reducling excessive deleiiderice

' 3fioil. It Implcmenied a cortthprclicrive 

e,,ergy policy with the threc-pronligd 
talict of securing a stable oil supply, pro-
momig the develupricni and Iniroduciton 
of .riernaltve incrgy sources, and ac cer-
acing cicrgy coniicivatiun. 

flowcve(, the economnics of energy 
havc begun tu cha:nge greatly Again in 
IcLC.nt yac-s. 

In ic past two or three years. the 
uidcrllmg tictid of intcfnaltunal oil 
supply mid deliid has eased, This 
rellcl Ithe dclay In the recoveiy of the 
ctuoiio ny lions the global tircession iiai-

cilgid )y ihe second oil crisis, the dramatic 
d1cress in dcrialid lur oil resulting Ig'oin 
p/ogic h in ihc gli)bal Consrvl[i[V l of 
cleigy and file swiicL)vcr front oil to 
altcenative eicrgy, and li inLrease in the 
Volunic of crudc oil pr duc d by lion-
Ul'l:(" kountries. on March 14, 1983,
OlEC deoidcd to reduce ile bcni.h inark 
oil price by $5 per barrel, use fist redu-, 
iun since the cartel's foundation in Scp-
Licnbri I196. 

In Japan, the slowdown in the giowib
rate for eniergy dmiand hil becoiic con. 
spILuOus. "he ve-ige aiual 11rowth In 
de mand for energy was About I I/ bcfoic 
thi fitst oil crisis., but it e1lto only About 
.1%. afCr ile clisis IlIIh ipll 1hite yCaS, 
Imllwirig ili sccotd oil o.lisis, Jajuim's 
cnnergy rtnni uliniioui deccascd inre "hun 

/ AIIJIUlIy IrSPite llt cootiry'l Ainual 
CL4tiWIniL glUW1 of Uver i'%. 

Oin ile supply sidc, the divcrsifica rll 
ohI cilrigy su(cCl'ids )e-it piu.etilil 
IfinuJ8lr ihe dl CtikllllnUIi of eleCtrIL 
power 3(jrmte "I iltiwilcllovel flunt 
xitlolcuill t(r alltcitve cilltagy. As a -c-

.'1. 45 ; 1 ' i 
t

J 

suit, Japan's rate of dependence on petro-
Icum Against total primtry energy sources 
dropped stcadily from 781%in fiscal 1973 
to 62% in fiscal 1982. Another conspicu.
oub change is that interest In the cost of 
energy has become extremely keen. both 
in Indust Iy aid among the public. b.caue 
the sharp rise in the cos has had far
rcaching and scaihing effects on the Jipe. 
neac economy and society. Among thca. 
the output of aluminum in fiscal 1982 was 
about 7 % leIsihanIn fiscal 1973.whilthe 
output of petchemilals (ethylene) was 
about 30% leIs. Conslquenily, reducing
the cost of energy has become a necetpay. 

With these changes in mind, the Advil
sory Committee for Energy (Chairmaxi, 
Hiroml Arksawa), an advisory organ to 
the Minister of Internmtional Trade and 
Industry. concludo.d that It was necessary
to conduct a thoouga review of Japan's 
energy policy and its guideline, the Long
lrm Energy Supply-DNmasd Outl,.,ok. 
The joint study group (Lhalres' 'y Jiro 
EinjojI) of the Basic Policy Sectional 
Meting of the Wialc Problems Subcom
mittec and Supply and Dems,ied Sub. 
committee was formed In April 1983 to 
review the energy policy and its guideline 
iii accoidance with the following basic 
perceptions of the problem: 

(I) lalimalitiig h, future demand for 
erICIgy, 

(2) Reducing tile energy cost; 
(J) ( huingiiig the entily supply siruc

lure, IlCiudinig the qPecd at which to 
reduce Japai's depeiideice on oil; 

(4) Establishing strol energy-related 

1!,
01/A'1 

P-
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rgy Policy
 

Industries which can cope with changes in in& a comprehensive evaluation of such 
the situation. prcvailing laclors as the price or energy, 

(he ency needs of consumers. the 
These subjects were debated at length volume of supply available, the stability 

by academics and specialists, and on the of supply, and the lead ilnc requied to 
bai of these discussions the Drinmg introlu . altcrnativc eneigy. 
Subcommitt draw up its report. And at I helped draft the report with these 
a joint study group meeting of the Ad- points, in rlrid. Ii was approved on 
viory Committee for Eneigy, held on August 22, and is generally in line with the 
August 22. 1983, an official report, l-ti- above pcrcciptions. 

tied "Long-Term L-ncigy Supply-Demand In other wuds, It states that the aim%of 

Outlook and Comprehensive Review of Japait's eneigy policy should be to ensur. 

Energy Policy," was compiled. a stable supply of energy both in itts of 


For Japan. whose cnergy supply struc- quntity and price to meet actual denrnd. 
lure Is fragile by woild standards, the For this, the country should try, firily, to 
absolute iiclsity of diveisifying supply establish secuiccy ft cnergy supply; 
sources, Jwith i view to reducitig depend- mcomdly, to reduce the energy cotI, and 
ence on pcnoleum, remains basically un- thddly, to establish the best possible 
changed. However, there will be no- enrigy supply-demind ziructurc with a 
change, for a long time to come, in the complete balance maintained between 
couniry's dependence on petroleum for security and cost. 
the greater portion of its energy supply. On the basis of ihis furndemental think-
This Is because the development and ing, the aeport bays. Japan should pro 
introduction of alternative fnergy mute syste s t heilyinvolve mriatically aid Ihc devcl-

a long lead time and grteat risk. In addl- opment and introduction of alternative 
(ion, (he many purposes (or which pelro- sources of energy. As retgards individual 
Ieum can be uscd lend elasticity to Japan's alternative cneigy bourccs, particularly 
energy supply-demand stiucture, and the new ones, the report urges a coiriprchen-
intrinsic charsactrisics of petroleum pie- sive evaluation of each of these, with 
elude subititutes for some of its uses. respect to supply security and economic 

i
Conside;g tht the price of eniergy ha faiblm)ihly, a dclimlion of the role ind 

far-reaching effects on industrial activities pusmon of eaich source, and a policy of 
and on peopi's lives, care must be taken, sclcctive adoption. 
or over-einphasis, on energy security will Retarding petroleum, the report says 
trigger an rxccisivc rise ImIits cost. 11is that the lirg of sttC stockpiling (0 miil-
essential to devise the best energy supply hor kiluliteis) must be retained. but it 

mix, by takiog into full consideation the recoilriteircs a swiIchover from icliivcly 
present role of petrolcum and other con- costly offslore tuiikc storage t laWild 
ventional energy sources. and by conduct- storage, and calls for fleible stockpiling 

.,. , . .." " , : ' ' 
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policies such us postponing the complet. 
tion date of the state-operated stockpiling 
terminal, inorder to reduce the energy coat. 

As stated, judging from the current 
energy situation and the soclo-economic 
situation pertaining to energy, It Is ex
tremly Impor!ant, for the stable develop
mnt of the Japanese and world eco
nomies, to pursue a wcll-balarced energy 
policy, while coping promptly with new 
developments. 

I sincerely and strongly hope that the 
report published by the Advisory Corn
mittec for inergy will obtain the under
standing not oPly of the Japanese govern 
ment and the public but also of Interna
tional society, and that It will serve as a 
guideline for overcoming future energy 
problems. I hope that an energy policy In 
tune with the purport of this report will be 
Implemented promptly And smoothly. e 

rcardinl the report Com(Note) InquiriesheAdvioy Coinmihlss (at Eneryplkd by
hould be tld d-iw dto I tN atrl Resi igy 

and IiErwgy Agency or the Minitry of iniertaa. 
ibosnal Trade and Industry (1-I. Kasmiguaekl 
I-chome, Chtyoda-ku, Tokyo 100, Jap)a, 
which served as the Counmhrttee seretariam. 

