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DBJECTIVE AND SCOPE OF WORK

“The objective of this extension of DOE comtract No. DEACOT-7BET10325

(formerly ET-78-C-01-3044), “Cryogenic Methane Separation/Catalytic
Hydrogasification Process Analysis", is to perform trade-off and
optimization studies for the Rockwell/Cities Service Short Residence
Time Hydrogasification (SRTH) and the Exxon Catalytic Coal Gasification
(CCG) processes in the acid gas removal and cryogenic separation areas.
The contract extension is divided into nine (9) subtasks. Each subtask
studies the effect of variation of a key design parameter on the treat-
ment cost of the SNG produced. A1l subtasks will be conducted under the
Task I scope of the original DOE contract No. ET-78-C-01-3044, which
-includes block flow sheet, overall heat and material balance, utility
summary, four-line equipment description, investment and treatment cost
summaries and final report writing in addition to monthly and quarterly
reports.

The period of performance for the contract .extension.is nine (9) months,

“starting. 21 July 1980.

PROGRAM PLAN AND STHEDULE

Since the submission of the contract extension proposal in the winter

of 1979, both Exxon and Rockwell made a number of significant changes

to the base-case design of their gasification processes. These changes
made some of the subtasks in the original proposal for contract extension
no longer entirely relevant to the development of Rockwell's SRTH process
and Exxon's CCG process. .

After reviewing the scope of the work with Rockwell and Exxon, a revised
program plan, reflecting the latest needs of Rockwell and Exxon, was
developed and is shown in Attachment I. The overall intent, cost and
schedule of the original scope are preserved. It is believed the revised
plan will utilize DOE's funding in the most productive and cost effective
manner. The program schedule was alss updated and is showa in Attachment I.
The revised Program Plan and Schedule were submitted to DOE in September,
1980 for review. -Although APCI has not received DOE’s formal approval for
the proposed changes., .work is proceeding in .accordance with this plan.

ROCKWELL/CITIES SERVICE SRTH PROGRESS

A block diagram and mass balance for the acid gas removal and cryogenic
methane separation modules developed by the Lummus Company were received
from Rockwell on 30 September 1980 (Attachment II). The process scheme
shown in the block diagram consists of an acid gas removal module followed
by a cryogenic separation unit which produces SNG, recycle hydrogen, and
light aromatics (benzene, toluene, xylene) streams. A methanation unit

is located downstream of the cryogenic unit. This scheme is different
from the one selected by APCI in the original contract study. In APCI's
scheme, the BTX in the raw feed gas was removed in an oil scrub unit before
the feed enters the acid gas removal unit and the methanation unit was
placed upstream of the cryogenic unit.



.+ ~For -Subtasks 1-and 2-of ~this—ctontract extension, APCI will accept 1ummus®
Sscheme as the base .design case .and perform .an independent .technical and
. economic assessment of the scheme.

Subtask 1 will begin in November 1980 and Subtask 2 will start -in
"February, 1981. '

IV. EXXON CCG PROGRESS

A block flow diagram for the integrated Selexol acid gas removal and
cryogenic methane separation process is shown in Figure I. Stream numbers
shown on the flow diagram are used in the tables of the overall material
balance for the Tasks 3, 4, and 5.

A. Subtask 3 - Recycle Gas Purity

Heat and material balances and compressor train simulations for the
rryogenic methane separation unit have been completed for two different
H,/T0 recycle compositions. The percentage of methane in this H,/CD
. rBcycle was reducedfrom the base 10% to 8% and 5%. .DOverall matérial
balances for both cases are shown in Tables I and TI. Both cases
appear- feasible; however, the 5% case approaches size limitations on
the vacuum stage of the SNG compressor. A double-cased compressor
is needed.

The colder temperatures required for better methane separation were
obtained by lowering the J-T pressure of a portion of the SNG product.
In addition, the 5% case required expansion of the high pressure H2/CO
recycle gas from 390 to 110 psia.

Using the preliminary process designs developed by the Process Engineering
Department and the same economic criteria used in the previous estimate,
the Economic Evaluation Department is evaluating the cost of gas treating
for the two alternate cases. The result will be compared with the cost
of the base :design case documented in the final report of DOE contract

. No. FT-78-C-01-3044. This subtask will be completed-in early November.

‘B.  .Subtask 4— H, and CD in SNG

Heat and material balances .and compressor train simulations for the
cryogenic methane separation unit have been completed. The percentage
of CO in the SNG product was raised to 0.5% by increasing the SNG
stripper pressure and the cold flash temperature. The amount of
hydrogen in the product remained negligible. The overall material
balance for this case is showin in Table III.

