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ENCOAL MILD COAL GASIFICATION PROJECT:
COMMERCIAL PLANT FEASIBILITY STUDY

Summary

In order to determine the viability of any Liquids from Coal (LFC) commercial venture, TEK-KOL
and its partnerMitsubishi Heavyindustries (MHI),haveput together @echnical and economic
feasibility studyfor a commercial-size LFC Plant located at Zeigler Coal Holding Company's North

Rochelle Mine site.

This resulting document, the ENCOAL Mild Coal Gasification Plant: Commercial Plant Feasibility
Study, includes basic plant design, capital estimatagket assessment fooproducts, operating

cost assessments, and overall financial evaluation for a generic Powder River Basin based plant. This
document and formatiosely resembles a typical Phasestlidy as assembled Hye TEK-KOL

Partnership to evaluate potential sites for LFC commercial facilities around the world.



Section 1.0 Introduction

The TEK-KOL Partnership (TEK-KOL), a Partnership between SGI International (SGI) and a unit
of Zeigler Coal Holding Company (ZCHC), is proposing the development of a commercial-scale LFC
plant in the Powder River Basin (PRB) of Wyoming. The LFC Commercial Plant concept consists
of three 5,000-metric ton/day parallel modules thhtanvert 15000 meric tons/day of low-sulfur,
low-ash, low-Btu Powder River Basin coal into Process Derived Fuel (PDF) and Coal Derived Liquid
(CDL). PDF is a high-Btu, clean-burning solid fuel or carbon source produced through the LFC mild
pyrolysis process. CDL is a low-sulfur hydrocarbon liquid that is a valuable fuel, and its components
have value as chemicdétedstock. These coproducts possdesirable characteristics and
considerable market potential.

TEK-KOL is seeking potentigbroject participants taletail designconstruct ancperate the
Commercial Plant Project.

To demonstrate the LFC technology, ENCOAL Corporation (ENCOAL), a wholly-owned subsidiary
of Zeigler Coal Holding Company, designednstructed and is operating a 1,000-ton/day LFC
Plant in Gillette, Wyoming.The Plant has demonstrated the LFC Process and the product values of
CDL and PDF. The ENCOAL Plant was designed, constructed and operated for a budget cost of
$90million in cooperation with the U.S. Department of Energy uReind Three of the Clean Coal
Technology Program. Operation of the ENCOAL Plaas provided much ahe basis for
estimating operatingost,design basis, angroduct market data for the Studynlike most coal
upgrading projects, full-scale shipment and test burns were made postidenegr-commercial size

of the ENCOAL Plant. An ENCOAL project history is included in Section 5.1.

The ENCOAL operating experience was also used for the design basis and capital estimates for the
LFC Commercial Plant. In mid-1995, MHI and TEK-KOL engineering staffs initiated a Design and
EngineeringCostEstimate for an LF@Commercial Plankbcated in the PowdedRiver Basin. In
February 1996, this arrangement was fdired in an agreement or Memorandum of Understanding
signed by MHI and both TEK-KOL partners. TB®mmercial PlanEeasibility Study (Study)
represents a significant engineeriaffort on behalf of MHI and TEK-KOL. The Study was
completed in March 1996, and updated later in the same year. This document reports the results of
this Study as of December 1996.



Process Description

The highmoisture content of Powd&iver Basincoal accounts for its low heating value. Powder
River Basin coalsormally havemoisture contents of 25 to 32#th heating value ranging from

8000 Btu/pound to 8700 Btu/pound. TtEC Process first dries the mined coal to very nearly zero
moisture. The dried coal is themldly pyrolyzed, and approximate§0% of theoriginal volatile

matter and a portion of the sulfur are removéshlike manycoal cleaning orcoal upgrading
processes, thedwvo stepsphysically and chemicallyalter thebasic coal characteristics. This
metamorphosis helps to eliminate many of the problems associated with coal drying. The coal char
is thenfinished in amultiple-step procesadding moisture, oxygen and coolitige char tdinally

produce PDF.

Volatile matterdriven off duringthe pyrolysis process igartially condensed in a multiple-step
process that produces the hydrocarbon liquid CDL. The noncondensed or collected hydrocarbon is
returned to the process combustors as a heat source for the drying and pyrolyzing steps. Each ton
of rawfeed North Rochelle coal will produce approximately ¥2 ton of PDF, % barrel of CDL, and
will account directly for 70% of the process gas requirements.

TEK-KOL believes that the project will benefit from a number of intrinsic economic advantages:

1. PDF and CDL are clean-burning fuels.
2. PDF has multiple market applications in utilities and steelmaking.
3. The decline of coking ovens the UnitedStateshas reducedhe supply of coal

liquids and increased the potential market for PDF in steelmaking.

A number of factors make PDF an increasingly valuable boiler fuel: PDF has distinct transportation
advantages, it is readily available, competitively priced fuel, and it has low sulfur content, Jow NO
emissions and low ash fusion temperatures. Proposed electric utility deregulation and potential NO
emission regulation may make PDF an even more attractive fuel choice in the future. Also, as high
costs and environmental problems continue to shut down coke ovens, the steel industry is replacing
coke in blast furnaces witPulverized Coal Injection (PCI). PDF may become a viable injected fuel

for these blast furnaces. In the use of DiRsetluction of Iron (DRI) to produce steel, PDF appears

to be an excellent alternative source of carbon and fuel.

CDL is a highly aromatic coal liquid that has found some acceptance in the residual fuels market in
the United States. Low natural gas prices and an abundance of heavy oils, however, have kept this
market depressed during the ENCOAL Plant demonstration pefibeé has led TEK-KOL to

pursue the higher value CDL fractions that are described in this Study.

Detailedproject economics anithancial analysican be located in Section 9 of this Study. It is
anticipated that theapital investmenfor the described project scopdlwe $475 million with an
unleveraged rate of return in the 14 to 15% range.



Section 2.0 Mine and Infrastructure Assessment
Introduction and Summary

The North Rochelle Mine is currently beingerated on amallscalebut isbeing developed to a
full-scale mine by Triton Coal Company. Triton Coal, a subsidiary of Zeigler Coal Holding Company,
operates the @kskin Minelocated 10 miles north of Gillette, Wyoming, and is a well-established
coal operator.

The North Rochelle mine is located in the Powder River Basin of northeastern Wyoming, currently
the largest coal-producing region in the Unites States. North Rochelle is located approximately 60
miles south of Gillette, Wyoming, along the east flank of the Powder Basn. Its general location

is shown in Figure 2.1.

The North Rochelle Mine reserve is classified as a subbituminous coal with a very low sulfur content.
Mineable reserves total 1dllion tons and extend over the majority of the 1,960-acre federal lease
area and adjacent 80-acre feed evab. To expanthis reserve base, Triton has filed a lease-by-
applicationfor an adjacent federd¢asearea thaincludes150 million recoverablegons ofcoal.

Minor amounts of coal have been produced from North Rochelle over the last several years to meet
due diligence requirements tie federal coal lease.Triton recently announced thétll-scale
development will begin in 1997 with initial commercial production slated for late 1998.

The equipment plannddr the NorthRochelle Mine Wi be adequate to meet the coal production
forecast of 15million tons/year in 1999. Somresk to the LFC plant is involved because at this
production rate, the mine will have a life of less than 25 years. This risk can be mitigated by either
leasing additionaleserves adjacent to North Rochelle or by supplying the plant from several other
mines in the immediate area.

Data
Geological Conditions and Coal Resources

The North Rochelle Minérea is located along the eastdlank of the PowderRiver Basin.
Geologic formations in th&@owderRiver Basinare of sedimentary origin, ranging from the
Pre-Cambrian age to the lower Terti&ystem andire probably less thah00 million years old.

Rocks in the eastern and central portion of the Basin generally strike north-south and have very slight
dips, usually less than 3 degrees toward the west.

Mining will disturb sediments ranging from the Paleocene Age Fort Union Formation to Holocene
Age colluvium and alluvium. The coal to be mined occurs in the uppepmiggin of the Fort Union
Formation. The overburden lithologic units preserthenmne area consist of alternatirgale,
sandstone, siltstone and coal of the Wasatch Formation.



The two mineable seams of coal in the area belong to the Tongue River Member of the Fort Union
Formation. The Lower Canyon Seam of the Wyodak Bed is identified as the main or "E" seam. The
rider seam or "D2" seam is believed to be an extension of the Anderson Seam, the upper seam in the
Wyodak Bed. Thin carbonaceous stringers are found in the W&satoation above the coal seams

but are of limited extent and poor quality.

The main coal seam is located at a depth of about 110 feet soutiheast side of the mine area, and
about 290 feet below the surface onwest side. The average overburdeickness i207 feet.
The main seam varies from 40 to 70 feet thick, and within the mine area it is fairly uniform, averaging
61 feet.
The rider coal seam above the main seam varies from less than 1 foot to over 8 feet in thickness, and
iS not continuous over the entire mine area. It will be mined in the northern section of the mine area
where it averages 7 feet thick and is separfited the nain seam by 3 to 10 feet of interburden.
Triton estimates that approximatdly2 million tons of coakcan be recovered frothe mine area.
The main seamaccounts for thenajority ofthe recoverable coal with 1fillion tons. About 2
million tons of the minor seam are recoverable due to sporadic thickness and quality.

Geotechnical

Geotechnicabtudies were completed in 1982 for therth Rochelle Mine facilities design. This
same information forms the basis for foundation design for the LFC Commercial Plant.

Coal Quality
The weighted average as-received quality for the recoverable reserves is outlined below.

As-Received Basis

% Moisture 27.00
% Volatile Matter 31.60
% Fixed Carbon 36.70
% Ash 4.70
% Sulfur 0.23
Btu/pound 8,750

Because of its very low sulfur content, the North Rochelle coal is classified informally as a "super-
compliance" coal.



Figure 2.1: North Rochelle Mine Location
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Section 3.0 Coal Sampling and Testing
Summary

In order to determine the suitability of a candidate coal for LFC upgrading, the coal is subjected to
the same three-step evaluation process that was use to detdrenapplicability ofthe LFC
technology to Buckskin Mineoal. Because the ENCOAL Pldrds been extremely successful in
processing this type of subbituminous coal, the evaluation process is considered to be a very reliable
predictor.

Successful completion dfie evaluation process has determined PawvderRiver Basin coal is a

good candidate for upgradingingthe LFC technology. Additionally, because thie similarities
between North Rochelle and Buckskin coals, there is a very high level of confidence in the ability to
apply experience gained at the ENCOAL Plant to the processing of Powder River Basin coal in an
LFC facility. Also, based on theffectiveness of the three-step laboratory evaluation process and
the success of the ENCOAL Plant, a full-scale plant test of candidate coals similar to Buckskin coal
is not required.

Introduction

Not all low-rank subbituminous and lignite coaise suitablefor upgradingutilizing the LFC
technology. In order to identify suitable candidates, a sequential evaluation process is employed.

In thefirst step, thecandidate coal'physicaland chertcal properties are compared technical
screening criteria.Good agreement with thecreening criteria strongly suggests succabdev
achieved inthe next phase of testinglable 3.1 details these criteria. Trs#gnificance ofthese
criteria and the respective values are as follows:

. High moisture content adds more value by upgrading.
. Low ash content is required because the ash remains in the solid product, PDF.
. The lower thefuel ratio, the greater the amount wblatile materavailable for

recovery as CDL.

. The H/C ratio needs to lhegh inorder toensure volatile matter will evolve with a
high percentage of recoverable hydrocarbon vapor and not oxygen based gases (i.e.,
carbon dioxide and carbon monoxide).

. Free swelling is ammportant consideration concerning coal handling and processing
in the drying and pyrolyzing stages of the LFC process.



The second step in tlevaluation process is referred totiagPhase | Technical Feasibility Study.

This employs small-samptesting of the candidate coal in a thermogravimetnialyzer(TGA),

where thesample is subjected tild gasification conditions. Fourier Transform Infraf€d IR)
spectroscopy is used to analyze the gases generated during the testing. Combining FTIR results with
proximate and ultimate data for the as-received coal and the residual solid product (char) facilitates
generation of a mass balance suitable for preliminary LFCgdesnjn. Successful completion of this

step demonstrates the technical feasibility of usieg_FC process for upgrading the candidate coal.

A Phase Il Study is the third step in the evaluation process and is intended to demonstrate the viability
of a commercial-scale LF@roject. This stepemploys large-scale sampiesting in aSample
Preparation Unit (SPU) equipped with a CDL recovery system and FTIR analytical capability for gas
analysis. The SPU provides theecessary quantities bfjuid CDL and solid PDFor a detailed

product analysis: iturn, this analysiprovides data for an accurat@ss balance arfdr product
marketing assessments. In addition to a budgetary plant design and marketintyettdgse 11

Study also includesperatingcostanalysis, plansite and infrastructure assessment, famahcial

analysis.

Data Section

In leu of large-scale sample testing in the SPU, an alternate coal test was conducted at the ENCOAL
plant to provide the necessary data for the Phase Il Study. In October and November 1995, nearly
5,000 tons ofNorth Rochelle Minecoal was transporteda truck to the Bukskin Mine for
processing in the ENCOAL plant. Aftecreening to 2 %s inch size, approximately 2,500 tons of

coal was processed between Novemb&r 21 and Noveniber 26 , 1995. A summary of parameters for
the NorthRochelle coatested at CT&Eand the resultant PDF qualities are outlined in Tables 3.2

and 3.3, and valuef®r Buckskin PDFare shown for comparison. As can be s&em this
information, the North Rochelle coal processed increased in heating value from 8,600 Btu/Ib to over
11,300 Btu/lb. The PDF produced was lowegurality than anticipated whehe average coal
reserve feedstoc§uality valuesare considered.This lower productquality may be explained,
however, by examininthe coal feedstociuality used for the ENCOAL plartest. The North

Rochelle coal processed wiaigher in ash antherefore lower in Btwalue tharthe composite
average of the reserve. Therefore, the resultant PDF was also higher in ash and lower in Btu than
anticipated. TEK-KOL believes that the PDF quality would have been enhanced if a representative
sample othe total reserve coal was processed. However, by correlating between tngattal
processed and the actual average coal reseialéy, an 11,400 Btu/lb, and a 6-8% ash PDF may

be inferred. This corrected PDF quality is used as the basis for this study.

CDL quality is shown in Table 3.4. In general, the North Rochelle CDL exhibits characteristics very
similar to BuckskinCDL which hasproven to be aaluable fuel, and contairc®mponents with
chemical feedstock potential.



Con

clusions

Evaluation of the testindata shows thatyith the exceptions of lower moistugylfur, and ash

contents, North Rochelle coal is quite similar to the Buckskin coal in meeting key criteria. Based on
the similarity between the two coals and the success of the ENCOAL Plant in processing Buckskin

coal, it can be concluded that:

North Rochelle coal is a good candidate for upgrading using the LFC technology.

There is a very high level of confidence regarding application of experience gained at

the ENCOAL Plant to the processing ldbrth Rochelle coalutilizing the LFC

technology.

upgrading by the LFC process is effective.

Table 3.1: Technical Screening Criteria Comparison

The three-step process@faluation to determine if a candidate coal is suitable for

MOISTURE ASH FUEL H/C o/C FREE
CONTENT CONTENT RATIO 2 | MOLAR MOLAR SWELLING
(Wt %) (Wt %) RATIO ® | RATIO * INDEX 5
L. ________________________________________ | ___________|____________
Technical Screening Criteria 20-34 <5 <1.4 | >0.80 | <0.20 <2
N. Rochelle Criteria Testing 25.9 4.7 1.17 0.81 0.20 <]
Result$
Buckskin Criteria Testing 29.1 5.3 1.14 0.88 0.18 <Z
Results
ENCOAL Plant Data 28.9 4.8 1.07 0.86 0.18 NT

NOTES: 1)
2)
3)
4)
5)
6)
7

As-Received Test Data are for the period of 1/22/94 - 4/7/95.
Weight Ratio of Fixed Carbon to Volatile Matter (Ultimate Analysis)
Molar Ratio of Hydrogen to Total Carbon (Ultimate Analysis)

Molar Ratio of Oxygen to Total Carbon (Ultimate Analysis)

NT: Not Tested
NA: Not Available
Data are for 97% of Recoverable Reserves




Table 3.2: Run of Mine Coal Qualities

Buckskin North Rochelle
(Average of ‘95-May ‘97) (November 1995 Test)
- ———————————— ——————————
Proximate
Moisture (wt%) 28.0 28.0
Ash (Wt%) 55 5.6
Volatile (wt%) 32.0 31.0
Fixed Carbon (wt%) 34.5 35.4
Ultimate
Moisture (wt%) 28.0 28.0
Carbon (wt%) 49.5 49.2
Hydrogen (wt%) 3.5 3.4
Nitrogen (wt%) 0.8 0.7
Sulfur (wt%) 0.4 0.2
Ash (Wt%) 55 5.6
Oxygen (wt %) 12.3 12.9
Thermal Energy 8,350 (4,639) 8,600 (4,778)
Btu/lb (Kcal/kg)

10




Table 3.3: PDF Quality Comparison

Buckskin North Rochelle
(1995 Average) (November 1995 Test)

- ———————————— ——————————
Proximate

Moisture (wt%) 8.90 8.10

Ash (wt%) 8.90 7.50

Volatile (wt%) 24.50 22.30

Fixed Carbon (wt%) 57.34 61.80

Sulfur (wt%) 0.36 0.30

Thermal Energy
Btu/lb (Kcal/kg)

11,100 (19,980)

11,300 (20,340)

Ash Mineral Analysis

Same as Coal

Same as Coal

Ash Fusion Temperature

2220 F (1216 C)

2250 F (21232 C)

Hardgrove Grindability Index

47

46

Table 3.4: CDL Quality Comparison

Buckskin North Rochelle
(1995 Average) (November 1995 Tes|
— —————— ————— ———————— ——————————
API Gravity ) 2.3 3.0
% Sulfur 0.6 0.3
% Nitrogen 0.7 1.6
% Oxygen 10.8 8.0
Viscosity @ 122 F or 50 C cSt 240 350
Pour Point F{ C) 80 (27) 75 (24)
Flash Point F°( C) 218 (103) 220 (104)
Heating Value: Mbtu/gal (Kcal/kg) 140 (2051) 138 (2022)
% Water 0.6 0.5
% Solids 2-4 3.8
% Ash 0.2-04 0.6

11




Section 4.0 Market Assessment of PDF and CDL
Introduction

The LFC Process is unique compared to other low-rank coal upgrading processes in that it produces
two marketable products, PDF and CDL. PDF and CDL are truly coproducts because the viability
of a futurecommercial LFC plant W depend on getting substantial revenue from geaoduct

stream. Recent marketing efforts have focusedentifying and developinghe highestvalue

markets for each product. Results of these efforts made it possible to estimate that existing market
prices will net back revenues the range of $18 to $20 ptyn and barrel for PDF and CDL
respectively.