Yoshihiko Morozurli is a former 
pretsident of and adviser to Eleciri 
Puwr Development Co. (EPD). 
Morozuml, 64, Joined the Ministry of 
Internaltonal Trade and Inditstry in 
1942 aftergraduating froms the Uni'pe. 
$11y Of Thkyo. He jervd as We-

mlAS~r bfore jolntn, EP, 
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Changes in the external 
and internal energy 

situation 
1.An eIasing of the international 
oil supply-dem and situation 

At its 67th extraoirdlirary meeting n 
March 14, 1983, OPEC (Organizaiiun of
Penroleum Exporting Countries) decided 
to cut its bench mark crude oil price by $5 
a barrel. This piice cut, the first siice the 
cat tel's formation, was necessitated by the 
drop in world oil tlr'iana that resulhedflon the drastic increase in the price of 
OIC' crude oil following the second
oil crisis, 

1982_W . . . _.. .-- . .end,
..-.. --
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2. Changes In 
supplydemand structuregrowth rate and the energyin 


Japan 

The growth rate (if energy demand in 


Japan has diopped substantally in tecent 

years. Energy dcmand inci cased II% per 

anl:urn before tie 
 first oil cri.,is; after
the crisis tis slowed to 30o per annum,

and has reversed to a 3% per annlumi de-

crease ' ;r the lhI c)ears since Ire second 

oil crisis. 


These clAnges in energy demand ere 
caused largely by struct iral changes in the 
industrial sector. Of all energy sources, oil 
suffered Ihe severest drop. On the other 
hand, electricity expetienced it-a sliglt 
crease, whbile dermiand lor coal and city ashas also increased steadily. 

122 Journal of Japanee Tade & Indu,,ry. o 6 1983 

3. 	 Decreasing dependence on oil oil sit uationt have made reducing the 
and piogress in diversilication ~ o stofnryoeo oa' otpesenergy sources3.Deain dependence on oilpd ingt ofeeg n ftoa otpes

Japan's dept ,ience on oi dropped 
steaddy fotoo 78 of total enrergy supply ,, j , 62. 

uu 
, jY This wasyy 

the result of direct and inditect changes 
leSUjiiig Iom a ClIaiie ill te ne 
SUpp1)-derl,.1Id structure. The d,,eL•effect 	 sas tIte deselopnent and iIritrduc-
lion of alternative energy resources by the
electric power generation industry and 
conersjon to non-nil enelr sources for 
luel in tie industrial sector. The indirect 
effect ,,as Itle tendency toward Itreased 
generation demand. 

4. Prospects for primary energy
prices

oilI 1sisl pon adeconomy 

t r gir l t r i arid lo pr- r
in eirery prices, it sents appIopri-ate to assurlie that %soilIt oil S,lply and 

derind ill (iginin, di' ig prices Up-
On thie otler hand, coal prices can 

to 	 rain stationary in real 

" lie price of LNG (lhquefed
tinatual gijs) may increase along w,ith oil
prices, bi this will be inluienced by the 
oulco re of itegor tat 1 iris between 
esulirs and Japainese LNG consumers, 

account for 75% of tire vworld's
LNG trade. 

5. Effects of rising energy costs 

oi tha Japanese economy


oil, coal and LNG li.ic'es have becir [is-
ing steadily sice tie first oil crists, with 
giear elfer ott ilie Japanese ecotornly andsociety. Il rIthe tidustriIll sector, alntitlii 

piodniclion diopicd 
about 70% belween 
FY 1979 and I IW)82. Ii tle petro.hem-


ical industy, Ith. InoduCIoni of' ethylene

fell by about 30u'u oser IeC salte period.


Furthricntic, residenlial anid coirimer-
cial sector light ard fuel ex'cnss arid the 
piice Of gasohnic hasc risen flJster Ihlan the 
o.crall con price owingiuiuter index, to
price increases for piliIary energy. lhesecotidiliots aid a Ielaxanio iii ile world 
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Challenges to energypo lcy and 
policy and appropriateresponses 
1. Basic concept 

(I) Today, 10 years after the first oil 
crisis, the energy problem is at a turning
point, as ale Japanese society and the 

ecotemy as a Whole. New energy policy 
must be based on a recognition of changesin 	 file inter dependence of energy and the 

and the resulting structural 
c a nge s ior e a c ti sector. M o r eover, it m u st 

restate basic policy principles if it is to gain the understanding of the nation. 
(2) Tie basic objective of energy policy

is to secure a stable energy supply in terms
of quantity and price sutfficient to meet 

the nation's energy denand. To this end, itis,necessary to work first to guarantee
security and secondly to minimize cost. 
Thi dly, it is es'cnial to establish an 
optimum energy supply-demand structure 
that strikes art appropriate balance be

3 l ie tinitiation.ntaltween1 securitys et andangovercost s suplm 
(e g m auhthe r e me n tai 

expected ito proe the basic, nost efficient
 
path to achieving such an optimum
 
,rpply-deiiiatld sllu:tare. 

2. MIniml.za.!n of energy costs 
(1) Energy costs arc reducible to a con

siderable extent, depending on the energy
supply-demand structure. So far, ittcrcas
ing energy coss have becn modified by 
energy coiseralion, energy conversion 
and diversitiCalioti of electric power get
eration. These efforts must be continued. 

about 106 mitillonSi compud with conumption
tigures for FY 19N owing o adrop In re energy 



cunsurnption-GNP ratio. If all the reduction was 
in oil, the cost Saving by energy conservalionwould flawi been approximately 6,000billon.

woud hve6,00eenappoxmatlybllin.b. Alter the second oil crisis, oil dependence
In the manufacturing sector dropped fiom a8.3% 
(FY 1970) to 27.5% (FY 1981). The ellect on 

energy costs in this one sector of the economy

would be a 6.8% (1310 billion) reduction, assum. 

ing coal convertsion. 


c. The divoisilicatlon of electric power genera.
including tion, watuouctioii of nuclear powti,t 

cual arid LNG, reduced power generating costs 

by some 1600-700 billion in FY 1982, compared
with pre-oil criasj figures. 

(2) The .tovernment's supplemental 

energy measures must be ,aiployed in 

pursuing efforts to minimize encrgy costs. 

At the same time, the price mechanism 

must be employed to emphasize eco-

hroimc viability. 

3.C rfialo3. Clarfication of the roles ofdifferent energy sources 
(1) One important task is to clarify the 

future roles of different energy sources, 
with particular reference to reducing 
supply costs but also stressing stability of 
energy supply. 

(2) Petroleum: This will continue to be 
the largest energy source, mailtaining its 
own demand areas and impating flexibil-
ity to the energy supply-demand struCLire. pubfic financing, policy must first be pri-
From the standpoint of ensuring energy •oriliLed and greater efficiency pursued.security and mirliinizing cost, however, it 
will be necessary to reduce Japan's 
dependence on oil in a flexible and realis-
tic way. This will also meet the need to 
reduce the nat-ions energy costs. 

(3) Alternative energy sources: Gener-
ally speaking, it will be necessary to dee]-
op and introduce these energy sources 
steadily antd systematically. Altern;tnve 
energy sources must be pronoted selec-
tively, making the best use of thc price 
mechanism and taking security arid cost
into consideration, 

4. Requirements for improving

the efficiency of the energy

industry 


(1) Petroleum industry: Abolish excess 
capacity, build more sophisticated 
facilities, and proionte structural 
improvenents. 

(2) Electric pover industry: Create a 
desirable power load, and build plants
efficiently arid on schedule, 

(3) Gas Indusr) : Create a desirable 
power load, and convert from petroleum 
to LNG. 

(4) Nevi energy industry: Establish an 
economical viable new industry with posi-
live government support. (The potential 
market is estimated to be several trillion 
yen after the year 2000.) 

