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Synopsis

SASOL Lid. and Westinghouse Electric Corporation have Sointly under-

taken a project to demonstrate on a commercizl scale the pressurized, ash—
agylomerating, fluidized-bed yasification process developed by Westinghouse
during the past ten years. The nomina® 1,200-metric-ton-per--day demonstration
plant will be built and operated at the SAS0L Two coal-to-sycthetic—fuels com-
plex at Secunda. Consisting of a coal preparation and feed system, a gasifier,
an ash removal system, a fines collection and recycle system, and heat recovery
and gas quench systems, the plant will operate in the "slip-stream™ mode to ke
use of existing facilities amd services at SASOL Two. This approach facilitates
the early commercialization of the technolcay at minimom cost. The commercial
demonstration is the last step in a structured scale-up proegram implemented by
Westinghouse, starting with laboratory-scale experiments and proceeding throough
the pilot plant stage and the large ccld flow model. stage to the present demon—
stration plant. When demonstrated, the technology could offer unigue advantages
for furure synthetic fuel plants, inclnding gasificatior of fine coal, with ap-
erational safety and minimal envirommental impact. Potential advantages also
inclode low capital and cperating costs andéd high process efficiency and relia-
biiity.

Project Description

SASOL Ltd., a Republic of South Africa company wiiick has established
the largest cozl-to—synthetic—fuels plants in the world, with more than 30
years of experience in commissioning. operating and developing these plants,
and Westinghowse Electric Corporation, a United States of America corporation
established as a leading supplier of high technology processes, products and
services to the process, mannfacturing and wtility industries, have Jjointly
-mdertaken a project to demonstrate the operabiiity and commercial viability
f the pressurized, ash agglomerating, Fluidized-bed process (PAFB) developsd
ny Westinghouse during the past ten years. 2as part of the project scope, the
two Tivms will design, construct and operate a mominal 1,200-metric—ton—per—
day demonstration plant at the SASOL Two coal-to—synthetic—fuels complex in
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Secunda, Republic of South Africa. This Advanced Commercial-Scale Gasifier
{ACSG) plant will operate in the slip-stream mode, utilizing existing coal
supply and waste water treatment facilities, oxygen and other utilities and
could feed gas to existing processing units. prilizing existing facilities
pemitstheprojecttoproceedatalowercostanﬂanashorter schedule than
would be possible in a grassroots demonstration plant, either in the United
States or elsewhere.

The project, conceived by the tTWo SpPanscrs as & means of Fnl¥illing
their commercial and techpnical reguirements, affords unigue benefits to aach:

® Collzboration of the most respected and experienced coal conversion organi-
zatiom with the developer and designer of one of the leading sacond-genera~ .
tion gasification technologies.

@ 2An opportunity for Westinghouse to achieve compercial demonstration of its
technoiogy on a short schedule and at moderate cost to permit early ccom—
mercizl application.

® An opportunity for SASOL to participate ic the demonstration of a techmology
that could offer advantages for future applications and facilities, including
theabﬂitytohan&lecoalfimsandcakingcoals,aswellastoproduce '
super-heated steam in a process with minimal adverse envirommental impact
at high conversion efficiency and reasonable cOSst.

® Commercial benefitz for both SASOL and Westinghouse from their ouwn and
other's future use of the process for power generation or synfuels production.

The project is planned in six phases: design, procurement, constroc—
tion and commissioning, demoustration, optimization and commercial operation.
These overlapping phases are shown on the project schedoie (Figure 1). The de-
sign phase begun in 1982 ends in early 1984, when the detailed engineering
drawings are completed. The procuremeat phase begins with the ordering of
major hardware coumperents in October 1982 and will continve until Angest 1284.
Construction at the SASOL Two site commences in mid-1383 and will be completed
by November 1984, at which time the plant will be commissioned and operational
chases will begin to demonstrate and optimize the process.

