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1.0 SUMMARY

Radian Corporation, the Institute of Gas Technology
(IGT), and Resource Planning Associates (RPA) have conducted a
survey of foreign commercial gasifiers for the U.S. Department of
Energy (DOE), Office of Resource Applications, under DOE Contract
No. DE-AC01-80-RA-5006. The purpose of this effort was to pro-
vide DOE with information on the type of data that is currently
available from the foreign commercial gasifier experience. From
this program effort, the potential availability and value of data
from foreign facilities to the U.S. synfuels development efifort
may be assessed by DOE. The specific objectives of this program
were to develop and verify a master list of commercial gasifiers
operating in foreign countries and to conduct two case studies
(site vigits) of specific facilities.
The list of operating foreign gasifiers is presented in
Appendix A of this report. The master list contains facilities
which are currently operating or have been shut down for less
than five years. For this study, it was assumed that £facilities
which have been st down for a period greater than five years
would not represunt viable sources of information. This list
represents the set of sources from which gasifier operation
information is potentially available.‘ Comments on this master
list are as follows:
® The list (excluding facilities under comstruction)
contalns 61 foreilgn gasifier facilities: 8 based
on Lurgi technology, 10 on Koppers-Totzek, 10 on
Winkler, 12 on Wellman-Incandescent, 6 on Wellman-

Galusha, 10 on Woodall-Duckman, 3 on Riley Morgan,
and 2 on Stoic.

o The following foreign tountries have coal gasifica-
tion plants in operation: Bulgaria, Czechoslovakia,
East Germany, Greece, India, Portugal, South Africa,
Thailand, Turkey, the U.S.S8.R., Yugoslavia, and
Zambia. _



e Presently, Brazil, China, India, Poland, and Scuth
Africa have gasifiers under comstruction or on firm
order.

-® South Africa is by far the country with the largest
number of gasification facilities. India and East
Germany follow South Africa in the number of operat-
ing facilities.

® The most active ongoing development of new technol-
ogies is found in West Germany, the United Kingdom,
and the United States.

A key point in the selection of the case studies for
this program was that the United States has obtained and is pre-
sently obtaining sufficient commercial experience with the
smaller industrial-type gasifiers. However, no commercial
experience exists with the larger synfuel-type gasifiers best
represented by the latest Lurgi or Koppers-Totzek gasifiers
(originally developed in West Germany and presently operated in
South Africa and India). The case studies conducted for this
program were for the Lurgi gasifiers at Sasol T and II and the
Koppers-Totzek gasifiers in Modderfomtein, South Africa.

General comments on the type of information made avail-
able during these site visits are as follows:

o Information on the general process design, including
feedstock, and on the design philosophy (e.g.,
multiple trains) was made available and discussed.

e Earlier operational problems and current basic prob-
lems, such as coal fines content or troublescme com-
ponents, were discussed with the facility operators.

¢ Detailed operational parameters such as start-up/
~shutdown procedures, actual steam or oxygen consump-
tion, overall thermal efficiency, and detailed main-
tenance schedules were not available. In general,
all detailed experience which was reflected in quan-
titative design parameters was considered propri-
etary information.



Since both South African plants are operated by
publicly held companies, general economic and £finan-
cial information on horizontal and vertical integra-
tion, capital structure, capital costs, accounting
standards, tax laws, etc., have been made available.
However, the translation of such data to an applica-
tion in this country is not straightforward.

Based on the information obtained during the Sasol and
AECI case studies and the team's analysis of translatability and
usefulness of that information to the U.S. syanthetic £fuels

efforts, the following conclusions have been drawn:

The choice between Lurgi and Koppers-Totzek gasifi-
ers for any planned facility is mainly determined
by the coal feedstock and, to a lesser degree, by
the synthetic gas usage and plant size. Both pro-
cesses can be applied usefully in this country.

Ceoal ~connected start-up and operating problems to be
expected in U.S.-built gasification plants are
comparable to those of a conventional coal-fired
power plant, with the additional complication of
multi-unit design typical for petroleum refineries.

Because of the variability of gasifier performance
with coal feedstock, no coal gasification plant
based on a commercial technology should be erected
in the United States without intensive, full-scale
testing of the proposed feedstock in existing com-
mercial plants. This front-end investment historic-
ally appears to have paid off.

Additional case studies appear to be worthwhile only

- when the coal feedstock proposed for a planned

facility is similar to that used at am existing
facility. In this case, the operating experience
of the existing commercial facility will be a valu=-
able source of information to the designers and
planners of the proposed facility.



Capital costs for the first plants of a new tech-
nology are likely to be significantly underesti-
mated. The cost estimates for the second and third
plants of a given new technology, however, are
likely to be much more accurate owing to the experi-
ence gained during construction and operation of the
first plant.

After the first government-assisted plant is built
in the United States and proven feasible, tradi-
tional forms of debt and equity fimancing will
become available for second and third generation
plants. The Sasol I plant was not & profitable
operation at first, but now has become a formidable
cash generator. S5asol I's success and the prospects
for Sasol II and III have enabled Sasol to raise
substantial funds in the open equity markets.



2.0 INTRODUCTION

_ One of the principal barriers to rapid commercializa-
tion of low- and medium-Btu gasification in the United States is
~the lack of operating experience in the U.S. industrial environ-
ment. The Department of Energy has considered different methods
for addressing this problem. One possibility is the development
of a data base of worldwide gasifier operations informatiom.
However, a critical aspect in the development of such a data base
is the availability and value of information from foreign
gasifiers.

On 24 September 1980, the Department of Energy awarded
Contract No. DE-AC01-80-RA-5006 to Radian Corporation (as prime
contractor) and the Institute of Gas Technology and Resource
'Planning Associates (as subcontractors) for a program entitled
"Yerification of the Foreign Synfuels Industrialization
Experience.'" The objective of this program was to determine the
‘type of information that could be obtained from the considerable
foreign experience with development and commercial operation of
coal gasification facilities and how this information applies to
U.S. operations. ' '

To achieve this objective, the program involved docu-
menting and verifying the extent of operating coal gasification
facilities throughout the world and thenm conducting two case
studies of specific facilities to determine the extent of
cooperation and information (operational, economic, and environ-
mental) that could conceivably be made available to the United
States. Issues such as how this information would translate from
the foreign experience to U.S. operations and how it would épply
to domestic coal gasification industrialization efforts were also
to be assessed. This document represents the fimal report for
this project.



The
tasks. These

(1)

(2)

(3)

(4)
(5)

program was performed as five basic steps, or

tasks were:

Documentation and verification of a master list
of coal conversion facilities in operation
throughout the world.

Development of a basis for comparison of these
facilities with expected Tequirements in the
United States.

Categorization of worldwide facilities for
selection of case studies.

Selection and performance of two case studies.

Analysis of how information available from foreign
experience can enhance the U.S5. coal conversion
. industrialization program.

The information gathered and the assessments made in
this study are presented in the following order:

@ Master List of Foreign Coal Gasification Facilities

(Section 3.0)

Basis for Comparison Between Foreign and U.S.
Facilities (Section 4.0)

Categorization of Foreign Facilities for Selection
of Case Studies (Section 5.0)

Case Studies (Section 6.0)

Conclusions and Recommendations (Section 7.0)



3.0 MASTER LIST OF FOREIGN COAL GASIFICATION FACILITIES

The development and verification of a master list of
operating foreign commercial gasifiers was the first task in this
program. The term '"commercial gasifiers' implies that these
plants operate primarily for the purpose of providing low- or
nedium~-Btu gas for commercial applications. This excludes pilot
and product development units which operate as part of a process
development program. The master list is presented in full in
Appendix A. References that were used to prepare the master list
appear in the Bibliography.

The information initially sought in compiling the list
included:

e Facility location,

® Gasifierlmake and number of units,
° Véndor or engineers,

o' Special design features,

& Installation date,

@ Last date of aperation,

® Coal type, |

e Product gas (application), and

e Capacity per unit.

The approach used in developing the master list was to
first utilize available lists from previcus studies and gasifier
vendors. An initial master list was developed which contained
all major gasifiers which have been in operation between 1935 and
the present. Early gasifier types, such as 'blue water gas"
generators, were not included due both to their large number and
lack of relevance to current synfuel developments. This master



list covered more than 200 foreign plants and included the fol-
lowing gasifier types: Wellman-Galusha, Riley-Morgén, Wilputte,
Woodall-Duckham, Wellman-Incandescent, Foster-Wheeler-Stoic,
Lurgi, Winkler, and Koppers-Totzek. This initial 1list was then
verified via contacts with designers, vendors, international
organizations, and selected foreign contacts. Appendix B pre-
sents a list of all contacts made by the project team.

From this cross-checking and verification effort, the
extended list was refined to represent ''verified informatiom."
The master 1list contains facilities which are currently operat-
ing or have been shut down for less than five years. For this

study, it was assumed that facilities which have been shut down
for a period greater than five years would not represent viable

sources of information.

Comments on the compilation of the master list are as
follows: - '

e All information presented in the master list has
been cross-checked for verification. In assembling
the master list, emphasis was placed on informaticm
from direct contacts. These sources were believed

 to have the most accurate and vp)-to-date
information.

e The most valuable information came from developers
of the pertinent gasification technologies. How-
ever, even these companies often had little knowl-
edge about the present status of their plants--
especially in the Eastern Block. In some cases,
plants were still in operation, but were no longer
using coal feedstock. Licensing companies had
little up-to-date information. Sometimes, dates
of order and dates of installation were confused.

e Only about 25 percent of all agencies contacted
responded. The list has been updated throughout
the project as additional information became
available.



Almost all responses did not cover the full range of
information requested. This is understandable con-
sidering the amount of work involved to collect the
requested data. In most cases, the respouse con=
sisted of existing tables and other material used
mostly for marketing purposes.

A synopsis of the information presented in the master
list is as follows:

The following foreign countries have coal gasi-
fication plants in operation: Bulgaria,
Czechoslovakia, East Germany, Greece, India,
Portugal, South Africa, Thailand, Turkey, U.S.S5.R.,
Yugoslavia, and Zambia.

West Germany and Great Britain have apparently

mothballed their older Lurgi and Winkler-type
plants; however, both countries are actively pur-
suing newer developments in gasification (e.g.,

U.K. development of the Slagging Lurgi at Westfield,
West German Lurgi developments at Luenen).

The list (excluding facilities under comstruction)
contains 61 foreign gasifier facilities: 8 based
on Lurgi technology, 10 on Koppers-Totzek, 10 on
Winkler, 12 on Wellman-Incandescent, 6 on Wellman-
Galusha, 10 on Woodall-Duckham, 3 on Riley Morgan,
and 2 on Stoic.

South Africa is by far the country with the largest
number of gasification facilities. India and East

Germany follow South Africa in the number of operat-
ing facilitiles. :

Gasifiers under construction are presented at the
end of the master list. Presently 3Brazil, China,
Poland, India, and South Africa have gasifiers under
constructicn or on firm order.



4.0 BASIS OF COMPARISON BETWEEN FOREIGN AND U.S. FACILITIES

In order to select two case studies from the master
list of foreign gasifiers, it was necessary to develop a basis
for comparing the foreign experience with U.S. domestic environ-
ment. This task proved useful for two reasons:

e The comparison basis prevented the selection of

gagification facilities that are operating in envi-
ronments so different from the United States that

the information obtained would not be translatable
and of limited usefulness.

8 For those gasification facilities that were
selected, the comparative basis information alerted
team members to the special circumstances that
existed at the foreign facilities and allowed them
to obtain the ancillary information that is required
to translate the case study information to U.S.
applications.

The information developed under this task is divided
into two pgeneral categbries: (1) a generic analysis of the
design, construction, and operating factors that apply to plants
built in foreign countries and the United States and (2) a
country-by-country overview of economic and political factors
that are involved in the decision to build large commercial
industrial facilities. This analysis was performed for each
country with gasification facilities which were candidates for a
case study.

The information presented in this section is a summary
of similarities and differences in design, construction, and
cperating practices between foreign and anticipéted U.S. syn-
thetic fuels plants. It was not possible to develop a direct
comparison of foreign and domestic coal conversion practices
because of the lack of operating coal gasification facilities in
the United States. However, data from other process industries
(notably the hydrocarbon and chemical process industries) can be

10



used to establish how foreign facility informatiom translates to
U.S. operations. The information discussed below concerning con-
struction codes, equipment sparing philosophy, plant capacities,

length of work week, and plant logilstics was chosen because of
its particular relevance to the U.S. industrial environment.

An expanded discussion of the design, comstruction and

operating faectors, and country-by-country economic and political
overviews can be found in Appendix C.

Construction Codes

There are numercus codes involved in the construction
of a major engineering project such as a coal gasification plant.
Prominent codes in the United States are the Uniform Building
Code and the ASME (American Society of Mechanical Engineers)

Pressure Vessel Code. Major foreign codes are those of DIN
(Deutsches Institut fur Normung e.V.) and ISO (Internatiomal
Organization for Standardization). In this analysis, interna-
tional earthquake-resistant regulations were investigated in an
attempt to obtain an indication of the wvariability of building
codes throughout the world.33,34,35 The 15 countries that were
analyzed are listed in Table 4-1, along with the calculated
design factor C {(the numerical coefficient for base shear as
described by the equation F = CW, where F is the total earthquake
force at the base of the structure and W is the total vertical
load considered for the seismic calculation assuming a zone of
greatest earthquake potential). The mean for this sample of
countries is 0.17, with a standard deviation of 0.05. These
countries were grouped by thelr status as developing or developed
countries, and the distributions of C coefficients compared. At
the 90 percent confidence level, it cannot be concluded that

there is a difference in the mean C values of the two types of

countries. Thus, a case should be stated that the building codes

11.



Table 4-1

BASE SHEAR COEFFICIENTS FOR SELECTED COUNTRIES

Country

Bulgaria
Canada

France

Federal Republic of Germany

Greece
India

New Zealand
Portugal
Rumania
Spain
Turkey
U.s.S.R

United States
Venezuela

Yugoslavia

Coefficient, C
0.24
0.21

0.20
0.10
0.16
0.16
0.23
¢.20
0.15
0.21
0.15
0.10
0.11
0.15

0.12

Mean - 0.17

Standard Deviation - 0.05

12



in developing countries are not different than those of developed

countries.

Egﬁipment Sparing

Typical U.S. process plants spare important equipment
such as pumps and compressors. The spare may be a complete
back-up or some percentage of total capacity (e.g., 50 percent
for a pair of pumps). Large pieces of equipment are generally
not spared, although spare parts may be incorporated (e.g., 2
spare rotor may be specified for a centrifugal compresaor).36
Large internatiomal plant designs probably adhere to this same
philoscphy on sparing. The Westfield, Scotland gasifier of the
British Gas Corporation required two percent of its total capital
costs for spare equipment.37 In developing countries where
capital is usually scarce, such as India, less sparing of equip-
ment would be expected. This lack of capital is evidenced in
countries with high rates of interest, e.g., in Taiwan, where
interest’ rates have reached 30 percent.38 It appears that
-developed countries have a sparing philosophy similar to the
United States and designs would translate 1:1. On the other
hand, designs in developing countries may specify fewer numbers
of spares compared to standard U.S. design practices because of
the apparent lack of capital. This would indicate longer periods
of downtime for gasifiers in developlng countries relative to the

Unlted States.

