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Abstract 

The Liquid Phase Methanol (LPMEOHTM) 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. The LPMEOHTM Process Demonstration 
Unit was built at a site located at the Eastman complex in Kingsport. 

During this quarter, comments from the DOE on the Topical Report “Economic Analysis - 
LPMEOHTM Process as an Add-on to IGCC for Coproduction” were received. A 
recommendation to continue with design verification testing for the coproduction of 
dimethyl ether @ME) and methanol was made. DME design verification testing studies 
show the liquid phase DME (LPDME) process will have a significant economic advantage 
for the coproduction of DME for local markets. An LPDME catalyst system with reasonable 
long-term activity and stability is being developed. A recommendation document 
summarizing catalyst targets, experimental results, and the corresponding economics for a 
commercially successful LPDME catalyst was issued on 30 June 1997. 

The off-site, product-use test plan was updated in June of 1997. During this quarter, Acurex 
Environmental Corporation and Air Products screened proposals for this task by the 
likelihood of the projects to proceed and the timing for the initial methanol requirement. 
Eight sites from the list have met these criteria. The formal submission of the eight projects 
for review and concurrence by the DOE will be made during the next reporting period. 

The site paving and final painting were completed in May of 1997. Start-up activities were 
completed during the reporting period, and the initial methanol production from the 
demonstration unit occurred on 02 April 1997. The first extended stable operation at the 
nameplate capacity of 80,000 gallons per day (260 tons per day) took place on 06 April 
1997. 

Pressure drop and resistance coefficient across the gas sparger at the bottom of the reactor 
increased over this initial operating period. The demonstration unit was shut down from 
08 May - 17 June 1997 as part of a scheduled complex outage for the Kingsport site. During 
this outage, the gas sparger was removed, cleaned, and reinstalled. After completion of 
other maintenance activities, the demonstration unit was restarted, and maintained stable 
operation through the remainder of the reporting period. Again, the gas sparger showed an 
increase in pressure drop and resistance since the restart, although not as rapidly as during 
the April-May operation. Fresh oil was introduced online for the first time to a new flush 
connection on the gas inlet line to the reactor; the flush lowered the pressure drop by 1 psi. 
However, the effects were temporary, and the sparger resistance coefficient continued to 
increase. Additional flushing with both fresh oil and entrained slurry recovered in the 
cyclone and secondary oil knock-out drum will be attempted in order to stabilize the sparger 
resistance coefficient. 
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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 a freshly reduced catalyst (as determined in the laboratory autoclave), declined 
more rapidly than expected. A catalyst slurry sample was taken during the May/June 1997 
complex outage for analysis. 

Overall, the LPMEOHTM Demonstration Unit operated well during the initial campaign. 
The availability of the LPME0WM Demonstration Unit was 94.9% during the reporting 
period. All methanol produced (a total of 2,900,692 gallons) was used by Eastman in the 
production of methyl acetate, and ultimately cellulose acetate and acetic acid. The start-up 
was successfully completed in a safe and environmentally sound manner. 

Ninety-eight percent (98%) of the $38 million of funds forecast for the Kingsport portion of 
the LPMEOHTM Process Demonstration Project for the Phase 1 and Phase 2 tasks have been 
expended (as invoiced), as of 30 June 1997. Five percent (5%) of the $158 million of funds 
for the Phase 3 tasks have been expended (as invoiced), as of 30 June 1997. 

Page 4 of 46 



Table of Contents 

Abstract ....................................................................................................................................... 3 
ACRONYMS AND DEFINITIONS ............................................................................................ 7 
Executive Summary ................................................................................................................... 9 
A . Introduction ........................................................................................................................... 12 
B . Project Description ................................................................................................................ 12 
C . Process Description ............................................................................................................... 13 
D . Results and Discussion ......................................................................................................... 14 

Task 1.2 Permitting ....................................................................................................... 14 
Task 1.3 Design Engineering ........................................................................................ 14 
Task 1.4 Off-Site Testing (Definition and Design) ...................................................... 15 
Task 1.5 Planning and Administration ........................................................................ 16 

Task 1.5.1 Product-Use Test Plan ................................................................... 16 
Task 1.5.2 Commercialization Studies ............................................................ 16 
Task 1.5.3 DME Design Verification Testing ................................................ 18 
Task 1.5.4 Administration and Reporting ...................................................... 20 

Task 2.1 Procurement .................................................................................................. 21 
Task 2.2 Construction .................................................................................................. 21 
Task 2.3 Training and Commissioning ....................................................................... 21 
Task 2.4 Off-Site Testing (Procurement and Construction) ...................................... 22 
Task 2.5 Planning and Administration ....................................................................... 22 
Task 3.1 Start-up .......................................................................................................... 23 
Task 3.2 LPMEOHm Process Demonstration Facility Operation ............................. 23 

Task 3.2.1 Methanol Operation ....................................................................... 23 
Task 3.2.2 DME Design, Modification and Operation ................................... 28 

Task 3.3 On-Site Testing (Product-Use Demonstration) ........................................... 28 
Task 3.4 Off-Site Testing (Product-Use Demonstration) ........................................... 28 
Task 3.5 Data Analysis and Reports ........................................................................... 29 
Task 3.6 Planning and Administration ....................................................................... 29 

E . Planned Activities for the Next Quarter ............................................................................. 30 
F . Conclusion .............................................................................................................................. 30 

Page 5 of 46 



Table of Contents (cont’d) 

APPENDICES ............................................................................................................................. 32 
APPENDIX A . SIMPLIFIED PROCESS FLOW DIAGRAM ..................................... 32 
APPENDIX B . PROJECT EVALUATION PLAN FOR BUDGET PERIOD NO . 2 .. 33 
APPENDIX C . TASK 1.4 . OFF-SITE TESTING (DEFINITION AND DESIGN) ... 34 
APPENDIX D . TASK 1.5.2 . PROCESS ECONOMIC STUDY ................................. 35 
APPENDIX E . TASK 1.5.3 . DME DESIGN VERIFICATION TESTING ................ 36 
APPENDIXF . TASK 1.5.4 -APPROVALFORBUDGETPERIOD THREE ........... 37 
APPENDIX G . TASK 2.5 . PARTNERSHIP ANNUAL PLAN .................................. 38 
APPENDIX H . TEST AUTHORIZATION K 1 -  METHANOL SYNTHESIS WITH 
BASELINE CATALYST . INITIAL SHAKEDOWN AND DESIGN 
PRODUCTION TESTS .................................................................................................. 39 

OPERATION ................................................................................................................. 40 

REPORTS ...................................................................................................................... 41 

APPENDIX I . TASK 3.2.1 . RESULTS OF DEMONSTRATION PLANT 

APPENDIX J . TASK 3.2.1 . SAMPLES OF DETAILED MATERIAL BALANCE 

APPENDIX K . TEST AUTHORIZATION K22 . METHANOL SYNTHESIS 
WITH BGL-TYPE SYNGAS .......................................................................................... 42 
APPENDIX L . METHODS OF CALCULATION FOR KEY PROCESS 
PARAMETERS .............................................................................................................. 43 
APPENDIX M . TASK 3.6 . INTERIM PROJECT REVIEW MEETING ................... 44 
APPENDIX N . TASK 3.6 . MILESTONE SCHEDULE STATUS AND COST 
MANAGEMENT REPORTS ......................................................................................... 45 
APPENDIX 0 . PRESS RELEASE (21 MAY 1997) AND PRESS COVEUGE ........ 46 

Page 6 of 46 



ACRONYMS AND DEFINITIONS 

Acurex - Acurex Environmental Corporation 
AirProduCts - Air Products and Chemicals, Inc. 
AFDU - Alternative Fuels Development Unit - The “LaPorte PDU” 
BalancedGas - A syngas with a composition of hydrogen (H2), carbon monoxide (CO), and 

carbon dioxide (CO,) in stoichiometric balance for the production of methanol 
Carbon Monoxide Gas - A syngas containing primarily carbon monoxide (CO); also called CO Gas 
Catalyst Age (9 -eta) 

catalyst (as determined in the laboratory autoclave) 
Catalyst Concentration - Synonym for Slurry Concentration 

- the ratio of the rate constant at any point in time to the rate constant for a freshly reduced 

Catalyst Loading - 
CO Conversion - 
Crude Grade Methanol 

DME - 
DOE - 
DOE-FETC - 
DOE-HQ - 
DTP 
DVT L 

EaStman - 
EIV - 
EMP - 
EPRI 
Fresh Feed L 

Gassed Slurry 

HAPS 
HydrogenGas - 

GasHoldup - 
Height 

IGCC - 
Inlet Superficial 
IGCCIOTM - 
Velocity 

K - 
KSCFH 
LaPortePDU - 
LPDME 

LPMEOHTM - 
MeOH 

synonym for slurry 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 
sum of Balanced Gas, H2 Gas, and CO Gas 
the percentage of reactor volume up to the Gassed Slurry Height which is gas 

height of gassed slurry in the reactor 
Hazardous Air Pollutants 
A syngas containing an excess of hydrogen @I2) over the stoichiometric balance for 
the production of methanol; also called H2 Gas 
Integrated Gasification Combined Cycle, a type of electric power generation plant 
An IGCC plant with a ”Once-Thru Methanol’’ plant (the LPMEOHTM 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 LPMEOIP 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) 
methanol 

Methanol 
MTBE 
MW 

Productivity 
- 

- 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 

NEPA - National Environmental Policy Act 
OSHA - Occupational Safety and Health Administration 
P 
AP pressure drop, psi 
Partnership 
PDU Process Development Unit 

density, pounds per cubic foot 

Air Products Liquid Phase Conversion Company, L.P. 
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ACRONYMS AND DEFINITIONS (cont’d) 

PFD 
PPbV 
Project 

psi - 
psia - 
P&ID - 
RawMethanol - 
Psig 

Reactor Feed 
Reactor 0-T-M 
Conversion 

Reactor Volumetric 
Productivity - 

RecycleGas - 
Refined Grade Methanol 

SCFH - 
Slurry Concentration - 
syngas 
Syngas Utilization - 
SVhr-kg 

SynthesisGas - 

Tie-in(s) 

TPD 
V 
WBS 
wt 

Process Flow Diagram(s) 
parts per billion (volume basis) 
Production of MethanoDME Using the LPMEOHTM 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 
Distilled methanol, defined as 99.8 wt?! minimum purity; used directly in downstream 
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 
LPMEOHm Demonstration Unit required to produce one pound of Raw Methanol 
A gas containing primarily hydrogen (HJ and carbon monoxide (CO), or mixtures of 
Hz and CO; intended for ”synthesis” in a reactor to form methanol andor other 
hydrocarbons (synthesis gas may also contain COZY water, and other gases) 
the interconnection(s) between the LPMEOWM Process Demonstration 
Facility and the Eastman Facility 
Ton(s) per Day 
volumetric flowrate, thousand standard cubic feet per hour 
Work Breakdown Structure 
weight 

Page 8 of 46 



Executive Summary 

The Liquid Phase Methanol (LPMEOHT’) 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. The LPMEOH? Process Demonstration 
Unit was designed, constructed, and has begun start-up at a site located at the Eastman 
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 LPMEOHTM 
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 LPMEOHTM 
Process Demonstration Unit, and for the interconnection and supply of synthesis gas 
(syngas), utilities, product storage, and other needed services. 

The project involves the construction 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 198 1. Developed to enhance electric power 
generation using integrated gasification combined cycle (IGCC) technology, the LPMEOHTM 
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 sluny. 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 odoff 
operation, and its ability to produce methanol as a clean liquid fuel without additional 
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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 will demonstrate the commercial application of the 
LPMEOHTM process to allow utilities to manufacture and sell two products: electricity and 
methanol. 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 (1 50 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 dimethyl ether @ME) 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 it on 01 
June 1995 (Mod 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. A01 1) 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, comments from the DOE on the Topical Report “Economic Analysis - 
LPMEOHTM Process as an Add-on to IGCC for Coproduction” were received. The study 
concludes that methanol coproduction, with IGCC electric power utilizing the LPMEOHTM 
process technology, will be competitive in serving local market needs. 

A recommendation to continue with DME design verification testing was made. DME 
design verification testing studies show the liquid phase DME (LPDME) process will have a 
significant economic advantage for the coproduction of DME for local markets. The market 
applications for DME are large. An LPDME catalyst system with reasonable long-term 
activity and stability is being developed. Planning for a proof-of-concept test run at the 
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Alternative Fuels Development Unit (AFDU) in LaPorte, TX was recommended. A 
recommendation document summarizing catalyst targets, experimental results, and the 
corresponding economics for a commercially successful LPDME catalyst was issued on 30 
June 1997. 

The off-site, product-use test plan was updated in June of 1997. During this quarter, Acurex 
Environmental Corporation (Acurex) and Air Products screened proposals for this task by 
the likelihood of the projects to proceed and the timing for the initial methanol requirement. 
Eight sites from the list have met these criteria. The formal submission of the eight projects 
for review and concurrence by the DOE will be made during the next reporting period. 

An interim project review meeting was held in Allentown in late April of 1997. An update 
on the performance of the demonstration unit was provided, and the status of the DME 
recommendation and the off-site, product-use test plan were discussed. 

The site paving and final painting were completed in May of 1997. Start-up activities were 
completed during the reporting period, and the initial methanol production from the 
demonstration unit occurred on 02 April 1997. The first extended stable operation at the 
nameplate capacity of 80,000 gallons per day (260 TPD) took place on 06 April 1997. 
Pressure drop and resistance coefficient across the gas sparger at the bottom of the reactor 
increased over this initial operating period. The demonstration unit was shut down on 08 
May 1997 as part of a scheduled complex outage for the Kingsport site. During this outage, 
the gas sparger was removed, cleaned, and reinstalled. After completion of other 
maintenance activities, the demonstration unit was restarted on 17 June 1997, and 
maintained stable operation through the remainder of the reporting period. Again, the gas 
sparger showed an increase in pressure drop and resistance since the restart, although not as 
rapidly as during the ApriVMay operation. Fresh oil was introduced online for the first time 
to a new flush connection on the gas inlet line to the reactor; the flush lowered the pressure 
drop by 1 psi. However, the effects were temporary, and the sparger resistance coefficient 
continued to increase. Additional flushing with both fresh oil and entrained slurry recovered 
in the cyclone and secondary oil knock-out dnun will be attempted in order to stabilize the 
sparger resistance coefficient. 

Catalyst activity, as defined by 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), declined 
more rapidly than expected. A catalyst slurry sample was taken during the May/June 1997 
complex outage for analysis. 

Overall, the LPMEOHTM Demonstration Unit operated well during the initial campaign. 
The availability of the L P M E O P  Demonstration Unit was 94.9% during the reporting 
period. All methanol produced (a total of 2,900,692 gallons) was used by Eastman in the 
production of methyl acetate, and ultimately cellulose acetate and acetic acid. The start-up 
was successfidly completed in a safe and environmentally sound manner. 

Ninety-eight percent (98%) of the $38 million of funds forecast for the Kingsport portion of 
the LPMEOHTM Process Demonstration Project for the Phase 1 and Phase 2 tasks have been 
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expended (as invoiced), as of 30 June 1997. Five percent (5%) of the $158 million of funds 
for the Phase 3 tasks have been expended (as invoiced), as of 30 June 1997. 

A. Introduction 

The Liquid Phase Methanol (LPMEOHTM) 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 has begun operation 
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 LPMEOHTM 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 LPMEOHTM process is the product of a cooperative development effort by Air Products 
and the DOE in a program that started in 198 1. 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. Proiect Descrhtion 

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 LPMEOHTM Process Demonstration. Three different feed gas 
streams (hydrogen gas, carbon monoxide gas, and balanced gas) will be diverted from 
existing operations to the LPMEOHTM 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. 
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For descriptive purposes and for design and construction scheduling, the project has been 
divided into four major process areas with their associated equipment: 

Reaction Area - Syngas preparation and methanol synthesis reaction equipment. 
Purification Area - Product separation and purification equipment. 
Catalyst Preparation Area - Catalyst and slurry preparation and disposal equipment. 
Storage/UtiZity 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, 

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. The most salient feature is the reactor, since with supports, it is 
approximately 84-feet tall. 

0 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. 

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. 

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 Descrbtion 

The LPMEOHTM 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 
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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 he1 for stationary applications in the power industry. 

D. Results and Discussion 

The project status is reported by task, and then by the goals established by the Project 
Evaluation Plan for Budget Period No. 2 (see Appendix B). Major accomplishments during 
this period are as follows: 

Task 1.2 Permifting 

For this task the Project Evaluation Plan for Budget Period No. 2 establishes these goals: 

0 Issue the Final Environmental Information Volume (EIV) to support the DOE’S 
Environmental AssessrnentFinding of No Significant Impact. 

- The NEPA review was completed 30 June 1995 with the issuance of an 
Environmental Assessment (DOEEA-1029) and Finding of No Significant 
Impact FONSI). The Final Environmental Information Volume was approved 
by the DOE on 29 August 1996. Copies of the Final EIV were distributed in 
September of 1996. 

0 Obtain permits necessary for construction and operation. 

- The construction and operation permits have been obtained. 

Task 1.3 Design Engineering 

For this task the Project Evaluation Plan for Budget Period No. 2 establishes these goals: 

Prepare the Environmental Monitoring Plan (EMP). 

- The DOE approved the Draft Final EMP on 29 August 1996. Copies of the Final 
EMP were distributed in September of 1996. 

Complete the design engineering necessary for construction and commissioning. 
This includes Piping and Instrumentation Diagrams, Design Hazard Reviews, and the 
conduct of design reviews. 

- Task 1.3 Design Engineering is complete. 
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Task 1.4 Off-Site Testing (Definition and Design) 

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for th is 
task 

Prepare the product-use demonstration plan for Phase 3, Task 4 Off-Site Product-Use 
Demonstration. This off-site test plan will be incorporated into an updated, overall 
(fuel and chemical) product-use test plan (in Phase 1, Task 5). 

Discussion 

The product-use test plan, developed in 1992 to support the demonstration at the original 
Cool Water Gasification Facility site, has become outdated. Since the site change to 
Eastman, the original product test plan under-represents new utility dispersed electric power 
developments, and possibly new mobile transport engine developments. The updated 
product-use test plan will attempt for broader market applications and for commercial fuels 
comparisons. The objective of the product-use test plan update will be 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 LPMEOHTM technology is expected 
to be commercialized. 

The product-use test plan will be 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 LPMEOHTM 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. Cost savings (1 0 to 15%) of several cents per 
gallon of methanol can be achieved, if the suitability of the stabilized product as a fuel can 
be demonstrated. The applications: 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. 

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 will be 
targeted for an approximate 18 to 30-month period, commencing in the first year of 
demonstration operations. The methanol product will generally be available for shipment 
from the demonstration unit in Kingsport, Tennessee; methanol for some of-site tests may be 
shipped from the inventory held at the Alternative Fuels Development Unit in LaPorte, TX. 
Air Products, Acurex Environmental Corporation (Acurex), and the DOE will develop the 
fmal off-site, product-use test plan. 
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Activity during this auarter 

Acurex and Air Products have been working to identify a variety of sites and 
applications for product-use tests. During the 29-30 April 1997 interim review 
meeting, Air Products presented a status update on these activities to the DOE. A 
total of 22 projects have been screened by their likelihood to proceed and the 
timing for the initial methanol requirement. Eight sites from the list have met 
these criteria. Appendix C contains a synopsis of all projects screened, and a table 
summarizing the best eight candidates. At present, full proposals and cost 
breakdowns are being developed by Acurex and each of the eight possible 
participants. Due to the timing and quantities of methanol required by the earliest 
four tests, Air Products and DOE are considering the use of methanol produced 
from carbon monoxide (C0)-rich syngas feeds from the LaPorte Alternative Fuels 
Development Unit (AFDU). This will allow for some initial testing to occur 
during calendar year 1997, when some of these projects will be ready to proceed. 
The Demonstration Test Plan indicates methanol for the remaining four tests (as- 
produced from CO-rich syngas) will first be produced in May of 1998. The 
formal submission of the eight projects for review and approval by the DOE will 
be made during the next reporting period. 

Task 1.5 Planning and Administration 

Task 1.5.7 Product-Use Test Plan 

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this 
task: 

0 Update the (fuel and chemical) product-use test plan to better meet the technical 
objectives of the project and serve the needs of commercial markets. 

- Air Products and Eastman have updated plans for the on-site product-use 
demonstrations. The schedule for on-site product-use tests was established for 
August to October of 1997. Methanol product from the LPMEOHTM Process 
Demonstration Unit will be used as a chemical feedstock. Eastman will perform 
fitness-for-use tests on the methanol product for use as a chemical feedstock and 
provide a summary of the results. 

Task 1.5.2 Commercialization Studies 

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this 
task: 

0 Complete economic studies of important commercial aspects of the LPMEOHTM 
process to enhance IGCC electric power generation. These studies will be used to 
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provide input to the LPMEOHTM Process Demonstration Unit's Demonstration Test 
Plan (Phase 2, Task 3). 

Discussion 

Several areas have been identified as needing development to support specific commercial 
design studies. These include: a) product purification options; b) front-end impurity 
removal options; c) catalyst additiodwithdrawal 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 D. This Outline 
addresses several needs for this Task 1 S.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 identi@ the important market 
opportunities for the liquid phase technology. 

c) 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 plan update. 

Activities during this auarter 

- Part One of the Outline - "Coproduction of Methanol" has been written for release 
as a Topical Report. Comments from DOE on the 3 1 March 1997 draft of the 
Topical Report "Economic Analysis - LPMEOHTM Process as an Add-on to IGCC 
for Coproduction" were received during the reporting period. This Topical Report 
develops plant design options for the LPMEOHF process, as an add-on to IGCC 
power plants for the coproduction of methanol and power. Part One also 
compares the LPMEOHTM (LP) process with gas phase (GP) methanol processes 
in the environment of coal-derived syngas. Surprisingly, the LP technology can 
coproduce methanol at less than 50 cents per gallon, even at relatively small (400 
to 1200 TPD) methanol plant sizes. LP's advantage over GP is 6 to 9 cents per 
gallon. Therefore, when baseload IGCC power is viable, the LP technology 
makes coproduction viable. An update of this draft Topical Report is expected to 
be released for comment in September of 1997. 

- Part Two of the Outline - "Baseload Power and Methanol Coproduction", has 
been incorporated into the paper, "Fuel and Power Coproduction", that was 
presented at the DOE'S Fifth Annual Clean Coal Technology Conference in 
January of 1997. 
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- Part Four of the Outline - "Methanol Fuel Applications", is being used as the 
basis to update the product-use test plan (Task 1.4). 

Task 1.5.3 DME Design Verification Testing 

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this 
task: 

Perform initial Design Verification Testing @VT) for the production of dimethyl 
ether @ME) as a mixed coproduct with methanol. This activity includes laboratory 
R&D and market economic studies. 

Discussion 

The first decision milestone, on whether to continue with DME DVT, was targeted for 
01 December 1996. This milestone was relaxed to July of 1997 to allow time for further 
development of the 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) codinn 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 E. 

Action during this quarter included a recommendation to continue with DME DVT, Market 
Economic Studies, and Laboratory R&D. 

DME D VT Recommendation 

Air Products made a 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 E. 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 &d water is now being developed and tested 
by others. DME is a key intermediate in a 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. The markets and this catalyst system is sufficiently promising that 
proof-of-concept planning for the LaPorte AFDU is recommended. A summary of the DME 
DVT recommendation is: 
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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 LPMEOHTM Project budget could be 
made available to support a suitable LPDME test run at LaPorte. 

An implementation decision, made mutually by the DOE's Clean Coal Technology 
Program (DE-FC22-92PC90543) LPMEOHTM project participants, and by the DOE's 
Indirect Liquefaction Program (DE-FC22-95PC93052) project participants, should 
be made in time to implement testing at LaPorte. 

The recommendation to continue design verification testing to coproduce DME with 
methanol at the LaPorte AFDU is now under consideration. LPDME is not applicable to 
hydrogen @&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 LPMEOHTM Process Demonstration Unit 

The productivity and life of an "acceptable" LPDME catalyst system must be better defined, 
and then confirmed in the laboratory. A recommendation document summarizing catalyst 
targets, experimental results, and the corresponding economics for a commercially 
successful LPDME catalyst was issued on 30 June 1997. 

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 the China and Pacific Rim regions. The results 
to date, are included in the DME recommendation in Appendix E. 

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 
LPMEOWM process. Higher syngas conversion would provide improved design flexibility 
for the coproduction of power and liquid fuels from an IGCC facility. The liquid phase 
DME (LPDME) process concept seemed ideally suited for the slurry-based liquid phase 

Page 19 of 46 



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. 

Subsequent catalyst activity-maintenance experiments have shown the catalyst system 
utilized in the proof-of-concept runs experienced relatively fast deactivation compared to the 
LPMEOHTM 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 S.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 LPMEOlP catalyst system, when a new aluminum-based (AB) 
dehydration catalyst was developed. This new AB catalyst development showed that 
modification of the LPDME 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 

0 Experiments using an alternative methanol catalyst with the AB dehydration catalyst 
have given the highest productivity seen for a stable catalyst system. A new reduction 
procedure, one which reflects plant procedure, was also used. No sign of the accelerated 
long-term catalyst deactivation was observed following 1030 stream hours of testing. 

This new reduction procedure has given good stability in a run at low feed rates on a syngas 
typically produced by a Shell coal gasifier. This run is part of a matrix of experiments to 
understand the effects of space velocity and feed gas composition on catalyst stability. 

0 Air Products has begun discussing scale-up of the production of the AB dehydration catalyst 
with two catalyst manufacturers. The key technical issue at this point is whether nitridation is 
(a) commercially feasible and (b) technically desirable in light of recent laboratory successes in 
improving the stability of non-nitrided material. 

Task 7.5.4 Administration and Reporting 

The Cooperative Agreement was modified (Modification No. A01 1 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 
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full DOE cost share of $92,700,000 of authorized funding, with the remaining $12 1,000,000 
being provided by the participants. A copy of the approval memorandum, dated 03 October 
1996, is included in Appendix F. 

The remainder of the DOE reporting tasks are being performed and reported under Task 3.6 
(Planning and Administration). 

Task 2.1 Procurement 

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this 
task 

0 Complete the bidding and procurement for all equipment and Air Products-supplied 
construction materials. 

- Task 2.1 Procurement is complete. 

Task 2.2 Construction 

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this 
task: 

0 Provide construction management for contractor coordination and compliance with 
design, construction, and quality control standards. 

0 

0 

Erect the major equipment and structural steel. Install the large bore piping, 
electrical, and insulation such that instrument check-out and equipment 
commissioning work can be completed during the 60-day Continuation Application 
approval period. 

Complete mechanical construction so that check-out and commissioning can be 
started in Budget Period No. 3. 

- All major construction contract work has been completed. During the reporting 
period, site pavindgrading and the painting of large- and some small-bore piping 
systems was completed in May of 1997. 

Task 2.3 Training and Commissioning 

The Project Evaluation Plan for Budget Period No. 2 establishes the following goals for this 
task: 

0 Prepare a four-year test plan for Phase 3, Task 2 - Operation. 
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- The four-year Demonstration Test Plan (DTP) was approved and issued in 
September of 1996. 

0 Prepare the operating manual and initiate the operator training program. 

- The operator training was completed in December of 1996. Final additions to the 
operating manual were made in January of 1997. 

- Task 2.3 Training and Commissioning is complete. 

Task 2.4 Off-Site Testing (Procurement and Construction) 

The Project Evaluation Plan for Budget Period No. 2 establishes the following goal for this 
task: 

0 Prepare the final off-site, product-use test plan. 

- The off-site, product-use test plan update is being reported under the Task 1.4 
Off-Site Testing (Definition and Design). 