Eack of these project phases involves the joint participation of
SASOL, and Westinghouse to complete their respective scopes of work. These
scopes of work responsikilities (Figure 2}, as defined by the joint agreement,
are described below,

Pesign, Procurement, Construction rhases

Westinghonse is responsible fo- the design and constrauction of the
hasic gasification plant within a designated battecy limits boundary. This
responsibility includes all aspects of project management, engineering, pro-—
corement, copstruction and construction management. as well as all temporary
facjli:iesreguiredtocon@letetheplant. The SASOL exparience and know-how
uillbemilizadinthedesignstagetoensu:emessfulmrﬁﬂizatiomin
scale~up from pilot plant to cammercial scale. In addition, SASOL is responsi-
Ele for integrating the vmit with the existing SASOL Two complex. This includes
the coal preparation, axyingandfeedsysbm,theashdisposalsgsm. utili-—
ities, electricals, piping and certain buildings ard permanent site facilities.
The SASOL portion of the work also includes all aspacts of project management,
angineering, procurement and constraction.
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Demonstration., Optimization Phases

the plamning and implementation of the test program required to
achieve operational success criteria are the responsibility of Westinghouse.
SAS0L will participate in all decisions concerning plant operation and is re—
sponsible for operational owerview to ensure that the operations of the Advanced
Commarcial~Scale Gasifier are in conformance with SASOL Two operational and
safety requirements. Any plant modifications needed to operate or optimize the
process will be determined py both partners.

During test operations, SASOL and Westinghousa will jointly supply
plant managsment, engineers, technicians and operxators. Key engineering and
operations personnel from the Westinghouse pilet plant facility in Pennsylvania
will be used to ensure the efficient transfer of technology and operational pro-—
cedures. SASOL will provide a base of experience resulting from commiscionimg
and operation of large-scale commercial coal conversion and hydrogen synthesis
plants.

For the entire uperating period, SASOL will provide coal, oxyqgen.,
start—up high pressure sSteam, nitrogen, electrical power, water and waste dispo—
=81 and eertain other coperaticnal services. The steam and gas produced from the

_ plant will be available for use by SASOL on an as-nesded basis to supplement

existing zapacity.

Commercial Operations Phase

Upon completion of the demonstration and optimization test program,
the plant will be taker over by SASOL and subjected to commercial operating con—
ditions. Operational control will be SASOL's responsibilityr Westinghouse will
continue to participate in the project technically and will be permitted to con—
duct coal tests, under SASOL control, for verious compercial clients.

The project is a logical merging of twoe paths begun many years ago at
Westinghouse and SASOL. The history of thae SASOL development and application
of fixed-bed gasification technology with the Fischer-Tropsch synthesis at
SASOL One, and now at SASOL Two and Three, has been documented previousiy. In
recent years, a widespread need has been recognized to consider an advanced coal
gasification process for future applications —— one which can consume fine coal
{6 mo and less) and bituminouns ¢oals, which cake when heated. These considera-
tions evolved as pew aotomated mining methods produced greater quantities of
fires per ton of co2l mined and as new bituminous resarves were targeted for
utilization. SASOL, a5 a leader in new coal conversion technology, has a keen
interest in developing newer, more efficient coal comversion technologies for
use in the fubumre.

Westinghorse views the demonstration project as the last step in the
development and commercialization process, a long c¢hain of events dating back
to 1970 in which the PAFE coal gasification process was developed from & concept
through laboratory and pilot-scale testing to a mature pear—compercial tech—
clogy. One peeds to understand this leogical and sustained developmental

. program —— its objectives and methodology —- in crder to appreciate the signifi-

cance of the demonstration project and the importance to Westinghouse of this
cailaboration with SASOL.
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Westinghouse Developmental Program

The Westinghouse PAFE gasification process was conceived in 1970. At
that tima, it was realized that an efficient, envirommentally non-degrading fuel
gas producer, utilizing the vast resexves of coal available in the United States,
would be an econsmical way to generate slectrical power when coupled with high-
temperature fuel cells or gas-turbine, combined-cycle eleckrical generation
plants. The early version of the gasifier concept was a two-stage, flnidized—-
bed process (Figure 3) using air as the oxidant. The first stage was a coal de-
wolatilizer which employed a draft tube along its center line to mix the fresh
incoming coal with recirculating char in the bed to prevent agglomeration. The
second stage was an air-blown gasifier and combustor to provide the heat for the
process, as well as gases for fluidizing the first stage.