Summary

PDF can compete in two domestic U.S. markets: the electric utility market and the noncoking coal
metallurgical market. The electntility industry offersthe opportunity to participate inlarge

volume but strongly price-competitive market. TEK-KOL, through studies completed by Resource
Data InternationalRDI), estimates that markeblumefor PDF will total 78million tons/year by

2000 and will increase to 148 million tons/year by 2005.

The application of PDF to noncokingetallurgical coal applicationshows greapromise for
increasingnet backvalues. PDF offers wery competitive alternative for pulverized coal injection
and, because of itsgh fixedcarbon contenthas competitive advantage in direct iron reduction
processes.

Based on availablenarkets and pricing, TEK-KOL marketepsoject that 80% of the PDF
production from a three-module LFC Commercial plant could be sold into the utility market, and the
remaining 20% can be moved into the metallurgical market.

CDL fromthe ENCOAL Planhas been sold tdate in theesidual fuel oil market as an industrial

boiler fuel, but has more potential when fractionated into four separate products. Considerable work
has been completed in determining CDL 's composition, and value-added markets have been identified
for potential CDL-derivegroducts. A proceskBas been developed separate CDL into four
component fractions:

. crude cresylic acid,

. petroleum refinery feedstock, similar to a petroleum gas oil,
. oxygenated middle distillate usable as an industrial fuel, and
. pitch suitable for blend stock into anode binder products.

Each of these marketsvgll defined,and discussions with potential customers have proven the
viability of these CDL -derived products.

12



Data
PDF Markets

The U.S. electriaitility market isclearly the largest market for PDF, butreatively small but
growing market for noncoking metallurgical coals appears to provide the best opportunity for higher
net back values for PDFBoth of these markets adiscussed in further detail the following
sections.

In general, however, theide acceptance of PDF into the broad utility, metallurgical, or industrial
marketplace depends on PDF's meeting three important product handling and utilization criteria:

1. The potential for PDF to self-ignite must be equal to or less than the potential for the
parent coal to self-ignite.

2. The dustiness of PDF must be less than the dustiness of Powder River Basin coal.

3. PDF flame stability and other combustion eleéeristics must remain constant as the
volatile content of PDF is reduced.

Laboratory combustiotestsand large-scale commerciagstburns have demonstrated that PDF
meets all three criteria. It has been proven that PDF will burn very well, and that PDF is anywhere
from less dusty than, to as dusty as run-of-mine (ROM) Powder River Basin coal. ENCOAL has also
shown that it can producgtable PDF through a ground-spreading technique,camanercial
shipments of PDBtabilized using that methathowed no tendency towasélf-heating. A faster
mechanical stabilization process has recently been proven in trials run at the ENCOAL Plant, and a
commercial-sized version is incorporated into the design of the LFC Commercial Plant.

Detailed descriptions of laboratory combustitests and commercialtest burn results are
incorporated in other reports published by the DUE?

U.S. Utility Markets
Overview

To better definghe potential market for PDF, Resource Data International (RDI) was engaged to
perform a competitive market study. That study, completed September 8, 1995, addressed the U.S.
utility market in detail and arrived at a number of significant conclusions:

1. Fifty-three power plants operated by 34 utiliiese identified as the "best potential”
market for PDF on the basis of meeting the following criteria:

. These utilities had boilers requiring low-ashdascoal (primarily cyclone and
wet bottom boilers).

13



. The boilers required high-Btu fuel.

. The utilities wanted to switch low-sulfur coal to meet Phase | and Phase I
CAAA compliance levels.

. Transportation economics were favorable.

These 53 plants represent a potergralualmarket of 65million tons by the year
2000 and 81 million tons by the year 2005.

2. Additionally, 37 power plants wetdentified as a "challengingharket for PDF
because they burn coal with different specifications than those of PDF. Given price
incentives andPDF 's other advantages, however, utigies may adopt PDF as a
fuel. Appropriate strategiesilivtargetthis huge potential market: these 37 plants
represent a 13 million-ton/year market by the year 2000 and 67 million tons/year by
the year 2005.

The expected net back value of PDF into the "best potential” and "challenging" markets is estimated
to be in the $18 to $20 per tamnge (in constant 1996 dollars for an 11,400 Btu/lb product) for the
great majority of the utilities analyzed. TRBF net back values estimated by RDI were based upon
evaluating PDF against the most competitive high-Btu coal source to a specific power plant, which
were generally coals form the Uinta Basin of Colorado and the Green River and Hams Fork Basins
of Wyoming; to a lesser extent, low-fusion Pocahontas #3 coal and other Eastern bituminous coals.

A number of factors could have a significant positive impact on the size and value of the utility market
for PDF. These factors, some of which were touched on in the RDI study, are discussed below and
were not reflected in the utility market revenue estimates used for this project economics.

Positive PDF Burning Characteristics - NO Emission Reduction

Recent ressrch indicates an important environmental advantage that PDF could bring to the utility
market: laboratory anekstburndata suggest tha@bmbustion of PDF could result in lower NO
emissions than would result from the combustion of other bituminous coals.

A laboratory combustion test of PDF and an Australian bituminous coal performed by Electric Power
Development Company (EPDC) in Japan in 1994 appeared to indicagri&3ions levels that were
roughly proportional to the nitrogen contained in the coal. PDF, which had 40% less nitrogen than
the Australiancoal, produced 40% lower NO @sions. Another significant finding of this
laboratory combustion work was that the same percent reduction ggi€sions was maintained

as the amount of overfired air was increased. (The use of overfired air is a NO reduction technique).
Additionally, while increasing the amount of overfired air typically results in less complete combustion
of the coal (agvidenced byhe higherpercentage of unburned carbon in the ash of the Australian
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coal), there wasnly a very minor increase inburned carbon in the PC#sh at high levels of
overfired air.

A 1995 test burn of PDF at Muscatine Power & Light's Unid&@ted NQ emission levels for PDF
/Powder River Basin blends equal to or less than straight-run Powder River Basin coal, and a 1996
test burn at Indiana-Kentucky Electric CooperativE€lfty Creek Station demonstrated NO
reduction in whatnayrepresent the most significant test to date. At this utility, PDF was blended
with Ohio high-sulfur coal and burned in the Babcock & Wilcox open-path, slag-tap boiler with full
instrumentation. In addition to increasing the unit's capacity relative to the base blend, burning the
PDF blend resulted in at least a 20%,NO reduction. A third party analysis confirmed thes&results.

Conventional wisdom would expect PDF to produce higher flamg NO emissions than Powder River

Basin coal because PDF burns at higher flame temperatures than Roxgd@&asin coal, and higher

flame temperatures generally produce highef NO emissions. However, observation and data from
test burns and the Shell Development Company laboratory show increases in flame stability. A more
stable flame produces uniform temperatures and reduces localized "hot spots," possibly contributing
to reduced overall flame NO generation.

These data are not conclusive, but are indicative of PDF's potential to redyce NO emissions. Many
factors beyond the nitrogen content of the eoayimpact NQ generation in a boilencluding

boiler type and size, boiler load, burner design #awhe characteristics of coal. However,
combustion of PDF/coal blends in a low-NO burner at Bldidls Power inDecember 1996till

showed no increase in NO production, so additional full-scale test burns of PDF in utility boilers will
be required to more definitively assess PDF's potential in reducigg NO emissions.

The potential economic impact of Title IV of the 1990 Clean Air Act Amendments (CAAA) on the
utility industry is enormous, and PDF, a fuel that can help reduce NGQi@mismay become a major
preferred fuel source. While regulations under Title | of the CAAA, which have been finalized, are
less severe than the regulations expected under Title IV, some plants may have trouble meeting Title
I compliance with simple burner technology. These plants could present marketing opportunities for
PDF. No attempt was made goantify the positiveimpact on expected PDiet backvalues
resulting from the utility industry placing a value on a fuel that could reduge NO emissions.

As environmental regulations become stricter, especially those regarding NO , the desirability of PDF

may increase. In fact, the potential for reduced NO emissions increases the likelihood that PDF will
become a preferred fuel in all utility markets.
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Metallurgical Market Opportunity

The markets for PDF have opened up for metallurgical use in the steel industry, where a demand for
coke substitutes is building up world wide. In steel making, in addition to the usual drive for higher
efficiencies, environmental constraints on coke production and the lower limits on permissible stack
emissions are strongly motivating development of new technologies. Techniques to replace coke in
the blast furnace, new iron ore reduction techniques and new ateefrtechnologies have emerged

to replace the traditional blast furnaces and coke oven batteries.

Coke in theblast furnace has threeamfunctions: as @aeductant, a heat source, and g®BUS
structure to support the burden inside the lilastace. Pulverized coal injection (PCI) and granular
coal injection (GCI) are techniques that replace the coking coal in the blast furnace. Either method
can only assumthe coke's roles as reductant and heat sourgejestionratesare limited by the
remaining need for coke to provide the porosity and suppobuticken. Regardless of this limitation
and the concurremcreases ithe efficiency ofcoke production anblast furnace operation, PCI
injection rates of 250Kg/ton-hot-metal (thimve been realized on blast furnaces witke rates
between 200-250 Kg/thm. PDF's characteristics make it an ideal repfadenthe coke and limited
testing has beenonductedutilizing CDL as a blast furnace injectant. The reduction in coke
production also provides an additional market for CDL as a replacement for coaladused
during the coking process.

Another answer to the decline of coke production lies in direct reduction techniques, some of which
are already commercial, anthertechnologies, using direstnelting techniques, hayassed the

pilot plant stages. Both offer opportunities for PDF marketing. These emerging technologies, which
include COREX, Hismelt, AISI direct steehaking, Fastmethe DIOS process, and tfi®omelt

process are coal-based methods to produce clean iron units. For these new technologies a different
set of coal requirements have emerged, centered on the volatile content and the elemental structure
of coal. The new criteria dioot require strength, but favor low taedium volatile content, low

sulfur, and low atomic ratios of oxygen, hydrogen, and carbon. The LFC process removes volatiles,
sulfur, hydrogen, and oxygen from coal and enhances carbon content of the solid product. Therefore,
the coal properties that are important for the production of direct reduced iron (DRI), specifically a
high fixed carbon content, a low sulfur content, artdgh reactivity, makd®DF attractive as a
reductant for the conversion of iron ore to DRI.

Three tests were performed in the United States and Japan to assess the acceptability of PDF in the
metallurgical markets. For simplicity the results of these tests will be explained briefly:

1. Petrographistudies were performed by baifitsui Mining Companyand Coal
Petrographic Associates. Both studies determined the reflectivity of PDF to be 1.3,
a value that is typical of bituminous coals. Typical reflectivity of subbituminous coal
is 0.5 to 0.6. This is evidence thide LFC process transforms some of the
characteristics of subbituminous coal itth@se ofbituminous coal, anthe PDF
displays positive characteristics of both subbituminous and bituminous coals.
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2. A grinding test was performed by Williams Patent Crusher and Pulverizer Company.
Results indicate milperformance with PDF increased by 0@&% (under two
separate operating conditions) compared to Appalachian high volatile coal that is used
for the comparative standard.

3. Flowability tests performed by Jenited Johanson indicated that PDF is suitable for
dense phase pneumatic conveying dods nothave cohesive, compressibility or
permeability characteristics that would require special equipnienfpneumatic
conveying.

Further research into uses of PDF in metallurgical markets is ongoing. In 1996, a contract was issued
to test PDF in DRI production. The DRas beermprocessed andnalyzed, showing that they
achieved 96% metallization and contained 0.08 to 0.15% sulfur. These results confirm that PDF can
be used as good reductantor DRI. ENCOAL is proceeding with the nestep of testing to
determine the feasibility of utilizing PDF as the reductant for a targeted iron ore and DRI process.

Beyond the testing that ENCOAL hasntracted tadeterminethe acceptability of PDF in the
metallurgical market, companies in Japan and Austria have also conducted testing that indicate PDF
displays a highdegree of thermastability and is acceptable as a slurrfeeédstock for coal
gasification.

Table 4.1 is aummary othe NorthAmerican blast furnaces with existing and planR&i/GClI

systems. Currently this market amounts to approximateiylién tons/year and will grow as the
planned projects materialize. To date, discussions with PCI customers have been concentrated with
those with installations in Northern Indiana, along Lake Michigan, because those plants have the most
favorable logistics for PDF originating in Wyoming. In particular, assessment of competing Eastern
bituminous coals has indicated that net backs in the range of $26 to $30 per ton for PDF product are
attainable. Twenty percent d¢iie production of a three-moduld-C plant is reflected in the
economics of this study using this price range.

Transportation Issues

The most significant transportation issue that would affect the marketing of PDF is creating access
to more than one railroad. For this Commercial Plant Study, this issue is solved by the plant siting
choice. The chosen commercial plant site provides access to both the Burlington Northern Santa Fe,
and the Union Pacificailroads. Access ttwo railroads assures access to the nocostpetitive
transportation rates out of the Powder River Basin.
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Table 4.1:
Existing North American PCI/GCI Blast Furnaces(December 1996)

Annual Coal Needs (Mtpy)
Operation | Capacity
Company and Plant Location | Start Date | (thm/day) @200 Ib/thm @400 Ib/thm
e Y
Bethlehem Steel
Burns Harbor, IN 1995 2x7000 490 980
U.S. Steel 3x2700
Gary, IN 1993 1x9000 595 1190
Inland Steel 1x2500
Indiana Harbor, IN 1993 1x3000 543 1085
1x10000
Armco Steel
Ashland, KY 1973 1x3500 123 245
USS/Kobe
Lorain, OH 1994 2x3800 266 532
Stelco
Hamilton, Ont 1996 2x7000 490 980
National Steel late
Detroit, Ml 1996 1x7000 245 490

CDL Markets

When the ENCOAL LFC Plant was designed and built, it was envisioned that crude CDL could be
readily sold into the industrial residual fuel oil market or be sold as a chemical feedstock. Because
of these expectations, and to keep the ENCOAL Plant simple, the facilities for upgrading CDL were
not incorporated into the ENCOAL Plant design.

The industrial residual fuel oil market has not delivered the expected opportunity for CDL. Instead,
the four CDL-derived products have been found to offer the most substantial market possibilities, and
both the three-module and the single-module commercial plants described in this Study incorporate
some simple processes to produce four marketable product streams from CDL. Other markets for
crude CDL, such as the refinery feedstock market, could be developed, but are not likely to produce
net backs as high as those from the four distillation products.
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Most of the physical characteristics of CDL such as pour point, heating value, flash point, viscosity,
and API gravity are in the range of acceptability for many residual oil markets. Table 4.2 compares
North Rochelle Mine CDL specifications with typical #6 oil specifications. The low sulfur content
of CDL makes it desirable in blends with high-sulfur residual fuels that are more prevalent (and carry
a lower value in the market place). The two major impediments to CDL gaining wide acceptability

as an industrial boiler fuel are its odor and its lack of compatibility Wwieded with the most readily
available residual fuel oils.

Other markets for crude CDL that are currently being investigated include petroleum refinery feed
stock, marine transportation, and coal tar replacement.

