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Process Economics Study - Outline
LPM as an add-on to IGCC for Coproduction

Part One - Coproduction

1. Introduction
1.1, LPM Process Design Options,

o Develop plant design options for the LPM process, for design variables such as: a) feed gas pressure,
b) feed gas compositions, and ¢) % syngas conversion.

2. LP Methanol Process advantage versus Gas Phase Methanol.
2.1. Syngas Conversion Cost for Methanol Production from CO-Rich syngas. (LP vs. GP).

e For the various LPM procéss design options {from 1.1) develop plant capital and conversion costs for a
500 ¥/d LPM plant, derived from the Kingsport Project costs and design basis,

» Summarize in a series of graphs, conversion costs, in cents per gallon over the range of syngas
conversion from 15% (LP - Once-thru) to 94% (GP), for baseload annual coproduction operation. This
will show LP's advantage at lower conversions; highlight process design or development

2.1.1. 1000 psi, 5 ppm S, syngas; 500 t/d Plant size
2.1.2, 500 psi, 5 ppm S, syngas; 500 t/d Plant size -
2.1.3. Impact of Plant Size on Conversion Costs

. Summarize in a graph, conversion cost versus plant size, for 2.1.1 and 2.1.2 above.
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.

2.2, Methanol Product Purification Cost, (LP Vs GP).

» Develop capital and operating costs for product purification design alternatives. Summarize LP's
advantage (in cents per gallon), especially for MTBE and Fuel Grade from CO-rich gas at-low
cenversions, Vs GP process.

2.2.1. MTBE Grade; Over the above range of syngas conversion
2.2.2, Fuel Grade
2,23, Chem. Grade

2.3. Feedgas (Syngas) Composition Variations: {Impact on LP vs. GP).

» 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. A

2.3.1.8ulfur content variation; over the above range of syngas conversion
2.3.2.Inert ’gas content variation; over the above range of syngas conversion

Van,
2.4, Syngas Utilization {Btu per Gallon) - (Impacton LP vs. GP),

. . . USLRE £ .
e Summarize differences in syngas utilization (Btu per galion of methanol), and in mass flow loss to the
combustion turbine (kwh production loss per gallon of methanol); for the cases in 2.1 above.
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Process Economics Study - Outline
LPM as an add-on to IGCC for Coproduction

Part One_- Coproduction (Cont'd.)

5 Summary of Cost Advantage(s) - (LP Vs GP

e 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%, 80%, and 70% annual load utilization for use with Section 5, "Intermediate Load

Coproduction and Stored Energy” of this Economics Study.

+ Recommend areas for process design value engineering work; and areas for demonstration at
Kingsport. '

3. _Coproduction - Impact on Electric Power Cost -
3.1. Baseload Coproduction with Methano! Sales

3.1.1. 2 T/D methanol per MW (20% conversion)
3.1.2. 4 7T/D methanol per MW (33% conversion)
3.1.3. 8 T/D methanol per MW (50% conversion)

For baseload coproduction, the gasifier must be sized for both the power and methanol products.. A matrix
of power plant and methanol plant sizes of interest, is show in the fo!lovying tables. -

. For a given gasifier size (base is about 2160 x 1046 Btu/hr. in this example); the methanol
plant size and power plant size would change:

Methanol to Power Methanol Syngas Gasifier
0 T/D per MW 300 MW 0 TD 0% Base
2 T/D per MW 250 MW 500 T/D 20% Base
4 T/D per MW 200 MW 800 T/D 33% .  Base
8 T/D per MW 150 MW 1200 T/D 50% Base

. For a given baseload power plant size; the gasifier and methanol plant size is adjusted:

Methanol to Power Methanol Syngas Gasifier
Power Size Plant Size Plant Size Conversion _Size
0 T/D per MW 150 MW 0 T/D 0% 0.50 x Base
2 T/D per MW 150 MW 300 T/D 20% 0.625 x Base
4 T/D per MW 150 MW 600 TD 33% 0.75 x Base
8 T/D per MW 150 MW 1200 T/D 50% 1.00 x Base

o The impact of coproduction on electric costs should be shown in graphs of electricity cost Vs.
methanol net back price, for both of these matrix tables. .

End of Part One.
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'Process Economics Study - Outline
LPM as an add-on to IGCC for Coproduction

Part Two - Coproduction for intermediate E—Iectric Load Following.

4. Intermediate Load Coproduction and Stored Energy.
4.1. Syngas Value,

4.1.1.8yngas value as a function of (time of day) Power Value.
¢ Qur earlier load following work indicates that an LPM coproduction add-on optimizes for
intermediate peak-load power in the 1000 to 2500 hr.fyr. range. This means the methanol plant
operates during “off--peak” power in the 7760 (88% utilization) to 6260 (71% utilization} hr./yr.
range (8760 hr./yr. = 100% = total hr./yr.), with up to 200 annual daily stop/start operations for the
daily on/off peaks.
o Time of day example: A given Lambda Curve might provide data at 2000 and 1500 peak
hr./yr. such as: a) 2.7 cent off-peak power (6760 hr.) plus 6.6 cent intermediate-peak
power (2000 hr.) equals 3.6 cent baseload power (8760 hr.). b). 2.9 cent off-peak (7260
hr.) plus 7.0 cents intermediate-peak power (1500 hr.) equals 3.6 cent baseload power
{8760 hr.). Time of day syngas values can be derived, based on the alternative value of
using syngas for power (in CC or CT power plants).
4.1.1.1, Synaas value as function of seasonal opportunity fuels/feeds.
s Notural gas may be available seasonally, for use in the CC power plant, allowing syngas
to be used for conversion in an LPM add-on. Other feeds?