A pilot plant (Figure 4) was built at Waltz mill, Penneylvania, in
1973 and 1974 to embody the air-blown system, and this version of the precess
was successfully tested during the next three years in both single- and two—
stage versions. The single-stage concept (Figure S5) evolved when it was shown
in late 1977 that caking coals could be fed directly into a flwidized-bed
gasifier without caking, and in 1978, tha air-blown capability at the pilot
plant was augmented by an oxygen-blown capability. From that time on, the
single-stage oxygen- or air-blown System has bean the primary concept mder de-
velopment. '

The pilet plant developmental program has been jJointly funded by
Westinghouse, the Gas Regearch Institute and the United States Department of
Energy and its precursor agencies, the Enerqy Research and Pevelopment Adminis-
tratior. and the Office of Coal Research. Since its commissioning in 1t75, the
pilot plant has logged moxre than 8,000 hours of hot operaticn at pressu s of
up to 15.3 bar and at coal capacities of up to 30 metric tons per day (F. gure 6).
It has successfully processed coal and char feedstocks from nearly every ..ajor
semm in the United States to produce ach agglomerates and qualixy synthesis and
fuel gases (Figure 7). It has also been used to demcnstrate the feasibilit - of
the basic PAFB processing concepts, the compoment hardware and the operatio 1
technicues necessary to achieve stable, predictable performance at feed rate:s
well beyond its initial dexign limits,

In addition to operations at the pilot plant, the Westinghouse program
has been corducted in a nunber of other facilities to perform fonctions reguired
Zor a well-structured, integrated developmental effort of this kind (Figure B).
The facilities of the Westinghouse Research and Development Canter have been
used to promote a basic understanding of gas—solid fluidized systems threagh the
wse of laboratory-scale cold flow models (Figure 9). 1In addition, bench—-scale
apparatus are used to study ash fusion and agglomeraticon mechanisms, coal gan—
ification kimetics with steam and carbon dioxide, coal devolatilizatior behavior,
particnlate remsval, gas desulfurizatior and high-temperature materials behavior-
e cleaning and combustion of hot fuel gases have been studied in the ¢ombustion
tast passages of the Synthetic Fuels Diwvision laboratories {Figu-e 10). Scale—up
of fluidized-bed components and a more campleta wnderstanding of fluidized-bed
znd pmoumatic-transport phenomena are being achieved in the commercial-scale
yree-merer—diameter cold flow facility (CFSF) at Weltz Mill (Figure 11). This
wversatile apparmtus is a full-size replica of a coal gasifier, complete with
solids feed and withdrawal systems. It permits full front-face viewing of a
Slpisized bed through a plastic window, allowing a detailed study of jet be-
havior, solide circulation, bubble velocity and freguency and related phenomena
necesgary to dasign a large coal gasifiex.
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To support and guide these experimental programs, the development
effort includes a substantial engineering effort involwving analysis and model-
ing. Analytical models of the gasification process were developed on the basis
of small laboratory experiments and the literature, bul corroborated during the
succeassful operaticon of the pilot plant, which was designed laryely from these
models. Now, the models are being further validated at the three—-meter model
level. This methodology provides a cost-effective approach to scale-up and is
the basis for the entire Westinghouse program: proceeding from small-scale cold
and hot models to the pilot plant. verification of basic analytical models at
the pilot plant, wvalidation at the large cold flow stage, and finally, wvelida-
tion at the commervial-scale demonstration plant at SASOL Two (Figare 12).-

This program structure underscores the importance of the ACSG demon-
stration project as the final "link"™ in the progression from laboratory concept
to commeycial reality. FProm the results of this program, Westinghonse will be
éble to desicgm plants for a variety of applications {Figure 13) for coal con-
version.

ACSG Process/Plant Design

The ACSG demonstration plant design is a direct application of the

. -.Process and component designs dev=loped in the program described above. In

addition, the experience of SASOL is being used to optimize the design based on
applicable experience at SASOL One and Two. The ACSG embodiment of the process
consists of a gasifier and its ceal feed and ash withdrawal systems, a heat re-
covery system, a fines collection and recycle system and a2 gas quench and recycle
system (Figure 14).

In this process, sized ozl is dried to five percent surface moisthire
and fed to a lockhopper system to boost its pressure from atmosrheric to a sys—
tem pressure of about 30 bar. The minus 6 mm size ccal is metered by a rotary
feaedexr and transported preumatically to the gasification reactor using recycled
produc: gas. The coal, along with steam and oxygen, is fed to the reactor
through a feed tube assembly placed along the gasifier center line.