Task 2.5 Planning and Administration 

The Project Evaluation Plan for Budget Period No. 2 establishes the following goals for this 
task: 

0 Prepare annually an updated (Partnership) plan for the remaining activities. The first 
annual plan will update the remaining Phase 1 and Phase 2 activities, and the second 
will include an update of the Phase 3 Demonstration Test Plan. 

- The first update of the Partnership Annual Operating Plan was prepared and 
submitted in September of 1995 (See Quarterly Technical Progress Report No. 5). 
The main goal and objective for this first annual plan was to continue construction 
so that the LPMEOHTM demonstration unit would be ready for commissioning and 
start-up in 1996; and to complete the Project Evaluation Report and to submit it to 
the DOE along with the Continuation Application for Budget Period No. 3. 

- The second update of the Partnership Annual Operating Plan was prepared and 
submitted in November of 1996 (see Appendix G). The main goal and objective 
for this second annual plan is to initiate Phase 3 - Operation of the LPMEOHTM 
demonstration unit and to achieve 30 weeks of operation (Task 2.1.1 Operation) 
by September of 1997 in accordance with the Demonstration Test Plan. Other 
objectives include continuation of DME design verification testing, and updating 
the plan for off-site product-use testing. 

Submit all Project status, milestone schedule, and cost management reports as 
required by the Cooperative Agreement. 
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- The DOE reporting tasks are being performed and reported under Task 3.6 
(Planning and Administration). 

Task 3.1 Stadoup 

Start-up activities were completed on 02 April 1997 with the initial production of methanol. 

Task 3.2 LPMEOHfM Process Demonstration Facility Operation 

Task 3.2. I Methanol Operation 

Upon completion of the activation of the nine batches of methanol synthesis catalyst 
(reported in Technical Progress Report No. 1 l), the catalyst slurry was transferred from the 
29D-02 slurry storage tank to the 29C-01 reactor (refer to Appendix A for the simplified 
process flow diagram). A portion of the slurry was pumped by the 296-02 slurry return 
pump; the remainder was pressure-transferred using nitrogen at 45-50 psig on the slurry 
storage tank. Heat-up of the catalyst slurry by injecting 600 psig steam into the risers of the 
internal heat exchanger on the reactor proceeded smoothly. Balanced Gas was introduced to 
the LPMEOHTM demonstration unit at 0900 hours on 02 April 1997, but several coincidental 
interruptions in feed gas supply delayed extended, stable operation for several more days. 
The first stable operation at the nameplate methanol capacity of 80,000 gallons per day (260 
TPD) was achieved on 06 April 1997. The Test Authorization for the initial operating 
campaign at the LPMEOHTM demonstration unit is provided in Appendix H. 

The summary table of performance data over the entire reporting period for the LPMEOHTM 
demonstration unit is included in Table 3.2.1-1. These data represent daily averages, 
typically from a 24-hour material balance period; those days with less than 12 hours of 
stable operation are omitted from this table. Appendix J contains samples of the detailed 
material balance report which are representative of the operation of the LPMEOHTM 
demonstration unit during the reporting period. 

Appendix I, Table 1 contains the summary of outages for the LPMEOHTM demonstration 
unit. This table also calculates the availability of the LPMEOHTM demonstration unit over 
the reporting period. 

The following discussion of performance results will focus on the distinct operating periods 
during the quarter and detailed reporting of specific performance parameters. 

Initial ODeratinP Period - 02 A ~ r i l  - 08 May 1997 

The frequent feed gas interruptions continued for several more days, so that the first stable 
24-hour material balance period occurred on 12 April 1997. The highest methanol 
production rate over a 24-hour period occurred on 19 April 1997 (89,900 gallons per day, or 
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292.2 TPD); for shorter balance periods (approximately 12 hours), methanol production 
rates of 92,900 to 94,500 gallons per day (302 to 307 TPD) were measured. 

During the first days of operation, several strainers in the reactor loop became blocked with 
debris remaining in the piping systems fiom construction and hydrotesting. Outages were 
taken to clean screens at the inlet to the 29C-40 carbonyl guard bed and the 29C-03 high- 
pressure methanol separator. The carbonyl guard bed was bypassed fiom 04 April 1997 
until 18 April 1997; the decision to bypass the carbonyl guard bed was based upon the 
results of the carbonyl survey completed in March (as reported in Technical Progress Report 
No. 11) and an autoclave test performed at the Kingsport site in May/June 1996. A draft 
Topical Report has been issued on that study (Design and Construction of the Alternative 
Fuels Field Test Unit and Liquid Phase Methanol Feedstock and Catalyst Life Testing at 
Eastman Chemical Company (Kingsport, TN)). 

As noted in Technical Progress Report No. 11, the 296-03 oil make-up pumps were unabl 
to deliver fresh oil to the reactor loop at the required pressure of approximately 700 psig. 
These pumps also provide the required high pressure seal flush to the 29G-01 condensed oil 
circulation pumps, which return oil and catalyst collected in the 29C-06 cyclone and the 
29C-05 secondary oil knock-out drum to the reactor (refer to Appendix A for the simplified 
process flow diagram). One of the features included in the design of the LPMEOHTM 
Demonstration Unit was the capability to fiee-drain condensed and entrained oil and catalyst 
slurry back to the reactor. Furthermore, fresh make-up oil could be added to the process by 
using the 296-30 slurry transfer pump, which was designed to transfer catalyst slurry from 
the 29C-30 catalyst reduction vessel to the reactor. Oil was batch-transferred fiom the 29D- 
30 oil storage tank to the catalyst reduction vessel, and then pumped to the reactor by the 
slurry transfer pump. The slurry transfer pump has packing which also requires flush fiom 
the oil make-up pumps; however, it was determined that operation of the slurry transfer 
pump in services with clean oil or low solids concentration would not adversely affect the 
service life of the pump. 

The free-drain line showed intermittent plugging or vapor-locking during operation. Early 
in the operating campaign, blockages could be cleared by opening a transfer line between the 
secondary oil knock-out drum and catalyst reduction vessel and briefly blowing down to low 
pressure; piping connections to provide flush oil were rendered useless by the inoperable oil 
make-up pumps. However, on 25 April 1997, a blockage in the free-drain line occurred in a 
location which could not be removed by this method. Since the slurry concentration of the 
entrained oil and catalyst was relatively low, it was determined that the slurry transfer pump 
could pump this material without packing flush on the pump. Condensed oil was batch- 
transferred from the secondary oil knock-out drum to the catalyst reduction vessel, and then 
pumped to the reactor. The frequency of the transfer to the catalyst reduction vessel was 
about every 3 hours, and the catalyst reduction vessel was pumped to the reactor about every 
10 hours. The rate of accumulation of entrainedcondensed slurry (1.5 to 2.0 gallons per 
minute) matched the expected liquid traffk within the oilkatalyst collection equipment. 

A two-day test using a CO-rich reactor feed (H2/C0 = 0.43) was performed on 07-08 May 
1997. The Test Authorization for this trial is included in Appendix K. At the conclusion of 
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this test, the LPMEOHTM Demonstration Unit was shut down in preparation for a biannual 
outage at the Eastman coal-to-chemicals facility. Catalyst slurry was pressure-transferred 
from the reactor to the slurry storage tank for storage under a reducing atmosphere during 
the outage. 

Throughout this initial operating period, pressure-drop measurements across the gas sparger 
at the bottom of the reactor showed a steady increase during normal operation, Pressure 
drop can be expressed in the following equation: 

where: AP = pressure drop across sparger, pounds per square inch 
K = sparger resistance coefficient 
V = vapor volumetric flowrate, thousand standard cubic feet per hour 

MW = vapor molecular weight, pounds per pound mole 
p = vapor density, pounds per cubic foot 

This equation shows that pressure drop readings can be influenced by changes in gas 
flowrate andor gas composition. The resistance coefficient (K) can be used to determine 
any change in the vapor flow path through the gas sparger. For a given vapor volumetric 
flowrate and density, an increase in K (caused by a restriction in the flow path, for example), 
will result in an increase in pressure drop. 

Appendix I, Figure 1 plots K over time since the start-up of the LPMEOHTM Demonstration 
Unit. (Note that K as reported contains an arbitrary factor to make the value more 
manageable, and therefore has meaning only in a relative sense.) The data for this plot, 
along with the corresponding pressure drop measurement, are included in Table 3.2.1-1. 
Pressure drop and resistance increased with time on stream, and extended periods with no 
vapor flow through the gas sparger (noted on Figure 1) appear to have no impact on this 
trend. 

Maintenance Activities During; MadJune 1997 Comdex Outage 

Most of the activities in the LPMEOHTM Demonstration Unit during the complex outage 
focused on the inspection of equipment associated with the reactor, particularly the gas 
sparger. About 800 pounds of residual catalyst was removed fiom the bottom head of the 
reactor during this exercise. A solid material (presumably methanol synthesis catalyst) 
appeared to block about 50% of the flow path through the sparger; a small amount of 
catalyst was found in the inlet piping to the sparger. There was no discernible pattern to the 
blockage by the catalyst, and no significant construction debris was found in the inlet piping 
or in the sparger. The sparger was removed from the reactor and cleaned. The only 
modifications to the sparger itself were changes to increase the maximum allowable pressure 
drop; no change to the flow distribution characteristics was made. 

Page 26 of 46 



Another effect of the commissioning problems associated with the oil make-up pumps is the 
loss of oil flush provided by the condensed oil circulation pumps to the walls of the cyclone. 
At the LaPorte AFDU, liquid flush to the cyclone improved the efficiency of solids removal. 
During the complex outage, the inlet to the tubesheet of the 29E-02 feeaproduct heat 
exchanger (immediately downstream of the cyclone) was removed to check for catalyst 
accumulation. The tubesheet was generally clean except for a small, off-center 
accumulation on the upper left quadrant. The catalyst slightly obstructed the entrance to 
these tubes, but did not completely block any tube. No catalyst was visible within any of the 
tubes. The surface catalyst was removed, and the feedproduct heat exchanger was 
reassembled. 

During the initial operating period, the blockage in the free-drain line provided evidence that 
the ability to flush piping systems in slurry service was an important operability 
requirement. Since a replacement for the oil make-up pumps had not yet been identified, the 
slurry transfer pump was connected into the flush piping system originally designed to be 
supplied by the oil make-up pumps. A flush connection was also added to the gas inlet line 
to the reactor; this could be used to flush out the piping and gas sparger during normal 
operation, at those times when gas flow to the reactor is lost, or in preparation for 
maintenance. 

Other maintenance activities focused on repair of minor leaks in the steam system. 

Unit Restart and ODeration - 17-30 June 1997 

After the catalyst slurry was pressure-transferred from the slurry storage tank to the reactor, 
the reactor was heated using 600 psig steam in the same manner as the April start-up. 
Balanced Gas was introduced to the LPMEOHTM Demonstration Unit at 1400 hours on 17 
June 1997. Operation of the facility has continued uninterrupted since the restart. The free- 
drain piping from the secondary oil knock-out drum and cyclone to the reactor plugged 
again shortly after restart, but flush oil from the slurry transfer pump successfully dislodged 
the blockage. 

Again, the gas sparger has shown an increase in pressure drop and resistance since the 
restart, although not as rapidly as during the April-May operation. The plot of sparger 
resistance Coefficient with time for both operating periods is provided in Appendix I, Figure 
1. The value for the resistance coefficient is lower for the latest start-up of the reactor; this 
may be a result of additional attention to maintaining vapor flow through the sparger during 
the slurry transfer operation. On 26 June 1997, fresh oil from the slurry transfer pump was 
introduced for the first time to the new flush connection on the gas inlet line to the reactor; 
the flush lowered the pressure drop from 5.5 psi to 4.5 psi. However, the effects were 
temporary, and the resistance coefficient continued to increase. Additional flushing with 
both fresh oil and entrained slurry will be attempted in order to stabilize the resistance 
coefficient. Fresh oil can only be added to the process at an average of 0.1 - 0.2 gallons per 
minute to match the rate of oil loss with the methanol product; entrained slurry can be 
supplied at the rate of liquid trafic in the secondary oil knock-out drum and cyclone (1 -5 to 
2.0 gallons per minute). 
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Catalyst Life (eta) 

The activity of the methanol synthesis catalyst can be expressed in terms of a dimensionless 
variable eta (q), which is defined as 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). 
Appendix I, Figure 2 contains the plot for q versus days onstream since the start-up in April 
of 1997; shutdowns of the LPMEOHTM Demonstration Unit are indicated and match the 
longer interruptions in operation fiom Appendix I, Table 1. During the ApriVMay 1997 
operating period, the evidence was unclear whether the decline in q was a result of a decline 
in catalyst activity or hydrodynamic effects related to the increase in resistance coefficient 
for the gas sparger. Upon restarting the LPMEOHTM Demonstration Unit in June of 1997, 
the value of rl was determined to be unaffected by the magnitude of the sparger resistance 
coefficient. It appears that catalyst activity is declining more rapidly than expected. 

A catalyst slurry sample was taken during the May/June 1997 complex outage. Due to a 
change in procedures for handling reduced catalyst in the laboratory, analysis of this sample 
for copper crystallite size, surface area, and the presence of catalyst poisons will not be 
performed until July of 1997. 

Overall, the LPMEOHTM Demonstration Unit operated well during the initial campaign. 
The availability of the LPMEO€FM Demonstration Unit was 94.9% during the reporting 
period. All methanol produced (a total of 2,900,692 gallons) was used by Eastman in the 
production of methyl acetate, and ultimately cellulose acetate and acetic acid. The start-up 
was successfully completed in a safe and environmentally sound manner. 

Methods of Calculation 

As described in Section 6.2 of the Demonstration Test Plan, a comprehensive set of the 
formulas used to calculate key performance parameters of the LPMEOHTM Process was to 
be included in the first Technical Progress Report for Task 3.2.1 - Methanol Operation. 
These calculations are provided in Appendix L. 

Task 3.2.2 DME Design, Modification and Operation 

No activities occurred in this Task during the reporting period. 

Task 3.3 On-Site Testing (Product-Use Demonstration) 

No activities occurred in this Task during the reporting period. 

Task 3.4 Off-Site Testing (Product-Use Demonstration) 

No activities occurred in this Task during the reporting period. 
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Task 3.5 Data Analysis and Reports 

The results of the data analysis for the operation of the LPMEOHTM Demonstration Unit are 
reported under Task 3.2.1 (Methanol Operation). 

Task 3.6 Planning and Administration 

An interim project review meeting was held on 29 and 30 April 1997 in Allentown. 
Attendees from Air Products and DOE participated. An update on the performance of the 
demonstration unit was provided. The catalyst targets and corresponding economics for a 
commercially successful LPDME catalyst were reviewed; these and other comments from 
DOE were incorporated into the DME recommendation (issued 30 June 1997). The status of 
the updated product-use test plan was also discussed. The meeting agenda, extracts from the 
meeting handouts, and the meeting notes are included in Appendix M. 

The Milestone Schedule Status Report and the Cost Management Report, through the period 
ending 30 June 1997, are included in AppendixN. These two reports show the current 
schedule, the percentage completion and the latest cost forecast for each of the Work 
Breakdown Structure (WBS) tasks. The demonstration unit was mechanically complete on 
31 January 1997. Ninety-eight percent (98%) of the $38 million of funds forecast for the 
Kingsport portion of the LPMEOHTM Process Demonstration Project for the Phase 1 and 
Phase 2 tasks have been expended (as invoiced), as of 30 June 1997. Five percent (5%) of 
the $158 million of funds for the Phase 3 tasks have been expended (as invoiced), as of 30 
June 1997. 

Start-up activities were completed during the reporting period, and the initial methanol 
production from the demonstration unit occurred on 02 April 1997. The first extended stable 
operation at the nameplate capacity of 80,000 gallons per day (260 TPD) took place on 06 
April 1997. The demonstration unit was shut down on 08 May 1997 as part of a scheduled 
complex outage for the Kingsport site. After completion of maintenance activities, the 
demonstration unit was restarted on 17 June 1997, and maintained stable operation through 
the remainder of the reporting period. Details of the operating activities are provided under 
Task 3.2 of this report. 

Preparations for the plant dedication ceremony, scheduled for 25 July 1997, began in 
earnest. Participants are expected to include senior management from Air Products, 
Eastman, and DOE. 

A press release on the start-up of the LPMEOHTM Demonstration Facility was issued on 21 
May 1997. A copy of the press release, as well as a sample of other publications which 
reported on the start-up of the demonstration unit, are included in Appendix 0. 

An update of the Project Management Plan was submitted to DOE on 30 June 1997. This 
version summarizes the reporting structure during Tasks 1 and 2, and lists the current team 
members for Air Products, Eastman, and Acurex. 
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The monthly reports for April, May, and June were submitted. These reports include the 
Milestone Schedule Status Report, the Project Summary Report, and the Cost Management 
Report. All Quarterly Technical Progress Reports through 3 1 March 1997 have been 
approved by DOE. DOE and Air Products agreed to delay the publication of the 
Demonstration Technology Start-up Report until issues related to the oil make-up pump and 
the reactor sparger have been resolved (refer to Task 3.2 for the status of these items). 

E. Planned Activities for the Next Ouarter 

Resolve any issues associated with the gas sparger in the reactor and with the oil 
make-up pumps. Upon resolution of these items, write and submit the 
Demonstration Technology Start-up Report to DOE. 
Analyze catalyst slurry sample taken during May/June 1997 complex outage to 
determine causes for deactivation of methanol synthesis catalyst. 
Continue executing Phase 3, Task 2.1 Methanol Operation per the Demonstration 
Test Plan. 
Receive concurrence from DOE on the DVT Recommendation for a DME proof-of- 
concept test run at the LaPorte AFDU. 
Receive concurrence from DOE on the Off-Site, Product-Use Test Plan (Phase 1, 
Task 1.4). 
Hold a Project Review Meeting in Kingsport in July, in conjuntion with the 25 July 
dedication ceremony. 
Incorporate DOE comments into the Topical Report on Process Economic Studies. 

F. Conclusion 

During this quarter, comments from the DOE on the Topical Report “Economic Analysis - 
LPMEOHTM Process as an Add-on to IGCC for Coproduction” were received. The study 
concludes that methanol coproduction, with IGCC electric power utilizing the LPMEOHTM 
process technology, will be competitive in serving local market needs. 

A recommendation to continue with DME design verification testing was made. DME 
design verification testing studies show the liquid phase DME (LPDME) process will have a 
significant economic advantage for the coproduction of DME for local markets. The market 
applications for DME are large. An LPDME catalyst system with reasonable long-term 
activity and stability is being developed. Planning for a proof-of-concept test run at the 
LaPorte Alternative Fuels Development Unit (AFDU) was recommended. A 
recommendation document summarizing catalyst targets, experimental results, and the 
corresponding economics for a commercially successful LPDME catalyst was issued on 30 
June 1997. 
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The off-site, product-use test plan was updated in June of 1997. During this quarter, Acurex 
and Air Products screened proposals for this task by the likelihood of the projects to proceed 
and the timing for the initial methanol requirement. Eight sites from the list have met these 
criteria. The formal submission of the eight projects for review and concurrence by the DOE 
will be made during the next reporting period. 

An interim project review meeting was held in Allentown in late April of 1997. An update 
on the performance of the demonstration unit was provided, and the status of the DME 
recommendation and the off-site product-use test plan were discussed. 

The site paving and fmal painting were completed in May of 1997. Start-up activities were 
completed during the reporting period, and the initial methanol production from the 
demonstration unit occurred on 02 April 1997. The first extended stable operation at the 
nameplate capacity of 80,000 gallons per day (260 TPD) took place on 06 April 1997. 
Pressure drop and resistance coefficient across the gas sparger at the bottom of the reactor 
increased over this initial operating period. The demonstration unit was shut down on 08 
May 1997 as part of a scheduled complex outage for the Kingsport site. During this outage, 
the gas sparger was removed, cleaned, and reinstalled. After completion of other 
maintenance activities, the demonstration unit was restarted on 17 June 1997, and 
maintained stable operation through the remainder of the reporting period. Again, the gas 
sparger showed an increase in pressure drop and resistance since the restart, although not as 
rapidly as during the April-May operation. Fresh oil was introduced for the first time to a 
new flush connection on the vapor inlet line to the reactor; the flush lowered the pressure 
drop by 1 psi. However, the effects were temporary, and the sparger resistance coefficient 
continued to increase. Additional flushing with both fresh oil and entrained slurry will be 
attempted in order to stabilize the sparger resistance coefficient. 

Catalyst activity, as defined by 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), declined 
more rapidly than expected. A catalyst slurry sample was taken during the May/June 1997 
complex outage for analysis. 

Overall, the LPMEOHTM Demonstration Unit operated well during the initial campaign. 
The availability of the LPMEOHm Demonstration Unit was 94.9% during the reporting 
period. All methanol produced (a total of 2,900,692 gallons) was used by Eastman in the 
production of methyl acetate, and ultimately cellulose acetate and acetic acid. The start-up 
was successklly completed in a safe and environmentally sound manner. 

Ninety-eight percent (98%) of the $38 million of funds forecast for the Kingsport portion of 
the LPMEOHTMProcess Demonstration Project for the Phase 1 and Phase 2 tasks have been 
expended (as invoiced), as of 30 June 1997. Five percent (5%) of the $158 million of funds 
for the Phase 3 tasks have been expended (as invoiced), as of 30 June 1997. 
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APPENDICES 

APPENDIX A - SIMPLIFIED PROCESS FLOW DIAGRAM 
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APPENDIX B - PROJECT EVALUATION PLAN FOR BUDGET PERIOD NO. 2 

Page 33 of 46 



COMMERCIALSCALE DEMONSTBL~TION 
OF THE 

LIQUID PHASE METHANOL c l , p M E O P )  PROCESS 
COOPERATIVE AGREEMENT 
NO. DE-FC22-92PC90543 

PROJECT 'EVALUA??ON PLAN FOR BUDGET PERTOD NO. 2 

The work to be performed during Bud& Period No. 2 consists of Phase 1 Design and 
Phase 2 Construction of the L P k f E O P  Process Demonstration Fzcility at Eastma 
C h m i c a I  Company's integrated coal gasification facilitg located in Kingsport, TN. 
Completion of these Budget Period No. 2 activities wizl essentially ready the  L P M E O P  
Process Demonstration Fa&@ for commissioning, start.l1-p, and ooeration to begin ;S. 

find Budget Period No. 3. The Statement of Work for the Project subdivides these P h e  
1 and Phase 2 activities into Tasks. This Roject Evaluation Raxi for Budgzt Period KO. 2 

WiL! meet the following criteria aligned by the Statement of Work tasks: 

1. Phase 1 - Task 2 - Permitting 

Issue t h e  h d  Environmenfd Information Volurne t o  
mpprt  the US, bepariment of Energy's DOE'S) 
Environmental .4ssessment/Finding of No S i m c a n t  Impact. 

Obtain permits necessary for construction and operation, 

2. Phase I - Task 3 Design Engineerkg 

Complete the d e s i e  engineering necessary for construction and commissioning. 

This includes Piping and Insinmentation D i a g r m q  Desiga Razvd Revievis, 

and coxiducbhg d e s i p  reviews. 

1 



3. Phase 1- Task 4 - Off-site Testing (Definition and Design) 
a .  

\ 
0 Prepare the fuel-use demonstration plan for Phase III, Task 4 OE-site Produd 

Use Demonstration. This off-site test plan Wiy be incorporated into the over& 

produd-use test plan (in Phase I, Task 5). 

4. Phase 1 - Task 5 - P l h g ,  Administration and DME VerEcation 

Testing 

Update the (fuel and chemical) product-use test plan, that will better meet the 

b c h n i c d  objectives of the Project and serve the ne& of commercial markets. 

Complete economic studies of the important commercial aspects of the W-MEOhi. 
Process to enhance h i e g a t e d  GasiEcation Combined Qcle UGCC) electric poFer  
generation. These studies wiu be performed by .&r Roducis and Chemicals, Inc. 
and the Electric Power &search Institute, and used t o  provide input to the 

L P & E O P  Process Demonstration Facility operating test plan (Phase 2, Task 5).  

Pedorm initial D e s i g  Veriiication Tesbig for t h e  produc5on of dimethyl ether 

(D-rUlE) as a mixed coproduct wiL& methanol. This activ;ty ioclcdes laboratoiy 
R&D and market economic studies. ~ _ -  ., -.- . - a .  - .  

Submit all Project status, milestone schedule, and cost Eariagement repork 2s  

requjred by the Coaperafiive Agreement. 

5.  Phase 2 - Task 1 - Procurement 

Camplete the  hiddhg a d  procxrernent for alf equipment a n i  -4ir Products 

supdied construction rnate+-Is. 

I 
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6. Phase 2 - Task 2- Construction 

Complete mechanical construction so th 

staiced in Budget Period No. 3. 

t checkout and commissioning c a n  be 

Erect the major equipext  and structural steel. Install the large bore piping, 

electrical, and imilation such that instrument checkout and equipment 

commissioning work can be completed during the 60-day Continuation 

Application approvd period. 

Provide construction management €or contractor coor6ination and comgliance 

with design, consirudon, and quality control standards. 

7. Phase 2 - Task 3 - Training and Commissioning 

9 Prepare a four  (4)-year test plan for Phase 3, Task 2-Operation. 

Prepare the operatiog manud and initiate the  operator training 

program. . .  
. .. . 

'8. Phase 2 - Task 4 - OE-Site Testing Procurement and Construction) 

. .  Prepare the iinal m--sitt product-use test plan. 

9. Phase 2 - Task 5 - Planning and Administration 

Prepare annudy an updated plan for the remainiog aciieties. The first 
wrnud p l u  will uodate the remaking Phase I and Phase II cadis. The second 
annual plan will include an updated Phase ITI Operating Plzc, identifying 
specific goals and milestones for the e a t  twelve months of operation, a d  a 

generd plan for the remzizing years t o  achieve t he  Pioject's market penetration 
objedhes. 

Submit all Project status, milesbne schedule, and cost management repor& as 

required by the Cooperanva Ageement. 



\ 
\ 
\ 

Completion of the above work actfvities will essentially ready the I S M E O H "  Process 
Demonstration Facility f o r  commissioning, startup, and operation t o  begin in t h e  &m.l 

Budget Period No. 3. These c r i t e r i a  will be the basis of the Project Evaluation Report W X C ~  
shall be submitted t o  the DOE for approval along with the fioject Contimation Aoplication, 
at least 60 days before the end of 33udget Period No. 2. Construction of tLe Fapity will be 

essmtidy completed during t h e  60-day approval period far the Conthation ApFlication. 
I 

Ai the t ime  that the Project Evaluation Report for Budget Period No. 2 is submitied with the 

Continuation Application; Air Roducts will also prepare an update on the expeded t e h n i c z l  

and economic performance of the mature unit. This update will demonstrate the  commercial 

potential of the LPMEOEFA process technology to enhance IGCC electric power generation 

with coproduct methanol. This IGCC enhancement is expected to reiuce -he cost of electricit7 

for retrofit, repowering, replacement, and new zpplications for electric power generation 

from coal. 

. .. . 
. . 

4 f 



APPENDIX C - TASK 1.4 - OFF-SITE TESTING PEFINITION AND DESIGN) 

Synopsis of All Proposals (twenty pages) 

and 

Summary Table of Eight Candidates (one page) 
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1 Acurex 
Environmental 
C O R  P O R A T  I O N  

April 25, 1997 

Peter Tijm 
Manager, Syngas Conversion Systems 
Air Products and Chemicals, Inc. 
720 1 Hamilton Boulevard 
Allentom, PA 18195-1501 

A Geraghty & Miller Company 

Reference: Acurex Subcontract under DOE Cooperative Agreement No. DE-FC22- 
92PC90543; Acurex Project 8438 

Subject: Revised Fuel Test Plan 

Dear Peter: 

Glad we could meet this past April 18. I believe the meeting was quile fruitfill in firming up our 
lines of conunmication <and in making progress toward a final list of fieId test demonstration 
opportunities. I have enclosed a revised fuel test plan that includes the changes we agreed to at the 
meeting and via follow-up conversations I have held with Bob Senn. Please, call if you have any 
additional input. I look fonvard to get these quick start projects underway. 

