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Abstract

The Liquid Phase Methanol (LPMEOH™) Demonstration Project at Kingsport, Tennessee,
is a $213.7 million cooperative agreement between the U.S. Department of Energy (DOE)
and Air Products Liquid Phase Conversion Company, L.P. (the Partnership) to produce
methanol from coal-derived synthesis gas (syngas). Air Products and Chemicals, Inc. (Air
Products) and Eastman Chemical Company (Eastman) formed the Partnership to execute the
Demonstration Project. The LPMEOH™ Process Demonstration Unit was built at a site
located at the Eastman coal-to-chemicals complex in Kingsport.

During this quarter, initial planning and procurement work continued on the seven project
sites which have been accepted for participation in the off-site, product-use test program.
Approximately 12,000 gallons of fuel-grade methanol (98+ wt% methanol, <1 wt% water)
produced during operation on carbon monoxide (CO)-rich syngas at the LPMEOH™
Demonstration Unit was loaded into trailers and shipped off-site for future product-use
testing. At one of the projects, three buses have been tested on chemical-grade methanol and
on fuel-grade methanol from the LPMEOH™ Demonstration Project.

During the reporting period, planning for a proof-of-concept test run of the Liquid Phase
Dimethyl Ether (LPDME™) Process at the Alternative Fuels Development Unit (AFDU) in
LaPorte, TX continued. The commercial catalyst manufacturer (Calsicat) has prepared the
first batch of dehydration catalyst in large-scale equipment. Air Products will test a sample
of this material in the laboratory autoclave.

Catalyst activity, as defined by the ratio of the rate constant at any point in time to the rate constant
for freshly reduced catalyst (as determined in the laboratory autoclave), was monitored for the initial
extended operation at the lower initial reactor operating temperature of 235°C. At this condition,
the decrease in catalyst activity with time from the period 20 December 1997 through 27 January
1998 occurred at a rate of 1.0% per day, which represented a significant improvement over the 3.4%
per day decline measured during the initial six weeks of operation in April and May of 1997. The
deactivation rate also improved from the longer-term rate of 1.6% per day calculated throughout the
summer and autumn of 1997.

Based on this improvement, DOE accepted a recommendation by Air Products and Eastman to
further reduce the reactor temperature to 225°C. The initial operation at this temperature (from 31
January through 18 February 1998) showed a modest improvement in the deactivation rate to 0.7%
per day. However, most of the activity decline occurred during a test period on CO-rich feed gas
and immediately after an interruption in the Balanced Gas supply at the end of that test case.

During two additional stable operating periods between 19 February and 31 March 1998,
deactivation rates of 0.27% and 0.36% per day were measured. A discontinuity occurred in the data
on 15 March 1998, again coincidental with an excursion in the Balanced Gas supply. If the current
results prove to be correct, the current baseline activity decline of about 0.4% per day matches the
original target from the 4-month proof-of concept run on a natural-gas derived syngas at the LaPorte
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AFDU. Additional operating time is necessary to further quantify the catalyst deactivation rate and
the effects of operating conditions and syngas supply excursions.

The weight of catalyst in the LPMEOHTM Reactor has reached 67% of the design value, and the
slurry concentration approached 40 wt%. Catalyst shurry samples from the LPMEOH™ Reactor

have been taken on a regular basis to correlate any change in plant performance with changes in the
physical properties of the catalyst. So far, samples from mid-February and mid-March of 1998 have
shown an increase in arsenic loading, although not nearly to the levels measured in the summer of
1997. Copper crystallite size measurements are still pending, as are analyses from more recent
samples which will help complete the picture. )

The performance of the alternative gas sparger, which was designed by Air Products and
installed into the LPMEOH™ Reactor prior to the restart of the LPMEOH™ Demonstration

Unit in December of 1997, was monitored throughout the reporting period. Pressure drop
through the gas sparger was stabilized using a continuous flush of condensed oil and
entrained slurry which were gravity-drained from downstream process equipment. As with
the original gas sparger design, the return of the internal oil and slurry streams via the flush
connection was required to stabilize the pressure drop after extended interruptions of the
flush fluid. When compared to the original gas sparger, the alternative gas sparger may have
greater flexibility in maintaining stable pressure drop after interruptions of the syngas
supply; this may also be a result of greater attention to achieving a proper standby condition
during shutdowns. The most recent results provide an initial confirmation of the
encouraging data reported for the first two weeks of operation at the end of the prior
reporting period.

The Alternative Fuels Field Test Unit (AFFTU), a transportable laboratory equipped with an
autoclave and analytical equipment, was shipped from the Air Products’ Iron Run laboratory
in Allentown, PA to Kingsport to perform additional testing on the reactor feed gas at the

site. Performance results from the 31-day campaign on coal-derived syngas at Kingsport
were generally consistent with other laboratory experiments on poison-free syngas. A post-
mortem analysis on the catalyst revealed no unusual levels of catalyst poisons or significant
changes in catalyst physical properties. The AFFTU test concluded on 20 January 1998, and
the equipment was returned to the Air Products’ Iron Run laboratory.

During the reporting period, a total of 5,762,047 gallons of methanol was produced at the
LPMEOH™ Demonstration Unit. Apart from 12,000 gallons shipped off-site for product-
use testing, Eastman accepted all of this methanol for use in the production of methyl
acetate, and ultimately cellulose acetate and acetic acid. During a portion of the operating
period on CO-tich syngas, approximately 181,800 gallons (600 tons) of stabilized methanol
(99.3 wt% methanol, 0.3 wt% water) was utilized directly from the LPMEOH™
Demonstration Unit in Eastman’s methy] acetate plant, bypassing the normal route through
the distillation equipment which is designed to remove water, higher alcohols, and process
oil. This provides another indication of the flexibility of the LPMEOH™ Process. No
safety or environmental incidents were reported during this quarter. Availability exceeded
99%, as the demonstration unit continued to operate through the longest continuous
campaign to date (45 days) as of 31 March 1998.
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Ninety-nine percent (99%) of the $38 million of funds forecast for the Kingsport portion of
the LPMEOH™ Process Demonstration Project for the Phase 1 and Phase 2 tasks have been

expended (as invoiced), as of 31 March 1998. Nineteen percent (19%) of the $158 million
of funds for the Phase 3 tasks have been expended (as invoiced), as of 31 March 1998.
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ACRONYMS AND DEFINITIONS

Acurex

Air Products
AFDU
AFFTU
Balanced Gas

Carbon Monoxide Gas -
Catalyst Age (1 - eta) -

Catalyst Concentration -

Catalyst Loading -

CO Conversion

Crude Grade Methanol -

DME

DOE

DOE-FETC

DOE-HQ

DTP

DVT

Eastman

EIV

EMP

EPRI

FFV

Fresh Feed

Gas Holdup

Gassed Slurry
Height

HAPs

Hydrogen Gas

IGCC

IGCC/OTM

Inlet Superficial
Velocity

K
KSCFH
LaPorte PDU

LPDME™
LPMEOH™

M35
MeOH

Methanol Productivity -

MTBE
MW

NEPA
OSHA

p

Acurex Environmental Corporation

Air Products and Chemicals, Inc.

Alternative Fuels Development Unit - The “LaPorte PDU”

Alternative Fuels Field Trailer Unit

A syngas with a composition of hydrogen (H,), carbon monoxide (CO), and
carbon dioxide (CO,) in stoichiometric balance for the production of methanol
A syngas containing primarily carbon monoxide (CO); also called CO Gas

the ratio of the rate constant at any point in time to the rate constant for a freshly reduced
catalyst (as determined in the laboratory autoclave)

Synonym for Slurry Concentration

Synonym for Sturry Concentration

the percentage of CO consumed across the reactor

Underflow from rectifier column (29C-20), defined as 80 wt% minimum purity;
requires further distillation in existing Eastman equipment prior to use

dimethyl ether

United States Department of Energy

The DOE's Federal Energy Technology Center (Project Team)

The DOE's Headquarters - Coal Fuels and Industrial Systems (Project Team)
Demonstration Test Plan - The four-year Operating Plan for Phase 3, Task 2 Operation
Design Verification Testing

Eastman Chemical Company

Environmental Information Volume

Environmental Monitoring Plan

Electric Power Research Institute

flexible fuel vehicle

sum of Balanced Gas, H, Gas, and CO Gas

the percentage of reactor volume up to the Gassed Slurry Height whlch is gas

height of gassed slurry in the reactor

Hazardous Air Pollutants

A syngas containing an excess of hydrogen (H,) over the stoichiometric balance for

the production of methanol; also called H, Gas

Integrated Gasification Combined Cycle, a type of electric power generation plant

An IGCC plant with a "Once-Thru Methanol" plant (the LPMEOH™ Process) added-on

the ratio of the actual cubic feet of gas at the reactor inlet (calculated at the reactor
temperature and pressure) to the reactor cross-sectional area (excluding the area contribution
by the internal heat exchanger); typical units are feet per second

Sparger resistance coefficient (term used in calculation of pressure drop)

Thousand Standard Cubic Feet per Hour

The DOE-owned experimental unit (PDU) located adjacent to Air Products’ industrial
gas facility at LaPorte, Texas, where the LPMEOH™ process was successfully piloted
Liquid Phase DME process, for the production of DME as a mixed coproduct with
methanol

Liquid Phase Methanol (the technology to be demonstrated)

a fuel blend of 85 volume percent methanol and 15 volume percent unleaded gasoline
methanol

the gram-moles of methanol produced per hour per kilogram catalyst (on an oxide basis)
methyl tertiary butyl ether

molecular weight, pound per pound mole

National Environmental Policy Act

Occupational Safety and Health Administration

density, pounds per cubic foot
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ACRONYMS AND DEFINITIONS (cont’d)

Partnership
PDU

PFD

ppbv
ppmw
Project

psi

psia

psig

P&ID

Raw Methanol

Reactor Feed
Reactor O-T-M
Conversion

Reactor Volumetric

Productivity

Recycle Gas

Air Products Liquid Phase Conversion Company, L.P.