Table 4.2: Typical CDL Quality

North Rochelle CDL Low Sulfur
No. 6 Oil
e
Gravity ¢ API) 3.0 5.0
Sulfur (wt %) 0.3 0.8
Nitrogen (wt %) 1.6 0.3
Oxygen (wt %) 8.0 0.6
Viscosity @ 122 F or 50 C 350 420
(cSt)
Pour Point F{ C) 77 (25) 50 (10)
Flash Point F°( C) 220 (104) 150 (66)
Mbtu/gal (Kcal/kg) 138 (2022) 150 (2198)
CDL Upgrading

In the summer 0ofl995, Dakota @sification Company was engaged to perforfalzoratory
investigation of the composition of the crude CDL produced by ENCOAL. That study indicated the
presence ofmanyhigh value chemical constituents in CDL that are potentially extractable. On the
basis of that study, M.W. Kellogg was engaged to design a process to separate crude CDL into four
intermediate products that would be useful feedstocks for various chemical and refining processes:

1. Crude cresylic acid - suitable for shipment to cresylic acid refiners for separation into
phenol, cresols and xylenolsThe production from theCommercial plant is
anticipated to be approximateh% cresylics and0% neutrabils. Based upon
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discussions with the leading North American manufacturer of cresylic acid products,
the delivered value of the cresylic acid portion has been estimated at $66.62/bbl. The
delivered value ofhe neutrabils has been conservatively estimated at $16.00/bbl.
Calculatingthe weight averagedelivered value and subtractimyit the cost of
caustic extraction and transportation gives a net back value in the range of $19 to $21
per barrel for the crude cresylic CDL product.

2. Pitch - usable as a binder in anode manufacturing. Other uses include roofing pitches
and roadsealants. According to discussions with anode pitch manufacturers, CDL
pitch product is not suitable on its own without blending. CDL pitch has been tested
by several pitch manufacturers and delivered value estimates of $42.00 to $51.55/bbl
have beenobtained. For the purposes thfis Study,the lower value minus
transportation cost has been used.

3. Refinery Feedstock (low oxygen middle distillate) - a satisfactory replacement gas oil
feed to catalytic cracking units in petroleum refineries, resulting in the production of
transportatiorfuels. Discussions with seveflyomingregionrefining companies
have resulted in an estimated product value of $16.00/bbl delivered to Billings, MT.

4. Oxygenated Middle Distillate - planned to lmed as an industrial fuel. Several
companies have expressed interest in this frachiento itshigh catechol content;
however, detailed assessment is currently being examined. For the purposes of this
Study, a conservative net back value of $5.50/bbl has been assumed for this product.

The crudecresylic acid andhe pitch represent important new ramaterial sources fortheir
respective industries because of the decline of traditional feedstock sources derived from coke oven
liquids, in turn resulting from the reduction in metallurgical coke capacity and production.

Conclusions

Based upon markeesearch studies, TEK-KOhelieves tha80% of the PDF productioinom a
three-module LFC Commercial planbuld be sold into theitility market. The opportunity
represented by PDiaetallurgicalmarkets represents at le26% of theplant capacity.For the

purposes of this study, average PDF net-back revenues in the range of $18 to $20 per ton were used.

CDL continues to be of interest in the fuel oil markets, but a far more attractive option is to separate
it into the four higher value products outlined above on 10%, 30%, 35%, and 25% ratios respectively.
Well-defined markets exist for each of the above products, and discussions continue with potential
customers have indicated ththe CDL fractionsmay besuitablefor their needs. Theveight
averaged net back value of CDL utilized for this Study is in the $18 to $20 per barrel range.
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Section 5.0 Engineering
5.1 Introduction and Overview

Summary

The LFC Commercial Plant design is based on three major components: design information from the
ENCOAL project, the ENCOAL Plant's most recent data and operating results, and test runs of coal
from the North Rochelle Mine as discussed in Section 3.0. The North Rochelle Mine, the prospective
mine site, is about 1Bniles southeast of Wrightywyoming, or 60 milesoutheast of thexisting
ENCOAL plant.

The engineeringvork for this Phase Il Study was performed by TEK-KOLNMitsubishi Heavy
Industries through agreements with the TEK-KOL Partnership. The first step in engineering was to
prepare a document that would make it possible to estimate costs. This design basis document covers
the geological, geotechnical, climatological, capacity, engineering and utility requirdorettts

LFC Commercial Plant project. It also establishes the codes and standards that will be followed and
sets forth the underlying assumptions and process performance.

Introduction

As it exists today, the LFC Technology is well developed and demonstrated through the joint efforts
of the TEK-KOL partners, SGI International and Bluegrass Coal Development Company. Bench-
scale and pilot-plant testing of the LFC Process began in the early 198088 Bywhen ENCOAL's
then-parent Shell Mining Company becamslved, SGI had worked with three successively larger
process demonstration units (PDU)s at thdé&erent equipment manufacturers' research and
development facilities.The TEK-KOL Partnership was formed in mid-1987, &l and Shell

Mining Company continued process testing and development at Salem Furnace Company where the
latest PDU was in operation.

In 1987 and 1988, thBalemPDU was used to perform a substantial amount of pilot-plant testing

of the LFC Process and laboratory testing of PDF and CDL. It was &atbePDU that the

process evolved from a batch to a semi-continuous operation, and several alternative liquid recovery
schemes were tested. Tpiot-planttests showed that the process wible, predictable and
controllable and could produce PDF and CDL to desired specifications. Based on the success of the
PDU testing angbroduct markeassessments, Shell Mining Company decided to proceed with the
1,000-ton/day ENCOAL Plant.

Not a pilot plant or a "throw-away," the ENCOAL Plant was designed to commercial standards and
is intended to operate for dast 10 years. The Plant, designed, constructedperhted in
cooperation with thé&).S. Department dEnergy, usesommercially available equipment as much

as possible, and state-of-the-art computer control systems. Best available control technology for all
environmental controls minimizes releases, and a simplified flowsheet makes two products matched
to existing markets. The intent in designing the Plant was to demonstrate the core process without
making the project overly complicated or expensive.
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Operation of the ENCOAL Plant over the last y&ars revealed that numerous equipment and
process modifications were necessary to produce PDF and CDL efficiently, continuously and within
specifications. Most of the early changes were related to equipment reliability, plant availability, plant
operabilityand maintenance. Bl993, as the Plant wagperated for extended periods, process
shortcomings appeared. Deactivation of PDF was not possible in the original plant configuration,
and an additional processitagpp was added. In 1994-95, combustor controls were changed, and
a process water clean-up system and an oily solids disposal facility weré*added.

Most recetly, the testing of a PDHinishing step was completed.This testingsuccessfully
demonstrated that stabilized PDF can be made continuously in commercially available equipment, and
this equipment W be added to the ENCOAL Plant in 1997This valuable information and
experience has been incorporated into the design of the LFC Commercial Plant.

Process Description

Figure5.1.1 is asimplified flow diagram of ENCOAL's application @he LFC Technology. The

process involves heating coal under carefully controlled conditions. Nominal 3- by 0-inch ROM coal

is conveyed from the Buckskin Mine to a storage silo. The coal from this silo is screened to remove
oversize and undersize materials. The'2 ichcoal is fed into aotary grate dryer where it is

heated by a hot gas stream. The residence time and temperature of the inlet gas have been selected
to reduce the moisture content of the coal withoitiating chemicalchanges. The solid bulk
temperature is controlled so that significantamounts of methane, carbon monoxide or carbon
dioxide are released from the coal.

Figure 5.1.1: ENCOAL Plant Simplified Process Flow Diagram
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The solids from the dryer are then fed to the pyrolyzer; there a hot recycle gas stream increases the
temperature to about 1,000 on another rotary grate. Thate of heating and the residence time

of the solids are carefully controlled because these parameters affect the properties of both solid and
liquid products. During processing in the pyrolyzer, all remaining water is removed, and a chemical
reaction occurs, releasing volatile gaseous material. Solids exitipgribigzer are quickly quenched

to stop the pyrolysiseaction, then transferred tosmall surgebin in the vibrating fluidized bed

(VFB) deactivation loop shown in Figure 5.1.2.

In the VFB loop, the partially cooled, pyrolyzed solids contact a gas stream containing a controlled
amount of oxygen. A reaction, termed oxidative deactivatdoouyrs at active surface sites in the
particles, reducing the tendency to spontaneagsife. The heat generated by this reaction is
absorbed by th#uidizing gas stream.This gas stream then circulates througbyalone,which

removes entrained solids, passes through a heat exchanger and is returned by a blower to the VFB.
Oxygen content in the loop is maintained by introducing the proper amount of air through a control
valve. Excess gas in the loop is purged to the dryer combustor for incineration.

Following the VFB, thesolidsare cooled to near atmospheric temperature im@irect rotary

cooler. A controlled amount of water is added in the rotary cooler to rehydrate the PDF to near its
ASTM equilibrium moisture content. This is also an important step in the stabilization of the PDF.
Additional contactwith oxygen affairly low temperatures is thigal step in stabilization, and a

finishing step at this point in the process will be added as shown in Figure 5.1.3. The cooled PDF is
then transferred to a storage bin. Because the solids have little or no free surface moisture and are
likely to be dusty, a patented dust suppressaatded as PDF leaves the product surge bin. Patents
have been issued on both the deactivation and rehydration steps.

Figure 5.1.2: PDF Deactivation (VFB) Loop Simplified Flow Diagram
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Figure 5.1.3: PDF Finishing Loop Simplified Process Flow Diagram
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The hot gas produced in the pyrolyzer is sent through a cyclone for particulate removal. The gas is
then cooled in a quench column to stop any additional pyrolysis reactions and to condense the desired
liquids. Only the CDL is condensed in this step; the condensation of water is avoided. Electrostatic
precipitators recover any remaining liquid droplets and mists from the gas leaving the condensation
unit.

Almost half the residual gas from the liquid recovery unit is recycled directly to the pyrolyzer. Some
of theremainder is burned ithe pyrolyzer combustor and thdilended withthe recycled gas to
provide heat for the mildagification reaction. The remaining gas is burned in the dryer combustor,
converting sulfur compounds to sulfur oxides. Nitrogen ogigéssionsare controlled through
appropriate combustor design. Tihet flue gas fromthe dryer combustor islended with the
recycled gas from the dryer to provide the heat and gas flow necessary for drying.

The unrecyclegbortion of off-gadrom the dryer idreated in a wet gascrubber and a horizontal
scrubber, which use water-based sodium carbonate solutions. The wet gas scrubber recovers the fine
particulates that escape the drggclone, andhe horizontal scrubber removes most ofgtiéur

oxides from the flue gas. The treated gas is vented to a stack, and the spent solution is discharged into
a pond for evaporation. The Plant has sewdiltly systemssupporting its operatiorncluding

nitrogen, steam, natural gas, compressedalk, sodiumcarbonate and glycol/water heating and
cooling systems.

Figure 5.1.4 is an overall concept diagram for the full-scale, three-unit LFC Commercial Plant. CDL
upgrading, raw coal storage, PDF storage andyfisescrubber system are common to all three LFC
units. A cogeneration power plant, operated by a third party, is also sited adjacent to the commercial
plant. Run-of-mine 2 x 0 inch coal from the mine is transferred to each unit by a transfer tower with
a sampler and taken to a large slot storage barn. A single conveyor feeds each LFC unit.

After processingthe PDFfrom each unit is transferred to a single conveyor that elevates the PDF

to a large storage barn. When a customer's unit train arrives, the PDF is loaded into rail cars by an
automated batch weigh system, and a chemical car topper is applied to reduce product losses during
shipment. CDL from each unit is combined and sent through a CDL solids removal system prior to
being piped to the CDL upgrading unit. Here the CDL is converted to four products by distillation
and solvent extraction: a crude cresylic acid, pitch, a refinery feedstock and an oxygenated middle
distillate.

The fines removed in the drying and pyrolysis steps in each LFC unit serve as a supplementary fuel
for a cogeneration boiler. The fines are conveyed in an inerted pneumatic system to the boiler, where
they are blended with ROM coal and burned along with dirty gases from the PDF quench system and
deactivation loop. A flue gas clean-up system is provided for both a cogeneration boiler and dryer

off-gas as shown.
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Intellectual Property

TEK-KOL's assets are inextricably tied to the LFC technology and as such, protection of these assets
is paramount.Sincethe original U.S. patenhumber4,395,309 on theverall LFCProcess was

issued to Dr. Ernest Esztergar in 1984, thieage beenmany improvements and additional
discoveries. To solidify TEK-KOL's intellectual property position, nine additional patents have been
issued or filed, including an updated version of the overall LFC patent.

In addition to the patentable discoveriessignificantamount of "know-how" and proprietary
information is involved in the LFC Control System. Computer code, mathematical algorithms and
plant operating data comprise a large body of intellectual property that is protected by maintaining
confidential information filing, labeling and distribution controls. Table 5.1.1 illustrates the current
status of the TEK-KOL intellectual property.

Conclusion

The following sections describe the engineering work that was performed to scale the ENCOAL Plant
up from 1,000 tons/day to a full commercial-gutant with three 5,000-metric ton/day parallel units.

The design basidocument and information frotme material balancevere used to develop the
design for thecommercial plant. MHI engineering developetthe design anctosts for the LFC
modules, and TEK-KOL stafivorked up theoff-sites, selected major equipment, determined
permitting requirements and cogeneration/scrubber design and costs.

Unlike the ENCOAL Plant, theommercial design is based onMHIl combined dryer/pyrolyzer

grate design that has been used for quenching coke. Some questions remain on the application of this
grate to the LFC Process, but these questions will be answered by modeling and testing in the near
future. The cost benefits of using the combined grate design are quite significant. Other differences
between the ENCOAL Plant and the commercial design are discussed in later sections.

The transition fromthe SalemPDU to the ENCOAL Plant wagrom 200 pounds/hour to

1,000 tons/day. The scale-up to @@mmercial Plant is much smaller, and entails much less risk.

Risk has also beesignificantly reduced through hands-axperience with commercial-size
equipment and the solution of the process challenges identified during the demonstration phase of the
project. In addition, more than 3,000 tonsN#irth Rochelle coal have beewocessed in the
ENCOAL Plant, and no problems have been identified. The plant performangerahetct
recoveries used in this Phase Il Study are based on the results of this coal test run, and are tempered
by ENCOAL's experience with the Plant over the past few years.
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Table 5.1.1 TEK-KOL Intellectual Property Status (as of 3/12/97)

No. Subject of Invention Inventors Responsible Filing Dat¢ Estimated Patent Atty. Status
Person Bar Date Location

1 U.S. Patent #5,401,364 a F. Rinker F. Rinker Filed 3/11/93 April 1994 Larry Issue Date:
process for treating noncaking Name Change Meenan | March 28, 1995
noncoking coal to form char CIP 7/94 Toledo, OH
with process derived gaseous
fuel having a variably
controllable calorific heating
value.

2 U.S. Patent #5,372,497 F. Rinker F. Rinker Filed in Jappn May 1994 Larry Amended 9 Apr 96
Process and Apparatus for D. Coolidgg 29 November Meenan Formal examination by
igniting 1995 Toledo, OH Japanese patent office
a burner in an Inert requested. Patent
atmosphere. “Pending.”

Issue Date: December 13,
1994

3 Process for passivation of D. Coolidgg F. Rinker | Filed 9/8/95 May 1995 Larry U.S. awaiting examiner's
reactive coal char. F. Rinker U.S. Patent Meenan response to latest
Russian Patent #96105953/Fgb E. Eszterggr office. Toledo, PH amendment filed 5 O
97 D. Horne Filed 8 Apr 96 in Japan

Filed 27 March 96 in
Russia. Filed 8 May 96 in
Uzbekistan. Filed 15 Apr
96 in Kazakhstan. Filed 25|
July 96 in Indonesia.
Patent “Pending” in U.S.,
Japan, Uzbekistan,
Kazakhstan & Indonesia.

4 U.S. Patent #5,547,548 M. Siddowgy  F. Rinker Filed 7/18/94 May 199% Ned Rarndlesue Date: 20 Aug 96
Pyrolysis Process Water F. Rinker St. Louis,

Disposition. E. Esztergar MO

5 U.S. Patent #5,582,807 M. Siddoway F. Rinker Filed 11/11)98lovember Ned Randle Issue date: Dec 10, 96.
Method and apparatus for C.F. Liao 1994 St. Louis,
removing particulate and MO
gaseous pollutants from a gas
stream.

6 Method for creating a M. Siddoway F. Rinker Filed Nov 4, November 9, Ned Randle Final rejection receiyed
hydrocarbon liquid from coal A. Cover 1994 1994 St. Louis, decision made not to
pyrolysis by condensation of J. O'Donnel MO pursue with U.S. Paten
the hydrocarbon liquid from C. Chang Office.
the gas phase. R. Londrigan

J. Frederick
E. Manning
S. Anderson

7 U.S. Patent #4,582,511 M. Siddowgy  F. Rinker Filed 7/18/94 May 199% Ned Randle Original Patent Exp|fes
Spray system for MK dust C.F. Liao St. Louis, 2003. Decision made to
suppression additive. (Issued MO not pursue with US Patgnt
Apr 15, 1986) Office.

8 U.S. Patent #5,601,692 F. Rinker F. Rinker Filed 12/1/95 April 199p Larry Issue Date: 11 Feb 9
Process for treating non-caking E. Esztergar U.S. paten Meenan Filed 12 April 96 in Japan
coal to form passivated char. D. Coolidg¢ office. Toledo, OH Filed 27 March 96 in
Russian Patent #96105954/Feb D. Horne Russia. Filed 8 May 96 in
97 Uzbekistan. Filed 15 Apr

96 in Kazakhstan. Filed 25|
July 96 in Indonesia.
Patent “Pending” in Japan
Uzbekistan, Kazakhstan &
Indonesia.