Plant Capacities

In 1972, a published report stated that 'typically,
plants in less developed countries operate at five to ten percent
- of the scale of internationally competitive plants. The plants
in less developed countries are of small design capacity and, in

addition, they are underused.”"39  Therefore, in this study,

13



the capacities of projects for refineries, ammonia plants,
ethylene plants, and methancl plants currently under constructien
or otherwise planned for devaloped and developing countries were
analyzed.40 Plants smaller than internationally competitive
sizes usually produce a more expemnsive product, although they may
be easier to operate.

o No difference could be found at the 90 percent com-
fidence level for planned refinery capacities in
either developed or developing countries, or the
United States. The mean capacity for 20 refineries
in developing countries is 17,000 m3/day (107,000
‘bbl/day); for the 13 refinery projects in the United
States, the mean capacity is 11,500 m3/day (72,000
bbl/day).

@ For ammonia plant capacities, a statistically sig-
nificant difference at the 90 percent confidence
level was found for the 12 plants in developed coun-
tries and the 63 plants in developing countries. The
mean capacity for a plant in developed countries is
1,130 metric tons (1,250 tons) of ammonia per day

compared to 875 metric tons (910 tons) per day in
developing countries. The optimal size in India is
reportzd to be 910 metric toms/day (1,000 tons/
day).l '

@ For the 49 ethylene plants planned or under con-
struction in the world, there were no significant
differences in mean capacities for developed orxr
developing countries, cr the United States. World
average plant capacity is about 281,000 metric toas
(310,000 tons) per year.

@ A significant difference was found in the mean .
capacities of methanol plants at the 90 percent con-
fidence level. Average capacity for 24 plants in
developing countries is about 580 metric tons (640
tons) per day of methanol; for 7 plants in developed
countries, the mean is 1,540 metxic tons (1,700
tons) per day. ‘

From this analysis, ome is iaclined to say that aver-
age plant capacities are smaller in developing countries than in
the United States. However, using 1980 data, no large dif-
ferences in sizes as reported in Reference 39 were detected.



Length of Work Week

The average number of hours worked per week during 1977
in manufacturing for 23 developed and 28 developing countries was
compared; a statistically significant difference was discovered
at the 90 percent confidence level.*2 The mean for developed
countries was 38.6 hours/week compared to 44.2 hours/week for
developing countries. If shorter work weeks prevail for gasifi-
cation plants in the United States and developed'countries, a
greater number of work shifts per week will be required for
round-the-clock operation. Exactly 4.2 shifts are required for
continuocus operation and 40-hour work weeks. Four- and five-
shift systema are common for power generation in developed coun-
tries. A report by the International Energy Aggncy suggests a
four-shift system for a coal gasification system in a developed
country.%3 '

Plant Logistics

Coal gasification plants can be located next to the
mine that serves them or remote from it. Minemouth siting of a
plant reduces transportation costs of the coal. The Westfield,

Scotland gasification plant is situated adjacent to a coal mine.
Because the plant is located in a rural area, there has been some

| difficulty in obtaining the required number and quality of work-

ers.3’ This is also expected to occur in western regions of

the United States. The lack of manpower can be mitigated by
importing workers; this practice translates into additional
capital expenditures for housing and support services.

Depending on product application, plant size, and
available transportation facilities, coal gasification plants

proposed for the United States are often sited adjacent to a
‘mine. A 1977 sampling of electric utilities projects showed that

15



eight percent of the planned coal-fired plants were located at
the minemouth.%# Electric power plant practice is not directly
applicable to potential gasification plants because power plants
tend to be sited as near as possible to the load center they
serve. This may not be as crucial for gasification plants.



5.0 CATEGORIZATION OF FOREIGN FACILITIES FOR SELECTION OF
CASE STUDIES

The main objective of this program is to collect infor-
mation on the foreign coal gasification experience for possible

application in the United States. The most detailed informaticn
is expected from the two case studies to be selected in this
task. As a general guideline, it can be assumed that case
studies on processes unfamiliar to U.S. industry are of greater
information value than those on processes utilized in this
country. Therefore, in choosing facilities for the actual case
studies, the master list of foreign gasifiers was assessed to
determine the types of coal gasification processes which show the
greatest pdtential for U.S. applicatiomn.

5.1 Gasifier Groupings

All coal gasification processes can be characterized by
the following factors: '

- (1) Application,
(2) Cepacity,
(3) Development history, and

(4) Operational mode.

Applylng these factors together, all currently operating gasifi-
cation plants worldwide can be separated into two basic groups:

e Small, Industrial Gasifiers - These gasifiers are
almost exclusively used for space or material heat-

ing in steel plants, brick or glass factories, and '
similar industries. The capacity of industrial
gasifiers is limited to 91 metric tons/day (100 TPD)
coal input. Historically, these gasifiers have not
seen major development over the last 40 years; i.e.,
they did not grow from one model to the next model.
In the normal operational mode, industrial gasifiers
are air blown, low=-Btu, fixed bed gasifiers,

17



operating at atmospheric pressure. Both single- and
two-gtage fixed bed gasifiers are used for indus-
trial applicatious. ‘

¢ Medium to Larpe, Synfuel-Type Gasifiers - The appli-
cation of these gasifiers normally is for ammonia,
liquid hydrocarbon, or methanol synthesis. Some
gasifiers produce town or fuel gas which can be be
fed into a gas turbine for power generatiom. The
capacity of the large synfuel units is currently
limited to about 1,090 metric tomns/day (1,200 TPD)
coal input, with a 1,810 metric tons/day (2,000 TPD)
capacity soon to be achieved. However, coal
throughput is an evolutionary parameter; soms of
today's large synfuel-type gasifiers began with 136
metric tons?day (150 TPD? capacities or less for the
early versions.

The development of the synfuel-type gasifiers histor-
ically occurred in distinctive steps, with capacity increasiag at
each step. The majority of the synfuel-type gasifiers operate as
medium~Btu gas generators; i.e., oxygen blownf Some operate at
atmospheric pressure, others at higher pressures. All ongoing

develcopment of the current commercial synfuel gasifiers shows' the
trend towards operation at elevated pressures. The commercial

synfuel gasifiers are of fixed bed (single stage), fluidized bed,
or entrained bed reactor design. The throughput per square foot

of cross sectional area of all synfuel gasifiers is at least five
times greater than that of industrial gasifiers.

The United States has extensive experience 1in single-
stage industrial gasifiers and is starting to obtain experience
with two-stage, fixed bed gasifiers bylway of the Caterpillar
plant in York, Pennsylvania (Wellman-Incandescent) and the
~ Duluth, Minnesota (Foster-Wheeler-Stoic) plant. Considering that
the gasification experience in the United States has centered on
the small industrial gagifiers, the case studies were chosen from
the group of larger synfuel-type gasifiers in operation abroad.
This approach meant that the gasifiers of greatest interest were
Lurgi, Koppers-Totzek, and Winkler.

18



5.2 Srate of Process Development

For the purposes of this study, the master list was
consulted to choose the specific foreign facilities which would

provide the most useful information for U.S. synfuel industry.

The criteria for choosing facilities for possible case studies

were threefold: (1) facilities must be of one of the three
design types‘mentioned in Section 5.1, (2) facilities must show a
significant development history in order to provide state-of-
the-art design, and (3) facilities must have logged sufficient

operating time so that useful information on plant start-up and
operation would be available. The development historles for the

three large synfuel-type gasifiers is discussed below.

-

Lurgi

The historical development of Lurgi gasification tech-

nology is as follows:

First generation, 1936-1954: up to 135 metric tons
(150 tons) per day unit capacity limited to lig-

‘nites - Germany, Czechoslovakia, and Australia;

Second generatiom, 1952-1965: up to 340 metric tonms
(375 tons) per day for all coal grades [1,360 metric
tong (1,500 tons) per day for noncaking coals] using
using an agitator for caking coals - West Germany,
Pakistan, South Africa, England, and Kores;

Third generation, 1969-present: wup to 1,450 metric
tons (1,600 tons) of coal per day - West Germany and
South Africa.

Half of all currently operating Lurgi's are located in
South Africa.

19



The fourth generation Lurgi gasifiers (Mark V) have a
larger diameter and, therefore, a larger throughput (up
to 1,810 metric tons (2,000 tons) per day). A Mark V
prototype is presently in operation at Sasol I. Major
new developments are aimed for increased throughput and

for possible use of less reactive coals:

e Lurgi 100 [high pressure, 10,130 kPa (100 atm)], and

@ BGC-Lurgi (Slagging Lurgl where the temperature is
raised above the ash fusion point).

It appeared that the Lurgi process had the most devel-
opment activity of the three major synfuels gasifiers.

On the basis of the size, application, age, and operat-
ing experience, the most desirable Lurgi facilities to
visit (in order of decreasing utility) were Sasol II/
Sasol I, Luenen (West Germany), and Westfield (United
Kingdom) . '

Roppers-Totzek

The Koppers-Totzek historical development has been as
follows (all the gasifiers were built by Krupp-
Koppers):

e Tirst generation, 1952-1956: up to 142,000 Nm3/
day (5 million SCFD)* - Spain, Japan, Belgium,
Portugal, and Finland; .

o Second generation, 1959-1970: wup to 284,000 Nm3/
day (10 million SCFD)* - Greece, Turkey, East
Germany, Zambia, and Thailand:

e Third generation, 1970-present: wup to 568,000
Nm3/day (20 million SCFD)* [or 390 metric toms
(430 tons) per day] - South Africa;

* - Two headed.
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e Fourth generation: wup to 1.13 million Nm3/day
. (40 million SCFD)¥** [or 780 metric tomns (860 tons)
per day] = India.

The next development after the four-headed Koppers-
Totzek in India is the Shell-Koppers gasifier, a
pressurized entrained bed unit combining the Shell
heavy oil gasification procéss with the Koppers-Totzek

process.

In terms of newer generation facilities and established
start-up and operating experience, the most desirable
Roppers=-Totzek plants to visit (in order of decreasing

utility) were South Africa, India (four-headed),
Greece, Tuxrkey, East Germany, Thailand, and Zambia.
The latest information indicates that the four-headed

units in India are still in the start-up phase in
spite of the fact that they were ordered more than 10
years ago. ‘

Winkler

Unlike Lurgi and Koppers-Totzek, the Winkler gasifier
did not evolve through identifiable development |
sequences. The first application of the Winkler was at
a large ccmmercial scale. Relatively little modifi-
cation or development work has occurred since. Cur-
rently, Rhein-Braun in West Germany is working on a
higher temperature pressurized version of the old
Winkler gasifier. East Germany i1s apparently involved
in new developments of the Winkler technology.

The advantages and disadvantages of these three gasi-
fier types are summarized in Table 5-1. The analysis in Table

** - Four headed.
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5-1 agrees reasonably well with a study conducted by the Indian
Government, which made Koppers=Totzek their first choice, Lurgl a
close second (depending on feed and application), and Winkler a
distant third. It should alsoc be noted that the Winkler plants
were the ones which were shut down first in countries like West
‘Germany where ample experience had been gained on all three

technologies.

5.3 Recommeﬁdations for Case Studies

From the standpoint of development activity and cur-
rent utilization, Lurgi and Koppers-Totzek foreign gasifiers
appeared to be the first choices for case studies. Current
designs of these gasifiers should see applicaticn in the United
States. Further, the development activities of these two
technologies are sufficiently high for them to be a significant
factor in gasification technology in the foreseeable future.

The following list of Lurgi and Koppers-Totzek gasifi-
ers, in order of decreasing desirability, were recommended for
case studies: '

1. South Africa

Sasolburg/Secunda (latest and largest Lurgil),
Modderfontein (second to last generation Koppers-
Totzek).

2. India

Ramagundam or Talcher plants (latest and largest
Koppers-Totzek).

3. Turkey/Greece

Kutahya (second generation Koppers-Totzek,
Winkler).
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4, VWest Germany

Luenen (Lurgi).'

5. Great Britain

Westfield (Slagging-Lurgi).

6. Yugoslavia

Kosovo (Lurgi),
Gorozde (Winkler).

After discussions with the DOE Project Officer, the
Lurgi gasifiers in the Sasol complexes at Sasolburg and Secunda,
South Africa, and the Koppers-Totzek gasifiers in the African
Explosives and Chemistries Industries, Ltd. (AECI) No. 4 Ammonia

Plant at Mcdderfontein, South Africa, were chosen for the two
case studies in this program. Some consideration was also given
to the four-headed Koppers-Totzek gasifiers at the Ramagundum
plant in India. Plans to visit this facility were dropped due to

the small amount of operating experience logged by this plant and
a limitation of travel funds for the program.
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6.0 CASE STUDIES

The overall objectiwve of the Sascl and AECI case
studies was to learn how much information plant operators are
willing to ghare concerning their experience with the design,
construction, start-up, and operation of commercial coal
gasification facilities. The information sought includad labor
requirements, operating and maintenance experience, environmental
requirements and controls, capital and operating expenditures,
and overall operating experilence and problems encountered. The
on-site data cbtained and more general information compiled are
intended to supplement and qualify published data on the chosen
processes. '

As discussed in Section 5.0, the two most promising
technologies are the Lurgl and the Koppers-Totzek coal gasifiers.
‘The Lurgi gasifiers at Sasol I and II (South Africa) represent
state-of-the~art technology for coal gasificationm. In additiom,
sufficient commercial hands-on experience has been obtained at
Sasol I in its more than 25 years of operation. Similarly, the
Koppers-Totzek gasifiers in AECI's No. 4 Ammonia Plant at
Modderfontein, South Africa represent the latest development
stage for this process for which at least five years of commer-
cial operating experience has been accumulated; this time period
is assumed to be sufficient to provide a realistic appraisél of
system operation. Thus, Sasol I and II and the Modderfontein
plant were chosen as case studies because they fulfill the quali-
fications cited in Section 5.0.

6.1 "~ Case Study No. 1: Koppers-Totzek.Gasifiers in AECI's
No. 4 Ammonia Plant (Modderfontein, South Africa)

Most of the information reportaed for this case study
was derived from personal interviews with engineering, plant
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operations, and management personnel associated with AECI's No. &
Ammonia Plant. A complete list of contacts is presented in

Appendix B. Supplementary information has also been taken from
References 45 through 50.