5. Realization of an optimum
long-term energy supply-demand 
structure 

(I) In formulating a demand outlook, it 
is important to identify structural changes 
in energy supply and demand and seek 

realistic figures. 11 is also essential to
understand future denaid trends for each 
undrstnd utue dniud rens fr ech 
energy source based on filial coisuntplron.

(2) From tihe standpoint of ensuring 
energy security, it is preferiible to lower 
Japan's dependence on oil. However, oil 

dependence cannot be rediced to below
50% by FY 1990. If is appropriate to set apolicy objective of reducing dependence 
U.1 ()i to bclow 500'o by FY 1995 with 

proper government support. Flexible and 
realistic efforts are needed to achieve 
this goal. 

(3) Japan's primary energy supply 
structure must shift toward tinirtizing 
energy cost. 

(4) Based on the consideration otlinled
above, it is possible to arrive at tentative 
estimates of the primary energy supply-
demand structures in FY 1990 and FY 
1995 (Table I). 

6. Securing enzrgy financing 
Huge amounts of capital will be re-

quired it the energy field. In the private 
secro, steady investment in energy-related 
fields cail be pronoied by creating condi-
tions conducive to smooth financing. In 

while expeniditures should be carefully 
reviewed itt order to provide it sound basis 

'for securing needed funds. 

,- " . 
r , .. Z J. itPrioritized efficient 

promotion of integrated 
energy measures 

1. Requirements for securing a
stable petroleum supply In light
of changes In the supply-demandstructure 

(I) Secondary oil processing facilities 
should be expanded and production ad-
justed toward art increasingly lighter prod-
uct iix, with the available cinde oil mix 
shifting towaid a heavier one. Structural 
improvements such as inter-firm coopera-
ion and busitess consolidation of firms 

should be promoted, The current pattern
of importing crude oil and reliing it 
locally should remain the basic nretIhod 
for Ihi. future. Iowever, a gradual shift 
toward intei nationaliation should also be 
encouraged wlien necesr-try conditions 
are satisfied. 

(2) The curreti policy objective for oil 
stockpiles (eqiiialenl to 90 days con
sumption by ptisare firms ard 30 million 
kI by tIhe government) should be main-tailed and achieved. However, this policy
should le applied Ileibly in the case of 

governtent stockpiling, allositig for 
shifting stockpiles from tankers to vacant 
private tanks onshore or even postponing 
the completion of permanent facilities. 
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() Overseas petrolejm development by 

Japanese Companies is thle best way to 
procure stable crude oil supplies. It should 
be actively pursued in keeping with the developntent target. 

2P 

and introduction of alternative energy sources with emphasis on 
mid- and long-range supply costs 
(1) )evelopment of new energy 
technologies 

Various projects will continue tobeeval-J. 
ated in all integrated way, with an empha. 
sis on oid- and long-range supply costs. 

a Prolects to be positively promoted 
"al liquelfacion and gasification (with the three 

processes currenlly under separate development tolls.Olaewue oe sic.DOlle) hlv~lfuel c lls o snale,n rooe 
bProjects not lobe steppedup for the limebeing 

Solar thermal power generalion,hydfogen produc. 
lion by waltir 'eclrolysis 
(2) Development of allernalve energy 
resources 

With respcct to liquefied natural gas
(LNG), the most pressing task is to review 
the cxisting rigid pricing formula linking
LNG prices to crude oil prices and to 
modify supply conditions, which now re
quire a "take or pay" clause. 

As for coal, plans for developing over
seas coal resources are being slowed down 
in light of the recent sluggish demand for 
energy. From a long-term Perspective, 
however, constant efforts must be made to 
promote coal development to keep pace
with an expected steady increase in 
demand in the future. 

In the case of uranium fuel, half of all 
new a;:quisitions should be developed by
Japanese firms overseas, and supply 
sources diversified. 
(3) Introduction of alternative energy 
resources.

Studies are to be made as to how enter
prises can introduce alternative energy in
 
the energy supply-demand structure.
 
There is also need for a system by which
 
distributed-type energy resources can be
 
supplied stably and at 
 low cost. Energy
 
source selvctior will in principle be based
 
on the price mechanism. 

3.Promotion of mId- and long
term energy conservation
 

Energy conservation must evolve from
 
a temporary stop-gap measure into a long
term structural approach encompassing 
the development of new technology and 
transformation of the production process. 

4. Encouraging diversified power 
generation to reduce generationcosts 

(I) Reduce construction costs of new 

power plants (a 10% reduction is expected
provided salety can be guaranteed). 

(2) Diversification of electric power 
sources contributes to lower electric 
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power -costs as well as guaranteeing a (3) Po-,er demand should be managed This report includes tentative estimatesstable power supply. The basic dirrclions so as to reduce power cos;s through creat- for FYfor the de~elopment 1990 and FY 1995 ,hich provideof electric power ing a des:rable power load; this couldsources are described below. for a balance among security, cost andtniol~ e cxpaiision ofthe 5ulply-d(mand other factors.a. Basic supply capacity: Nuclear power, coal. The previous outlookadjusiient OlllrilctIs'stem, y a should befired power generation icler promptly reviewed based onfuel CyCie must (4) Nleasures iould be studied to make these figures.be established for nuclear powtr planis)b. Middle supply capacity: Coul lred. LNC. 

fired puwer generation tLNu 
the sy seit fe selling clecticity prices Target years:transaction corldi. iolC resln.shiL. D chaigcs iit lhe demandlions must be impovtd II will rot ie pllOilnle (a) FY 1990St uctuLre title niatitaining Jairtiessto proimol and (estimate-based target)LNGfred power grreriton oLver the the cust-price plticiple. (b)FY 1995long te rm u nles s t c a r b e i r udtred ec o n o m l . caltviable). ( y tg t5. Formulating a long.term energy

c 
(policy-oriented target)Peak supply capacity: Utiliation of eoiftingoilred power QetifU rhn (c)FY 2O,t-',:,,en lof supply-dem and outlook tha
pumped hydro electric tuci,igeSriuu J ut.epi to harmonizes energy security, cost

y (t tar2000
 
(prospective target)the necu seryminimum), and olher factors 

Table I Tentative Estimnte of Primary Energy Supply-Demand Structure 
Fis-lrc ar FY 1982 FY 1990 FY 1995 

Energy type P n stIronte 7ActualPrevious estimate Present estimate
Alternative energy source 149 Approx.(milli 300 Approx.

220-230 3A 270-300.Coat 72 it1.-86 115 86-102Nuclear power 27 I 48-51 67 74-79 
Natural gas 27 - 5b-60 68 65-60

Hydraulic

c- 22 ik, _ _________-Ia - _ . - 26-27_ __ _ _ _ 6830 Approx. 28 
63.5--4
 

New fuel oils, nw energy, etc. 