9 Lean Fuel combustion control D. Coolidgs F. Rinker | Filed 10/30/95 | September Ned Randlg Formal Examination

method. T. Kuhn U.S. patent 1995 St. Louis, Requested. Patent
J. Powers office. MO “Pending.” Status inquiry
F. Rinker toexaminer has been sent
in Nov 96. Second Letter
sent Feb 97.

Note: DOE patent waiver issued for all
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5.2  Process Flow Diagrams and Material Flow Balance
Summary

The processing parameters for applying the LFC Technology to Powder River Basin coals have been
compiled from over 4% years of operating the 1,000-ton/day ENCOAL Plant. This information was
combined with TEK-KOL Development Center data to predict the material balance for Buckskin coal
processed in a 5,000-metric ton/day LFC module. A material balance gives an estimate of product
yields and qualities based on a singkt of processing conditions. Variations in processing
parameters W affect these results, antdle ENCOAL Planthas demonstratetthe flexibility of
operating parameters in the LFC Process.

To make design decisiorfser the commercial plant, a material balaneas calculatedising
Hyprotech’s process simulator, HYSIM. HYSIM canndtize an in-depth characterization of a

solid, norcan it accurately simulathe pyrolysis reaction with a stand-alone unit operation.
Consequently, the simulation had to be complemented with information from the ENCOAL Plant to
accurately predictrpduct yields and qualities. The product recoveries predicted for Buckskin coal

in the material balancare 0.4%arrels CDL and.5 tons of PDF/ton afoal processedFor the

same coal, ENCOAL Plant yields have been demonstrated to be 0.51 barrels of CDL and 0.5 tons of
PDF. Laboratory datand a plantest of NorthRochelle coal establishesiimilarities between
Buckskin and North Rochelle products and processing conditions. As a result, the material balance
did not have to be adjusted for the differences between Buckskin and North Rochelle coal.

Introduction

The transition between the ENCOAL Plant (as described in Seetlgand the proposed LFC
Commercial Plant presented a number of challenges that were met with process and design changes.
(Refer to Figure 5.2.1 for an overview of the Powder River Basin commercial module.) Variations
arose with thdirst step of the process: cdald intothe ENCOAL Plant is screened temove
oversize and undersize materials thate then returned to thenine. However, a
15,000-metric ton/dagommercial plantvould returnmuchgreaterquantities offine coal to the

mine, affecting overall ine productquality and presenting problems in shipping and handling. In
addition, the screen used at the ENCOAL Plant is the largest made; scaling-up the current operation
would require many parallel trains of equipment, an extremely expensive proposition. To solve this
problem, designers replaced the pre-screening with a "vibrating grizzly," which separates and layers
the coal on the grate, the larger pieces directthemgrate, the smaller pieces above the larger. This
arrangement is intended to keep fine materials from plugging or trickling through the grate. During
drying, fines willfluidize, leavethe process and be recovered by a bardycbnes thatre much

larger than ENCOAL's current four-unit dryeyclone. Fromthe cyclones,the fines will be
pneumatically conveyed to fuel a nearby cogeneration plant, or to an agglomeration system that will
recover the fines for later use as fuel.
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Figure 5.2.1: Commercial Plant LFC Module
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A second variation follows changes in the screening step and in a combined dryer and pyrolyzer piece
of equipment: at the ENCOAL Plant, properly sized coal moves onto a Salem Corporation rotary
hearth, where drying and pyrolyzing occur in discreet steps in separate pieces of equipment. In the
commercial systenthe ROM coal is1ot sized prior to enterinthe facility, but is segregated just

prior to entering the dryer. This means that all of the ROM coal is processed in the facility, not just
the +4 x 2 inchcoal that is currently processed in the demonstration plant. Once segregated, the
coarse coal is distributed on a large rogugte as the bottom layer, and the fine coal is placed on

the top of the coarse coal to form the top layer. The coal is then dried and pyrolyzed using a single
combineddryer and pyrolyzegrate proposed biitsubishi Heavylndustries. Thelrying and
pyrolysis steps remain discreet and separate steps, but are performech@mt®né equipment.

Such multi-step processing on a single circular grate has been demonstrated extensively by MHI in
commercial-scale coke quenching applications in Nagoya, Japan. TEK-KOL and MHI realize that
changes in the screening process and equipment design may produce some technical difficulties, but
in anticipation, MHI hasalready begun a testing programidentify and mitigateany possible
problems.

The remainder of the commercial-scale process parallels the demonstration-scale process up to the
stabilization segment. Stabilization, returning char to theamestable state as the parent coal,
involves three steps: deactivation at high temperatures, cooling and rehydration, and finishing. As
in the ENCOAL Planprocess, the deactivation loop in t@mmercial plant desigeontacts the

solids with a gas stream containing a controlled amount of oxygen to allow oxygen absorption. This
step, termeaxidative deactivation, begins to stabilire reactivesolid product. Replicating this

process in the larger commercial plant would require numerous VFBs to handle the increased output.
To keep down the number of equipment pieces inahemercial plant, TEK-KOL is testing a single
quiescent bed concept based on Salem Furnace's “doughnut” design for use as a deactivator. After
the deactivation unit, theolidsare then cooled and rehydrated to near their A&EMlibrium

moisture content. The fines recovered by the bank of cyclones in the deactivation unit are returned
to the product stream prior to rehydration. In the commercial plant design, the cooled PDF is then
conveyed to the final finishing unit to ensure stability.

In thisfinal step,pilot tested at the ENCOAL Plant, the solids are contacted with an oxidizing gas
stream. Gas temperatures and flowrates are controlled to encouraggexitme@moxidation rate

without the risk of solid ignition. The gas streaomidity iscontrolled to keep theolids from
adsorbing or desorbingny water. Theresidence time is sufficient to allctlve solids toadsorb

enough oxygen to prevestignificant additional oxygemptake,greatly diminishingthe risk of
spontaneous ignition once the solids are discharged from the plant. Because the solids have minimal
free moisture and tend to be dusty, a proven dust suppressant is added as the PDF as it is transferred
to a large storage barn.

Other variations occur on the gas side of the LFC process. In the ENCOAL Plant, hot gas produced
in the pyrolyzer is senthrough a singlspecially designed cyclorier removal of the particulates.

In thecommercial plant, nitiple cyclones Wi handlethe large flowrates.The new cyclones will

be more efficienand have highepressure drops to prevent sglicarryover into the CDL and
preventduct plugging. Asstated above, thénes from the bank of pyrolyzer cylcones are
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pneumaticallyconveyed either to Bines agglomeration unit for recovery as PDF, or toearby
cogeneration unit for use as utility boiler fuel.

In the commercial plant design, CDL captured by the quench tower is passed hot through a centrifuge
to remove 90% of the entrainsdlids inthe oil. The CDL is then pumped to séme. This
centrifuge process was pil@sted in the ENCOAL Planand theséest data were used to design

the commercial plant systems.

Because of larger gas flows, multiple electrosgatcipitators recover any remaining liquid droplets

and mists from the gas leaving the condensation unit in the commercial plant design. The new design
multiplies the original three electrostatic precipitators to handle larger gas flows, enhance oil recovery
and prevent damaging mists from entering the rest of the equipment.

In the original process design, a single liquid was produced and sold. The commercial plant process
differs: after condensation, the CDL undergoes further upgrading, producintigiads. In this
upgrading process, the oil is sent to a crudeyticeacid column where most of the cresylic acids are
separated and collected. The oil is then sent to a tar vacuum flasher for recovery of the pitch fraction.
The stream remaining after the cresylic acid and pitch recovery is sent through a two-stage naphtha
extraction. Heretwo additional fractions W be recoverednamely refineryfeedstock and an
oxygenatedniddle distillate. Aportion of the oxygenated fraction is used as makg:elpn the
combustors.

The use of this oxygenated middle distillate improves on the ENCOAL Plant process. In the current
ENCOAL and commercial plant desigrn€)% of the process heat is providednmncondensed
hydrocarbons in the pyrolysis gas. In the ENCOAL design, the remaining 30% of support fuel was
provided by natural gas, axpensiveproduct thatmay not bereadily available in allocations,
especiallyforeign plant sites. The oxygenated middle distillate, not split off in the orignal process,
is an ideal fuel. It ishe lowest value CDL product, making it inexpensive, and is readily available
from the process.

Incorporatingthe oxygenatedmiddle distillate asmake-upfuel in the combustor operation
necessitates changes in combustor controls, and these changes are currently under study.

As stated in th&ummarythe material balance was simulated using HyproteEtYSIM process
simulator. This material balance is a summatiodath generated at the TEK-KOL Development
Center and proceskata obtainednd analyzed froractual operation of the ENCOAL Plant. The
product yields generated in the laboratory generally match Plant data; however, if the data differed,
the Plant data were considered more accurate and were used in the developmeanttdrihie
balance. The processing conditions used in the simulation are in agreement with operating parameters
in the ENCOAL Plant.

Despite this careful collection and input of laboratory and plant data, some difficulties in the material

balance remained. The large array of hydrocarbons in pyrolysis gas makes it extremely complex and
almost impossible taharacterize. Howevepyrolysis gasesyield two measurablgroducts:
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noncondensable gases and oil. By aiming to match yields aimieesable gases and oil rather than

to actually characterize the gases from the pyrolysis reaction, the simulation could predict a material
balance with increased accuracy. Debigsed on simulated material balances can be further refined
by examiningthe relationship betweethe two pyrolysisgas product streams. Tk&eams are
inversely correlated: increased gas flows reduce oil recovery, and more oil recovery is accompanied
by decreased gas flows.

The oil (CDL) recovery predicted by the simulation is 0.45 barrels/ton, but the ENCOAL Plant has
actuallyyielded0.51 barrels of CDL /ton of coal processed. The reasorthisrdiscrepancy is
twofold. First, the simulated pyrolysis reaction tends to predict lower oil than is actually recovered,
and higher heating value noncondensajals. Second, th@mulationshows aslightly higher
production of pyrolysis water than the plant data and laboratory results indicate.

Because increased gési means less CDL recovery, assuming a 0.45 barrel/ton recovery of CDL
will mean more noncondensable pyrolysis gas, and for this reassgengas processing system was
designed. If CDL recovery is 0.51 barrels/ton, as has been demonstrated at the ENCOAL Plant, gas
flow will be less.

It is important to note at this point that the predicted quantity and quality of recovered products can
be changed in the simulation by manipulating gas constitutents. For example, one of the gases that
leaves the coal bed is pyrolysis water. By adjusting the pyrolysis water, the ratio of condensed gases
to noncondensed gases is affected, subsequently affdetisgnulatedproduction of CDL. Less
pyrolysiswater means more CDL. Despite the simulated predictions, however, plant data indicate
that thecommercial plant W show thishigher CDL recovery, and plant economéee based on

higher CDL recovery figures.

TEK-KOL has a simulation pgyram, LFC SIM (Level 0), which is capable of predicting pyrolysis
bed performance. This toolilikbe used in future desiganalysis to bettepredict products of
pyrolysis and to utilize the variability of the process.

Data Section

Analysis at the TEK-KOL Development Center showed no physical or chemical differences between
Buckskin coal and North Rochelle coal that would require significant design changes. A commercial
plant referenced to Buckskin coal will be able to incorporate North Rochelle coal readily.

Laboratoryanalysis did reveadome slight differences. The higher oxygemtent of theNorth

Rochelle coal, as quantified by the oxygen to carbon ratio, appears to generate a greater amount of
noncondensable gas dominated by carbon dioxide and carbon monoxide. This make-up would lower
the heating value ahe recycled pyrolysiggas stream. Howeveelemental analysis oNorth

Rochelle coal indicates that less pyrolysis water should be produced, increasing CDL recovery.

Atfter laboratory analysis, 2,500 tons of North Rochelle coal were processed at the ENCOAL Plant.
Originally, the samplewas to have beetestedusing new processing parametdrst because the
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coals were so similar, the parameters were nost@tju Results obtained from processing the North
Rochelle coal at these conditions indicate that slightly less CDL is recovered and the PDF has higher
volatile matter. This indicates that at under Buckskin processing conditions, the North Rochelle coal
was slightlyunderpyrolyzed. To obtain tlsameproductyieldsand quality as Buckskiooal, the

North Rochelle coal needs to be pyrolyzed to a slightly greater degree than what was accomplished
at the Buckskin coal operating parameters.

Conclusion

This section describes the process and provides data for the 5,000-metric ton/day LFC module for
Buckskin coal. Information from the 1,000-ton/day ENCOAL Plant was combined with laboratory
data to formulate the basis for the LFC Commercial Plant. Data generated at the ENCOAL Plant and
the TEK-KOL Development Center agree on important concepts, indicating that the scale-up to the
commercial-size plant entails little risk. Laboratory data and process simulation seem to confidently
predict the scale-up, and to predict and control differences in product quality and recovery from one
coal to another. Furthermore, becatiematerial balance is based on 4% years of actual operating
experience with Buckskin coal, plant performance results carry special weight.

5.3Equipment Lists and Equipment Data Sheets
Summary

The equipment list and data sheets for this Feasibility Study were jointly produced by TEK-KOL and
MHI. These documentdefine the project scope-of-work arallow for consistent transfer of
information between the engineering disciplines.

Introduction

The equipment list includes all numbered equipment items necessary to operate a stand-alone LFC
commercial plant. This includes all major LFC process equipment, supporting subsystems, off-sites
utilities, CDL upgrading, solids handling and mobile equipment. The equipment list was developed
using a combination girocessnformation fromthe heat andnaterial balancehe designbasis
document, budget quoté®m major equipment suppliers, results of in-depth engineering studies,
and scaling-up from the ENCOAL Plant. As much as possible, critical LFC process components were
specified based upon ENCOAL Plant experience in successfully operating similar equipment.

Data
Equipment data sheets were produced for the major LFC process components listed in Table 5.3.1.
Comprehensive data sheets were developed for itieese as theyvere the mostritical process

components, and the largeststimpact components dhe PowdeRiver Basin Phase Il Study.
These data sheets were used to obtain reliable, accurate vendor quotes for equipment supply.
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Data sheets weneot produced for theemaining equipment itenfeund in theequipmentlist.

Although some areas such as solids handling and CDL upgrading included many large components
and had asignificantcostimpact, enough information wasailable fromrecentinstallations or
engineering studies to adequately estimate and size the equipment without developing data sheets for
vendor quotation.

The remaining equipmemtata sheetsyhich consist mostly osupportsubsystems and off-sites
utilities camponents, Vil be developed in more detail be engineeringcontractor for the
commercial plant. Estimates for equipment in these areas were made based upon information from
the heat and material balance, the design basis document, and scale-up from the ENCOAL Plant.

Conclusion

The equipment list andata sheets produced fihis FeasibilityStudy summarizethe extensive
engineering efforts made to quantify, sigpecifyand price thenecessary equipment components
needed to operate an LFC commercial plant. The equipment list and data sheets are complete for all
critical LFC process components, but may be improved in the areas of deactivation and finishing as
more engineering data are obtained from operating and testing in the ENCOAL Plant.

Equipment contained in the areas of solids handling and CDL upgradingeténéividually quoted,

but were estimated as overall systems bagexh recent detailedngineering studies actual
installations. The risk oérror in cost is therefore low, butraore complete equipmehst and
possibly a more accurate estimate could be obtained if these areas were broken down into
components rather than systems.

More detailed engineering is required the plant support subsystems and off-sites utilities before

data sheets can be produced to obtain vendor quotes. However, the components included in these
areas are technically proven and small in cost when compared to the critical LFC process equipment,
reducing the risk of error.
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TABLE 5.3.1: Index of Equipment Data Sheets

Equipment Description Produced By

e B

1. Circular Grate (Dryer & Pyrolyzer) TEK-KOL/MHI

2. Blower & Fan MHI

3. Electrostatic Precipitator TEK-KOL/MHI
4. Cyclone MHI

5. Combustor MHI

6. Overhead Travelling Crane MHI

7. Grizzly Screen MHI

8. Pan Conveyor MHI

9. Chain Conveyor MHI

10. Pneumatic Conveyor MHI

11. Heat Exchanger MHI

12. Quench Column TEK-KOL
13. Quench Table TEK-KOL
14. Oxidative Deactivation Unit(s) TEK-KOL
15. Rehydration/Cooling Unit(s) TEK-KOL
16. Finishing Unit(s) TEK-KOL
17. Flue Gas Desulfurization Equipment TEK-KOL

5.4 Site Layout and Support Facilities

Summary
The site layout and support facilities sections of this Study were produced by TEK-KOL engineers
following theguidelines othe design basislocument. The min LFC Commercial Plarfacilities

were placed inside thdorth Rochelle Mine railoop, integratedvith the mine's solidshandling
system. A site plot plan developed according to this concept is illustrated in Figure 5.4.1.
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Figure 5.4.1: LFC Commercial Plant Plot Plan
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Introduction

The site layout includes all plant and suppoiitities required fotthe operation of a stand-alone LFC
Commercial plant. This consists of the main LFC Plant, off-sites utilities, CDL upgrading, tankage,
solids handling, mobilequipment, miscellaneous personnel &wility support structures, a rail
siding and liquids loadout facility.