Sincerely, 

Carlo Castaldini 
Man%er, Process Engineering 

end. 

cc: Jolui O’Sullivan (EPN) 

555 Clyde Avenue, P.O. Box 7 W  Mountain View, California 94039 (415) 961-5700 FAX (415) 254-2497/2496 G 
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7 

PRIORITY: HIGH 
AVAILABILITY: HIGH 

Project Name: Demonstration of LPME0HT" in Light-Duty Flexible Fueled Vehicle 
(Acurex-owned) 

Objective/Purpose 
Demonstrate LPMEOHTM in a fight-duty flexible fueled vehicle. 
Provide cost-effective demonstration with already proven hardware. 

Scope of Work 
Operate Acurex-owned Ford Taurus FFV with LPiMEOHTM M85 and regular M85 for 2 months on 
each fuel. 
Ship, locate fuel drum at Acurex for blending LPMEOHm'-M85. 
Secure permitting and containment vessels for storage. 
Install fuel pump and dispenser. 
Track fuel economy during test periods for both fuels. 
Perform emissions testing on LPMEOHTM and MS5 at CAVTC. 
Write short report containing emissions results and fuel economy comparison. 

Status 
High-visibility, cost-effective project. 
Can be performed immediately. 
Possible synergy with NREL DISC engine-and inethanol formulations projects. 

Further Actions 

0 

Await go ahead from Air Products. 
Cali NREL and identify methanol formulation interests. 

costs 
Total Funds: S55k 
AP Funds: %30k 
Cost Share: $25k 



PRIORITY: LOW 
AVAILABILITY: LOW 

Project Name: Demonstration of LPME0HT" in DISC Engines 

Ohiective/PurDose 
-To demonstrate LPMEOHT" in new light-duty methanol Direct Injection Stratified Charge (DISC) 
engines under development by DOE-sponsored research companies in the United States. 

Scope of Work 
Undefined. 

0 Demonstration would likely test LPMEOHT" versus standard MlOO in a test-bench prototype 
engine. 
Perform bench emissioiis testing. 
Provide fuel for demonstration. 

Status 
DISC engine currently being introduced for gasoline light-duty vehicles. 
Early devdopment work undertaken on methanol DISC engines. 
Uncertain participation by engine devefopers. 
DOE already funding these sources. 

Further Actions 
None. Project likelihood remote given timefraine of implementation and coordination problem with 
DOE and developers. 



PRIORITY: LOW 
AVAILABILITY: LOW 

Project Name: Demonstration of Hydrogen Production from LPiNEOHT'i for Use in 
Hydrogen Powered Vehicles 

Ob iective/Pu rpose 
0 To demonstrate local hydrogen generation for vehicIe fueling and commercial hydrogen production 

To determine emissions from hydrogen production and veri@ low fuel cycle emissions for fuel cell 
powered zero emission vehicle candidates 
Verify suitability of LPMEOHTM as a feed for partial oxidation hydrogen generation systems 

0 

0 

0 

0 

0 

0 

0 

0 

$cone of Work 
Review facility siting options at the UC Riverside College of Engineering Center for Environmental 
Research and Technology (CE-CERT). 
Purchase partial oxidation reformer configured for methanol operation 
Design system for hydrogen compression 
Obtain permits 
Prepare site 
- Electrical, controls, and equipment footings 
- Methanol and back up natural gas plumbing 
Install a metlianol to hydrogen generation system 
Start up facility 
- Coordinate LPMEOHT" supply 
- Perform shake down testing 
Measure ernissioiis from hydrogen generation system to support hydrogen as an equivalent to electric 
vehicles. 
- Evaluate ernissions in terms of g/lOOscf, g/mi for fuel cell vehicle 
Install hydrogen compression equipment 
- Purcliase cornpressor and gas storage 
- Operate facility for vehicle fuelins and commercial hydrogen generation 
Prepare Final Report 

- 

Status 
Project team includes CE-CERT and Hydrogen Burner Technology 
Methanol storage tank is available at CE-CERT. 
An IC engine truck, research fuel cell vehicle, as well as commercial hydrogen are end use options. 
Hydrogen coinpression experience with CE-CERT solar hydrogen facility. 

Further Actions 
Determine cofunding opportunities from SCAQMD to fund compressor system jntegration. 
Review site options and hydrogen distribution options 
Certify safety of hydrogen tanks 

costs 
Total Funds: $475k 
AP Funds: $328k 
Cost Share: %147k 



PRZOR1[TY: 
AVAILABILITY: 

Project Name: 

LOW 
LOW 

Demonstration of LPMEOHT*' in PEM Fuel-Cell Powered Vehicles 
with On-Board Hydrogen Supply 

0 bjectivepu rnose 
Potential application of hydrogen production from methanol 

Scope of Work 
.I Undefined. 
.I Operate fuel cell transit bus on LPMEOH?"' and Ml 00 in revenue service for 2 months for each fuel. 

Ship LPMEOHTM fuel to host site. 
Coordinate logistics of tracking fue1 use. 
Track fuel economy during test period for both fuels. 
Provide vehicle troubleshooting and repair. 
Write report containing emissions results and fuel economy comparison. 

Status 
A fleet of hydrogen powered fuel cell golf carts is operating in the city of Palm Desert (east of Los 
Angeles). Hydrogen is provided from s'olar energy. Praxair may be providing hydrogen also. 

Further Actions 
None. Funding uncertainties and the large number of project participants do not make this the best 
opportunity to demonstrate hydrogen production from methanol. 



PRIORITY: 
AVAILABILITY 

Project Name: 

HIGH 
HIGH 

Demonstration of LPMEOHT” in Stationary Gas Turbine with VOC 
Control for Distributed Power- Phase I 

I -  

QbjectivePurnose 
To demonstrate VOC destruction and low NOx emissions using a 25 kW stationary gas turbine fired 
with LPMEOHTM. Phase I of a two-phased project 

Scope of Work 
Select and secure a Iocal host facility (bakery) for VOC-control demonstration 
Perform a site visit a make presentation of project 
Procure and arrange for delivery of a 25 kW Capstone turbine 
Perform engineering analysis and installation review 
Select method for VOC destruction (eg high temperature in combustor or low temperature in 
recuperator) 
Coordinate catalyst and other turbine modification equipment retrofit 
Install Capstone turbine at bakery demonstration host site. 
Arrange for short-term methanol storage tank. 
ship L P M E O H ~ ~  fuel to /tost site. 
Operate for 2 weeks running VOC laden gas through turbine for destruction. 
Perform source emissions testing. 
Write emission test result report 

Status 
Sinal1 VOC industrial sources have few VOC-destructioii cost effective solutions 
California SIP has targeted bakery, and other small VOC sources, for VOC control. 
Acurex has made preliminary contact with some bakeries that are willing to explore the VOC 
destruction with electric power generation 
California A31 890 funds would provide cofunding for project for Phase I1 power generation demo. 

y- 
Track progress of AB 1590 and bid opportunities 
Find potential host site (John O‘Suliivan of EPRI will assist with findins utility) 
Explore permit issues with local air district 
Make preliminary inquiries wid1 Capstone Turbines resarding cost and methanol conversion 
Initiate look at VOC consumption rates 

-1 
Total Funds: Sl22k 
AP Funds: $122k 
Cost Share: so 



PRIOFUTY: HIGH 
AVAILABILITY: MEDIUM 

Project Name: Demonstration of LPME0HThi in Stationary Gas Turbine with VOC 
Control - Phase 11 

ObiectivePuruose 
0 To demonstrate the long-term performance and economic validity of distributed power generation in 

connection with VOC destruction using a 25 kW stationary gas turbine fired with LPMEOHr". 
Phase I1 of a two-phased project 
Project builds on Phase I installation to perform long-term power generation and economic analysis 
demonstratioii of the GT-VOC control concept 

0 

Scope of Work 

Perform source emissions testing. 

Obtain long-term operating permit from local district 
Secure Phase I host facility (bakery) for long-term distributed power & VOC-control demonstration 
Perform a site visit a make presentation of project 
Modify fuel storage for long-term demonstration 
Retrofit turbine for multiple approach to VOC destruction 
Arrange for connection to power grid and eIectricity sale contract 
Ship LPMEOK'" fuel to host site. 
Operate for 2 months with LPMEOH and natural gas running VOC iaden gas through turbine for 
destruction during process operation and ambient air at all other times. 

Record power generation, fuel use, operating cycle, power sales and power usage 
Write performance and emissions test result report 
Write economic analysis and commercialization feasibility report 

Status 
California AB I 390 funds would provide cofunding for project for Phase I1 power generation demo. 
California AB 1890 promotes the use of distributed power in connection with VOC control 
Proposal preparation expected in February 1993. 

Find potentia1 host site 

The execution of this project depends on the successful completion of Phase I 
Track progress of AB I890 and bid opportunities 

Explore permit issues with local air district 

Costs (PHASE II onlv) 

Total Funds: $198k 
AP Funds: S48k 
Cost Share: %150k 



PRIORITY: HIGH 
AVAILABILITY: HIGH 

Project Name: Demonstration of LPMEOHT*' in a Water-Naphtha-Methanol Fueled 
Bus 

ObiectivePurpose 
0 'To demonstrate viability of LPMEOHm in a water-naphtha emulsion (A-55) containing 3% 

methanol. 

Scope of Work 
Operate a 22 foot paratransit bus in revenue service using LPMEOHT" and MI 00 as an emulsion 
ingredient for 2 months on each fuel. 
- Daily pickup and transport for disabled persons in Sacramento 
Ship LPMEOHTM fuel to emulsion-producer for mixing. 
Coordinate logistics of tracking fuel use at host site. 
Track fuel economy during test period for both fuels. 
- Develop a fuel tracking plan 
- Coordinate with host site 
Provide vehicle troubleshooting and repair. 
Write short report containing fue1 economy comparison between fuels and with control vehicles. 

Status - 
Acurex managed bus project already exists and revenue service will begin in late spring. 
Emulsion-producer is interested in potential sources of cheaper methanol. 

Call A-55 to confirm participation and coordinate details of emulsification process. 

costs 
Total Funds: $273k 
AP Funds: 523k 
Cost Share: %250k 



PRIORITY: 
AVAILABILITY: 

Project Name: 

JXIGH 
HIGH 

Demonstration of LPMEOHT" in a Diesemethanol Emulsion Fuel 
for Aircraft Ground Support and Stationary Power Generation 
Eq u i prn en t 

0-e 
To demonstrate diesel/LPMEOHTM emulsion in AGE equipment at Air Force Bases 
To monitor the emission and performance of the emulsion fuel in comparison with conventional 
diesel 

Scope of Work 
Secure a host facility at a US AFB 
Perform a site visit to finalize scope and site support 
Select emulsion fuel supplier (e.g. A-55) 
Identifjdengineer engine modifications needed 
Select fuel storage option and arrange for fuel tank installation 
Prepare a test plan 
Perform field test consisting of emissions and performance evaluation 
Analyze data 
Prepare test report 

Status 

9 

USAFB at Tyndall has expressed significant interest 
AGE and power generation equipment is high on priority list for Nos reduction 
Completed preliminary contact with Tyndall AFB in Florida 
Obtained agreement from the Air Force to in priiicipie participate in the demonstration 
Expression of interest from Environics Directorate 
preliminary contact with emulsified fuel supplier completed 
Defined an initiai scope of work pending approval 

Further Actions 

9 

Make preliminary arrangements 

Explore with US AFB at Tyndall (FL) and Brooks (TX) on AF support 
Formulate a preliminary levef of effort and preseiit it to TyndaIl personnel for agreement 

cos ts  

Total Funds: 
AP Funds: 
Cost Share: 

S227k 
S227k 
SOk 



PRIORITY: 
AVAILABILITY: 

Project Name: 

HIGR 
LOW 

Demonstration of LPMEOHmf in Fuel-Cell Powered Bus with POX 
Reformer 

Obiective/PurDose 
To determine viability of LPMEOHN as a fuel for fuel cell powered buses operating with multifuel 
POX reformers. 

Scope of Work 

0 

Coordinate methanol operation with demonstration site and vehicle developers. 
Install above ground fueling station 
Ship LPbEOHTM fueI to host site. 
Coordinate logistics of tracking fuel use. 
Operate fuel cell transit bus on LPMEOHTM and MI00 in revenue service for 2 months for each fuel 
Track fuel economy during test period for both fuels. 
Provide vehicle troubleshooting and repair. 
Perform chassis emissions testing on diesel, LPMEOHTM, and M100. 
Write report containing emissions results and fuel economy comparison. 

Status 
Very high visibility project with excellent potential for vehicle use of methanol. 
Currently, DARPA-funded project for deseiopinent of fuel cell/reformer technology is underway. 
Program for testing PEM fuel cell bus has not been finalized. 
Though project appears to have initial support from fuel cell developer, they will not operate on-road 
bus until late 1998. The bus is designed for muitifuel operation; however, modifications to the fuel 
system would be necessary for merhanol operation. 

Further Actions 
WhiIe project has high visibility value, current hardware development plans will not allow 

demonstration to start until 1999. Excellent project for follow-on funds. 
Monitor project development and inquire regarding the possibilities for methanol operation 

Costs 
Total Funds: 
AP Funds: 
Cost Share: 

S500k 
S200k 
S300k (Contingent) 



PRIORrTY: HIGH 
AVAILABILITY: LOW 

Project Name: Demonstration of LPMEOHTk' Fuel-Cell Powered Bus with Steam 
Reformer 

Obf ectivePurpose 
To determine viability of LPMEOHrM as a fuel for fuel ceII powered buses operating with steam 
reformers 
Demonstrate LPMEOHm use in breadboard and bus operation 

Scope of Work 
Follow-on to Florida Lab 25kW Fuel CelI roject. 
Operate fuel ceII transit bus on LPMEOHTL and MI00 in revenue service for 2 months for each fuel. 
Ship LPMEOHrM fuel to host site. 
Coordinate logistics of tracking fuel use. 
Track fuel economy during test period for both fuels. 
Provide veliicle troubleshooting and repair. 
Write report containing emissions results and fuel economy comparison. 
Provide fuel for Phase IV developments. 

Status 
Very high visibility project with excellent potential for vehicle use of methanol. 
IFC and Ballard are developing methanol steam reforming fuel celI powered buses for Georgetown 
University. The IFC system uses a high temperature (1500F, Ni Catalyst) reformer and the Ballard 
system uses a low temperature (500F, Cu/Zn CataIyst) reformer. The high temperature system 
should be able to reform all types of alcohols while the low temperature system may not convert 
hydrocarbons and other alcohols. 
The project steps include system design, breadboard development, vehicIe integration, and field 
demonstration. Actual operation on methanol in buses is several years away. 
Demonstration sites have not been identified at this time 

Further Actions 
Provide input to IFC and Ballard on LPMEOHT" specifications and avaiIabi1it-y. Inquire if the fuel 
is feasible for vehicle operation. Provide samples for laboratory testing. 



I '  

PRIORITY: LOW 
AVAILABILITY: MEDIUM (Contingent) 

Project Name: Demonstration of LPMEOHTni in Stationary Fuel Cell Power 
Generation Applications 

0 bjectivemu ruose 
To demonstrate the viability of LPMEOHTM for stationary fuel cell distributed power generation 

Scope of Work 

Procure fuel cell 

Install fuel cell 

Collect operating data 
Prepare final report 

Identify demonstration site and cost sharing 
Design modifications for methanol operation 

Procure and install above ground fueI tank and fuel supply system 
Prepare site and electrical generation interface 

Perform emission testing on methanol and natural gas 

Status 
IFC/ONSI fuel cells (PC25) operate on natural gas and LPG. There are about 60 installations around 
the world. The IFC system uses a high temperature (1500'F) steam reformer to produce hydrogen. 
This catalyst system could operate well on any grade of methanol. 
The IFC fuel cell system has not been configured to operate on methanol for stationary applications. 
DOE is supporting R&D for PEM fuel cells for vehicles and building cogeneration. The hydrogen 
generation will most likely be with a partial oxidation system that can operate on gasoline, natural 
gas, diesel, ethanol, and methanol. 
PEM fuel ceII power generation system will not be available from the DOE program for 3 years. 

Further Actions 
Monitor developinents with stationary fuel cell projects. lMake contact with EPRI, IFC, and project 
participants and explore opportunities for LPMEOHT" demonstration. 
Seek funding under AB I890 to fund a project 
Discuss requirements for methanol operation with IFC 

costs 
Total Funds: S907k 
AP Funds: S300k 
Cost Share: S607k (contingent upon AB1890 and other funding) 



PRIORITY: HIGH 
AVALLABULITY: MEDIUM (Contingent on funding and participation) 

Project Name: Demonstration of LPMEOHTh' in Gas Turbine Powered Hybrid Bus 

ObiectivePurpose 
0 -To determine viability of LPMEOHTM as a fuel for turbine powered hybrid buses. 

0 

0 

0 

0 

Install Capstone turbines in an Orion Bus Industries liybrid-electric bus. 
Install methanol fuel system on bus. 
- Determine appropriate design considerations 
- Identify, purchase, and install parts 
Reconfigre electronic control for operation with gas turbine. 
- Develop software modifications 
- Create hardware for interface between master controller and turbine 
Operate bus in revenue service using LPMEOHTM for 12 months. 
Ship LPMEOHTM fuel to host site. 
Coordinate logistics of tracking fuel use. 
Track fuel economy during test period. 
- Develop field, performance, and emissions test plan 
- Implement data collection procedures 
Provide vehicle troubleshooting and repair. 
Write report containing vehicle development description, vehicle demonstration results, emissions 
results and fuel economy comparison to control vehicies. 

Status 
Extremely visible, high-potential project. 
Initial response from Capstone, OBI, and CE-CERT is very positive. 
Requires commitment of several participants and extra funding from local, state or federal agencies. 
Funding could come from FTA or ARB. Requires development of partnership with involved parties. 

Further Actions 
Clarify interest of partners for project plan. 
Identify additional funding from other agencies, such as ARB or FTA. 

costs 
Total Funds: 
AP Funds: 
Cost Share: 

$950k 
$250k 
$700k (Contingent) 



PRIORITY: LOW 
AVAILABILITY: HIGH 

Project Name: Demonstration of LPMEOHT" in Methanol Fueled School Bus 

0 To determine viability of LPMEOHTM as a fuel for school buses. 

ScoDe of Work 
0 

0 

Operate school buses in revenue service using LPMEOHTM and MI00 for 2 months on each fuel. 
Ship LPMEOHTM fuel to host site. 
Collect data from on-board data acquisition systems and operating records: 
- Vehicle speegmileage 
- Fuel consumptioti 
- Engine speed 
- Foot brake activation 
- Percent engine load 
- Percent throttle 
- Idle time 
Provide vehicle troubleshooting and repair. 
Interview drivers with evaluation questionnaire. 

Write short report containing fuel economy comparison between fuels and with control vehicles. 
Track fuel economy during test period for both fuels. . .  

Status 

0 

Host site Antelope Valley Schools Transportation Agency (AVSTA) reacted positively to idea. 
15 MeOH buses are part of CEC demonstration -- fuel source change requires CEC approval. 
Approval of bus manufacturer (Carpenter) required to protect warranty 
12,000 gal MEOH tank onsite for school bus fueling 

Further Actions 

Contact CEC 

Get fuel specification sheet and MSDS for AVSTA, CEC, Carpenter: DDC, and OSHA needs 
Verify fuel compatibility for Carpenter M100 schoolbuses 

Contact Carpenter and estimate fuel quantity needs 

Costs 
Total Funds: 
AP Funds: 
Cost Share: 

S200k 
$30k 
%170k 



PRIORITY: 
AVAILABILITY: 

Project Name: 

LOW 
LOW 

Demonstration of LPMEOHT" in Transit Buses with DDC 6V-92TA 
Engines 

Obf ec tivePu rpose 
Demonstrate LPMEOH'" use at transit agencies operating DDC 6V-92TA engines. 
Prove viability of LPMEOHT" in heavy-duty transit bus applications. 

Scope of Work 

Coordinate refueling efforts. 

0 

Operate methanol transit buses on LPMEOHTM and MlOO for period of two weeks. 
Ship fuel to transit agency methanol storage tank. 

Track fuel economy during test periods for both fuels. 
Perform emissions testing on LPMEOHTM and M l O O  at LACMTA chassis dynamometer. 
Write short report containing emissions results and fueI economy comparison. 

Status 
Already measured emissions from an MTA bus operating on M100, LPMEOHTM and LPMEOHTM 
with DME mixtures (December 1994) in cooperation with Air Products. 
LACMTA's fleet of methanol buses is making a transition to ethanol operation. MTA's organization 
is complex and the logistics of integrating LPMEOH use with a large fleet of buses would be costly. 
Kenawah Valley (KVRTA) was a planned site for methanol bus operation but they are no longer 
operating buses on methanol. 

Further Actions 
None. Extensive efforts with transit bus operation are not warranted given the availability of 
metlianol engines and the logistics of fueling and data collection at transit agencies. 



PRIOFUTY: LOW 
AVAILABILITY: LOW 

Project Name: Demonstrate of LPMEOH’” in CaterpiIlar Heavy-Duty Methanol 
Engine 

ObjectivePuruose 
0 To demonstrate LPMEOHTM in a new MlOO heavy-duty engine currently under development by 

Caterpillar. 
0 Prove viability of neat-LPMEOHm in heavy-duty methanol engines. 

Scope of Work 
Undefined. 

Perform bench emissions testing. 
Test LPMEOHTM versus standard Mi00 in a test-bench prototype engine. 

Status 
Caterpillar bench prototype engine will not be available within a year’s time. 
Not certain if Caterpillar would be interested in demonstration of LPMEOHTh* in their new engine. 

Further Actions 
e None. 



PRIORITY: HIGH 
AVAILABILITY: LOW 

Project Name: Demonstration of LPMEOHTh' for Advanced Power Generation 
Equipment 

Qb iective/Pu rpose 
0 -To test LPMeOHTM iii the fuel cell reformer and gas turbine in advanced power cycle equipment 

being developed under DOE program 
0 To compare the performance and cost of the power plant with more conventional combined cycle 

fuels 

Scone of Work 

Analyze data 
Write a test report 

Re-contact Solar R&D group later this year regarding progress and schedule 
Obtain agreement and firmup scliedule 
Visit the site and secure final agreement 
Develop test plan and get it approved 
Arrange for delivery of LPMeOHTM and storage 
Monitor the testing and data gathering effort 
Obtain data from the site 

Status 
Acurev will take advantage of an ongoing project sponsored by DOE and performed by Solar 
Turbines Division of Caterpillar and Westinghouse where an advanced power generation cycle 
consisting of GT and fuel ceIl combination will be used to generate electricity with overall efficiency 
exceeding 65 percent. The equipment and technology is currently being assembled at Solar Turbines 
and is scheduled for multifuel testing later this year and in 1998 
Solar will consider methanol firing, including LPMeOHTM 
Preliminary contact made with Solar Turbines. Agreement in principle. Further negotiations are 
necessary 

F m  
Acurex will confirm the feasibility of the project later this year 
If deemed feasible to pursue, Acurex \vi11 continue contact to coordinate the scope of work and 
schedule 

costs 
Total Funds: %25k 
AP Funds: S25k 
Cost Share: SO 



PRIORITY: HIGH 
AVAILABILITY: MEDIUM 

Project Name: Demonstration of LPMEOHTM Cofire/Startup for Coal-Fired Boiler 

ObiectiveRu rDOSe 

To demonstrate the use of LPMeOHTM as a cofire or startup fuel for existing coal-fired industrial and 
small-scale power generation boilers in the Midwest. The LPMeOHTM fuel will be used in minimal 
amounts to support improved boiler operation, minimize emissions, and in general improve the 
reliability and performance of the boiler continuing its viability as a coal-fired boiler. The boiler that 
will be selected will be among the population of boilers recently retrofitted under the GRI gas cofire 
program. This will ensure that the boiler is already equipment ready for installation and firing of 
methanol fuel with minor modification of existing burner equipment 

Scope of Work 
Define site selection criteria 

0 

0. 

Analyze test data 
0 Write report 

Survey boiler population €or site selection 
Undertake phone search for site selection and securing preliminary agreement 
Make site visit and secure host facility for the demonstration 
Prepare a retrofit, equipment modification and test pIan 
Subcontract the burner vendor to make modifications to the burner for methanol ready firing 
Arrange for delivery, storage, and hookup of fuel 
Perform startup and initial diagnostic tests 
Perform emission and performance tests in line with the test pian 
Arrange for site equipment to return to normal 

Status 
Acurex has made preliminary contacts with the Illinois Clean Coal Institute (ICCI) to explore the 
interest in this demonstration. Heman Feldmann. Preliminary interest pending on the economic 
viability of LPMeOHTM as a cofire fuel compared with alternatives. 

Further Actions 
Acurex will further explore interest in this demonstration following approval from all project 
stakeholders. The viability of the project will also hinge on securing cofunding using the open 
submittal of project ideas under the current ICCI open solicitation mechanism. Stakeholder approval 
and award of contract from ICCI following submittal of Acurex proposal will be followed up with 
the proposed scope of work described above. Level of ICCI cofunding is limited to $250,000 per 
project. 

costs 
Total Funds: %115k 
AP Funds: $45k 
Cost Share: $70k 

. r 



Off-Site Product-Use Testing 
Proposals Under Consideration 

Demonstration 
Proiect - Site 

Acurex F N  California 

Stationary Turbine for VOC Control Site to be determined 
in cooperation with EPRl 

West Virginia Univ. Stationary Gas Turbine West Virginia 

WatedNaphthdMeOH Bus, California 

Aircraft Ground Equipment Emulsion Tyndall AFB, Florida 
Brooks AFB, Texas 

University of Florida Fuel Cell 
Fuel Cell, Florida 

Florida 

West Virginia Univ. Tri-Boro Bus 

Florida Inst. of Tech. Bus & Light Vehicle 

New York 

Florida 



APPENDIX D - TASK 1.5.2 - PROCESS ECONOMIC STUDY 

Process Economics Study - Outline 
(Draft - 3/31/97 - four pages) 

and 

LPMEOHTM Process Economics - for IGCC Coproduction 
(Memo - 31 March 1997 - two pages) 
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Process Economics Study - Outline 
LPMEOHTM Process, as an add-on to IGCC for Coproduction 

fl f M th tlOl Note - 2nd Draft was dated 10/01/96; 
comments received 11/25/96, 3d Drafi released -03/31/97. 

1. Introduction 
I.. Process Desian Ootions, 

0 Develop process flow diagram and plant design options for the LPMEOHm process, for design 
variables such as: a) feed gas pressure, b) feed gas compositions, and c) % syngas conversion. 

2. Liquid Phase (LP hanol. 
2 2 .  

0 For the various L P M E O P  process (LP) design options (from 1.1) develop plant capital and 
conversion costs derived from the Kingsport Project design and costs. Develop conversion costs 
for: 

0 

e 
0 

500 tJd Plant size, with 500 psi feed gas pressure; 
500 t/d Plant size, with 1000 psi feed gas pressure 
Impact of Plant Size on Conversion Costs 

0 Summarize in a series of graphs, conversion costs, in cents per gallon over the range of 
syngas conversion from 18% (LF' - Once-through) to 94% (GP), for baseload annual 
coproduction operation. This will show LP's advantage a t  higher feed pressures and lower 
&versions; and will highlight areas for LP design development/demonstration 
improvements. (For future: include plant size impact on product distribution (freight) cost, 
assuming that local markets are served. Freight cost will increase with plant size, as the 
distribution radius increases.). 