1.-2
-| 09........I 


0.9 
 7-12 
 15 
 15-26
 
Petroleum (million kl) 15-26
 

pprox. 2A-250240 290 Approx. 240-250
 
Total supply (million k1t 389 
 450-480 590 500-550 

Noi: Fiscal year r MatCh-April
Table 2 Assessment of Five Major Alternative Energy Sources 

Coal Nucileay powl Natural gae Hydraulic powe Otaihermail energ 

Co al re ou rc e s e xil I ir u u , Nu lea fue l on i 6 l Vae t 1,inafl r1ance p(imAlllrl ill al n 
d 66 .1 - 1illi I Olgo 11 . W ho lly inm erlo un it a.'i. rai a scors bouot year, s i in . . If llig no use ene rg y eso utreslied I ountles M l(l l ullon f - rl . sbtaliUtlng lowe rlbtling Ihe same aifectas 

ol 0l 0 03 i l energy source With e xstl in foun -ance ttrisuipies rlile L011 Ilrl colntills high aupply glooUtOn & ir j ferm l;ie sltockpllg fuei lEmlarlt& .tabliity Ino country and long term sup,llent l, l suppiy sitbity 
supply PlyStability car be Spcled.Ekpcsn*castaill y of grace& useof a wide velary of a luel cycllo COal ir'ioUgn it.d Slobliii) a, a• nriies nuriilyli illil,1iiri,,l 

technologies .3nelopnlenl l ne aneliki Comrrne.L .. il Orinison..ill lnflllll e oIralll Itlleast I , ,.llll.,col oi I( ler ad
eupplly VOluwle liaily IITirov elIcive ullia 

lion of utanium reaOuriea 
Compeliine withOil in plce Coip.eiihl,, with cOnlrlnal Curllent ltc formula on Igh,

"]' llay M 
rig 

but Initial Capital Cost high, buttlellil illol 
f n 0,l0C'u Oil pil ilotai

CaIIJlal ccoal ioot. II inci *. &llon *toko 
, lul Cri l land as oPerOil osl Coll Sara, and at operbation

Sindly cunmpel'lira as or pay' Clause ontinuo. Ihc CO11 brcome.Economic dri ricre
I rduces iinsivense conlnues. the COtl becomrislion or Plantlano eqrtirpniwril dinno 

o lower only the te- prlog~eslitieyitaaibiit 1lu slltions sourceiSlong Uultelr 
tow thus mlt. 

wHow igOrucceub, Wnille reiatinely lower iOln mg ir econmiic l onerlo 
t

tern to minimize linen.
luelcoI rInlces toII illlnoritoll ,:Otl tul, 

i rik iolve in innglluc rrit, 
good pr odectionwells a Crucl 

Incllmfl -lIi traap hlyC r 
prob liom. 

Nor coal utilialtihn lachlrlol Most lli ig
wr t.ll lonilyo e loin ullingi i ta: nd uil 01IcUll in el llic pi..r 

r crinltor CuJloritrloa to elecrlc P0 el Primarllye, loa la irrlel (riina supplied cc olcIItrtiara0d0lion tou . gariiarr.lice lOne an asseila li. i PltirnalIp .n 
ulllpl l ily andhitllila pitoer but cmall.oall Utiie. 

hone as raw matl rial fir bls 
lU )li I2il.iw leii cominunity as it provit a oCl ron 0 1oi wi1 e
Usage mille 41d t, Irinlil ipoaer alrrlon energy 


local 
I..l 1 Qlolria and muliple utililation energy sOurcepoel generaion and Lril gas production neat Alto posibaie.

sld r t aesources.indua 0
urban arac Harmony with nyironment ria.eientralot 


tlial L. Co"lliued eln 1i 

o evloprrgnt.nl.
 

llar i ctnidaiioir iecs-.
 
v'ry lot its uc0 aS lust
 

.......... 
 .......... 
 .......... 
 .... 

NEDO is a governmental body established iider fie Law Concerning Promolion of the Development and Introduction of Alter.native Energy Sources ot Oct. 
1, 1980, to develop such technology for oil alternative energies as is particularly needed to be
mercialized, to assist the development of geothermal conresources and overseas coal eources, and to comprehtettsvely carry out otherlines of business necessary, to promote develor)1nIt of oil alternative energies, etc . . ... . ljtie 
" ' • - . i, ; . ... ... , - .. . . - i. " ' , ' . ",' 
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Energy AlternativesF 
Present State 
FutureProblems 
By Masao Sakisaka 
Chairman, InternationalEnergy Policy Forum 

Implementation of the than any other major industrial nation, national cooperation in this area is being
Almost all this oil isimported, making thealternative energy policy energy supply structure extremely fragile. 

orchestrated by the Internatonal Energy
Agency (lEA).ihe instability of the international Recognizing the need for internationalIn FY 1980 (April 1980-March 1981) p troleun situation was dramatized in tie cooperation among advanced oil-consum.Japan began in earnest to implement its M970s by two oil crises, the first in late ing countries, Japan designated fiscalpolicy of developing energy alternatives to 1973 and the second at he end of 1978. 1980 as the "initial year of alternativepetroleum. At the summit confe ence of the ad- energy," and established a framework forJapan lacks domestic energy resources, vanced industrial natioos in Tokyo in implementing its alternative energy policyand the process of achie'ing high eco- June 1979, the particij,Iting countries through a series of legislative measures.noinic growth increased her dependence agreed not only to set petroleum import These included the promulgation of theon inexpensive and plentiful petroleum. targets but also to promote the develop- Law Concerning Promotion of Develop-Today Japan depends more on petruleum ment of alternative energy sources. Inter- ment and Introduction of Energy Aiterna-

System for Implementing Resource - e Development of overseas coal resources and geothermal
Alternative Energy Policy development energy ... 

Coal energy
r{------ Liquefaction and gasification technologies and technology toDevelopment NEDO utilize liquefied and gasified coal , -

.. ..Solar energy-
Power generation with solar heat, solar energy for Industrial 
use, etc. 

Technological 
development 

-6 Geothermal energy-. 
Large-scale deep geothermal power generation, power.,
generation using heated water, etc. 
Nuclear power-

ReducIngReducng 
Japan's 
petroleum 
dependence 

. -0 Uranium enrichment, fuel reprocessing, etc.Others-' 
Fuel cells, development of technology for common 
tapping alternative energy sources, etc. 

' 
": 

use In 

.~1,-0 Diversification of electric power sources-
Alternative Subsidies for the construction of coal-burning power plants,
energy , Industrial ,soctor- subsidies for hydro electric pcwer plants, promotion ofdevelopment and use of nuclear power, etc. 

*supply
targets ...h ..- e.....,Conversion of Industrial fuls

;guldelines : Japan Development Bank loans, lax benefits for energy
Introduction ----------- I projects, etc. 

Civil sector e Popularization of solar systems 

L Promotion of local energy sourcesNEDO: New Er-orgy Dvelopment Otganlzation --------- FIS surveys, model projects,low-Introst loans 
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lives to Petroleum (May 1980), the estab-
lishment of a special account system (May
1980), the establishment of the New 
Energy Development Organization
(NEDO) (October 1980) and the drawing 
up of allernative energy supply targets
(November 1980). 

The Japanese government vigorously
inplenented this policy, while private cor-
porations began to switch fron petroleum
to other relatively inexpensive energy 
sources. As a result, Japan's pelroleun
dependence dropped from 77c/o in FY 1973 
to 62% in FY 1982. This is dramatic proof 
of the progress made inthe deelop lil
and introduction of alternative enerty, 

Progress in 
development andind uopment aMixture),
introduction of
alternative energy 
1. Development and Introduction 
of alternative energy 

The supply of alternative energy in 
Japan in FY 1982 reached 149 million 
kiloliters in oil equivalent, about 1.6 lities 

1973 than ilthe world was rocked by te 

first oil ciisis. These figures show that 
 te 

first~ ~ ~ ~ developnent and introduction of alteria-live energy has progressed smootlhly. In 
fact, thle total energy supply dhinitrhedappreciably during this same period, ftom 
407 million kiloliters in otl equivalent in 
1973 to 389 million kiloliters itt 1982.

Alternanie energy developmentthemadelittle progress innrrediately after first 
litle rogess media ]) ue irstae a
oil crisis because of a subsequent relaxa-tion~~~~~~~~~ n,tain upydmn fully mature, and attention in (hi supply-demand [itl11161Tr. ionlhas shiftedsit hiion. And inhssitdt to ways to improve its 
that was how, matters stood %hen Japanwas hit by the second oil crisis in 1978. 