The solids handling layout and equipment were chosen using the basic design assumptions listed in
the design basidocument. Thaolids handling system includall the equipment andtructures
necessary to obtain raw coal from an expanded mine storage barn, transport feed coal into the plant,
transfer PDFout ofthe plant, store PDF product, and load out PDF using the mine batch load out
system. The solidsandling facilitiesalso include a system to handle below specification PDF.
Existing mine samplingystemswere utilized rather thanncluding separate raw coal and PDF
sampling systems.

Data
Major impacts on the design and cost of the solids handling system consisted of:
1. The required storage capacity in and out of the LFC Plant,
2. Distance between the mine feed coal transfer point to the LFC Plant raw coal storage,

3. Distance between the LFC Plant, PDF discharge, and the PDF batch loadout located
on the mine rail loop,

4. Overall height of the LFC Plant and finishing structures,
5. Use of slot-type storage versus silo storage for PDF , and

6. Minimum sizing of beltconveyors to be 36 inches wide witmaximumangle of
incline of 16 degrees.

Unit costs for most of the solids handling components were estimated using data from a Roberts and
Schaefer Company design proposal prepared for the North Rochelle Mine in 1995. These costs were
compared to other Zeigler Coal Holding Company installations, adjusted to present day dollars, and

input as unit costs for the purposes of this Study.

The LFC Commercial Plant rail siding layout consists of two parallel tracks totalling over 3 miles of
storage forail cars. These tracks were spaced 15 feet apart, (center to center, minimum required
space being 13 feet), and were oriented to run adjatnthe proposed mine rail loop. The design

also included a locomotive warming shed and a covered loading and unloading area, with the ability
to load up to four rail cars at the same time. Estimated costs for the rail siding were assembled using
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vendor quotes to install track and ballast on a dollar/foot basis, and switches on a dollar/switch basis.
Grade work and construction of the subballast for the siding was not included in this section.

A complete list of allstructures wagointly developed by TEK-KOL and MHI, andcludes all
structures needed for theam process equipment, supportirsgibsystems, electricgdower
distribution, solids handling, CDL upgrading and personnel buildings. The function, dimension and
loading of each structure wemaalyzed individually to determine the type of construction needed in
eachcase. Costs were estimated dorallerstructures based upon a dollar/squa or vendor

guote. MHI engineering factors were used for estimating the main LFC buildings. Foundations and
heating, ventilation and air conditioning were considered as part of the building estimate in all cases.

Tankage requirements to support the LFC Commercial Plant were estimated using the design basis
product and chemical storage requirements, CDL product flows from the heat and material balance,
scale-up from the ENCOAL Plant, and duplication of facility support tankage found on the Buckskin
Mine site where the ENCOAL Plant is located. All storage tanks estimated were divided into two
categories. Bulk storage tanks were typically 300,000 gallagpater in capacity and were located

in the tankfarm containment areas adjacent to the CDL upgradiitieeind rail loop. Day storage

tanks were considered to be less than 300,000 gallons capacitg@bbcated throughout the plant

site. Cost estimates were based upon vendor quotation in 1996.

Mobile equipment needddr the LFC Commercial Planivas estimated based on tiember of
personnel, operating experience at the ENCOAL Plant, and maintenance of the road and rail system
for the stand-alonéacilities. Costestimates foall mobile equipment were obtained either from
vendors or recereigler Coal Holding Company purchase records. This system does not include
the installation of a fuel island and ready-line in support of the mobile equipment fleet, but uses the
proposed mine fuel island to support the fleet.

Conclusions

Site layout and support facilities are fairly specific to a given location. Every potential host site for
an LFC Commercial plant will require substargiéé assessment work prior to finalizing a plant site.
However, many of the same assumptions used to develop the Powder River Basin LFC Commercial
Plant layoutmaytransfer to other locationand wil requireonly minor modifications based upon

the site location. Main areas impacted by location are the solids handling system, railroad track and
miscellaneous structures.

Cost estimates made for the supporitities discussed in thisection are heavily supported by recent

cost data oextensive engineering studies. Some consideration could be given to modifying some
assumptions affecting the layout of the solids handling equipment, however, as it is the largest cost
item of the support facilities.

Other savings in capital costs could be realized if the LFC Commercial Plant were built and operated

integrally with mine facilities. Facility personnel structures, mobile equipment and joint plant water
systems are some examples of possible areas of duplication with a mine.
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TABLE 5.4.1: Index of Structures and Buildings

Description Lead Role

e
BL 1a LFC | Structure MHI

BL 1b LFC 1l Structure MHI

BL 1c LFC Il Structure MHI

BL 2a LFC I Finishing Structure TEK-KOL
BL 2b LFC Il Finishing Structure TEK-KOL
BL 2c LFC Il Finishing Structure TEK-KOL
BL 3 Control Room Building TEK-KOL
BL 4 Admin, Shop, Warehouse TEK-KOL
BL5 Potable Water Building TEK-KOL
BL 6a Locomotive Building TEK-KOL
BL 6b Covered Loadout TEK-KOL
BL7 Lime Transfer Building TEK-KOL
BL 8a Main MCC/Switchgear Building TEK-KOL
BL 8b MCC - CDL Upgrading TEK-KOL
BL 8c MCC - Batch Loadout/PDF Storage TEK-KOL
BL 8d MCC - Raw Coal Storage TEK-KOL
BL9 Substation Building TEK-KOL
BL 10 Cooling Water Building TEK-KOL
BL 11 Waste Water Pond Building TEK-KOL
BL 12 Process Water Building TEK-KOL
BL 13 CDL Upgrading Building/Pad TEK-KOL
BL 14 Air Compressor Building TEK-KOL
BL 15 LFC Nitrogen Building TEK-KOL
BL 16a LFCI Finishing Scrubber Building TEK-KOL
BL 16b LFCII Finishing Scrubber Building TEK-KOL
BL 16¢c LFCII Finishing Scrubber Building TEK-KOL
BL 17 Guard House TEK-KOL
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5.5 Site Preparation and Drainage
Summary

This section addresses topsoil removal, excavation and grading work required for the construction
of the LFC Commercial Plant and related facilities. TEK-KOL engineers estimated site preparation
costs based on a Site Layout ($égure5.4.1) asdescribed in Section 5.4, experience at the
ENCOAL Plant, and unitosts obtainedrom recently completed jobs. Estimates tioe LFC
structure foundations and subfoundations were the responsibility of MHI and fall outside the scope
of this section. Also, foundations femaller buildingsslot storagdacilities, railroadfacilities,
conveyors, pipelineand bulkstoragefacilities are addressed in other portions of Heasibility

Study.

While the unit costemployed in this estimai@re well documented, the estimated acreages and
excavation quantities are somewhkansitive toexact plant location. The topography and soil
horizons at the actual site selected could affect the total cost estimate.

Introduction

Site preparationncludestopsoil removal, rough grading,ass excavationoad and drainage
construction, pond excavation and lining, rail siding grade and subgrade, bridge access and fencing.
The site plan calls for topsoil removal in the area of the LFC plant, the offsite storage and tank farm
areas, along road alignments, and in the area of the reservoir. Topsoil removal costs include clearing
and grubbing as required. Rough grading and mass excavation were estimated for building areas and
foundations. Grading and excavation for ponds andfeankswereincluded inthoseparticular
estimates.

Key assumptions in developing a site preparation cost estimate involve unit costs, area topography
and disturbed areas associated with the LFC plant, roads, lesser buildings, ponds, storage areas and
tank farms. Unitcosts for cutandfill, road constructionscoria forroad surfacing, pond and
containmentarealiner, andfencing were obtainedrom Triton Coal Company. Topsoil and
excavation costs assumed a relatively short haul distance and/or a relatively large cut.

The topography of theommercial plant sitevas assumed to ksmilar totherolling hills of the

ENCOAL Plant site. The depth of topsoil was estimated ah@tes. Disturbed acreages and
excavation quantities were estimated based on design requirements for roads, ponds, storage areas
and tank farms. Road and fence lengths were based on the Site Layout Plan (Figure 5.4.1).

Pond and tank farm sizes were calculated from the design basis. Specifically, pond size calculations
resulted from LFC planwvaterneeds and heatmoval requirements. Tarfi&rm size calculations

were based on production rates, reseegeirements and shipment or receipt frequerfolesaw

CDL, upgraded CDL products and chemical bulk storage.
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Data

Unit costs werapplied to soil quantities, road and fence lengths, and pond and tank farm areas to
generate a cost estimate for site preparation and drainage.

Conclusion

The cost estimate for site preparation and drainage was based on the commercial plant design basis
document, as well as experience at ENCOAL and Triton. In cases where the two did not agree, the
higher cost figure was used. Site topography was well defined, and a geotechnical report compiled
for the North Rochelle Mine in 1982 provided fairly detailed soils information in the immediate area

of the LFC facility. Based on the quality tbis information, capital estimates for this section should

be very sound.

5.6 Piping and Instrumentation Diagrams
Summary

This section covers piping and instrumentation diagrams (P&ID)s that serve to document the LFC
Process as currently envisioned in the commercial plant. The P&IDs were generated by TEK-KOL
engineers using the MHI circular grate approach to drying and pyrolysis. With the subsystem flow
diagrams as a foundation, the commercial plant P&IDs were patterned after ENCOAL Plant P&IDs.
They were developed in sufficient detail document the process, isipportsystemsmajor
equipment and control schemes, but not in sufficient detail to specify actual construction.

The P&IDs are divided into three categories: solids handling, main process and supporting utilities
and subsystemsPotential design changes to certain componentiseoprocess couldffect the
P&IDs. Foremost among these are the deactivation, finishing and CDL upgrading systems.

Introduction

Subsystem flow diagramsere generated by TEK-KOéngineers to show major equipment and
overall control logic for each process and support subsystem. &Ibs Rere developed from these

flow diagrams, adding major instruments, smaller equipment items, and flow paths for all solids and
fluids affecting each subsystem. TR&ID symbolsand overall desigmpproachutilized the
ENCOAL Plant P&IDs for guidance. In their present form,¢benmercial planP&IDs do not

contain secondary instruments and associated circuits (e.g, instruments that control secondary fluids
such as instrument air and instrumenirge). Additional detail vill be added asngineering
progresses.

The commerciaplant P&IDs werenot used forcostestimating; insteathe instrumentation and

control cost estimate was developed from a scale-up of the ENCOAL Plant. Because the ENCOAL
Plant was the first LFC plant and one ofptémary purposes was to gather data, it vii@avily
instrumented. Using this as a basis for estimating instrumentation and control provides a conservative
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cost estimate for théull-scale productionfacility. Some optimization of scale was obtained
however, through theombination of utility systems intone to support a thremodule LFC
CommercialPlant. This allowedor single system instrumentation antbntrol versus three
independant systems.

Conclusion

The P&IDs provide documentation fkey process andupportsubsystems, showingignificant
equipment, primary instruments, piping/ductwork and control schemes. The P&IDs were not used
to estimate control and instrumentation cost; rather, thosts were developed Bgaling up the
ENCOAL Plant instrumentation and controls. Section 5.9 of this report discusses this cost estimate.

It is expected that the current P&IDs will provide the basis for future refinements to the process and
equipment list. These changes, along with greater detail, will be reflected in future revisions to the
P&IDs.

5.7 Generic Subsystem Drawings
Summary

TEK-KOL engineergproducedgeneric subsystem drawings using ENCOAL Plant subsystems as
guides. These drawings wegpeoduced taaid inthe design, layout and descriptionaif plant

support utities and minor plant systems. Once produced, these drawings served as the foundation
for the plant piping and instrumentation diagrams discusseseation 5.6, and aided in the
production of equipment andotor lists discussed in SectioBs3 and 5.9 respectively. These
drawingsalso aided in estimatindpe cost oindividual supportsystemdor the LFC Commercial

Plant.

Introduction

The subsystem drawings includk plant utilities and minor plant systems thall wupport the
operation the LFC Commercial Plant. These drawings also include CDL upgrading, a major facility
not discussed in other sections of this study.

LFC Commercial Plant subsystem drawingsre developedsing ENCOAL Plant subsystems as
models. The ENCOAL Plant systems were modified using accumulated operation knowledge and
adjusted to fit commercial plant design basis. Nine major plant support subsystems perform a variety
of functions.

1. Fire water - a network afinderground and abovegroumpiing that supplies
emergency water for fire control throughout the plant site.

2. Nitrogen - a centralized header and piping system supplying an inert gas for vacuum
protection, equipment purges and instrument purges.
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3. Glycol Water - a network of aboveground piping that continually circulates a 50/50
glycol/water mixturghroughout theplant site. This system removes heat from the
raw CDL subsystem, vaporizéiguid nitrogen and supplieBeat tracing for all
equipment and piping.

4. Cooling Water - continuously circulates pomaiter through a network of
underground and abovegroupiping throughout theplant site. Low pressure
cooling water is used as a heat exchange medium and washdown water at low plant
elevations, while high pressure water is used in higher plant elevations.

5. Utility Air - a network ofpiping to supply 125-psig afor maintenance oprocess
requirements.

6. Instrument Air - a network of piping to supply "dry" 125-psig air for control valve
and instrument applications.

7. Utility Steam - a network gdiping suppylingow-pressure steathroughout the
plantfor cleanup and light process needs. Cogeneration steam will probably be the
source for this purpose, but a small plant boiler was estimated for backup.

8. Process Water - continuously circulates a closed loop of water throughout the plant.
This water is designated "process" water as it may come in contact with process gas
streams and gather fines particulates and some light hydrocarbons.

9. Vapor Recovery - a blower, carbon filparck and suctioductwork thatollects
plant odors from the process water system and vents to atmosphere.

Data

The commercial plant CDL recovery system varies from the ENCOAL Plant system in two respects.
First, thecommercial plant desigeallsfor removing solids from CDL before it gent to storage.

This systendesign, pilotested at the ENCOAL Plantfilizes a centrifuge to remo\#89% of the
entrained solids from the hot oil.

Secondly, the commercial plant CDL recovery system includes an extensive CDL upgrading facility
to produce four CDL productsom the raw CDL. These products are crudesylics, refinery
feedstock, fuel oil and pitch as discussedantion 4.2. The CDL upgrading process yoagly
developed by TEK-KOL, Dakota Gasification, Beulah, North Dakota, and M.W. Kellogg, Houston,
Texas, in 1995.Development of thiprocess used ENCOAL Plant CDL as the laboratory test
material. Study results indicated that fractionating CDL into the four above components offers an
attractive investmerdpportunity. Costs foinstalling aCDL upgradingfacility at the ENCOAL
Plantwere estimated by M.W. Kellogg, and thessts are scaled-up to a common system for the
three module LFC Commercial Plant for the purposes of this Phase Il Report.
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The commercial plant fines handling conveyance system differs from that used at the ENCOAL Plant.
The ENCOAL Plant modified its fines handling system several times becayserational and safety
problems, and presently uses a slurry system to pump the fines to a settling pond for disposal. This
system has proven adequate aglthblefor the ENCOAL Plansincethe relatively few fines are
generatedand there are no uses for fivees as fuel. However,sincethe higher-throughput LFC
CommercialPlant wil generate mordines, the commercial plant design uses inert pneumatic
conveyance and storage systems to move fines between plant collection points and end users of the
fines. These fines are collected in inert storage bins to be agglomerated and used as PDF, or sold to
an adjacent cogeneration fagilas fuel. Pneumatic conveyance systems are widely used in industry

to transport powdered materials, so this design offers an acceptable solution for recovering the fines
for fuel rather thardisposing of them. Agglomeration dfe fines has also beetested at the
ENCOAL Plant, and has indicated that method of fines recovery is feasible.

Conclusions

The LFC Commercial Plant subsystems drawings were modeled after the ENCOAL Plant subsystems.
Improvements growing out of operating experience were incorporated into the commercial versions
whenever possible. The deviations from the established ENCOAL Plant systems discussed above are
either minor, use proven industrial technologyaoe heavily supported by in-deptengineering

studies.

Future improvements could be made to the subsystems package to include all of the major process
loops in the plant. This combination of main process and support subsystems could then be used to
train plant operating personnel. This was not completed at this time, as the main process has been
adequately covered by the process flow diagram and heat and material balance documents.

5.8 Plant Profile Drawings
Summary and Introduction

Plant profiledrawings wergointly developed by TEK-KOL and MHI. Theskeawings aid in the

layout and orientation of main process equipment within the LFC Commercial Plant. When used in
conjunction with the proceskw diagram,heat andnaterial balance, equipment list and site plot
plan, the plant profile drawings servewaduabletools for transfer oinformation tothe various
engineering disciplinesThefinal PowderRiver Basin LFC Commercial Plant profile is shown in
Figure 5.8.1.
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Figure 5.8.1: LFC Commercial Plant Profile and Plan View
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Data

Several arrangements ofam process equipment were studied before settlingheriinal plant

profile. In particular, different arrangements affecting the overall height and dimensions of the plant
were investigated. These arrangements varied from a "stacked" plant to a horizontally staged plant
and affected the placement of the dryer/pyrolyzer, PDF quench, deacteatiaehydration/cooling

pieces of equipment. Thaishing step was placed horizontally on grade to the rehydration/coolers

in all cases, and solids were fed to this step on a rubber belt conveyor.

The stacked plant concept had the dryer/pyrolyzer, quench tables, deactivation, and
rehydration/cooling equipment arranged vertically and relied on gravity flow between process steps.
This version resulted in a tall structure, with the large MHI dryer/pyrolyzer grate located at the top.