2 m  

Develop capital and operating costs for these product purification design alternatives: 
MTBE Grade; 
FuelGrade; 
Chem. Grade; 

Over a range of feed gas compositions, summarize LP's advantage versus the GP process (in cents per 
gallon), especially for MTBE and Fuel Grade from CO-rich feed gas at low syngas conversions. 

2.3. l L  F - I  P .  
0 Higher Sulfur content in the feedgas will have a negative cost impact on LP at low syngas 

conversion, relative to GP at high conversions, Conversely, higher feedgas inert content will 
have a negative relative cost impact on GP. 

Sulfur content variation; over the above range of syngas conversion 
0 Inert gas content variation; over the above range of syngas conversion 

2.4. Svnaas Usaae (Btu pe r Gallon! - Impact on IGCC Power Plant, 

0 Summarize differences in syngas utilization (Btu per gallon of methanol), and in mass flow 
losdgain to the combustion turbine (kwh production losdgain per gallon of methanol); for the 
caees in 2.1 above. 
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Process Economics Study - Outline 
LPMEOHTM Process, as an add-on to IGCC for Coproduction 

2.5. Summary of Cost Advantaaefs! - ILP Vs GP!. 

Summarize the cost impact (cents per gallon) of the above design variables and syngas utilization 
differences. Show the impact of methanol plant size on the conversion costs. Also (separately 
show) the impact of 90% and 70% annual load utilization for use with Section 4. - "Intermediate 
Load Coproduction and Stored Energy" of this Economics Study. 

2.6. Recommendations for Further Studv. 

Recommend areas for process design value engineering work; and areas for demonstration a t  
Kingsport. 

4 

Part Two - Baseload Power and Methan 01 Coproduction 
Note - Portions of Part Two, Section 3.1; was included in the Tampa CCT Conference's Paper, 1/9/97. 

3. Baseload Coproduct ion with Methanol Sales - Impact o n Electric Power Cost - 
For baseload coproduction, the gasifier must be sized for both the power and methanol products. The 
results of Part One indicate the LP technology can make coproduction economic, even a t  small 
methanol plant sizes (400 to 1200 TPD) suitable to serve local markets near the power plant. The LP 
technology's advantage (over GP) is also greatest at the lower (up to 34%) Syngas Conversions which 
are consistent with these methanol plant sizes. A matrix of power plant and methanol plant sizes of 
interest, a t  up to 34% Syngas Conversion to methanol, is shown in the following tables. These 
examples are based on Advanced Gas Turbine Technology (reference (G.E. 's) published paper) with 
the base gasification plant sized for two gasifiers, of about 1735 x lO"6 Btu(HHV)/hr. output each 
(1626 x lO"6 LHV> 

3.1 Gasification Plant Size Fixed 
With a given gasification plant size, the methanol plant and power plant can be sized to 
accommodate a range of Methanol to Power output ratio's. 

' Syngas 
Conversion 

0.0 % 
13.8% 
20.0% 
30.0% 

Power 
Plant Size 

500 M W  
426 MW 
394 Mw 
342 MW 

Methanol 
Plant Size 

0 T/D 
500 T/D 
691 T/D 

1085 T/D 

Methanol to 
Power Ratio 

0 T/DperMW 
1.2 T/DperNW 
1.8 T D p e r M W  
3.2 T/DperMW 

Gasification 
Plant Size 

Base 
Base 
Base 
Base 

3.2 Power Plant Size Fixed 
0 With a given power  plant size, the gasifier size may be increased to accommodate the 

coproduction of methanol. For Gasification Plant size increases of up to 50% (to say, three x 
1735 x lO"6 Btu(HHV)/hr. gasifiers), the methanol to power coproduction ratio's could be: 

Syngas 
Conversion 

0.0 % 
16.7 % 
25.0 % 
33.3 % 

Power 
Plant Size 

500 MW 
500 MW 
500 MW 
500 MW 

Methanol 
Plant Size 

0 T/D 
736 T/D 

1227 T/D 
1825 T/D 

Methanol to 
Power Ratio 

0 T/DperMW 
1.5 T/D per MW 
2.5 T/D per MW 
3.7 T/D per MW 

Gasification 
Plant Size 

1.00 x Base 
1.20 x Base 
1.33 x Base 
1.50 x Base 

0 The impact of coproduction on electricity generation costs could be shown in graphs of 
electricity cost Vs. methanol net back price. 

End of Part Two. 
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Process Economics Study - Outline 
LPMEOHTM Process, as an add-on to IGCC for Coproduction 

P a  

4. intermediate Load Coproduction 

Conference. 
Note - Part Three, Section 4.2: is being developed as a paper for the June 1997 Power-Gen Europe 

4.1. Syngas Value as a function of (time of day) Power Value. 
Earlier electric power daily load following studies indicate that LPMEOHTM coproduction 
optimizes for daily or seasonal power peaks in the 500 to 2500 hr./yr. range. This means the 
methanol plant operates, during daily or seasonal "off-peak" power periods, in the 8260 to 6260 
hr./yr. range, with stop/start operations for these onloff power peaks. This is the "intermediate 
load" area of a typical power grid system. (8760 hr./yr. = 100%; all exclude gasifier/plant outages) 

4.1.2. Syngas value as function of seasonal opportunity fuelslfeeds. 
Natural gas may be available seasonally, for use in the CCpowerplant, allowing 
syngas to be used for conversion in a n  LPM add-on. Other feeds? 

4 m  
For intermediate load coproduction cases, redundant investment to utilize syngas is required; 

so tha t  when the methanol plant shuts down during peak power periods, all of the syngas can 
be converted to electric power. There are several intermediate load coproduction power plant 
design choices; a) a CC power plant turned down, or b) a baseload CC power plant with other 
CC or CT power plant@) for peak. These may be combined with methanol plant design 
choices such as size/% syngas conversion. To evaluate the system properly, time of day power 
values (also called Lambda Curves) are needed. The Lambda Curve examples from published 
EPRI studies can be used for initial evalhations. The Section 2.(above) Methanol Plant design 
choices can then be combined with power plant design options, to optimize the system. 

Dispersed power can provide electricity and heat locally, at the use point, eliminating the 
need for new power distribution lines in  congested areas. The world wide package (0.2 MW to 
10 MW) power plant market is large, and growing. A variety of technologies (combustion 
turbine, internal combustion engine, fuel cell) are being packaged. Methanol produced at a 
nearby IGCC power plant during off-peak power periods could provide clean local (peak) 
power; bypassing the local electric power distribution system. 

-ed Enerav Production. with Methanol Fuel for Peak Power Product ion. 
When other peaking fuels are not available, or are too expensive, then methanol may also be 
used as a peaking fuel. The design optimization for this is quite complex. The IGCUOTM 
plant design has a n  additional variable: the peaking power plant size and hours of operation 
is a n  independent variable. A study option would be to compare ourselves (IGCC/OTM) to the 
various published EPRI (IG-Cash, et. al.) studies, which provide Lambda Curve examples for 
energy storage. However, selling methanol and using distillate fuel for peaking, is the 
economic choice a t  currently forecasted world oil and methanol prices. Therefore, this study 
should have low priority, until a site specific need is identified. 
Methanol could be transported to remote existing, or to new peaking power plants, to unload 
grid systems. 
When other back up fuels are not available, or are too expensive, then methanol may also be 
used to enhance power plant availability. Coproduction with multiple gasifier trains may also 
be used to enhance power plant availability. (e.g. - Three by 50%, where Baseload Power = 2 x 
50%; Peaking Power = lx 50% plus methanol fuel; Methanol Plant = 1 x 50%, but operates 
only when all three gasifiers are operating and peak power is not required.) 

4.3. lntermediate Load Coproduction. for Methanol Sales and for DisDersed Power. 

End of Part Three. 
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Process Economics Study - Outline 
LPMEOHTM Process, as an add-on to IGCC for Coproduction 

Part F our - Met hanol Fue I Applications 

5. Premium Methanol Fuel Applications 

5. 
b 

At 46 cents per gallon, methanol as a fuel ($6.90 per mmBtu) will not compete with oil in most 
applications ($20/bbl crude = $3.30/mmBtu; $27/bbl diesel = $4.50 /mmBtu). However, methanol 
coproduced at a central IGCC power station, may be a valuable premium fuel for two evolving 
developments: as an economical Hydrogen source for small fuel cells, and as an 
environmentally advantaged fuel for dispersed electric power. 

"Central clean coal technology processing plants, making coproducts of electricity and methanol; 
to meet the needs of local communities for dispersed power and transportation fuel" - meets the 
DOE Clean Coal Technology Program's objectives. Serving (initially) small local fuel markets 
also builds on LP's (the LPMEOHm process) strengths; good economics at small methanol plant 
sizes, fuel grade product distillation savings, and a freight advantage in local markets vis-&vis 
large off-shore remote gas methanol. Baseload methanol coproduction studies show that 46 
cent per gallon methanol can be provided from an abundant, non-inflationary local fuel source.. 
We need to arrange fuel tests to confirm the dispersed energy environmental advantage. 

Hydrogen Source for: 
Hydrogen fuel cells, being developed for transportation applications, can achieve 65% system 
efficiency, as compared to 45% for diesel IC engines and 32% for gasoline IC engines. Methanol 
is a storable, transportable liquid fuel which can be reformed under mild conditions to provide 
H2. For small H2 applications, and at low utilization factors, methanol reforming is a more 
economical source of hydrogen than : a) natural. gas reforming, b) distillate (oil) reforming; and 
is cheaper than liquid H,. 

5.1.1. Fuel Cells for Transportation 

5.1.2. 

5.1.3. 

Fuel Cells for Stationary Power 

Industrial Applications - Small Hydrogen Plants 
(See also dispersed power below). 

Small pressurized methanol reformers for transportation applications may be suitable for 
adapting to meet the needs of small commercial hydrogen gas requirements. 

5.2. Dispersed Power 
Dispersed power can provide power and heat locally, at the use point, eliminating the need for 
new power distribution lines in congested city areas. The world wide package (0.2 Mw to 10 
MW) power plant market is large, and growing. A variety of technologies (combustion 
turbine, internal combustion engine, fuel cell) are being packaged. Methanol produced a t  a 
nearby IGCC power plant during off-peak power periods could provide clean local power; 
bypassing the local electric power distribution system. 

5.3. Dimethyl Ether as an Enhancement to Methanol in Premium Fuel Applications 
Can coproduced mixtures of methanol and dimethyl ether improve upon methanol, in the above? 

End of Part Four. 
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Memorandum 
AIR 

PlPODUCTS+" 

To: 

From: 

Distribution 

W. R. Brown 

De p t .floc. : 

Dept./Ext.: PSED, X17584 

Date: 31 March 1997 

Subject: LPMEOHTM Process Economics - for IGCC Coproduction 

Distribution: 
4 

c: D. M. Brown - APE (Hersham) 
R. J. Allam - APE (Hersham) 

APCI ' 

E. C. Heydorn 
J. Klosek/E. R. Osterstock 
R. B. Moorem. P. Drown 
V. E. Stein 
P. J. A. Tijm 

R. M. Kornosky - DOE-FETC 
W. 3. O'Dowd - DOE-FETC 
W. C. Jones - Eastman 

The third draft of the DOE Topical Report on LPMEOHm Process Economics (Part One) is attached 
for your use -(review, comment). This Topical Report develops plant design options for our 
LPMEOHW process, as an add-on t o  IGCC power plants for the coproduction of methanol and power. 
Part One also compares our LPMEOHW (LP) methanol process with the gas phase (GP) methanol 
process. 

LP's advantage over GP is about 10 cents per gallon; when the syngas conversion is low (less than  
34%), and when the feed gas pressure is high (greater the 750 psig), and when the methanol plant 
size is relatively small (400 to 1200 TPD). Surprisingly, even a t  these small plant sizes, the LP 
technology can coproduce methanol at less than 50 cents per gallon (good). The GP technology is 
over 50 cents per gallon (not good). Therefore, when baseload IGCC power is viable, the LP 
Technology makes cotxoduction viable, 

The DOE Topical Report (Part One) looks specifically at: 
0 

0 

Determining and optimizing conversion costs for our LP technology as a function of feed gas 
pressure and % syngas conversion. (See graphs on pages A - 5,  6, 7, 9, 10). 
Determining purification (distillation) costs for "Fuel", "MTBE", and "Chemical" grade 
methanol, (See graph, page A - 15). Distillation savings are a significant part of LP's 
ad vantage. 

FORM 1020 (REV. 6/89) 
MEMO34 



Distribution - 2 -  31 March 1997 

Comparing LP with GP technology. (See the above graphs, plus Summary Table on page 16). 
Listing of future LP design improvements, expected fkom actual operation, or that are 

recommended for further engineering study (see pages 17,18). 

Parts Two, Three and Four of the DOE Topical Report are planned for the future (the outline is 
attached). Part Two will examine the impact of baseload coproduction on electric power costs. 
Part Two, Section 3.1 was included in the Tampa CCT Conference’s Paper; “Fuel and Power 
Coproduction” (1/9/97). Part Three will look at time-of-day energy values: a) intermediate load 
coproduction (e.g.- off-peak methanol production), and b) methanol as stored e n e r w  for peaking 
and/or dispersed electric power. Part Four of the Topical Report plans to look at Methanol Fuel 
ADplications, where locally produced (non-inflationary) methanol, at less than 50 cents per gallon, 
could be a viable source of hydrogen for industrial or fuel (cells) power applications. Serving 
(initially) small local fuel markets builds on LPs strengths; good economics at small plant sizes, fuel 
grade product distillation savings, and a freight advantage in local markets vis-a-vis large off-shore 
remote gas methanol. 

Your comments on this third draft of the Topical Reportpar t  One) would be appreciated. After your 
further comments are received; we will formally release this as the final (draft) of a Topical Report. 
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Air Products and Chemicals, Inc. 
7201 Hamilton Boulevard 
Allentown, PA 18195-1501 

Telephone (61 0) 481 -49i 1 

30 June 1997 

Mr. Robert M. Kornosky 
Technical Project Manager 

U. S. Department of Energy 
Federal Energy Technology Center 
P. 0. Box 10940 
Pittsburgh, PA 15236-0940 

Mail Stop 920-L 

Subject: Cooperative Agreement DE-FC22-92PC90543 
Liquid Phase Methanol Demonstration Project 
Liquid Phase Dimethyl Ether Design Verification Testing - 

Recommendation 

Dear Bob: 

The updated version of the Recommendation to proceed with Design Verification Testing of the 
Liquid Phase Dimethyl Ether Process is attached. This document will be used during the Project 
Review Meeting on 24-25 July, at which time frnal approval by DOE and the Partnership will be 
requested. 

Very truly yours, 

Edward C. Hegorn 
Program Manager 
LPMEOHTM Demonstration Project 

Enclosure 

cc: Mr. William C. Jones - Easlman Chemical Co. 
Mr. William J. O’Dowd - DOE-FETC 
Mr. Edward Schmetz - DOE-FE-HQ 
Dr. John Shen - DOE-FE-HQ 
Mr. Barry T. Street - Eastman Chemical Co. 
Mr. Peter Tijm - Air Products & Chemicals, Inc. 



LPDME Recommendation 
Summary 

From the Statement of Work, “Commercial-Scale Demonstration of the Liquid Phase Methanol CLQMEOHTM) 
Process,” selected under Round 3 of the US. Department of Energy’s (DOE’S) Clean C o d  Technology (CCT) 

Program: “Subject t o  Design Verification Testing (DVT), the Partnership proposes to  enhance the Project by 
including the demonstration of the slurry reactor‘s capabiIity to produce DME (dimethyl ether) as a mixed co- 

product with methanol.” The first DVT step (Phase 1, Task 5)) to address issues such as catalyst activity and 
stability, to  provide data for engineering design, and to venfy the market through engine tests and through 
market and economic study, is now complete. The market potential for DME is large, and progress in the 
laboratory toward developing a catalyst system whose performance meets the economic targets of a methanol 

equivalent productivity of 14 moUkg catalyst-hr after 6 months of operation, producing at  least 75% (by heating 
value) DME and 25% methanol. 

A test of the Liquid Phase Dimethyl Ether (LPDME) at  the LaPorte Alternative Fuels Development Unit 
(AFDU), in conjunction with the DOE’s Liquid Fuels Program, would be appropriate if the catalyst system 
development can be completed successfully. An implementation decision, made mutually by the DOE’s Clean 

Coal Technology LPMEOHm project participants, and by the DOE’s Liquid Fuels Program participants, should 
be made (by Julv of 1997) t o  implement testing at LaPorte in earlv 1998. (Final dates should be recommended 

by the DOE‘S Liquid Fuels Program, based o n  progress in developing the LPDME catalyst system). 

Liauid Phase Dimethyl Ether (LPDME) Design Verification Testing (DVTZ 

From the Statement of Work, DOE’s CCT LPMEOHT” project (Cooperative Agreement No. DE-FC22- 

92PC90543): ”Subject to Design Veacat ion Testing (DVT), the Partnership proposes to enhance the Project by 
including the demonstration of the slurry reactor’s capabdity to  produce DhE as a mixed co-product with 
methanol. The production of DME from synthesis gas is a natural extension of the LPMEOHTM process in that 
three reactions occur concurrentlv in a single liquid phase reactor, methanol synthesis, methanol dehydration 
and water-gas shift. This process enhancement can significantly improve the overall conversion of coal derived 
synthesis gas to  a storable blend of methanol and DME. -- -- -- the enhanced @ME production demonstration is 
complementary to ongoing studies being sponsored by DOE‘S Liquid Fuels Program --) -- . -- At the conclusion 

of each of the DVT steps, a joint Partnershp/DOE decision will be made regarding continuation of 
methanoYDME demonstration..” 

The f3st DVT step (Phase 1, Task 5)) to address issues such as catalyst activity and stability, t o  provide data for 
engineering design, and to  venfy the market through engine tests and through market and economic study, is 
now complete. 
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LPDME Recommendation 
The LPDME Process Conce'ot: - Three Concurrent Reactions: 

2 C O +  4 H 2  = 
- 2 CH30H - 

1 co + 1 H20 = 

2 CH30H 

1 CH3-O-CH3 + 1 H20 

1 C 0 2  + 1 H2 

(Methanol Synthesis). 

(Methanol Dehydration). 

(Water-gas Shift). 

The overall reaction, with carbon monoxide ((20)-rich synthesis gas (syngas), in a single liquid phase (slurry) 

reactor: 

3 CO + 3 H2 = 1 CH3-O-CH3 + 1 C 0 2  @ME from CO-rich syngas) 

This is the "once-through" CO-rich syngas concept for the LPDME process utiLizing a single slurry reactor. 
Conversion per pass, with CO-rich syngas, can be higher than for the L P M E O P  process. Methanol may also ' 
be produced, as a mixed co-product with the DME, and can easily be separated and recovered. The separation 
of DME from carbon dioxide (COS) will be necessary for certain market applications. 

Status of the LPDME DVT Work 

The status of a) the LPDME process economics/market study work, and of b) the LPDME catalyst system 
R&D work, follows: 

A-1. The market atmlications for DME are extensive. DME is, or may be, used as: 
Aerosol - Small, but established market. High purity DME is required. 
Cookincz Fuel - Potentially a large market, to replace imported Liquefied petroleum gas (!LPG). 
There is a lot  of interest in China, and DME is on the agenda for DOE'S Pittsburgh Coal 

Conference in China (Sept. of 1997). Purity, of about >95% DME, with <2% methanol, 
CO2 is estimated. An unresolved application issue is CO emissions during cooking. How does 

DME purity impact this? Use testing is needed. 
Our contacts with representatives from the Institute of Coal Chemistry of the Chinese Academy 
of Sciences in Shanxi has provided the following assessment of the potential market for DME as 
a cooking fuel: 
Of the 1.2 billion people in China, 0.3 billion live in cities. Of these, 113 currently use natural 
gas or LPG. Assuming 4 people per family, the 0.2 billion people who do not use gas or LPG 
converts to 50 million families. If DME captures 20-30% of the market share for these new 
applications, and the DME consumption is 200 kg per family per year, the demand for DME 
would be 2.4-3.0 million tons per year. 
Diesel Redacement Fuel. DME is an ultra clean &gh Cetane) diesel fuel; and an  80% DME 
mixture with methanol and water is now being engine-tested by others (Amoco, et. al.). Market 
development (at least in the US.) faces a fuel distribution infrastructure problem. DIVE might 

3% 
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LPDME Recommendation 
more easily replace LPG in countries where LPG is already an engine fuel. Diesel use in the 
US. is projected to increase by 1.5 percent a year, assuming an economic growth of 1.9 percent 

a year. This will raise consumption from over 4 quadrillion BTU to approaching 6 quadrillion 

BTU (Reference 1). This corresponds to an annual increase of almost 1.4 million gallons per 
year of diesel consumption. 

DME Derivatives. as a Diesel Fuel Additive. Quotes from the DOE Liquid Fuels Program 
(Contract No. DE-FC22-95PC93052) quarterly report for April-June 1996: "Initial Cetane 

number (CN) testing of a three-component composition of 1,2-dimethoxy ethane, 1,l-dimethoxy 
methane and methanol blended with diesel fuel showed a 40% increase in the CN of the diesel 

fuel when the blend was 50150." "The concept of adding a blend of oxygenated compounds to 
diesel fuel in order to enhance the Cetane value and cold s ta r t  properties is being investigated. 

The blend of oxygenated compounds is derived from dimethyl ether chemistry, and builds on e 

work conducted earlier --.I' The testing of this DME feedstock chemistry is in its early days, but 
it is possible that C02 may not need to be separated from the DME prior to the production of 
DME derivatives. The 50/50 blend referenced above would therefore provide a large market 

opportunity for the projected U.S. market growth (Reference l), let alone for the present 
consump tion. 
DME Derivatives, as ChemicalsiOther Fuels. 
synthesis gas-to-gasoline process, and is being developed as an intermediate for other chemicals 
and fuels as part of the DOE'S Liquid Fuels Program. The fit for DME here is long-term. 

D h E  is a key intermediate in a commercial 

A-2. The economics studies, for once-through coproduction (with an integrated gasification combined cycle 
(IGCC) power plant, for example) on synthesis gas rich in carbon oxides, show that the LPDME process will 
have an economic advantage greater than the LPMEOHm process. A once-though LPDME reactor is able to 

convert greater than 50% of such a syngas, whereas a once-through LPMEOHTM reactor can convert only  about 

30%. The economics, of course, depend upon the end-use (purity) of the DIVE and upon the gasification plant's 
coproduct mix (amount of power, methanol, DME, etc.). The same liquid phase reactor design options to 
increase syngas conversion (Reference 2); such as feed gas compression and/or CO-rich gas recycle; are also be 

applicable for LPDME. So, the LPDME technology has the potential to improve on the 5-10 cents per gallon 
(methanol equivalent) advantage over the LPMEOH* process for the coproduction of DME to serve local 
markets. 

As with the LPMEOHm process, gas phase process technology must be considered as the economic competitor. 
The gas phase DME process (Reference 3) must run with hydrogen (H2)-rich syngas. In the IGCC coproduction 
flow sheet (shown in Figure l), gas phase technology is at an economic badvantage, since separate shift and 
C02 removal are required. As is the case for methanol, inexpensive remote natural gas would therefore be the 
economic plant site choice for gas phase technology. A comparison, of IGCCLPDME coproduction with DME 
imported from remote gas facilities, shows a n  advantage of 20-30% for locally produced DME relative to 
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LPDME Recommendation 
imported DME. The transportation cost to import DME is much higher than for methanol, and the LPDME 
coproduction advantage is even greater than that for L P M E O P  (vs. methanol import) (Reference 2). 
Dehydration of imported methanol to make DME is not competitive either. Therefore, for DME in local 

markets, LPDME coproduction should be a winner! 

With H2-rich syngas, the LPDME process loses its (once-through, high conversion per pass) economic 

advantage. The overall reaction, with (> 2:l) H2-rich syngas is: 

@ME from H2-rich syngas) 

Since water inhibits the methanol dehydration reaction, the slurry reactor must be staged, with water removal 

between stages. Staging could be by high ratio gas recycle, and/or with multiple reactors; but the once-through’ 
simplicity is lost. Therefore, it is unlikely that the LPDME process would be developed for use in H2-rich 
syngas applications. 

A cost estimate of commercial-scale LPDME plants has been performed. This work has helped quanbfy the 
targets for the laboratory R&D program (summarized in Part B). From these studies, a commercially 
successful LPDME system is defined for a Texaco-type synthesis gas (35 mol% H2, 51 mol% CO, 13 mol% CO2) 

available at 500 PSIG. At a reactor operating pressure of 950 PSIG and a space velocity of 4,000 liters/hr-kg 

catalyst, the LF’DME catalyst system must have a methanol equivalent productivity of 14 mol/kg catalyst-hr 

after 6 months of operation, p r o d u b g  at least 75% (by heating value) DME and 25% methanol. Figure 2 shows 
the effect of plant size on DME cost. These costs are competitive with LPG in China (Section A-1). 

B. Laboratorv R&D Results 

Summary of work through end of funding by CCT LPMEOHTM Project (9/96): A n  LPDME catalyst system, with 

reasonable long-term activity (57% of initial activity after 1000 hours), productivity (equivalent methanol 
productivity of 29 molflrg catalyst-hr), and selectivity (79% carbon selectivity to  DME, COn-Gee basis), was 
identified and tested. The system exhibits best activity under CO-rich syngas conditions, i.e. those most Ue ly  

for (IGCC) coproduction. Accelerated aging of the catalyst system is a remaining issue. Water concentrations 
in the liquid phase reactor are higher with syngases richer in H2, and its effect needs to  be evaluated. 

Laboratory work has continued under the DOE’s Liquid Fuels Program. The issues, to be addressed in the lab 
before a decision on a test run at the DOE’s AFDU in LaPorte, are: 

1) Understanding the LPDME catalyst system‘s accelerated aging; and morllfvlng the catalyst andfor 

the system operating conditions; and 
2) Manufacturing scale-up of catalyst for a LaPorte AFDU run. 
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LPDME Recommendation 

Progress has been made in the laboratory effort. Figure 3 shows the performance for the first DME catalyst 

which was tested; goals from the Liquid Fuels Program are provided for reference. After further study, an 
improved DME catalyst (AB-05) was tested with two LPMEOHTM catalysts (S3-86 and MK-101); the results of a 

700 hour life study are presented in Figure 4. When compared with the program goals (summarized in Figure 

5), the catalyst performance of the newer catalyst is approaching the commercial targets defined in Section A. 
The status of the laboratory program is summarized in the following table: 

Liquid Fuels Program Commercial Targets Laboratory Results 

Catalyst Productivity, 

moVkg catalyst-hr 

(MeOH-equivalent) 

> 28 (Initial Productivity) 

DME Selectivity > 80% 

Catalyst Selectivity (% Carbon, Con-free) 

Catalyst Life > 50% Remaining Activity 

after 1000 hours 

> 14 (productivity for 
aged catalyst) 

28 (Initial Productivity) * 

DME = 75%, 

Methanol = 25% 

(heating value basis) 

Target Productivity after 
6 months of operation 

DME Selectivity = 79% 

(% Carbon, COz-ii-ee) 

57% Remaining Activity 

after 1000 hours 

Initial discussions with catalyst manufacturers have been held. Once a manufacturer is selected, a laboratory- 
scale catalyst batch will be produced and tested in the autoclave to venfy the production technique developed at 

A u  Products. An interim 1 lb batch wiU then be produced and tested. Once the catalyst production techmques 

have been verified at this scale, the 200 lb LaPorte batch will be produced using the same methodology as for a 

f d  commercial batch. An autoclave check of this material will be performed prior to the start of the LaPorte 

AF'DU run. 