4.1.2.8yngas valiue as function of cost to produce incremental quantity..
¢ Defer this for later study. We should await other CCT project (e.g. Tampa, Wabash River)
projections of future IG facility fuel gas (syngas) costs, and/or electric power costs.

4.2. Intermediate Load Coproduction - for Methanol Sales.

. Defer this for later study. For all intermediate load coproduction cases, redundant
investment to utilize syngas on/off-peak is required; so that when the methanol plant shuts down
during peak power periods, all of the syngas can be converted to electric power. There are many
intermediate load coproduction power plant design choices; a) CC power plant tumed down, or b)
CC power plant baseload with CT power plant for peak; which may be combined with many
methanol plant choices of size/% conversion. To do these studies properly, we need to have good
time of day power values (also called Lambda Curves) as well as the Section 2. (above) Methanol
Plant design choices completed.

Methanol may also be used as backup fuel for enhanced power plant availability,.
4.3. Intermediate Load Stored Energy Production, with Methanol Fuel for Peak Power Production.

o Defer this for later study. The design optimization for this is quite complex. The IGCC/OTM plant
design has an additional variable: the peaking power piant size and hours of operation is an
independent variable. We may be able tousethe, - - : , study with a published
paper as goal. An alternative study option is to compare ourseives (IGCC/OTM) to the various
published EPRI (1G-Cash, et. al.) studies, which have some favorable Lambda Curves examples
for energy storage.

4.4. Intermediate Load Stored Energy Production, with Methanoi for Dispersed Energy.

. Methanol transported to remote existing or new power plants on the Utilities grid system.

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

Part Three - Methanol Fuel Applications

5. _Premium Methanol Fuei Applications

. At 40 cents per gallon, methanol as a fuel ($6.00 per mmBtu) will not compete with oil in most
applications ($20/bbl crude = $3.30/mmBtu; $24/bbl diesel = $4.00 /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 LPMEOH™ process) strengths; good economics at small methanol plant
sizes, fuel grade product distillation savings, and a freight advantage in local markets vis a vis
large off-shore remote gas methanol. Baseload methanol coproduction studies show that (40)
cent per gallon methanol can be provided from an abundant, non-inflationary local fuel source..
We need to show when (at what oil price) we can compete, and to arrange fuel tests to confirm the
dispersed energy environmental advantage.

5.1. Hydrogen Source for Fuel Cells
. Hydrogen fuel cells, being developed for transportation applications, can achieve 65% system
efficiency, as compared to 45% for diesel IC engines and 32% for gastline IC engines. Methano]
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 LH,.
5.1.1.Fuel Cells for Transportation
5.1.2.Fuel Cells for Stationary Power - -
(See also dispersed power below).
5.1.3. Industrial Applications - Small Hydrogen Plants
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 is getting a lot of favorable publicity. . The world wide package (0.2 MW to
10 MW) power plant market is large. A variety of technologies (combustion turbine, internal
combustion engine, fuel cell) are being packaged to provide power and heat locally, at the use
point. Environmental and Economic advantages include Methanol for Fuel Cells = clean
stationary local power; no need for natural gas pipelines; no new high voltage power lines.

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?

v End of Part Three.
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AIR 1.

NOTES FROM MEETING PRODUCTS £=°
Page one Of One
DISTRIBUTION (NAME/ORGANIZATION) *Unable to attend. ** Chairman COPIED FOR INFORMATION ONLY
William C. Jones - EMN Barry Street - EMN* - Frank Frenduto - APCI
Bill Brown - APCI* Dave Drown - APCI* Tom Dahl - APCI
Ed Heydorn - APCI Bob Moore - APCI Dan Canning - APCI
Van Eric Stein - APCI Bob Kornosky - DOE* Barry Halper - APCI
Laurie Paulonis - EMN* Bill O'Dowd - DOE* Bernie Toseland - APCI
* with attachments
FROM ORGANIZATION _ EXTENSION | TODAY'S DATE
Bill Brown M 2 /90/% APCI LPMEOH Prog. Mgr. 17584 {19 June, 1996
DATE OF MEETING WEEKDAY TIME LOCATION
STARTED ENDED Eastman (EMN), Kingsport
June 5, 1996 Wednesday 3:00 pm 5:30 pm Building 310, Room 112 and
June 6, 1996 Thursday 8:30 am 1:00 pm Construction Site
SUBJECT AND/OR PURPOSE .
Project Review Meeting with-DOE, Eastman, and Air Products
ITEM | RESPONSIBLE TARGET
NO. | PERSON (INITIALS) DATE DISCUSSION
e The meeting (Agenda attached) started at 3:00 p.m., Wednesday,
June 5 with a review of project design, procurement, construction
cost and schedule by Dave Drown. (see attachment 1-1 thru 1-11)
The reactor is now expected to ship the week of June 10 (in fact, 14
June!) and to be on-site in late June. Dec. 2nd is the anticipated
- | completion of construction, with turn-over of the site to operations
for commissioning and start-up (Dec. 27th). The overall project
1 DPD 7/18 cost (Phases 1, 2, and 3) is on target. A cost forecast (DPD) for

Phase 1 and 2 is to be completed in mid-July; after the reactor has
been erected and the insulation bids are received (e.g., the major
remaining cost and schedule variables are done).

e The attendee’s adjourned to the LPMEOH plant site to review
construction progress. Major steel was being erected; and piping
and electrical work being done in specific plant areas. Steel and
reactor delivery are on the critical path. Good progress is being
made with peak construction staffing (about 100) anticipated from
July through September.