Technology Description

After two and one-half years of comstruction, the
1,000 metric tons/day (1,100 TPD) ammonia from coal plant was
commissioned at the end of 1974. The basic design philosophy
called for double trains, as illustrated in the process scheme
(Figure 6-1). Exceptions to this basic design philosophy are the
air separation plant, the synthesis gas compressor, the Rectisol
plant, CO shift conversion, liquid nitrogen wash, and the syn-
thesis loop.

The coal mills are conventional ring and ball mills
made by Babecock and Wilcox. The boilers are of spreader-stoker
design [10,130 kPa (100 atm) steam production]. Most air and gas

.compressors are driven by steam turbines.

Cyclones and electrostatic precipitators are used for
coal dust removal in the coal preparation plant, including the
pulverized coal bunkers. Coal gasification is accomplished in
aix two-headed Koppers-Totzek gasifiers, each fed by four screw
feeders. The product gas subsequently goes into a radiant boiler
above the gasifier and then into two parallel tubular boilers. A
wash tower removes part of the fly ash; the remainder is captured
by electrostatic precipitators. Acid gas removal of the com-
pressad product gas cecurs in the Rectisol unit. The Rectisol
unit operates in selective fashion; sulfur species (mainly H2S)
are removed prior to shift conversion, and CO2 is removed after

~shift. Recovered H9S is used as boiler fuel. The shift con-

verter uses conveuntional iron oxide catalysts. Some CO?
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recovered from Rectisol is used for urea productiom, while the
remainder is vented. The f£inal traces of CO2 in the product
gas are removed by molecular sieve adsorbers, followed by a
liquid nitrogen wash before the gas enters the synthesis loop.

Design Mass Balance

Sub-bituminous coal is pulverized to 90 percent less
than 90 um and dried to one percent moisture by hot flue gas. -
Run-of-mine cosal has 18 to 20 percent ash, 25 to 30 percent
volatiles, and about 1 percent sulfur. The coal is shipped by
rail over a distance of 128 kilometers- (80 miles).

A nominal mass balance is shown in Figure 6-2. How=-
ever, actual steam and oxygen consumption values differ for dif-
ferent coals. Details of these parameters are proprietary
information.

Early Technical Problems

Actual Soutﬁ African coals were not tested in full~-
sized Koppers-Totzek gasifiers prior to design and construction
of the Modderfontein plant. Thus, many design parameters were
optimized for lignites, which previously were the most common
feedstocks for Koppers-Totzek gasifiers. The reactivity of the
South African coals, however, was lower than design assumptions.
To compensate for this low reactivity, the gasification tempera-
ture had to be raised to about 1,600°C (2,900°F). The high
operating temperature and the low coal ash fusion temperature
acted to prevent the formation of a protective frozen slag layer
on the reactor wall result;ng in rapid erosion of the 4 cm thick
refractory lining. Increasing the heat transfer through the
lining by installing more steel pins proved a viable solutionm.
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DESIGN GASIFIER MASS BALANCE

The original feed coal to the gasifiers.demonstrated

low reactivity, thus preventing the design carbon conversion rate
of 88 percent. A change of feedstock resulted in an increase of
coal conversion efficiency to over 80 percent. Further increases
could probably be achieved by £finer pulverizatioa.

Typically, Koppers-Totzek gasifiers show a 50/50 to
40/60 split between slag ash and fly ash. At Modderfonmtein,
about 80 percent of all ash ends up as.fly ash. Fortunately, all
fly ash removal systems, such as water scrubbers and the con-

nected water recovery systems, were able to cope with increased
ash loads.

Early fouling problems of the Rectisol unit due to sul-
fur deposition were: solved chemically. Fouling problems were
also experienced in the nitrogen wash unit due to the presence of
NOx in the product gaé.

The recycle water system assoclated with the catalytic
shift converter showed early corrosion/erosion problems. These

were corrected by reducing the flow rate and by introducing
stainlesgs steel piping.

Constant control of vital parameters like oxygen con-
centration in the product gas are designed to maintain safe oper-
ation. Oxygen must be kept out of the coal feeding/storage
areas. When a certain number of the control parameters signal
improper operation, the oxygen flow is shut off and the gasifier
is purged with nitrogen. Malfunction of these controls (and

possible operator error) had caused an explosion during earlier

operations. There also were scme initial difficulties with oxy-
gen valves not closing completely.

31



Current Operating Experience

Design capacity of the gasifiers was reached immedi-
ately after initial start-up. At present, the plant's‘makimum
gasification capacity is about 20 percent above degign capacity.
"The original plant design called for all six gasifiers to be
online simultanecusly. At full load, under current operating
conditions, however, five gasifiers can approximately achieve
design capacity. The normal major overhaul interval for the
gasifiers is two years, at which time the whole plant is shut
down for a month. However, the gasifiers are shut down at regu-
lar intervals during operation for inspection of erosion damages
on boiler erosion protection surfaces. The tubular convective
waste heat boilers have proven to be the most problem-causing
components because of long-term erosion of the tubes. In
contrast to the coavective boilers; the radiant boilers have
caused few problems. The ou-line factor for the gasifiers
exceeds 85 percent.

Stable gasifier operation can be maintainted at 70 per-
cent of design capacity and above. The turndown ratio, howe#er,
is not an important operating parameter as the gasifiérs are
mostly operated at or above design capacity. If reduced load is
called for, one or more gasifiers are taken off line. The gasi-
fiers are kept hot by two small start-up burners during short
shutdown pefiods.

Cold start=-ups take several hours. The detailed
start-up and shutdown procedures were not revealed as they are
considered proprietary information-
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Environmental Considerations

TRW (U.S.A.) and Krupp-Koppers (W. Germany) performed a
pollution source test program at the No. 4 Ammonia Plant in 1978.
AECI engineers referred to this report as a source of environ-

mental information. It can be concluded that the wastewatasr
streams requirements for the plant are rather stringent, and the
air pollution standards are more lax compared to U.S. standards.
According to TRW, the wastewater streams have have less pollu-
tants than the feed water going into the plant. Raw water to the
plant consists of local river water and treated effluent from a
local sewage plant.

No noticeable gigns of air discharges were cbserved,
with the exception of coal dust from the coal drying area (it was
stated that the electrostatic precipitators were about to come
down for a scheduled overhaul). AECI engineers did state, how-
ever, that all HoS from the Rectisol unit is used as boller
fuel.

Operating Experience and Possible Imprcvements

The most troublesome components, according to AECI
engineers, are the tubular waste heat boilers downstream of the
gasifiers, as described above. Based on the hindsight that oper-
ating experience affords, a h&pothetical redesign of the plant
would include an additional spare gasifier, as well as a dif-

ferent design of the waste heat boilers as used on the latest
Koppers-Totzek gasifiers. ' '

Choice of Technologies

AECI made the decision to erect Koppers-Totzek gasifi-
ers, as opposed to the Lurgi technology, based on two factors.
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First, even though Sasol I had already corrected initial problems
in their Lurgi units, no integrated coal-to-ammonia plant existed
at tﬁat time based on the Lurgi technology; Krupp-Koppers, on the
other hand, had ample experience with integrated ammonia plants.
Second, because methane, oils, and tars are considered valuable
by-products only for very large coal conversion plants, the
absence of methane, oills, tars, and phenols in the Koppers-

Totzek product gas made that technology the more wviable optioen.

At the time the Modderfontein plant was built, Krupp-
Koppers also offered the four-headed gasifiers which were previ-
ously ordered for a similar plant in India. The four-headed
Koppers-Totzek gasifiers have about twice the design capacity and
turndown capability as the two-headed design. However, in 1971-
1972, no commercial experience had been accumulated with the
four-headed gasifiers. Thus, the well-proven two-headed design
was chosen by AECI.

Horizontal and Vertical Integration

AECI's ammonia-from-coal plant at Modderfontein dif-
fers from the Sasol factories in that the operation represents
only a fraction of AECI's overall business interests. For Sasol,
the oil-from-coal factories are the mejor source of revenues.
Nevertheless, the Modderfontein operation demonstrates a signifi-
cant degree of vertical integration and an even greater degree of
horizontal integration than does Sasol's operatioms.

At the Modderfontein plant itself, the major product is
ammeonia to be used for nitrogen fertilizers. The company as 2
whole, however, is one of the major industrial concerns in South
Africa and the largest in the chemicals sector. In addition to
fertilizer chemicals like ammonia, ammonium nitrate, nitric acid,

and sulfuric acid, the AECI group companies manufacture and sell
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a wide array of products, including crop protection products,
veterinary and public hygiene products, animal feeds, chlor-
alkali products, organic products, paints and coatings, explo-
sives, blasting equipment, plastics, raw materials, vinyl
products, auto plastics, PVC piping, and a great variety of

industrial chemicals.

~ The vertical integration at AECIL's Modderfontein opera-
tion is limited to marketing activities. The plant purchases
both coal and catalysts from outside suppliers. The main product’
of the plant, amucnia, is used by AECI in the manufacture of

fertilizer mixtures, as well as marketed directly by Triomf
Fertilizer, Ltd., a subsidiary in whiech AECI holds a 49 percent

interest.

Capital Structure

Another major difference between the Modderfontein
plant and the Sasol factories lies in the method of financing
capital costs. While Sasol relied primarily on Government
grants, AECI financed the Modderfontein facility with internal
funds generated by its operating companies. At the time the
decision to build the plant was made (1972), AECI's 1ong;term
debt-to-equity ratio stood at 0.24 and cash flow (retained earn-
ings plus depreciation) amounted to approximately 531 millionm.
0f the outstanding common shares, 40 percent are held by Imperial
Chemicals Industries, 40 percent by De Beers Industrial
Corporation, and 20 percent by the gemeral public.

~ All revenue and cost figures associated with AECI and
the Modderfontein operations have been converted to U.S. dollars
at a rate of $1.30 per South African Rand.
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Capital Costs

No information was made available on capital costs for
~the No. 4 Ammonia Plant. AECI sources claimed this was confiden-
tial information. It was stated, however, that the construction

of the plant was scheduled for 26 months; actual construction
required 30 months. The plant became operational in the second
half of 1974.

Operating Costs

As with capital costs, AECI claimed that operating cost
information is confidential. Sources did state, however, that
the two largest operating cost differences between the plant at
Modderfontein and a similar plant operating in the United States
are coal and electricity costs. Coal costs were estimated at
approximatley $l4/metric tom ($13/ton). Electricity is priced at
1 to 3 cents per kilowatt-hour.

Operating labor for the gasifier comsists of four men--
one man in the control room and three men outside in the plant.
Four shift teams are utilized, and each man works a 42 -hour week

on the average. Gross wages for skilled (but nonprofessional)
labor was estimated at approximately $18,000/year; wages for
unskilled labor is near $8,000 to $9,000/year.

AECI engineers stated that if labor were cheaper, more
manual labor would be utilized in the coal preparation section of
the plant. Labor costs do not materially affect labor require-
ments in the gasification and gas processing sections of the
plant because of the high degree of automatic control and instru-
mentation required to keep the plant operating safely and near
optimum conditicns.
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Accounting Standards

AECI is a privately owned, profit-seeking company with
154.2 million shares listed on the Johannesburg Stock Exchange.
The company conforms to generally accepted accounting standards
which are quite similar to those established in the United
States.

AECI values their inventories of raw and packing
material stocks, product stocks, intermediates, and merchandise
at standard cost using the last-in-first-out (LIFO) method.

Tax Laws

As a private company, AECI is subject to the South
African standard rate of taxation, which was 42 percent of net
income before taxation in 1980. AECI's effective tax rate was
only 34 percent in 1980 due to tax credits for investment,
dividends, and unnamed other allowances. In 1980, AECI claimed
an investment tax credit of $6.1 million on fixed asset acqui-
sitions of $124.3 million for an effective investment tax credit
rate of 4.9 percent. In 1979, the effective credit was 7.5 per-
cent.. The investment tax credit applies to all companies in
South Africa, not just to those utiiizing coal as a feedstock.

Price Supports

Although the government did not participate in the
financing of the No. 4 Ammonia Plant, plant operations do enjoy
government price supports for ammonia. However, price supports
apply to all ammonia producers regardless of their feedstock.
Ammonia prices are set by the govermment using & pricing formula
which allows specified returms on capital. The practice is not
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unlike that used to establish electricity prices from utilities
in the United States. ‘

Other Factors

AECI sources claim that the primary reason for switch-
ing to coal as a feedstock for ammonia plants in 1972 was the
uncertainty concerning the future price and supply security of
- petroleum-derived naphtha. Also, railroad costs were expected to
rise and increase the delivered cost of naphtha to the
Modderfontein site, which is 650 kilometers (404 miles) from the
port of import.

AECI engineers consider the Modderfontein plant poorly
suited for large-scale feedstock testing, compared to the
Koppers-Totzek gasifiers in Greece, due to the single/dual train
arrangement of the plant.

6.2 Case Study No. 2: Lurpgi Gasifiers at Sasol I, TI, III
Sasolburge and Secunda, South Africa

Most of the information reported for this case study
was derived from personal interviews with engineering, research,
plant operations, and management persomnnel associated with the
Sasol I and Sasol II complexes and with the Lurgi gasifiers. A
complete list of contacts is presented in Appendix B. Supple-
mentary information has also been taken from References 51
through 61. '

Technology Description

As early as 1936, Sasol demonstrated 'commercial' syn-
fuel activity in the form of an oil shale plant. When Sasol I
was in the planning stage, the low price of natural crude made
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coal-into-oil conversion financially unattractive. Thus, empha-

sis was shifted from synthetic motor fuels to synthetic chemical
feedstock and industry fuel gas (due to lack of any natural gas
- reserves). The Arab oil embarge in 1973-74 brought the attention
back to synthetic motor fuels, resulting in the construction of

Sasol II. The 1979 oil price hike in connection‘with the Iranian
revolution was answered by the start of Sasol III.

For both Sasol I and Sasol II, about five years passed
between the decision to build these plants and the completion of
construction. Sasol I1's construction was about 99 percent com-
pleted in April 1981. Its current production rate is approxi-
mately 80 percent of the design rate. Sasol IIl's construction
was approaching 60 percent completiom. Sasol III, which is
really a carbon copy of Sasol II, will take about two-thirds the
completion time of Sasol I and II due to the fact that very
" little new design was required and the construction crews (more
than 30,000 people) already selected for the Sasol II site simply
moved to the new site. Single production trains are often com-
pleted separately, so that'partial production can be started
before the whole plant is complete.