Recommendations 

The catalyst system and the market appLications/opportunities are suf%ciently promising that proof-of-concept 

testing at the LaPorte AFDU is recommended. Kingsport is an unlikely site for the commercial size 
demonstration of LPDME, since there are limited times for CO-rich syngas testing; and H2-rich syngas would 

create water buildup. Therefore, the basis for commercializing LPDME must come from: 

1) catalyst performance (productivity, selectivity, and Me) for the LPDME catalyst system under CO- 
rich syngas from the proof-of-concept testing at the LaPorte -4FDU; 
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LPDME Recommendation 
2) continuing work in hydrodynamics of slurry reactors (other ongoing DOE programs): and 
3) reactor performance (methanol catalyst activity and life, hydrodynamics, and heat transfer) from the 

LPMEOHTM Process Demonstration Unit. 

The tie-in between the laboratory and the LaPorte AFDU is important. Historically, the rate of deactivation of 

methanol synthesis catalyst has been greater in the autoclave than at the AFDU; this may be a result of loss of 

catalyst from the autoclave, or due to greater carbonyl poisoning as a result of the higher surface-to-volume 

ratio a t  the laboratory scale. Testing at  the engineering scale of the LaPorte AFDU can eliminate this variable. 
Operation of the LPMEOHTM Process Demonstration Unit will provide data on catalyst life under coal-derived 

syngas and at the larger engineering scale (the tie-in to the LaPorte AFDU for commercialization). 

The recommendations for proceeding with DVT of the LPDME catalyst system are: 

An LPDME test run at the LaPorte AFDU, in conjunction with the DOE's Liquid Fuels Program, would be 
appropriate if the LPDME catalyst system development can be completed successfully. Up to $875,000 of 
CCT LPMEOHTM Project budget support, from the Cost Plan (22 October 1996), should be made available 

to support a suitable LPDMF: test run at LaPorte. 

A n  implementation decision, made mutually by the DOE's CCT (DE-FC22-92PC90543) LPMEOHm 
Project participants, and by the DOE's Liquid Fuels (DE-FC22-95PC93052) Program participants, should 
be made (by July of 1997) in time to implement testing at LaPorte in early 1998. (Final dates should be 
recommended by the DOE'S Liquid Fuels Program, based on progress in developing the LPDME catalyst 
system). The CCT LPMEOHW Project participants shall be kept informed (via review meetings and 
status reports) by Air Products of the development by the DOE Liquid Fuels Program participants of the 
LaPorte AFDU LPDME test-run plans, so that a timely h a 1  approval can be made 
In  the interim, some DME product-use testing may be appropriate for the LPMEOHTM Demonstration 
Project's off-site product-use testing. 

The schedule for the proposed LPDME testing at the LaPorte AFDU and possible implementation at the 
Kingsport LPMEOHTM Process Demonstration Facility is summarized below: 

DME DVT Decision Made 
Commercial-Scale DME Catalyst ProducedPTested 

July 1997 

in Laboratory Autoclave January 1998 
LaPorte AFDU Test FebruaryMarch 1998 

Kingsport Decision Made MarcWAprill998 
Kingsport Implementation (Provisional) Plan July 1998 - March 2001 
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Imaact on CCT Proiect 

Technical: The commercialization of the LPDME Process can be successfully achieved by the combination of 
the activities a t  the LaPorte AFDU and the LPMEOHTM Process Demonstration Unit described 

previously. 

Cost: Up to $875,000 of Project funds would be available to support a suitable F D M E  run. An update of the 

CCT Project’s Cost Plan (22 October 1996), based upon the DVT Recommendation, will be performed 

following the joint Partnership/DOE decision. 

Schedule: If the DVT Recommendation is approved by the Partnership and DOE, the operating schedule for 
the LPMEOHTM Process Demonstration Unit will remain unchanged &om the current 

Demonstration Test Plan (September 1996). The DVT would proceed according to the September 

1996 DME Milestone Plan (included in the Demonstration Test Plan) and the schedule of the Liquid 

Fuels Program. 

References 

1. Transportation energy consumption by fuel, 1975,1995 and 2015: History: Energy Information 

Administration, Short-Term Energy Outlook, DOEEW-O202(96/4Q) (Washington, DC, October 1996), and 
State Energy Data Report 1994, DOE/EIA-0214(93). Projections: Table A2. Internet access a t  

http ://www/eia. doe. gov/oiaflaeo97/figure .html#fig46. 

2. “Fuel and Power Comoduction - The Liquid Phase Methanolm Process Demonstration at Kingsport”, 

paper presented a t  Fifth Annual DOE Clean Coal Technology Conference, Tampa, FL, January 7-9, 1997. 

3. Haldor Topsoe AS, “Preparation of Fuel Grade Dimethyl Ether”, International Publication Number 

W09623755, World International Property Organization, 08 August 1996. 

(end). 

Dmerev6.doc 7 ech - 6130197 



CYCLiNG 
COAU 

(COMBINED- 

POWER GASlFiCATlON 

4, 
FUEL! 

BACK-UP 
PRODUCTION I FUEL 

Figure I a Once-through Methanol Coproduction with IGCC Electric Power 



Figure 2 

$10.00 

$8.00 

$6 -00 

$ 4 . 0 0  

$2  .oo 

$0.00 

DME COST VERSUS SIZE 
TEXACO-TYPE SYNTHESIS GAS, I:1 F%ED:RECYCLE 

A 

4 r 
1* a 

L \ SEPARAT ON COST A 

T 
I 
'* 

CONVZRS 1 ON COST 

m I - .. . ffl 

SYNTHESIS GAS COS @ $3.00/1MBTU LHV 

I 

300 

+SYNTHESIS GAS ONLY 

500 700 900 

DME PRODUCTION (MEOH EQ), T/D 

+TOTAL DME COST 

+SYNTHESIS GAS PLVS CONVERSION 

1100 



1 

cn 

0 u 
3 s 

0 
03 
A 

s 
0 
Lo 
A -  

t 

M 



0 
a 

a 
a 
a 

0 
0 

0 0 
0 a 

I I I 1 1 1 1 1 1 

ro 0 
N 

0 m 

0 
0 
b 

0 
0 co 

0 
5 0  m 

0 so 
d 

0 
'0 
rT) 

0 
-0 
N 

0 
- 0  
7 

-0 



U 
0 
Q 
0 
Q) > 
Q) a 

- 

X 
CT) 
.- 

a 

t 

0 0 0 0 0 0 0 0 0 0 0  o m ~ b ~ m d - m c u ~  
F 

.. 



APPENDIX F - TASK 1.5.4 - APPROVAL FOR BUDGET PERIOD THREE 

Page 37 of 46 



t 

1 .  

. .  



APPENDIX G - TASK 2.5 - PARTNERSHIP ANNUAL PLAN 
(For FY - 97) 

Page 38 of 46 



Memorandum 

To: 

From: 

Date: 

Subject: 

Distribution 

W. R. Brown 

11 November 1996 

Partnership Annual Operating Plan for FY-97 

DeptJLoc.: 

Dept./Ext.: PSED/A31 E9, XI 7584 

Distribution: cc: R. M. Kornosky/DOE/PETC 

D. P. Drown/APCI 
E. C. Heydorn/APCI 
W. C. Jones/EMN 
R. B. Moore/APCI 

L. B. Paulonis/EMN 
V. E. Stein/APCI 
P. J. A. Tijm/APCI 

Backaround 

The Partnership Agreement requires that an Annual Operating Plan be prepared 
each Fiscal Year for the approval of the Partners. Article 5.2 of the Partnership 
Agreement sets forth the requirements. This memo constitutes the 
Partnership's Annual Operating Plan for FY-'97. 

Goals and Objectives for FY- '97 

. .  The goals and obrectr ves for FY-'97 are t o  initiate Phase 3 operation of  the 
LPMEOHm demonstration plant in accordance with the Statement of Work. The 
Milestone Schedule (Attachment A), the Demonstration Test Plan (Attachment 
B), the FY-97 Cost Plan (Attachment C) and the Project Success Factors 
(Attachment D) are attached for reference. These attachments summarize the 
Phase 3, Operation activities, and the schedule for their performance. The 
Partnership's major FY-'97 objectives are: 

0 the LPMEOHTM demonstration plant will have successfully 
completed Test Runs #I through #5 (by May-'97), and will have achieved 30 
plus weeks of Task 2.1 . I  operation (by Sept-'97). 

MEMO31 



MEMO31 

0 the decision t o  continue DME design verification testing, at the 
LaPorte AFDU in conjunction with the DOE Alternative Fuels R & D program, 
will have been made (by Dec.’96); and plans will have been made (by Apr ’97) 
for completion of  the operational proof of concept testing at LaPorte by 
December of 1997. 

the updated plan for Off-site Product-use Testing will have been 
completed (by May ‘97). 

0 the project Success Factors will continue t o  have been achieved 
during FY-97. 

W. R. Brown 

Approved: 

Air Pr0ductsN.R. Brown 
w 
EastdaanlW .C. Jones 
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TEST AUTHORIZATION # K I  
Kingsport LPMEOH" Plant 

RUN NUMBER: 
APPROX. START DATE: 

TITLE: METHANOL SYNTHESIS WITH BASELINE CATALYST: 
INITIAL SHAKEDOWN AND DESIGN PRODUCTION TESTS 

Sheet: 1 of 3 
Date : 03/31/97 
By: VES 

K 1  (also incorporating K7) 
1 April, 1997 

OBJECTIVE: 
To start-up the LPMEOHW facility, test the design methanol production rate, and shakedown various 
systems critical to successful long-term operation of the plant. 

SUMMARY: 
After activation of the initial catalyst charge (approximately 20,000 Ibs of catalyst oxide, or about 1/2 of 
the design catalyst loading in the reactor), the start-up of methanol operations will initiate a total system 
shakedown and test of the design methanol production rate of 260 TPD. This 6-week operating period 
prior to Eastman's complex outage will facilitate testing of systems which must operate on a continuous 
basis (e.g. recycle compression, carbonyl guard bed, reactorkteam system, oil collection and return, 
methanol collection and distillation, data acquisition, analytical, etc.). The process control strategy will 
be validated and tuned, and material balance calculations will be performed. During this test, catalyst 
activity will decrease slowly due to normal catalyst aging. Fresh Feed flowrates will be adjusted to 
maintain Syngas Utilization at its initial value. 

TEST DETAILS: 

ANALYTICAL COMMENTS: 

See pages 2 to 3 for details. 

See page 3. 

SAFETY IMP L I CAT1 ONS: 
Air Products personnel will be required to wear Nomex in the plant when syngas is present. Otherwise, 
Eastman safety rules (including M.O.C.) are in effect. All visitors to the facility must follow the Visitor 
Safety Guidelines issued by the Joint Venture. 

ENVIRONMENTAL IMPLICATIONS: 
Minimal. The plant syngas purge will go to the Eastman boilers as designed. 

SPECIAL REMARKS: 
Because of ongoing problems with the 29G-03 Oil Make-up Pumps, which provide high pressure seal 
flush to the 29G-01 Condensed Oil Circulation Pumps and batch make-up oil into the reactor loop, Test 
#KI will also incorporate Test #K7. The objective of Test #K? is to test the capability of the system to 
free-drain condensed and entrained oil/catalyst from the 29C-06 Cyclone and 29C-05 Secondary Oil 
K.O. Separator back to the reactor. During this period the 296-30 Slurry Transfer Pump will provide 
make-up oil to the process in batches as necessary. It requires only low pressure packing flush oil, 
which the 296-03 can provide. 

AUTHORIZATIONS: , &$-v ,LG -*-- 
V. E. Stein - Lead Process Engineer 



TEST AUTHORIZATION # K I  
Kingsport LPMEOHTM Plant 

Sheet: 2 of 3 
Date : 03/31/97 
By: VES 

TEST DETAILS: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Set up N 2  purges to the vent header  a t  100 SCFH on e a c h  of the rotameters by the 29E-01 (Fi- 
1970) and 29C-02 (FI-I 115). 

Follow the Reactor Area Start-up Procedure S.O.P. Section I1 A 3. After the star&-up preparation 
s teps  (A-C), continue with S t e p  D. 

D. Charge fresh oil from 29D-30 to  29C-05 secondary oil K.O. vessel and 29C-06 cyclone. 
E. Place 29K-01 syngas recycle compressor in service. 
F. Transfer reduced catalyst slurry from 29D-02 slurry tank to  the reactor (via 296-02) per Section 

IV A 9 Steps  K, L, M, and N. The slurry temperature must not exceed ambient temperature 
by more than 165 "C. 

G. Start N 2  Flow from 29K-01 to reactor. 
H. Start BFW to 29C-02 steam drum and reactor tubes. 
I. Start CW flow to 29E-04 MeOH product CW condenser. 
J. Start fans  on 29E-03 MeOH product air-cooled condenser. 
K. Heat reactor to 204 "C a t  <30 OC/hr. Initially B W  I steam temperature should not exceed 

slurry temperature by more than 150 OC. Once the slurry temperature exceeds 125 "C, 
BFW I steam temperature should not exceed slurry temperature by more than 40 OC. 

Because condensed and entrained oil/catalyst will free-drain back to the reactor, omit S teps  L-0. 
Instead, ensure that automatic valves HV-184 and HV-I 85 are both shut. 

Continue with S t e p  P. 

P. Start fresh feed syngas to plant. 
Q. Establish level control for 296-03 high pressure MeOH separator. 

At S tep  R, raise the reactor pressure (PIC-150) and temperature (TIC-109) t o  the design operating 
conditions: 735 psig and 250 OC. S e t  the syngas flow rate (FIC-009) a t  990 KSCFH, and  skip 
Steps S and T until Plant 19 lines out a t  reduced rates and the H2 Makeup composition reaches its 
new steady state. Eventuaily, new feed setpoints will be calculated for the CO and H 2  Makeup 
streams. Then, FIC-009 will be reduced by that combined flow rate to maintain total fresh feed at 
990 KSCFH. Set the compressor flow (FIC-008) a t  1,760 KSCFH. 

During the first 24 hours, the  syngas conversion across the reactor may decrease  as the catalyst 
loses its initial hyperactivity. As a result, the  purge flow (FI-157) may increase. Eventually, the 
purge rate should b e  about 160 KSCFH. 

To free-drain condensed and  entrained oikatalyst  from 296-05 and 29C-06 to t h e  reactor, open 
HV-185 and the necessary manual valves. Monitor levels in the 29C-05 (11-102) and 29C-06 (LI- 
152), as well as the reactor NDG. 



Sheet:  3 o f3  
Date : 03/31/97 

. By: VES 

TEST AUTHORIZATION # K1 
Kingsport LPMEOHTM Plant 

I 8. Until the 296-03 pumps are  repaired, oil will be batch transferred into the system as needed by the 
29G-30 pump per S.O.P. Section II C 3 Step P. 

9. The shakedown period will likely conclude with the Eastman complex outage in mid-May. In that 
event, purge, cool, and drain the reactor system according to the Reactor Area Extended Shutdown 
Procedure (S.O.P. Section II A 8). 

TEST AUTHORIZATION #K1 is complete. 

ANALYTICAL REQUIREMENTS: 

I .  Process GC sampling requirements: 

- SP-I : syngas feed; 
- SP-4: K-01 outlet; 
- SP-5: reactor feed (highest frequency); 
- SP-6: C-05 outlet (highest frequency); 
- SP-7: main purge; 
- SP-8: distillation purge; 

- SP-2 and SP-3 can remain valved out until required. 

2. Carbonyl GC sampling requirements: 

- SP-12: 29C-40 guard bed inlet; - SP-13: 296-40 guard bed intermediate #I ;  
- SP-14: 29C-40 guard bed intermediate #2; - SP-15: 296-40 guard bed outlet. 

3. Liquid sampling requirements: 

- all identified liquid sampling points per standard Eastman routine. 



APPENDIX I - TASK 3.2.1 - RESULTS OF DEMONSTRATION PLANT 
OPERATION 

Table 1 - Summary of LPMEOWM Demonstration Unit Outages - 
ApriYJune 1997 

Figure 1 - Sparger Resistance Coefficient vs. Days Onstream - 
Figure 2 - Catalyst Life (q) vs. Days Onstream 

ApriYJune 1997 Operating Period 
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APPENDIX J - TASK 3.2.1 - SAMPLES OF DETAILED MATERIAL BALANCE 
REPORTS 
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APPENDIX K - TEST AUTHORIZATION K22 - METHANOL SYNTHESIS WITH 
BGL-TYPE SYNGAS 
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TEST AUTHORIZATION # K22 
Kingsport LPMEOHTM Plant 

Sheet: 1 of 2 
Date : 05/07/97 
By: VES 

RUN NUMBER: K22 
APPROX. START DATE: 7 May, 1997 

TITLE: METHANOL SYNTHESIS WITH BGL-TYPE SYNGAS 

OBJECTIVE: 
To evaluate the performance of the LPMEOHTM facility when fed with BGL-type (CO-rich) syngas per a 
typical IGCC application. 

SUMMARY: 

period, the reactor feed composition will be adjusted to match the typical syngas composition exiting a 
BGL gasifier. The performance data from this test will be more direct1T;omparable to the extensive 
database from the LaPorte pilot plant and more indicative of LPMEOH 's expected market in IGCC 
facilities. The test will best be accomplished by maintaining essentially constant feed gas composition 
(SP-5), and the operators may adjust the Balanced Gas, CO Gas, and Recycle flow rates to achieve 
that. Liquid samples from the 29C-10 underflow should be collected periodically to test the stabilized 
product's suitability for fuel-grade applications. 

TEST DETAILS: See page 2. 

ANALYTICAL COMMENTS: See page 2. 

SAFETY I M PLlCATl ONS : 
Air Products personnel will be required to wear Nomex in the plant when syngas 
Eastman safety rules (including M.O.C.) are in effect. Ail visitors to the facility must follow the Visitor 
Safety Guidelines issued by the Joint Venture. 

At a time when approximately 200 KSCFH of CO is available for use in Plant 29 over a multi-week 
' *  

present. Otherwise, 

ENVIRONMENTAL IMPLICATIONS: 
Minimal. The plant syngas purge will go to the Eastman boilers as designed. 

SPECIAL REMARKS: 
Because of ongoing problems with plugging in the free-draining oil return line to the reactor, the current 
off-design operating mode will be continued. Condensed oil will be batch transferred from 29C-05 to 
296-30 and then returned to the reactor with the 296-30 pump. 

AUTHORIZATIONS: 

E. C. H ydorn - Program Manager T 
dJ&: 

V. E. Stein - Lead Process Engineer 



t 

TEST DETAILS: 

1. 

2. 

3. 

4. 

5. 

TEST AUTHORIZATION # K22 
Kingsport LPMEOHTM Plant 

Sheet: 
Date : 
By: 

2 of 2 
05/07/97 
VES 

Call the PIA'S and have them set up SP-2 (CO Makeup) and add it to the analysis sequence. 

Follow the Reactor Area Start-up Procedure S.O.P. Section 11 A 3 Step T - start CO makeup feed. 

Line up CO flow through FE-01 0s {open valve 2025) and shut off flow through FE-01 OA (close 
valve 2026). Make sure the Honeywell DCS is set up to recognize FE-OlO& 

Slowly increase the flow on FC-010 to approximately 200 KSCFH while decreasing the flow on FC- 

flow will increase. Adjust it to maintain approximately 1570 KSCFH on Fl-100. 
009 to approximately 485 KSCFH. As the MW of the recycle stream begins to rise, the compressor c * 

The target feed gas composition (SP-5) in mo!% (Honeywell schematic AnalD or AnalB) is: 32% 
H2, 61 % CO, 5% CQ2 , 1 % NP. In wt% (Honeywell schematic Anal-D or Anal-B), this corresponds 
to 3% HZ ,83% CO, 11% C02 , 2% N2. Be patient when adjusting flows to match the target 
composition; Air Products personnel will advise. 

TEST AUTHORIZATION #K22 is complete. 

ANALYTICAL REQUIREMENTS: 

1. Process GC sampling requirements: 

- SP-1: syngas feed; 
- SP-2: CO makeup 
- SP-4: K-01 outlet; 
- SP-5: reactor feed (highest frequency); 
- SP-6: C-05 outlet (highest frequency); 
- SP-7: main purge; 
- SP-8: distillation purge; 

- SP-3 can remain valved out. 

2. Carbonyl GC sampling requirements: 

- SP-12: 29C-40 guard bed inlet; 
- SP-13: 296-40 guard bed intermediate # l ;  
- SP-14: 29C-40 guard bed intermediate #2; 
- SP-15: 29C-40 guard bed outlet. 

3. Liquid sampling requirements: 

- all identified liquid sampling points per standard Eastman routine; 
- 29C-10 underflow samples may be shipped to Allentown for by-product analysis. 



APPENDIX L - METHODS OF CALCULATION FOR KEY PROCESS 
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APPENDIX L Page 1 of 4 

Catalyst Age (q) = &(t=O) 

where: 

lq, = the pre-exponential kinetic rate constant for the methanol synthesis reaction at 
any time 

k@O) = the pre-exponential kinetic rate constant for the methanol synthesis 
reaction for fresh catalyst 

The rate constants are determined using a proprietary model which computes the 
kinetic rate constant for the methanol synthesis reaction. 

CO Conversion to Methanol [%] = 
maw Methanol Flow + Methanol in Main Plant Purge + Methanol in Distillation Purge Fall lbmol/hrl) 

Carbon Monoxide in Reactor Feed [IbmoVhr] * 0.01 

where: 

Methanol in Main Plant Purge [IbmoVhr] = Main Plant Purge Flow [IbmoVhr] * 
Methanol Concentration in Main Plant Purge [mol%] 

Methanol in Distillation Purge [lbmol/hr] = DistiZlation Purge Flow [IbmoVhr] * 
Methanol Concentration in Distillation Purge [mol%] 

Carbon Monoxide in Reactor Feed [ lbmok] = Reactor Feed Flow [lbmolhr] * 
Carbon Monoxide Concentration in Reactor Feed [mol%] 

Gas Holdup (~01%) = (Liauid-Solid Density rlb/ft31- 3-Phase Density rlb/ft31) * 100 
(Liquid-Solid Density [lb/ft3] - Vapor Density [lb/ft3]) 

where: 

Vapor Density [lb/fi3] is calculated using the composition at the Reactor 
Effluent, and at the measured temperature and pressure of the Reactor 

3-Phase Density [lb/ft3] = Pressure DroD h i 1  * 144 rin2/ft21 
Span between Taps of Pressure Drop Measurement [ft] 

Liquid-Solid Phase Density [lb/ft3] is a function of the catalyst concentration [wt%], 
which is iterated until the calculated weight of catalyst matches the catalyst 
weight in the Reactor. 

- Notes: 

1. All terms in Italics refer to measured variables, either by field instruments or gas chromatographs. 



APPENDIX L Page 2 of 4 

Gassed Slurry Volume [ft] = Reactor Cylindrical Volume [e] + Reactor Head Volume [ft'] 

where: Reactor Cylindrical Volume [e] = A [e] * Cylindrical Height [ft] 

A [fi?] = Q * (Reactor ID [ft])* * (Fraction Open Area) 
4 

Reactor ID = Reactor Inside Diameter = 7.5 ft 

Fraction Open Area = 0.9652 (3.48% of the cross-sectional area of the Reactor is 
occupied by the tubes of the internal heat exchanger) 

Cylindrical Height [ft] = Gassed Slurry Height [ft] - meactor ID rftl) 
4 

N A :  The term "(Reactor ID)/4" is the depth of the bottom head of the Reactor. 

Reactor Head Volume [ft'] = JI * (Reactor ID - 8 [ft'] 
24 

@: 8 cubic feet is subtracted from the Reactor Head Volume to account 
for the displacement of the gas sparger and the header piping for the 
internal heat exchanger. 

Inlet Superficial Velocity [ft/s] = Reactor Feed Flow rlbmol/hrl * V rft3/lbmoll 
3,600 [s/hr] * A [e] 

where: V [ft'/lbmol] = 10.73 * (Reactor Temverature f°F1+ 459.67) 
(Reactor Pressure Cpsig] + 14.1) 

A [e] = Q * (Reactor ID [ft])' * (Fraction Open Area) 
4 

Reactor ID = Reactor Inside Diameter = 7.5 ft 

Fraction Open Area = 0.9652 (3.48% of the cross-sectional area of the Reactor is 
occupied by the tubes of the internal heat exchanger) 

m: 
1. A11 terms in Italics refer to measured variables, either by field instruments or gas chromatographs. 
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Methanol Productivity [gmol/kg-hr] = 
(Methanol in Reactor Effluent rlbmoVhrl- Methanol in Reactor Feed rlbrnolh-1) * 1,000 rdkd  

Catalyst Weight (lb oxide) 

where: 

Methanol in Reactor Effluent [Ibmolh] = Reactor Efluent Flow [IbmoVhr] * 
Methanol Concentration in Reactor Efluent Stream [mol%] 

Methanol in Reactor Feed [IbmoVhr] = Reactor Feed Flow [IbmoVhr] * 
Methanol Concentration in Reactor Feed Stream [mol%] 

Reactor 0-T-M Conversion [%] = Lower Heating. Value of Raw Methanol * 100 
Lower Heating Value of Reactor Feed 

N A :  Lower heating values for Raw Methanol and Reactor Feed are calculated from 
compositions of each stream, in units of million Btu per hour. 

Reactor Volumetric Productivity [TPD/fe] = Raw Methanol Flow rTPD1 
Gassed Slurry Volume [e] 

Space Velocity [sLkg-hr] = Reactor Feed Flow Flbmolhl * 10.175 rsL/lbmol a, O°Cl 
Catalyst Weight [lb oxide] * 0.454 [kg/lb] 

Sparger Resistance Coefficient “K” = 
Svaraer Pressure Drov h i 1  * Reactor Feed Density rlb/ft31 * lo9 

(Reactor Feed Flow [KSCFH] * Reactor Feed Molecular Weight [lb/lbmol])* 

where: 1 O9 is an arbitrary factor. 

Syngas Usage [Btu/gallon Methanol] = 
Svngas LHV to Methanol rBtu/hrl * 24 rhr/dayl * 6.642 rlb/g.allon Methanol1 

Raw Methanol Flow [TPD] * 2,000 [lb/ton] 

where: 

Syngas LHV to Methanol [Btuihr] = the difference between the Lower Heating 
Value of the three feed gas streams (Balanced Gas, CO Gas, H, Gas) and the 
two purge gas streams (Main Plant Purge, Distillation Purge). Lower heating 
values are calculated from the compositions of each stream. 

1. All terms in Italics refer to measured variables, either by field instruments or gas chromatographs. 



APPENDIX L 

Syngas Utilization [SCF/lb Methanol] = 
{Balanced Gas Flow rSCFHl+ CO Gas Flow TSCFH1) * 24 h/davl 

Raw Methanol FZow [TPD] * 2,000 [Ibhon] 

Notes: 

1. All terms in Itulics refer to measured variables, either by field instruments or gas chromatographs. 

Page 4 of 4 
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NOTES FROM MEETING 
31STRIBUTION (NAME/ORGANIZATION) 'Unable to attend. "Chairman 
J o  Ann Franks - APCI 
#Frank Frenduto - APCI 
Bob Kornosky - DOE - FETC 
Bob Moore - APCI 
Bill O'Dowd - DOE - FETC 
X. D. Peng - APCI 

Edward C. Heydorn e 

Bob Senn - APCI 
John Shen - DOE FE-HQ 
Van Eric Stein - APCI 
Peter Tijm - APCI 
Bernie Toseland - APCI 

'ROM ORGANIZATION 
APCI - Program Manager 

DATE OF MEETING WEEKDAY TIME 
STARTED 1 ENDED 

April 29 & 30,1997 I Tues. &Wed. 1 1:30 PM I 11:15AM 
SUBJECT AND/OR PURPOSE 

- 
ITEM 
NO. - 
1. 