Petroleum pricL.s rose so rapidly after 
the second oil crisis that alternative energy 
sourcesbegan to be co m p eti ti ve w ith o i l insorte energy intensive industries, irnclud-

ing the electric power indu try. The %,eryfact that oil supplies had been choked off 
for a second time also shook ansect r Ihe privatenlI devlopind
pro pted 

sector arid prompted it to develop aridadopt alternative energy sources. Mean-
while, budgetary measures arid govern-
epof iyo
alternative energy progesud-
mnrt policy on alternative energy, irtelud-


irg tax benefis for alternlative enegy 

after FY 1980 and beganprojects, were impleimenntedhaav to producein ear nestre
ofslc ai vesinerg ter patiro erese nedrgy
suits. The developmentofand prgesehae introduction 

steadily ever since. 
2. Development and introduction
of alternative energy source bytype e r 
typ


Coal is the world's roost pletntiful fossilI) Coal 
fuel. Coal deposits are found iniost 

countries, making it Japan's most depncid-
able source of alternative energy, 

The coal supply in 'Y 1982 antouiled 
to 94.5 million tons, accounling for
18.5% of thre total primary energy supply.
In recent years, imports of stean coal 
have increas,.d markedly, from 1.68 nil-
lion Cons inFY 1959 to 14.61 million tons 
in FY 1982. 

To facilitate tie expanded use of coal in
the future, it is necessary to establish a so-
called coal chain, a new system embracing
all stages from coal resource development 
to final consumption. The coal chain re-
quires accelerating coal piojecfs overseas,improving transport, storage arid disitribu-
lion, and facilitating consumption while 
giing due cotnsideraion to environtrenial 
safety. The developnciit of coal uliza-
ion technology, such as COM (Coal Oil

and assistance to industry for 
changing over from petroleum to coal are 
also essential, 

Diversified policy measures io meet 
these many needs have been pursued
viiorously since 1980. Coal prices are pro-
jected to generally mtch the inflationrate, making it vital to cotiduct studies 

-lplants, 

ri 

r . -" t 

~ ~74~ olcii.Teefgrssortht(i__ l I , 
 I /t , 


t ~~na I'D" 

.and 


.: I" 


- now on the proper price level, taking i'to 
account projected demand electricfor 

power after 
1995 and oilier factors. 
2) Nuclear power 

Nuclear power has evolved into a quasi
domestic energy source with the establish. 
men of Japan's own nuclear fuel cycle.
Nuclear power offers numerous advan. 
ages, including its economy arid its

potential to provide stable supplies of
huge amounts of energy. It is counted 
upon to play a pivotal role in reducing
Japan's dependence on petroleum, and 
ranks %ith coal as a leading alternative 
energy source. 

At present, 24 nuclear power plants 
with an authorized capacity of 17.18 mil
lion kilowatts are operating in Japan.
Thirteen plants with a combined capacity 
of 12.9 nillion kilowatts are under construction, while seven plants with a com
bired capacity of 12.9 million kilowatts 
were in preparatory stages as of Septem.
her I, 1983. Japanese nuclear power
plants have been operating at a high level,
with their utilization rate exceeding 60% 
of capacity since FY 1980.In order to facilitate the siting of nu
clear power to

i is inortant 
Svigorously implement safety measures and 
with the understanding and support of
local residents as well as the public at 
lae. Over thie longer term, i sasimportant to develop an advanced [hermal reactor (AT) and introduce a new
 

siting formula, while developing technol.ogy to diversify nuclear power applica
lions. Policy
toasures 
 must be improved
 

strengthened.
Light water reactor power generationLer. 
technology is now 

asi mrv tr economy. Further increases in tie cost of 

I nuclear power plant construction wouldcost of nuclear power generation,"inludintg fuel reprocessing arid decorn.' * nussionring aged reactors, soaring, and -r' ' woul d r e cost sor i al b e would natrtow thle cost differential besm'iv s. 
tween coal-fired electric power generation

f an u la-o e . Va~ p w s rand iuchears ~ s d abower.Var;ous downstream 
uclearprblertspowmuster's becontparative advantage.resolved to maintain 

Th ey include cuttitig coriructiott costshruirh icl ioalizat;on arid standardia. 
trot, and shortening construction time. 

.4 ionnj d~shoapinacn sov ie.
Lengthening fhe lifespan of light water 
react s is another issue, as is the problem 

-., ' '
," " 
-. r of decommissionring old reactors.",lNuclear a ll energy su p p ly is i isin g . E ffo rts to cu rbpopy'I are of Japan's overrising costs in this field %%ill contribute 

greatly to holding down Japan's overall 
.,energy 
 e\pendilure.,. -. " 
 3)Naural gas

Natural gas isone of the three pillars of 
"""vitcolndnlerpw. r" energy development,alternalive ranking 

r w ith coal arid nuclear power.,,,a, ,
fu,,el. C li,,.,,.,,,consumption of1le LNG (liquefiednatural gas) by electric poher companies 

26 Journal of Japanos. Traae & Indusry. MO6 1383 
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""" " 19.4 million kilowatts and pumped stor. 
a age hydropower plants with a combined 

capacity of 14 million kilowatts. 
There is little hope of new construction 

of large-scale hydropow:r plants. Instead, 
the siting of small- and medium-sized 

- hydropower plants in numerous locationsV will be the mainstream of future hydro
' , 	 power development. The government is 

granting subsidies to finance the construc
tion of these smaller facilities while condueling a fifth survey of hyaropower 
generation potential.A 5) Geothermal energyGeothermal heat is a 	 valuable energy 
source available in huge quantities because 
Japan is a volcanic country. Vigorcus efforts are being made to develop geother. 
mal energy with due consideration paid to 
protecting the natural environment. 

At present, eiglt geothermal powerk1 plants with a combined capacity of 
215,000 kilowatts are operating in the 

NU~al,, power plant in lk. a I im is 	 country. A thorough survey into the disne Pra one of Japan a 23 nuc... power plants in operioun an of 
July 182. 	

tribution of geothermal heat resources is 
needed to establish a consensus on harmo
nizing geothermal heat development with 

- the natural environment, and as prepara
tion for extracting geothermal heat from 

-E greater depths and developing technology 
. to utilize heated water. 

6) New energy 
- E -In Japan at present, firewood, chariioal 

anid solar sybitcrm. innually supply approx
imately 900,000 kiloliters of ealergy in oil 

-' equivalent. The-. " supply of energy from 
new sources, such as solar thermal, photo
voltaic and others (coal liquefaction,gasahol, biomass, wind, waves, ocean 

R,' i thermal energy, waste heat, apd energy
from garbage and wastes) is expected to 
increase greatly as a result of vigorous 

". : - •- "promotion' " .: " ' .":: : , , . . " .. 	 of the developmentte c h n o lo gie s .	 of new 

The tubal to, the nluralQA iline l i 11tll il 	
The Sunshine Project was started in FYwilt of the 	 rle mountans Japan Ouya amrnuntl ot n/tutai gas h h Soviet 

ear 	
Iao 

u 1974 to promote technological developunion. 
ment in the energy field. Other important 

and city gas companies has increased con
spicuously, reachintg 27 million k iloiers 

in oil equivalent by FY 1982. 