Sasol 1, and especially Sascl II, show a basic mulcti-
train design largely due to sheer size requirements. The simpli-
fied flow diagram for Sasol I and Sasol II is presented in
Figures 6-3 and 6-4, respectively. Sasol I has a coal storage
bunker capacity of 54,400 metric tons (60,000 tons). Run-of-mine
cbal is conventionally crushed and dry screened for Sasol I,
while Sasol II uses wet screening due to the more friable feed-
stock. TFines from coal sizing are sent to the steam boilers
(pulverized coal boilers) for power and steam generation. The
larger sized 1.0 to 5.0 em (0.4 to 2.0 inches) coal and some
fines are fed into 17 gasifiers at Sasol I without any further
preparation. The 10 original Mark III gasifiers initially had a
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typical capacity of about 0.57 millionm Nm3/day (20 MMSCFD) per
unit. The later version of the Mark III gasifiers had a 0.85
million Nm3/day (230 MMSCFD) capacity. Presently, the 13 Mark
I11 gasifiers at Sasol produce between 0.85 and 1.13 million
Nm3/day (30 and 40 MMSCFD) per unit. In 1973, three Mark IV
gasifiers were ozdered. Though the Mark IV is only a few inches
larger in diameter than the Mark III, .the Mark IV has comsider-
ably higher throughput. Since mid-1980, a prototype Mark V gasi-
fier [design capacity about 1,810 metric toms/day (2,000 TFD)]
has been installed in the Sasol I gasifier house. Because of
space limitations, the height for this Mark V is less than
expected for optimal design. Sasol II has 36 Mark IV gasifiers
with a capacity ranging between 1.13 and 1.3 million Nm3/day

(40 and 60 MMSC¥D). At Sasol I, approximately 60 percent.of the
coal feed to the plant is used in the gasifiers; the remainder is
combusted to generate steam and power for both internal use and
for export. At Sasol LI, no steam is exported, and some power is
imported. The result is that 70 percent of coal feed goes to the
gasifier and only 30 perceat to steam boilers.

Raw product gas at Sasol I is cooled by waste heat
boilers and by quench cooling. Sasol II replaces the water
queach with air ccoling. In both cases, the raw gas is scrubbed
with cooled recycled gas liquor. The condensed gas liquor is
separated in gas liquor separators into oils, tars, etc. The
Phenoclsolvan process and the phenol recovery are similar for
Sasol I and Sasol II, while the ammonia recovery differs.

There are four Rectisol acid gas removal units in Sasol

I, 2ll of which are in constant operation. Currently, the
Stretford units are not counected. The normal operation of
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Stretford plants involves feed streams with much less COp com-

pared to the Sasol streams. Detailed information is not avail-
_ able due to ongoing negotiations between the Stretford licensors
and Sasol Ltd. All H2S in Sasol I and II is flared. Oil and
tars from the gas liquor separators are further refinmed in the
tar distillation units.

Sasol I emphasizes the synthesis of chemical feedstocks
in addition to motor fuels production. Highest product flexibil-
ity is reached by using Arge (fixed bed) as well as Synthol
(entrained bed) reactors for the Fischer-Tropsch synthesis pro-
cess. The fixed bed process produces primarily longer, straight
paraffinic hydrocarbon chains while the entrained bed forms

lighter hydrocarbons often of olefinic character. Sasol II only
uses Synthol reactors. Sasol II also differs from Sasol I in the

reactor tail gas cleanup. The tail gases are either fed‘into a
reformer or are sold as industrial fuel gas. The sale of fuel
gas to the industrial complex in Sasol I has shifted from being
considered a by-product to being almost the main product.

Operational Experience at Sasol I

A number of operating parameters, such as overall
thermal efficlency, steam and oxygen consumption, and throughput
have been reported in the literature. However, as discussed for
the Koppers-Totzek gasifiers at Modderfontein, the reported
values are ounly apprdximate-numbers, which strongly depend on the
actual operating conditioms, including the feedstock. Data
regarding actual thermal efficiency, steam/oxygen ratiocs, and
gasifier temperatures are not available. Similarly, detailed
startup and shutdown procedures are proprietary. Initially, cold
startup of the Mark III units took three to four days; this time
has since been reduced to 12 hours.
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As discussed above, the average throughput has gradu-
ally been increased, as increased availability of the equipment
has led to more experience. Currently, the availability rate
exceeds 80 percent. The design capacity was achieved within a
year from initial start-up. The present average capacity of the
gagifiers exceeds the design capacity by over 20 percent.

The Lurgi Mark III and IV gasifiers are considered very
reliable. The most serious corrosion/erosion wear occurs on the
grates. The gaesifiers are annually shut down for maintenance.

Operational Experierice at Sasol I

The Sasol II plant is still in its start-up phase.
Thus, many operating parameters, such as down time, are not yet
firmly established. Other items, like overall thermal efficiency
and oxygen/steam ratios, are either proprietary information or
vary with conditions; e.g., with feedstock. Detailed start-up
and shutdown information is strictly proprietary.

Most problems currently encountered at Sascl II are of
2 mechanical nature and are not connected with the special
requirements and conditions of gasification or synthesis
reactions.

The most fundamental cpreating problem at Sasol II is
related to the excessive fines content of the feed ¢oal. Appar-
ently, the Lurgi Mark IV gasifiers can operate with substantially
more fines than specified by Lurgi design. However, carbon con-
version, pressure drop, and throughput can be negatively affected
by the higher fines content. There are indicatioms that efforts
for optimization of all parameters are ongoing. Since Sasol II



buys electric power from nearby power plants, not as high a per-
centage of the fines is fed into the steam boilers as in Sasel I,
which sells steam.

. Sasol II coal is of higher quality (i.e., less ash}
than Sasol I coal. Because of this difference in coal quality
operational adjustments had to be made to properly control the

gasification process in the Lurgi Mark IV gasifiers at Sasol 1I.
Detailed information on these adjustments is not available.

Design Mass Balance

Sasol I and Sasol II/II1I are sufficiently close to the
coal mines that transport of the coal by belt conveyor is pos-
sible. The coal supply is expected to last for at least 40 years
of operation at Sasol I and for 60 to 70 years at Sasol II.

A nominal mass balance of feedstock and products for
Sasol II is shown in Figure 6-5. The current mass balance for
Sasol I with all 17 gasifiers in operation is not available. The
very high flexibility of the Sasol I production makes such a
balance less meaningful.

Environmental Considerations

The impression was given that the air emission stan-
dards in South Africa can be met relatively easily; however,
Sasol II faces more stringent regulations tham Sasel I. Pre-
sently, all HoS is flared in both plants. The altitude [about
1,525 meters (5,000 feet) above sea level] and a relatively
sparse overall population apparently permits a higher local
poliution level.
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The water pollution problem, however, iz taken wvery
gseriously. The fact that the names of so many towns end with
"foutein' (fountain) emphasizes the crucial importance of water
availability for the early settlers. Today, water availability
is often the limiting factor for industrial growth in Socuth

Africa. Sasol III and II claim near zero discharge, while Sasol

I discharge is treated to meet high water quality standards. All
internal wastewaters at Sasol II are recycled as cooling water.
Storm water is the only accepted wastewater. The degree of water

recycling was stated to be as much an economic decision as a
technical decision.

Sasol Licensing and Consulting -Services

Sasol and Lurgi have a cooperation agreement under
which Lurgi licenses the Lurgi units and Sasol provides operating
experience and consulting services.

_ Sasol itself licenses its own technology, including the
Sasol Synthol proceas, and provides consulting services. An
arrangement exists between Sasol and Fluor for the use by the
latter of Sasol Information in conducting feasibility studies and
performing engineering and construction. '

Future Plants

Sasol managers have considered the direct ligquefaction
processes as & possible coal utilization technology; however,
South African coals with more than 20 to 30 percent ash are ill-
suited for direct liquefaction. Majer losses of coal occcur dur-
ing the require& coal preparation stage, decreasing the overall
efficiency to about the same level as experienced for Sasol I or
I1. Furthermore, new devices, such as fluidized bed combustors
for coal culm, would be needed to utilize those wastes.
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Methanol (which could be produced via Lurgi gasifiers
and conventional synthesis) could be used to extend gasoline sup-
plies after all current technical problems (corrosiom, vapor
lock, etc.) have been overcome. Sasol personnel question the
economics of such a step which would invoive difficult distribu-
tion logistics. A more attractive measure would be a special
engine developed for methanol as sole fuel to power local
vehicles, such as city buses.

All three Sasol plants together will produce close to
50 percent of the total South African liquid fuel needs. The
high flexibiiity of Sasol I allows for major exports in waxes and
similar specialties. In view of (1) the relative perceﬁtage of
synthetic motor fuels and crude-derived motor fuels, (2) the
optimal product distribution for syncrude and for natural crude
upgrading, and (3) the increased use of diesel engines, South
Africa expects an abundance of gasoline, but a shortage of diesel
and jet fuel in the near future. This makes Mobil's M-Gasoline
process an unlikely candidate for a future Sasol plant. As 2
result, the feeling was expressed that any Sasol IV or V would
most likely be based on the same synthesis methods as Sasol II.

Harizontal and Vertical Integration

The Sasol complexes at Sasolburg and Secunda demon-
strate a high degree of vertical integraticm beginning with the
minihg of coal and production of catalyst and culminating with
the refining and marketing of finished products. The Sasol
organization alsoc demonstrates a significant degree of horizontal
integration in the form of an oil refinery which produces a wide
range of finished products from imported naphtha and crude oil.

At both Sasol I and Sasol II/III, coal is the primary

raw material and is supplied from large coal mines owned and
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operated by Sasol. Coal from the Sigma Colliery is used at Sasol

I for gasifier feed, power generation, and steam generation at a
rate of 5.5 million metric toms (6.0 million tons) per year.
Sasol II and II1 will require coal from the Bossjesspruit
Colliery at a rate of 27.0 million metric tomns (30.0 million
tons) per year when these plants reach full production.' The
other three major raw material requirements for the gasification
facilities are steam, oxygen, and catalyst. Steam and oxygen are
generated on-site from water and air, respectively. Sasol

manufactures its own catalysts for the Fischer-Tropsch reactoers.

The product slates for both Sasol I and Sasol II/ITI
are quite broad. These products include ethylene (II/III only),
propylene, butylene, propane, butane, fuel gas, gasoline, diesel
fuel, jet fuel, furnace oil, phenols, methanol, ethanol, pro-
panol, butanol, pentanol, acetone, MEK, tar products, and waxes
(I only). These products are formed from chemical components
generated during gasification and F-T synthesis. To reach their
final form, they require processing in a number of units, includ-
ing hydrocarbon refining and processing plants, wax fractionation
and processing plants, oxygenated components processing plants,
and tar products processing plants. All cof these plants are
located on-site and are owned and operated by Sascl.

The major products from the Sasol plants are gasoline,
diesel fuel, and fuel gas. These and other products are marketed
directly by Sasol. Through its wholly owned subsidiary, Sasol
Marketing Company, Ltd. (SMC), Sasol distributes and markets
liquid fuel products and petrochemicals. SMC uses both its own
retail outlets to market motor fuels as well as pumps located at
retail outlets operated by other oil companies. As in the United
States, motor fuel stocks are interchangeable and are traded
freely by petroleum product marketers. '
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Fuel gas from Sasol is distributed widely to industrial
users by South African Gas Distribution Corporation, Ltd.
(Gascor). Sasol holds 50 percent of the share capital in Gascor
with the balance held by the Industrial Development Corporation
(IDC), an arm of the South African Government.

Other operating companies which influence Sasol's
horizontal and vertical integration include: |

® National Petroleum Refiners of South Africa, Ltd.
{(Natref) - Refines imported crude oil and naphtha
as well as streams from Sasol I. 8Sasol has a 52.5
percent interest in Natref's share capital.

e Tosos, Ltd. - Sasol holds 70 percent of share
capital in Tosos which in turn has a 50 percent
interest in FTS Binders, Ltd., a marketer of road
binder material. -

@ Allied Tar Acid Refiners, Ltd. (Altar) - Sasol owns
75 percent of share capital in Altar which refines
tar acids from Sasol I and markets phenols and
cresylic acid through SMC.

® Sasol Townships, Ltd. (SDB) -~ SDB is a wholly owned
subsidiary which was responsible for township devel-
opment at Sasolburg.

® Sasol (Transvaal) Townships, Ltd. [SDB(Transvaal)] -

Sascl owns 50 percent of SDB(Transvaal) which is
undertaking township development at Secunda.

Capital Structure

Sasol I was originally conceived as a commercial opera-
tion in the late 1940's by Anglo Transvaal Comnsolidated
Investment Company (Anglo Vaal), & private mining group. How-
ever, Anglo Vaal could not find the required financing to build a
plant. The State of South Africa tock over the project in 1930
by the creation of the South Africanm Coal, 0il and Gas
Corporation, Ltd. (Sascl). The company was registered in
accordance with the Companies Act as an ordimary company wWith a
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profit motive. The State provided the capital investment
required for construction of the plant in the form of share
capital through the IDC, a government¥owned organization designed
to stimulate industrial development: Sasol 1 was constructed at
Sasolburg and began to produce marketable products near the end

of 1954.

During the 1960's, Sasol expanded its activities into

" petrochemicals, gas supply, and crude cil refining. 1In 1975, the
decision was made to build a second and much larger oil-from-coal
plant at Secunda. The estimated direct cost of cempleting the
Sasol II project, including wining operations, is estimated at
aBout $3.25 billion. The funds for construction were provided
from the following sources: 19.7 percent in the form of export
credits, 68.3 percent from the State 0il Fund, and 12.0 percent
in the form of parliamentary grants. As indicated, the State
provided over 80 percent of construction funds effectively in the
form of an equity stake. '

All revenue and cost figures associated with Sasol Ltd.
and the Sasol operations have been converted to U.S. dollars at a
rate of $1.30 per South African Rand.

In 1979, the State announced the plans for construction
of a third oil-from-coal plant, Sascl III, adjoining the Sasol II
plant at Secunda. The cost of construction for Sasol III is
estimated to amount to $4.25 billien at cdmpletion of construc-
tion. [Funds for construction are being provided as follows: 20
percent in export credit, 64 percent from the State by way of
parliamentary grants and the SOF, and 16 percent from the sale of
share capital to private investors. The last item amounts to
$525 million, of which $490 million was raised in a private
placement aimed at institutional investors and the remainder in a
public issue.
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Sasol Limited (Sasol) was incorporated on 26 June 1979
as the holding company of the Sasol group. Sasol presently holds
a 100 percent share interest in Sasol I and a 50 percent share
interest in each of Sasol 1I and IIL. The remaining share inter-
est in Sasol II and III 1s held indirectly through the IDC and

its subsidiary, Konoil, Ltd. After the final issue of public
ghares in Sasol Limited in April 1981, the public now holds 70
percent of issued shares, while the State holds 30 percent of
shares. At the end of fiscal year 1980, Sasol's long-term
debt-to-equity ratio was 0.13. |

An agreement was reached om 20 July 1979 providing for
the future acquisition by Sasol of the State's interest in Sasol
II and III, which includes a 50 percent shareholding and substan-
tial loanms. According to the agreement; the government loans
will be free of interest initially. After Sasol II and III each
exceeds -a profit level of over $130 million per year, one-half of
the loans will bear interest at a rate not to exceed that applic-
able to l0-year Government Stock. |

Capital Costs

Capital cost estimates for the Sasol I, II, and III
plants have been widely publicized. For Sasol I, plant coastruc-
tion began in the middle of 1952 and was essentially complete by
late 1955. The first capital cost estimate for the plant, devel-
oped prior to the start of construction, was $75 million. 4&n |
end-of-job cost assessment in 1956 for the fully operating plant,
including the capitalized cost of start up and essential modifi-
cations, but excluding the cost of later improveménts, indicated
"a real cost of $142 million. The total capital cost of the

present plant, including subsequent modificatioms, is estimated
at 3230 million.