Prc 
RESPONSIBLE 

'ERSON (INITIALS) 

ECH 

3ct Review Meeting - DOE and A i r  Products 
TARGET 

DATE 

Updated 
5/19/97 

Am lvxxnms+" 
Page one Of si: 

COPIED FOR INFORMATION ONLY 
Bharat Bhatt - U C I  
Dave Drown - APCI 
Banry Halper - APCI 
Bill Jones - EMN 
Barry Street - EMN 

EXTENSION 1 TODAY'S DATE 
17099 I20 May, 1997 

LOCATION 
Tues. - in A3CR112K 
Wed. - in LNG CR A31 E4 

~~ 

DME DesiPn Verification Testing - Status - Review 

The definition of the productivity of a commercially successful DME 
catalyst were reviewed. An 80%/20% methanoVDME catalyst 
productivity of 14 g-moles of methanol product equivalent per Kg of 
catalyst per hour of operation aRer six months of aging was defined 
as commercially successful for coproduction in an IGCC situation 
using Texaco-type of synthesis gas. Further definition includes an 
operating pressure of 1000 psig, a catalyst space velocity of 4000 
sL/kg-hr and at  1:l recyc1e:fresh feed gas ratio. The memo from R. 
Moore on LPDME economics is included (Attachment 1). 

Progress has been made in the laboratory effort. The latest results 
are included in the updated (5/19/97) DME Design Verification memo 
(Attachment 2). Figure 2 shows the performance for the first DME 
catalyst which was tested; goals from the Liquid Fuels Program are 
provided for reference. After further study, an improved DME 
catalyst (AB-05) was tested with two LPMEOHm catalysts 63-86 
and MK-101); the results of a 700 hour life study are presented in 
Figure 3. When compared with the program goals (Figure 41, the 
catalyst performance of the newer catalyst is approaching the 
commercial targets. 

Large scale testing at the LaPorte AFDU will be required to  confirm 
this productivity, Slides which provide a preliminary run plan at  
LaPorte and an analysis of catalyst life from the LaPorte LPMEOHm 
life run are provided in Attachment 3. 

OW 3684 (REV. Y.39) 



NOTES FROM MEETING 
CONTINUATION 

Page two Of si) 

DISCUSSION 
ITEM RESPONSIBLE TARGET 
NO. PERSON (INITIALS) DATE - 
2. 

RMX/WJO 

WJO 

DPDECH 

R;MK 
ECH 

RMWECH 

ECH/BTS 

ECH 

ECHNES 

ECHNES 

ECH/BTS 

6/20/97 

6/2/97 

6/30/97 

Done 
wg97 

6/20/97 

6/20/97 

Review 
Status 
7/24/97 

6/2/97 

Done 
5/19/97 
6/6/97 

8/15/97 

Reports 

Preliminarv Public Desim Report: A draft version was distributed. 
Zomments should be directed to  F. Frenduto. 

roDical Report - LPMEOHm Process Economics: W. O'Dowd will 
zomplete his review and forward comments to R. Moore. 

ropical Report - LPMEOEP Reactor Design: An updated version will 
be sent t o  DOE for review. 

I'opical ReDort - Peroxide Formation: R. Kornosky will send his 
latest comments for incorporation into a final version. 

ToDical Report - Catalyst Poisons: A draft report under the Liquid 
Fuels Program was issued in March. An agreement between the 
Liquid Fuels and CCT Programs on the possibility of publishing 
under two DOE contracts is forthcoming. Any separation of 
publically available data must be agreed upon between the partners. 

Topical Report - DME: In progress. 

Technical Progress Reaorts 1 & 2: F. Frenduto and R. Kornosky will 
work together to  complete. 

An updated Project Management Plan will be issued. 

Upcoming reports include: 
- Technical Progress Report #11- draft due mid-May. 

- Demonstration Teechnology Start-up Report - report 

- Environmental Monitoring Report #1- first reporting 
is issued without revision. 

period is April - June 1997. 

FORM 3684 (REV. Ygg) 



NOTES FROM MEETING 
CONTINUATION 

Page three Of si) 

DISCUSSION 
ITEM RESPONSIBLE TARGET 
NO. PERSON (INITIALS) DATE 

3. 

PJAT 

ECH 

BTS 

5/28/97 

5/3 1/97 

7/24/97 

~ 

Updated Fuel-Use Demo Plan - Status/Schedx.de 

A review meeting between Air Products, DOE, and Acurex was held 
on 18 April. Attachment 4 is the summary of prospective methanol 
fuel test sites, testing programs, and costs. An update of the 
summary table will be provided t o  clarify the costs t o  the CCT 
program and the outside cost-sharing. A brief review of Air Products' 
corporate involvement with Penn State on R&D was presented. The 
possibility of methanol testing using some of these facilities is being 
investigated. 

The draft plan will be issued to DOE. 

Task 3.3 of the Statement of Work, On-Site Testing, states that 
Eastman will perform fitness-for-use tests on the methanol product 
for use as a chemical feedstock and provide a summary of the results. 
Further definition and timing for these tests is required. 
Timing for these tests is 4Q W 9 7 ;  an update will be presented at the 
next DOE Review Meeting. 

FORM 36&( (REV. VSS) 

http://Status/Schedx.de


NOTES FROM MEETING 
CONTINUATION 

Page four Of si] 

DISCUSSION ITEM RESPONSIBLE TARGET 
NO. PERSON (INITIALS) DATE - 
4. Task 2.1 - Methanol Operation Task - Status 

Daily average production over the first two weeks of steady 
operation has been 242 - 292 tons per day (TPD), depending 
upon gas availability. There have been shorter time periods 
during which production exceeded 12.5 tons per hour, or 
300 TPD. Attachment 5 contains the draft summary table and 
a sample of the detailed report for a particular operating day. 

Gas holdup in the reactor has been about 50 vol% at 30 wt% 
slurry concentration. Maximum gas superficial velocity has 
been 0.72 Wsec. 

We are still awaiting price and delivery for repairs to  the 
29G-03 oil makeup pumps. 

Free-draining of condensed oil and entrained oillcatalyst back 
to the reactor had been operating successfidly until 4/25. It 
is unclear whether the blockage is due to catalyst or  to a vapor 
pocket in the piping (something that has been observed in 
earlier operation). Eastman is currently draining oil from the 
29C-05 oil separator back to the 29C-30 catalyst reduction 
vessel and pumping this oil back via the 29G-30 slurry pump 
to the reactor. Eastman is exploring options for providing a 
clean oil flush to the free-drain line. 

The pressure drop across the gas sparger on the reactor has 
continued to increase over the last 2 weeks, either from catalyst 
migration fi-om the reactor o r  construction debris from the 
gas inlet piping. The weakest component over the sparger 
design are endcaps (33 psi differential); this limitation prevents 
Eastman from trying to use gas pressure to pulse the sparger 
in an attempt to unplug it. We now expect to examine the 
sparger during the upcoming complex outage to determine the 
cause of the high pressure drop and reinforce the endcaps. The 
outage is scheduled to  begin on 11 May and will last 2-3 weeks. 

APCI personnel have been off-site since 25 April, and have been 
using the data link between Allentown and Kingsport to 
monitor plant performance and download historical data for 
heat and material balance calculations. 



NOTES FROM MEETING 
CONTINUATION 

AIR 
#KHHIcTs+“ 

Paqe five Of six 

DISCUSSION ITEM RESPONSIBLE TARGET 
NO. PERSON (INITIALS) DATE 

I Y 

ReDort Card - Proiect Success Factors 

The Project “Success Factors” were reviewed. The DOE/Air 
Productd3astman ParticiDant Relationshim continue to be excellent. 
On the performance during Phases 1 and 2, performance was verv 
good in absolute terms, and excellent when compared to  other CCT 
promams. 

FORM 3684 (REV. yeg) 



AIR f~ 
#KHKIcTs+” NOTES FROM MEETING 

CONTINUATION 
Page six Of sb 

DISCUSSION TEM RESPONSIBLE TARGET 
‘40. PERSON (INITIALS) DATE 

I 
- 
6. 

BTS 

BTSLECH 

BTSBCH 

RMK 

ECWRMW 
BTS 

ECH 

RMWJAF/ 
ECH 

Ongoing 

Done 
5/8/97 

Vext Proiect Meetinv, Dedication 

h e  next project review meeting is scheduled for the afternoon of 24 
ruly and the morning of 25 July at the JV Trailer a t  Kingsport. R. 
Cornosky will advise if any earIier meetings t o  cover DME or the fuel- 
ise program will be necessary. 

&e Dedication Ceremony is scheduled for 25 July at Kingsport. 
hose  guests travelling that day will arrive for lunch at 11:30 AM, 
?inal details will be arranged with al1 parties. The current agenda is 
hcluded (Attachment 6). 

Specific questiondaction items: 

B Several DOE visitors have requested a tour of the gasification 
control room (similar to  the tou r  at the groundbreaking 
ceremony). 

B Check the timing of the aerial photograph for the plant t o  see if 
it will be available for the ceremony. 

b Update JV sign from groundbreaking to remove reference to  
funding. 

b Provide list of invitees. 

D Coordinate the preparation of a press release so that it is ready 
on 25 July. 

Update DOE Fact Sheet on program. 

Update project “poster” by adding phc,Dgraphs of Wabash and 
Tampa, a photo of the LPMEOHW demonstration unit, and the 
map which depicts the potential sites for fuel-use testing. 

- 

FORM 3684 (REV. Ygg) 
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MEETING NOTICE (April 29 & 30, 1997) #K)DucTs+" 
PLEASE NOTE: Security badges required for visitors in all buildhgs and employees in R&D buildings. 

DISTRIBUTION (NAME/ORGANIZATION) (If unable ro attend, contact originator} COPlED FOR INFORMATION ONLY 

Bharat Bhatt - APCI 
Barry Street - EMN 
Dave Drown - -4PCI 
Barry Halper - APCI 
Bill Jones - EMN 

Bob Moore - APCI 
Bill Brown - APCI 
Bob Kornosky - DOE - FETC 
Bernie Toseland - APCI 
Bill O'Dowd - DOE - FETC 
John Shen - DOE FE-HQ 

William R. Brown #?&VI23 /AE'CI - Program Manager 

Van Eric Stein - APCI 
Peter Tijm - APCI 

Ed Heydorn - AFT1 
Frank Frenduto - APCI 
X. D. Peng - APCI 
Bob Senn - APCI 

FROM ORGANIZATION EXTENSION TODAY'S DATE 

17584 23 April 1997 
DATE OF MEETING WEEKDAY TIME LOCATION 

FROM TO Tues. -in A3CR112K 
April 29 & 30,1997 Tues. &Weds. 1:30 PM 10~45 &&IT Weds. - in LNG CR A31E4 
SUBJECT AND/OR PURPOSE 

Proiect Review Meeting. DOE and Air Products 
DESlRED RESULTSlOUTCOMES 

0 Review Project DIME "go" decision, Fuel-use test plan, reports. 
REFERENCE MATERIAUOTHER 

0 

AGENDA LPMEOHm Proiect Review Meeting - Agenda*. 

Project Review - Part One 1:30 PM Tues. -Ami1 29th 
(In Conference Room 112K, Building Admin. 3, Air Products Trexlertown) 

1. DME Design Verification Testing - Status - Review 

A. Process Economics, Goal for Catalyst System ProductivityLife 
B. Lab R & D results, status 
C. Recommendation for LaPorte test run - StatusPTiming 

2. Reports 

2B Topical ReDort - LPMEOH Process Economics Draft #3 

2C Other Renorts 

2A Public Design Report (Review initial dr& ) 

(Review and comment on  3/31/97 Third Draft) 

End of (work) Dav One - 4:30PM 

1A - RBMTWRB 
1B. BATJXDP 

1C. PJAT 

2A. FSFiRNIK 
2B WJO/RBM 

2C RMK/et.al. 

Project Review - Part Two 9:OO AM Weds. - Ami1 30th- 
(In LNG Conference Room, Building Admin. 3, Air Products Trexlertown) 

3. UPdated Fuel-use demo plan - Status/Schedule 

4. Task 2.1 - Methanol Operation Task - Status 
5. Report Card - Project Success Factors 
6. Plans for: Next Project Meeting, Dedication, Other 

End and Lunch - 11115 AM . 

3. RJSIPJAT 

4. ECHNES 
5. All 
6. All 

* Agenda Questions/AdditiondDeletions to Bill Brown please. 



Memorandum 

To: R. M. Kornosky Dept./Loc.: PETC Project Manager 

‘From: Robert B. Moore Dept./Ext.: Program Development Engineering 

Date: 22 April 1997 

Subject: DME Catalyst Productivity 

Distribution: 
sa 

I E. C. .Heydorn - Eqpt & Bus Development 
P. J. A. Tijm - Eqpt & Bus Development 
B. A. ToselandK. D. Peng - GEG Reaction Tech 

DOE has asked APCI t o  define the productivity of a commercially successful 
DME catalyst. There are of course many variables which effect the answer 
which might be given. The composition, pressure and value of the feed have 
major effects as well as the value and composition of the product. DME is 
expected t o  have a commercial niche in about the same applications that 
LPMEOHTM has for coproduction of methanol in an IGCC process. With this in 
mind a commercially successful catalyst might be one which can economically 
produce DME from a typical Texaco-type synthesis gas, consuming at least one 
half of the synthesis gas with the balance going to  a gas turbine. This analysis 
compares methanol and DME/methanol production from Texaco-type synthesis 
gas available a t  500 psig. The gas is compressed t o  1000 psig and fed t o  a 
reactor along with 1:l resyc1e:fresh feed gas with a catalyst space velocity of 
4000 sl/kg-hr and an ETA! of 0.5 (50% of new catalyst activity), t o  produce 500 
sT/D of methanol equivalent. In the “all methanol” case the catalyst contains 
100% methanol catalyst. In the “DME/methanol” case the catalyst slurry 
contains 80% methanol catalyst and 20% dehydration catalyst. With a feed gas 
cost of $3,OO/MMBTU the crude product from the “all methanol” case would cost 
about $7.63/MMBTU as a liquid. The crude D&fE/methanol from the alternate 
case will be produced at about $I.O2/MMBTU, modestly less expensive than “all 
methanol”. However, the separation and purification of the crude 
D&lE/methanol into a cooking grade DME product and into a crude methanol 
product will add about $O.89/M&fBTU t o  this cost, giving a total product cost of 
$7.91/MMBTU. About 23% of this product is a separated crude methanol 
stream which is assumed to have the same value as DME. The 77% balance is 
a cooking grade DME product. To achieve these economics it was assumed that 
the “all methanol” catalyst productivity was 11 g-molekg-hr after six months of 
operation. The 80%/20% methanol/DME catalyst productivity was assumed to  
be 14 g-moles of methanol product equivalent per kg of catalyst per hour of 
operation (g-molekg-hr), after six _ _  months ----- of operation. --__ - - 

FORM 1020 {REV 6’891 



R. M. Kornosky - 2 -  22 April 1997 

In the USA where natural gas and LPG are inexpensive, typically less than 
$4,00/MMBTU, DME from coal is not likely to  be competitive. However, in coal 
based countries of the world such as inland China, the fuel value for DME is 
competitive with that of propanehutme at $7 to $8/MBIBTU. This is the area 
where the first DME facilities might be built. With future improvements in 
catalyst activity and improvements in the equipment technology co-produced 
DME should achieve an improved market position. 

I 

The following is a summary of the two cases being compared. 

500 PSIG TEXACO-TYPE SYNTHESIS GAS 
TO ALL METHANOL OR DMEMETHANOL 

Production 
Methanol, T/D 
DME, T/D 

Synthesis Gas Conversion, % 
Catalyst Productivity, g-molekg-hr 
Synthesis Gas Used, MMBTU/Hr (LHV) 
Product, MMBTUBr (LHV as liquid) 

Methanol 
DME 
Total Product, MMBTU/Hr ( L W  as liquid) 

Conversion Cost, MM$/Yr 
Crude Product Cost, $/MMBTU (LHV as liquid) 
DME Purification, $/MMBTU (LHV as liquid) 
Product Cost, $/MMBTU (LHV as liquid) 

All 
Methanol 

500 
0 

43 
11 

437 

358 
0 

365 
$21.5 
$7.63 

- 

DMEI 
Methanol 

106 
283 

55 
14 

443 

76 
- 272 
380 

$19.2 
$7.02 
$0 .a9 
$7.91 

A graph showing the effect of size of a DME facility is attached. For Production 
between 300 and 1100 sT/D methanol equivalent the product cost falls in the 
range of $6.40 to $8.lO/&IMBTU which should be competitive with LPG. About 
$3.50/MMBTU of the cost is fi-om the Texaco-type synthesis gas which is 
assumed to  have a value of $S.OONMBTU. 



R. M. Kornosky - 3 -  22 April 1997 

Summary: 
A commercially successful DME Catalyst is defined as one that has a 
productivity of 14 g-moleskg-hr after six months of operation, producing at 
least 75% (by heating value) DME and 25% methanol with the following reactor 
inlet composition and when operating with a pressure exit the reactor of 950 
psig and a SV of 4000: 

H2 25.1% 
co 52.6% 
e02 20.8% 
Inerts 1.4% 
CH30CH3 0.1% 

Sensitivitv: 
Should the catalyst productivity decline twice as fast as assumed above, twice 
as frequent catalyst change out would add about $0.36/MMBTU(LHV as a 
liquid) to the cost of DME produced. This would likely make small facilities, 
less than 700 T D  methanol equivalent, not competitive with LPG. 

R. B. Moore 
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LPDME Design Verification Testing 

From the Statement of Work : "Subject to Design Verification Testing (DVT), the Partnership proposes to 
enhance the Project by including the demonstration of the slurry reactor's capability to  produce DME as a 

mixed co-product with methanol. The production of DME fiom synthesis gas is a natural extension of the 
LPMEOHTM process in that three reactions occur concurrentlv in a single liquid phase reactor, methanol 
synthesis, methanol dehydration and water-gas shift. This process enhancement can significantly improve the 

overall conversion of coal derived synthesis gas to  a storable blend of methanol and DME. - -- -- the enhanced 
(DME production demonstration is complementary to ongoing studies being sponsored by DOE'S Liquid Fuels 

Program -) -- . - At the conclusion of each of the DVT steps, a joint Partnership/DOE decision w i l l  be made 

regarding continuation of methanol/DME demonstration.." 

The first DVT step (Phase I, Task 51, to  address issues such as catalyst activity and stability, to  provide data for 
engineering design, and to verify the market through engine tests and through market and economic study, is 
now complete. 

The LPDME Process Concept: - Three Concurrent Reactions: 

2 CO + 4 H2 = 2 CH3OH (Methanol Synthesis). 

2 CHQOH = 1 CHQ-O-CH~ + 1 H20 (Methanol Dehydration). 

1 CO + 1 H20 = 1 C 0 2  + 1 H2 (Water-gas Shift). 

The overall reaction, with CO-rich Syngas, in a single liquid phase (slurry) reactor: 

3 CO + 3 H2 = 1 CH3-O-CH3 + I C 0 2  (DME from CO-rich syngas) 

This is the "once-through" CO-rich syngas concept for the LPDME process utiIizing a single slurry reactor. 
Conversion per pass, with CO-rich syngas, can be higher than for the LPMEOHm process. Methanol may also 
be produced, as a mixed co-product with the DME, and can easily be separated and recovered. The separation 
of DME from C02 will be necessary for certain market applications. 

Status of the LPDME DVT Work 

The status of a) the LPDME process economics/market study work, and of b) the LPDME catalyst system 
E&D work, follows: 

A. The market aDalications for DME are extensive. DME is, or may be, used as: 
0 Aerosol - Small, but established market. High purity DME is required. 

Cooking. Fuel. Potentially a large market, to replace imported LPG. There is a lot  of interest in 
China, and DME is on the DOE'S CCT/FE China meeting (Sept. of 1997) agenda. Purity, of 
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LPDME Recommendation 

0 

e 

e 

about >95% DME, with  ~ 2 %  methanol, c 3% C02 is estimated. A n  unresolved application issue 

is CO emissions during cooking. How does DME purity impact this? Use testing is needed. 
Diesel Redacement Fuel. DME is an ultra clean (high Cetane) diesel fuel; and an 80% DME 
mixture with methanol and water is now being engine-tested by others (Amoco, et. al.). Market 

development (at least in the US.) faces a fuel distribution infrastructure problem. DME might 
more easily replace LPG in countries where LPG is already an engine fuel. 
DME Derivatives, as a Diesel Fuel Additive. Quotes from the DOE (ut. Fuels R&D)Rogram 
quarterly report for April-June 1996: "Initial Cetane number (CN) testing of a three-component 

composition of 1,2-dimethoxy ethane, 1,l-dimethoxy methane and methanol blended with diesel 
fuel showed a 40% increase in the CN of the diesel fuel when the blend was 50/50." "The 

concept of adding a blend of oxygenated compounds to diesel fuel in order to  enhance the Cetane 
value and cold start properties is being investigated. The blend of oxygenated compounds is 

derived from dimethyl ether chemistry, and builds on work conducted earlier --.'I It is early 
days for this DME feedstock chemistry, but C02 may not need t o  be separated from the DME. 
DME Derivatives, as Chemicals/Other Fuels. . DME is a key intermediate in a commercial 

synthesis gas-to-gasoline process, and is being developed as an intermediate for other chemicals 
and fuels as part of the DOE'S Liquid Fuels (Alt. Fuels R&D) Program. 

A. The economics studies, for once-through coproduction (with an IGCC power plant for example) on 

synthesis gas rich in carbon oxides, show that the LPDME process will have an advantage greater than the 

L P M E O P  process. A once-through LPDME reactor is able to  convert greater than 50% of such a syngas, 
whereas a once-through L P M E O P  reactor can convert only about 30%. The economics, of course, depend 
upon the end-use (purity) of the DIVE and upon the gasitication plant's coproduct mix (amount of power, 
methanol, DME, etc.). The same liquid phase reactor design options to increase syngas conversion (see the CCT 

Tampa Conference Paper); such as feed gas compression and/or CO-rich gas recycle; are also be applicable for 
LPDME. So, the LPDME technology should have a significant advantage for the coproduction of DME to serve 
local markets. 

&I with the LPME0pM process, gas phase process technoIogy must be considered as t h e  economic competitor. 
The gas phase DME process (see Haldor's patent) must m with H2-rich syngas. In the IGCC coproduction 
flow sheet, gas phase technology is at an economic disadvantage, since separate shiR and C02 removal are 
required. As is the case for methanol, inexpensive remote natural gas would therefore be the economic plant 
site choice for gas phase technology. A comparison, of IGCC/LPDME coproduction with DME imported from 
remote gas facilities, shows an advantage for locally produced DME relative to imported DME. The 

transportation cost to  import DME is much higher than for methanol, and the LPDME coproduction advantage 
is even greater than that for LPMEOHTM (vs. methanol import; see the CCT Tampa Conference Paper). 
Dehydration of imported methanol to make DME is not competitive either. Therefore, for DME in Iocal 
markets, LPDME coproduction should be a winner! 
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With Hprich syngas, the LPDME process loses its (once-through, high conversion per pass) economic 
advantage. The overall reaction, with (> 2:l) Ha-rich syngas is: 

2 CO + 4 H2 (DME from H2-rich syngas) 0 = 1 CH3-O-CH3 + 1 H20 

Since water inhibits the methanol dehydration reaction, the slurry reactor must be staged, with water removal 
between stages. Staging could be by high ratio gas recycle, and/or with multiple reactors; but the once-through 

simplicity is lost. Therefore, it is unlikely that the LPDME process would be developed for use in H2-rich 
syngas applications. 

A cost estimate of commercial-scale LPDME plants has been performed. This work has helped quantify the 
targets for the laboratory R&D program (summarized below). From these studies, a commercially successfid 
LPDME system is defined for a Texaco-type synthesis gas (35 mol% H2, 51 mol% COY 13 mol% Cog) available 
at 500 PSIG. At a reactor operating pressure of 950 PSIG and a space velocity of 4,000 litersb-kg catalyst, the 
LPDME catalyst system must have a methanol equivalent productivity of 14 moVkg catalyst-hr .after 6 months 
of operation, producing at  least 75% (by heating value) DME and 25% methanol. Figure 1 shows the effect of 

plant size on DME cost. 

B. Laboratorv R&D Results (CCT F’roiect - ended 9/961 

An LPDME catalyst system, with reasonable long-term activity, was identified and tested. The system exhibits 
best activity under CO-rich syngas conditions, i.e. those most likely for (IGCC) coproduction. Accelerated aging 

of the catalyst system is a remaining issue. Water concentrations in the W reactor are higher with syngases 
richer in Ha, and its effect needs to be evaluated. 

Lab work has continued under the DOE’S Liquid Fuels Program. The issues, to  be addressed in the lab before a 
LaPorte test-run decision, are: 

1) Understanding the LF’DME catalyst system‘s accelerated a,ging; and modifying the catalyst and/or 

the system operating conditions; and 

2) Manufacturing scale-up of catalyst for a LaPorte run. 

Progress has been made in the laboratory effort. Figure 2 shows the performance for the first DME catalyst 
which was tested; goals from the Liquid Fuels Program are provided for reference. After %her study, an 
improved DME catalyst (AB-05) was tested with two LpMEOFl? catalysts (S3-86 and MK-101); the results of a 

700 hour life study are presented in figure 3. When compared with the program goals (Figure 4), the catalyst 
performance of the newer catalyst is approaching the commercial targets defined in Section A. 
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Initial discussions with catalyst manufacturers have been held. Once a manufacturer is selected, a laboratory- 

scale catalyst batch will be produced and tested in the autoclave to verify the production technique developed at 
Air Products. A n  interim 1 lb batch will then be produced and tested. Once the catalyst production techniques 

have been verified a t  this scale, the 200 lb LaPorte batch will be produced using the same methodology as for a 

full commercial batch. An autoclave check of this material will be performed prior to the start of the LaPorte 
run. 

Recommendations 

The catalyst system and the market applicatiodopportunities are sufficiently promising that proof-of-concept 

testing at the LaPorte AFDU is recommended. Kingsport is an unlikely site for the commercial size 
demonstration of LPDME, since there are limited times for CO-rich syngas testing; and Hprich syngas would 
create water buildup. Therefore, the basis for commercializing LPDME must come from: 

' 

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; 

2) continuing work in hydrodynamics of slurry reactors (other ongoing DOE programs); and 
3) reactor performance (methanol catalyst activity and life, hydrodynamics, and heat transfer) from the 

LPMEOHTM Process Demonstration Unit. 

The tie-in between the laboratory and the LaPorte AFDU is important. Historically, the rate of deactivation of 
methanol synthesis catalyst has been greater in the autoclave than at the AFDU; this may be a result of loss of 

catalyst from the autoclave, or due to  greater carbonyl poisoning as a result of the higher surface-to-volume 

ratio at the laboratory scale. Testing at the engineering scale of the LaPorte AFDU can eliminate this variable. 

Recommendations: 

0 An LPDME test run at the LaPorte AFDU, in conjunction with the DOE's Liquid Fuels Program, would be 
appropriate if the LPDME catalyst system development can be completed successfully. Appendix A 
provides background for combining the funding from the CCT and Liquid Fuels Programs to support the 
LaPorte run. Up to  $875,000 of CCT Program budget support, from the LPMEOHm Project's FY-97 Cost 
Plan (budget), should be made available to support a suitable LPDME test run at LaPorte. 
An implementation decision, made mutually by the DOE's CCT (DE-FC22-92PC90543) LPMEOHW 
project participants, and by the DOE's Liquid Fuels (DE-FC22-95PC93052) program participants, should 

be made (by 3ulv of 1997) in time to implement testing at LaPorte in earh 1998. Final dates should be 
recommended by the DOE's Liquid Fuels program, based on progress in developing the LPDME catalyst 
system). The DOE L P M E O P  project participants should be kept informed of the LaPorte AFDU 
LPDME test-run plans, so that a timely final approval can be made. 
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LPDME Recommendation 

Auuendix A. 