Process Development Unit

Process Flow Diagram(s)

parts per billion (volume basis)

parts per million (weight basis)

Production of Methanol/DME Using the LPMEOH™ Process at an
Integrated Coal Gasification Facility

Pounds per Square Inch

Pounds per Square Inch (Absolute)

Pounds per Square Inch (gauge)

Piping and Instrumentation Diagram(s)

sum of Refined Grade Methanol and Crude Grade Methanol; represents total methanol
which is produced after stabilization

sun of Fresh Feed and Recycle Gas

percentage of energy (on a lower heating value basis) in the Reactor Feed converted to
methanol (Once-Through-Methanol basis)

the quantity of Raw Methanol produced (tons per day) per cubic foot of reactor volume
up to the Gassed Slurry Level
the portion of unreacted syngas effluent from the reactor “recycled” as a feed gas

Refined Grade Methanol - Distilled methanol, defined as 99.8 wt% minimum purity; used directly in downstream

SCFH

Slurry Concentration -

Slhr-kg
Syngas

Syngas Utilization -

Synthesis Gas

Tie-in(s)

TPD
v
voC
WBS
wt

Eastman processes

Standard Cubic Feet per Hour

percentage of weight of slurry (solid plus liquid) which is catalyst (on an oxide basis)
Standard Liter(s) per Hour per Kilogram of Catalyst

Abbreviation for Synthesis Gas

defined as the number of standard cubic feet of Balanced Gas plus CO Gas to the
LPMEOH™ Demonstration Unit required to produce one pound of Raw Methanol

A gas containing primarily hydrogen (H,) and carbon monoxide (CO), or mixtures of
H, and CO; intended for "synthesis" in a reactor to form methanol and/or other
hydrocarbons (synthesis gas may also contain CO,, water, and other gases)

the interconnection(s) between the LPMEOH™ Process Demonstration

Facility and the Eastman Facility

Ton(s) per Day

volumetric flowrate, thousand standard cubic feet per hour

volatile organic compound

Work Breakdown Structure

weight
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Executive Summary

The Liquid Phase Methanol (LPMEOH™) Demonstration Project at Kingsport, Tennessee,
is a $213.7 million cooperative agreement between the U.S. Department of Energy (DOE)
and Air Products Liquid Phase Conversion Company, L.P. (the Partnership) to produce
methanol from coal-derived synthesis gas (syngas). Air Products and Chemicals, Inc. (Air
Products) and Eastman Chemical Company (Eastman) formed the Partnership to execute the
Demonstration Project. The LPMEOH™ Process Demonstration Unit was designed,
constructed, and is in operation at a site located at the Eastman coal-to-chemicals complex in
Kingsport.

On 04 October 1994, Air Products and Eastman signed the agreements that would form the
Partnership, secure the demonstration site, and provide the financial commitment and overall
project management for the project. These partnership agreements became effective on 15
March 1995, when DOE authorized the commencement of Budget Period No. 2
(Modification No. A008 to the Cooperative Agreement). The Partnership has subcontracted
with Air Products to provide the overall management of the project, and to act as the primary
interface with DOE. As subcontractor to the Partnership, Air Products provided the
engineering design, procurement, construction, and commissioning of the LPMEOH™
Process Demonstration Unit, and is providing the technical and engineering supervision
needed to conduct the operational testing program required as part of the project. As
subcontractor to Air Products, Eastman is responsible for operation of the LPMEOH™
Process Demonstration Unit, and for the interconnection and supply of syngas, utilities,
product storage, and other needed services.

The project involves the operation of an 80,000 gallons per day (260 tons per day (TPD))
methanol unit utilizing coal-derived syngas from Eastman’s integrated coal gasification
facility. The new equipment consists of syngas feed preparation and compression facilities,
the liquid phase reactor and auxiliaries, product distillation facilities, and utilities.

The technology to be demonstrated is the product of a cooperative development effort by Air
Products and DOE in a program that started in 1981. Developed to enhance electric power

generation using integrated gasification combined cycle (IGCC) technology, the LPMEOH™

process is ideally suited for directly processing gases produced by modern day coal gasifiers.
Originally tested at a small, DOE-owned experimental unit in LaPorte, Texas, the
technology provides several improvements essential for the economic coproduction of
methanol and electricity directly from gasified coal. This liquid phase process suspends fine
catalyst particles in an inert liquid, forming a slurry. The slurry dissipates the heat of the
chemical reaction away from the catalyst surface, protecting the catalyst and allowing the
methanol synthesis reaction to proceed at higher rates.

At the Eastman complex, the technology is integrated with existing coal gasifiers. A
carefully developed test plan will allow operations at Eastman to simulate electricity demand
load-following in coal-based IGCC facilities. The operations will also demonstrate the
enhanced stability and heat dissipation of the conversion process, its reliable on/off
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operation, and its ability to produce methanol as a clean liquid fuel without additional
upgrading. An off-site, product-use test program will be conducted to demonstrate the
suitability of the methanol product as a transportation fuel and as a fuel for stationary
applications for small modular electric power generators for distributed power.

The four-year operating test phase and off-site product-use test program will demonstrate the
commercial viability of the LPMEOH™ process and allow utilities to evaluate the
application of this technology in the coproduction of methanol with electricity. A typical
commercial-scale IGCC coproduction facility, for example, could be expected to generate
200 to 350 MW of electricity, and to also manufacture 45,000 to 300,000 gallons per day of
methanol (150 to 1,000 TPD). A successful demonstration at Kingsport will show the
ability of a local resource (coal) to be converted in a reliable (storable) and environmentally
preferable way to provide the clean energy needs of local communities for electric power
and transportation.

This project may also demonstrate the production of dimethy] ether (DME) as a mixed
coproduct with methanol if laboratory- and pilot-scale research and market verification

studies show promising results. If implemented, the DME would be produced during the
last six months of the four-year demonstration period. DME has several commercial uses.
In a storable blend with methanol, the mixture can be used as a peaking fuel in gasification-
based electric power generating facilities, or as a diesel engine fuel. Blends of methanol and
DME can be used as chemical feedstocks for synthesizing chemicals, including new
oxygenated fuel additives.

The project was reinitiated in October of 1993, when DOE approved a site change to the
Kingsport location. DOE conditionally approved the Continuation Application to Budget
Period No. 2 (Design and Construction) in March of 1995 and formally approved iton 01
June 1995 (Modification No. M009). After approval, the project initiated Phase 1 - Design -
activities. Phase 2 - Construction - activities were initiated in October of 1995. The project
required review under the National Environmental Policy Act (NEPA) to move to the
construction phase. DOE prepared an Environmental Assessment (DOE/EA-1029), and
subsequently a Finding of No Significant Impact (FONSI) was issued on 30 June 1995. The
Cooperative Agreement was modified (Modification No. A011) on 08 October 1996,
authorizing the transition from Budget Period No. 2 (Design and Construction) to the final
Budget Period (Commissioning, Start-up, and Operation). This modification provides the
full $213,700,000 of authorized funding, with 56.7% participant cost share and 43.3% DOE

cost share,

During this quarter, initial planning and procurement work continued on the seven project
sites which have been accepted for participation in the off-site, product-use test program.
Approximately 12,000 gallons of fuel-grade methanol (98+ wt% methanol, <1 wt% water)
produced during operation on carbon monoxide (CO)-rich syngas at the LPMEOH™
Demonstration Unit was loaded into trailers and shipped off-site for future product-use
testing. At one of the projects, three buses have been tested on chemical-grade methanol and
on fuel-grade methanol from the LPMEOH™ Demonstration Project. At two other project
sites (a flexible fuel vehicle and a fuel cell application), testing on fuel-grade methanol from
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the LPMEOH™ Demonstration Project is scheduled for the second quarter of calendar year
1998.

During the reporting period, planning for a proof-of-concept test run of the Liquid Phase
Dimethyl Ether (LPDME™) Process at the Alternative Fuels Development Unit (AFDU) in
LaPorte, TX continued. The commercial catalyst manufacturer (Calsicat) has prepared the
first batch of dehydration catalyst in large-scale equipment. Air Products will test a sample
of this material in the laboratory autoclave.

Catalyst activity, as defined by the ratio of the rate constant at any point in time to the rate constant
for freshly reduced catalyst (as determined in the laboratory autoclave), was monitored for the initial

extended operation at the lower initial reactor operating temperature of 235°C. At this condition,
the decrease in catalyst activity with time from the period 20 December 1997 through 27 January
1998 occurred at a rate of 1.0% per day, which represented a significant improvement over the 3.4%
per day decline measured during the initial six weeks of operation in April and May of 1997. The
deactivation rate also improved from the longer-term rate of 1.6% per day calculated throughout the
summer and autumn of 1997.

Based on this improvement, DOE accepted a recommendation by Air Products and Eastman to
further reduce the reactor temperature to 225°C. The initial operation at this temperature (from 31
January through 18 February 1998) showed a modest improvement in the deactivation rate to 0.7%
per day. However, most of the activity decline occurred during a test period on CO-rich feed gas
and immediately after an interruption in the Balanced Gas supply at the end of that test case. This
observation more likely indicated a real change in catalyst activity, and this type of behavior seems
to have occurred after other excursions in the Balanced Gas supply. During two additional stable
operating periods between 19 February and 31 March 1998, deactivation rates of 0.27% and 0.36%
per day were measured. A discontinuity occurred in the data on 15 March 1998, again coincidental
with an excursion in the Balanced Gas supply. If the current results prove to be correct, the current
baseline activity decline of about 0.4% per day is a measurable improvement over the 1% per day
rate seen at 235°C in January of 1998 and matches the original target from the 4-month proof-of
concept run on a natural-gas derived syngas at the LaPorte AFDU. Additional operating time is
necessary to further quantify the catalyst deactivation rate and the effects of operating conditions
and syngas supply excursions.

The weight of catalyst in the LPMEOH™ Reactor has reached 67% of the design value, and the
slurry concentration approached 40 wt% . Catalyst slurry samples from the LPMEOH™ Reactor
have been taken on a regular basis to correlate any change in plant performance with changes in the
physical properties of the catalyst. So far, samples from mid-February and mid-March of 1998 have
shown an increase in arsenic loading, although not nearly to the levels measured in the summer of
1997. Copper crystallite size measurements are still pending, as are analyses from more recent
samples which will help complete the picture.