The large difference in capital cost estimates before
and after comstruction of Sasel I is in direct contrast to the
cost estimating expérience for Sasol I1. The original estimate
for the larger Sasol II facility was developed in 1975 on the
basis of in-house cost information. The final end-of-job cost
figure for the plant was $3.25 billion. This value was within 10
percent of the original estimate after allowing for inflatiom and
currency adjustments. Site preparation for Sasol II began in
March 1976. The first units were commissioned in July 1980.

Although the Sasol III complex is a near duplicate of
the Sasol II facility, inflation and currency valuations have
driven the expected construction cost to $4.25 billion, accord-
ing to a 1979 estimate. The Sasol III plant is expected to be
fully operational by 1983, about four years after start of
construction.

1t should be remembered that the capital cost estimates
for Sasol III, as those for Sasol 1 and II, are for grass roots
plants. The estimates include site acquisition and development,
mine development, and all off-site and auxiliary equipment.
Table 6-1 summarizes the capital costs for the three Sasol plants
together with coal feed rates and estimated production output

rates.

Operating Costs

While capital cost estimates for the Sasol facilities
are widely publicized, operating cost data are not. One of the.
problems is that operating costs for Sasol I are generally 1umbed
with operating costs for the Natref refinery and other operating
subsidiaries of the Sasocl I group. However, from financial
reports, it is clear that in recent years Sasol I accounts for

the greatest portion of the profits of the Sasel I group. For
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instance, in the period 1974 through 1978, Sasol I accounted for
79 percent of income from operations and 97 percent of net prof-
its. During this same period, income £rom operations averaged 17
percent of total revenues for the Sasol I group. Net profit
after depreciation and taxes averaged 7 percent of total reve-
nues. These figures should be representative of Sasol I opera-
tions alone.

Although direct‘bperating costs for the Sasol plants
are not available, costs have been estimated by the Financial
Mail at $18.60/barrel. This estimate assumes a 20-year life for
amortization, $3.60/barrel for coal costs, and $6.50/barrel for
labor maintenance and other costs.

Accounting Standards

As a profitbseéking company registered in accordance
with the Companies Act, Sasol Limited must report its financial
position at the end of each fiscal year (near the end of June) in
' accordance with standard accounting practices. Accounting prac-
tices in South Africa are quite similar to those used in the
United States. However, there are a few special considerations
that should be allowed for when reviewing Sasol's financial

statements. These are summarized below:

@ Depreciation: Fixed assets such as plant, equip-
ment, and buildings are written off on a straight
line basis over their useful 1life. Sasol officials
stated that plant and equipment at Sasol 1 were
were a2ssigned a useful life of 20 years for account-
ing purposes.

e Inventory Valuation: In the 1975/1976 fiscal year,
Sascl changed its basis of valuing crude oil,
naphtha, and finished goods from the flrst-Ln-flrst-
out (FIFO) basis to the last-in-last-out basis
(LIFQ). This change has alsc been made by many oil
companies in the United States to avoild overstating
profits during periods of rising prices.
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o Inflation Accounting: In the fiscal year ending
June 1375, Sasol began adding $16.3 million per year
as additional depreciation to account for the
effects of inflation. This change had the effect of
essentially doubling the depreciaticn allowance for
fiscal years 1975 through 1978. This practice has
continued through 1980.

Tax Laws

During the ﬁeriod 1975 to 1978, Sasol's effective - cor-
porate tax rate ranged from 36.5 percent to 55.1 percent, with an
average of 44.3 percent of profits. The tax rate in 1980 was
41.2 percent of profits. As a producer of liquid fuels from idi-
genous raw materials, Sasol is also eligible for an excise tax
ecredit of 4.7 cents per liter for LPG, gasoline, diesel, kero-
sene, and jet fuel. Liquid fuel products from Sasol are priced
on & parity basis with petroleum-derived products, allowing for
crude o0il purchase, ocean fréight from the Middle East, refining,
and distribution costs. |

Sasol also receives undisclosed tax credits for capital
investment and export sales.

Other Factors

The cost of coal production at Sasol is significantly
lower than in the United States due to thick, easily minable
seams and a high degree of mechanization. Sasol officials esti-
mated coal production costs at approximately $13/metric ton, or
$12/short ton. | -
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7.0 CONCLUSIONS AND RECOMMENDATIONS

The purpose of this program is to assess the availabil-
ity, applicability, and transferability of information obtained
from foreign coal gasification plants to the U.S. synfuels’
effort. This assessment includes am analysis of the usefulness
of further detailed case studies. In addition, some general con-
clusions with respect to the choices of commercially available
coal gasification processes are presented as they emerged from
the case studies. '

Conclusions with Respect to Additional Case Studies

In determining whether additional case studies would be
useful to the U.S. gasification development efforts, a conclusion
was drawn from the information obtained from the two case studies
already undertaken. It was shown that although general informa-
tion on major problem areas, design philosophies, and operational
experience (including air and water pollutiom) is available, spe-
cific data to be used for designing a gasifier in the United
States are not. All users of coal gasification processes and all
engineering/construction firms are contractually bound to keep
detailed design data proprietary. In this case, the depth of
information available at other facilities can be expected to be
similar to the selected two case studies. Therefore, it is con-
cluded that further general case studies are not cost efficient.

The most fruitful continuation of case studies would be
direct contacts with the process developers at their technical
development centers. Discussions with key technical staff
members are expected to reveal more specific information om the
design philosophy and on the fundamental process characteristics
than discussions with sales staff members of these companies in
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this country. Such basic information is needed for selecting a
commercial gasification process.

A different situation would occur if and when indus-
trial concerns in the United States plan to erect a coal gasifi-
cation plant at a specific site, based on an already operating
foreign commercial technolegy. For example, after a specific
coal feedstock type has been selected by choosing the actual
plant site in the United States, additional foreign case studies
at plants with similar feedstock would be expected to produce
useful basic information. The American industrial developer
would benefit from case studies pefformed on a specific operating
technology similar to the onme intended for installation in the
United States. As an example, the Great Plains Project obtained
most valuable information from a "case study' at Sasol.

General Conclusions

Lurgi and Koppers-Totzek gasifiers are well-proven
technologies with some 40 years of commercial experience and
- development. There is no fundamental reason that either process
should not work for manmy U.S. coeal feedstocks. However, every
gasifier is essentially custom designed. In order to obtain the
important design parameters, full-scale testing of the available
coal should be done extensively in spite of its high cost.
Generally, coal is more difficult and complex in its handling
than oil. Provided sufficient testing is performed, typical
coal-related problems such as corrosion, erosion, and fouling in
a commercial Lurgi or a Koppers-Totzek coal gasification plant in
the United Stateé can be expected to be similar to the problems
encountered for a conventicnal coal-fireﬁ power plant. The dif-
ference, however, is the multiplicity common for all coal gasifi-
cation plants (e.g., Sasol II operates 36 gasifiers). In other
words, the majority of failures would be hardware problems
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related to valves, pipes, compressors, faas, etc. A certain
percentage of any such complex equipment can be expected to fail
during the initial start-up of a plant, as exemplified by the
problems of Sasol II.

‘The aforementioned complexity of any larger coal gasi-
fication plant to be built in the United States also leads to the
conclusion that the involvement of the developer (e.g., Lurgi or
Krupp-Koppers) and an experienced engineering company like Fluor,
cannot easily be substituted without going through painful and
long learning experiences. Similarly, the real operaticnal
experience of a Sasol or AECI cannot easily be substituted.
Generally speaking, the developers, the engineering company, and
the operators--athough bound together by contracts-have only
1imited information exchange. The standard phrase is, 'We tell
them what they need to know.' It is this interrelation that
initiated the sharing of consulting fees between the Lurgi,
Sasol, and Fluor Corporation. As a result, it might be concluded
that licensing companies which have had access to some limited
operating information, but which have never cbtained hands-on
experience, are not substitutes for the companies which actually
developed the technology.

General conclusions have alsc been drawn about the
econcmic and political comsiderations that played a role in the
stimulation of the aynthatic fuels industry in South Africa and

may be factors influencing synfuels development in this country.
These conclusions are summarized below:

e Capital costs for first generation plants are likely
to be significantly underestimated. The cost esti-
mates for second and third generation plants, how-
ever, are likely to be much more accurate owing to
the experience gained during comstruction and
operaticn of the first plant. No one will really
know how much it costs to build and operate a com-
mercial coal gasification plant in the United States
until the first one is built.
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e VModern commercial gasification plants are capital
intensive, not labor intensive. Operating costs for
U.S.-built plants will not be significantly differ-
ent from the South African experience after adjust-
ing for coal and electricity costs.

e Covernment support was provided in some form for
both the Sasocl complexes and the AECI ammonia-from-
coal plant. It is unlikely that the Sasol plants
could have been built without the equity stake,
no-interest lcans, and excise tax credits extended
by the govermment. Similarly, the Modderfomntein
plant enjoys price supports and investment tax
credits (as do other ammonia producers). The deci-
sion to build the Sascl factories was based on
political and strategic arguments. AECI's decision
to use coal as a feedstock was primarily an economic
one. The U.S. Government would do well to imitate
its South African counterpart in assuming different
postures toward different industry segments but
providing an overall environment of encouragement
and cooperation.

e After the first government-assisted plant is built
in the United States and proven feasible, tradi-
tional forms of debt and equity financing will
become available for the second and third generation
plants. The Sasol I plant required several years
before operating at a profitable level but now has
become a formidable cash generator. On the basis of
Sasol I's success and the prospects for Sasol II and
111, the recent public issue of Sasol stock was
oversubscribed 31 times.

Recommendstions for the Choice of Gasifiers

Time and again, it has been seen that the most impor-
tant input for making a choice of various technologles is the
nature of the available coal. Important coal properties are cak-
ing behavior, fines content, ash content, gasification'reactiv-
ity, ash corrosivity, moisture, and ash fusion temperature. The
Koppers-Totzek (or for that matter, most other entrained bed)
gasifier is less sensitive to highly caking coal behavior and
high fines content but more sensitive to the ash properties which

60



influence corrosion and fusion temperature than is the dry-
bottom-Lurgl gasifier. All gasifier types are affected by coal
reactivity, though not to the same extent.

High ash content causes no problems for Lurgl units
while the Koppers=-Totzek units require increased fly ash removal
capacity.

Overall plant size 1s another important parameter to
consider when selecting a gasification process. Four-headed
Koppers-Totzek gasifiers are presently limited to 820 metric
tons/day (900 TED) coal input design capacity. The Mark V Lurgi
unit apparently operates with about a 1,810 metric ton/day (2,000
TPD) input design capacity. Turndown ratio for larger synfuel
plants seems to be of little importance as all gasifiers are
either on full load or shut down. At very large synfuel plants,
the by-products (oils, tars, phenol, etc.) of a Lurgi unit can be
an asset. For smaller plants, these by-products are a nuisance.
Recycling of by-products into the gasifier or into the steam
boilers cam solve the waste clean-up problem. The higher owverall
thermal efficiency of a Lurgi gasifier becomes more important for
larger synfuel plants. It is assumed here that the preduct gas
must be cleaned and available at higher pressures. A Lurgi gaéi-
fier requires compression (by gas compressors) of the incoming
oxygen alone, while atmospheric gasifiers need subsequent com-
‘pression of the total product gas, which is a much larger volume
of gas. The Lurgi process also requires more steam from a boiler
and produces less stesm from ccoling than the higher témperature
Koppers=-Totzek process. The steam produced by cooling involves
oxygen for combustion, which is thermally less efficient than
steam produced from a couventional boiler. The Koppers-Totzek
carbon conversion efficiency should be improved, or the fly ash
should be fed into a fluidized bed combustor for more complete
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burnout. High carbon comtent of the disposed ash can lead to
dangerous fire hazards.

The Lurgi gasifier seems to be of somewhat simpler con-
struction with respect to corrosion/erosion potential (i.e., the
lower operating temperature of the Lurgli gasifier, compared to
all entrained bed gasifiers, does not require refractory-lined
walls, but merely water-cooled steel walls).

‘The Lurgi gasifiers might have a built-~in advantage
concerning safety over the Koppers-Totzek or Winkler gasifiers
insofar as a Lurgi has a one-hour coal supply but only an oxygen
supply for less than a minute within the reactor at any time.
This results in tremendous coal excess (fuel rich conditions)
preventing breakthrough of oxygen into the raw product gas, a
hazardous condition which could lead to an explosion. All
entrained and fluidized gasifiers with this concurrent flow
pattern have coal and oxygen supplies for less than a minute.

Any plugging of the coal injection quickly results in sharp
OXygen excess conditions.

Availability of Data

Table 7-1 presents the framework of questions on opera-
tions which were presented to AECI and Sasol engineers. The
answers are indicated by yes (fully answered), no {(no details
available), and 1d (limited answers). Detailed numbers for
design capacity, steam or oxygen consumption have.been published.
However, these values are of very limited applicability due to
thelr strong dependence on the specific feedstock and on the
actual operating conditions. Sometimes, the numbers represent
annual averages. In other words, these are approximate numbers
not of sufficient accuracy to be used for detailed design. Lurgi
or Krupp=-Koppers espeéiélly, but also Fluor, Sasol, and AECI, do
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6.
7.

9.
10.
11.
12.
13.
14.

15.
16.

17.
18.

Table 7-1
INTERVIEW QUESTICNS
What is the gasifier design capacity? What is the actual
capacity being realized? 1d
What is the coal type aand group? Is it caking or non-

caking? What is the Free Swelling Index- (crucible swelling
number)? What percentage is ash? What is the ash-softening

‘temperature? Moisture content? Yes
What type of coal crushers, pulverizers are used? What is
the coal size? . Yes
How is the coal stored? Yes

How is the coal fed to the gasifier (screw mechanism, lock

hopper, etec.)? Yes
What is the turndown ratio? Yes
What is the grate or stirrer speed (if applicable)? No

How is the bed depth determined (e.g., by periodic poking)?
1d

How much ash is removed? | 1d
‘What is the steém (water) consumption? No
What is the steam : air (or oxygen) ratio? Yes
What is the gasifier pressure? Yes
What is the pressure drop across the reactor? No

What is the gasifier temperature? Gasification temperature,
gas exit temperature?