&
 

Steps to promote LNG-fired thermal
 
power generation are being taken to gen
erate dematnd comnimensurate with the
 
great scale of supply. A( the same time,
 
measures 
are also being taken to encour
age industries to swichito LNG and to

accelerate the popularizaiion of gas-cool
ing systems 
 in a bid to increase demand

for natural 
 gas amoig gas-consuming 
urban industries. 
4) l l )d ro l ti er " " = 

The supply of hvt'droelccitic powcr is 
smaller than (har of the preceding sources 

.of alternative energy. lowever, it remains 
t I ...imlportant 	as a clean, retierablc domestic 

energy source. 
A t present, Japan has standard hydro- A goutr niiiIn ot ~ni-, pl Itl,l. 11,-1Im I Uvol L iU . . As a ohianic counry, Japat is ieA y to ake lulllpower plants with a combined capacity of advngni ts llotnerusi heal eneary SouIt. 
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projects have passed the basic research Future problems in thestage and are now at thf point of plant de-	

promoted systematically, without beingdevelopment and swayed by short-term changes in thevelopmcnt. The New Energy Develop- energy situation,men[ Organization (NEDO) was establish, introduction of Accordingly,it he Subcommite oned in FY 1980 as a nucleus organization to alternative energyCoordinate and promote ihese efforts, Energy Alternatives to Petroleum (chair.
NEDO's budget in FY 1983 for man, Jiro Enjoji, adviser to the Nihontihe de- A common feature of prctects to devel- Keizaivelopment of alternative energy, including 	 Shimbun newspaper) was estabop and introduce alternative energy is thatcoal liquefaction and gasification, solar 	

lished within the Advisory Committee for 
energy, and projects to develop coal re-

the lead tlie is long and the risk great. It Energy in April 1982. This writer, as ais obvious that the development andsources, is 110 billion. 	 in- inember of this subcommittee, has particitroduction of alternative energy must be pated in discussions on the future man

,•. .0. 
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Japan's Supply of 	Non-Oil Energy Sources
 
rlacait /
1979 . ,. Fiscal 1980 , 	 Fs a-. Fiscal 1981 

Energy In proper In crude 	 - -% in propel In cruo % In properSource unit oil terms 	 In crude % In proper In crude-%I (in.rl ) unit oil terms unit 	 198211981 
( il. kl) 	 oil terms unit oll terms (% changesl(ro ll. kI) (mil. kIl)Coal 78.3 tril. 61.5 49 92.4 mit. 71.7 50 978 mil. 74.9

Ions 	 50 94.5 mil. 72.0 48 -3.9tone 
Natural gas 23.0 mil. 	

tons 
23.0 18 25.9 roll. 25.9 18 26.2 	

tons 
mil. 26.2k i 	 18 27.0 mll. 27.0ki 	 18 3.1kI kI
 

Nuclear 70.4 bi. 
___18.4 

18.4 15 82.6-216--- P-2-bit. 229 15 102.4 bl. 18powe kwh 	 kwI15- 7 .2htkw 	 2 5124bt 26.7kwh 	 kwh 
18 16.8 

Hydraulic 15.0 b. 22.1 18 92.1 bil 2 4 . 1', 902 bt. 236power 	 7 16 840 bit. 21.9kwr 	 15 -7.2kwh I kwhGeothermal powerml"t 	 kwh0.3 1111t. 0.3 0 0.3 it. 0.3 0 0 35 mi 0.4 000 04 mit., 0.40 i. 0 power 	 .
Wt 	 klOthier non-oil 0.5 filt. 0.5 	 RI' 

C 0.7 i. 01 0 0.8 mit. 0.8energy I" 	
1 0.9 nit. 0.9 1k " Ill"'

Total I 126 I100 ___ 144 100 149 .10.0 149 100 0 

.jot. 'in stems ol .dO oil 
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ageneit of alternative energy policy. The 
subcomnittee published a report sumniar-
izing its deliberations on August 23, 1982. 
The principal a'm of the report was to lay 
out guidelines for this policy, which is now 
ready for full implementation. The out-
line of the report is as follows: 
1. Tile short-term trend in the interna-

tional oil situation is toward further 
relasation, but this will reverse over the 
mediurn term Alle native energy 
policy should Ile inpleitenied vsithoot 
being s,,ayed by' short.lerin shifts in 
the itnernational oil situatiot. 

2. As regards coltsentional energy 
sources, ,he present ft tiula of using a 
Mix of energies (i)ticipally coal, tiW-

clear power and LNG, supplcntted
by hydropower and geothermal) 
should be continued. An appropriate
policy for each energy source should be 
clarified and iteasres itmpleencted 
based on the status of developmtent. 

.... 3. As regards new energy souices,following measures theare indicated. (it) 
acceletatitng developtient a ivatiteras 
of top priority with a iciw toy aid 
adding these sour,:e to the fiotitlirie of 
eniergy supply, (b) utiliziing the ,ltality
of the private sector in new energy
development in older to improve the 
energy supply system and promote
efficient technological developtnent,
(c) promting international coopera-
tion in new energy developnient, essen-
tial from tie stantdpoint of both shar-
ing tihe labor costs and risks attendant 
on development and mutually berte-
filing ftoim global technical develop-
menit efforts, and (d) expanding tie 
role of NEDO in accelerating technical 
de',elopment. 

The government is implententing its 
aller native energy policy in line v ilth tile 
points made in the report, 

It has become necessary to redefine the 

F=, ,,, lcai ,, 
_ 1'9'6i 191t10 1992 

sI..,,.,A Do.,,c 10i 140It i 15 ,u, 
rnp,t,1 80 lIt 371 14 61CTng~l,Cotd.o.t ?bt 6,19 5s2W 

o 66tm,,t0 52 5 10 81 64 

,QWG.C n.,.,, 2a5 2 ,5 2 10 20eP0-.od LNQ 

i. 	 ton,) 

in,t 'w) ,"1508 I5 tl t-1 I i Ollne lll~nll ,,tl 
yz~auk .... P.- o __ o_,_ .1y) 

s Gan ... 548Ib 80 680a19LO 61.7 a? 
- -1WU 19Ali.. 

1-1 k.) - n - - 0 
- oie 

1 

Co,.. 1_.81 182 1 I 
o,,,.,,IS 
Itd1 kw 10 1 U9 1 15 1 2 

future course of e !.'rgy policy in line with 
tile dramiatic changes that have taken 
place in tile energy situation, including the 
lowering of tile Otgali,:ltrn of Petro-
leu Exporting Countries' bench mark 
crude oil pi,:e inlMarch 1983 for tile first 
ime since the cartel %as established in 
Sepieil'eit 1960. lo tis end tile Basic
Policy Sc,:tiorlal Nlcelli of tie Blasic 
Probleitis SubC,.oinuiiee and tile Supply

ind [)citnaid Subconntiitec of the Advi-
S Colniniiet" for Litergy conducted a 
joint stud )undt Ihe cht.rtt iatshlpof Jiro 
Ltiojit in vMuich this v,jitcr also parlici-
piled. Al ihtel tin report oil tile basic 
direction of Jipalt's fut ulc energy policy 
vwas drawn up on, August 22, 1983. 

Although a fuidatinerital chanige in tile 
gusciitneri's aleltcitise energy policy is 
not piesenty c a llcd iom, the interim report
did make tile follow ing proposals.

In dcecloping and tnt roducing alterna-
tive eneigy, !t is necet',sar, to claily fur
tile( tile role of Cli energyoilier v ords, iii order source. Into reduce Japan's 
deprnideMtc on petroleutit, tile develop-
nerit alh adoption f alteritat tye energy 
tilkst take place systlalfllly and stead-
ily As fo each t I)pc of alternative energy,
supply stability, ecunoiy, applications,
and local needs should be evaluated from 
an overall perspective. The development
and introduction of each' 4tergy source 
should be promoted by giving full play to 
the market mcchaism, with a view to 
creating art energy supply structure which 
best suits Japan in teris of both security
antd cost. 

In light of tie above, the followuing 
steps are essential for allernativc energy
developmtent, 

(a) As regards .NG, supply flexibility 
must be attained and priLes brought dowmn. 

(b) As regards urarit , tile propt llotll 
of overseas uatntittnii resouitces deltped

by Japan ftr import titlist be rtised and 

soply sources divetsilied im order to 

ensure a stable htog-tern suplply. 