The performance of the alternative gas sparger, which was designed by Air Products and
installed into the LPMEOH™ Reactor prior to the restart of the LPMEOH™ Demonstration
Unit in December of 1997, was monitored throughout the reporting period. Pressure drop
through the gas sparger of the LPMEOH™ Reactor was stabilized using a continuous flush
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of condensed oil and entrained slurry which were gravity-drained from the 29C-05
secondary oil knock-out drum and 29C-06 cyclone. As with the original gas sparger design,
the return of the internal oil and slurry streams via the flush connection was required to
stabilize the pressure drop after extended interruptions of the flush fluid. When compared to
the original gas sparger, the alternative gas sparger may have greater flexibility in
maintaining stable pressure drop after interruptions of the syngas supply; this may also be a
result of greater attention to achieving a proper standby condition during shutdowns. The
most recent results provide an initial confirmation of the encouraging data reported for the
first two weeks of operation at the end of the prior reporting period. This parameter will
continue to be closely monitored for any change in flow resistance.

The Alternative Fuels Field Test Unit (AFFTU), a transportable laboratory equipped with an
autoclave and analytical equipment, was shipped from the Air Products’ Iron Run laboratory
in Allentown, PA to Kingsport to perform additional testing on the reactor feed gas at the
site. Analytical results from the AFFTU showed less than 10 ppbv concentrations of metal
carbonyls and hydrogen sulfide within the reactor loop. Carbonyl sulfide was typically less
than 10 ppbv in the loop, but occasionally drifted higher; these excursions could not be
correlated with any changes in the feed gas cleanup operations upstream of the LPMEOH™
facility. Performance results from the 31-day campaign on coal-derived syngas at Kingsport
were generally consistent with other laboratory experiments on poison-free syngas. A post-
mortem analysis on the catalyst revealed no unusual levels of catalyst poisons or significant
changes in catalyst physical properties. The AFFTU test concluded on 20 January 1998, and
the equipment was returned to the Air Products’ Iron Run laboratory.

During the reporting period, a total of 5,762,047 gallons of methanol was produced at the
IPMEOH™ Demonstration Unit. Apart from 12,000 gallons shipped off-site for product-
use testing, Eastman accepted all of this methanol for use in the production of methyl
acetate, and ultimately cellulose acetate and acetic acid. During a portion of the operating
period on CO-rich syngas, approximately 181,800 gallons (600 tons) of stabilized methanol
(99.3 wt% methanol, 0.3 wt% water) was pumped directly from the LPMEOH™
Demonstration Unit to Eastman’s methy] acetate plant, bypassing the normal route through
the distillation equipment designed to remove water, higher alcohols, and process oil. This
test was the first attempt to feed a stabilized methanol stream with low water content directly
into one of Eastman’s downstream chemical processes, providing another indication of the

flexibility of the LPMEOH™ Process. No safety or environmental incidents were reported

during this quarter. Availability exceeded 99%, as the demonstration unit continued to
operate through the longest continuous campaign to date (45 days) as of 31 March 1998.

Ninety-nine percent (99%) of the $38 million of funds forecast for the Kingsport portion of
the LPMEOH™ Process Demonstration Project for the Phase 1 and Phase 2 tasks have been
expended (as invoiced), as of 31 March 1998. Nineteen percent (19%) of the $158 million
of funds for the Phase 3 tasks have been expended (as invoiced), as of 31 March 1998.
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A. Introduction

The Liquid Phase Methanol (LPMEOH™) demonstration project at Kingsport, Tennessee, is
a $213.7 million cooperative agreement between the U.S. Department of Energy (DOE) and
Air Products Liquid Phase Conversion Company, L. P. (the Partnership). Air Products and
Chemicals, Inc. (Air Products) and Eastman Chemical Company (Eastman) formed the
Partnership to execute the Demonstration Project. A demonstration unit producing 80,000
gallons per day (260 TPD) of methanol was designed, constructed, and is operating at a site
located at the Eastman complex in Kingsport. The Partnership will own and operate the
facility for the four-year demonstration period.

This project is sponsored under the DOE's Clean Coal Technology Program, and its primary
objective is to “demonstrate the production of methanol using the LPMEOH™ Process in
conjunction with an integrated coal gasification facility.” The project will also demonstrate
the suitability of the methanol produced for use as a chemical feedstock or as a low-sulfur
dioxide, low-nitrogen oxides alternative fuel in stationary and transportation applications.
The project may also demonstrate the production of dimethyl ether (DME) as a mixed
coproduct with methanol, if laboratory- and pilot-scale research and market verification

studies show promising results. If implemented, the DME would be produced during the
last six months of the four-year demonstration period.

The LPMEOH™ process is the product of a cooperative development effort by Air Products
and the DOE in a program that started in 1981. It was successfully piloted at a 10-TPD rate
in the DOE-owned experimental unit at Air Products' LaPorte, Texas, site. This
demonstration project is the culmination of that extensive cooperative development effort.

B. Project Description

The demonstration unit, which occupies an area of 0.6 acre, is integrated into the existing
4,000-acre Eastman complex located in Kingsport, Tennessee. The Eastman complex
employs approximately 12,000 people. In 1983, Eastman constructed a coal gasification
facility utilizing Texaco technology. The synthesis gas (syngas) generated by this
gasification facility is used to produce carbon monoxide and methanol. Both of these
products are used to produce methyl acetate and ultimately cellulose acetate and acetic acid.
The availability of this highly reliable coal gasification facility was the major factor in
selecting this location for the LPMEOH™ Process Demonstration. Three different feed gas
streams (hydrogen gas, carbon monoxide gas, and balanced gas) will be diverted from
existing operations to the LPMEOH™ Demonstration Unit, thus providing the range of coal-
derived syngas ratios (hydrogen to carbon monoxide) needed to meet the technical
objectives of the demonstration project.

For descriptive purposes and for design and construction scheduling, the project has been
divided into four major process areas with their associated equipment:

e Reaction Area - Syngas preparation and methanol synthesis reaction equipment.
e Purification Area - Product separation and purification equipment.
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e Catalyst Preparation Area - Catalyst and slurry preparation and disposal equipment.
e Storage/Utility Area - Methanol product, slurry, and oil storage equipment.

The physical appearance of this facility closely resembles the adjacent Eastman process
plants, including process equipment in steel structures.

e Reaction Area

The reaction area includes feed gas compressors, catalyst guard beds, the reactor, a steam
drum, separators, heat exchangers, and pumps. The equipment is supported by a matrix of
structural steel. Thie most salient feature is the reactor, since with supports, it is
approximately 84-feet tall.

e Purification Area

The purification area features two distillation columns with supports; one is approximately
82-feet tall, and the other 97-feet tall. These vessels resemble the columns of the
surrounding process areas. In addition to the columns, this area includes the associated
reboilers, condensers, air coolers, separators, and pumps.

e Catalyst Preparation Area

The catalyst preparation area consists of a building with a roof and partial walls, in which
the catalyst preparation vessels, slurry handling equipment, and spent slurry disposal
equipment are housed. In addition, a hot oil utility system is included in the area.

o Storage/Utility Area

The storage/utility area includes two diked lot-tanks for methanol, two tanks for oil storage,
a slurry holdup tank, a trailer loading/unloading area, and an underground oil/water
separator. A vent stack for safety relief devices is located in this area.

C. Process Description

The LPMEOH™ Demonstration Unit is integrated with Eastman's coal gasification facility.
A simplified process flow diagram is included in Appendix A. Syngas is introduced into the
slurry reactor, which contains a slurry of liquid mineral oil with suspended solid particles of
catalyst. The syngas dissolves through the mineral oil, contacts the catalyst, and reacts to
form methanol. The heat of reaction is absorbed by the slurry and is removed from the
slurry by steam coils. The methanol vapor leaves the reactor, is condensed to a liquid, sent
to the distillation columns for removal of higher alcohols, water, and other impurities, and is
then stored in the day tanks for sampling before being sent to Eastman's methanol storage.
Most of the unreacted syngas is recycled back to the reactor with the syngas recycle
compressor, improving cycle efficiency. The methanol will be used for downstream

feedstocks and in off-site, product-use testing to determine its suitability as a transportation
fuel and as a fuel for stationary applications in the power industry.
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D. Results and Discussion

The project status is reported by task, covering those areas in which activity took place
during the reporting period. Major accomplishments during this period are as follows:

D.1 Off-Site Testing (Product-Use Demonstration)
Discussion

The product-use test program, developed in 1992 to support the demonstration at the original
Cool Water Gasification Facility site, became outdated due in large part to changes within
the power and chemical industries. This original product test program under-represented
new utility dispersed electric power developments, and possibly new mobile transport
engine developments. The updated product-use test program attempts for broader market
applications and for commercial fuels comparisons. The objective of the product-use test
program is to demonstrate commercial market applications for the “as produced” methanol
as a replacement fuel and as a fuel supplement. Fuel economics will be evaluated for the “as
produced” methanol for use in municipal, industrial, and utility applications and as fuel
supplements for gasoline, diesel, and natural gas. These fuel evaluations will be based on

the U.S. energy market needs projected during the 1998 to 2018 time period when the
LPMEOH™ technology is expected to be commercialized.

The product-use test program has been developed to enhance the early commercial
acceptance of central clean coal technology processing facilities, coproducing electricity and
methanol to meet the needs of the local community. One of the advantages of the
LPMEOH™ Process for coproduction from coal-derived syngas is that the as-produced,
stabilized (degassed) methanol product is of unusually high quality (e.g. less than 1 wt%
water) which may be suitable for the premium fuel applications. When compared to
conventional methanol synthesis processes, cost savings (10 to 15%) of several cents per
gallon of methanol can be achieved in coproduction facilities, if the suitability of the
stabilized product as a fuel can be demonstrated. The applications (for example, as a
hydrogen source for fuel cells, and as a clean transportable, storable fuel for dispersed
power) will require testing of the product to confirm its suitability. Chemical feedstock
applications will also be tested as warranted.

A limited quantity (up to 400,000 gallons) of the methanol product as produced from the
demonstration unit will be made available for product-use tests. Product-use tests were
targeted for an approximate 18 to 30-month period, and commenced during the first year of
demonstration operations. An initial inventory of approximately 12,000 gallons of stabilized
methanol was produced at LPMEOH™ Demonstration Unit in February of 1998 to supply
the needs of the product-use test program; due to the pre-1998 timing for certain tests,
methanol was shipped from the inventory held at the Alternative Fuels Development Unit
(AFDU) in LaPorte, TX. Air Products, ARCADIS, Geraghty & Miller (formerly Acurex
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Environmental Corporation), and the DOE have worked together to select the projects to be
included in the off-site, product-use test program.