What type of refractory linings in the gasifier? No

What is the maintenance schedule (e.g., §rate replacenent,
patching of the refractory lining, etc.)?

What is the gasifier diameter? Yes

What is the startup procedure? How long does it take? No
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Table 7-1 (Continued)
INTERVIEW QUESTICNS

19. How is the gas cleaned (e.g., scrubber, cyclome)? Yes
20. How much tar and oil is produced? What is the composition?
Is it sold or used in-plant? 1d
21. How much wastewater (condensate) is produced? What are its
characteristics (pH, dissolved solids, etc.)? 1d
22. How 1s the wastewatér treated? Yes
23. How often is ﬁhe product gas sampled? Yes
24, How does product gas composition vary? Yes
25. What are the lifetime of major components? 1d
26. How much land do the gasifiers occupy? Yes
27. How are the gasifiers integrated with the balance of the
plant? 1d
28. How much downtime is experience per year? 14
29. How many operators pet shift? Per gasifier? 14
30. What are the wages paid to the operators? 1d

31. Have there been any serious accidents, fires, or explosions?
1d

32. How often does the manufacturer's representative visit the
gasifier facility? 1d
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not give away design details concerning the construction and
operation of such plants without their involvement. General
information is available on such questions as:

¢ Which are the most troublesome components?
@ What should be changed in the present setup?

@ T[uture plaﬁs.

Future Development Needs

All current coal preparation/beneficiation plants pro=-
duce large amounts of coal containing wastes, called culm. Simi-
larly, all atmospheric fluidized bed gasifiers (e.g., Winkler)
and, to a lesser extent, all atmospheric entrained bed gasifiers
(e.g., Koppers-Totzek), produce large amounts of fly ash with a

substantial unburned carbon content. Effective use of unburned
carbon has a double merit:

(1) Increased overall thermal efficiency and

(2) Elimination of the fire danger of the discarded

' ash. '
All countries with large coal consumption, including Scuth
Africa, India, Germany, England, Poland, and the United States,
are in great need of culm burning fluidized bed combusters or
gimilar devices. Any such technology developed in the United
States could be used for technclogy exchange with other

countries, such as South Africa. Such an exchange would include
proprietary information.

Anthracité culm burning fluidized bed combustors are
being devloped by Curtiss-Wright, Pope-Evans-Robbins, and '
Fluidine, with support by the U.S. Department of Energy.
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APPENDIX A
MASTER LIST OF FOREIGN GASIFIERS
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AFPPENDIX B

| PART 1
CONTACTS MADE BY THE PROJECT TEAM-
FOR COMPILATION OF THE MASTER LIST



Letin American Organization
for Energy (OLADE)

Av. 6 de Diciembre

3048, Quito, ECUADOR

Mr. J. C. Hoogendoorn, Manager

Process Division

South African Cosl, 0il, & Gas
Corp., Limited

P.0. Box 1

Sasolburg, D.V.S.

Republic of South Africa

Mr. Yasutaka Matsuura

Manager of the Center for Technical
and Business Information

Tokyo Gas Co., Limited

1-2-16, Yaesu, Chuo-ku

Tokyo 103, Japan

Department of Energy
Headquarters

Thames House South, MLllbank
London SW1 4QJ

England

Agency of Industrial Science & Technology®*
Ministxy of International Trade & Industry
1-3-1 Kasumigaseki

Chiyoda-ku

Tokyo, Japan

Japan Gas Association¥®
30 Shiba Kotohira-Cho
Minate-ku

Tokyo, Japan

National Energy Administration*
Pibultham Villa

Kasatsuk Bridge

Bangkok, Thailand

U.N. Economic CommiSSLOn for Africa
P.0. Box 3001 . :
Addis Ababa, Ethiopia

*An asterisk indicates that a response has been received.
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Canadian Department of Energy*
Mines and Resources

588 Booth Street

Ottawa, Ontario, Canadia KI1A UGl

Universidade De Sao Paulo
Instituto de Fisica
Caixa Postal - 20.516
Cidade Universitaria

Sac Paulo - Brazil

Centro De Technologia Promoan - CTP*
Praia do Flamengo, 154

22210 Rio de Janeiro RJ

Brazil

Conselho National Do Petroleo - MME CNP
Esplanado dos Mlnlsterlos

Bloco J, 6° e 7° ander

Bra3111a, DF, Brazil

Fuel Research Institute of South Africa
P.0. Box 217

21 Lynnwood Road:

Pretoria,

- Republic of South Africa

Direccion General De Hidrocarburos
Statistical QOffice

Edificio Ferrand

Zepita 423 6 to. piso LIMA

Paru

U.N. Economic and Soecial Commission®
for Asia-Pacific

Sala Santitham

Rajadamnern Avenue

Bangkok 2, Thailand

Latin American Free Trade Association
Cebellati 1461

Casilla de Correc 577

Montevideo, Uraguay

Central Fuel Research Institute -

P.0. F.R.I. Dist.
Dhanbad 82 81 08
Bihar, India
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Australian Department of Minerals®
and Energy :

Tasman House

Hobart Place

Canberra City

P.0. Box 850

Canberra City A.C.T. 2601

Yugoslav Committee Wec Energia
Balkanska 13/15
Beograd, Yugoslavia

Energy Policy Committee, Ministry of
Economic Affairs

109 Hankow Street

Section 1

Taipei-Taiwan

Ministry of Energy and Natural Resources
Planning and Coordination

Enerji ve Tabii Kajnaklar

Bakanligi, Enerji Dairesi

Bakanliklar, Ankara

Turkey :

All-Union Institute of Scientific
and Technical Information Vinit

12 52 19 Moscow A 219

14 Baltiskaya

U.S.S.R.

Centrum Informac. Ji Naukowe]j
Technicznej

Ekonomicznej Cinte

Al Niepod le glosci 186, 00-930

Warszawa, Poland

National Committee on Science
and Technology

Technology Bhavan

New Mehrauli Road

New Delhi 29, India

Babcock Contractors, Inc.*
921 Penn Avenue
Pittsburg, PA 15222

Foster Wheeler Energy Corporation
110 So. Orange Avenue
Livingston, NJ 07039
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Wilputte Corporation¥*
152 Floral Avenue
‘Murray Hill, NJ 07974

Riley Stoker Corporation¥*
P.0. Box 547
Worcester, MA 01613

Priv.-Doz. Dr.-Ing. Friedrich H. Franke
Rheinische Brauniohlenwerke Ag
Stottgenweﬁ 2

5000 Koln 41 (Lindenthal)

West Germany

Janis Martin*

Senior Sales Executive

Gesellschaft fur Kohle-Technologie mbH
POBR 102251

D-4300 Essen 1

West Germany

Bernard H. Liberman¥*

Director

Process Equipment Division

Wellman Incandescent Ltd

Cornwall Road Smethwick Warley B66 2LB
West Midlands England

James P. Engebretsoun*
Manager, Business Development
Lurgi Corporation

Western Division

One Davis Drive

Belmont, CA 94002

John Gray¥

British Gas Corporation

326 High Holborm

Londeon, WC1 V 7PT, England

National Coal Board (Great Britain)*
Bergbau-Forschung, Essen (W. Germany)*

Association Technique Du Gaz En France
Paris {(France)*

AGIP, Milan (Italy)*

EEC Brussels (Belgium)*
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APPENDIX B
PART II
CONTACTS MADE DURING
THE CASE STUDIES



II.

ITI.

IV.

Fuel Research Institute of South Africa
21 Lynwood Road
Pretoria

Dr. D. Clark
Head, Engineering Division

E. F. E. Miller
Chief Research Officer

AECI Limited
Modderfontein Transvaal PO
North Rand 1645

L. J. Partridge
Assistant Project Manager, Fuel and Feedstocks

E. L. Taylor
Production Manager, No. 4 Ammonia Plant

A. D. Engelbrecht
Process Engineer

Sasol I/IL

Avril Malan Building
57 Commissioner Street
Johannesburg

J. C. Hoogendoorn Pr. Eng. FSAIChE
General Manager

 A. Brink, Ph.D.
Manager, Research Division

" A. Swart
_ Production Manager, Sasol II

Lurgi South Africa (PTY) Ltd.
Argon House '

87 Juta Street

P.0. Box 31274

Braamfontein 2017

Willy Neilfer
Managing Director

Dr. John P. Herselman
Divisional General Manager - Technical

B-7



DCN# 81-207-001-08

APPENDIX C

EXPANDED DISCUSSION OF TECHNICAL,
ECONOMIC, AND POLITICAL FACTORS
RELATED TQ BASIS OF COMPARISON

BETWEEN FOREIGN AND U.S. FACILITIES

VERIFICATION OF THE FOREIGN SYNFUELS
INDUSTRIALIZATION EXPERIENCE
FINAL REPORT
DRAFT

July 1981

Prepared by:

- Radian Corporation
Sulte 600, Lancaster Building
7927 Jones Branch Drive
McLean, Virginia 22102

Institute of Gas Technology
3424 South State Street
Chicago, Illinocis 60616

Research Planning Associates
28 Avenue de Messine
75008 Paris, France

Submitted to:

Arvid Strom
U.S. Department of Energy
Office of Fossil Energy
Washingtoun, D.C.

DOE Contract No. DE-AC01-80-RA-5006



APPENDIX C

EXPANDED DISCUSSION OF TECHNICAL,
ECONOMIC, AND POLITICAL FACTORS

RELATED TO BASIS OF COMPARISON
BETWEEN FOREIGN AND U.S. FACILITIES



TABLE OF CONTENTS

Section | . Page
c.1 TECHNICAL FACTORS RELATED TO BASIS OF
COMPARISON - 1 - L ] ‘ L] - * ] [ ] L ] | ] [] » » [] L ] a L] C-l
c.2 OVERVIEW OF ECONOMIC AND POLITICAL CONDITIONS
: COUNTRIES WITH OPERATING COAL GASIFICATION
PROJECTS + v v v o « o o o o o o o 5 » o 4 c-31
OVERVIEW OF POLITICAL AND ECONOMIC CONDITIONS
SOUTH AFRICA. « « + o o o o o « o o o o c-39
THE UNITED KINGDOM. « + « o « o « s s o G-59

TURKEY . « v v v ¢ o o o o o v o o o n o & C-79

BULGARTA. « + + « « « « v o o s o o« o« o C-105
CHINA & « « v o 4 ¢ ¢ o 5 o o o 2 s+ o o Cc-109
CZECHOSLOVAKIA. + « v « + o o o « + o « & c-113
GERMAN DEMOCRATIC REPUBLIC (EAST) . . . . c-117
YUGOSLAVIA. + ¢ &« o &« « o« o o o & 5 o o Cc-121
ZAMBIA. + + « v & o o 4 b e e e e e e c-125
FEDERAL REPUBLIC OF GERMAﬂY (WEST). . . . C-129

GREECE. . ¢+ ¢ & & & o o s o o o o s s o C-153
PORTUGAL. . « « ¢ & o ¢ ¢ o o « o o o o c-173
THAILAND. . . . ¢« o & ¢ ¢ o ¢ o o o s o C-201
INDIA . & v v ¢ v o e v v o e o s s o s s C-233

SOUTH KOREA . .+ « « « « « o o« o & o & & & C-269



APPENDIX C
EXPANDED DISCUSSION OF TECHNICAL, ECONOMIC, AND
POLITICAL FACTORS RELATED TO BASIS QOF COMPARISON
BETWEEN FOREIGN AND U.S. FACILITIES

c.l TECENICAL FACTORS RELATED TO BASIS OF COMPARISON

Design Philosophy and Construction Codes

The bulk of eugineering projects in the world, such as
chemical process plants, are designed by European or American
firms. They occupy 18 of the top 20 places of leading interna~
tional design firms (only one company from a developing country,
Lebanon, is among the top 20).1 Because design work is domi-
nated by these firms in developed Eurcpean and North American
countries, common design philosophies and practices have
resulted. There are several differences, however, between U.S.
and European philosophies. U.S. practice is typically to specify
the performance of subsystems and contract out the detailed engi-
neering for these items. On the other hand, European firms
typically design subsystems in complete detail, even specifying
bolt patterns and fastener sizes. U.S. firms also tend to design
systems that extensively use automatic controls and computerized
microprocessing; European designs generally specify less
‘automation.2

In developed and developing foreign countries, chemical
plants are designed more closely to the European philosophy.
This is because of the usual abundance of unskilled workers, lack
of skilled workers, or limited availability of capital (sophisti-
cated equipment is more capital intensive). This would translate
to the United States as a design that would probably require



additions of automated ocntrols to the foreign design, fewer

unskilled workers, and a greater number of skilled workers (for
example, instrument technicians).

There are numerous codes involved in the construction
of a major engineefing project such as a coal gasification plant.
Prominent codes in the United States are the Uniform Building
Code and the ASME Pressure Vessel Code (American Society of
Mechanical Engineers). Major foreign codes are those of DIN
(Deutsches Institue for Normung e.v.) and ISO (International
Organization for Standardizatiom). The DIN standards mainly .
cover product specifications (for example, Standards for Clamping
'Devices [10050] or Standards for Steel Pipelines [10052]). The
international earthquake-resistant regulations were investigated
in an attempt to obtain an indication of the variability of
building codes throughout the world.3:4,5 The 15 countries
that were analyzed are listed in Table C-1, along with the calcu-
lated design factor C (the numerical coefficient for base shear
as described by the equation F = CW, where F is the total earth-
quake force at the base of the structure and W is the total
vertical load considered for the seismic calculation, assuming a
zone of greatest earthquake potential). The mean for this sample
of countries is 0.17, and the standard deviation is 0.05. The
U.S. value point is greater than one standard deviation away from
the international mean (no interference can be made from this
observation). These countires were grouped by their status as
developing or developed countries, and the distributions of C
coefficients compared. At the 90 percent confidence level, there
is no significant difference in the mean C values of the two
types of countries. Thus, a case could be stated that the build-
ing codes in developing countries are not different than those of
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Table C-1

BASE SHEAR COEFFICIENTS

FOR SELECTED COUNTRIES

Coefficient, C

Country
Bulgaria 0.24
Canada 0.21
France 0.20
Federal Republic of Germany 0.10
Greece 0.1%6
India 0.16
- New Zealand 0.23
Portugal 0.20
Rumania 0.i5
Spain 0.21
Turkey 0.15
USSR 0.10
UsA D.11
Venezuela 0.15
Yugoslavia 0.12
Mean = 0.17

Standard Deviation = 0.05
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developed countries. Other important construction code param-
eters include wind pressure and frost heaving. These param-
eters axe heavily dependent on local factors. Design require-
‘ments to prevent frost damage will require additiomal maintenance
and utilities (for example, insulation replacement and steam
tracing of pipes).