(c) As regards tie' eneigy technology,
now that the wide-ranging projects cur-

rently tidcrwa) ate advancing beyond tie 

initial stage, [ile lime has coie to re-evaluate the tnediun-lerm econonlic via-
bility of each. It is essertial to cotiduct an 

overall evaluation of each Project tot onlyfro 	mtile standpoint of its economic feasi
bility but also iii light of energy secnrity 
c ttstderalions and ititetit.aitottal cooperalion. Tile de',eltpnient of new energy 

t 
techliology Intist be pionolted efficictttly 
on a priority basis. 

future directjon for principal tew 
energy e''elo|inietti plOJcets i , as Ivallows:
(I) 	 Projcts It bC pushed vigotluSly: 

Coal liuetiction atid gasificatiin (to 
unity under a single NEID) foitiula 
tel 	 three e..istMig piojects for bituti-
no0us C,l! liquefacton), photovoltaic, 
fuel iC.l, etc. 

(2) 	 Projects to continue at present levels: 
Solar thermal power generation, gen
eralion of hydrogen by electrolysis.

As regards liquefaction of bituminous 
coal, this writer, acting as chairman of the 
Subcommittee on Coal Liquefaction, has 
compiled a report on the future develop
mealt path for coal liquefaction technol
ogy. Tile report was published on August
26, 1983, following approval by (he Alter
native Energy Committee of the Advisory
Committee for Energy and the New 
Entergy Technology Development Corn
mittee (chaired by Toshiwo Doko, honor
ary president of Keidanren) of the Indus. 
trial Technology Council. The report re
contrmended that Japan move systemai
cally from the current experimental plant
research stage to work on pilot plants. 

Conclusion 

According to a report prepared by theInternational Institute for Application 
System Analysis (IIASA), oba pr
capita energy consu[lpt ionin Lhey'ear 

()30 will i.tease onlv 25% over thatin-i 
M75. assuming continued low economic 
growth. Even with this small increase,
however, the report says conventional 
petroleum resources will prove insuffi
cient. It cotncludes that it will be necessary 
to develop synthetic oil. In the event of a 
shortage of conventional oil, the report
adds, there will naturally be expanded use 
of alternative energy sources, including
nuclear power, natural gas and direct
 
burning of coal.
 

As is evident from the above, the need
 
for alternative energy remains fundamen
tally unchiancd. What is needed is the 
steady and sYstematic introduction of 
allernative energy sources, grounded on a 
longer petspective and macroeconomic 
considerations, and unswayed by Iran. 
sient changes in tile energy situation such 
as the current easing of the oil stpply
demand situation. 

What the recet relaxation in energy
supplies does afford us is more time to de
vehop and introduce alternative energysources before tie next crunch comes. We 
lust not waste this precious chance. e 

Alasao Sakisuka, one of Japanleading en,,gy e.%perts, is chairmant of 

the International Energy Forum, apri
ale research organization. He concur

rent)), holds various posts such as that 
of che:i,-ntan of the Institute ofEnergy 
Economics. Sakisaka, 68, graduated
from the University of Tokyo in 1938 
and is the author of various books. 
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Jn ernalona! 
Energy Sft&uaaon 
And Daparn' Erneregy Pol.icy 
By Katsuhiko Suetsugu 

Ever since the woild was rocked b,'the potcttial insecuriti of overallfirst energy alternativecilcrisis in 1973, countries energy projects which wouldhave supply that would accompany another oilwoiked to change their energy supply and have been competitive given a further risecrisis. Constricting petroleum lies at the in petroleum prices instead were suspendconsumption patterns. The industriallyad- heart of any strategy aimed at increasing edvanced countries in particular have mobi- one after another. Eve,' more projectstle supply of afterr ative energies,lized manpower and ntlne, on a priority This strategy 
will slow down or be scrapped if oil-proline has been pursued ducing countries agree to sustain stable oilbasis in both the piiva e and governncnt jointly by Japan, the U.S. and West Euro-sectors for research and development pean countrics. Now, however, it ison 
prices long into the future and the indus

woik on non-petroleum energy sources, the irially advanced nations are convincedverge of collapse due threeto majoPetroleum is still considered highly effi- they will stand by these agreements.changes in the energy situation.cient ahd convenient to use. It continues Thirdly, Japan, the U.S. and the coun-First, with the world in a period of lowto boast the highest utility value of all economic growlh that has earned for itself 
tries of Western Europe are suffering from 

energy sources. At the same time, how- the Title 
huge fiscal deficits and rigid finances. Inof the "global recession of the creased military spending as the East-Westever, people agree that excessive depend- "1980s," demand for energy has stagnated.ence on petroleum is potentially risky and This has obstructed the smooth switch t,, 
Cold War heats up, along with the priority 

can even adversely affect the social foun- given to welfare spending, has made it difitliernative energies, asdalions of an industrial state, 
it is easier to scrap ficult for governments to increase outlaysand build new systems intafhigh.growthStrategy for increasing the supply of for alternative energy development.period than in a low-giowth period.alternative energy sources atms primarily Secondly, the myth that oil prices would 

It was, therefore, a timely decision by
at (1)down-grading petro'eum's the Japanese governmentrole in continue to rise collapsed in the face of 

to review its 
energy marketenergy price formation and (2) minimizing forecasts and its energyOPEC's March 1983 decision to lower thethe instability of oil supplies and the bench 
policy this year, now that the energy marmark price of crude oil. Marginal ke structure has changed so radically. 
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Nuclear power
emphasized 

The purpose of the comprehensive 
energy policy review was to study how
best to cope with the changing energy
situation, whle taking into account the 
energyca,nservationeifortsinthleadvanced 
industrial nations since the first oil shock 
and the progiess made in converting from 
petroleum to alternative energies.

The "Long-Term Energy Supply-
Dernand Outiook and Conipiehensive
Review of Energy Policy," released in Au-
gust by 'le Advisjiiy Committee for En-
orgy, an adsLory organ 'o thle tinister of 
lnternatiotial Trade wud Industry, sounds 
new even from at, intemnational vie" poimt 
as tin exprcssiun of policy efforts to iden-
tify !lie new horizons opening up in the 
entrg, field. 

The U.S. governnie-t,, at the initiative 
of the Depaminient of Energy, is trying to 
draw up a new "National Energy Policy
Plan." The revised eneigy policy recom-
mended to the Japanese government may
offer noe" direction, for other energy-con-
suming countries as they strive to accom-
modat: the ,c1anges in the energy situation. 

What especially :neiit attention in the 
Japanese goveinment', review are the"eight to be given nuclear power genera-
tion and the degree to Nkhicit petroleum

dependence 
 wil• be reducd. 

Japan plans to expand nuclear power

generation to about 
 35 million kilowatts 

by 1990 and 48-50 million kilowatt., t y

1995 It hopes to raise the share of niuclear 

power in th total primary energy supply 
to about I1% in 1990. 

According to F[an.es "Energy Plan for
1990," nuclear power in hat country is
anticipated to reach 66 million kilowatts 

,, .• 

A 

V 

.igas 

by that yar, or 26 
/0 of its total primary 

eneiy supply. The revised Japanese plani:auls for reducing oilI dcpenidetncc to about 
'527o while, the iench target is 32%. 

A connarismn of Japanese and French 
efforts to piornote nuclearijWwer genera-
tion and refduco- depdence ot oil hows 
that France is trying to attain these two 
policy goals more quickly than Japan.

Ensujring energy supply security while 
increasing dependence on nuclear power 
poses a big problem for both countries,
Stepped.up international efforts are 
needed to ensure th: safety and reliabIlity
of nuclear power plants operating at close 
to capacity 

Another feature of the report of the
Advisory Coumitee for Energy is the 
emphasis ott re-examining Japan's various 
alternative energy developniccrt projecls,
The repoit urged that these projects be 
trimined hack to include only those with 
top priority. 

Falling into thi,, .ategory are coal lique-
faction and gasification, photovoltaic 
power gcncralion, fuel cells, and oil shale. 
Three bitLIminous coal liquefaction 
processes have been under simultaneous 

development. Now manpower and tuoney

will be concentrated on only one. The 

focus of Japanese efforts to develop and
commercialize 
 "new alternative energy

technology will narrow in 
 on electric 

power and city gas gencia:ion. 