Whv combine the CCT and Liauid Fuels Promams for an LPDME test-run at the LaPorte AFDU? 

The programs are related. The DOE Liquid Fuels Program has as one of its objectives: t o  investigate 
potential technologies for the conversion of syngas to oxygenated and hydrocarbon fuels and industrial 
chemicals; and t o  demonstrate the most promising at the LaPorte AFDU. Three slurry reactor programs are at 

the LaPorte AFDU demonstration stage: 
1. Syngas to  Fischer-Tropsch (F-T) liquids. A test-run at LaPorte in October of 1996 was partially 

successful, but terminated early. Analysis is underway, and a recommendation for an additional test run at 
LaPorte has been made. Air Products and Shell are participants. 

2. Syngas to DME. An  earlier (Liquid Fuels Program) LPDME test run at LaPorte showed good 

promise. DME is an important intermediate chemical building block for many of the Liquid Fuels Program’s 

promising ideas. Development of a stable and active LPDME catalyst system is therefore an important part of 

this program. 
3. Slurry Reactor Hydrodynamics. The LaPorte AFDU is the ultimate test unit to  confirm laboratory 

(University, National Labs, Other) hydrodynamic studies. A test, planned for October of 1996 at  LaPorte, was 
only partially executed due to  the early termination of the F-T run. This needs to  be rescheduled. 

Budgets are limited. The DOE Liquid Fuels Program budget is limited. By combining the Liquid Fuels and 
the CCT Program budgets, the LPDME test-run at LaF’orte can be made more extensive, and the CCT Program 
participants can provide experience from the Kingsport scaleup/demonstration t o  help in developing test-run 
plans. 
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Acurex 
Envirunmental 
C O R P O R A T I O N  A Geraghty & Miller Company 

April 25, 1997 

Peter Tijm 
Manager, Syngas Conversion Systems 
Air Products and Chemicals, Inc. 
7201 Hamilton Boulevard 
Allentotvq PA 18195-1501 

Reference: Acurex Subcontracr under DOE Cooperative *4greement No. DE-FC22- 
92PC90543; Acurex Project 8438 

Subject: Revised Fuel Test Plan 

Dear Peter: 

Glad we could meet this past April 18. I believe the meeting w a s  quiti fruitfiiI in firming up our 
lines of conmunication and in making progress toward a fmal list of fieid test denionstration 
oppornmities. I have enclosed a revised he1 test pian that includes the changes we agreed to ar the 
meeting and via follow-up conversatioils I have held Rith Bob Senn. Please, call if you have any 
additional input. I look fonvard to get these quick start projects undcnvay. 

Sincerely, 

Carlo Castaldini 
Manqer, Process Engineering 

encl. 

cc: John 0' Sullivan (EPRI) 

555 Clyde Avenue, P.O. Box 7044 Mountain View, California 94039 (315) 961-5700 FAX (115) 254-2497/2496 
6' I 
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PRIORITY: 
AVAILABILITY: 

Project Name: 

HIGH 
HIGH 

Demonstration of LPME0HT" in Light-Duty Flexible Fueled Vehicle 
(Acurex-owned) 

ObjectivePurpose 
Demonstrate LPMEOHTM in a light-duty flexible fueled vehicle. 
Provide cost-effective demonstration with already proven hardware. 

cope of Wor 

each fuel. 
Ship, locate fueI drum at Acurex for blending LPMEOHT"-MX5. 
Secure permitting and containment vessels for storage. 
Install fuel pump and dispenser. 
Track fueI economy during test periods for both fuels. 
Perform emissions testing on LPMEOHTM and M85 at CAVTC. 
Write short report containing emissions results and fuel economy comparison. 

! Operate A:urex-owned Ford Taurus FFV with LPME0Hm M85 and regular M85 for 2 months on 

0 

Status 
High-visibility, cost-effective project. 
Can be performed immediately. 
Possible synergy with NREL DISC engine and methanol formulations projects. 

Further Actions 

0 

Await go ahead from Air Products. 
Call NREL and identify rnethanoi formulation interests. 

costs 
Total Funds: 
AP Funds: 
Cost Share: 

S55k 
%30k 
%25k 



PRTORIW 
AVAXLABULITY: 

Project Name: 

LOW 
LOW 

Demonstration of LPMEOHT" in DISC Engines 

ObjectivePurpose 
0 To demonstrate LPMEOHT" in new light-duty methanol Direct Injection Stratified Charge (DISC) 

engines under development by DOE-sponsored research companies in the United States. 

Scone of Work 
0 ,  Undefined. 
0 Demonstration would Iikely test LPME0Hm versus standard MI00 in a test-bench prototLpe 

engine. 
Perform bench emissions testins. 
Provide fuel for demonstration. 

Status 

0 

DISC engine currently being introduced for gasoline light-duty vehicles. 
Eariy development work undertaken on inethaiiol DISC engines. 
Uncertain participation by engine developers. 
DOE already funding these sources. 

Further Actions 
None. Project likeliliood remote given timeframe of implementation and coordination problems with 
DOE and developers. 

. -  



PRIORITY: LOW 
AVAILABILITY: LOW 

Project Name: Demonstration of Hydrogen Production from LPMEOHT" for Use in 
Hydrogen Powered Vehicles 

ObiectiveRurnose 

0 

To demonstrate local hydrogen generation for vehicIe fueling and commercial hydrogen production 
To determine emissions from hydrogen production and verify low fuel cycle emissions for fuel cell 
powered zero emission vehicle candidates 
Verify suitability of LPMEOHTM as a feed for partiai oxidation hydrogen generation systems 

Scope of Work 

Obtain permits 
Prepare site 

Review facility siting options at the UC Riverside College of Engineering Center for Environmental 
Research and Technology (CE-CERT). 
Purchase partial oxidation reformer configured for methanol operation 
Design system for hydrogen compression 

- Electrical, controls, and equipment footings 
- Methanol and back up natural gas plumbing 
Install a methanol to hydrogen generation system 

- Coordinate LPMEOH~" supply 
- Perform shake down testing 
Measure emissions from hydrogen generation system to support hydrogen as an equivalent to electric 
vehicles. 
- Evaluate emissions in terms of g/lOOscf, ghni for fuel cell vehicle 

- Purchase compressor and gas storage 
- Operate facility for vehicle fueling and coinmerciaI hydrogen generation 

Start up facility 

0 

Install hydrogen compression equipment 

Prepare Final Report 

Status 

0 

e 

Project team includes CE-CERT and Hydrogen Burner Technology 
Methanol storage tank is available at CE-CERT. 
An IC engine truck, research fuel cell vehicle, as we11 as commercia1 hydrogen are end use options 
Hydrogen compression experience with CE-CERT solar hydrogen facility. 

Further Actions 
Determine cofunding opportunities from SCAQMD to fund compressor system integration. 
Review site options and hydrogen distribution options 
Certify safety of hydrogen tanks 

costs 
Total Funds: $475k 
AP Funds: $328k 
Cost Share: $147k 



PRIORXTY: 
AVAILABILITY: 

Project Name: 

LOW 
LOW 

Demonstration of LPMXOHT’* in PEM Fuel-Cell Powered Vehicles 
with On-Board Hydrogen Supply 

ObiectiveO’urpose 
Potential application of hydrogen production from methano1 

Scope of Work 
Undefined. 

0 

0 

Operate fuel cell transit bus on LPh4EOHm and Ml  00 in revenue service for 2 months for each fuel. 
SIiip L P M E O H ~ ~  fuel to ]lost site. 
Coordinate logistics of tracking fuel use. 
Track fuel economy during test period for both fueis. 
Provide vehicle troubIes1iooting and repair. 
Write report containing emissions results and fuel economy comparison. 

Status 
A fleet of hydrogen powered fuel cell golf carts is operating in the ciry of Palm Desert (east of Los 
Angeles). Hydrogen is provided from soiar energy. Praxair may be providing hydrogen also. 

Further Actions 
None. Funding uncertainties and the large number of project participants do not make this the best 
opportunity to deinonstrate hydrogen production from methanol. 



PRIORITY: HIGH 
AVAILABILITY: HIGH 

Project Name: Demonstration of LPiMEOHT" in Stationary Gas Turbine with VOC 
Control for Distributed Power- Phase I 

ObjectivePurpose 
To demonstrate VOC destruction and low NOx emissions using a 25 kW stationary gas turbine fired 
with LPMEOHTM. Phase I of a two-phased project 

Scope of Work 

Perform source emissions testing. 
* 

Select and secure a local host facility (bakery) for VOC-control demonstration 
Perform a site visit a make presentation of project 
Procure and arrange for delivery of a 25 k W  Capstone turbine 
Perform engineering analysis and installation review 
Select method for VOC destruction (eg high temperature in combustor or low temperature in 
recuperator) 
Coordinate catalyst and other turbine modification equipment retrofit 
Install Capstone turbine at bakery demonstration host site. 
Arrange for short-term methanol storage tank. 
Ship LPMEOH'" fuel to host site. 
Operate for 3 weeks running VOC laden gas through turbine for desruction. 

Write emission test result report 

Status 
Small VOC industrial sources have few VOC-destruction cost effeaive solutions 
California SIP has targeted bakery, and other small VOC sources, for VOC control. 
Acurex has made preliminary contact with some bakeries that are willing to explore the VOC 
destruction with electric power generation 
California A 3  I890 funds would provide cofunding for project for Phase I1 power generation demo. 

Further Actions 
Track progress of AB 1890 and bid opportunities 
Find potential host site (John O'Sullivan of EPRI will assist with finding utility) 
Explore permit issues with local air district 
Make preliminary inquiries with Capstone Turbines regarding cost and inethanol conversion 
Initiate look at VOC consumption rates 

Costs CPH.4SE I onlv) 
Total Funds: $122k 
AP Funds: $122k 
Cost Share: $0 



PRIORITY: HIGH 
AVAILABILITY: MEDIUM 

Project Name: Demonstration of LPiMEOHm in Stationary Gas Turbine with VOC 
Control - Phase I1 

ObjectivePurpose 
To demonstrate the long-term performance and economic validity of distributed power generation in 
connection with VOC destruction using a 25 kW stationary gas turbine fired with LPMEOHTM. 
Phase I1 of a two-phased project 
Project builds on Phase I installation to perform long-term power generation and economic analysis 
demonstration of the GT-VOC control concept 

Scope of Work 

0 

Perform source emissions testing. 
0 

0 

Obtain long-term operating permit from local district 
Secure Phase I host facility (bakery) for long-term distributed power & VOC-control demonstration 
Perform a site visit a make presentation of project 
Modify fuel storage for long-term demonstration 
Retrofit turbine for multiple approach to VOC destruction 
Arrange for connection to power grid and electricity sale contract 
Ship L P M E O H ~ ~  fuel to host site. 
Operate for 2 months with LPMEOH and natural gas running VOC laden gas tlirou,nh turbine for 
destruction during process operation and ambient air at all other times. 

Record power generation, fuel use, operating cyde, power sales and power usage 
Write performance and emissions test result report 
Write economic analysis and commercialization feasibility report 

Status 

0 

California AB IS90 funds would provide cofunding for project for Phase I1 power generation demo. 
California AB 1890 promotes the use of distributed power in connection with VOC control 
ProposaI preparation expected in February 1998. 

Further Actions 
The execution of this project depends on the successful completion of Phase I 
Track progress of AB1 890 and bid opportunities 

Explore permit issues with local air district 
0 Find potential host site 
0 

costs PHAS E If onlvl 

Total Funds: S198k 
AP Funds: $48k 
Cost Share: $X50k 



PRIORITY: 
AVAILABILITY: 

HIGH 
KtGH 

Project Name: Demonstration of LPMEOHTM in a Water-Naphtha-Methanol Fueled 
Bus 

Ob !ective/Purpose 
To demonstrate viability of LPMEOHT" in a water-naphtha emulsion (A-55) containing 3% 
ine than o 1. 

Scone of Work: 
Operate a 22 foot paratransit bus in revenue service using LPMEOHn' and M100 as an emulsion 
ingredient for 2 months on each fuel. 
- Daily pickup and transport for disabled persons in Sacramento 
Ship LPMEOHTM fuel to emulsion-producer for mixing. 
Coordinate logistics of tracking fuel use at host site. 
Track fuel economy during test period for both fuels. 
- Develop a fuel tracking plan 
- Coordinate with host site . 

Provide vehicle troubleshootin,o and repair. 
Write short report containing fuel economy comparison between fuels and with control vehicles. 

9 

Status 

* 
Acures managed bus project already exists and revenue service will begin in Iate spring. 
Emulsion-producer is interested in potential sources of cheaper methanol. 

Further Actions 
Call A-55 to confirm participation and coordinate details of emuIsification process. 

costs 
Total Funds: 
AP Funds: 
Cost Share: 

$273k 
$23 k 
S250k 



PRIORITY: 
AVAILABILITY: 

Project Name: 

NIGH 
HIGH 

Demonstration of LPMEOHT” in a DieseUMethanol Emulsion Fuel 
for Aircraft Ground Support and Stationary Power Generation 
Equipment 

Objective/Purnose 
To demonstrate diesel/LPMEOHTM emulsion in AGE equipment at Air Force Bases 
To monitor the emission and performance of the emulsion fuel in comparison with conventional 
diesel 

Scope of Work 

Identifylengineer engine modifications needed 

Prepare a test plan 

0 Analyze data 
Prepare test report 

Secure 3 host facility at a US AFB 
Perform a site visit to finalize scope and site support 
Select emulsion fuel supplier (e.g. ’4-55) 

Select fuel storage option and arrange for fuel tank installation 

Perform field test consisting of emissions and performance evaluation 

Status 
a 

0 

USAFB at Tyndall has expressed significant interest 
AGE and power generation equipment is high on priority list for NOx reduction 
Completed preliminary contact with Tyndall AFB in Florida 
Obtained agreement from the Air Force to in priiiciple participate in the demonstration 
Expression of interest from Environics Directorate 
Preliminary contact with emulsified fuel supplier completed 
Defined an initial scope of work pending approval 

Further Actions 

Make preliminary arrangements 

Explore with US AFB at Tyndall (FL) and Brooks (TX) on AF support 
Formulate a preliminary level of effort and present it to Tyndall personnel for agreement 

Costs 

Total Funds: 
AP Funds: 
Cost Share : 

S227k 
%227k 
%Ok 



PRIORITY: HIGH 
AVAILABILITY: LOW 

Project Name: Demonstration of LPWEO.Hm' in Fuel-Cell Powered Bus with POX 
Reformer 

ObjectivePurDose 
To determiie viability of LPMEOHTM as a fuel for fuel cell powered buses operating with multifuel 
POX reformers. 

Scope of Work 
0 Coordinate methanol operation with demonstration site and vehicle developers. 

Instal1 above ground fueling station 
Ship L P M E O H ~ ~  fuel to host site. 
Coordinate Iogistics of tracking fuel use. 
Operate fuel cell transit bus on LPMEOHrM and M 100 in revenue service for 2 months for each fuel. 
Track fuel economy during test period for both fuels. 
Provide vehicle troubleshooting and repair. 
Perform chassis emissions testing on diesei, LPMEOHTM, and MIOO. 
Write report containing emissions results and fuel economy comparison. 

Status 

e 

Very high visibility project with excellent potential for vehicle use of methanol. 
Currently, DARPA-funded project for development of fuel celI/refornier technology is underway. 
Program for testing PEM fuel cell bus has not been finalized. 
Though project appears to have initial support from fuel cell developer, they will not operate on-road 
bus until late 1998. The bus is designed for multifueI operation; however, modifications to the fuel 
system would be necessary for methanol operation. 

Further Actions 
While project has high visibility value, current hardware development plans will not allow 

demonstration to start until 1999. ExcelIent project for follow-on funds. 
Monitor project development and inquire regarding the possibilities for methanol operation 

costs 
Totai Funds: $500k 
AP Funds: S200k 
Cost Share: S300k (Contingent) 



PRXORZTY: 
AVAILABILITY: 

Project Name: 

HIGH 
LOW 

Demonstration of LPMEOHTM Fuel-Cell Powered Bus with Steam 
Reformer 

ObiectivePurpose 
'To determine viability of LPMEOHT" as a fuel for fuel cell powered buses operating with steam 
reformers 
Demonstrate LPMEOHR" use in breadboard and bus operation 

Scope of Work 
Follow-on to Florida Lab 25kW Fuel Cell roject. 
Operate fuel cell transit bus on LPMEOHTL and MI 00 in revenue service for 2 months for each fuel. 
Ship LPMEOHTM fuel to host site. 
Coordinate iogistics of tracking fuel use. 
Track fuel economy during test period for both fuels. 
Provide vehicle troubleshooting and repair. 
Write report containing emissions results and fuel economy comparison. 
Provide fuel for Phase IV developments. 

Status 
Very high visibility project with excellent potential for vehicle use of methanol. 
IFC and Baliard are developing niethanoi steam reforming fuel cell powered buses for Georgetown 
University. The IFC system uses a high temperature (1500F, Ni Catalyst) reformer and the Ballard 
system uses a low temperature (500F, Cu/Zn Catalyst) reformer. Tie  high temperature system 
should be able to reform all types of alcohols while the low temperature system may iiot conyert 
hydrocarbons and other alcohols. 
The project steps include system design, breadboard development, vehicle integration, and field 
demonstration. Actual Operation on methanol in buses is several years away. 
Demonstration sites have not been identified at this time 

Further Actions 
Provide input to IFC and BalIard OR LPMEOHTM specifications and availabiIity. Inquire if the fuel 
is feasible for vehicIe operation. Provide sampies for laboratory testing. 



PRIORITY: LOW 
AVAILABILITY: MEDIUM (Contingent) 

Project Name: Demonstration of LPMEOHn' in Stationary Fuel Cell Power 
Genera tion Applications 

Obi ective/Pu rDose 
'To demonstrate the viability of LPMEOHTM for stationary fuel cell distributed power generation 

ScoDe of Work 

Procure fuel cell 
* 

Install fuel cell 

* Collect operating data 
Prepare f - a1  report 

Identify demonstration site and cost sharing 
Design modifications for methanol operation 

Procure and install above ground fuel tank and fuel supply system 
Prepare site and electrical generation interface 

Perform emission testing on methanol and natural gas 

Status 
IFC/ONSI fuel cells (PC25) operate on natural gas and LPG. There are about 60 installations around 
the world. The IFC system uses a high temperature (1500°F) steam reformer to produce hydrogen. 
This catalyst system couid operate well on any grade of methanol. 
The IFC fuel cell system has not been configured to operate on methanol for stationary applications. 
DOE is supporting R&D for PEM fuel cells for vehicles and buildiiig cogeneration. The hydrogen 
generation will most likely be with a partial oxidation system that can operate on gasoline, natural 
gas, diesel, ethanol, and methanol. 
€'EM fuel cell power generation system will not be available from the DOE program for 3 years. 

Further Actions 
Monitor developments with stationary fuel cell projects. Make contact with EPRJ, IFC, and project 
participants and explore opportunities for LPMEOHTM demonstration. 
Seek funding under AB IS90 to fund a project 
Discuss requirements for methanol operation with IFC 

costs 
Total Funds: %907k 
AP Funds: S300k 
Cost Share: $607k (contingent upon AB1890 and other funding) 



PRIORITY: HIGH 
AVAILABILITY: MEDIUM (Contingent on funding and participation) 

I Project Name: Demonstration of LPMEOHTM in Gas Turbine Powered Hybrid Bus 

_. Obj ective/Pu rpose 
.. To determine viability of LPMEOHm as a fuel for turbine powered hybrid buses. 

Scope of Work 
Install Capstone turbines in an Orion Bus Industries hybrid-electric bus. 
Install methanol fuel system on bus. 
- Determine appropriate design considerations 
- Identify, purchase, and install parts 
Reconfigure electronic control for operation with gas turbine. 
- Develop software modifications 
- Create hardware for interface between master controller and turbine 
Operate bus in revenue service using LPMEOHTM for 12 montlts. 
Ship LPMEOHTM fuel to host site. 
Coordinate logistics of tracking fuel use. 
Track fuel economy during test period. 
- Develop field, performance, and emissions test pian 
- Implement data collection procedures 
Provide vehicle troubleshooting and repair. 
Write report containing vehicle development description, vekicie demonstration results, emissions 
results and fueI economy comparison to control vehicles. 

Status 
Extremely visible, high-potential project. 
Initial response from Capstone, OBI, and CE-CERT is very positive. 
Requires commitment of several participants and extra funding from local, state or federal agencies. 
Fuoding could come from FTA or ARB. Requires development of partnership with involved parties. 

Further Actions 
* 

costs 
Total Funds: $950k 
AP Funds: $250k 
Cost Share: S700k (Contingent) 

Clarify interest of partners for project plan. 
Identify additional funding from other agencies, such as ARB or FTA. 



PRIORITY: 
AVAILABILIT'S 

Project Name: 

LOW 
HIGH 

Demonstration of LPiMEOHT" in Methanol Fueled School Bus 

Obi ectivemurDose 
0 -To determine viability of LPMEOHTM as a fuel for school buses. 

Scope of Work 
0 

0 

Operate schoof buses in revenue service using LPMEOHm and MI00 for 2 months on each fuel. 
Ship LPMEOHTM fuel to host site. 
Collect data from on-board data acquisition systems and operating records: 
- Vehicle speedmileage 
- Fuel consumption 
- Engine speed 
- Foot brake activatioii 
- Percent engine load 
- Percent throttle 
- Idle time 
Provide vehicle troubleshootin,o and repair. 
Interview drivers with evaluation questionnaire. 
Track fuel economy during test period €or both fuels. 
Write short report containing fuel economy comparison between fuels and with control vehicles. 

0 

0 

0 

Status 
e 

0 

0 

0 

Host site Antelope Val ley Schools Transportation Agency (AVSTA) reacted positively to idea. 
15 MeOH buses are part of CEC demonstration -- fuel source change requires CEC approvaI. 
Approval of bus manufacturer (Carpenter) required to protect warranty 
12,000 gal MEOH tank onsite for school bus fueling 

Further Actions 

0 

0 Contact CEC 
0 

Get €ueI specification sheet and MSDS for AVSTA, CEC, Carpenter, DDC, and OSHA needs 
Verify fuel compatibility for Carpenter MlOU schoolbuses 

Contact Carpenter and estimate fuei quantity needs 

c!z& 
Total Funds: S200k 
AP Funds: %30k 
Cost Share: S170k 



PRIORITY: 
AVAILAEIKITY: 

Project Name: 

LOW 
LOW 

Demonstration of LPiMEOHT*f in Transit Buses with DDC 6V-92TA 
Engines 

0 b i ec tivePu ru os e 
-Dernonstra;e LPMEOHml use at transit agencies operating DDC 6V-92TA engines. 
Prove viability of LPMEOH’” in heavy-duty transit bus applications. 

Scone of Work 
0 

0 Coordinate refueling efforts, 

0 

Operate methanol transit buses on LPMEOHTM and MI00 for period of two weeks. 
Ship fuel to transit agency methanol storage tank. 

Track fuel economy during test periods for both fuels. 
Perform emissions testing on LPMEOHTM and M l O O  at LACMTA chassis dynamometer. 
Write short report containing emissions results and fuel economy comparison. 

status 
9 Already measured emissions from an MTA bus operating on MIOO, LPMEOHTM and LPMEOHTM 

with DME mixtures (December 1994) in cooperation with Air Products. 
LACMTA’s fleet of methanol buses is making a transition to ethanol operation. MTA’s orgmization 
is complex and the logistics of integrating LPMEUH use with a large fleet of buses would be costly. 
Kenawaii Valley (KVRTA) was a planned site for methanol bus operation but they are no longer 
operating buses OR methanol. 

0 

Further Actions 
None. Extensive efforts with transit bus operation are not warranted given the availability of 
methanol engines and the logistics of fueIing and data collection at transit agencies. 



PRIORITY: LOW 
AVAILABILITY: LOW 

Project Name: Demonstrate of LPMEOHT3' in Caterpillar Heavy-Duty Methanol 
Engine . 

0 biectiveh'urpose 
-To demonstrate LPMEOHTM in a new M100 heavy-duty engine currently under development by 
Caterpillar. 
Prove viability of neat-LPMEOHm in heavy-duty methanol engines. 

Scope of Work 
Undefined. 

Perform bench emissions testing. 
Test LPMEOHTM versus standard M 100 in a test-bench prototype engine. 

Status 
Caterpiliar bench prototype engine will not be available within a year's time. 
Not certain if Caterpillar would be interested in demonstration of LP>1EOHTM in their new engine. 

Further Actions 
None. 



PRIORITY: HIGH 
AVAILABILITY: LOW 

Project Name: Demonstration of LPMEOH'" for Advanced Power Generation 
Equipment 

ObiectivePurpose 
0 -To test LPMeOHTM in the fuel ceIl reformer and gas turbine in advanced power cycle equipment 

being developed under DOE program 
To compare the performance and cost of the power plant with more conventional combined cycle 
fuels 

Scope of Work 
0 

' 

Analyze data 
Write a test report 

Re-contact Solar R&D group later this year regarding progress and schedule 
Obtain agreement and firmup schedule 
Visit the site and secure final agreement 
Develop test pian and get it approved 
Arrange for delivery of LPMeOHT" and storage 
Monitor the testing and data gathering effort 
Obtain data from the site 

Status 
Acurex will take advantage of an ongoing project sponsored by DUE and performed by Solar 
Turbines Division of Caterpillar and Westinghouse where an advanced power generation cycle 
consisting of GT and fuel cell Combination will be used to generate electricity with overall efficiency 
exceeding 65 percent. The equipment and technology is currently being assembled at Solar Turbines 
and is scheduled for multifuel testing later this year and in 1998 
Solar wit1 consider methanol firing, including LPMeOHTM 
Preliminary contact made with Solar Turbines. Agreement in principle. Further negotiations are 
necessary 

0 

Further Actions 
Acurex will confirm the feasibility of the project later this year 
If deemed feasible to pursue, Acurex will continue contact to coordinate the scope of work and 
schedule 

Costs 
Total Funds: $25k 
AP Funds: $2Sk 
Cost Share: $0 



PRIORITY: 
AVAILABILITY: 

HIGH 
MEDIUM 

Project Name: Demonstratio? of LPMXOHT"' Cofire/Startup for Coal-Fired Boiler 

0 bj ectiverPurpose 

To demonstrate the use of LPMeOHTM as a cofire or startup fuel for existing coal-fired industrial and 
small-scale power generation boilers in the Midwest. The LPMeOHTM fuel will be used in minimal 
amounts to support improved boiler operation, minimize emissions, and in general improve the 
reliability and performance of the boiier continuing its viability as a coal-fired boiler. The boiler that 
will be selected will be among the population of boilers recentiy retrofitted under the GRI gas cofire 

. program. This will ensure that the boiler is already equipment ready for installation and firing of 
methanol fuel with minor modification of existing burner equipment 

ScoDe of Work 
0 Define site selection criteria 

0 

0 

Analyze test data 
Write report 

Survey boiler population for site selection 
Undertake phone search €or site selection and securing preliminary agreement 
Make site visit and secure host facility for the demonstration 
Prepare a retrofit, equipment modification and test plan 
Subcontract the burner vendor to make modifications to the burner for methanol ready firing 
Arrange for delivery, storage, and hookup of fuel 
Perform startup and initial diagnostic tests 
Perform emissioii and performance tests in line with the test plan 
Arrange €or site equipment to return to normal 

Status 
Acurex has made preliminary contacts with the Illinois Clean Coal Institute (ICCI) to explore the 
interest in this demonstration. Heman Feldmann. Preliminary interest pending on the economic 
viability of LPMeOHTM as a cofire fuel compared with alternatives. 