The horizontally arranged plant had each psitey step located on grade, with conveyance systems

to transfer solids betweesteps. This resulted in dairly short but large-footprint FC structure.

This arrangement also had a questionable conveyance system of hot, reactive solids between steps,
and required a sealing system between all units.

A third arrangement combined the two concepts discussed above. This "split-plant” concept divided
the stacked plant layout between the quench tables and deactivation, and connected the solids flow
via a pan conveyor. The result was a reasonably tall structure with a moderate footprint.

The three concepts were compared from several different perspectives, and the split-plant version was
selected as thtnal plant profile. MHI conducted a constructicostcomparison of the three
arrangements and found thplit-plant version to béhe leastexpensive. TEK-KOL engineers
studied the three concepts from the perspective of adaptability to potential customers, and found the
split-plant version to be the most accommodating. Breaking the plant belguetheh tables allows

for potential construction of an LFC plant without the deactivat&mydration/cooling, and finishing

steps, while leaving the remaining portions of the plant layout essentially untouched. This would fit
particularly wellwith metallurgical applications and sites adjacerpadwer plants where an LFC

plant would be located adjacent to the customditiés; eliminating theneed for these process steps.

Conclusions

The split-plant profile was chosen for the purposes of this Feasibility Study because this concept was
the least expensive arrangement to construct. In addition, it allowed for relatively easy adaption of
an LFC plant tanetallurgical applications by removirttige deactivation, rehydration/cooling, and
finishing steps withouthangingthe rest of the plant layout. pplying thistechnology to future
installations makes much of the baseline engineering cost for LFC plant layout unnecessary. This met
an overall objective of the Feasibility Study: design standardized facilities to minimize engineering
costs of future LFC plants -- not an insignificant cost.

For future plant layouts, the option of feeding the finishing step with a vertical conveyor instead of
a 16-degree-incline belt could redube overall plantfootprint, accommodating LFC plasites
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where a smaller footprint was required. The Powder River Basin LFC Commercial Plant should stay
with theincline beltconcept howevesince operating experience with vertical belts in this climate
has been poor, and overall plant footprint space is not an issue.

5.9 Electrical, Controls and Instrumentation
Electrical Summary

The power system design for the LFC Commercial Plant distributes and transmits electric power to
the plant and alks supporting structures. Theamcomponents of this systeame substations,
transformers, starter line-ups, switchgear and Motor Control Centers (MCC)s. A computer model
of the power system verified that the proposed design is theoretically sound.

Motor sizing estimates are the biggest risk factors to this design and were estimated conservatively
by upsizing existing ENCOAL motor sizes, or were specified by process engineers. The system was
proven economically feasible with a comprehensive budget estimate.

Introduction

To formulate a design basis for a safe, reliable electric power system, many assumptions and design
considerations had to be made. One primary designwasishesystem layoufor the existing
ENCOAL facility, which hasensured greater than 99% povagailability for each of the last 4%

years. A one-line diagram wagnerated fronthe original ENCOAL electrical diagrams. This
diagram was utilized to generate a computer model of the commercial-size power system using the
Distribution Analysis of Power Planning, Evaluation, and Reporting (DAPPER) program. This model
generated a Load Center Study, a Load Flow Analysis, a Fault Study and a Demand Load Analysis.
These studies ensured that adequate power would be available for operation of the plant and all its
equipment.

A motor list derived from the equipment list was utilized in conjunction with a demand load library
as system loads in the computer studiégproximately35% of the motor horsepowers were
estimated conservatively by upsizing motors from the existing ENCOAL facility, and the remaining
motors were specified lgrocess engineerdviotor voltage thresholds wemefined and strictly
adhered to for this system's specifications: all motors less than 225 kW (300 hp) will be 480 V and
defined as low voltage. Motors greater than 300 hp will be 4,160 V and defined as medium voltage.

General voltage guidelines were specified as follows: 120/240 V for utilities and the Uninterruptible
Power Supply (UPS), 277/480 V for plant and offsite lighting. Theadnection on all transformers

will be resistance grounded with a 50liAit. llluminating Engineering Society lighting standards

will be utilized for this facility.

It was assumed th#te proposedlFC Commercial Plantvould be located at the NorRochelle

Mine site, and equipment was sized apédcified accordingly. This assumptioctdted that the
existing 69-kV power lines would feed the plant substation, using an estimated % mile of additional
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transmission line.The cost of thesystem was estimated two separate segments: TEK-KOL
estimated the cost of trleystemoutside plant boundarieshile MHI estimatedall the electrical
components within plant boundaries. The whole system will provide elgotvier to all components
within the engineering battery limits.

Data

The Load Center Study indicated thia¢ proposed powesystem wouldsupply requiregpower
reliably and safely. Demand full-load amperagese lalanced amontghe MCCs,which were
designed with an 800-A horizontal bus rating antple expansiospace. The Emergency Motor
Control Center (EMCC) was minimally loaded for the study. A review of essential equipment must
be performed to properly assign loads to the EMCC.

The one-line diagram specifiedast ofcircuit protectiondevices to ensure safe operation: fused
disconnects, lightning arrestors, air-break over-current trip shunts and manual disconnecting switches.
A 500kVA diesel generator and a 100-KVA UPS were added for emergency backup power, thus
ensuring a source of power and lights for controlled plant shutdowns.

A Load FlowAnalysiswas performed to determiravailableload capacity orthe 4,160-V feed
busses and MCCs. The source bus is loaded to 28.3 MVA with a unity Power Factor (PF) and no
feeder losses. The heaviest loaded 4,160-V feed@dus of 4,360 kVA with a .99 leading PF and
minimal feeder losses. The CDL-upgrading MCC was the most heavily loaded, at 490 kVA with a
0.95 lagging PF and virtually no feeder losses.

The Fault Studies proved thdte system fault valuesvere reasonable for standardiustrial
distribution equipment. The 69-kV source In#s a three-phase fault 87 kA and requires an
asymmetrical interrupting current rating of 856 kA at 3 cycles. The typical 4,160-V bus had a three-
phase fault of 29 kA and required a momentary asymmetrical interrupting current rating of 37 kKA.
In addition, a single line to ground duty of 27 kA was determined for the 4,160-V busses. The largest
MCC had a three-phase fault of 25 kA and required a momentary asymmetrical interrupting current
rating of 37 kA. The single line to ground rating for all MCCs is 50 A.

The Demand Load Analysis showed that the peak demanded loads for the LFC Commercial Plant will
be 17.6 MVA or about 2,446 A. These figures are foctmamercial plant alone and do not include
loads contributed by a cogeneration facility.

The budgetestimate provethis system to be economically feasible and withm targeted cost

range. The total cost of the system is $8.6 million. This study also included a plant communications
estimate. The intercom communication system includes 30 multi-channel, loud-speaking telephones
that will be installed in the plant andpport buildings. Tis system will also be used to sound alarms
alerting plant personnel when equipment is started, when major or minor faults occur, or when plant
evacuations or emergency shutdowns take place. Two-way radios were also specified for all plant
personnel.
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Although the program uses a lodidrary based on the ENCOAL Plantyhich is a good
representation of real world devices, it must be noted that the computer model of the specified power
system is notompletely representative of an actual system. dettafrom a comprehensive load

flow analysis currently being conducted at the ENCOAL facility will be correlated with the existing
load library for improved accuracy.Also note that the motofist was originally specified
conservatively; therefore, the results from the computer studies may be skewed.

Conclusions

The Load Center Study proved on a theoretieais thathe specifiedpowersystemfor the LFC
CommercialPlant is adequately designed. olrder toverify thatthe system was sized properly, a

Load Flow Analysis was performed to compute the load capacity of various components. Balanced
and unbalanced Fault Studeere conducted to determitiee interruptingampacity ratings of
system components. The Demdmuhd Analysisindicates thathe peakdemand loads for the
commercial plant, without a cogeneration facility, willlbg625 kVA or about 2,446 A. The budget
quotes established that a system cost of $8,600,000 is economically feasible. As engineering work
on the LFC Commercial Plant continues, the motor list will need to be refined. This will improve the
overall accuracy and crediy of the computer model and iy that the power system is adequately
designed.

Controls Summary

The control system design for the Powder River Basin LFC Commercial Plant is specified to control
digital and analod/O points in the field. The ain components of this systeane Programmable

Logic Controllers (PLC)s, digital and analog I/O cards (and associated hardware), operator interface
stations, and several personal computers. The system, based on the ENCOAL Plant, has been proved
experimentally and theoretically sound.

Introduction

The control system for the Powder River Basin LFC Commercial Plant was based upon the control
schemdor theexisting ENCOAL Plant. Several design constraints and assumptions were used in
the design of this system. Allen-Bradley PLCs, software, and operator interfaces (ControlView and
PanelView stations) will be used for this system. All digital inputs ak&o®$ Direct Current (VDC)

except the "Starter Healthy," which is a 120-V isolated input. All outputs for this system will be 24
VDC. Rotating equipment sends a 24 VD@put to arinterposing relayor motor starting and
stopping. PLC's are used to control all components in the plant, and Figure 5.9.1 depicts the control
scheme.

The highest level inhe controlscheme is Level 0, which perforrdata storagend archiving,
reporting and expert system control functions. The Level O code is written in FORTRAN 77, which
has the capability to handle computatlynamtensive mathematics. Unfortunately, it is cumbersome

to modify and understand; therefore Level O is currently being rewritten in C++. Level O code stores
and monitors 130 major plant parameters, operating as an expert control system. In short, it gives
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a scorecard on plant performance. Prosesslation algorithmsre currentlybeingupgraded to

take advantage of receatlvances in microcomputer technology. A file server personal computer
polls data from the main PLC (Allen-Bradley PLC 5/250) everyriutes. These data are stored and

sent to a system simulation program. The program makes running parameter recommendations based
upon the data iteceives fronthe 5/250 and processnulation algorithms.There arenine major

control parameters in the LFC Process that Level O predicts; these parameters correspond to changes
in temperature oflow in the process loopd.evel 0 bases its recommendations on past operating
history for given situations. The advantage of Level O is that it does not have to be on line to run the
simulation program; instead, it runs the system simulation as a background task.

Level I control, the next level of hierarchical control, utilizes a 5/250 PLC as its core processor. This
processor acts as a central processing unit for the entire control system. The main functions of the
5/250 are [ant interlocking and digital control. The 5/250 contains all digital logic and digital I/O,

as well as the algorithms to run plant equipment. All rotating equipment (motors, blowers, pumps,
conveyors, fans, etc.) and discrete (on/off) valves are controlled by the 5/250 processor. In addition,
temperature, pressure, flow measurements, and other parameters not used for control are taken and
reported to the 5/250 via analog 1/0.

Level 1l control includes five PLC 5/40s, which are slaved to the 5/250 as remote 1/0. Three of these
controllers are used for temperatue¥el, pressure, antlow control PID (Proportional-Integral-
Derivative) loops. These processors also send monitanfymation viaanalogl/O to the
ControlView operatoiinterface stations. Wén an interlock igequired for agiven piece of
equipment, information is sent back and forth between the PLC 5/40s and PLC 5/250 as needed. The
other two5/40 PLCs control the dryer amyrolyzer combustors. Each combustor has two
PanelView operator interfaces, one local and one in the control building.

The ENCOAL Plant is monitored with two ControlView stations that are fed information from the
PLC 5/250. Raw datsalues fromthe PLCs arescaled fordisplay onthe operatointerfaces.

Overall, the PanelView and ControlView operator interfaces are not uggdrioicontrol, but enable

plant personnel to operate and monitor plant equipment from a remote location. True control resides
in the PLC ladder logic. One ControlView station is designated for event detectigitaand
reporting, which includes trending amthtalogging. Theother ControlView isutilized for
monitoring and logging plant alarms. Each complete LFC pldinhave a common engineering
ControlView station. This ControlView will besad for ladder logic modifications and backup plant
operation. The control system for the proposed third-party cogeneration facilities is not part of this
estimate.

Data
The LFC Commercial Plant controls are based on the ENCOAL control system, which has performed
extremely well. PLC-based contro$ystemsare user-friendly -- easy to learn and understand.

Electricians can readily adapt to PLCs becausielaldgic resembles components in a motor circuit.
Because every I/O point is hardwiréld,Cs are easy to troubleshoot. Program troubleshooting and
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editing are convenient because program chacgebe tested on line before implementing them into

the system. PLCs offer a great deal of power and limitless room for expansion at a low cost when
compared to other types of automation systems. Remote racks can be constructed locally to minimize
needed wiring.

PLCs also are easily adaptable to changing control needs. Larger processors can be implemented for
more memory, ot/O cardscan be added or removed as needBadis adaptabilityminimizes the
amount of hardware needed for system control.

Allen-BradleyPLCs arehighly reliableeven in less-than-ideal environments, and have caused no
plant downtime since they were installed at ENCOAL. On the rare occasion that processors fail, they
can be changed out in aatter of minutes. In additiollen-Bradley has an excellent training
program that is readily available, detail oriented and inexpensive.

The existing ENCOAL system has been demonstrated with about 730 digital /0 points, 125 analog
I/0 points, 90 analog PID I/O points, and 50 combination digital/analog 1/0O points. This constitutes
approximately 210 kBytes of program in the 5/250 and 58éd8of program space in the other PLC

5s. Four man-years of program development have been vested in the ENCOAL control system.

Conclusions

The LFC Commercial Plant control system will perform as well or better than the existing ENCOAL
control system.Level Ocontrol wil be even better aftethe software rewrite Process simulation
algorithmsare alsdbeingupgraded, thuadding even more accuracy. Overplstperformance
indicates that the proposed control system is user-friendly, easy to troubleshoot, inexpensive, reliable
and readilyadaptable to changirgpntrol needs. Each LFC modulélwe controlled seperately,

with a fourth control for common utility support equipment.

Because commercialgnt P&IDs did not contain all detail instrumentation at the time of this Phase

Il Study, MHI estimated the instrumentation for ttfeC Commercial Plant by roughly scaling-up
existing ENCOAL PlanP&IDs. This estimation should be conservativetltes ENCOALPIlant

systems contained more than the usual number of instruments for scientific data collection. Capital
estimates for the electrical and equipment instrumentation, located in Section 9.2, can be refined when
the commercial plant P&IDs become more detailed.
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Figure 5.9.1: Control Scheme
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Section 6.0 Environmental and Permit Requirements
Summary

This section covers all significant environmental requirements imposed by public regulatory agencies
for the construction of a commercial-scale coal upgrading facility located at Triton Coal Company’s
North Rochelle Mine ithe PowdeRiver Basin of Wyoming.The Phase Il permit requirements
analysiswas performed by TEK-KOL with input from appropriate agencies emironmental
consultants. The approach for egmrmit was to determinthe governing authoritydefine
associated data and design requirements, and identify key decision points and issues impacting those
decisions.

Environmental permit requirements are enforced by both state and federal authorities. Most key State
agencies are divisions of the Wyoming Department of Environmental Quality (WDEQ), including the
Air Quality Division (AQD), Industrial Siting Division (ISD), Land Quality Division (LQD) and the
Water Quality Division (WQD). The State Engineer’s Office provides regulatory authority for water
appropriation permits. Federal agencies involved in the early stages of permitting are the Mine Health
and Safety Administration (MSHA) which will become involved only if certain size requirements are
met for a majowaterimpoundment antdhe U.S. ForesBervice (USFS). The USFS owns the
surfacewhere the proposed LFC plant site is located. This section addresses permits and activities
associated with each of these agencies.

Groundwateiavailability, applicatiorturnaroundimes andhegotiated requirements constitute the
principal uncertainties associated with permitting a commercial plant. The experience of ENCOAL,
as well as discussions with regulatory agencies and review of existiogdent, indicatinimal
permitting risks. Environmentaostsand permitting schedules have been estimated based on
conservative assumptions.

Introduction

Prior to authorizing construction of a commercial LFC plant, the WDEQ must issue a construction
permit through its AQD, an industrial siting permit through its ISD, a License to Mine from the LQD
and a National Pollutant Discharge Eliminat8ystem (NPDES) permit from the WQD. Before the

plant canoperate, groundwat@nd surface water permits must be obtained through the Wyoming
State Engineer. In addition, MSHA may be asked to grant a permit for a large water impoundment
if certain size restrictions apply, and a land exchange with the USFS may be necessary in order to site
the plant at the planned location.

In order todetermine requirements for each permit, TEK-KOL consulted approstatetes,
regulations, procedure manuals and key officials from WDEQ. In addition to identifying procedural
requirements, this effort produced cost and time estimates. Several permit requirements offer some
flexibility or provide for negotiation between the applicant ancatency. In these cases, TEK-KOL
conducted in-depth discussions with agency personnel and industry consultants to determine the most
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probable compliance leveFor theair quality and industrial siting permitsyacent proposal by
Kennecott Energy provided supporting precedent. The Kennecott proposal would have utilized the
“PURON?" process to produce a high-Bpelletized coal byproduct, and projected environmental
impacts weresimilar tothose for a largeFC plant. The Kennecott project was permitted, then
suspended prior to construction, and those permits were later withdrawn.

The air quality permittingprocess is determined by three factors. First, a wamglication was
approved, relieving TEK-KOL of the 12-month ambient air monitoring requirement. AQD waived
the monitoring requirement based on background data already available from mines and power plants
in the Powder River Basin.