Power costs are 1-2% lower than the base design,'and cooling water
flows are reduced 8%. Economic evaluation will begin soon.
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Subtask 5— CTH, 1oss in Selexol

Process work has been -completed For two alternate cases: ~Tase 1 (0.54%
CH, loss) and Case 2 (0.086% CH, 1oss). Overall material balances for
bo%h cases are shown in Tables ?V and V. The purity of the treated

gas has been kept almost the same for these cases as in the base case
(0.32% CH, loss) in the final report of the original DOE work to
faci]itaté comparisons.

Preliminary results indicate the Case 1 power savings are insufficient
to pay for the additional lost methane, relative to the base case.

In Case 2, the reverse was true and the CH, savings were not enough to
cover increased power costs. Neither case shows any advantage over
the base case in the preliminary results. This finding will be
confirmed when the Economic Evaluation Department completes the cost
analysis in November.

Subtask 8 — Cursory Evaluation for New Feed Tondition at 250 psig

-APCI received @ simplified block flow .diagram and material balance

from Exxon on 4 September -for the case of gasifier operation at

250 psig (Attachment II). The ratio of CO, to H,S remains at about

25; the same as that in the base design cage wheﬁ the gasifier operates
at 500 psig. However, the partial pressure of the total acid gas is
only about one-third of that in the base design case. The low acid

gas partial pressure would make some of the chemical absorption processes
more attractive. APCI will perform a cursory evaluation, comparing

the gas treating cost of the base case with low pressure alternatives.
The effect of feed pressure on the performance of the cryogenic methane
separation unit will also be studied. This task will begin at the end
of November. ‘ :

SCHEDULE FOR BALANCE- OF PROGRAM

Due to a late start and some scope changes, the program fell two to three

weeks behind schedule during the first quarter. dHowever, since Rotkwell

-and Exxon have both agreed upon the proposed.changes “and -have ;provided
the necessary process information for the revised tasks, it is expected

-that “the -program will be brought back -on schedule -in the next quarter.
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OVERALL MATERIAL BALANCE
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“TABLE I

~“DOE/EXXON.CCG TASK 34—

METHANE SEPARATION UNIT
OVERALL MATERIAL BALANCE
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"ATTACTHMENT 1

- PROGRAM PLAN

- PROGRAM SCHEDULE



- 'PROGRAM PLAN

“The following tasks describe the study for the Rockwell -Hydro-
gasification Process and the trade-off and optimization study For -the
Exxon process in the acid gas removal and cryogenic separation areas.
A1l subtasks will be conducted under current Task I scope of DOE
contract DEACO1-78ET10325 (formerly ET-78-C-01-3044). Task I scope
includes block flow sheet, overall heat and material balance, utility
summary, four-line equipment descr1pt1on investment and treatment cost
summaries and final report writing in addition to monthly and quarterly
reports.

Rockwell
Subtask 1 — Cryogenic Separation Evaluation (Tentative: Subject to DOE Approval)

A Task 1 type cursory.evaluation will be performed using Rockwell's
.revised feed .gas. The reyised feed gas is at about 1,000 psig and
rontains benzene. The Rockwell/Lummus process block tonf1gurat1on will
‘be accepted, with the crold box producing SNG, recycle hydrogen and
benzene. Methanation will be considered downstream of the cold box.
This evaluation will provide an independent technical and economic
assessment of the Rockwell/Lummus separation requirement.

- Subtask 2 - Acid Gas Removal Evaluation (Tentative: Subject to DOE Approval)

A Task 1 type cursory evaluation will be performed using Rockwell's
revised feed gas, as in Task 1. The potential systems for acid gas
removal will be reviewed and a gas treatment cost estimated. This
evaluation will provide an independent technical and economic assessment
of the Rockwell/Lummus acid gas removal requirement.

~_Exxon

Subtask 3-— Recycle Gas Purity

A Task 1 type evaluation will .be performed of.:ryogenir.separat1on<with
“the recycle gas purity increased by changing from the base 10% CH
tentatively 8% and 5%. This evaluation would -da1low Exxon to conSQder
the tradeoff in cold box compression costs vs. fuel, thermal efficiency,
and yield in the gasifier as a function of CH4 content in the recycle
gas.

Subtask 4 - H and CO in SNG

A cursory study of the effect of perm1tt1ng up to 5% H, and 0.5% CO in
the SNG product to evaluate the potential for cryogen1g savings will be
made. A descriptive report would be submitted.



. Subtask-5—_TH, loss in _Selexol

‘A Task 1 -type evaluation of Selexo] acid gas removal with the CH
(syngas) loss higher and Tower than the base loss, 0.32%, will bé'made'
Studies of 0.5 and 0.1% CH, losses are planned. This evaluation will
allow APCI to show the traéeoff in power consumption vs. CH4 loss.