Further Actions 
0 Acurex will further explore interest in this demonstration foIJowing approval from all project 

stakeholders. The viability ofthe project will also hin,oe on securing cofunding using the open 
submittal of project ideas under the current ICCI open solicitation mechanism. Stakeholder approval 
and award of contract from ICCI following submittal of Acurex proposal will be followed up with 
the proposed scope of work described above. Level of ICCI cofunding is limited to $250,000 per 
project. 

Gx&! 
TotaI Funds: 
AP Funds: 
Cost Share: 

$ 1 E k  
%45k 
%70k 
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PLANNING DETAILS 
LIQUID PHASE METHANOL DEDICATION CEREMONY 

25 JULY 1997 - KINGSPORT, T E W S S E E  

SCHEDULE OF EVENT: (Approximately 50 People) 

11:30 A.M. - 12:30 P.M. - Arrive/Lunch* 
*Lunch time to be slightly extended due to key contact individuals 
seated together at lunch tables to allow for discussion. 
(Peter, Stan, Ed), (Peter, Sarkus, Jones), etc. 
ECH & B. Kornosky (FETC) - JAF/Jean Kendrick 

1:15 P.M. - 1:35 P.M. - Dedication Ceremony (Ribbon cutting, 3 scissors) 
12:40 P.M. - 1 : l O  P.M. - Remarks - 10 minutes each: Eastman, Air Products, DOE 

Photo Opportunity 
1:40 P.M. - Finish DedicationFhotos 

1:45 P.M. - 2:45 P.M. - Tours** - TrailedControl Room/Walk Around 
(Split into groups of 10 people maximum 
** 20 minutes (subject to change depending on key contact 
meetings and Eastman’s ideas 
Tour Guides: ECHNan Eric Steiflrank FrendutoBarry Street 

3:OO P.M. - ConclusiodLeave if want 
- APCI to show DOE gasifier - if requested. (Not to be part of 
written agenda) 

ACTION ITEMS: 

Eastman: (Jean Kendrick) 

0 

0 

Find location for dedication ceremony, prefer outside at site. Need to have rain option. 
Food - Plan catered lunch (Air Products sponsored) 
Transportation to & from airport (Air Products sponsored) 
Other ideashggestions - awaiting to hear from Jean Kendrick (literature, etc.) 
Safety items - hard hats, safety glasses. For APCI: nornex suits, however ECH checking 
on waive option. 

Air Products : 

0 APCI invitee list to be reviewed and finalized - (2 weeks) - PJATECH - JAF keeping 
updated listing. ECH to receive DOE’S finalized invitee listing on 5/9 from B. Komosky 
(FETC). 
Invitations - Distribution date: Early June (6 weeks prior to event) 

Logis4 05/07/97 1 



Semi formal: JAF to draft: suggested first page photo: completed plant snapshot -need 
negative from Barry Street (Eastman). 
Any theme? Gary Stiegel suggested to BJH: “Industry Partnering with Government”. 
To be approved by PJATECWBJH 
Invitations to be sentlmonitored by Rochelle. 
Formal to Pat Godley - BJWJAF to draft. ECH to send to Godley. 
Corporate jet reserved (done) - JAF 
JAF to check with A. Katsaros regarding number of executives to fly together on corp. jet. 
Plan Dedication Ceremony - Ribbon with 3 scissors - JAF ordered thru Shirley Miller 

- Remarkskpeeches - ECH to prepare & work up for v.p.’s 
- Obtain Jean Kendrick’s thinking/timing for speeches at 
ribbon 
cutting. 

Rsvp name in invitation: Rochelle Oswald 

Update APCI/DOE poster - PJATECWJAF- APCI & Bob Kornosky- DOIYEastman 
- Draft changes: #2 photo: include aerial close-up photo - ECH 

#3 photo: slight changes to technology deploy 
#4 photo: change photo to Destec & Tampa per 

#5 photo: change bus photo, want message 
B. Kornoslq 

to portray various types of technology 
usage through schematics for chemistry, 
transportation, stationary power, fuel 
bus, etc (EL Kornosky) 

- Poster to be displayed (location? on easel? sty of copies? 
- Need glossy sheets made (to be available in trailer/folder)- cjv? 
- Is this one poster enough? Any more needed elsewhere? 

DOE fact sheet - ECH to update Clean Coal sheet with B. Kornosky (FETC) 
0 Name tags, additional info., etc. - Eastman & Air Products - Jean/JAF 

News ReleaseE’hotographer needed - Greta Campbell 
Literature packet/folder - Jean/JAF 
Elementditems: - 1 -Agenda/2-Press Release/3-Updated DOE Fact Sheet on Clean Coal/ 
4-Eastman’s newsletter for startup (April edition)/5-Glossy copy of updated poster/ 
(no biographies needed) 
Completed plant stickers for front page of literature packets - JAF 
Update ground sign at facility by removing dollar figures - ECH 
Giveaways: Acrylic block with LPMEOH flask & liquid methanol - JAF ordered thru Shirley 
Miller, Shirley checking, will advise. 
Make new vinyl banner to hang on fence near trailer (can copy from groundbreaking event) - 
JAF 

0 14 photographs representing each month’s progress to be displayed in trailer - ECH 
e Order megaphone rather than phone walkie talkies for plant tours - ECH 
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Mark S. WrightEastman 

mswright @eastman.com 
(423) 229-1 86 1 

CLEAN COAL DEMONSTRATION PROJECT IN KINGSPORT, TENN. NOW 
PRODUCING COMMERCIAL QUANTITIES OF METHANOL 

Novel Process Offers Power Generation FIexibility 
In Integrated Gasification, Combined-Cycle Facilities 

LEHIGH VALLEY, Pa. (May 21 1997) -- A first-of-a-kind demonstration facility is now 

producing methanol from coal-derived synthesis gas on a commercial scale at Eastman 

Chemical Company, using Air Products and Chemicals, Inc.’s patented liquid phase 

technology. 

The demonstration facility, which started up in early April at Eastman’s Kingsport, Tenn. 

site, quickly achieved one of its initial performance targets by producing methanol at an 

80,000 gallon-per-day rate, confirming the 25 to 1 size scale-up of the liquid phase reactor. 

The reactor’s stability and flexibility have also been confirmed during more than 700 hours 

of stable operation at varying feed rates. The methanol has met all purity specifications and 

is being used directly as chemical feedstock. 

The liquid phase methanol project is a cooperative effort between the Air Products Liquid 

Phase Conversion Company - a limited partnership formed by Air Products whose 

technology is being tested and the Eastman Chemical Company whose integrated coal- 

gasification facility in Kingsport is the host site for the demonstration - and the U. s. 
Department of Energy, who is funding 43 percent of the project’s total cost under its Clean 

Coal Technology Demonstration Program. 

The liquid phase methanol technology is designed to lower electricity costs and improve the 

flexibility of electric power generation in integrated gasification, combined-cycle (IGCC) 

-more- 
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facilities. It accomplishes this by allowing the manufacture and sale of two products: 

electricity and methanol. The liquid phase methanol process can take advantage of periods 

of low electricity power demand by producing and storing methanol. This methanol is 

immediately available to generate electricity when the utility faces its next period of high 

power demand. This step will increase the utilization of gasifier capacity and lower the 

utility’s costs. Several potential domestic and international customers are currently studying 

the possibility of incorporating the technology in their gasification systems. 

The demonstration facility has met all of its early operational expectations. The next 

operational goal is to maximize the methanol production rate beyond 80,000 gallons per day 

and to demonstrate long-term catalyst life while operating on coal-derived synthesis gas. A 

carefully developed test plan that will be implemented over the next four years will assure 

that the technology is tested over a wide range of operating conditions and synthesis gas 

compositions to demonstrate its commercial advantages. Test operations will simulate 

electricity demand load-following by demonstrating the reliable off/on operation that the 

enhanced stability and heat dissipation of the liquid phase reactor provides. 

The liquid phase methanol process differs significantly from commercial methanol processes 

because of its integrated reactor and heat removal system. Typically, methanol is made by 

passing synthesis gas mixtures with a very specific composition of hydrogen and carbon 

monoxide through a fmed bed of dry catalyst pellets. In the “liquid phase” process, fine 

particles of the temperature-sensitive methanol catalyst are suspended in an inert liquid. The 

liquid dissipates the heat of the chemical reaction away from the catalyst surface, protecting 

it and allowing the gas-to-methanol reaction to proceed at higher rates. 

Because of its superior heat management, the process is able to directly handle the synthesis 

gas typically produced from the gasification of coal, petroleum coke, residual oil, wasres, or 

other hydrocarbon feedstocks. The liquid phase process readily converts a portion of the 

synthesis gas produced by the gasifier to methanol, allowing the remainder of the 

unconverted gas to be used to make other chemicals, for hydrogen recovery, or as a fuel for a 

gas turbine combined-cycle electric power plant. 

-more- 



Air Products expects to market the liquid phase methanol technology and its other liquid 

phase technologies through licensing, “own and operate” or tolling arrangements. As a 

world leader in the design, construction and operation of high-pressure oxygen plants for 

gasification applications, the company also can serve other commercial roles in IGCC 

projects, including the supply of equipment or on-site oxygen, and the clean-up and recovery 

of hydrogen and other gases. 

Eastman Chemical Company manufactures and markets chemicals, fibers and plastics. 

Eastman employs 17,500 people in more than 30 countries and had 1996 sales of $4.8 

billion. Corporate headquarters are in Kingsport, Tennessee. 

Air Products and Chemicals, Inc. is a $4 billion global company with leading market 

positions in industrial gases and selected chemicals. Through innovative engineering, 

technology and marketing, the company provides products and services that help its 

customers win in markets around the world. 

- #  # # 



Memorandum 

To: DISTRlBUTlON 

From: G. Campbell 

Datq 6 June 1997 

Subject: LIQUID PHASE METHANOL PUBLICITY 

DeptLoc: 

DepVExt: COT. Corn. /  x14986 

cc: B. M. Arndt 
D. M. Brown 
H. G. Dimopoulos 
A. G. Dolan 
B. J. Halper 
E. C. Heydorn b3\tC' 
M. F. Hilton/K. M. Walck 
J. J. Holliday 
E. L. Kelly/J. R. Dodds 
S. A. Morth 
F. R. Schepis 
J. C. Sorensen 
J. F. Strecansky 
P. B. Sullivan 
P. J. A. Tijm 

Attached is the initial coverage we have received on the start-up of the liquid phase methanol 
demonstration plant in Kingsport, Tenn. As we receive additional coverage of this project over the next 
several weeks, I'll pass the clippings on to you. 

Attach. 
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A hive of 
he drive for greater energy effi- 
ciency, environmental friendliness, 
reduced downtime and improved 
profit margins sets ever increasing 
challenges to the methanol tech- T nology suppliers - and increas- 

ingly new plants have to be tajlored to the spe- 
cfic project case. 

While methanol is one of the most basic 
petrochemical products with some 25m tonne 
produced each year, there appears to be an 
upturn in methanol project activity worldwide. 
At least three large-scale projects are being 
progressed in the Middle East (AI Jubail, Saudi 
Arabia; Kharg Island, Iran; Umm Said, Qatar), 
two in Trinidad and one each in Indonesia and 
Chile, all with a feedstock cost advantage. Here 
in Europe there are new project proposals on 
both sides of the North Sea. In Norway a sec- 
ond plant is under consideration by Statoil, 
while in the UK project development company 
International Offshore Chemicals is pursuing a 
world-scale integrated methanol and ammonia 
plant - although the choice of location remains 
contentious. Many other smaller Droiects and 

Contractors and producers are 
looking at improved ways of 
making methanol. Susan Royse 
takes a look at the many 
innovations currently taking 
place in the methanol industry. 

Technology in the Netherlands has developed a 
pilot-scale process which obviates the need for 
a recycle loop and could achieve a conversion 
of over 97% (,EN 5 May), while the idea of 
floating methanol plants continues to be pur- 
sued by, amongst others, IC1 Katalco despite 
the apparent indefinite postponement of previ- 
ously announced major projects planned for 
Oman, Argentina and Indonesia 

Methanol is conventionally manufactured 
from synthesis gas (a mixture of carbon monox- 
ide and hydrogen), produced from steam- 
reformed natural gas (or oil associated gas) and 
carbon dioxide. The methanol is synthesised in 
a catatytic process and the crude product is 
purified by,distiliation. While the synthesis reac- 

tor and catalyst system are clearly at the heart 
of the process, and where much of the recent 
development effort has been focused, the 
whole process scheme provides numerous 
opportunities for design improvements. For 
example. optimum utilisation of the reaction 
heat offers cost advantages and energy savings 
for the overall plant. 

Two types of reactor dominate the industrial 
methanol market: gas-cooled (quench reactors 
or gas-cooled tubular reactors) and steam- 
raising reactors, where the reaction heat is 
transferred to boiling water. 

Lurgi. a leading proponent of the steam- 
raising type, notes a trend towards steam- 
raising reactors of various design. Such reac- 
tors are also now offered by Cnde, Toyo 
Engineering, Mitsubishi Gas Chemical and ICI- 
approved contractors. 

Lurgi’s Herman Goehna explains the trend 
in terms of a growing focus on the mntrol of the 
methanol-producing reaction in lignt of the 
development of more active, temperature- 
resistant catalysts. To achieve the same overall 
conversiqn _. efficiencies, modem catalysts 

e 

undoubtedly incorporate some new 
technological aspects. 

Leading methanol synthesis 
licensor Lurgi has widely touted its 
developments in methanol reactor 
design in recent months, while 
Kvaerner John Brown, a leading 
approved contractor for IC1 Katalco 
methanol catalyst and systems 
technology, is understood to be 
working quietly on new process 
enhancements following the recent 
signing of an agreement on reformer 
technology with BP. An announce- 
ment on the new process is 
expected towards the end of the 
Year. 

At the same time, other tech- 
nology developers strive to commer- 
Cialise alternative novel routes - the 
first commercial-scale demonstra- 
tion plant to produce methand from 
coal-derived synthesis gas came 
onstream at Eastman C M i s  
Kjngsport site in March, while Lurgi 
and catalyst partner SGd-Chemie 
have developed a reactor and cata- 
lyst system to produce methanol 
from carbon dioxide and hydrogen. 
Others stnve to improve the conver- 
sion rates of more conventional 
Processes - Twente University of 

42 

require smaller recycle ratios than 
catalysts of the first Generation, he 
explains. ‘This results in higher par- 
tial pressures of the rescticn compo- 
nents at the reactor inlet so that the 
rapid removal of the reaction heat 
.from the methanol reactor is becom- 

Methanol plant operation (hourdyear). . ,__ . ,. . . ing all the more important.’ 
Methanol production (m galtyear) ’: . . .-: - - While concedino that steam- . .  

that gas-cooled reactors suffer the 
disadvantages of poor utilisation of 
the reaction heat, low catalyst yield, 
high byproduct generation in the 
case of carbon monoxide rich syn- 
thesis gas, high pressure loss due to 
quench gas control and the potential 
risk of catalyst superheating. 

.Europe’s latest methanol plant, 
the 2400 tonndday StatoiUConoco 
joint venture at Tjeldbergodden, 
Norway, commissioned last month, 
incorporates Haldor Topsoe’s two- 
stage reforming technology together 
with Lurgi’s methanol synthesis 
technology based on steam-raising 
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past. With flame temperatures of around 
20000C, even metal tends to vaporise. flames 
can enter the refractory lining, .even causing 
open fires,’ says Peter Sogaard-Andersen, 
manager of Tops~x?’s refinery technology group. 

The key to the new burner design& in con- 
trolling the flames - no backflow of hot gas 
towards the burner parts, a flame core located 
along the centre axis and an efficient recircula- 
tion in the combustion chamber zone. One 
such burner has operated for four years without 
problems at a Grande Paroisse ammonia plant 
in Waziers, northern France, Sogaard-Andersen 
claims. This compares with a typical burner life 
of around eight to nine months, he says, and as 
such should lead to significant improvements 
through reduced plant downtime. 

A second key feature in the new plant is the 
back-end ’ distillation (to purify the crude 
methanol), again designed and supplied by 
Topsere. Here - with limits placed on carbon 
dioxide emissions - the focus has been on 
energy efficiency, with a split column design to 
allow use of the energy twice. 

Of course, not all development relates to 
new plants. Modemising an existing reactor can 
prove a simple and effective means of upgrad- 
ing production and improving performance. 
Methanol CasaIe specialises in such revamps 
and has recently implemented its Advanced 
Reactor Concept (ARC) in six projects. 

The ARC is an adiabatic quench-cooled sin- 
gle-vessel converter which the company claims 
offers an improved quench mixing. it has been 
introduced as a revamp option for IUS quench 
lozenge converter, but is equally applicable to 
other designs. The ARC is based on a typical 
peripheral mixer. A gas sparger introduces the 
quench gas in such a way as to generate the 
turbulence required for good mixing, while a 
deflector induces further local mixing and 
smooths out any temperature differences. 

The $213.7m Eastman demonstration pro- 
ject is a joint venture with technology supplier 
Air Products, supported with $92.7m from the 
US Department of Energy’s Clean Coal 
Technology Program. The aim is to produce 
methanol cost competitively from coal-derived 
synthesis gas, which tends to be rich in carbon 
monoxide. 

Currentb, less than 2% of world methanol is 
derived from coal. The key is in the use of a 
liquid-phase process employing a sluny bubble 
column reactor with powdered copper catalyst 
slurried in an inert mineral oil. This ailows more 
controlled heat removal than conventional 
fixed-bed reactors operating in the gas-phase, 
and hence the synthesis process does not 
require a balanced carbon monoxidehydrogen 
ratio. The slurry reactor is expected to achieve 
double the synthesis gas conversion rates per 
pass than a conventional reactor. 

The process should be equally applicable to 
gasification of petroleum coke, residual oil or 
other hydrocarbon feedstocks. When added to 
an integrated gasification combined cycle 
Power plant, the process converts a portion of 
the GO-rich synthesis gas to methanol, and the 
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remainder of the unconverted gas is used to 
fuel the gas turbine combined cycle power 
plant. Co-production of power and methanol 
via integrated gasification combined c;/cle 
could provide opportunities for energy storage 
for electrical demand, clean fuel for export 
andor chemical methanol sales. 

The 240 tonndday demonstration plant 
achieved design production rates smoothly 
during the last week of March. according to Bill 
Brown, programme manager for the demon- 
stration project. During a pianned four-year 
operational phase, the plant will be subjected to 
a wide variety of test conditions. Most of the 
product methanol will be refined to chemical- 
grade quality and used by Eastman as replace- 
ment chemical feedstock. Eastman uses 
methanol in the manufacture of both acetic acid 
and dimethyl terephthalate 0. Use of the 
methanol as a feedstock for producing MlBE 
will also be investigated and, in the last six 
months of the project, the production of 
dimethyl ether (DMEj as a co-product wil[ also 
be assessed. 

A commercialisation programme is se? to 
run in parallel. ‘Many refineries are looking at 

“Small-scale units 
should prove 

competitive in local US 
markets with new 

world-scale overseas 
methanol plants” 

gasification and are interested in seeing the 
process demonstrated,’ says Brown. In any 
future technology licensing deal, Air Products 
would be interested in being involved as the 
gas supplier, he says. 

Plants producing around 1200 tonne/day 
methanol with co-production of power and/or 
hydrogen are envisaged. These relatively 
small-scale units should prove competitive 
in local US markets with new worfd-scale over- 
seas methanol plants. Brown estimates co-pro- 
duction costs for the liquid phase process of 
less than 50 cent/gal, which compares 
favourably with today’s total delivered US GuJf 
Coast methanol cost (chemical grade) of scme 
55-60 cent/gal (see table, left). 

A second alternative methanol feedstcck 
under investigation is the combination oi 
carbon dioxide and hydrogen. interest in such a 
process has heightened, not least because of 
the urgent need to find ways of reducing c a -  
bon dioxide emissions into the atmosphere as 
concerns mount over the role of the gas in 
global warming. Lurgi believes that small-scale 
methanol production could be economically 
justified at locations where both byproduct 
hydrogen and carbon dioxide are available. 

si1 ....... 
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In a joint development progr&ne with 

SGd-Chemie. Lurgi has developed a catalyst 
and reactor system to convert a mixture of w- 
bon dioxide and hydrogen to methanol in two 
parailel reactions. One, exothermic, to give 
methanol and water, the second, endothermic, 
to give carbon monoxide and water. The con- 
version rate and methanol select‘Nity depend on 
the pressure and temperature, with methanol 
formation favoured at high pressure and low 
temperature. To optimise the process, the part- 
ners have developed a copper-bearing, low- 
pressure catalyst, with which the highest 
methanol yield is obtained at 260-27W. 

A novel synthesis configuration has been 
devised in which the greater part of the reaction 
heat is used for generating high pressure 
steam. The configuration differs from the con- 
ventional in that, instead of adding the makeup 
gas to the recycle gas. it is directly passed 
through the catalyst-Riled tubes of an adiabatic 
fixed-bed reactor in the once-through mode. 
This can be done at full synthesis pressure 
without riskng catalyst superheating. 

The product gas is then fed to a synthesis 
loop equipped with a second reactor which 
operates under quasi-isothermal conditions. 
The exothermic reaction (to give methanol and 
water) clearly predominates and the heat liber- 
ated is used to generate high-pressure steam 
at up to 70bar. By controlling the steam pres- 
sure, the narrow temperature range in which 
optimum thermodynamic and kinetic conditions 
cccur can be reliably adjusted. Closed-circuit 
operation of :he isothermal reactor suppresses 
the formation of unwanted carbon monoxide, 
resulting in high conversion rates. Development 
work at Lurgi continues, but the process has 
yet to be taken up commercially. 

IC1 Katalco continues to remain upbeat 
about the potential of flcating methanol piants. 
The idea -to make use of associated gas from 
offshore oilfields - has been around since the 
1970s, but commercialisation has proved more 
difiicult than originally imagined. 

Essentially, difficulties have been encoun- 
tered in the design of a sufficiently robust, com- 
pact, wave-insensitive steam-reforming fur- 
nace. IC1 Katalco believes it may have the 
answer in its compact gas-heated reformer. 
tested as part of its LCM methanol technotom 
at BHP .Petroleum’s faclity at Laverton, 
Australia. Test results on the furnace, the Oxy-  
gen burner and distillation column look 
favourable. and work with EHP Petroleum con- 
tinues. The dream, if realised. could transform 
the economics of the methanol industry in the 
21st century. , m  



Pnimd Health 

Mallinckrodt Sells Veterinary 
Unit tu Schering-Plough 

ONI7NuINGTTSRESIRUCIURINGDRWE, 
Mallidcrodt has sold irs $45GmiI- C lionlyear animal heaith business to 

Schering-Plough (Madison, NJ) for $405 
million Ray Holman, Mallinckrodt‘s chair- 
man and CEO, says tfrecompanyplans m use 
the proceeds from che deal-dong with 
$550 million &om the m t  sale of its scake 
inTmemaker--to buy back stock and make 
acquisitions in the health care sepenr. 

The move reduces Mallindcrodt co seven 
health care and spedalry chemicals divi- 
sions. The company says it is looking at 
acquisitions in medical products and phar- 
maceuticals and that it can spend $1.3 bil- 
6on-$1.5 billion in a combination of cash and 
debt. Mallinkodr says it does not plan to 
make more speaaIty chemicals acquisitions. 

JefFrey Cianci, an aitalysr at Bear Stearns, 
says, ”If MalIiickrodr acquires, it will sig- 
nificantly dilute its earnings per share. The 
company should use the proceeds for more 
buybacks because of the lugh price of health 
care acquisidons.” 

The deal campulrs Schering-Plough fiom 
the 20th-largest animal health company to 

Madrenzie (Edinb+). Theacquisitionwill 
expand Schering-Plough‘s exposure in MC- 

&a, bddmg on its podn)l producrs busi- 
ness and the N o h  American pet product 
lines acquired from American Home Prod- 
KCIS d e r  rhis yea,’’ he -. “The move wilt 
aLso considerably expand Schering-Plough’s 
internarional presence, reducing ics depen- 

Resins 

ninth (tadk)), says Matthew Phillips omocd 

ence on the U.S. markc” 
The deal continues a consolidation trend 
1 the animal health market. Since thr 

(in millions of dollan) 
wtmw SALES 

Roche $1,401 

qjnning of this year, Mer& and %&e 
’oulenc have merged their animal health 
nd poultry genetics businesses; America 
lome Prodm has acquired Solvay Anima 
34th; Bayer has acquired Pharmacia 8 
Jpjohn‘s vaccines business; and Boehnnge 
ngelheim (Sc. Joseph, MI) has purchasa 
.accines maker NOBL Laboratories. 

--KERRI A. WhLSI 

Borden Buys Indspec Unit- 
ORDLV CHLVICAL HAS P U R C W E D  
the phenoI-resorcinol wood adhesive B and reinforced plasdc resins business- 

es of Indspec Chemical (Pinsburgh), a s u b  
sidiary of OxyChem. Borden will produce 
the adherives and resins using phenol-resor- 
cinol supplied by Indspec 

Borden says the acquisition will enhance 
its position in the rapidly expanding radia- 
don curing segment of the wood adhesives 
busings. The acquisidon indudes indspec’s 
parenced phenol-resorcinol iadiaaon-cured 
wood adhesives. 

The business will be merged with Borden’s 

form produccs unit, and Borden will man 
uikcure the asquired prcdm lines ar its fki 
ities in Springfield, OR and Demopoli5 
AL. Borden Wiu also obcain Indspec’s tine c 
phenol-resorcinol resins used in reidorcei 
piasdc composires, which will become par 
of Borden’s foundry and industrial produa 
business. 

Indspec is the world‘s largest producer c 
resorcinol and the ody U.S. producer, wid 
capaciy for 58 million Ibslycu in Petrolk 
PA. Gq-Chern bought a 65% stake in Ind 
spec in 1995 from New York merchm 
bank Castle Harlan. --mvw VAME 

C O M P A N I E S  
RWNE-HUNTSMAN TALKS 
GET MORE FRIENDLY 

Rexene has  rescheduled a May 22 
stockholders meeting that was t o  
evaluate Huntsman Corp.’s SlGIshare 
bid for Rexene. The meeting will b e  
held June 12 to accommodate 
negotiations that a re  under way 
between t h e  companies, 

May 22 meeting after Huntsman 
signed a secrecy agreement in late 
April to gain access to confidential 
company information for its d u e  
diligence review. 

Huntsman h a s  since compieted d u e  
diligence, and a Rexene spokesperson 
says both companies are proceeding 
with acquisition discussions in a 
Ycooperative” manner. However, h e  
adds, there  is no guarantee that a 
definitive agreement will be reached. 
Huntsman launched i ts  bid for the 
plastic resins and films maker last 

Rexene management scheduled t h e  

August. -ROBERT WEfTERVELT 

T E C H N O L O G Y  
AJRPRODUCTS, EASTMAN 
START COAL-TO-MRHANOL UNIT 

Air Products and Chemicals and 
Eastman Chemical have started up a 
demonstration plant a t  Kingsport, TN 
using novel coal-to-methanol 
technology. The companies say the 
unit is  producing 80,000 gallday of 
methanol. 

The plant i s  based on Air Products’ 
liquid-phase technology for 
converting coal-derived synthesis g a s  
(syngas) into methanol (CW, Ocf. 25, 
1995, p .  41). The technology is 
being developed in a joint effort 
between Air Products, Eastman 
Chemical, and the  Department of 
Energy, which is  funding about 43% 
of the project’s total cost  under the  
agency’s Clean Coal technology 
program. 

The group says  it plans to tes t  the 
process during the  next four years to 
optimize operating conditions and to 
demonstrate the  technology’s 
commercial advantages. If the  tests 
are  successful, Air Products expects 
to market the coal-to-methanol 
technology to other  producers. 
Eastman plans to use  the methanol 
produced a t  the  plant a s  a chemical 
feedstock. -DAVID ROTMAN 
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