Activity during this quarter

Eight sites involving a variety of product-use tests have been selected to participate in this
task, The sites and project titles are listed in Appendix B-1. Ina letter to the DOE dated 31
July 1997, Air Products formally recommended that seven of the eight projects had been
defined in sufficient detail so that final planning and implementation should begin. DOE
accepted Air Products’ recommendation to proceed with the seven projects in August of
1997. The eighth project, involving the testing of a water/naphtha/methanol emulsion as a
transportation fuel, is awaiting final project definition.

All of the remaining product-use test projects have begun planning and equipment
procurement. Methanol produced from carbon monoxide (CO)-rich syngas at the LaPorte
AFDU has been shipped to three of the project sites. Appendix B-2 through B-8 contain
summary reports from the approved projects. Highlights from these reports include:

Acurex Flexible Fuel Vehicle (FFV) - The first drum of M85 fuel using methanol supplied

from the inventory at the LaPorte AFDU was prepared. Operation is scheduled for May of
1998.

Stationary Turbine for Volatile Organic Carbon (VOC) Control - ARCADIS, Geraghty &
Miller is continuing to work on selecting a host site for the project. Allied Signal is the
leading candidate using their existing 525 kilowatt gas turbine.

West Virginia University (WVU) Stationary Gas Turbine - The gas turbine has been run
successfully on jet fuel. Work is focusing on overcoming a flame-out when the turbine is
switched from jet fuel to methanol fuel at idle speed. Methanol from inventory at the
LaPorte AFDU is being used in this program.

Aircraft Ground Equipment Emulsion - Tyndall Air Force Base will begin scoping tests in
May of 1998 to determine the best emulsion composition.

University of Florida Fuel Cell - Testing is scheduled to begin in June of 1998 pending
results of the analysis of the fuel-grade methanol from the LPMEOH™ Demonstration

Project and an assessment of the impact (if any) of impurities on the fuel cell system.

West Virginia University Tri-Boro Bus - Three buses have been tested on chemical-grade
methanol and on fuel-grade methanol from the inventory at the LaPorte AFDU. Data
reduction is underway, and a full report is expected in July of 1998.

Florida Institute of Technology Bus & Light Vehicle - Both vehicles remain operational, and
fuel-grade methanol from the LPMEOHT Demonstration Project has been received.
Emissions data will be collected and processed during the next reporting period
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D.2 Commercialization Studies
Discussion

Several areas have been identified for development to support specific commercial design
studies. These include: a) product purification options; b) front-end impurity removal
options; ¢) catalyst addition/withdrawal options; and d) plant design configuration options.
Plant sizes in the range of 300 TPD to 1,800 TPD and plant design configurations for the
range from 20% up to 70% syngas conversion will be considered. The Kingsport
demonstration unit design and costs will be the basis for value engineering work to focus on
specific cost reduction targets in developing the initial commercial plant designs.

The Process Economics Study - Outline has been prepared to provide guidance for the
overall study work. The four part outline is included in Appendix C. This Outline addresses
several needs for this Task 1.5.2 Commercialization Study:

a) to provide process design guidance for commercial plant designs.

b) to meet the Cooperative Agreement's technical objectives requirement for
comparison with gas phase methanol technology. This preliminary assessment
will help set demonstration operating goals, and identify the important market
opportunities for the liquid phase technology.

¢) to provide input to the Demonstration Test Plan (Task 2.3).

d) to provide input to the Off-Site Testing (Task 1.4) product-use test program.

Recent Activities

- Part One of the Outline - "Coproduction of Methanol" has been written for release
as a Topical Report. Comments from DOE on the 31 March 1997 draft of the
Topical Report “Economic Analysis - LPMEOH™ Process as an Add-on to IGCC
for Coproduction” are the current basis for discussion. As part of reviewing this
report, Air Products has submitted a recommendation that the cost breakdown by
plant area matches the format to be used in the Final Report - Volume 1 - Public
Design. The Topical Report on the Economic Analysis of LPMEOH™ will be
updated and sent to DOE for further comment.

- Part Two of the Outline - "Baseload Power and Methanol Coproduction", has
been incorporated into the paper, "Fuel and Power Coproduction - The Liquid
Phase Methanol (LPMEOH™) Process Demonstration at Kingsport ", that was
presented at the DOE's Fifth Annual Clean Coal Technology Conference in
January of 1997.

- Part Four of the Outline - "Methanol Fuel Applications", was used as the basis to
update the product-use test program (Task 1.4).
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D.3 DME Design Verification Testing

Discussion

The first decision milestone, on whether to continue with dimethyl ether (DME) Design
Verification Testing (DVT), was targeted for 01 December 1996. This milestone was
relaxed to July of 1997 to allow time for further development of the Liquid Phase Dimethyl
Ether (LPDME™) catalyst system. DVT is required to provide additional data for
engineering design and demonstration decision-making. The essential steps required for
decision-making are: a) confirm catalyst activity and stability in the laboratory, b) develop
engineering data in the laboratory, and c) confirm market(s), including fuels and chemical
feedstocks. The DME Milestone Plan, showing the DVT work and the decision and
implementation timing, is included in Appendix D.

Prior work in this task included a recommendation to continue with DME DVT and Market
Economic Studies. Ongoing activity is focusing on Laboratory R&D.

DME DVT Recommendation

DOE issued a letter dated 31 July 1997 accepting Air Products’ recommendation to continue
with the design verification testing to coproduce DME with methanol, and to proceed with
planning a proof-of-concept test run at the DOE's AFDU in LaPorte, Texas. A copy of the
recommendation (dated 30 June 1997) is included in Appendix D. The recommendation
was based on the results of the Market Economic Studies and on the LPDME™ catalyst
system R&D work, and is summarized in the following.

The Market Economic Studies show that the LPDME™ Process should have a significant
economic advantage for the coproduction of DME with methanol for local markets. The
studies show that the market applications for DME are large. DME is an ultra clean diesel
fuel; and an 80% DME mixture with methanol and water is now being developed and tested
by others. DME is a key intermediate ina commercial syngas-to-gasoline process, and is
being developed as an intermediate for other chemicals and fuels. An LPDME™ catalyst
system with reasonable long-term activity and stability has been developed from the
laboratory R&D work.

Based upon the potential size of the markets and the promise of the LPDME™ catalyst
system, proof-of-concept planning for the LaPorte AFDU was recommended. A summary
of the DME DVT recommendation is:

e  Planning for a DME test run at the LaPorte AFDU, in conjunction with other DOE
Liquid Fuels Programs, should be initiated. Test plans, budgets, and a schedule for
these LaPorte AFDU tests should now be developed. Up to $875,000 of Clean Coal
Technology Program budget support from the LPMEOH™ Project budget could be
made available to support a suitable LPDME™ test run at LaPorte.
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e  Animplementation decision, made mutually by the DOE's Clean Coal Technology
Program (DE-FC22-92PC90543) LPMEOH™ project participants, and by the DOE's
Liquid Fuels Program (DE-FC22-95PC93052) project participants, will be made in
time to meet the schedule for testing at LaPorte.

LPDME™ is not applicable to hydrogen (H,)-rich syngas; and it is unlikely that a
substantive LPDME™ demonstration will be recommended for Kingsport. Therefore, a
convincing case that the test-run on CO-rich syngas at LaPorte will lead to successful
commercialization must be made, prior to approving the final test-run plan. The strategy for
commercialization must present the technical logic to combine the results of the following
two areas:

1) catalyst performance (productivity, selectivity, and life) for the LPDME™
catalyst system under CO-rich syngas from the proof-of-concept testing at the
LaPorte AFDU; and

2) reactor performance (methanol catalyst activity and life, hydrodynamics, and heat
transfer) from the LPMEOH™ Process Demonstration Unit at Kingsport.

The DME DVT recommendation summarizes the catalyst targets, experimental results, and
the corresponding economics for a commercially successful LPDME™ catalyst.

Market Economic Studies

Work on the feasibility study for the coproduction of DME and methanol with electric
power continued. The product DME would be used as a domestic liquid cooking fuel, to
replace imported Liquid Petroleum Gas, for China and the Pacific Rim regions. The results
to date, are included in the DME recommendation in Appendix D.

Laboratory R&D

Initially, synthesis of DME concurrently with methanol in the same reactor was viewed as a
way of overcoming the syngas conversion limitations imposed by equilibrium in the
LPMEOH™ Process. Higher syngas conversion would provide improved design flexibility
for the coproduction of power and liquid fuels from an IGCC facility. The LPDME™
Process concept seemed ideally suited for the slurry-based liquid phase technology, since the
second reaction (methanol to DME) could be accomplished by adding a second catalyst with
dehydration activity to the methanol-producing reactor. Initial research work determined
that two catalysts, a methanol catalyst and an alumina-based dehydration catalyst, could be
physically mixed in different proportions to control the yield of DME and of methanol in
the mixed product. Previously, proof-of-concept runs, in the laboratory and at the
Alternative Fuels Development Unit (AFDU), confirmed that a higher syngas conversion
could be obtained when a mixture of DME and methanol is produced in the liquid phase
reactor.
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Subsequent catalyst activity-maintenance experiments have shown the catalyst system
utilized in the proof-of-concept runs experienced relatively fast deactivation compared to the
LPMEOH™ process catalyst system. Further studies of the LPDME™ catalyst deactivation
phenomenon, initially undertaken under the DOE's Liquid Fuels Program (Contract No. DE-
FC22-95PC93052), was continued under this Task 1.5.3 through Fiscal Year 1996, and is
now again being continued under the DOE Liquid Fuels Program. This LPDME™ catalyst
deactivation research has determined that an interaction between the methanol catalyst and
the dehydration catalyst is the cause of the loss of activity. Parallel research efforts--a) to
determine the nature of the interaction; and b) to test new dehydration catalysts--was
undertaken. In late 1995, the stability of the LPDME™ catalyst system was greatly
improved, to near that of an LPMEOH™ catalyst system, when a new aluminum-based (AB)
dehydration catalyst was developed. This new AB catalyst development showed that
modification of the LPDMET™ catalyst system could lead to long life. During this quarter,
laboratory work continued on developing an LPDME™ catalyst system based on the AB

series of catalysts.
Summary of Laboratory Activity and Results

e A manufacturer for the dehydration catalyst (Calsicat) was selected by the Liquid Fuels
Program. The initial schedule (contained in the DME Milestone Plan in Appendix D)
showed a catalyst delivery date to the LaPorte AFDU of 01 March 1998. This date could
be met assuming that the dehydration catalyst would be produced in a series of
campaigns in a pilot plant. The Liquid Fuels Program has determined that it is important
to complete the scale-up of the dehydration catalyst as part of the proposed LaPorte run.
This will increase the time requirement, as a production test in the pilot plant is still
required before operating the commercial catalyst production unit. The new estimated
delivery date of dehydration catalyst to LaPorte is 01 June 1998. The DME DVT
Recommendation will be updated to reflect the change in schedule and the impact (if
any) on the implementation of the coproduction of DME with methanol at the

LPMEOH™ Demonstration Unit.

e Recent activities have focused on the scale-up of the manufacturing technique for the
dehydration catalyst. The commercial catalyst manufacturer (Calsicat) has prepared the

first batch of dehydration catalyst in large-scale equipment. Air Products will test a
sample of this material in the laboratory autoclave.