¢ The meeting reconvened on Thursday, June 6, with a review of
the training, commissioning and start-up plans (ECH/BTS).
Attachment 2-1 shows the overall Eastman operations support

plan and schedule. Operator training will start in mid-October for -
1 week/crew by 4 crews. Water batching checks will start Dec.

2nd; which will mark the transition of the site from construction
control to operations control. Catalyst reduction (9 Batches of
about 1 Ton each) will start in early January; with methanol
production in late January.
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MNOO - wrb




_ AIR _1.
NOTES FROM MEETING PRODUCTS =

CONTINUATION
Page two Of two

ITEM
NO.

RESPONSIBLE
PERSON (INITIALS)

TARGET
DATE

DISCUSSION

LW N

T

RMK/WJO'D
ECH

WRB

WRB

RBM

WRB

6/14
6/28

6/28
8/28

7/30

7/30

Sept. 4-5

e The Demonstration Test Plan, and the status of the syngas
(trailer) tests were reviewed. The latest draft of the DTP looks to
be in good shape. The syngas tests indicate catalyst life should be
good. The DOE owes comments (Item No. 2) and Ed Heydorn
(Item No. 3) a revised final draft of the DTP.

e The DOE Reports are shaping up. Quarterly’s in the format and
form of #4 will be submitted by the end of June (Item No. 4). The
Project Management Plan should be updated for Phase 3 (Item No.
5).

¢ Other Phase 1, Task 5 tasks were reviewed. An outline of the
Process Economics Study (Attachment 3-1 thru 3-4) was reviewed,
and Bob Moore reviewed his progress to date on Section 1 and 2.1.
An initial release of Part One of the Study will be issued by the
end of July. Page 3-4 of the attachment outlines premium
methanol fuel applications (Fuel Cells, Dispersed Power) which
will be the target for off-site fuel use demonstrations (Phase 3,

.| Task 4) in 1998-99. The DME milestone decision plan and status of

Design Verification Testing (Attachments 4-1 and 4-2) was
reviewed. The Laboratory R & D verification has had positive
results to date; and market verification is underway. Plans for a
LaPorte PDU run in 1997 are being made, in anticipation of a
positive decision in Dec. 1996.

¢ Plans for the Continuation Application and for a June 19
(subsequently changed to June 28th) meeting at DOE-HQ were
discussed. The only issue is whether to seek Budget Period #3
approval by 30 Sept, or whether to extend B.P. #2 to 30 Nov and
delay approval. The Continuation Application will be submitted
July 30, if timely 30 Sept approval is opted for.

¢ The next project review meeting will be held (noon to noon) on
Sept 4 and 5 (Wed. - Thurs.) in Kingsport. Please Note!

FORM 3624 (REV. 589)
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MEETING NOTICE

AIR !IA
v

Q Check if this meetmg was scheduled through Schedule+

.. _’/
PLEASE NOTE: Security badges required for visitors in all buildings and employees in R&D buildings.

DISTRIBUTION (NAME/ORGANIZATION) (If unable to attend, contact oniginator) COPIED FOR INFORMATION ONLY
William C. Jones - EMN Barry Street - EMN : Frank Frenduto - APCI
Bill Brown - APCI* Dave Drown - APCI Tom Dahl - APCI
Ed Heydorn - APCI Bob Moore - APCI x Dan Canning - APCI
Van Eric Stein - APCI Bob Kornosky - DOE Barry Halper - APCI
Lauri Paulonis - EMN* Bill 0'Dowd - DOE* Bovnie Tooolamd —RACT
- x wth allnchrods
FROM 7 ORGANIZATION EXTENSION | TODAY'S DATE
 Bill Brown W% 5/’1‘{ APCI LPMEOH Prog. Mgr. 17584 |24 May 1996
DATE OF MEETING WEEKDAY TIME LOCATION
FROM 70 (‘7
June 5, 1996 Wednesday 3:00 pm 5:30 pm astman (El\gd@iﬁngsport
June 6, 1996 Thursday 8:30 am 1:00 pm
SUBJECT AND/OR PURPOSE ’
Project Review Meeting with DOE, Eastman, and Air Products
DESIRED RESULTS/OUTCOMES

Review Budget Period #2 status; and prepare for Continuation Apphcatlon for Budget Period #3.
REFERENCE MATERIAUOTHER

AGENDA

A. Tour Site 3:00 PM - Wednesday June 5. '
Plant construction site tour and Syngas Poisons Trailer tour. (DOE arriving on 1:30 PM ﬂLghts

they will meet us, or we them, about 3:00)

B. End of (work) Day - 5:30 PM?!
Dinner (?) & early to bed! ~

P N
C. Status Updates:; on B.P. #2 Tasks: 8:30 am - Thursday, June 6.