Sparing

Typical U.S. process plants spare such important equip-
ment as pumps and compresscrs. The spare may be a complete back-
up or some percentage of total capacity (for example, 50 percent
for a pair of pumps). Large pieces of equipment are generally
not spared, although spare parts may be incorporated (for
example, a spare rotor may be specified for a centrifugal com-
pressor)uﬁ Large international plant designs probably adhere
to this same philosophy on sparing. The Westfield, Scotland
gasifier of the British Gas Corporation required two percent of
its total capital costs for spare equipment.’/ The Sasol II
plant in Secunda, South Africa spares six of its thirty-six
reactors (this is 20 percent of its 30 gasifier design capac-
ity).? The Talcher plant of the Fertilizer Corporation of
India, Ltd., apparently planned to have one spare gasifier for
the three constructed there; however, only three were built (this
would have represented 33 percent of capacity as spare). In
developing countries such as India where capital is usually
scarce, we would expect less sparing of equipment. This lack of
capital is evidenced by high rates of interest, such as in
Taiwan, which have reached 30 percent.? Furthermore, import
duties in developing countries make the often-needed foreign
equipment additionally expensive. It appears that developed
countries have a sparing philosophy similar to the United States,
and designs would translate 1l:1. On the other hand, designs in

developing countries may specify fewer numbers of spares compared
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to. standard U.S. design practices because of the apparent lack of
capital. This would indicate longer periods of downtime for
gasifiers in developing countries relative to the United States.

Scheduled Maintenance

All process plants require maintenance (for example,
catalyst replacement and boiler tube inspection). By properly
scheduling maintenancé, unexpected downtime can be minimized and
unit product cost of the plant kept at a low level. Developed
countries have estimated anmual maintenance cost of coal gasifi-
cation and liquefaction plants to range from 1.6 to 10 percent of
total capital investment.lo These countries are Canada, the
Federal Republic of Germany, the Netherlands, Sweden, the United
RKingdom, and the United States. Estimates for on-stream factors
range from 0.70 to 0.95 (that is, fractional time in operation or
downtime for scheduled and unscheduled maintenance of about three
‘to sixteen weeks per year).l0 It is interesting to note that
the highest on-stream factors were estimated by the British Gas
Corporation in the United Kingdom; they operated a Lurgi gasifier
commercially from 1961 to 1974.

U.S. estimates for on-stream factors by the Department
of Energy and the Electric Power Research Institute ranged from
0.70 to 0.90. A study completed by C. F. Braun for the American
Gas Assoclation on western coal commercial concepts assumed a
0.90 factor.b

Number of Trains

As process equipment reaches the limit of its size
(that is, economics of scale no longer evolve), additiomal pro-
cess streams or trains must be added if capacity is to be
increased. Extra trains also offer process flexibility in the

€-5
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event of an outage in one train; this is important for plants
supplying product downstream for additicnal processing where an
oﬁtage involves extra costs, such as additicmal labor to turn
down and restart hot equipment. Plant losses can often be |
minimized during downtime by temporarily increasing the through-
put of the remaining train(s). Depending on the process, it may
be feasible to add storage to acquire added flexibility {(for
exanple, a one-train system for producing oxygen may use gaseous
or liquid storage prior to use in a gasifier). This is similar
to the arrangement that existed at the Westfield, Scotland plant.
Two streams of oxygen supplied the four gasifiers with
pressurized gaseous storage as a buffer. The remainder of the
 plant was basically of two trains, except for the single waste
heat boiler where gasifier streams were combined, the organics
removal section where the absorber towers were used, and waste
gas disposal and final cleanup where single trains were utilized.
The Westfizld plant is relatively small and probably could not

. benefit from fully duplicated parallel tralns. We expect that.
Drocess plants in the Uunited States can generally be larger and
would have greater benefits by using multi-train desigms.

Plant Capacities

In 1972, Baranson reported that ''typically, plants in

less developed countries operate at 5 to 10 percent of the scale
of intermationally competitive plan_ts."l2

For ammonia plant capacities, there was a statistically
significant differemce at the 90 percent confidence level for the
12 plants in developed countries and the 63 plants in developing
countries. The mean capacity for a plant in developed countries
is 1,250 tons of ammonia per day compared to 910 tons per day in

developing countries. The optimal size in India is reported to
be 1,000 tons/day.

C-6
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Designers and Contractors

Firms from developed countries dominate this work. Tle
top 10 international designers and ceontractors for 1979 are
listed in Table C-2. U.S. design firms had larger domestic .
staffs than foreign firms {320 versus 260), but generally kept
smaller staffs overseas.l The difference between foreign and
domestic staff is i1s not as apparent for international contrac-
tors; on the average, each firm employs about 1,300 expatri-
ates.l5 There is a trend toward joint ventures on interna-
tional -construction. The major reasons for these ventures are
manpower and technology availability, as well as government
aid.1> . |

In many cases, local firms may be preferred over top
international designers and contractors. Design and construction
problems in these cases would not be directly translatable to the
U.S. situation (presuming U.S. firms will design and construct
gasifiers in the United £ :ates). Even if international firms are
involved in foreign process plants, the probable difference in
expatriate costs, relative unfamiliarity with local regulatious,
customs, and languages may make translation to the United States
difficule. -

Oune indicator of the success of a project's design and
construction is the length of time for the system to reach desigm
capacity. These times for five foreign coal gasifiers (Sasol I
and II, Modderfontein, South Africa; Westfield, Scotland; and
Luenen, Federal Republic of Germeny) ranged from 1 to 5 years,

with a mean value of 3.1 years. The Koppers Company estimated

three years as the time to reach design capacity for a coal
gasification plant to be built in the United States.l6

c-7



Table C-2

TOP TEN INTERNATIONAIL DESI

IRMS
AND CONTRACTCRS, 1979%1?1%~

Position Degign Firm Contractor
1 Sir William Halerow & Partners, U.K. Fluor Corp., U.5.A.
2 SWECO AB, Sweden Bechtel Group of Cos.,
- U.S.A.
3 Louls Berger Group of Cos., U.S.A. Davy Corp., U.K.
4 Noreconsult, Noiway . ‘ Chiyoda Chemical Engr. &
) Const. CO-, Ltd-, Ja'pan
5 SOFRESID, France Foster Wheeler Corp.,
' . UIS‘AI
6 Planning Research Corp., U.S.A. Hanyang Corp., Korea
7 NEDECO, Netherlands The Parsons Corp., U.S.A.
8 " The SNC Group, Canada The Rust Engineering Co.,
U.S .A. '
9 We S. Atkins, U.K. C. F. Braun & Co., U.S.A.
10 Gibbs & HLll, Inc., U.S.A. Technip, France

c-8



Labor

There are important differences in industrial relations

policies and practices between the United Sates and foreign coun-
tries. The most significant differences are:

e '"The genmerally very strong political orientation of
most unions;

e The opposition, real or doctrinaire, of most
important unions against the capitalist system;

@ The much greater coverage by law of many aspects of
industrial relations, especially fringe benefits;

e The more extensive limitaticn by public authoritles
of many management perogatives;

® The scope of callective bargaining - wider in
geography but narrower in substance;

o The lesser power of unioms at the shop level; and

e The greater importance of class distinctions,
customs, and, in some c?untrles, resistance to
technoleogical change.' :

These differences are more or less the same for both developed
and developing foreign countries.l?

Construction

Number of Workers

Construction at the Sasol II plant was essentially com-
plete at the end of 1980. The peak work force totaled about
22,000 persons. During the peak engineering and procurement
period, about 2,000 engineers, designers, and specialists were
employed.l8 1In comparing foreign construction forces to the
United States, the following items need to be related, as they
can affect the size of the work force:

C-9



@ Wage rates,

@ Skilled labor availability,
@ Social and fringe benefits,
@ Productivity,

® Weather conditions,

® Construction overhead, and
e Local engineering know-how.19

These items have a tendency for their effects to cancel each
other; for example, low wages are often associated with low pro-
ductivity. Specific projects also have to be normalized to the
same size and comstruction duration. Estimates for the number of
construction workers at large gasification plants-have been made,
which are also generally consistent with the construction of
large electric power plants in the United States. A 250 billion
Btu/day gasification plant in the United States which requires
about 20,000 tons of c¢oal/day is estimated toc have a peak con-
struction force of 3,200 workers during its four-year construc-
tion period.20 The total number of persomhours for construc-

tion of a high-Btu gasification plants is estimated at 15 mil-
lion;20 for the Sasol II plant, the total number of persomhours

was 115 million.2l TFor comparison, the U.S. high-Btu base
plant should be doubled in size. There is a general feeling that

more labor is required to build these kinds of facilities in such

foreign countries as South Africa, as would be the case in the
United States. In India, personhour requirements for given tasks
“have been estimated to be four to eight times greater than in the
United States.22 This implies comstruction forces that are

about six times larger than those in the United States.
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Quality

No convenient measure of the quality of coanstruction
workers exists. Productivity values can give an indication of
quality, but it is also a function of other variables (for
example, weather, type of tools, and availability of construction
machinery). Productivity is usually expressed as an index of
previous years' levels. Comparisons between countries cannot be
‘made from these indices. One may infer from the South African
Sasol construction experience, which apparently required about
four times the work for a similar U.S. construction, that foreign
econstruction workers are less productive; however, this is by no
means certain.

Costs

Costs are only meaningful if they can be used to assess
productivity. Changes in productivities and costs over time have
been compared within various countries, but comparisoms between
countries are scarce. Generally, wages in developing countries
are considerably lower than those in developed countries.23 We
found these differences to be statistically significant at the 90
percent confidence level. The U.S. wages are significantly dif- |
ferent at the 90 percent confdence level from those in other de-
veloped countries. Caution must be exercised when examining
international wages; many countries have large social charges,
other personal benefits, incentive plans, profit sharing, and
bonuses. For instance, in India, wages coasist of three |
components: a baslc wage, a ''dearness allowance' (comparable to
a cost-of-living adjustment), and an annual bonus . 24



Training Requirements

Where inadequate numbers of skilled constructicn
workers exist or unique skills are required for a particular
projeét, workers must be trained or migrated in. It is bene-
ficial for a country to have its own supply of skilled workers;
hence, most countries would choose to develop their populace
through training programs. South Africa is doing this on a large
scale for the Sasol II and III plants. What is said to be the
largest training program in the world for welders is certifying
students at the Sasol site. From January to June 1978, nearly
nine welders per day were certified.l® This training program
undoubtedly is reflected in a higher cost of the plant. Pre-
sumably, there are sufficient skilled workers in the United
States. '

. Availability

Availability of workers is related to unemployment
rates. The quality of the unemployed workers, however, is
difficult to determine. Unemployment in South Africa was about

10 percent in 1978,25 in India 30 percent,26 in Greece 2
percent,27, and in the United States 6 percent. India is
characterized by large numbers of unemployed skilled workers and
under-employed workers. Many skilled and technically trained
people leave the country to find more rewarding jobs.26 Greece,
with its low unemployment rate, suffers from a tight labor market
and a scarcity of workers.2’ Conditions in the United States

and South Africa are situated midway of these extremes. Another

indicator of availabiltiy of construction labor is the relative
percentage employed in construction compared to the remainder of
the work force. In South Africa, about 8 percent of the employed
work in construction;25 in India, about 1 percent;24 and in

the United States, about 6 percent.
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Miscellaneous Features

The current atmosphere in India makes it nearly impos-
sible to terminate or lay off employees. Many other countries
have strict laws restricting layoffs and prescribing remuneration
in these cases. In South Africa, an unskilled worker or helper
usually accompanies each skilled worker.28 This may partially
explain the large .construction work force at the Sasol II plant.

Operation and Maintenance

Number of Workers

Operation of the Sasol I plant in South Africa requires
about 3,700 workers; roughly 1,000 of these work in maintenance.
‘The Sasol II plant is estimated to require a total O&M staff of
about 8,000 (this plant is about three times larger than Sasol
1). The Westfield, Scotland plant employed nearly 300 people
during its operation; a breakdown of the staff by functiom is
shown in Table C-3 (this élant was about one-twentieth the size
of Sasol I).7 Estimates for operating staffs in U.S. high-Btu
gasification plants range from 580 to 8390 (these plants would be
one-half the size of Sasol II1).

Cost

Indices for hourly wages in manufacturing for 11 devel-
oping countries are shown in Table C-4.

jraining Requirements
The Westfield, Scotland plant required several months

of training for the workers operating the oxygen production
facility, the Lurgi gasifiers, and the Benfield process (acid gas

C-13



Table C-3

WESTFIELD QPERATION AND MAINTENANCE PERSONNEL7

Designation Staff Workmen

[

Works Eongineer

Technical 14 -
Cheni cal 11 -
Mechanical 8 55
Electrical 2 15
Instrumentation 2 13
Operation g 108
Day Workers 1 43
Clerical __1_5_ —_

£3 234

Total 297 persons

c-14
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ARE HOT COMPENSATION YO EMPLOYEES,

Dacombar 1980,

AHD ALL EMPLDYEES (WAGE AHD SALARY EARHERS) IN THE OTHER COUMTRIES.

CLUDE CHAHGES TH EMPLOYMENY TAXES THAT
BUREAU OF LABOR SYATISTICS,

FOR LATEST YEAR.
MIT ARE LABOR COSTS T0 EMPLOVERS.

THE DATA RELATE T0 ALL EMPLOYED PERSOHS (HAGE AND SALARY EARHERS. THE SELF-EMPLOYED. AHD UMPAID FAMILY
OFFICE OF PRODUCTIVITY AND TECHHOLOGY,

COMPENSATION ADJUSTED TO 1IN

{9} PRELIMINARY ESTIMATES

2y
HORKERS) IH THE UHITED STATES AHD CANADA,

PREPARED BY) U.S. DEPARTMEHT OF LADOR.
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removal)./ Current extensive experience in the United States
with oxygen plants -should obviate the need for operator training
in this section of a U.S. gasification plant. Because lafge coal
gasifiefs are not in operation in the United States, operator
training in this area will most likely be required.

Availability

As for construction labor, the availability of operat-
ing labor is also hard to assess without some accompanying mea-
sure of quality. An indication of availability might be gleened
by examining the proportion of workers engaged in manufacturing
for the various countries. In India, about 9 percent of the work
force is engaged in manufacturing;z4 in South Africa, the
figure is also about 9 percent;23 and for the United States,
about 23 percent of the work force is engaged in manufacturing.