D.4 LPMEOH™ Process Demonstration Facility - Methanol Operation

Table D.4-1 contains the summary table of performance data for the LPMEOH™
Demonstration Unit during the reporting period. These data represent daily averages,
typically from a 24-hour material balance period, and those days with less than 12 hours of
stable operation are omitted. Appendix E contains samples of the detailed material balance
reports which are representative of the operation of the LPMEOH™ Demonstration Unit

during the reporting period.
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Appendix F, Table 1 contains the summary of outages for the LPMEOH™ Demonstration
Unit during this quarter. Availability exceeded 99%, as the plant continued to operate
through the longest continuous campaign to date (45 days) as of 31 March 1998.

During the reporting period, a total of 5,762,047 gallons of methanol was produced at the
LPMEOH™ Demonstration Unit. Apart from 12,000 gallons shipped off-site for product-
use testing, Eastman accepted all of this methanol for use in the production of methyl
acetate, and ultimately cellulose acetate and acetic acid. No safety or environmental
incidents were reported during this quarter.

Operations focused on resolution of key issues identified during prior operating periods.

Catalyst Life (eta) - December 1997 - March 1998

The “age” of the methanol synthesis catalyst can be expressed in terms of a dimensionless

variable eta (), which is defined as the ratio of the rate constant at any time to the rate
constant for freshly reduced catalyst (as determined in the laboratory autoclave). Appendix
F, Figure 1 plots log 1 versus days onstream from the restart in December of 1997 through
the end of the reporting period. Since catalyst activity typically follows a pattern of
exponential decay, the plot of log 1 is fit to a series of straight lines, with step-changes
whenever fresh catalyst was added to the reactor.

As reported in Technical Progress Report No. 14, the operating temperature of the
LPMEOH™ Reactor was set at 235°C in December of 1997. At this temperature the
nameplate capacity of 80,000 gallons-per-day (260 TPD) of methanol could be achieved at a
low syngas utilization (i.e. high overall conversion of syngas to methanol). This result
demonstrated the excellent initial activity of the catalyst, in that the design production
capacity of methanol could be achieved at a lower reactor temperature and pressure than
during the April 1997 operating period (refer to Technical Progress Report No. 12 for these
results). In fact, at 235°C the unit initially produced 280 TPD of methanol.

The Balanced Gas flowrate was reduced to a nominal 700 KSCFH on 04 January 1998 to
maintain a low syngas utilization for the remainder of the initial material balance period. As
shown in Appendix F, Figure 1, the decrease in 1 with time from the period 20 December
1997 through 27 January 1998 occurred at a rate of 1.0% per day, which represented a
significant improvement over the 3.4% per day decline measured during the initial six weeks
of operation in April and May of 1997. The deactivation rate also improved from the
longer-term rate of 1.6% per day seen throughout the summer and autumn of 1997.

Based on this improvement, DOE accepted a recommendation by Air Products and Eastman
to further reduce the reactor temperature to 225°C. The subsequent change in conditions
began on 28 January 1998, when two consecutive batches of fresh catalyst were activated
and transferred to the LPMEOH™ Reactor, bringing the total inventory to 24,800 pounds, or
about 60% of design. Reductant gas uptake for both batches approached the theoretical
value to within 1%. Following addition of the second catalyst batch on 30 January, the

reactor temperature was reduced to 225°C. Subsequent performance results, as regressed

Page 23 of 37



with the reactor kinetic model, showed a slight increase in 7] on the temperature transition
day, followed by a significant decrease inn at 225°C. No operating transients occurred
during this time which could have resulted in such a drastic performance decline. It appears,
therefore, that the lower calculated catalyst age is a temperature-related artifact of the reactor
kinetic model induced by further departure from the autoclave baseline temperature of
250°C.

On 08 February 1998, a planned five-day outage in Eastman’s shift reactor provided an
opportunity to continue operations with a Texaco-type (CO-rich) reactor feed, while
Eastman’s gas-phase methano] plant was forced to shut down. The results from this test are
included in Table D.4-1 and Appendix F, Figure 1. Furthermore, Eastman took the
opportunity to shut down their methanol distillation equipment for maintenance, leaving no
flow path for the crude methanol underflow from the second, rectifier column in the
LPMEOH™ Demonstration Unit. However, because of the CO-rich feed, the rectifier
column could be shut down for the production of stabilized, "fuel-grade" methanol (98+
wi% methanol, <1 wt% water). Approximately 12,000 gallons of "fuel-grade" methanol was
loaded into trailers and shipped off-site for future product-use testing; Appendix G contains
a series of analytical reports on the purity of this product. During the remainder of this
operating period, approximately 181,800 gallons (600 tons) of stabilized methanol (99.3
wi% methanol, 0.3 wt% water) was pumped directly from the LPMEOH™ Demonstration
Unit to Eastman’s methy] acetate plant, bypassing the normal route through the distillation
equipment. This methanol was considered acceptable by Eastman because of the low levels
of all impurities. In particular, the water concentration of the stabilized methanol was
significantly lower than what is produced during operation on the normal Balanced Gas
supply (typically 3 - 4 wt% water). Thisisa result of operation on a CO-rich syngas with a
relatively low CO, concentration. This test was the first attempt to feed a stabilized
methanol stream with low water content directly into one of Eastman’s downstream
chemical processes, providing another indication of the flexibility of the LPMEOH™
Process. Eastman’s only alternative was to flare the syngas stream, which was undesirable

both environmentally and economically.

On 19 February 1998, a third batch of catalyst was activated and transferred to the
LPMEOHT™ Reactor, bringing the total catalyst inventory to 27,450 pounds, or about 67%
of design. Prior to the addition of fresh catalyst, the average deactivation rate at 225°C was
0.7% per day, which represented a modest improvement over the 1% per day rate calculated
at 235°C. However, most of the activity decline occurred during the period on CO-rich feed
gas and immediately after an interruption in the Balanced Gas supply at the end of that test
case. This observation more likely indicates a real change in catalyst activity, as opposed to
an anomaly of the kinetic model, because deviations from steady-state operation in the
syngas generation area could also cause upsets in the level of poisons carried by the gas.
This type of behavior seems to have occurred before, and the more frequent catalyst
sampling protocol in effect since the December restart may provide clues about the types of
poisons that become prevalent during such upsets. So far, samples from mid-February and
mid-March of 1998 have shown an increase in arsenic loading, although not nearly to the
levels measured in the summer of 1997. Copper crystallite size measurements are still
pending, as are analyses from more recent samples which will help complete the picture.
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Through the remainder of the reporting period, the Balanced Gas flow rate was maintained
at approximately 700 KSCFH, with reactor temperature fixed at 225°C. As shown in
Appendix F, Figure 1, two periods of very stable operation ensued, with average activity
declines of 0.36% and 0.27% per day. A discontinuity occurred in the data on 15 March
1998, again coincidental with an excursion in the Balanced Gas feed supply. Regressing the
entire data set from the catalyst addition on 19 February through 31 March 1998 yields a
deactivation rate of 0.60% per day. However, the data were plotted in two separate sets to
show the possibility of an improved steady-state baseline deactivation rate, exclusive of any
additive effects related to excursions in the Balanced Gas supply. If this conclusion is
viable, the current baseline activity decline of about 0.4% per day is a measurable
improvement over the 1% per day rate calculated at 235°C in January of 1998 and matches
the original target from the 4-month proof-of concept run on a natural-gas derived syngas at
the LaPorte AFDU. Additional operating time is necessary to further quantify the catalyst
deactivation rate and the effects of operating conditions and syngas supply excursions.

Sparger Resistance

As reported in Technical Progress Report No. 14, flow resistance through the gas sparger of
the LPMEOH™ Reactor had been stabilized using a continuous flush of condensed oil and
entrained slurry from the 29C-05 secondary oil knock-out drum and 29C-06 cyclone. These
streams were gravity-drained back to the reactor through a flush connection at the gas inlet
line to the reactor, thus eliminating a batch-transfer operation which had been used during
prior operation. The flow rate of the flush was equivalent to the average rate of liquid traffic
in the reactor loop (1 to 2 gallons per minute).

This technique was first applied to a clean sparger at the restart of operations on 19
December 1997. Appendix F, Figure 2 plots the average daily sparger resistance coefficient
since then, and provides an initial confirmation of the encouraging results reported for the
first two weeks of operation at the end of the prior reporting period. As with the original gas
sparger design, the return of the internal oil and slurry streams via the flush connection was
required to stabilize the pressure drop after extended interruptions of the flush fluid. When
compared to the original gas sparger, the alternative gas sparger may have greater flexibility
in maintaining stable pressure drop after interruptions of the syngas supply; this may also be
a result of greater attention to achieving a proper standby condition during shutdowns, which
has inhibited any plugging caused by slurry backflow and stagnation. The data for this plot,
along with the corresponding average pressure drop, are included in Table D.4-1. Appendix
F, Figure 3 shows the progressive improvement in sparger operation seen since the original
startup in April of 1997. This parameter will continue to be closely monitored for any
change in flow resistance.