. 1. Design, Procurement, Construction (Schedule/Cost F/C) Status DPD
2. Training, Commissioning & Startup BTS/ECH/VES/DPD | .
S Plan/Schedule oL
| 8. Four year Demonstration Test Plan for Phase 3, Task 2 - Operations =~ =~ " ' ECH -
<~ 4, DOE Reports -
i a. Due for B.P. #2 (EMP, Quarterlies #5,6,7,8; etc) L WRB/DPD
b. Phase 3 Reports/Reporting Plan ECH/VES
5. Phase I, Task 5 Tasks - Status
S a. Fuel-use test plan update WRB
. b. DME DVT Status/Milestone Plan N in . ECH/WRB
¢ -Process Economic Study - Outline and 1.1 & 2.1 (part1al) bwlabas - U5 WRB/RBM |
6. Syngas (Trailer) Testing update. VES AWW
7. Plans for: a) June 19th meeting at HQ (all)

b) Next Project Meeting
c) Continuation Application Draft

!

H- S““f[ Neon @ Voo,

/——-""""Z '

o
(The DOE have return flights; leaving about 2.‘000 PM on 6 June.)
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KINGSPORT LPMEOH DEMONSTRATION PROJECT
JUNE 6, 1996 DOE STATUS OVERVIEW

DESIGN

95% COMPLETE DETAIL DESIGN |
INSTRUMENT AND ELECTRICAL PACKAGE ISSUED
Jued .
PROCUREMENT Jﬁo@awy\ St ucede o

REACTOR TG\/S;HP BY RAIL THIS WEEK
C-120 VENT STACK AWARDED TO JOHN ZINC
89% OF PREFAB PIPE ON SITE

PROCESS BUILDING STRUCTURAL STEEL BEGAN ARRIVING ON SITE

5/28/96

CONSTRUCTION

30% COMPLETE OVERALL ON CONSTRUCTION -
INSTRUMENT/ ELECTRICAL WORK STARTED

COST FORECAST

PHASE 1& 2 -POST MOD 3 - $36.5 MM

SCHEDULE

PLANT MECHANICALLY COMPLETE 12/02/96
BEGAN CARBONYL BURNOUT 12/27/96

Abat) ~




LPMEOH PROJECT
DESIGN STATUS -5 JUNE 1996

PROCESS ENGINEERING

« Complete except for startup and operations issues.

P&ID
o Rev 2 "As Designed" released end of May.

PROCESS CONTROLS

« Hardware---carbonyl analyzer remains to be purchased

EMN now has all data necessary for programming the DCS

Reviewing Logic Diagrams prepared by EMN

Working on identifying Commissioning activities and schedule

Working on identifying IT needs for APCI on-site personnel and tie-ins to

TTown.

VALVES AND MATERIALS

« Working on Pressure Test Flowsheet .

PIPING/LLAYOUT

» Will send Bulletin #5 to Mechanical Contractors today

» Preparing documents for Insulation Bid Package

» Final piping dimensions to C-120 Vent Stack to be completed

CIVIL STRUCTURAL
Reviewing Catalyst Building drawings from Steel Detaller(th.ls is the final

package from the Detailer)
o Completing a few drawings for Fireproofing of Structural Steel
» Foundation for C-120 to be completed
o Preparing Final Grading & Paving drawings

EQUIPMENT ENGINEERING
o Essentially complete except for C-120 vendor prints

ELECTRICAIL/INSTRUMENT DESIGN

+ Completed Rev. 0 (released for construction) package.

« Awarded Analyzer Bldg. Design to ICS; expect mid August delivery
e Loop Diagrams promised for July

REMAINING BID PACKAGES

e Insulation- Out for Bids June 12, Award by end of July.

o Painting- Out for Bids in July, Award in August. '

» Final Grading & Paving-Out for Bids in August, Award in September :




LPMEOH PROJECT

STATUS OF FIELD MATERIALS - 5 JUNE 1996

PROCESS BUILDING STRUCTURAL STEEL

o All First Tier of Steel is on-site.

« Steel for second Tier and main stair tower is in fabrication.

o Third Tier will be released for fabrication by 5 June.

o Catalyst Building Steel will be released for Fabrication by 12 June.

PREFAB PIPE
e 630 Spools total - 561 Spools on-site(89%)
- 24 spools delayed until 8/25
- Awaiting delivery of balance- no impact on schedule

MANUAL VALVES

« Approximately 95% of all valves are on site

INSTRUMENTS

« All Flow Elements are on site. Lo

All control valves are on-site.

Analyzer building scheduled to ship in mid August.
DCS on-site and being programmed by EMN
Instrument Panels still in vendor shops.

ELECTRICAL MATERIALS

o All Bulk Materials(cable, cable trays, lighting fixtures, terminal boxes)are
on-site
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SCHEDULE FOR EASTMAN OPERATIONS SUPPORT_.
e LIQUID PHASE l\iETHANOL PRO.TECI‘ (6/6/96) "+

DATE  ACTIVITY : STAFFING
May SOP o Yp _ 1 Eng., 1 Opr.
June SOP : " 1Eng,1 Op:.
July 1 | SOP, Checklists, Lesson plans : 1 Eng., 1 Opr.
July 29 Lesson plans, piping PCOS\W 2 Eng., 1 Opr.
August 12 FCO procedure, Piping PCO 2 Eng., 1 Opr.
’ . ~ FWV\.QZIL vemad M Oud, .
September 3 FCO procedure, Piping PCO 2 Eng., 2 Opr.
September 23 FCO procedure, Piping PCO, :-2 Eng.,20pr,2-3E &I
: Continuity checks
September 30 PCO, Continuity checks, Pre-Training . 2 Eng, ‘40pr,23E&1
October 14 _ PCO, Loop Checks, operator training* - 2 Eng., 4 Opr, 4-6 E & 1
December 2 Start water checks - FCO Jonm ot~ 2 Eng., 4 Opr,, 4-6 E& 1
December 11 . Final FCO ESD/Interlock test - - = 2Eng,4Opr,23E &1 -
. . ‘\(omﬁ—’i‘}r
Dec.27 Carbonyl bumout, Hot tests - FCO 1 Eng/shift, 2 - 3 Opr/shift, 1/2 to 1 Slecis
E&l/shift
Jan. 6 Catalyst Reduction Batches 1 Eng/shift, 3 Opr/‘shift
Jan. 26 Ready for plant startup 1 Eng/shift, 3 Opr/shift N

*QOperator u'aihirig will consists of 4 operators/crew in training for 1 week/crew or 4 weeks total.