The jet formed at the end of the feed tube is a unigue and important
feature of the process (Figure 5). In this jet, coal is heated to a reaction
temperature of 1OL0°C and is first devolatilized, rendering it mon-caking. It
then is combusted with oxygen to provide heat for the process and gasified with
steam and carbon dioxide to form carbon monoxide and hydrogen, which are the
main constituents of the synthesis gas project. The welocity and pressure
fields arcund the jeat cause a high rate of solids ciroitlation £rom the upper
bed to the jet zope, resulting in a well-mixed, essentially isothermal bed.

As the solids circulate through the jet, carbon and volatile matter
are released from the char matrix, leaving particles richer in ash than the
coal. Some ash constituents in the particles, particularly the low-temperature
éutectics of iron, aluminum and silica, melt and moisten the surfaces of the
char—-ash particles. This causes adjacent particles to stick together or 2gglomer—
ate by a sintering action. Eventually, the ash agglomerates become larger and
danser than the other bed particles and defliuidize. The defluidized ash-rich
agglomerates are separated from carbon-rich particles by classification in the
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ash amnmulus, cooled by recycled product gas, and continuously removed from the
gasifier to lockhoppers by a rotary valve. The lockhoppers let dowm the pres-
sure and feed the ash to a belt conveyor for disposal.

Typically, the gasifier concept allows the bed ash content to remain
at a value of 30 to 40 percent. With fines capture in the ¢yclone of 90 percent,
the carbon utilization for the process for the Bosjesspruit coal is expected To
be over 90 percent.

Operating at a freehoard temperature of about 1000*C, the raw product
gas £rom the gasifier is free of tars or oils, which have been cracked or reacted
to gaseous compouents, primarily carbon moncxide, hydrogen, carbon dioxide and
methane. The gas contains particmlate matter in the form of char particles com-
posed of carbon (65 to 75 percent) and ash (25 to 35 percent). Very little free
ash is present. Prior to entering the cyclone, this gas-solid stream is cooled
in a radiant steam boiler to 700°C, producing satirated steam at 40 atmospheres.
The steam ig then superheated to 425°C in a second heat recovery mnit downstream
of the cyclone. PBoth heat recovery units are water-tube designs.

The cyclone removes the char particles, typically from 10 to 300 microns

in size, which are fed to a dip leg for xecycle to the gasifier. The fines are
consumed in the gasifier, along with the coal, by gasification and combustion.

Venturi scrubbers cool the gas leawving the second heat recovery unit
from 370°C to 160°C prior to final scrubbing in a quench tower. The remaining
particulate matter is scrubbed out of the gas, concentrated in a £ilter systen
and disposad as a wet cake. A portion of the clean, cooled product gas is recom—
pressed for use in gasifier reactor fluldization, ash copoling and solids trans—
port. The majority of the gas is either flared or sent to the SASOL Two raw gas
stream for further processing.

2 sumary of the design conditions for the unit to be built at SASOL
Two (Figure 15) illustrates its performance advantages as a producer of syn-
thesis gas:
® It can utilize fine—sized, run-of-mine coal of widely differing ash character-
istics, reactivities and sulfur contents.

# It produces little to no tars, oils or liguid hydrocarbons as by-products,
simplifying gas cleaning operations.

® It produces a granular., dry ash product that can be ueed as a safe, non=-
leaching landfill) or as a construction material.

® Its low use of steam, moderate use of oxygen, moderate operating tewperature,
high carbon utilization and use of waste heat make *t an efficient and econ-
omjcal process.

@ It is a simple, safe and controllable process with considerable cpexrating
range and flexibility because of its large carbon inventory.

@ TIts use of carbon steel compopnents, with minimmm exotic ov high technology
materials, provides a reasonable capital cost. :
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Conclusion

The joint Westinghouse/SASOL demonstration will provide an early.
minioum-cost opportunity to demonstrate the efficiency and economy of a second-
generation gasification process on a commercial scale under commarcial oper-—
ating conditions. The work, when successfully completed, will make available
for wide commercial application a process with wmnique technical, economic and
environmental advantages.
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Figure 12. Soroctare of the Westinghouse Development Program
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