Standard Operating Procedures

Times Worked

We compared the average number of hours worked pef week
during 1977 in manufacturing for 23 developed and 28 developing
countries and found a statistically significant difference at the
90 percent confidence level.29 The mean for developed coun- |
tries was 38.6 hours/week compared to 44.2 hours/week. I£
- shorter work weeks prevail for gasification plants in the United
. States and developed countries, a greater number of work shifts
| per week will be required for round-the-clock operation. Exactly
" 4.2 shifts are required for continuous operation and 40-hour work
weeks. Four- and five-shift systems are common for power genera-
tion in developed countries. A report by the International
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Energy Agency suggests a four-shift system for a coal gasifica-

tion system in a developed country.lo This implies a 42-hour
work week. :

Safety

Processes are designed to be shut down when safety
hazards become apparent. This can be donme by automatic comtrols °
or manual actions. The United States and developed countries
tend to have more automatic controls. A drawback of controls isg
spurious shutdowns when the instruments fail but no safety prob-
lems exist. This is minimized by using a voting system and
multiple sensors so that the process is not shut down unless a
majority of controls indicate shutdown is required. Similar
arrangements are utilized on U.S. plants, which‘generally are
fully automated. U.S. plants usually have large numbers of
automatic monitors and samplers on equipment, such as infrared
analyzers for organic compounds, fluorescent analjzers for sulfur
dioxide, chemiluminescent analyzérs for nitrogen oxides and
ozone, and gas chromatographs for hydrocarboms. Automatic
sampling is safer than obtaining sampling manually. In fact, a
laboratory assistant at the Modderfontein plant suffered a fatal
anoxia by exposure to carbon monoxide while sampling a
precipitator nesr a purge vent.ll

Most countries have regulations limiting the concentra-
tions of toxic substances to which plant workers can be exposed..
In the United States, recommended concentration levels are pub-
lished by the American Conference of Governmental Industrial
Hyglenists. Booklets listing these recommended concentrations
(actually referred to as threshold limit values) have been

requested by organizationms in England, the Netherlands, the
Federal Republic of Germany, Italy, and Japan.39 These

recommendations have become the bases for occupational health
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laws in the United States, which are enforced by the Occupational
Safety and Health Administration.

There are at least two philosophies for setting allow-
able concentrations in the work place. The United States seeks
to prevent permanent injury but allows reversible biological
changes to take place. In the Soviet Union, any biological
change is assumed deletarious and standards are set accordingly.
Thus, Soviet standards are much stricter than those in the United
States. They might better be called occupational health goals.

Some Soviet standards call for such low concentrations of toxic
substances as to defy detection by modern analytical methods. 20

Developing countries are'expected to have less strin-
gent occupational health regulations because of their overriding
need to first build an industrial base and viable economy.

Unscheduled Maintenance

Very little quantitative information exists in the open
literature on unscheduled maintenance requirements. For the
Westfield, Scotland plant, we determined that about & percent of
their maintenance on gasifier No. 3 was for unscheduled items.’
The other three gasifiers required slightly more maintenance, so
we feel the 6 percent value may represent a minimum. . Most of the
unscheduled repair was for mechanical items (repairs to the stir-
ring mechanism, lock hoppers). The Modderfontein plant report-
edly had poor initial reliability, but unscheduled maintenance
was not detailed.

e



Feedstock
Type

The United States is blessed with large reserves of
coal of varylng types. Coal can probably be found to operate
satisfactorily with any commercial coal ‘pasification process.
European coals are being depleted and are generally of lower
quality than U.S. coal. South Africa has significant reserves of
coals, but they are mostiy of low grade. Coals gasified there
typically contain 20 to 30 percent or more ash and have lower
calorific contents compared to U.S. coal. The inital start-up
problems at the Modderfontein, South Africa coal-to-ammonia plant
were blamed on the initial choice of coal. These problems were
attack of the refractory lining of the gasifier, excessive
amounts of £ly ash, and low efficiency of carbon conversion. A
switeh in feedstock allowed the plant to increase its perfcrmance

‘to that of an oil- or gas-based ammonia plant.3l

Location

Coal gasification plants can be located next to the
mine that serves them or remote from it. Minemouth siting of a
plant reduces transportation costs of the coal. The Westfield,
Scotland gasification plant is situated adjacent to a coal mine.
Because the plant is located in a rural area, there have been
some difficulties in obtaining the required number and quality of
workers.’ This is also expected to ¢cccur in western regicms of
the United States. The lack of manpower can be mitigated by
bringing in workers; this requires additional expenditures of
capital for housing and support services. The Department of
Interior is studying these "extra' costs in conjunction with an
analysis of away from the minemouth locations for coal liquefac-

tion plants.
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The Sasol I, II, and III plants are all located very
near their respective coal mines. 'Indeed, the primary criteria
for selecting the Sasol II site was the existence of an adequate
coal field.3% The Modderfontein plant, however, gets its coal
from a mine 90 km (56 miles) away.31 '

Coal gasification plants proposed for the United States
are usually sited adjacent to a mine. A 1977 sampling of elec-
tric utility projects showed that 8 percent of the planned
coal-fired plants were located at the minemouth.33 Electric
power plant practice is not directly applicable to potential
gasification plants, because power plants tend to be sited as
near as possible to the load center they serve. This may not be
as crucial for gasification plants.

Reserve Requirements

A cautious electric utility in the United States may
store 120 days consumption of coal as a reserve, while the
minimum in current practice is 45 days. Reserves by utilities
typically average 50 to 60 days.34 An International Energy
Agency report references 60 days storage for power generation in
the United States and 90 days in the United Kingdom. For gasifi-
cation plants, estimates ranged from 14 to 60 days; 30 days was
selected as a typical value for analysis in that study.lo

Environmental Regulations

Environmental limitations placed on gasification plénts
affect their designs and operation. Most environmental regula-
tions have been enacted in developed countries. A listing of
ambient air quality standards is presented in Table C-5.37
Performance standards have been formulated by various countries
for coal-fired power plants; these standards are presented in

c-20



Table C-5
NATILONAL AMBIENT AIR QUALITY STANDARDS (mg/m

Cauntry fl TSP
Austealis No national No aaclouak
ambient standard anblent sgandard
Danarh 0.7% a2 54
Tedecal Ropublic O 14b 0.2%
of Germany 0.40c [ )
lraly 0.23m No national
Q.102 smbient standard
Japan Ouldd No national
ambignt stwndard
Matharlands 0.075h .00
Q.25 B lie
Pol aad 0.u7st 0.0758,0
.33 0.244h
United xiogdom lio astionsl tio national
abmtent eatandard ambient scandard
United Statas 0.36d,1 Ge2bd,L
l.3e,] Uulle,)
wonthly averaga;
long Sexmg
¢ whozt tarm;
pricary standards (protesctive aof h health);

nuz

No national
sabient weandacd

No national
ambient standard

0.10
Qu3e

No national
amolenc acandacd

Q.44
Uuli=Uslle

No netional
aublent etandutd

Y058
Vel

No national
smbient atandard

Duik

')

No natioasi
subient atandard

No aaclonai
ambient standara

a.20
v.6¢

No national
aabienc standecd

Y¥o nacianak
sabient sctandard

to nacianal
sabiant standacd

Ho ascioas)
suolent sCandurd

No oational
amblant standard

& aecoudary ctandatds (protective of public welfste, L.4., oatacials, Elors and founa);

dafly sverags for Il‘ll..ﬂitiﬂ arese;

daily eversge for noun-tnduscrial sreas;

particies Lean than 20 )m;
i daily sverage:
1 3ahour avaragu;
¥ annual average;
1 a-hour average;
W 30-ails avarage.
Sourcet World Coal Scudy

99¢30060) / TabHaAmAL
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Fo natiaual
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No natloaal
sabiant standard

10.0°
Wule

Ho national
sablent scacdard
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sabient standard

Ho national
sabient standard

0.5t

Ho aational
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Table C-6.32 Specific emission standards for gasifiers do not
routinely exist. The U.S. Environmental Protection Agency is
developing standards for coal gasification. Emissions from
gasifiers can be different from power plants because gasifiers
operate in a reducing atmosphere rather than an oxidizing
atmosphere. Thus, gasifiers would emit sulfur and nitrogen in
their reduced forms of hydrogen sulfide and ammonia rather than
gulfur oxides and nitrogen oxides. The State of New Mexico has
proposed emission standards for gasifiers; they are shown in
Table C-7.36 o

During the initial operation of the Westfield, Scotland
facility, customers complained of sooting problems with the gas.
This was thought to be due to the presence of nickel carbonyl, a
very toxic compound. The problem was eventually solved when the
Benfield plant was put into opersation. This was a unique prob-
lem, probably as a result of the relatively high concentration of
aickel in the coal.?

The only environmental problem reported at the
Modderfontein plant in South Africa was dust emission from the
coal milling section,ll which was above the normal value of 150
mg per m3.

The Sasocl II plant was designad to meet stringent envi-
ronmental regulations. For example, the plant is self-sufficient
in water; rain water is collected, process water is recycled, and

noe water is discharged to streams. This arrangement prevents
contaminated water from entering the envircnment.

In 1969, an engineering firm reported that Européan
environmental regulations were more severe than U.S. regulations
and were becoming more stringent. At that time, regulations were
adding 10 percent to the cost of process plants. In one refinery
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Countgz
Augtralia
Demmark

Federal Repulic
of Germany

Italy

Japan
2,500f

Netherlands

Paland

United Kingdom

United States

& ng/wm>

€ 1lignite

hard coal
€ yrban

rural

Table C-6

NEW SOURCE PERFORMANCE STANDARD_FOR
COAL-FIRED POWER PLANTS (mg/m3)

No

No

No

No

Ne

50y
standard

standard

2,845b

2,000

50
400

standard
standard

standard

1,8008

converted from 275 g/kWh

TSP
250

1508

100¢
150d

No standard

200

Mo standard

No standard

115

45h

€ converted from 1.2 1bs/106 Btu

h  converted from 0.03 1bs/106 Btu

Source:

World Coal Study

converted from 0.6 lbs/106 Btu

NOx
2,500
No standard

State of the
art considered

No standard

767

No standard

No standard

No standard

9501

No

No

No

Na
No
No

No

L
500
standard

250

standard

standard

standard

standard
standard

standard



Table C~7

COAL GASIFICATION EMISSION SE ARDS
' PROPOSED BY NEW MEXICO

Emission Component Regulation
Particulate Matter 0.03 1bs/106 Btu
Non—methane Hydrocarbons ail
Sulfur (vapor) 0.04 1bs/106 Btu

Reduced Sulfur (sum of
hydrogen sulfide, carbon

disulfide & carbonyl sulfide) 100 ppm
Hydrogen Cyanide 10 ppm
Hydrogen Chloride aad

Hydrochloric Acid 5 ppa
Ammonia _ 25 ppm
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project, regulations required that process water be returned to
the Rhine River beter in quality than the river itself.?Z As
geen in Tables C-5 and C-6, U.S. standards are more strict than
some countries and less strict than others. We feel that
generally, developing countries have less stringent regulations
than developed countries. Actual translation of environmental
regulations to U.S. operations depends on the country of
comparison. |

End«Use Requirements

Most common uses of gas from coal are for chemical syn-
thesis, industrial fuels, and town gas. We feel that product
requirements for synthesis gas would be similar for the United
States and other countries because of the common designs of
ammonia and methanol plants; the clean-up requirements for these

types of plants are expected to translate 1:1. For industrial
fuel gas or town gas, there may be differences in foreign burners
that prevent direct translation. For example, the town gas at
the Westfield Ffacility contained 450 Btu per standard cubic foot
(SCF) compared to estimates of 300 Btu per SCF for the U.S.
gasification project by the Memphis Light, Gas and Water
Division. The gas at Westfield was enriched with butane; these
mixing requirements prevent a direct translation of operational
results in this case for that portion of the process. For the
Sasol facilities, direct translation is complicated by the dif-
ference in speéifications of the final product (gasoline) from

the United States. South Africa has, for example, different
octane requirements and lead additive regulations.
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Miscellaneous

Weather Conditions

Extreme high and low temperatures affect the construc-
tion and operation of process plants. High temperature and
humidity would affect cooling towers and air coolers operation.

Freezing temperatures require insulation, steam tracing of pipes
and tanks, and special comstruction for freezing soils.

Fertilizer plants in India are typically built for tem-
peratures between 0°C and 46°C (32°F and 115°F).37 This would
indicate that they do not désign for freezing conditions in
India; this must be taken into account when translating Indian

experience to the United States.

Industrial Actiéitz

Yen has pointed out an interesting ocurrence for
products from developing countries compared to developed
countries.? In developing countries, primary products tend to
cost notably more to manufacture, secondary products tend to be

more or less costly, and tertiary products tend to cost less.
This tendency is shown in Figure C-1 for the route ethylene to
polyvinyl chloride pipe (3 in. in diameter) using 1972 costs in
Taiwan.

Impozrts

Project costs in foreign countries are often increased
by difficulties in importing materials. For example, the follow-
ing problems were reported in India.
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RATIC OF TAIWAN COST TO U.S. COST, 1972 dollars

ETHYLENE VINYL POLYVINYL PVC PIPE
CHLORIDE CHLORIDE (3~in. diam)
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Figuré Cc-1

RELATIVE COSTS OF PRODUCTS FOR TATWAN AND UNITED STATES,
1972, POLYVINYL CHLORIDE PIPE AND PRECURSORS
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""When we import materials, the customs authorities are
very strict. They follow regulations to the letter,
and they require all kinds of documentation and
certification. To mention one horrible little example,
we issued .a purchase order for 500 feet of eight-inch
pipe. The vendor shipped us 501 feet instead of the
500 we ordered; his packing list and the invoice showed
501 feet. The c¢ustoms people insisted that the numbers
had to agree, so we had to issue a supplementary pur-
chase order for ome foot of pipe and submit this order
all the way back to the vendor in the United States,
Then we had to get it back signed; this took a little
time. 1In the meantime, the 501 feet of pipe was sit-
ting on the dock in India.

. Another problem is that duty rates are subject to

- . change by the Indian Government without notice. One
fairly large project, we started out with 16.3 percent
rate. The next year, this was increased to 26.5 per-
cent. Within six months after that, it was up to 45
percent., A little bit later, the rupee was devalued,
and the rate came down to 27.5 percent. When you get
involved in a situation of this type, it is pretty hard
to meet budgets.'2 _

Cost Indices

Indices have been developed for cost of plants located
in different countries and built at different times. These

indices are averages that generally reflect plant costs but
cannot be applied to individual plants. They incorporate the
effects discussed above as the basis of comparing foreign plants
to those in the United States. Cost indices for 15 countries are
presented in Table c-8.38 1ILocation indices can be approximated
by taking the ratic of cost indices between the countries of

interest. More exact location indices for the United Kingdom and
the United States are shown in Table C-9.28
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Table C-9

PROCESS PLANT LOCATION INDICES, U.K./U.S.
(U.s. = 100)

Year

1970 33
1971 90
1972 98
1973 ‘ 97
1974 103
1975 115
1976 136
1977 . 145