Process Economics Study - Outline
LPM as an add-on to IGCC for Coproduction

Part One - Coproduction

1. Introduction
1.1, LLPM Process Design Options.

» Develop plant design options for the LPM process, for design variables such as: a) feed gas pressure,
b) feed gas compositions, and ¢) % syngas conversion.

2. LP Methanol Process advantage versus Gas Phase Methanol.

21. Syngas Conversion Cost for Methanol Production from CO-Rich syngas. (LP vs. GP).

e Forthe various LPM procéss design options (from 1.1) develop plant capital and conversion costs for a
500 t/d LPM plant, derived from the Kingsport Project costs and design basis,

* Summarize in a series of graphs, conversion costs, in cents per gallon over the range of syngas
conversion from 15% (LP - Once-thru) to 94% (GP), for baseload annual coproduction operation. This
will show LP's advantage at lower conversions; highlight process design or development

2.1.1. 1000 psi, 5 ppm S, syngas; 500 /d Plant size
2.1.2. 500 psi, 5 ppm S, syngas; 500 ¥/d Plant size . -
2.1.3. Impact of Plant Size on Conversion Costs :

. Summarize in a graph, conversion cost versus plant size, for 2.1.1 and 2.1.2 above.
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.

2.2, Methanol Product Purification Co LP Vs GP).

o Develop capital and operating costs for product purification design alternatives. Summarize LP's
advantage (in cents per gallon), especially for MTBE and Fuel Grade from CO-rich gas at-low
conversions, Vs GP process.

2.2.1. MTBE Grade; Over the above range of syngas conversion
2.2.2. Fuel Grade
2.2.3. Chem. Grade

2.3. Feedgas (Svyngas) Composition Variations; (Impacton LP vs. GP),

» 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.

2.3.1.Sulfur content variation; over the above range of syngas conversion
2.3.2.Jnert gas content variation; over the above range of syngas conversion

2.4. Syngas Uiﬁ;;;tfon (Btu per Gallon) - (impacton LP vs. GP).

WSLBL L
» Summarize differences in syngas ﬁkza#xon (Btu per gallon of methanol), and in mass flow loss to the
combustion turbine {kwh production loss per gallon of methanol); for the cases in 2.1 above.

ECOUTL.DOC (wrb) 1 : DRAFT -06/03/96
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Process Economics Study - Outline
LPM as an add-on to IGCC for Coproduction

Part One - Coproduction (Cont'd.)

2.5 Summary of Cost Advantage(s) - (LP 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%, 80%, and 70% annual load utilization for use with Section 5. "Intermediate Load

Coproduction and Stored Energy” of this Economics Study.

e Recommend areas for process design value engineering work; and areas for demonstration at
Kingsport.

3. Coproduction - Impact on Electric Power Cost -
3.1. Baseload Coproduction with Methanol Sales

3.1.1. 2 T/D methanol per MW (20% conversion)
3.1.2. 4 T/D methanol per MW (33% conversion)
3.1.3. 8 T/D methanol per MW (50% conversion)

For baseload coproduction, the gasifier must be sized for both the power and methanol products.. A matrix
of power plant and methanol plant sizes of interest, is show in the following tables. ~

. For a given gasifier size (base is about 2160 x 1046 Btw/hr. in this example); the methanol
plant size and power plant size would change:

Methanol to Power Methanol Syngas Gasifier
Power Size Plant Size Plant Size Conversion _Size

0 T/D per MW 300 MW ~ 0 TD 0% Base

2 T/D per MW 250 MW 500 T/D 20% Base

4 T/D per MW 200 MW 800 T/D 33% . Base

8 T/D per MW 150 MW 1200 T/D 50% Base

. For a given baseload power plant size; the gasifier and methanol plant size is adjusted:

Methanol to Power "~ Methanol Syngas Gasifier
Power Size Plant Size Plant Size Conversion Size
0 T/D per MW 150 MW 0TD ’ 0% 0.50 x Base
2'T/D per MW 150 MW 300 T/D 20% 0.625 x Base
4 T/D per MW 150 MW 800 T/D 33% 0.75 x Base
8 T/D per MW 150 MW 1200 T/D 50% 1.00 x Base

. The impact of coproduction on electric costs should be shown in graphs of electricity cost Vs.
methanol net back price, for both of these matrix tables. .

End of Part One.

ECOUTL.DOC (wrb) 2 . DRAFT -06/03/96




Process Economics Study - Outline
LPM as an add-on to IGCC for Coproduction

Part Two - Coproduction for Intermediate Electric Load Following.
4. Intermediate Load Coproduction and Stored Energy.