Second, this Feasibility Study assumectsssful application to the Wyoming Environmental Quality
Council (EQC) for a PSD (Prevention of Significant Deterioration) baseline area redesignation similar
to one granted to Kennecott in December 1994. This redesignation would isolate the LFC Plant (a
“major emitter” of particulates) from mines in the basin and avoid triggering for them a PSD baseline
date. Mine operators believe exposure to lower particulate thresholds under PSD regulations could
limit future expansion. It is important to note that #gasignation is not required for the LFC Plant

and does not affect compliance levigs the plant. Also, granting of the redesignation is not
guaranteed, anchay depend orpublic pressure, composition of the EQC awpportfrom the
Governor’s office. Failure to redesignate, though extremely unlikely and in any case not essential for
the LFC Plant, could expose the Powder River Basin mines to some risks.

A third air quality permitting issue concerns the state-required Best Available Control Technology
(BACT) to limit plant stack emissions particulates, SO and NO . The AQD provided TEK-KOL

with objective emissions limits for these and other regulated pollutants, based on current BACT. In
turn, TEK-KOL generated design specifications and sought prices for plant equipment, such as a flue
gas scrubber, that will meet these IsveAlthough future BACT improvements may result in tighter
restrictions, this study assumgg permitting process wouldot incur unduedelays researching
available technologies and negotiating with WDEQ. Recent approval of the Kennecott proposal and
an 80-MW power plant near Gillette support this assumption.

Taking these three factors into account, an 8-month air quality permitting process seems likely.

The Industrial SitingAct requires a socioecononimpact analysignd provides for the Industrial

Siting Council toassign impact assistance payments to affected countieswamcipalities. The
moneyfor assistancpayments is derived from sales and use taxes generated by the project. Also,
companies are expected to negotiate up-front monetary settlements with impacted public entities that
do not qualifyfor impact assistance und#re Act, such as school ¢wospital districts. This
Feasibility Study assumed impacts and infrastructure needgar to those developed for the
Kennecott Industrial Siting Permit. Depending on final plant location and prevailing political forces,
the Industrial Siting Division has indicated that the impact settlement would likely be far less for the
LFC Plant.
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This study assumed a routine procedure for obtaining a groundwater permits to supply water for the
LFC Plant. This includegroundwater moeling to quantifythe availability of water from various
geologic formations, and to predict impactgpamping fromthese formations. Thieort Union
formation in the vicinity of Gillette is a preferred water source for area mines and municipalities, but
has recentlypeen subjected to closer scrutiny and regulatiothbyStateEngineer. Because the
permittingprocessncludes public involvementhere is potential for strong opposititom area
groundwater users such as Qigy of Gillette. Modeling studies have shown that locating a plant

in the southern Powder River Basin would not impact the Gillette area, allowing the permitting of a
Fort Union well. But if necessary, other producing formations such as the shallow scoria aquifer or
the deeper Lance/Fox Hills formations could supply the LFC Plant with sufficient water, subject to
water quality constraints.

The LQD permit covers site preparatidagilities, water diversion andstorage structurespill
prevention/containment, surfaeeter runoff and reclamation requirements. The abundance of
mining permits issued in the area provides a reliable basis for estimating permit requirements. Two
options are available in obtaining an LQD permit: modify the existing North Rochelle Mine permit
to include theLFC facilities, or submit a new arsgparatepplication pertaining only tthe LFC

plant. The most time-consuming components of the second option will include baseline studies for
soils, vegetation, archaeologyildlife, and landuse. The first option W allow TEK-KOL to

achieve an early construction start and file for a separate permit document later.

One aspect of the proposed site at the North Rochelle Mine is that a land exchange with the USFS
will be required prior to authorization to construct. The U$fle ainding that an industrial

facility of this kind andmagnitude is in conflict with provisions of the Bankhead-Jones Farm Tenant
Act and cannot be constructed fedleral surface. Therefore, a land exchange with the USFS will

be considered as part of the permitting effort.

Data

Based on information currently availalilee permitting process should be completed within 12 to
20 months. The waiver of the air quality monitoring requirement will shorten the pre-construction
permitting schedule, but MSHA permitting of the large impoundment, if required, could require an
additional 6 months. The cost of obtaining all environmental permits for a commercial LFC plant is
estimated at $900,000. Up to $250,000 of this will serve as up-front impact assistance.

The air quality permit represents the critical path; this permit and the industrial siting permit must be
obtained prior to starting construction of the LFC Plant. Approval must also be obtained from LQD
prior to performing site grading. Normally,setormwaterunoff permit would be required from

WQD prior to construction, but the proposed arealrisadycovered under the NortRochelle

permit. Once sediment control structures are in place and a NPDES permit obtained, a stormwater
permit will be required only for those areas not contained under the sediment control plan, namely,
the railroad corridor to the main line.
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Cost estimates include in-house and consultant time because TEK-KOL sought budgetary estimates
from outside consultants for major components of the permitting process. For the air quality permit,
these components include BACT analysis, air quality dispersion modeling and stack testing. For the
industrial siting permit, an outside consultant provided an estimate for processing the entire permit,
including negotiation of impact assistance money to those entities not qualifying for aid under the Act.
The actual amount of the impact settlement was estimated based on discussions with the Industrial
Siting Divisionand on the Kennecott settlement negotiated in 199&. groundwatepermits,
consultant feewere obtained fowell designand for a groundwatesupply and yield analysis that

utilize a computer modelFor themining permit, TEK-KOL assumed outside consultants would
design the storage and containment reservoirs, as well as diversion and drainage structures.

Conclusions

Based on an in-depth analysis of environmental permitting requirements for an LFC commercial plant
constructed in the Powder River Basin, it appears that all permits can be obtained at a reasonable cost
and within a 2-year time frame. No fatal flaws have been identified that would preclude the necessary
approvals to construct and operate the plant. Several uncertainties such as groundwater availability,
background air quality monitoring requirements, PSD baseline area redesignation, impact mitigation
settlement and a successful land exchange with the USFS pose cost and schedule risks, but do not
threaten the permits themselves. In some cases where appropriate, conservative assumptions were
made such that cost and time estimates represent a “worst case.”

Permitting schedules can be impactedttuylevel of public involvemenaind by the degree of
departure in the basic plant design from previously permitted facilities. tAsafate, no commercial

coal enhancement facility has been constructed in the Powder River Basin; however, air quality and
industrial siting permitsvere issued for a plant @posed by Kennecott Energy, in 199%hese

permits provide arappropriate precedent for the propodd€C Plant,given the similarity of
projected environmental and socioeconomic impacts. Along with other factors, the time estimates
and negotiated requirements reflect agency experience with the Kennecott permits.

Section 7.0 Commercial Plant Implementation Schedule
Summary

The LFC Commercial Plant implementation schedule outlines a 36-month path. The road begins with
the environmental permittingrocess, travels through detailedgineering, procurement and
construction, and ends with the commissioning and start-up of the LFC Commercial Plant.

Keys to the implementation schedule's sucless several factors. It will be important to begin the
environmental permittingrocess as soon &5C projectfunding efforts ardaunched -- 1 year in
advance of the start of detailed engineering. Although preconstruction permitting could take as long
as 20 months, this Study assumes that permittihgake a "fast trackand be completed in 12
months. The schedule assumes detailed engineeilhdpencompleted in 15 months, with
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construction starting in the 6th month of detailed engineering. This will be followed by start-up and
commissioning. The Plant will achieve 50% plant availability in the first year of operation, 75% in
the second year followed by continuous operation at 90% availability.

To avoid delays, thenvironmental permittingrocess begins as soon asitk€ Projectfunding
efforts are launched. Although it can avoid impact on the implementation schedule, the permitting
effort could cost as much as $900,000 that would be lost if project financing were not obtained.

Introduction

Figure7.1 showghe "LFC Commercial Plant Implementation Schedule.” The 36-month schedule
moves from the detailed design stage to plant commissioning/start-up and is based on the following
assumptions:

1. Procuring projectinancingcoupled withfinancial due diligencefor the project is
estimated to take 12 months.

2. It is assumed that the environmental permitting process will take 12 months from the
start of the process. Monitoring and data collection are waived in this case, and the
mining permits become theritical path for thepermittingprocess. Theermitting
process will run concurrentlyith the project financing process, and preconstruction
permitting will be omplete by the end of the fourth month of the detailesign
phase.

3. Detaileddesign vill be conducted by MHI at the MHEngineering Offices in
Hiroshima, Japan, with guidance provided b¥0Oaperson TEK-KOLengineering

team.
4. Process design configurations will be selected before beginning detailed engineering.
5. A process design freeze will be established at month 6 of detailed engineering.
6. The bid/award process for tpeimary Procurement/Construction Contract will

require 6 weeks.

7. The primary procurement/construction contractor will assemble complete engineering
bid packages for third party Procurement/Construction. Thiiseonsist of five
major and 10 to 15 minor contracts. Bidding of the major contracts will require 3 to
4 months, and the minor contracts will require approximately 1 month.

9. Construction will start at month 6.

10. Long lead equipment items may require up to 50-week delivery times.
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Data

The environmental permittingrocess, outlined in Secti@0 ofthis report,consists of obtaining
various stateand federal permits. Air qualityyaterimpoundment and surfaceater discharge
permits are obtained through variodisisions ofthe Wyoming Department of Environmental
Quality. Depending on reservoir sizes and jurisdictional issues, impoundmaygdso require
MSHA permitting. In addition, an industrial siting permit will be regdifrom the State of Wyoming

to deal with socioeconomic impact. The air quality construction permit will likely require the most
time, but because there is a wealth of sitermation available, it is assumed that a waiver of air
quality monitoring and baseline data collection will be granted by the State.

It is anticipated that thair quality permitwould be grantedvithin 8 months. In thisase, rming

permits may become the critical path in the overall environmental permitting process. These permits
will need to be pregredearly inthe detailedengineering phase, as site layout and capacity
requirements must precede pond and well permit applications.

The industrial siting permit shoutgéquire no more than 6 months, subjectinial negotiation of
impact assistance money.

Engineering

The Engineering section of the implementation schedule consists of detailed engineering. The TEK-
KOL Engineering Team, 20 engineers with specialitiesn@chanical, civil, chemicaprocess,
electrical, instrumentation and computer control,aviérsee approximately $32 million or 300 man-
years worth of detailed plant engineering. The detailed engineering will be performed by MHI at the
MHI Engineering offices in Hiroshima, Japan. During this phase, the two teams will accomplish a
great deal.They will complete P&IDs and flow diagrams, specifications a@ada sheets, edine
diagrams of electrical substations, and conduit and wiring layouts. The teams will also perform early
identification of long lead items; soils mechanicisjl and structurablesign; mechanical design;
piping, instrument and controtiesign; and equipment selectioRinally, they will assemble bid
packages for equipment and construction.

Procurement

The Procurement section of the implementation schedule includes ordering, expediting and receiving
equipment and building materialBuring this phase, teamsiwbid equipmentind construction
contracts, expedite, accept delivery and inspect equipmevgrabeajor contracts for site civils and
foundations, plant erection, electrical/instrumentation, support buildings and structures, railroad and
track work and power line construction will minimize the number of construction contracts. Minor
contracts for HVAC, testing arféncing wil also be issued. Purchasindl wonsist of acquiring
equipment and executing contracts on lump sump prices as much as possible.
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Construction and Start-Up

The Construction section of the implementation schedule consists of the foundation, miscellaneous
civil and structural,installation of equipment, piping and electrieabrk. During this phase,
construction will bebroken intological packages, i.e., earthwork aadil, storage unitsiailroad

work, plant erection, electrical and instrumentation, foundations and buildings. The Project Manager
will be respondile for coordinating the various subcontractors. It is anticipated that approximately
$21 million will be required for constructiomanagement with 20 TEK-KOL engineers and
construction inspectors taking part in field purchasing, field engineering, assembly of equipment data
books, spare parts procurement and inventory, as-built drawings, and initial equipment testing.

The Plant Std-up section consists of precommissioning aothmissioning of plant equipment.

During this phase equipment is inspected for completeness on installation, leak tests are performed
where air/water tightness is required, valve and piping alignment is carried out, together with start-up
and checlout of machinery. Other topicsinclude responsiveness to local aetnhote control,
development and completion of punch lists, rotation of machinery, initial lube, receiving initial supply

of chemicals, setting up spare parts inventory, training of operators and vendor start-up assistance.

Conclusions

The primary constraints on thescheduleare the contracting strategy of Procurement and
Construction by a third party and the impact of the environmental permitting process. The overall
schedule has been shortened by starting several efforts concurrently: the environmental permitting
and projecfinancingefforts commence simultaneousbypcurement activities for long-lead items
commence during the detailed engineering stage and construction is "fast-tracked" while the detailed
design is still going on. The schedwdies on the experiences and lessons learned from construction
of the first near-commercial size LFC Plant at the Buckskin Mine by ENCOAL personnel.
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Figure 7.1: Commercial Plant Implementation Schedule
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Section 8.0 Project Economics
Overview

A solid economic basis for the investment is crucial to the development of an LFC Commercial Plant.
Capital costs, operating costs, product marketability and prices, and the impact of project financing
are major factors affecting plant economics. These topics are discussed and evaluated in this section
through the various case studies discussed below..

The base case for this Feasibility®y is the 15,000-metric-ton/day, three-unit North Rochelle LFC
Plant with an independent 80-MW cogeneration unit. Cogeneration is considered a corollary to the
design basis document because semifi quantities of fines will be produced in the large-scale LFC
Process, anghower generation and/agglomeration for later use are the mesbnomical
possibilities. However,commercial plant economics a@otinclude the cogeneration facility. Itis
assumed that the cogeneration unit is owned and operated by an independant third-party.

Project economics were calculated in two ways. First, the project was evaluated on a 100% equity
basis. Sensitivities toperatingcost, capital cost,revenue, tax credits and projeching were
calculated for the base case. Independently, the project was then evaluated for the impact of project
financing arrangements. The objective was to maximize the financeable debt ratio and determine the
resulting return on investment.

Capital Cost Estimate
Summary

Capitalcostsgreatly influenceproject economics, especially for a project as large as the three-unit
LFC Commercial Plant contemplated by this Study. One of the primary objectives of this study, then,
is to develop a reasonably accurapital cost estimate in order to determine the economic viability

of commercial LFC ventures.

Usingthe ENCOAL Plant design and newest available information as a base, the current estimates
are built from scratch and dwt rely onprevious estimates. The accuracy of some component
estimates is very close, while others such as CDL upgrading, PDF deactivation and finishing, are not
as accurate.While some inaccuraciestill exist, engineeringvork continues to refine capital
estimates. As shown in Section 9.0, overall project economics are not overly sensitive to variations
in capital estimates, which are well within sensitivities of +20%.

Table 8.1 is a summary of the capital costs for the base case three-unit LFC plant. The bottom line
capital cost for a full scale three module LFC plant is $475 million.
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Introduction

While several previous estimates were developed by ENCOAL and TEK-KOL, they were not used
for this Study. Instead, a design basis document for the engineering work was developed, and battery
limits for the project were defined in light of the North Rochelle Mine location.

Within the overall project limits, a subset battery limits outline de&loped for the division of work
between TEK-KOL andvHI. Essentially, MHI'sscope of workinvolved the LFC Plant and
structures, andEK-KOL's scope covered tHmlance othe off-sites, elddcal systemsgontrol

systems and P&IDs. Appropriate equipment estimatese developed; thenontingencies,
engineering and construction management were added to the estimate by taking a percentage of the
base capital.

Data

Sections 5.0, 6.0 and 7.0 describe in detail the basis for the capital estimate summarized in Table 8.1.
The information for individual pieces of equipment is based either on vendor engineering quotes or
actual purchases by tizeigler-affilliated companiesSome of the off-sitéacilities are based on
engineeringstudies done for thorth Rochelle Mine. For theLFC Plant andstructureestimate
developed by MHI, preliminaryngineering has been done and an estimate developed independently

in U.S. dollars. PDF quenching, deacimat cooling and finishing were added to the MHI estimate
according to the battery limits outline.

Some assumptions had to be madermceedwith the design and estimatingork; most of the
engineering assumptions are contained in the design basis documents. The following list also pertains
specifically to the capital cost estimates:

1. Construction management for the project will include MHI and TEK-KOL support
and a subcontractor. These costs are assumed to be 4% of total capital.

2. Engineering will bedone by a team of TEK-KOL engineers andc@ntract
engineering, procurement and construction group, like MHI, and is assumed to be 9%
of total capital.

3. The accuracy of the estimate doesrequire the addition afontingencies to the
single LFC plantotal capital. However, the estimate for @@mbination othree
units was made with less information than would have been prefered, so $10 million
is allowed for contingencies for this case.

4. The North Rochelle Mine is assumed to be in place and in production when the LFC
Commercial Plant construction commences.
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5. Design and constructionilivtake 36 months. A non-overlagix-month lead is
assumed for the design work.

6. All three LFC units are constructed at the same time.

7. The LFC plants are essentially stand-alone facilities but do rely on the mine for raw
coal storage, PDF loadout and water supply facilities.