A comparison of Japanese and U.S. 
prioritie.i in 'he cominccialization of new 
non-oil power generation systems reveals 
a striking cotmirast between the two coun-
tries. Whereas top priority in Japan goes
:o nuclear povwer gencralion, America has 
largely withdrawn from the field,

Next to nuclear power generation, coal
gasification and multipuipote utilization 

I 'of LNG (liquefied natural gas) constitute 
E; the mainstream of alternative energy de-(A velopment in Japan. LNG-fired powergen.
d eration and fuel cells have the potential of(

opening up a vast new market for LNG, 
But, whereas Japan is trying to utilizefossil fuels oiher than petroleum, the U.S.is stressing projects to develop relatively

small-scale local energy supply systems us
ing renewable energy sources, such as 
photovoltaic cell, geothermal and wind 
power. The U.S. is opting for these renew
able energies over nuclear power largely
because of the strong environmentalist 
opposition to nuclear power generation.
Also, the U.S. has access to abundant 
natural gas and coal resources both withinand immediately neighboring its borders. 

New developments in 

and electricity
utilization 

Signs of change have appearedJapanese energy market, 
In the 

most notably the
development of heat pump technology for 
conserving electric power and the application of gas engine echnology with citygas. These new heating and cooling sys
reis for hotes, factories and buildings 
are capable of sharply raising lieenergy
efficiency of the electricity and gas they 
use and of reducing the per-calorie unit 
cost of energy. The energy efficiency of
electricity in a heating system equipped
with a heat pump is 3.5 times higher than
that of a conventional electric heater 
while the cost per 1,000 kilocalories is only
TI1, or one-third the regular cost. These 
savings make electricity competitive with
kerosene as a heating fuel, arid lower heat
 
pump installation costs would even give it
 
a subs;antial price advantage. 
There is a
 
real possibility electricity could steal 
 the
 
market share from petroleum for heaters
 
and air-conditioners, and make fresh in
roads in the energy market itself.
 

The energy efficiency of city gas 
 in a
 
city gas-fired heating system using both
 
gas engine and heat pump technologies is
 
55% better than with a conventional gas

heating system. Thermal unit (1,000 kilo.

calories) cost comes 
down to 19, which is
 
35% cheaper than the cost of gas in con
ventional systems and is 
 even cheaper
 
than kerosene (VI 1.40).


What changes will 
such innovation in
 
electricity and city gas utilization technol.
 
ogy bring about in the present petroleum.

centered 
 fuel market? It is important to
 
formulate 
 policy measures which can

accommodate these 
new developments.
 

In this regard, the 
energy review con
eludes that "Basically, consumers should 
select sources of energy of their n free 
will in accordance with market mecha
nisms." It underscores the basic principle
that no specific policy initiative should 
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obstruct or otherwise .idversely affect supply and considerably loker volume
technological innovation relaing to energy projeciiolis for LNG imports,
supply and consumption. This basic p in. The preious eneigy supply-demand
ciple dictates that pofic ,makers fointlate outlook set Japan's LNG imports in 1990 a superior enegy poliy ensuring stability, at 43 million tons. The August revision
efficiency and economic fciasihiliy. brought this down to 37-39 millto tons.

Compared with eneigy-ich Ttial:ountries LNG ;triports for 1995 have simi-like the U.S. and Canada, i-,nh of 'khicil laily bee;i v,:vistd downward, to a conser-are, like Japan, industrialited Pzcifi vahve rnainntim of 43 million tons.
Basin countries, Japan's intetittlltai IThese changes will htdly have a majorcompetittiness is weakened by tle high imp.Wt on international trade in LNG.
cost of energy, and particularly that of The overinienlt reduced the old LNG im-
electric pover. An importatt task of the port forecast because (1) LNG's price rela-comprehensive reie , as to ,orl, ,'ultlie five o ,)clrleum and coal has riser., and
best mix of power getieraiot, sy),etms to (2) LNG's advantages as a nOtn-polluting
bring down ihe cost of electicity. clean ful have been partially nullified by 

improved ipollution-control technology, 
1 he revised outlook envisions addi-Petroleum, LNG or tional LNG detmand of about 6million

coal? thtetots it first half of in: 1990s. SeveralLNG development projects are urder con-
In economic termns it is perfectly reason, sideration to neet this demand, includingable to give top priority to nuclear power the Soviet Sakhaliri project (3 tiiillion tonsgeneration. But (he government is divided annually), the Qatar project (6 million as to whether petroleum, LNG, or coal tons .Innuall,), arid tie Thai Gulf of Siam

should be designated die fuel of choice for project (3 miilion tons),
meeting. remaining electricity needs. Recently, tile U.S. government pro-

the principal cause of fhe si-lit is :he posed that Japan participate in the newfact tiat price relationships anong these Alaskan North Slope LNG productionthree fusts are snifting. The persistent •projeCl. This would increase iniports of
price gap between crude oil and L.NG is American LNG in the 1990s and help
beginning to narrow bet:ause the pice '.u rectify the imbalance in Japan-U.S. bi-
LNG is pegged to the price of pelioleuii, lateral trade. .which has declined as crude oil import For -omc time, tie U.S. has argued that
prices have fallen (Se,: figure). Imported Western countries should reduce their
coal is still very cheap compared with dependence ot natural gas imports from
LNG, however, and the revised energy the Soviet Union for security reasons. -1heoutlook incorporates increased coal insists theU.S. that development of 

Price Comparison of Competitive Energy Sources 
U.S. dollar/l0 8 kcalU..- /0T a i , i i 'adequate 
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natural gas reserves in Norway, Canada 
and Alaska should be given lop priority as 
alternatives to Soviet natural gas. The 
board of directors of th,: International 
Erv.rgy Agency (:EA) agreed this May 
that the West should reduce its depend
nce on Snviet gas. The U.S. government's 

request that Japan participate in the new 
Alaskan LNG development project comes 
in pa-t from these strategic considerations. 

Japan is faced with the important ques
tion of how to sccure LNG in the first half 
cf the 1990s. The choice will be: (1)
whether to increase LNG imports from 
current sources (Indonesia, etc.); (2)
whether to suspend LNG development 
projects to whichI it has already committed 
itself; or (3) whether to participate in new 
projects, such as the one in Alaska. 

In this regard, the "ComprehensiveReview" makes the following important 
proposal: 

The basic tasks concerning future 
LNG resources development are to 
review the cutrent inflexible pricing for
mula indexed to the price of petroleum 
and the value of calorie equivalett, and 
to ease the rigidity of supply conditions 
(i.e., the Take or Pay Clause)... Unless 
LNG transaction conditions and eco
nomic feasibility ar- improved, it is iot 
advisable to promote the construction 
of LNG-fired thermal power plants.
Japan accounts for more than 70,'* of 

the world's total LNG imports. Adoption 
of this stand would greatly influence the 
global LNG market. 

As a major rn.rgy-consuming country, 

Japan natural:y wants to work out thebest mix of energy consumption patnerus
 
in searching for a system that can supply
energy at minimum cost. Revi

sion of the LNG pricing system and the 
easing of rigid LNG supply conditions are 
an int:gral part of this effort, a point 

which the Comprehensive Review is 
very clear. 

report .tates unequivocally that 
bringing down the cost of energy is animportant target for Japan's future energy 

,t is a clear indication that consum
countries are now shifting their energy

policy emphasis from securing adequate 
amounts of energy, to the economic feasi

of the energy they employ. 

Katsuhif. Setsugu is an editorial 

wrilerfor the Nihon Keizai Shimbun,
 
specializing in energy, politics and
 
economies of Middle
the East.
 

44, joined the newspaper in
 
1964 q'ter graduating from Waseda
 
University. He is the author of many

ooks, including "New Dimension of
 

Energy I -es . 
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