4.1. Syngas Value,

4.1.1.8yngas value as a function of (time of day) Power Value.

e Qur earlier load following work indicates that an LPM coproduction add-on optimizes for
intermediate peak-load power in the 1000 to 2500 hr./yr. range. This means the methanol plant
operates during “off--peak” power in the 7760 (88% utilization) to 6260 (71% utilization) hr./yr.
range (8760 hr./yr. = 100% = total hr./yr.), with up to 200 annual daily stop/start operations for the
daily on/off peaks.

« Time of day example: A given Lambda Curve might provide data at 2000 and 1500 peak
hr./yr. such as: a) 2.7 cent off-peak power (6760 hr.) plus 6.6 cent intermediate-peak
power (2000 hr.) equals 3.6 cent baseload power (8760 hr.). b). 2.9 cent off-peak (7260
hr.) plus 7.0 cents intermediate-peak power (1500 hr.) equals 3.6 cent baseload power
{8780 hr.). Time of day syngas values can be derived, based on the aiternative value of
using syngas for power (in CC or CT power plants).
4.1.1.1, Syngas value as function of seasonal opportunity fuels/feeds.
. Natural gas may be available seasonally, for use in the CC power plant, allowing syngas
to be used for conversion in an LPM add-on. Other feeds?

4.1.2.Syngas value as function of cost to produce incremental quantity..
s Defer this for later study. We should await other CCT project (e.g. Tampa, Wabash River)

projections of future IG facility fuel gas (syngas) costs, and/or electric power costs.
4.2. Intermediate Load Coproduction - for Methanol Sales.

. Defer this for later study. For all intermediate ioad coproduction cases, redundant
investment to utilize syngas on/off-peak is required; so that when the methanol plant shuts down
during peak power periods, all of the syngas can be converted to electric power. There are many
intermediate load coproduction power plant design choices; a) CC power plant turned down, or b)
CC power plant baseload with CT power plant for peak; which may be combined with many
methanol plant choices of size/% conversion. To do these studies properly, we need to have good
time of day power values (also called Lambda Curves) as well as the Section 2. (above) Methanol
Plant design choices completed.

Methanoi may also be used as backup fuel for enhanced power piant availability,.
4.3. Intermediate Load Stored Energy Production, with Methanol Fuel for Peak Power Production.

s Defer this for later study. The design optimization for this is quite complex. The IGCC/OTM plant
design has an additional variable: the peaking power plant size and hours of operation is an
independent variabie. We may be able to use the | , study with a published
paper as goal. An altemnative study option is to cornpare ourseives ({GCC/OTM) to the various
published EPRI (1G-Cash, et. al.) studies, which have some favorable Lambda Curves examples

for energy storage.
4.4. Intermediate | oad Stored Energy Production, with Methanei {or Dispersed Energy.

. Methanol transported to remote existing or new power plants on the Utilities grid system.

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

Part Three - Methanol Fuel Applications

5. Premium Methanol Fuel Applications

* At 40 cents per gallon, methanol as a fuel ($6.00 per mmBtu) will not compete with oil in most
applications ($20/bbl crude = $3.30/mmBtu; $24/bbl diesel = $4,00 /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 LPMEOH™ process) strengths; good economics at small methanol plant
sizes, fuel grade product distillation savings, and a freight advantage in local markets vis a vis
large off-shore remote gas methanol. Baseload methanol coproduction studies show that (40)
cent per gallon methanol can be provided from an abundant, non-inflationary local fuel source..
We need to show when {(at what oil price) we can compete, and to arrange fuel tests to confirm the
dispersed energy environmental advantage.

5.1. Hydrogen Source for Fuel Cells
) 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 fue] which can be reformed under mild conditions fo 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 (0il) reforming; and
is cheaper than LH,.
5.1.1.Fuel Cells for Transportation
5.1.2.Fuel Cells for Stationary Power - -
(See also dispersed power below).
5.1.3. Industrial Applications - Small Hydrogen Plants
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 is getting a lot of favorable publicity. . The world wide package (0.2 MW to
10 MW) power plant market is large. A variety of technologies (combustion turbine, internal
combustion engine, fuel cell) are being packaged to provide power and heat locally, at the use
point. Environmental and Economic advantages include Methanol for Fuel Cells = clean
stationary local power; no need for natural gas pipelines; no new high voltage power lines.

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 Three.
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Agenda For 28 June 1996
LPMEOH™ Project Review Meeting
@ DOE - HQ
Start 10:15
Start
[ime
+  Introductions 4 All 10:15 -
. Phase 1, 2, and 3 - Overview WRB - 10:30
Agreements, Cost Plan, Statement of Work - Still Valid*
e Phaseland 2 - Project Status ~ DPD 10:45
(Pictures, Schedule, PETC/EMN/APCI relationships)
e Phase3-Plans WRB 11:00
. Commercialization WRB
. Issues = None WRB
$RY

J Continuation Application Approved By 30 September 11:30

o DOE Review/Approval Processes DOE (HQ-PETC)

e Timing Required For Approval: DOE (HQ-PETC)

¢ Expectations/Recommendations WRB/AIl
J Conclusion/Wrap-up 12:00

Attendee’s:  Air Products - Barry Halper, Dave Drown, Bill Brown, Eastman - Bill -
Jones, DOE/PETC - Bob Kornosky and Bill Mundorf QNG ~ Lowed/Mlle (ecnes L“\’“""z\: ‘j;‘:’z&m
* Conclusion: Costs, Plan, Scope have not changed, except 90-day front-end slip.