Conclusions

A detailed capitatostestimate has been completed a three modulé5,000 méic ton-per-day
commercialLFC plant atthe NorthRochelle Mine in Wyoming'®owderRiver Basin. These
estimates are sufficiently accurate to support economic evaluations for a commercial plant venture,
including financial participation options. A list of assumptions specific to the capital cost estimates
has been presented.

Table 8.1: Capital Cost Summary

Item Capital Cost ($MM)
—————— —————————————— ————————————
Main LFC Facilites 31§
Support Facilities 37
Flue Gas Scrubbing 16
CDL Upgrading 1P
Environmental 0
Engineering & Other 15
Total ($MM) 475

Operating Cost Model
Summary
Economic benefits from an LFC Commercial plant are derived from the margin in value between a
raw, unprocessed coal and the upgraaediuctsmaking an LFC planiependent on theost of

feed coal. In fact, this e largest single operatimgstitem. For this study, market prices for
North Rochelle coal are used. The balance of the operating costs for the full-scale, three-unit LFC
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Commercial Plant are developed from scratch using the ENCOAL Plant as the basis. Labor rates and
productivity expectations are based on ENCOAL experience in Wyoming. Assumed to be a stand-
alone facility, the Commercial Plant does redy on the adjacent North Rochelle Mine for operating

or administrative assistance. The total estimated operating cost i#@®dftfeed coal including

the cost of feed coal, chemical supplies, maintenance and labor.

Introduction

A spreadsheet has been created to model the operating costs for the Commercial Plant. The model
is combined with the economics spreadsheet to eliminate hand entry of data from one model to the
other. Aninputdata sheet is provided fall costvariables. These variables are used to calculate
annual operating costs for the 30-year life of the project in an output data sheet. Project economics
and financial evaluationgse thisdatadirectly. In general, actualbsts forchemicalsparts and

supplies, labor and utilities are used from ENCOAL's operating experience. These are apportioned
on the basis of throughput, number of people, capital cost and other factors as appropriate to arrive
at the Commercial Plant costs.

Data
A summary of the cost categories is presented in Table 8.2. Permanent employment of 80 operating
techniciansand 22 staff is anticipated, and periodiontractassistance is allowed fanajor

turnarounds. Maintenance has been assumed to be 2.5% of the major installed equipment cost.

Table 8.2: Operating Costs at Full Production

Item Operating Cost ($MM/Year)
(Year 2001 Dollars)

—————— —————————————— ————————————
Feed Coal 26.0
Labor and Staff 7.2
Supplies and Services 9.2
Chemicals 5.4
Utilities and Fuel 4.4

Total Per Year ($SMM) 52.6
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Conclusions

A detailed evaluation ahe expected operating costs for thi-scale,three-unit plant has been
completed. A computemodel has been developed and integrated thigheconomicsnodel.
Comparison with previous estimates shows very good agreement, and the current estimate has been
independently developed based on the latest ENCOAL Plant operating experience.

Economic Assessment
Summary and Introduction

A financial model wagonstructedising a spreadsheet to evaludie project'sinancial viability.

The key measurements utilizéat internal evaluatiomre Internal Rate of Return (IRR) and Net
Present Value (NPV). The significant assumptions relating to the financial analyses are listed in Table
8.3. The term "base case" refers to the three-module plant with 15,000-metric tapdayy,
excluding thesynthetic fuetax credit (29c tax credit). The IRR and NPV are nsesisitive to

revenue and to a lesser degree, capital investment. Operating costs variations had only a slight effect
on IRR or NPV. Theinleveraged IRR on the base case of ardis¥d isencouraging given the
project's upfront capital requirements, long construction period, and 30-year project life. The project
does generatinpressive after-tax cash flows (ATCF's) with payback on the base case of less than

9 years from plant startup and cumulative ATCF's over 30 years, exceeding $2 billion.

The base case unleveraged IRR will change as capital costs and revenue estimates are refined. The
probability of eaching the 18% to 20%ange for IRR is good, given a combination of lower capital

costs and increased revenues. An increase in revenue of 10% coupled with a decrease in capital cost
of 10% would provide an unleveraged IRR in excess of 18%.

A possible upside tthe base case gilization ofthe non-conventiondlel tax creditcommonly
referred to as 29cThis tax credit is calculated by converting PDF and CDL to a Barrel of Oil
equivalent (BOE) base and thapplying arate per BOE. Thaddition of 29c to the base case
evaluation addsver 15% to theinleveraged IRR, and more than doubles the prdjBat. This
positive financial impact would ease the financing of the project, and add greatly to the potential of
building the first U.S. LFC Plant.

Conclusions

Overall, the base case loolsgirong on thebasis ofIRR and NPV with agood probability of
improvement as theapital and revenue estimata®refined. The ATCF'sreimpressive with a
payback period ofess than 9 years(SeeTable8.4) Theinputs to themodel thatare theleast
sensitive are the direct operating costs. fwenue is mostensitive variable, anthe capital is
somewhere in the middle. The ability of the project to qualify for the 29c tax credit is an unknown
and should be resolved in the near future. dVaduation is subject to normal market risks on the
revenue side with the chief area of opportunity being market values for the CDL product stream.
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Table 8.3
SIGNIFICANT ASSUMPTIONS

° Project has a 30-year life from commissioning.

° Project assumes power plant is constructed, owned, and operated by a third party.
° Discount rate 12% on after cash cash flows for NPV calculations.

° Utility market volume is 80%, steel industry 20% of total PDF volume.

° Escalation equals inflation (3%) for revenue.

° Initial capital costs for construction - $475 million.

° Construction timeframe - 20-24 months from notice to proceed.

° Regular tax rate for FIT (35%).

Table 8.4 Commercial Plant Economics Summary

Base Case

IRR - Unleveraged ~15%
NPV,, ~$169 Million
Total Capital Investment(Excludes Capitalized Interest) $475 Million
Operating Cost $9.00

$/Ton Feedstock

Payback Period 9 years
(Measured from Start-up)

Cumulative After Tax Cash Flow >$2 Billion
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Section 9.0 Project Risk Assessment
Technical Risk
Summary and Introduction

Throughoutthis report, thediscussions have made comparisonghi® existing 1,000-ton/day
ENCOAL Plant. This near-commercial-size plant was built and operated for the stated objective of
“furthering the development of commercial LFC plants.”" More than any other single factor, 4% years
of successful operation of the ENCOAL Plant reduce the risks in scaling up the LFC processing unit
to 5,000-metric tons/day. TEK-KOL believes the overall risk associated with the first commercial
plant is reasonably low and is willing to make process guarantees on that basis.

Factors Reducing Risk

A number of other factors reduce tieehnical risk associated withe commercialventure. The

ENCOAL Plant has been operationperiodically since Jun&992, and runs approaching @dys

have been achieved with availability of 9886 the planned run period. Most of the equipment used

in the ENCOAL Plant is commercially available with only minor modifications required to some units,

and there are no prototype finst-of-a-kind devices. The combination of processteps and
equipment is unique, as is the control system used for the LFC Process, and these elements have been
a resounding success at the ENCOAL Plant. More than 12,000 hours of operation have been logged
processing 219,000 tons of Buckskin coal. Saleable riftiped exceeds 75,500 tons and saleable

CDL exceeds 189 tank cars.

The capital and operatingpsts developed ithis FeasibiltiyStudy should béairly conservative.

They are basetleavily onthe ENCOAL Plantwhich went through a greateal of testing and
modification inthe early years. Thigesulted in more labor and maintenance effort than a
continuously operating commercial plant should require. Larger, more cost-effective equipment may
be available for some process steps when it is time to actually build the commercial plant. This has
not been considered in these estimates; instead, the current basis is the largest unit currently offered
by the ENCOAL Plant manufacturers. short, thecapital and operatingostshavenot been
optimized.

As pointedout in Section 5.3, capitalostsavingscould result from more extensive integration of

the LFC plant facilities with the ime or customer facilities depending on the LFC plant location and
timing of construction. lsome cases, the final rehydration and finishing steps may not be required,
improving product quality and lowering capital costs significantly. The solid product would have to
be inerted or used very quickly in this instance, since it would not be stable. These economics have
not been considered in this evaluation.
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The protection of intellectugroperty iscrucial to risk mitigation. It is TEK-KOL's intent to
maintain a licenseable package that has value to others. This is being done through patent protection
and development of a working proprietary control system.

Factors Increasing Risk

At the time of this Study, four areas require furtwerk to minimizerisk: the PDF deactivation

step, the PDHinishing step, CDLupgrading and use of the Midbmbined dryer/pyrolyzegrate.

All this work is currently underway, and equipment estimates for these process steps have been made
on the basis of engineering studies, pilot testing and vendor claims.

PDF deactivation has been shown to be an esgard@ss step in the ENCOAL Plant. A 6- by 30-

foot vibrating fluidized bed reactor built by Carrier Corporation is used in the ENCOAL Plant, and

it will only handle 50% of rated plant throughput. Ithe largest such unit made, and at 11 units for

the commercial plant, not a practical choice. The current estimate is based on a 142-foot diameter
Salem Furnace qggcent bed, but this is untested. Engineering studies are underway, and plans are
to test alternate equipment smwcomplish oxidative deactivation the laboratory and at the
ENCOAL Plant. Costs for the alternate equipment could go above or below the current estimate.

PDF finishing will occur in a humid-air contacting vessel and has been pilot tested at the ENCOAL
Plant. It has also been accomplished in a batch operation by outdoor pile layering, which has been
used to stabilize all the PDF shipped to ENCOAL's customers to date. The conditions required for
final PDF finishing are fairly well known. Currently, ENCOAL has located suitable equipment and
plans to modify the ENCOAL Plant in the next few months using a commercially available unit that
can be applied to the larger commercial plant.

CDL upgrading has been theélgect of engineering studies, and a laboratory pilot plant was used to
demonstrate process feasibility. The opierations in the process flow sheet, such as vacuum flash,
distillation and elvent extraction, are well demonstrated in the industry. The estimate used for this
Feasibility Study is factoredrom the estimatenade for a pyposed ENCOAL Plant modification
project.

Use of the MHI circulagrateinstead of the proveSalem Furnace Compagyatedesign entails

some risk. MHI has quenched coke with one of their grates for many years at the Toho Gas Works
in Nagoya, Japan, so mechanical reliability is not an issue. Other questions on the grate application
have been addressed bygineering studieshut several issues involvinghe processing of
nonagglomerating fine coal remain to be answered. To answer these and other questions, MHI has
built a pilot-size grate, and construction and testing will be complete by the end of 1997. There is a
significant cost advantage in using the single grate, and if necessary, Salem equipment can serve as
a fall back.

Many coals from around the world have been tested in the LFC Sample Production Unit at the TEK-
KOL Development Center in Perrysburg, Ohidhis pilot-scale unit has been calibrated to the
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ENCOAL Plant to give dependable answerstbe performance of various dsaprocessing
charactistics, except theffect of particle degradation. Some coals disintegrate when dried and
pyrolyzed in the LFC Process. The impact of such an event would be a marked increase in the fines
generated and possibly the requirement of an agglomeration step. While this would negatively affect
costs, it is a well-known technology.

Conclusions

TEK-KOL believes that on balance the technical risks are reasonable for the LFC Commercial Plant.
The factorsaffecting riskare fairly well known, and the ENCOAL Plant operatiegperience
provides overwhelming evidence tlaé basic LFC Technology works. TEK-KOL and its partners
plan to guarantee the LFC Process and equipment to alleviate potential investors' concerns.

Product Revenue Risk

The products' revenue risk centers around conformance with customer/market product specifications,
the stability of product revenue over time, and the credit worthiness of expected customer base.

Conformance with Customer Product Specifications

It has been proven that PDF will burn very well, and that PDF is anywhere from less dusty than, to
as dusty as ROM Powder River Basin coal. ENCOAL has also shown that it can produce stable PDF
through a ground-spreading technique, aamhmercial shipments d?DF stabilized using that
method showed no tendency towaelf-heating. A fastemechanical stabilizatioprocess has
recently beerproven in trials run athe ENCOAL Plant, and @aommercial-sized version is
incorporated into the design of the LFC Commercial Plant.

CDL Specification Conformance

While development of the CDL products is still in tegly stages, it is possible, even conservatively,
to predict considerable potential in marketing these products.

1. Crude cresylic acid - It is possible that the percentage of useful cresylics in the crude
cresylic acid fraction could vary as a result of feedstock variability or fluctuations in
process conditions. The value of the crude cresylic acid will be directly related to the
concentrations of useful cresylics contained.

2. Pitch - This product is not expected to meet the specifications for finished anode pitch
on its own. Since it W be a blend material, any deviation frothe targeted
specifications will reduce the portion of the blend made up of CDL pitch.

3. RefineryFeedstock - The biggest risk associated Witk product iskeeping the
oxygen level low. ltjh oxygen imotdesirable irmostrefinery processes and the
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value could besubstantially affected if it ieot possible to sufficientljower the
oxygen through the solvent extraction process.

4. OxygenatedMiddle Fraction -For purposes athis Study, thigoroducthas been
valued based on a fuel application. The major risk of specifications nonconformance
would be in the area of compatibility with other residual fuels. This risk area could
be overcome by working with customers to develop systensedgoegate this
material. There W probably begreater potential associatedth this product as
catechol producers are identified and contacted. It should be noted that because of
this risk, an extremely low price of $5.50/bbl has been assumed.

Stability of Product Revenue Over Time

The key to creating stable product revenue over time is to develop long-term contractual relationships
with specific custorars. It isbelieved thatthe majority of the revenue stream can be made
predictable through long-term contracts. The product streams in particular that could be long-term
contracted are PDF (utility market and metallurgical market), crude cresylic acid and pitch.

PDF

Historically, high percentages (70-80%) of the total coal sold toutiieéy sectorhas been under
long-term contract. With utility deregulation on the horizon, utilities have increased the portion of
purchases made undgrort-term agreements ahdve generallghortened the contracting period

for their longer term commitments. The averagéty's objective is tokeep the cost of coal
purchased in line with market cost. Most of the PDF can be sold under long-term contract, but any
contract will likely haveperiodic market reopeners. Therefore, PDF revenue over time will roughly
track the value of competitive coals in the market place, which does fluctuate over time. The risk for
the PDF portion of the revenue stream would be comparable to the price risk associated with a new
coal mine.

CDL Products

Much remains to be learnebout the product markets of threlustries thathe CDL distilled
product wll be sold into. Decliningcoke oven production ovéime should lead téower crude
cresylic acid and pitclavailability; this should translate into a stable market apaardprice
pressures for those CDL distillatioropucts. Sales of both of these products under long-term sales
agreements should be possible.

The market for theefineryfeedstock should be a commodity priced market subject to short-term

price fluctuations. Future pricing for this product should track price fluctuations in crude oil and gas
oil.
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If the oxygenated middle distillate is sold as a fuel (potentially its lowest value) it should be possible
to sell under long-term contracts, but product pricing would probably be subject to a market pricing
mechanism for comparable fuels.

Financial Risk

A preliminary review ofihancial risk indicates that the three-module, 15,000-metric ton/day facility
referred to as the base case will be an investgrawte project. The project has an unleveraged IRR
in the 15%range. On a leveragdmsisthe project IRR vl mostlikely be between 25 and 30%
depending orthe project's debt capacitiltilizing a debt coverage ratio hurdle of 1lamd a
borrowing rate of 8.25%, the debt equity ratio will probably settle between 65 and 80%.

The project will definitely be viewed as "new technology” by the figduscommunity given the 5-to-1

scale up; however, the large-scale demonstratiashate at the ENCOAIPIant is certainly an
advantage. When financing is arranged, it is expected that the tenure of the debt will range between
8 and 10 years with the total door-to-door debt financing in the 14 to 15 year range. Given the long
tenure required for thigroject, the mosdlikely lenders Wi be the export crediagencies and the
export/import banks. These lenders offer below-market rates and significant percentage of project
financing.

Overall, the ability to finance thegject is high, and considerable effort will be expended to allocate
project risk in such a way as to attract quality debt financing.
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ASME American Society of Mechanical Engineers

BS&W Basic Sediment & Water

Btu British Thermal Units

CDL Coal Derived Liquid

CH, Methane

CO Carbon Monoxide

CO, Carbon Dioxide

DOE U.S. Department of Energy

ENCOAL ENCOAL Corporation, wholly-owned subsidiary of
Bluegrass Coal Development Company

ESP Electrostatic Precipitators

oF Degrees Fahrenheit

ft. Feet

ft.2 Square Feet

HP Horsepower

H,O Water

H,S Hydrogen Sulfide

in. Inches

Kellogg The M. W. Kellogg Company

Ib/hr Pounds per Hour

LFC Technology Liquid From Coal Technology

MM Btu/hr Million British Thermal Units per Hour

Max Maximum

MSHA Mine Safety and Health Administration

NOy Nitrogen Oxides

O, Oxygen

PDF Process Derived Fuel

PLC Programmable Logic Controller

% Percent

pH Measure of alkalinity and acidity on a scale of 0 to 14

psia Pounds per Square Inch Absolute

psig Pounds per Square Inch Gauge

RPM Rotations per Minute

SMC SMC Mining Companyrenamed Bluegrass Coal Development
Company, wholly owned subsidiary of Zeigler Coal Holding Company

SO, Sulfur Dioxide

SO, Sulfur Oxides

turnkey Subcontracting method that includes design, furnishing and installation
responsibility

vol Volume

GLOSSARY
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