Alternative Fuels Field Trailer Unit (AFFTU) Results - December 1997 - January 1998

The Alternative Fuels Field Test Unit (AFFTU), a transportable laboratory equipped with an
autoclave and analytical equipment, was shipped from the Air Products’ Iron Run laboratory
in Allentown, PA to Kingsport to perform additional testing on the reactor feed gas at the
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site. From the restart on 19 December 1998, the autoclave operated in parallel with the
Demonstration Unit on the same reactor feed gas, although at 250°C, the typical laboratory
baseline condition. Analytical results from the AFFTU showed less than 10 ppbv
concentrations of metal carbonyls and hydrogen sulfide within the reactor loop. Carbonyl
sulfide was typically less than 10 ppbv in the loop, but occasionally drifted higher; these
excursions could not be correlated with any changes in the feed gas cleanup operations
upstream of the LPMEOH™ facility. Performance results from the 31-day campaign on
coal-derived syngas at Kingsport were generally consistent with other laboratory
experiments on poison-free syngas. A post-mortem analysis on the catalyst revealed no
unusual levels of catalyst poisons or significant changes in catalyst physical properties. The

AFFTU test concluded on 20 January 1998, and the equipment was returned to the Air
Products’ Iron Run laboratory.

D.5 Planning and Administration

Work has continued on the Final Report - Volume 1 - Public Design. Air Products received
the latest comments from DOE (letter dated 12 October 1997). In response to these
comments, Air Products has submitted a cost breakdown for both capital and operating costs
within the LPMEOH™ Demonstration Unit. These will ultimately be incorporated into an

updated version of this report which will be sent to DOE for comment.

The Milestone Schedule Status Report and the Cost Management Report, through the period
ending 31 March 1998, are included in Appendix H. These two reports show the current
schedule, the percentage completion and the latest cost forecast for each of the Work
Breakdown Structure (WBS) tasks. Ninety-nine percent (99%) of the $38 million of funds
forecast for the Kingsport portion of the LPMEOH™ Process Demonstration Project for the
Phase 1 and Phase 2 tasks have been expended (as invoiced), as of 31 March 1998.
Nineteen percent (19%) of the $158 million of funds for the Phase 3 tasks have been
expended (as invoiced), as of 31 March 1998.

The monthly reports for January, February, and March were submitted. These reports
include the Milestone Schedule Status Report, the Project Summary Report, and the Cost
Management Report.

A paper entitled "Commercial-Scale Demonstration of the Liquid Phase Methanol
(LPMEOH™) Process: Initial Operating Experience" was submitted for presentation at the
Clean Coal Technology Conference in Reno, Nevada on April 29, 1998.

A draft topical report entitled "Design and Fabrication of the First Commercial-Scale
LPMEOHT™ Reactor" was circulated for internal Air Products review prior to formal
submission.
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E. Planned Activities for the Next Quarter

o Write and submit the Demonstration Technology Start-up Report to DOE.

e Continue to analyze catalyst slurry samples and gas samples to determine causes for
deactivation of methanol synthesis catalyst.

o Continue executing Phase 3, Task 2.1 Methanol Operation per the Demonstration
Test Plan. Focus activities on increasing catalyst concentration in the LPMEOH™
Reactor to determine the maximum slurry concentration (Test 9 of Test Plan).

e Reissue the DVT Recommendation for a DME proof-of-concept test run at the
LaPorte AFDU to reflect the final delivery date for the dehydration catalyst and the
actual schedule for the test run.

o Continue execution of the Off-Site, Product-Use Test Program (Phase 1, Task 1.4).

e Continue to incorporate DOE comments into the Topical Report on Process
Economic Studies.

¢ Reach agreement with DOE on the equipment breakdown and operating cost
summary for use in the Final Technical Report, Volume 1, Public Design Report.

o Issue the Topical Report on Liquid Phase Reactor Design to DOE for review and
comment.

o Present the paper "Commercial-Scale Demonstration of the Liquid Phase Methanol
(LPMEOH™) Process: Initial Operating Experience" at the Clean Coal Technology
Conference in Reno, Nevada on April 29, 1998.

F. Conclusion

During this quarter, initial planning and procurement work continued on the seven project
sites which have been accepted for participation in the off-site, product-use test program.
Approximately 12,000 gallons of fuel-grade methanol (98+ wt% methanol, <1 wt% water)
produced during operation on carbon monoxide (CO)-rich syngas at the LPMEOH™
Demonstration Unit was loaded into trailers and shipped off-site for future product-use
testing. At one of the projects, three buses have been tested on chemical-grade methanol and
on fuel-grade methanol from the LPMEOH™ Demonstration Project. At two other project
sites (a flexible fuel vehicle and a fuel cell application), testing on fuel-grade methanol from
the LPMEOH™ Demonstration Project is scheduled for the second quarter of calendar year
1998.

During the reporting period, planning for a proof-of-concept test run of the Liquid Phase
Dimethyl Ether (LPDME™) Process at the Alternative Fuels Development Unit (AFDU) in

LaPorte, TX continued. The commercial catalyst manufacturer (Calsicat) has prepared the
first batch of dehydration catalyst in large-scale equipment. Air Products will test a sample
of this material in the laboratory autoclave.
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Catalyst activity, as defined by the ratio of the rate constant at any point in time to the rate constant
for freshly reduced catalyst (as determined in the laboratory autoclave), was monitored for the initial
extended operation at the lower initial reactor operating temperature of 235°C. At this condition,
the decrease in catalyst activity with time from the period 20 December 1997 through 27 January
1998 occurred at a rate of 1.0% per day, which represented a significant improvement over the 3.4%
per day decline measured during the initial six weeks of operation in April and May of 1997. The
deactivation rate also improved from the longer-term rate of 1.6% per day calculated throughout the
summer and autumn of 1997.

Based on this improvement, DOE accepted a recommendation by Air Products and Eastman to
further reduce the reactor temperature to 225°C. The initial operation at this temperature (from 31
January through 18 February 1998) showed a modest improvement in the deactivation rate to 0.7%
per day. However, most of the activity decline occurred during a test period on CO-rich feed gas
and immediately after an interruption in the Balanced Gas supply at the end of that test case. This
observation more likely indicated a real change in catalyst activity, and this type of behavior seems
to have occurred after other excursions in the Balanced Gas supply. During two additional stable
operating periods between 19 February and 31 March 1998, deactivation rates of 0.27% and 0.36%
per day were measured. A discontinuity occurred in the data on 15 March 1998, again coincidental
with an excursion in the Balanced Gas supply. If the current results prove to be correct, the current
baseline activity decline of about 0.4% per day is a measurable improvement over the 1% per day
rate seen at 235°C in January of 1998 and matches the original target from the 4-month proof-of
concept run on a natural-gas derived syngas at the LaPorte AFDU. Additional operating time is
necessary to further quantify the catalyst deactivation rate and the effects of operating conditions
and syngas supply excursions.

The weight of catalyst in the LPMEOH™ Reactor has reached 67% of the design value, and the
slurry concentration approached 40 wt%. Catalyst slurry samples from the LPMEOH™ Reactor
have been taken on a regular basis to correlate any change in performance with changes in the
physical properties of the catalyst. So far, samples from mid-February and mid-March of 1998 have
shown an increase in arsenic loading, although not nearly to the levels measured in the summer of
1997. Copper crystallite size measurements are still pending, as are analyses from more recent
samples which will help complete the picture.

The performance of the alternative gas sparger, which was designed by Air Products and
installed into the LPMEOHT™ Reactor prior to the restart of the LPMEOH™ Demonstration
Unit in December of 1997, was monitored throughout the reporting period. Pressure drop
through the gas sparger of the LPMEOH™ Reactor was stabilized using a continuous flush
of condensed oil and entrained slurry which were gravity-drained from the 29C-05
secondary oil knock-out drum and 29C-06 cyclone. As with the original gas sparger design,
the return of the internal oil and shurry streams via the flush connection was required to
stabilize the pressure drop after extended interruptions of the flush fluid. When compared to
the original gas sparger, the alternative gas sparger may have greater flexibility in
maintaining stable pressure drop after interruptions of the syngas supply; this may alsobea
result of greater attention to achieving a proper standby condition during shutdowns. The
most recent results provide an initial confirmation of the encouraging data reported for the
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first two weeks of operation at the end of the prior reporting period. This parameter will
continue to be closely monitored for any change in flow resistance.

The Alternative Fuels Field Test Unit (AFFTU), a transportable laboratory equipped with an
autoclave and analytical equipment, was shipped from the Air Products’ Iron Run laboratory
in Allentown, PA to Kingsport to perform additional testing on the reactor feed gas at the
site. Analytical results from the AFFTU showed less than 10 ppbv concentrations of metal
carbonyls and hydrogen sulfide within the reactor loop. Carbonyl sulfide was typically less
than 10 ppbv in the loop, but occasionally drifted higher; these excursions could not be
correlated with any changes in the feed gas cleanup operations upstream of the LPMEOH™
facility. Performance results from the 31-day campaign on coal-derived syngas at Kingsport
were generally consistent with other laboratory experiments on poison-free syngas. A post-
mortem analysis on the catalyst revealed no unusual levels of catalyst poisons or significant
changes in catalyst physical properties. The AFFTU test concluded on 20 January 1998, and
the equipment was returned to the Air Products’ Iron Run laboratory.

During the reporting period, a total of 5,762,047 gallons of methanol was produced at the
LPMEOH™ Demonstration Unit. Apart from 12,000 gallons shipped off-site for product-
use testing, Eastman accepted all of this methanol for use in the production of methyl
acetate, and ultimately cellulose acetate and acetic acid. During a portion of the operating
period on CO-rich syngas, approximately 181,800 gallons (600 tons) of stabilized methanol
(99.3 wt% methanol, 0.3 wt% water) was pumped directly from the LPMEOH™

Demonstration Unit to Eastman’s methyl acetate plant, bypassing the normal route through
the distillation equipment designed to remove water, higher alcohols, and process oil. This
test was the first attempt to feed a stabilized methanol stream with low water content directly
into one of Eastman’s downstream chemical processes, providing another indication of the
flexibility of the LPMEOH™ Process. No safety or environmental incidents were reported
during this quarter. Availability exceeded 99%, as the demonstration unit continued to
operate through the longest continuous campaign to date (45 days) as of 31 March 1998.