Agenda3 - wrb
6/25/96




Phase 1, 2 and 3 Overview - wrs)

.Agreements, Commitments - Still Valid Adudd,
.Cost Plan - Still Valid ¢ Suewar
«Oct. '94 vs June '96 Plan - Same total and o
end date. :
«(About a 2 to 3 month slip in Phase 2 and
Phase 3 Start).
.Phase 3 Statement of Work - Still Valid
«Environmental Monitoring Plan - Done ‘ ;oG
.Demonstration Test Plan - Done ' *** 7 beedt U9F TP e

«DME is still an option -
. Dec. '96 Decision Milestone
still valid.




Phase 1 and 2 - Project Status rp)

.Design and Procurement -

«Done

.Construction Status (Pictures)
«Mechanical Completion = Dec. 2

-Schedule
«Reactor at site, All Major Construction bids - Done
(by July 15)
«Remaining uncertainties are small
«Construction Productivity - Normal
+Training, Commissioning and Startup Plans-
Done

-Participant Relationships - Good

«DOE-PETC + Eastman + Air Products
«"Success Factors" - Mid-term Report Card = A!
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Phase 3 - Plans wss

.  Operations take over of plant -
Dec. 2, 1996 -

7 &

. Catalyst Reduction and Startup- T
January 1997

. Demonstration/Operational Testing - |
1997 - 2000 1

[
o,

. Off-site Fuel Testing - 1998 - 1999

.  DME Implementation Decision - 1

March 1998
. Interim Decision for LaPorte PDU Testing - |
Dec. 1996. 4

. Final Report(s) - Dec. 28, 2001




PEPCK.XLS

PROJECT EVALUATION PLAN
FOR
BUDGET PERIOD NO. 2
| Status |

-2
b
0

€

A. PHASE 1 DESIGN AND PHASE 2 CONSTRUCTION
OF THE LPMEOH PROCESS DEMONSTRATION FACILITY

PHASE/TASK Status Comments
1.2 Permitting
x  Issue Final EIV = Done Final being released, for printing.
x  Obtain Construction and Operation Permits Done
1.3 Design Engineering
x  Complete the design engineering Done (98% Complete)
x  Prepare the Environmental Monitoring Plan Done Final being issued
2.1 Procurement
x  Procure all equipment and materials Done
2.2 Construction
x  Complete mechanical construction; - Forecast: About 41% complete,
so that checkout and commissioning 12/2/96 as of 6/21/96.
can be started in Budget Period No. 3.
X (ready for checkout, etc.) ™
X {manage construction) "
2.3 Training and Commissioning
x  Prepare four year test plan for Done Final comments received, will
Phase 3, Task 2-Operation. release 7/3/96.
X  Prepare operating manual, initiate On-schedule. Operator training in October.
operator training.
1.5 Administration A "
& x Submit all Project status, etc. reports as X N‘wd}/? wy Uews — Q{wﬁt’ﬁ{é;
2.5 required by the Cooperative Agreement. catching up.
x Prepare annually an updated plan for One Done The second plan provides the
remaining activities. On Schedule basis for the B.P. No. 3 Cost Plan.

PEPCK.XLS

Complstion of the above work activities will essentially ready the LPMEOH Process
Demonstration Facility for commissioning, startup, and operation fo begin in the

final Budget Periocd No. 3.

Page 4

6/27/96




PEPCK.XLS

PROJECT EVALUATION PLAN
FOR
BUDGET PERIOD NO. 2
{ Status |

B. Other Planning, Administration and DME Verification Testing tasks.

PHASE/TASK Status Comments

1.4 Ofi-site Testing. B
& x  Prepare the fuel-use plan for Phase 3, Underway | The task 2.3 Demo Test Plan, now
2.4 Task 4: Off-site product tests. indicates mid 1998 thru 1999
test time frame. Fuel cell and
dispersed power applications
~ are being targeted.

1.5 Planning, Administration and DME Verification Testing.

x  Update product-use pian. Underway Part of 1.4, above,
x  Complete economic studies of commercial Underway Outline issued. First draft
aspects. Provide input to op. test plan. about 7/30. Input to op. test plan

has been provided.

x  Perform Testing for Dimethyl Ether (DME) On Schedule  For Dec. 1996 Decision. |
x Laboratory R & D. DVT/ (s ... Ja- ;g, vt Tt 1 Promising resuits.
x Market Economic DVT : “om . .

"At the time the Project Evaluation Report for Budget Period No. 2 is submitted with

the Continuation Appilication; Air Products will also prepare an update on the expected
technical and economic performance of the mature unit. This update will demonstrate

the commercial potential to enhance IGCC electric power generation with coproduct
methanol. This IGCC enhancement is expected to reduce the cost of slectricity for retrofit,
repowering, replacement, and new application for electric power generation from coal.”

PEPCK.XLS Page 5 6/27/96




PEPCK.XLS

PROJECT EVALUATION PLAN
\ FOR \
BUDGET PERIOD.NO. 2

el

l \\\ s Status e .

Recommendations
for Budget Period No. 3 Submittal.

1. Submit Continuation Application for Budget Period No. 3, in time for 30 Sept. 1996 approval.

2. Consider contingent approval, such as the following:

*DOE funds may not be expended by the Participant on tasks under Phase 3: Operation
uniess and until the Contracting Officer notifies the Participant in writing that the Contracting
Officer"s Technical Representative has verified that construction of the Liquid Phase
Methanol Demonstration Facility has been mechanically completed.”