Subtask 6 - Fuel Gas Regeneration of Adsorbers

Per Exxon's request, the adsorber reactivation scheme would be revised
to replace electric preheat with gas fired preheat. Summary utility
requirements and economics will be reported.

Subtask 7 - Two Train Design

The original APCI Task 1 design for acid gas removal and cryogenic
separation will be scaled from four to two trains. Summary economics
~and technical comments will .be reported. This will allow Exxon to merge
APL] ~economirs with their . own.pverall economics .developed.on a twe train
~basis. : »

Subtask 8 - Cursory Eva1uation for New Feed Condition at 250 psig

Exxon's revised CCG feed gas at about 250 psig will be considered for acid
gas removal and cryogenic separation. In the base case, the raw feed gas
will be compressed to about 450 psig (corresponding to the CCG reactor at
about 500 psig) before treatment with Selexol and cryogenic methane
separation. Alternative schemes of treatment at 250 psig will then

be evaluated. This cursory evaluation will compare the gas treating

cost of the base case with the low pressure alternatives. The effect

of an intermediate pressure will also be discussed in the report.

Subtask 9 - Technical Support of Exxon PDU and Report Writing

Technical support will be provided as needed for the start-up of the
tryogenic ‘separation .unit at £xxon's 1 TPD PDU at Baytown. Air
Products’ process.and start-up -experience will provide technical
.consultation and start-up assistance ito iroubleshoot the cryogenic unit
of the PDU. Preparation of Technical Progress Reports .and the Final
Report will be performed.
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'ATTACHMENT 11

— NEW MATERIAL BALANCE FOR EXXON CCG AT 250 PSIG

— REVISED MATERIAL BALANCE FOR ROCKWELL/CITIES
SERVICE SRTH AT 1,000 PSIG
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FIGURE 1. CITIES SERVICE/ROCKWELL HYDROGASIFICATION PROCESS:
HYDROGASIFIER EFFLUENT GAS PROCESSING SCHEME
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TABLE 1
ROCKWELL/CITIES SERVICE SRTI-‘

THE LUMMUS CO.

E. OR J. No. MATERIAL BALANCE
DATE — SIMPLIFIED OVERALL MATERIAL
sueet__oF BALANCE - SCHEME 3
BY | (TASK5.9)
1 N 3 4 5 (NOTE 1) 6
STREAM . ACID GAS FROM BTX RECOVERED i’
REA COOLED GAS GAS AFTER AGR | AMINE UNIT (NOTE 1) CH, RIC H GAS !:ROM CRYOGENIC UNIT RECYGLE dﬁ ,
_ LB-MOLE LB-MOLE| LB-MOLE LBMOLE| | LBmoLE LemoLE|
COMPONENT HR. |MOL.% | HH. |MOL.%| HR. MOL.% | HR. |MOL% | HR. MoL.% | HR. [mol.%
Hy 165145.4 | 8331 166145 4 | sdbe 7250 | 222 1576954 | 97.73
CHy 25428. | 1283 25429. 12.88 24510 | bd.8d 9180 | .bY
cyHg 88.8 .04 883 b4 888 | 2B - L
co 41400 | 2.09 41400 | 240 24133 | ba? 17267 {67
co, 175.8 .09 9.7 | 40.PPM | 166.1 19.43 9.7 b1
Ny + Ar 15950 | 80 | {6980 | & 648.0 | 188 9a70| 6B
NH, | |
HyS #M32| .32 10| 6bpv | 6422 75.14 - le] =
cyHg 7500 | .38 7350 | &7 15.0 1.76 733.0 76.98 20| =
CoHg 35 - | - 3.1 0.33 0.4 -
CaH1o 737| 04 i) b 76, 7.52 21| -
C4qHg 0.7 - 07] - 07 07 - -
Hy0 1980 | .10 198 | 4o 314 3.67 143.8 15.10 542 MH3
- 1 o PP
TOTAL 198242.1 | 100.00 | 197418.8 [160.06 854.7 100.00 | 35110.1 | 100.00 952.2 100.00 | 161358.5 | 100.00
PRESSURE (PSIA) 942 833 26 1070 920 12db
TEMP. (°F) 100 jod 100 390 45 160,
MW 5.07 5.03. 36.19 14.18 - 284
FIGURE 12

NOTE (1) THESE STREAMS WILL CONTAIN SMAU. QUANT‘TIES OF H,y, CH, & CO

HOWEVER FOR THIS BALANCE tHESE aUaNtiTIES HAVE BEEN NEGLECTED.
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