Ninety-nine percent (99%) of the $38 million of funds forecast for the Kingsport portion of
the LPMEOH™ Process Demonstration Project for the Phase 1 and Phase 2 tasks have been
expended (as invoiced), as of 31 March 1998. Nineteen percent (19%) of the $158 million
of funds for the Phase 3 tasks have been expended (as invoiced), as of 31 March 1998.
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APPENDICES

APPENDIX A - SIMPLIFIED PROCESS FLOW DIAGRAM
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APPENDIX B - OFF-SITE TESTING (DEFINITION AND DESIGN)

Appendix B-1 - Summary Table of Eight Candidates (one page)
Quarterly Reports:

Appendix B-2 - Acurex FFV (one page)

Appendix B-3 - Stationary Turbine for VOC Control (one page)
Appendix B-4 - West Virginia University Stationary Gas Turbine (two pages)
Appendix B-5 - Aircraft Ground Equipment Emulsion (one page)
Appendix B-6 - University of Florida Fuel Cell (one page)

Appendix B-7 - West Virginia University Tri-Boro Bus (three pages)
Appendix B-8 - Florida Institute of Technology Bus & Light Vehicle (twenty-two
pages)
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ARCADIS GERAGHTY&MILLER

ARCADIS Geraghty & Miller, Inc.

555 Clyde Avenue
Wountaln View
MEMO Califomia 54043
Tel 650 861 5700
Fax 650 254 2436
Tez Coples:
Larry Waterland
TRANSPORATION
TECHNOLOGY
from: Date:
Doug Coleman 29 April 1998
Subjoct:

LPMEOH™ FFV Demonstration Status Report

Progress on the FFV demonstration contimues to be hampercd in part by problems with the California
Energy Commission (CEC) methanol fue! dispensers. The Taurus has often been unable to refuel at sites
which were supposedly operational. And in many instances it has not been possible to obtain a readout on
the amount of fuel dispensed. Both of these factors have affected the ability to develop as much fuel
economy data as desired. Thus, since the inception of this program, while the FFV has traveled roughly
8,000 miles, only 1,300 of these miles have yielded acceptable fuel cconomy data. The FFV bas been
achieving a 16.3 mpg fuel economy on regular M85 during this time pexiod.

With the CEC’s recent announcement to phase out all of the methanol stations by the end of the year, it
appears that the stations will continue to be in a state of disrepair and are no longer usable. Thus,operation
on LPMEOH™ will be initiated before data for the originaily planned 3,200 miles on regular M85 have
been acquired. The first drum of LPMEOH™ -based M85 has been prepared and this phase of the project
will now begin. Before doing so, however, the FFV will undergo emissions testing on regular M85 during
the week of April 27

During the LPMEOH™ phase, ARCADIS Geraghty & Miller will mix 8.25 gallons of RUL with 46.75
gallons of LPMEOH™ to obtain 2a LPMEOH™ -based M85 mixture. The fuel will be measured during
dispensing with the use of a scale. When the LPMEOH™ phase is campleted and the FFV has undergone
emissions testing on that fuel, the 1,900 miles remaining on regular M85 will be completed using fuel
purchased in drums and stored at ARCADIS Geraghty & Miller in the same manner that was used to fuel
with LPMEOH™ -based M35.

Our ref.2 Page:
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ARCADIS GERAGHTY&MILLER

ARCADIS Geraghty & Miller, Inc.

555 Clyde Avanue

Mountaln View

MEMO &alifornia 34043
Tel 650 9561 5700
Fax 650 254 2497

To: Coples:

Larry Waterland
ENGINEERING SYSTEMS

Fram: Date:

Carlo Castaldini 29 April 1998

Subject:

Pruject update report: LPMEOH™ Testing in a GasTurbine for Control

The objective of this project is to demonstrate the use of 2 mini gas turbine for the destruction of VOC from
- emission source while burning LPMEOH™, Mini gas turbines, with a gross generating capacity of 75
KW or less, promise to be one of the most successful technologies for distributed power generation in the
new deregulated power industry. There are two main considerations in the use of these mini turbines. The
first js the cost of their operation and the second is their emissions. When the mini turbine is also used to
destroy VOC from vented process air, the economics improve. The use of methanol for remote applications
or for emission control may alleviate other key obstacles to commercial development. -

Efforts since the previous progress report have focused on selecting a host site for the demonstration. Of
the four candidate sites identified in the previous report, the one most interested in supporting the project
was the Allied Signal facility in Phoenix, Arizona. Allied Signal has agreed to be the host site for the
I.PMEOH™ 1ests using their 525 kW ASE8-1000 gas turbine engine in a labaratory set up. On March §,
Carlo Castaldini, the ARCADIS Geraghty & Miller Project Manager for this project, mct at the Allied
Signal Phoenix plant with Paul Dodge, Program Manager of Industrial Engines, and Jeff Zimmerman,
Project Engineer, Industrial/Marine applications, to discuss the scope and the time frame for the
demonstration tests. Allied Signal agreed to the overall objective and confirmed their plans to support the
project. Several discussions were held after the meeting to further clarify the proposed approach and
logistics for methanol storage, test duration, and measurements. Their laboratory facility can be readily
modified to store and handle methanol

Allied Signal is currently reviewing the project scope in greater detail and will provide suggestions
regarding the specific testing they would recommend. A followup meeting at Allied Signal is scheduled for
May 14 to discuss testing and other project-specific details.

Cur raf Page:
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WVU Progress Report'

Dated May 1st, 1998

For

Air Products and Chemical Tnc.

Methanol Utilization
Demonstration Project

WVU Emission Studies on a
Dual-Fuel, Methanol/Jet Fuel

Stationary Gas Turbine.
350 HP Type GTC-85

Manufactured by Allied Signals Inc.
Report Prepared for
Robert J. Senn
Air Products and Chemical Inc
7201 Hamilton Blvd
Allentown pa 18195-1501

Tel: (610) 481-7042
Fax: (610) 706-7299

by
John L. Loth and Nigel N. Clark

Department of Mechanical and Aerospace Engineering
West Virginia University

P. 0. Box 6106, Morgantown WV 26505-6106
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Status Summary

The GTC gas turbine has been fully instrumented and the fuel
system has been converted to allow convenient fuel type change
over between Jet fuel and Methanol. Our operating procedure is
geared to prevent methanol cold starting problems. Therefore we
always ignite on jet fuel and only after an adequate warm up
period (5 minutes),is the fuel change over implemented. Five
minutes before shut down, the fuel type is changed back to jet

fuel, The turbine has been run successfully on jet fuel and all
the instrumentation checked out to be working as planned. Three
attempts were made to change over to methanol fuel at idle speed.
All three attempts resulted in a flame-out. In view of this
problem the gas-turbine combustor and the fuel controller were
taken to Pratt and Whitney aircraft for refurbishing. A standard
Pratt and Whitney PT6 dual glow Plug ignition system was welded
into the combustor can. This will be used in addition to the
existing spark ignition. Another measure to pPrevent gas turbine
flame-out in the future, is to limit fuel type change to
operations at high exhaust gas temperature (EGT at least 1000°F).
We have been having some difficulty in procuring a new fuel shut-
off solenoid, as the old one leaks. However we are confident to
be back on line by June 1 1998. We may have to request a no-cost
extension for contract completion till September 15, 1998. Note
this seems not unreasonable as WVU did not receive official
contract authorization till September 22, 1997.



ARCADIS GERAGHTY&MILLER

ARCADIS Geraghty & Miller, Inc

555 Clyde Avsnue
Mountain View
MEMO Californla 94043
Te} 650 961 5700
Fax 650 254 2497
Te: Coploz:
Larry Waterland Copies
ENGINEERING SYSTEMS
Frome Date:
Shyam Venkatesh May 1, 1998

Subject:

Project update report: LPMEOH™ testing with -86 generators at Tyndall AFB

In Jamuary 1998, A-55 LP withdrew their participation from the program. The reasons given by A-55 for
their withdrawal were specified in the previous progress report. Applied Research Associates (ARA), the
operating contractor at Tyndall AFB coordinating the LPMEOH™ program, requested that they be allowed
to test their proprietary water-based cmulsion fuel. The ARA emulsion fuel is JP-8 based. JP-8 was
selected instead of diesel because of the Air Force’s desirc to universalize its fucls in the future.

ARA began experimentation with preliminary formulations of their fuel in March and April. ARCADIS
Geraghty & Miller consulted with ARA in the development of an emulsion mixing system. ARCADIS
Geraghty & Miller suggested that a high shear-rate centrifogal pump system be used instead of 2 more
conventional mixer. ARCADIS Geraghty & Miller also procured for ARA the emulsifying agents and other
proprietary chemical additives. Due to scheduling conflicts, and prior commitments, ARA was not able to
conduct preliminary testing with the emulsion in April. ARA expects to perform scoping tests in May,
based on which they will determine the best emulsion composition. Currently the emulsion fisel is designed
to use up to 10 percent methanol. The best percentage of methanol to actually use will be determined after
the scoping tests. Barring any further schedule conflicts, scoping tests are expected to be completed in
May. Following these, the actual testing phase of the project will begin immediately.

Qur rofs Page:
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To : Dr. V.P. Roan
From : Jim Fletcher
Concerning  : Air Products “Coal-based Metbanol” Contract Progress Report

Date : May 10, 1998

This memo detalls the progress accomplished towards the completion of the Air Products
“Coal-based Methanol gs a Fuel for PAFC Systems” contract for the February through
April time period,

Twa 55 gallon barrels of Air Products methanol were delivered at the end of April, The
barrels were received, clearly marked, and moved into the fuel storage area.

A second testing laboratory, Intertek Testing Services, has been identified. It is envisioned
that both labs will perform a comprehensive analysis of the Air Products methanol. Tn
addition, Intertek will also perform analysis to identify any sulfur or chlorides within the
methanol. These two elements have been identified as problems for the fuel cell system.
Intertek has performed similar tests for Georgetown University on the methanol to be used
in the 40 . bus program, The required paperwork is underway and testing should begin
within the next week or so. Work is also continuing to further identify any problem

constituents.