I 4
Y
;]“ RAL G

3. The Participant should submit the Continuation Application documentationby (date).

PEPCK.XLS
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KINGSPORT LPMEOH DEMONSTRATION PROJECT

REACTOR LEFT JOSEPH OAT’S SHOP, CAMDEN, NJ 6/14/96




KINGSPORT LPMEOH DEMONSTRATION PROJECT

6/24/96 1) Reactor At Kingsport
2) Recycle Compressor




R

!y,
“ Ry

SNLVIS
JOHIOUd NOLLVILSNOWHA HOHNd'T LIOdSONI

B I

J-‘nfétﬁmr




Oublimr  €/27

COMMERCIALIZATION (hoLe. poc
IGCC Coproduction with Liquid

A~ AL Ve
A d AR -

Phase Technology gt o 5
Bill Brown - Air Products - 6/28/96.
{Cbeg f"}ﬂ,ﬁfow
Why Liquid Phase Technology for
Coproduction? Yy

. Liquid Phase '""Once-Through' Methanol b (1)

from coal is economic.
» Gas Phase Technology is not.
« "All-Methanol” is not.

. Coproduced liquids from coal (versus from
off-shore gas) is economic.
. Liquid Phase Technology makes coproduction

viable.
(Ref. a.)
Why Coproduction?
. Reduce Electric Power Costs e @

«  When power demand is cyclical
When methanol valued at > 50 to 60 cents/gallon

. Hasten IGCC Penetration
. With Environmental Benefits

. Cost effectively serve moderate size regional

markets
Energy and Chemical markets;
»  with locally produced goods.

. Reduce Oil imports

(Ref. b.)




IGCC Coproduction with Liquid Phase Technology

When, in U.S.?

. IGCC Forecast is Large

« 150,000 MWe in 20 years

»  Additions, Replacements

»  Repowering old Steam Plants

«  Natural Gas (CC plant) Conversions
. But, has slipped a Decade

« Since our 1989 CCT-3 proposal

(Ref. c.)

Impact

. IGCC Forecast for U.S.:
» 150,000 MWe in initial two decades.

. Methanol Plant Sizes; for IGCC coproduction:
e @250 MWe (2T/D per MWe); 150,000 Gal. per Day
« @250 MWe (4T/D per MWe); 300,000 Gal. per Day
. @ 500 MWe (4T/D per MWe); 600,000 Gal. per Day
. For Reference:

»  Kingsport Demo is 80,000 Gal. per Day; with higher et
hopes. Whete] &a};mf.m{g ~ TS,0000
. Off-shore world scale is 750,000 Gal. per Day. 82,000,000 6f,
. Two Decade Impact; (at 3T/D per MWe; on 50% of
IGCC) 290 0o Vo Fa g : \.
« Gallons of Methanol per Day: 67,500,000 °~~ ~ ¥ Twedek vasmey]

« Bbl per Day, Oil Equivalent: 800,000 (v 5,4,."
¢ About 8 % of U. S. Oil Imports :
« At 6 T/D Methanol per MW ?!

" (Ref. d.)
When, Elsewhere?

. Refineries -
« Europe, Pacific Rim

« Coal-
« India, China, Pacific Rim, East Europe, Australia

(Ref. e.)

;

COMMERCIALIZATION 06/ 27/96 1




IGCC Coproduction with Liquid Phase Technology
Conclusion

. Big Impact Potential for Coproduction with
IGCC
. Liquid Phase Technology can make
coproduction happen.
. The Demonstration is essential for
Commercialization
. Timing is just right.

« Ready when IGCC is ready.

« First Decade(s) of 21st Century - .

COMMERCIALIZATION 06/27/96
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July 1

July 29
August 12
September 3

September 23

September 30

October 14

December 2

December 11

Dec.27

Jan. 6

Jan. 26

ACTIVITY
SOP P .Qé'/ IR a ALl
SQOP

SOP, Checklists, Lesson plans

JV\.{,‘ (

z,}(_ 4
¢ 4

Lesson plans, piping PCOg\
FCO procedure Pxpmg PCO
~ me",’w-cj J\J-c’(/ A,

FCO procedure, Piping PCO

FCO procedure, Piping PCO,
Continuity checks

PCO, Continuity checks, Pre-Traming
PCO, Loop Checks, operator training*
Start water checks - FCO

Final FCQ ESD/Interlock test

Carbonyl burnout, Hot tests - FCO

Catalyst Reduction Batches

Ready for plant startup

—

‘}3@ 73 pnde,
i H
i

SCHEDULE FOR EASTMAN OPERATIONS SUPPORT
LIQUID PHASE METHANOL PROJECT(6/6/96)

STAFFING

1 Eng., 1 Opr.
1 Eng, 1 Opr.
1 Eng., 1 Opr.
2 Eng., 1 Opr.
2 Eng., 1 Opr.
2 Eng., 2 Opr.

-2 Eng,, 2 Opr,,

2 Eng., 4 Opr,,
2 Eng., 4 Opr,,
2 Eng., 4 Opr,,
2 Eng., 4 Opr,,

1 Eng/shift, 2 -

E&1/shift

23 E&I

23E&I
4-6E &I
4-6 E &1

23E&I

—,
Eemomel 3"/

3 Opr/shift, 1/2 to 1 el

1 Eng/shift, 3 Opr/‘shift

1 Eng/shift, 3 Opr/shift BN

*QOperator traihirig will consists of 4 operators/crew in training for 1 week/crew or 4 weeks total.
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