It was determined that the fuel cell data acquisition system had been damaged during &
recent power outage. The system was sent to the manufacturer for repair, and has been
returned in working order. Vatious thermocouples, an aix flow meter, and a fuel flow
meter have been added 1o the system, The labview data acquisition software has been
upgraded to incorporate the new hardware. Preliminary baseline testing of the fuel cell
system has begun using fuel grade methanol.

The gas chromatograph has been ordered and received. Prelininary testing and debugging
of the system has begun using known gases (air, etc.). The design of the gas collection
system is complete and will be ordered in the near future, The remaining concern is the

exact nature of the interface between the gas chromatograph and the collection bottles.
The interface will be completed within the next week.

The fuel cell system is operational with the upgrading of various components within the
system. The upgrades include the installation of a pressure relief valve on the CO; live.
The method of in-lab storage and fuel delivery for the Air Products methanol is complete
and purchase orders for the necessary equipment have been written.

Tt is expected that testing of the Air Products methanol within the fuel cell system will
commence in June pending successful results of the chemical analysis.
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'FUEL GRADE METHANOL IN TRANSIT BUS
APPLICATIONS

PROGRESS REPORT, APRIL 1998

Submitted by: Nigel N. Clark, Principal Investigator
Department of Mechanical & Aerospace Engineering
West Virginia University
Morgantown, WV 26506-6106

The objectives of this program are to quantify the emissions and evaluate the
performance of full size transit buses with compression ignition engines using Air
Products fuel grade methanol. A comparison will be made from the results of the two
fuels, current in use methanol and Air Products fuel grade methanol. This project centers
around an intensive experimental effort presently taking place in New York City.

Prior to departing to perform the emissions research in New York City, the test
equipment was subjected to a quality audit by performing, propane, alcohol and aldehyde
injections to determine the respective recovery percentages from the dilution tunnel.
Appropriate sampling flow-rates were established to perform the testing.

A research team transported one of the two West Virginia University's Heavy
Duty Vehicle Emissions Transportable Laboratories to the test site at Command Bus
Corporation Depot, in New York City. Three methanol powered buses were tested:
details are given in Table 1 . The buses were subjected to testing using both in-use
methanol and the Air Products' fuel grade methanol. The fuel change was accomplished
by connecting into the bus's current fuel system. Two fuel lines were routed from the Air
Products’ fuel container to the bus's fuel pump and fuel return, At least three gallons of
the Air Products’ fuel grade methano! was pumped through the firel system before for the
return line was placed into the fiiel grade container The test weight (tw) for the vehicles
was calculated to be 34,500 Ibs. using the following equation;

tw = (curbweight +150+ (seating + standing)/2 * 150)

All three buses were tested using the Central Business District cycle (CBD) and one was
also tested using the WVU 5 Mile Route. Figure 1 shows the CBD cycle while figure 2
shows the continuous oxides of nitrogen (NO,). emissions from bus # 2145 fueled with
the Air Products methanol. At this time the laboratory has not yet left New York City
and the data processing is not complete, A full report on data is expected within six

weeks. Future plans will therefore be centered around data processing and report writing,

Bus Details
Table 1
Bus Number | Engine Type | Test Weight Cycle
2145 6V92 DDC II 34,408 CBD
2139 6V92 DDC I 34,408 CBD
2143 6V92 DDC II 34,408 CBD
5 Mile Route
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Quarterly Report
(Nov. 25, 1997 — Mar. 11, 1998)

to

Mr. Robert Senn
consultant to

Air Products and Chemicals, Inc.
from

Dr. John J. Thomas
Florida Tech
150 W, University Blvd.
Melbourne, Florida 32901
Ph 407-674-7252
Fax 407-984-8461

Fleet Trails for Fuel Grade Methanol

under

USDOE Cooperative Agreement No. DE-FC22-22PC90543
Performance Period 8/11/97 ~ 10/10/98

487 984 B4bl
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1. Introduction

During this period the methanol car was re-commissioned and the operator, Dr. John
Thoms , drove the car on a routine hasis hetween 3325 W. New Haven Ave. and the Florida
Tech main campus at 150 W. University Blvd.(please see Appendix). He also drove the car
between his house and the above addresses. Before and after these trips he recorded all the
gauge readings, the date, the time, and comments. This allowed several MPG calculations.
The gear shift did not work properly from the beginning und cventually stopped functioning
ar all. The prohlem turned out to be caused by some student modification of a key bearing
made some nine years ago. The problem was easily repaired. When the gear shift was
operating at its poorest, the mileage dropped dramatically. The electronic temperalure gauge
was replaced with a mechanical one which now allows us to record the exact temperature in
degrees F. The car is now operating ideally. In the meanlime we intend to proceed with
collection of emission data.

The bus required more extensive work but it too is.now operational. Apparently the
old Avocetl we obtained as ignition enhancer decomposed over the years since the mechanics
could not determine any performance difference between methanol containing Avocet and
methanol without Avocet. As of now we are relying on glow plug warming to produce
ignition, Up to now the system appears to work well. 1t is now operating on methanol that
was put in its tanks five years ago. The vehicle is running as well as can be expected
according 1o our consultants. In the meantime, we intend 1o proceed with collection of

emission data und miscellaneous upgrades

AERIR 4 e APy AP AP ORA RALA PARE A



2. Activities (As Recorded by the Staff)

1. ‘To use cold start:
Ist - Try 1o start car, if car does not start then -
2nd - Stop cranking cngine but lcave the key on, and press injector switch in until
it clicks. The switch is located on the underside of the dash board near the
radio.
3rd - Try 10 starl engine by normal starting procedures
4th - I'the engine does not start, repeat sieps 2 and 3

E-J

Replaced the shift cable on the car because of very hard shifting after warming up.
However, shilting was stitl unaceeptuble.

3 'The cluich pedal only disenpages in the Jast inch or so of travel resulting in hard
shifting.
4, ‘The car was taken 1o Jim Rathmann®s for repair,

5. ‘The bus was started with the help of starting fluid. 1t idled all right but did not
rcv up.

6. The bus is missing very badly when running or idling. Dirl in the gas is suspeeted
or the fucl is too old. Injectors that were just put in might be already clogged due
1o sediments in the lines. Further (esting was needed.

7. ‘T'he bus started again on starting fluid after the governor and other controls were
readjusted and (reed up. The oi] was also changed. Controls worked erratically at
{irst; after familiarization they worked well.

8. The bus eventually ran smoothly. It was necessary 1o replace two clogged
injectors. 1t takes about 20 - 25 minutes 10 warm up and run smoothly. 1f will not
let you rev the engine until a certain temperature is reached. 1t blows white smoke
until warmed up and all condensation from sysiem has been burnt ofT,

9. ‘The bus was driven on [-95 10 test. It ran well but is not really designed for
highway due 1o low gear ratio. Mux speed was about 55 mph.

10.  The car transmission was inspecied due Lo suspicion of bad cluteh. Clutch was
fine, however the clutch engaging arm and bearings were bad resulting in the
clutch not fully engaging. Problem was [ixed and the car is now running and
working well as a result, More details below.

11, Anair feak in bus was fixed, all pancls were put back on and tightened down. Bus
gralliti was removed.

AR A" IO A4l A7 S84 84~1 PAGE . S



12, Several cleaning materials were tricd on the seats, however most cither had no
result or began cating or rubbing ofT covers.

13, Throwout bearings in the car were repluced in transmission along with clutch fork
arm and the bushings. The play that resulied from worn bearings caused the clutch
not fo fully disengage and resulted in hard shilting. Alternative Automotive in
West Melbourne did the work on the transmission.

14, Madification 1o both vehicles for on-bonrd emission samplings were discussed
and designed.

15, Carair-conditioner was inspected {or leaks.
6. The cther start system was instalfed in the bus. It is identical to the one in the car

and was detailed in the Jast quarterly report. After installation, the time for the bus
1o properly warm up only took a few minutes.

APR 16 '98 15:18 487 S84 8461 PAGE. 25



3. Results and Discussion

The methanol powered car was operated routinely und the total miles traveled after
re-commissioning is 1176 over approximately 3 months. The mileage varied from a high of
12.8 mpg to a low of 5.5 mpg. The low mileage data was obrained when the shifting problem
was at its worse. A mechanical temperature gauge was installed which now allows us to
determine if any overheating takes place. The old electronic temp gauge never did work
well. All the gauges (oil, fuel, and battery) now work well and show nothing except normal
readings. The cold-starting system continues to work very well. At this time the car is
undergoing repairs because of a defect in the air conditioning system. The operational log is
shown in the Appendix.

We are currently installing systems to allow us to determine on-board emissions.

The bus is now operating satisfactorily but we can not operate it routinely because the
fuel shipment has not arrived. It did, however, make a 50 mile trip on I-95. An cthyl ether
starting system was installed on the bus and it works very well, This system allows operation
affter less than five minutes of warm-up. This is comparable to the performance of u regular
diesel engine. The ether starting system is exactly the same as on the car.

As it turned out, only lack of familiarization caused any problems putting the bus into
operation. The only real problem was two clogged injections which were replaced.

4. Work Schedule for Third Quarter

1. Complete installation of on-board sampling and cmissions data cellecting systems.

2. Complete air-conditioning repair of car and return it to routine operation.

3. Complete instullation of on-board sampling and emission data collecting systems for
the bus.

4. Compile the emissions data at 0, 10, 20, 30, 40, and 50 miles/hour for the bus.

5. Compile the emissions data at 0,10, 20, 30, 40, 50, and 60 miles/hour for the car.

APR 16 °98 15:18 487 984 B4BL PAGE. B7



6. Retura the car to routine operation and collect operating data.

7. Re-commission the bus and use it for biology field trips as other university activities ‘
while collecting operating data.

The work scheduled for the second quarter was completed on schedule. The only variance

was caused by a decision o determine emissions using on-bourd systems instead of installing

a chassis dynamometer.

Listing of Project Personnel

1. Dr. John Thomas, Principal Investigator

3]

. Frank Aransky, Research Assistant

b

Greg Palubin, Research Assistunt

4. Richard MacKenzie,Director, Florida Tech Vehicle Maintenance
5. Bert Austin

6. David Cash

7. JeffReilly
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5. Appendlx

Road Data for the Methanol Car
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